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LETrHR OF TRANSMIHAL

U. S. Department of Agriculture,

Division of Vegetable Physiology and PATnoLOGY,
Washington, 1). C, May 31, 1899.

Sir : I have the lionor to transmit herewith a report on the cereal

rusts of the United States, prepared by Mr. Mark Alfred Carleton, of

this Division. Mr. Carleton has been engaged in an investigation of

the diseases of cereals for several years and this report contains, in

part, the results of the work. The several species of rusts affecting

cereals in the United States are fully described, and the distribution of

tbese rusts is given, together with a detailed statement of the results

of extensive observations and experiments to determine the rust resist-

ance of numerous varieties of wheat and oats. The life history of the

rusts themselves has been very fully studied and the facts obtained

from this work throw important light on problems connected with the

breeding of rust-resistant varieties. In view of the wide distribution

and the destructiveness of the rusts and the value of tbe results

obtained, I respectfully recommend that the report be published as

Bulletin No. 16 of this Division.

Eespectfully, B. T. Galloway,
Ch ief of Division.

Hon. James Wilson,
Secretary of Agriculture.
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CEREAL EUSTS OF THE UNITED STATES : A PHYS-
lOLOUICAL INVESTIGATION.

INTRODUCTION.

The investigator of grain rusts learns three important facts at the

beginning of his work : (1) That these rusts are more or less distributed

over all parts of the world where cereals are grown, (2) that the average
annual losses thej^ cause are very much greater than is generally sup-

posed, and (3) that as yet little is known regarding their ontogenetic

relations to each other and to their host plants. In view of the impor-

tance of rusts from a botanical standpoint, it is rather surprising that so

little attention has been given to their study. In only two of tlie princi-

pal cereal-growing countries—that is, Australia and the United States

—

have any investigations of cereal rusts been made, and even in Aus-
tralia, through the investigation of rust resistance, the matter has
drifted into a study of the wheat plant itself rather than of the rusts

that affect it. In the important cereal regions of Eussia, India, and
Argentina practically nothing is known about these rusts.

The only studies of the physiological relationships of the grain rusts

outside of the writer's, most of which are reported in this bulletin, are

those by Dr. Jakob Eriksson, of Sweden, whose researches will be
described further on. Several investigations, relating almost wholly to

the application of fungicides and the wintering of the parasite, have
been made in this country. The most important are those reported by
Bolley (6-10),i Kellerman and Swingle (41), Pammel (54, 5G), Galloway

(34), and Hitchcock and Carleton (38, 39).

A brief review of the work on grain rusts so far carried on shows
that three distinct phases of the subject have been investigated: (1)

The value of fungicides in preventing or checking rust, (2) rust-resistant

varieties, and (3) the physiology of the rusts. Much of the work of

the American writers above named pertains to the iirst phase. Besides

the experimental work with the common fungicides, special attention

was given to the preparation and application of new ones, particularly

in the work in charge of the Department (34, Jour. Myc, pp. 199-203).

In these trials the seed and soil were also treated with various com-

pounds. The results of these various experiments showed that although

' For explanation of this and similar references in this bulletin, see corresponding

numbers in bibliography, pp. 70-73.
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8 CEREAL RUSTS OF THE UNITED STATES.

Bordeaux mixture, ferric chloride, i)otassium bichromate, mercuric chlo-

ride, and perhaps one or two other compounds are quite effective in

checking the spread of rust, yet, unless some great improvement is

made in the method of applying fungicides, it would be practically

impossible to spray a field of grain, owing to the great trouble in reach-

ing all portions of the plants, and the difficulty, if not impossibility, of

using any suitable kind of spraying apparatus in the field without

destroying much of the grain. Besides, the expense of spraying large

fields is an obstacle.

In Australia^, as above stated, the careful and widespread attention

given to the wheat-rust problem has resolved itself almost wholly into

a study of rust-resistant varieties. McAlpine, Shelton, Pearson, and
others have contributed much to the knowledge of rust-resistant varie-

ties, but most of the work in this line has been done by Dr. N. A. Cobb
as vegetable pathologist to the government of New South Wales, and
William Farrer, a private breeder of rust-resistant varieties of wheat.

An important concomitant result of the work in Australia is that the

country now has wheat varieties that are vigorous, true to name, and
of exceptional quality for the particular region in which they are grown.

Aside from the series of experiments reported in this bulletin, no

systematic study of rust resistance has been made in this country,

though from time to time observations in this Hue have been recorded

by experiment station workers. Bolley (7, pp. 15, 10) refers to such

observations made as far back as 1889, and farmers have long known
that occasionally certain varieties of cereals are more exempt from

rust than others. But in all such investigations as just mentioned the

study of the rust itself is practically ignored, and hence much of the

experimental work in spraying and selection of varieties is likely to be

done blindly or needlessly and lead to unreliable conclusions. There

would obviously be no necessity for combating a cereal rust every

season if by knowing its life history it could be prevented from getting

a start. Moreover, spraying experiments that prove successful in one

season or in some certain locality may be an entire failure another sea-

son or in another locality, simply because different rusts are being

treated in the different instances. So, also, it has been thoroughly

demonstrated, as will be discussed further on, that certain varieties of

wheat and oats are capable of the greatest variation in their powers of

resisting rust, this resistance varying according to the kind of rust, the

locality, and the season.

In the course of investigations reported by Hitchcock and the writer,

the necessity of studying the physiological relationships of the rusts

and the manner in which they winter over became more and more evi-

' The results of the Australian investigations were published in a series of reports

of intercolonial wheat-rust conferences extending from 1890 to 1896^^ and also in the

Agricultural Gazette of New South Wales and various special reports of different

colonies.
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deut.^ The rusts had to be actually grown, and more diligent field

observations became necessary. Everywhere the utmost confusion

existed as to the distribution of cereal rusts on the different grasses,

and frequently even the particular species occurring on any of the dif-

ferent cereals was only a matter of inference. By way of a beginning

in clearing up these problems a series of inoculation experiments with

uredospores was inaugurated by the writer on September 15, 1893,

and carried on until February 1, 1891, the material used being taken

from outdoors and propagated in the greenhouse during the winter.

The results of these inoculations showed that the particular rust forms

employed would not infect any cereal but the one from which they

were taken, exceiit Uredo graniinis from wheat, which when used upon
barley i^roduced one rust spot (39, y>. 3). It was also found that a

uredo form found common on Kentucky blue grass would not infect

wheat nor oats.' The conclusion was then expressed that " these experi-

ments seem to show that the rusts of various cereals are probably

physiological species." At the time this work was done the writer was
not aware that Bolley had made some experiments of the same kind.

BoUey, however, reached no conclusion (10, p. 2G3).

On March 1, 1894, the writer began work for this Department, con-

sequently the inoculation experiments just described were dropped
and were not resumed for nearly two years. In the meantime Eriks-

son, who in 1890 began experiments in the same line, published numer-
ous articles^ giving many results corresponding with those above
mentioned and with others which have not yet been published. In

some instances, however, the results difier.

Specialized forms of cereal rusts.—The species hitherto known all

over northern Europe under the one name, Puccinia rubigo-vera (DC.)

Wint., have been separated by Eriksson and Hennings into two dis-

tinct species, i. e., F. (flumarnm (Schmidt) Eriks. and Heun. (the "yel-

low rust)," and P. disjiersa Eriks. and Henn. (the "brown rust") (30,

pp. 197, 198, 257, 258). Three rusts, therefore, attack wheat in Sweden,
the yellow rust bemg, it is said, the most common and destructive. So
far as known this yellow rust does not occur in America, but the brown

' Swell ideas had already been expressed by the writer in Science, Vol. XIV, p. 63.

i^On page 4 of the Kansas Agr. Expt. Sta. Bull. No. 46 it is stated that Uredo
graininis of oats would not infect orchard grass, but subsequent investigations have
shown that this grass is a common host for that rust.

5 Eriksson, Jakob, Die Getreideroste, prepared in conjunction with Ernst Henniugs
and published originally in Swedish, comprises the details of Eriksson's investiga-

tions from 1890 to 1893. It did not reach America until the summer of 1896. The
principal results were given in Die HanptresuUate einer neuen Untersnchung ilber die

Getreideroste (Zeitschr. f. Ptiauzenkrank., 1894, Vol. IV, pp. 66-73, 140-142, 197-208).

The first part of this article appeared one month before the results obtained by
Hitchcock and the writer were published, but was not seen by them for some
time after. Ueber die Speciahsirung dcs Parasitismus bei den Getreiderostpilzen {Ber.

d. Deutsch. Bot. Gp- , 1894, Vol. XII, pp. 292-331) gave the results of his further experi-

ments for 1894, and also references to the work of Hitchcock and the writer. Sub-
eeciuent to 1894 Eriksson's researches have been reported in various papers.
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rust is probably the same as our P. rubigo-vera. These authors also

make the rust heretofore called P. rubigo-vera simplex, occurring on
barley, a distinct species—that is, P. simplex (Kcke.) Eriks. and Henu.

(30, p. 260). The writer has no reliable information as to the occur-

rence of this species on barley in this country, but what is possibly

the same rust has been found occasionally on native species of Hordeum.
In his inoculation experiments Eriksson also has observed that

forms of a certain rust species taken from certain hosts would not

infect certain other hosts that are attacked by this same si:)ecies.

This may be true even where the hosts are of the same genus. On
the other hand, infections will sometimes take place from the host

species of one genus to the species of another genus. To such distinct

forms of the same rust species he has given the name forma specialis.

The form name is taken from the generic name of one of the hosts

to which the form is restricted, preceded by the abbreviation f. sp.

As there seems to be no good reason why the entire name should not

be written as an ordinary trinomial, designating the variety, it will be

so written in this bulletin. These forms are, as a rule, as good varie-

ties as those established on morphological grounds by phanerogamic
botanists.

Eriksson's researches have led him to conclude that so far as known
there are at present ten forms of these cereal rusts in Sweden, that is,

three black rusts, Pucein ia graminis secalis on rj^e and barley, P. gram-

inis tritici on wheat, and P. graminis avenw on oats; three yellow rusts,

P. glumarum secalis on rye, P. glumarum tritici on wheat, and P. glii-

mariim hordei on barley; two brown rusts, P. dispersa secalis on rye

and P. dispersa tritici on wheat; one dwarf rust, P. simplex on barley;

and one crown rust, P. coronifera on oats. The writer's inoculation

experiments in 1896 and 1897, several thousmid in number, which will

be described in detail further on, showed that there are now at least

six distinct forms of cereal rusts in the United States, and probably a

seventh, namely, two orange leaf rusts, P. rubigo-vera tritici on wheat

and P. rubigo-vera secalis on rye; one crown rust, P. coronata on oats;

three black stem rusts, P. graminis tritici on wheat and barley, P. gra-

minis secalis on rye, and P. graminis avenw on oats; and one maize

rust, P. sorghi on maize.

In comparing the Swedish and the American rusts, it should be

observed that Eriksson uses for the crown rust the name established

by Klebahn (42, pp. 134-136), that is, P. coronifera. He justifies this

ui)on the basis of his own (28) and upon Klebahn's experiments, which

showed that in northern Europe P. coronata Corda is a collective spe-

cies, of which one section has Bhamnus cathartica for its ajcidial host

and occurs on oats and other grasses, and another section has li.fran-

gula for its .Tcidial host, but does not occur on oats. The former is

called P. coronifera and the latter is called by the old name P. coronata.

Each of these newly made species has also its specialized forms or

varieties, there being eleven in all. As the writer has not yet deter-
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niiued the a^cidial host of the crown rust of oats for this country,' it

is deemed best to retain, for the present, tlie okl name P. voronata; and

while Eriksson and lleniiings's division of P. ruhigovem is undoubtedly

correct, it seems, nevertheless, preferable to retain this well-known

name'^ until it is positively determined whether our species is equiva-

lent to P. dispersa or is a new one. It has already been stated that

P. ylumarum and probably P. simplex do not occur in this country, and

of course P. sorghi does not occur in Sweden.

Common nomenclature of grain rusts.—The common nomenclature of

these rust forms is a complex question. The names above given were

decided upon, after much consideration, as being the most accurate and

descriptive that could be used. In the case of 7*. graminis and P.

ruhigo-vera the names have been given in accordance with the most

common and striking characteristics of the species. The former, when

it occurs in abundance, exists principally upon the stems and in the

black stage, while the latter is most strikingly exhibited on the leaves

in the orange-colored uredo stage. The crown rust, although also an

orange leaf rust, can not be spoken of as such, as it would thus be con-

fused with the orange leaf rust of wheat, which is a different species.

Of course, there need be no confusion in the case of the name of the

maize rust, it being the only one on maize/^

The Departmenfs irork on grain rusts.—AYith a view to thoroughly

investigating the cereal rust question, this Division in the spring of

1892 sent to crop reporters in the principal wheat-growing States a cir-

cular requesting information as to the distribution and abundance of

the different rusts, the damage caused by them, etc. Owing to the

press of other work, however, nothing further was done in this line,

except the spraying experiments in 1892 and 1893, until the writer took

charge of the work in the spring of 1894. A circular similar to the

above was then prepared and sent to growers in all States where wheat

and oats are grown to any extent, the information requested to be

based on observations made during the season of 1894. The following

table gives a combined summary of the answers received to the two sets

1 Siuce the above was written a series of inoculation experiments have shown

rather conclusively that Ehamnus lanceolaia acts as an tecidial host of the cro>vn rust

in this country.

^The writer has recently had au opportunity to make personal observations on

the rusts of wheat in northern Europe—that is, from England to Sweden and south-

ward to southern Germany—and not only found these two to be very distinct, but also

found that P. glumaruvi was far more common and injurious everywhere during the

season of 1898. It seems strange that the two species should have been confounded

for so long a time. However, there appear to be very good reasons for still retaining

the name P. ruiigo-vera for the species called P. dispersa by Eriksson and Heuniugs,

as there is little doubt that it is the same as the one so well known under the former

name in all other countries where rusts have been studied.

*The fact that Eriksson called P. dispersa brown rust—and, judging from his speci-

mens, he seems correct— is the only reason for doubting that P. ruMcjo-vera of this coun-

try is equivalent to it, as our species is certainly orange color in the uredo stage.

The uredo of the black stem rust would be more properly called brown.
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of circulars. Kortli Carolina and Georgia, though not important as

wheat States, are included in the table to show the conditions respecting

rust in such latitudes.

Table 1.

—

Summary of reports on the cereal rusts received in 1892 and 1894 from
twenty-three States.

States from which.
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The writer has visited, in some cases at ditfereut tiraes, all the im-

portaut wheat-growing States except Pennsylvania, Washington,

Oregon, and California. The most extended tour was made in 1894,

when all the Avheat-growing States of the Great Plains and of the

Mississippi Valley were visited. However, on account of the drought

which prevailed during that season the conditions were in some respects

most unfavorable for a study of the rusts. To gain a very accurate

knowledge of conditions in the field a personal inspection of cereal

districts for three to five successive years would be necessary; but,

nevertheless, the observations just referred to, together with the replies

from correspondents, have furnished valuable information and have
made the situation much clearer than before.

GENERAL OBSERVATIONS ON CEREAL RUSTS IN DIFFERENT STATES.

New YorTc.—Kust does not seem to be as prevalent in this State as

in some others. Oats is often injured, especially in Erie and Wyoming
counties. Considerable spring wheat is raised, and it is always more
rusted than fall wheat, as are also late-sown wheat and oats. There
is considerable stem rust, but to what extent it prevails over the State

is not definitely known. Some counties in which rust is quite preva-

lent are Franklin, St. Lawrence, Cayuga, Schuyler, Wayne, Clinton,

Greene, and Cattaraugus.

Pennsylrama.—The reports indicate tbat wheat is not extensively

damaged by rust, but that oats is very commonly injured. It is quite

probable, however, that much of the damage attributed to rust is due
to "oat blight," a supposed bacterial disease occurring in this State,

which gives the crop a yellowish red appearance. Fertilizers are sup-

posed to materially aid the grain to escape rust by causing rai)id

growth and early maturity. The rust is always worst in the lowlands.

Among the counties in which rust is especially prevalent are Columbia,
Adams, Berks, Franklin, Northampton, Schuylkill, Forest, Sullivan,

and Lackawanna. The standard varieties of wheat grown in this

State are Fultz, Lancaster, and Fulcaster.

Maryland.—It is claimed that the application of fertilizers, especially

phosphates, has materially decreased the losses from rust in this State

in recent years. In the experiments conducted by the Department at

Garrett Park during three seasons there was an abundance of orange
leaf rust on wheat and crown rust on oats, but they did not appear to

do any particular damage. Black stem rust was not observed. As
in Pennsylvania, oat blight produces much of the injury commonly
ascribed to rust. Much oat rust has been reported from Cecil County.
North Carolina,—Wheat is quite commonly injured by rust, but it is

not grown extensively in this State. The orange leaf rust seems to be
the prevailing species, though as yet it is uncertain whether it is the

only one present in cases of severe injury. One peculiar fact of interest

is that early wheat, such as Early May, is often more injured than late
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varieties, wliich is just tlie reverse of tlie rule. A probable reason for

this is that early wbeat is sometimes weakened by frosts or freezes and

is thus rendered more liable to rust. In the Atlantic coast States the

wild blackberry rust {Cccoma niteris) is extremely abundant, especially

in the edges of clearings near fields of wheat—a fact which has given

rise to the erroneous opinion in this State that this rust has some

ontogenetic connection with the cereal rusts (53, p. 16). Three counties

in which rust is quite prevalent are Eandolph, Alexander, and Moore.

Ohio.—The black stem rust is occasionally very prevalent in this

State. There is much more injury by rust to oats than to wheat. On

account of early ripening, Fultz wheat is less liable to rust than other

varieties. Here, also, fertilizers cause rapid growth and early maturity,

and act to some extent as preventives of rust. The counties in which

rust is reported to be especially injurious are Clark, Stark, Kichland,

Fayette, Hancock, Knox, Logan, Guernsey, Crawford, Scioto, Defiance,

Greene, Medina, Mercer, Meigs, Miami, and Harrison.

Michigan.—In this State wheat is often badly damaged by rust, but,

as in all the North Central States, oats suffers still more. Wheat is

much more liable to rust injury after winterkilling, hence late varieties

suffer more than the early varieties. The varieties of wheat most gen-

erally grown are Clawsou and Fultz. Rust rarely occurs in the sandy

districts. It is apparently most abundant in Antrim, Jackson, Wayne,

Charlevoix, Cheboygan, Lapeer, Benzie, Alcona, Leelanau, Clinton,

Shiawassee, Livingston, Washtenaw, Osceola, Midland, Saginaw, and

Ingham counties.

Indiana.—V^heat is much injured and oats is commonly damaged

in this State by rust. Late varieties are invariably much more liable

to rust than the early varieties. Fultz wheat escapes rust, not because

it is rust resistant, but because it ripens early. In some instances the

growing of oats has been abandoned on account of rust. Grain is

said to be free from rust in the warm, sandy soils. Some claim that it

is very severe only once in two to five years. Black stem rust is the

most injurious species occurring in this State. The counties in which

the greatest amount of rust is found are Wayne, Yanderburg, Jen-

nings, Pike, Sullivan, Greene, Ohio, Union, Lawrence, Posey, Gibson,

Clinton, Ilipley, Bartholomew, Huntington, Adams, Morgan, Wells,

Clark, Delaware, Miami, Starke, and Johnson.

T^l-sconsiH.—According to nearly half the reports received from this

State, wheat is commonly damaged by rust. As in some other States,

it is believed by many that an application of salt, lime, or ashes

hastens ripening and makes stifler and cleaner straw. It is claimed

by some that White Kussiau oats possesses a considerable degree of

rust resistance. Black stem rust constitutes a good proportion of the

cereal rusts. Some t»f the counties in which there is much rust are

Marathon, Pepin, Waukesha, Richland, Ozaukee, Brown, Waupaca,

Adams, Marquette, Dunn, Waushara, Polk, Sauk, Outagamie, Juneau,

Bufl'alo, Winnebago, Saint Croix, Jackson, and Sheboygan.
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Illinois.—Oats is commonly and often seriously damaged by rust.

The damage to wheat is much less, although it, too, often suffers

severely. In 1890 and 1S91 rust was unusually severe in some locali-

ties. It is always worst iu fields of grain that have winterkilled. The
damage is particularly severe once in three to five years. Wheat
seems to suffer more in the extreme northern and southern portions of

the State than in the central part—due in the southern part probably to

the latitude and climate, and in the northern part to the large propor-

tion of spring wheat grown there, but spring wheat is rapidly losing-

prestige and is not grown so extensively as formerly. Fultz wheat is

a popular variety throughout the State. In some localities tile drainage

is said to reduce the amount of rust. Some believe that although

bearded varieties are less liable to rust on prairie lands, they are more
liable to it on timber lauds, but on what this belief is based the writer

does not know. Some of the counties in which much rust seems to

occur are Hardin, Morgan, IMassac, Williamson, Whiteside, Edgar,
Dekalb, Grundy, Cass, Menard, Cook, Boone, Lee, Carroll, Woodford,
Stark, Pope, Lawrence, Stephenson, Pulaski, Johnson, and Jersey.

Kentucky.—The reports of correspondents, as well as the writer's

observations, indicate that in this State wheat is very commonly and
severely damaged by rust. In other States the comi)lete destruction

of the crop occurs occasionally, but in this State this is a common
occurrence, lilack stem rust is very common and, as it ai)pears later

than the orange leaf rust, the introduction of early-maturing varieties

is a matter of much importance. Some make a practice of harvesting

the grain while in the "dough'' stage in order to escape the rust. Oats
is also extensively injured. Some of the counties where the grain is

most affected are Trigg, Harrison, Metcalfe, Simpson, Jackson, Caldwell,

Henderson, Nelson, Allen, Garrard, Grayson, Adair, Magoffin, Crit-

tenden, Fayette, Casey, Calloway, Webster, Christian, Livingston,

Letcher, Grant, Graves, McLean, Ballard, Muhlenberg, Marshall,

Martin, Lawrence, Estill, McCrackeu, Kenton, Montgomery, Knox,
Clay, Monroe, Boone, and Ohio.

Tennessee.—The information concerning rust in this State is still quite

meager, though the writer has made two trips of observation to different

localities. However, the indications are that wheat is rather commonly
injured by rust. The stem rust is very severe some years, but seems
to be less common than in Kentucky. Little injury is done to oats.

Kice wheat is considered by some to be a rust-resistant variety. Fultz
and Fulcaster are favorite varieties in some localities. Stem rust

becomes abundant from May 20 to June 1. Greene County seems to

have considerable rust.

Georgia.—Yery little wheat is raised in Georgia, but usually what is

grown is badly injured by rust. Leaf rust is the species most prevalent,

hut frequently the grain is not severely injured until the stem rust

appears. In this State, as in all the Gulf States, oats is seldom injured

by rust. The variety of oats most commonly grown is the Texas Eust
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Proof. Scarcely a county in the State is free from rust, but it appears

to be most abundant in Lincoln, Jones, Milton, Catoosa, Hart, Kau-

dolph, Bartow, Henry, Marion, and Sumter counties.

Minnesota.—Xot much information is at hand concerning rust in this

State, but it is known tliat in certain years both wheat and oats are

greatly injured. The Fifes and the Blue Stem are the standard varie-

ties of wheat generally grown. White Russian oats is said by some to

be rust resistant. Reports of rust have been received especially from

Stearns, Fillmore, Renville, Ottertail, and Watonwan counties.

loica.—So great has been the damage from rust in this State that in

some parts wheat growing has been gradually abandoned principally

from this cause. In Buena Vista County it is reported that there has

been an average annual loss of 10 per cent of the crop during the past

twenty-two years. This severity of the rusts is doubtless due to the

practice of spring sowing, so common in the State. The great desid-

eratum for Iowa in the way of cereals is a good, hardy wheat like the

hard red wheats from south central Russia, as the Ghirkas, Crimean,

Tx, etc. The amount of oats sown in the State as compared with

wheat is becoming quite large, but rust often destroys this crop also.

It is always the black stem rust that is particularly injurious. Rust is

pretty evenly distributed over the State, but it is probably particularly

abundant in Fremont, Buena Vista, Des Moines, Dallas, Clay, Butler,

Crawford, Cerro Gordo, Appanoose, Buchanan, Cedar, Cherokee,

Greene, Franklin, Emmet, Allamakee, and Plymouth counties.

Missouri.—There is considerable rust in this State, but not much is

known concerning the relative proi^ortions of leaf rust and stem rust

in cases of great injury. Mediterranean wheat is considered to be

rather rust resistant. Oats is often much injured. Rust seems espe-

cially common in Christian, Crawford, Bollinger, Carroll, Atchison,

Iron, Oregon, Dent, Dekalb, Franklin, Carter, Hickory, Livingston,

Mercer, Sullivan, Daviess, Madison, Grundy, Kodaway, Gasconade,

Linn, Jeflersou, and Perry counties.

Xorth Dakota.—Wheat does not seem to be commonly damaged in

this State, although leaf rust is always present and is sometimes

abundant. Oats, however, is often injured. White Russian oats is

thought to be somewhat rust resistant. The Fifes and Blue Stem (Vel-

vet Bald Blue Stem) are almost the only varieties of wheat known by
the majority of the farmers. By far the greater jiroportion of the

cereals of the State is, of course, grown in the extreme eastern part,

in or near the fertile James River Valley, and the rusts naturally occur

in greatest abundance in that region. Nevertheless the orange leaf

rust and occasionally the stem rust also are found far westward. Much
rust is reported, esj)ecially from Nelson, Grand Forks, Cass, Richland,

Steele, McHenry, and Kidder counties.

South Dakota.—In this State, as in North Dakota, it is, as a rule, too

dry, cool, and breezy for rusts to do much damage, but nevertheless
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tliey are occasionally ([iiite injurious in places. The leaf rust is the

species most common. The Blue Stem and various Fifes are the varie-

ties of wheat generally grown. Oats, especially when planted late, is

often batlly rusted. Naturally rust is most abnndantii! the southeast-

ern counties. Hust seems to be quite severe, at least occasionally, in

Kingsbury, Clay, Deuel, h^uilk, I'rookings, Hanson. Minnehaha, Union,

Douglas and Davison counties.

Xebraska.—Usually wheat is not batlly damaged by rust in this State,

although sometimes the injury is quite serious. The cereals in large

portions of the State were badly injured in 1891, the black stem rust

being abundant that year. In the sandy districts there is usually

but little trouble with rust. As in Iowa, spring sowing is common,
and is doubtless res[)ousible for much of the injury. Fortunately,

however, fall sowing is coming into vogue. As is usually the case, rust

often accompanies winterkilling and poor drainage. In the eastern

portion of the State oats is often severely damaged. The counties

from which much rust is rei)orted are Douglas, York, Loup, Dodge,
Nuckolls, Blaine, Gage, Custer, Frontier, Nance, Perkins, Hamilton,

Greeley, Howard, Adams, Wayne, Cuming, Boone, Seward, and Saline.

Kansas.—In the eastern half of the State the wheat crop is (|uite

often injured by rust, but in the western half the damage is usually

insignificant. Notwithstandang its com}»arative immunity, the writer

once saw a held of White Michigan wheat in Cloud County totally

destroyed by rust, the i)robable yield of the field having been esti-

mated a few days prior to the attack at 2o bushels per acre. Turkey
wheat is quite resistant to rust and is a general favorite in the State,

particularly in the western part, and yet even in that section the

writer has seen it severely attacked by the stem rust. Oats is often

greatly damaged by stem rust in the eastern portion and is sometimes

a total loss. The crop suffered greatly in 1893. Occasionally fields of

late-sown oats are entirely destroyed before harvest. The counties in

which rust seems to occur most frequently are Kice, Montgomery,
Johnson, Stevens, Washington, Linn, Riley, OvSage, Jewell, Keno,
Marshall, Barton, Coffey, Bourbon, Ottawa, Shawnee, Decatur, and,

Miami.

Texas.—Reports received from the State during the dry season of

1894 indicate that grain is not usually attacked by rust. However, but
little dependence" can be placed upon so few reports from so large a

State and only for one season, and moreover most of them were from
northern Texas and the Panhandle, where there is always considerable

drought. On the other hand, the wiiter knows from personal observa-

tion that in the east and south central portions of the State rust has

been so detrimental to wheat that this crop has been practically aban-
doned over an extensive area of excellent wheat land. It is claimed

that at the Texas Agricultural Experiment Station rye is actually

injured by leaf rust even in midwinter. In fact, rye is often attacked

21704—No. IC 2
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by this rust in all the Southern States. Oats is seldom injured to any

extent. Isficaragua wheat, a durum variety, was totally destroyed in

1896 at the Agricultural College farm in Brazos County. The part of

the State in which rust seems to be most severe is that lying east

of Gainesville, Fort Worth, and Austin.

Washmgton and Oregon.—Little information relative to cereal rusts

has been obtained from these States, but as far as known they cause

only slight damage, except in districts within reach of dampness from

the ocean. On account of the growing season being also the dry sea-

son, the atmosphere is not usually favorable to rust i^ropagation.

Occasionally oats is considerably aftected by the crown rust, as was

the case in 189;2 in Sherman County, Oregon.

California.—Though reports indicate that rust does not commonly

injure the grain, still in some places both wheat and oats are severely

damaged. The losses seem to be confined almost wholly to the coast

districts within the influence of sea fogs. In other parts of the State'

the atmosphere is usually too dry for the rust to spread. In a few dis-

tricts along the coast, in parts of Ventura County, for instance, wheat

raising is said to have been abandoned on account of rust, but in some

districts, as in Mono, Fresno, and San Bernardino counties, rust is

extremely rare. Toward the north early wheat is reported by some to

be more liable to rust than late, perhaps on account of weakness from

winterkilling or frosts. Semihard or soft white wheats are generally

raised. Souora is a common variety and is said to be rather rust

resistant. Black oats, it is claimed, is more resistant than white. Some

of the counties in which rust seems to be especially plentiful are Santa

Clara, Ten tura, Sonoma, San Mateo, San Diego, and Santa Barbara.

Montana^ Idaho, and Utah.—On account of the cool, dry atmosphere

in these States, the rusts seldom occur in sufficient abundance to do

any appreciable injury.

Virginia.—According to reports, wheat in the Shenandoah Valley is

sometimes badly damaged by rust, and oats is damaged quite often.

The rust is most abundant in the lowlands. Lancaster wheat is

considered as rather rust resistant.

Ol'lahoma.—V^^hhm the past three years Oklahoma has become an

important wheat producing territory, and in the season of 1897 much

injury resulted from rust. There was much rain near harvest time and

rust doubtless materially lessened the yield, although it was still very

large. In this region May wheat and soft varieties seem to be most

subject to rust aud Fulcaster and Turkey most resistant.

LOSSES CAUSED BY RUST.

Although several writers have discussed the question of financial

losses from the grain rusts in difterent countries, including the United

States, there are as yet no reliable estimates. Could even an approxi-

mate estimate of the losses in this country be made it would be very

gratifying, but as yet even this can not be done. It would of course
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be iiiii)ossible to make any general estimate from the per cents of dam-

age given in Table 1, as they show the losses for only one or two seasons

and in comparatively few localities. In the writer's opinion, however,

the average annual loss from rust throughout the Ignited States far

exceeds that due to any other enemy, insect or fungous, and often

equals those from all others combined.

ORANGE LEAF RUST OF WHEAT.

{Puccinia rubujo vera tritici).

Physiological relations.—It was not until a late date in the writer's

inoculation experiments that attention was given to this rust, most of

the previous work having been with P. (/ra minis and P. coronata of

oats. Many observations made in the field have shown that the leaf

rust of wheat and of rye probably do not pass from one host to the

other, but are distinct specialized forms. Where wheat and rye are

grown in adjoining fields, rust not only attacks them at ditterent dates

(which may be partially accounted for in that rye is in a condition most

susceptible to rust earlier than wheat, maturing, as it does, earlier),

but is occasionally very prevalent on one and not abundant or even

present on the other during the entire season. Again, the writer has

never been able to find any relation between the abundance of this

rust on wheat and its occurrence on native grasses in the vicinity of

the wheat fields.

The writer's first experiments, reported by Hitchcock and himself

(31), pp. 3, 4), showed that uredospores of this rust would not infect

oats, rye, or orchard grass, and that a uredo (supposed to belong to

P. ruhigo-rera) of Kentucky blue grass would not infect wheat or oats.

The results of all subsequent inoculations ^ with this rust are summa-

rized in the table following,

' Unless otherwise explained, all inoenlation experiments reported in this bulletin

consisted in treating one small pot containing from two to twelve seedling plants

of the same kind 10 to 30 days old from the seed in case of cereals and 20 to 40

days in case of other grasses. An average of nine inoculations were made in each

experiment, there being never less than six, and rarely more than twelve. The

manner of performing the experiment is as follows: The plants to be inoculated are

first wet with a very tine spray of water from an atomizer. Then by the use of a

thin, narrow-bladed scalpel material is scraped from the diseased plants and is

applied in spots here and there on the healthy ones, that is, on the upper surface,

the lower surface, or on both, or on the stem also, depending on the particular

oxi^eriment. No incisions are ever made. After another spraying the plants are

covered with a bell jar, and the latter wet with cold water to aid in preserving a

coating of moisture ou the plants. On an average, the bell jar is not removed lor two

days, except just for an instant to allow a further spraying with water. During

periods of hot sunshine a shade is used to shut off the sun's rays. These experi-

ments are made in the greenhouse even during the summer, and the dift'erent rusts

are kept growing the year through. All experiments of the same date are, as a rule,

accompanied by one check experiment, in which inoculations are made upon plants

of the same host as those from which the inoculating material was taken. All

inoculations are made with uredospores unless otherwise stated,
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Tablk 2.

—

Inoculation exjjeriments tvith Uredo ruhujo-rera of nheat.

Date of
inoculation.

Place where experi-
ments were made.

' Origin of !

inoculating
I
material. '

Plant inoculated.

Jan. 19, 1897 I Washington, D. C...
Do do
Do do

Feb. 1,1897 do
Do do
Do do
Do do

Feb. 12, 1897 I do
Do

I

do
Do ' do

Feb. 13. 1897. . . .
|

do
Do ' do

Feb. 24, 1897.... I do

Wheat.
do.
do .

do .

do.
do.
do.
do .

do.
do .

do .

do .

do .

Period
of incu-
bation
(days).

Wheat
Missogen wheat
Rve
Wheat
Rye
Barley
Oats.'.

Wheat
Taganrog wheat
Missogen wheat
Wheat
Dactylis glome rata
Akavemidashi wheat

Do
Feb. 11, 1898'..-

Do

Do.
Do.
Do.
Do.
Do.
Do.

do
Lincoln, Xebr.

do

do
.do
do
do
.do
.do

-do
-do
.do

-do
.do
.do
-do
-do
.do

California white wheat
Elymus canadensis
Elyinus canadensis glauci-

folius.
Elymus virginicus ,

Agropyron richardsoni ....

Agropyron spicattiiii

Agrcpjiron tenerum
Dactylis glomeruta
Panicum autumnale :

Result.

8

8
8
8

11

11
11

15
15

11

11

13
7

13
13

13
13
13
13

Successful.
Negative.

"Do.
Successful.
Negative.

Do.
Do.

Successful.
Do.
Do.
Do.

"Negative.
Only one or
two spots.
Do.

Negative.
Doubtful.

Do.
Negative.

Do.
Do.
Do.
Do.

' Through inadvertence no check experiment was made.

Two of the experiments were doubtful ou account of the slight infec-

tions, which were ijossibly accidental. Although under date of Febru-

ary 11, 1898, no check experiment of inoculations from wheat to wheat

was made, in numerous other exi)erimeiits with wheat alone the inoc-

ulations never failed to infect readily, where ordinary cultivated varie-

ties of Triticum vulgare were used.^

Although the experiments carried on with Uredo ruhigo-vera were

not so numerous as those made with other rusts, they are nevertheless

sufficient to show that the limits of this rust form are quite closely cir-

cumscribed by physiological conditions. Many more experiments with

this rust would have been made during the winter of 1896-97 had it

not been for the presence of wheat mildew, which tended to vitiate all

work and which could not be got rid of without interfering with the

experiments.

The time of incubation, or the interval between inoculation and

appearance of rust in the case of Credo nibigo-vera of both wheat and

rye, is somewhat longer, as a rule, than that of the other cereal rusts,

ranging under usual conditions in the greenhouse from seven to ten

days.

The experiments so far made indicate that only varieties of the fol-

lowing species and subspecies^ of the genus Triticum act as hosts for

• A fact of interest in this connection is that in one experiment Missogen, a hard

wheat, of the snbspecies Triticum durum, from Greece, showed no infection. Althongh

this may not seem very significant at first, yet if considered in connection with facts

shown in Table 8, it "will be found to be in accord with the results of experiments on

rust resistance of varieties given in Table 3, which show that durum and poulard

wheats are more resi-stant to orange leaf rust than are the bread wheats.
2 The classification of wheats followed in this bulletin is that of Koeruicke and

Werner (44).
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tlie orange leaf rust of wheat in this country: Triticnm ridgarc, T. com-

j)actum, T. turf/hbini, T. durum, T.spelta, T.dicocciiin, and T. polonknm.

These are all cultivated varieties, but varietii^s of the three last named

have been grown so far in this country only in an experimental way.

Occurrence and dutribution.—It is a well-established fact that the

orange leaf rust of wheat is the most common and widely distributed

of all the cereal rusts in the United States, and is especially the most

constant in occurrence from year to year. The stem rust and the crown

rust do not occur on cereals in certain years and certain localities.

The orange leaf rust of rye, although occurring wherever rye is growu,

is still not common, because rye is not grown generally. Maize rust

usually occurs wherever corn is grown, but is seldom abundant; but the

orange leaf rust of wheat is not only never absent from the wheat field,

being there the year through, but is sometimes abundant even iii dry

seasons. There is still so much uncertainty as to the identification of

species that as yet it can not be definitely said whether this rust is the

most common in foreign countries also, but the probabilities are that

it is, at least in all except the countries of northern Europe. In Aus-

tralia and India there is no doubt of its being the most common, pro-

vided that our leaf rust and the one iu these countries are eciuivalent,

which is almost certain. Barclay (5, Vol. XXVIII, p. 257; Vol. XXX,
p. -lO) is quite emphatic as to its being the most common in India.' In

Sweden the conditions seem to be exceptional. Tlie most common, as

well as the most injurious rust in that country, according to Eriksson

(31, pp. 208, 209,331), is P. ghmarum, while P. dlspersa is rather insig-

nificant both as to its occurrence and tlie injury it causes.^

Wintering of the uredo.—^o much has already been written concerning

the wintering of the uredo and the ability of the fungus to readily pass

the Aviuter in the uredo stage is so well established for this country that

there is little further to add. However, it may perhaps be well to state

that the conclusions of Bolley (7, pp. 13-15) and of Hitchcock and the

writer (39, pp. 1, 2) have been confirmed and reconfirmed by the writer

both in Kansas and Maryland. In the Southern States the leaf rusts

of both wheat and rye not only live, but grow all winter. It is now

conclusively proved that in latitudes below 40'=^ in this country the leaf

rust of wheat is able to pass a perpetual existence in the uredo stage

on wheat alone^ without the intervention of any other stage. This is

evidently a matter of much economic importance, for if this method is

not only possible, but should turn out to be the only one, it is easy to

' Through the kindness of the Government officials of India the writer received

specimens of rusted wheat straw from that country. The rust most abundant on

the specimens seems to be morphologically enough like our own Fiiccinia riiUfjo-vera

to be called the same, specimens showing the second and third stages of this rust

being present. However, P. (jramiuis was also found in considerable amount.

2 At the writer's request Dr. Eriksson kindly sent him specimens of both P. ghma-

rum and /'. dispersa. An examination of these specimens showed that with the

exception of a slight difference in color there is a very close resemblance morpho-

logically lietweeen the latter and our F.rubiijo-vera.
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see how the fiingus luiglit be easily overcome.' At all events the writer

is convinced that the existence of volunteer wheat must have consider-

able bearing upon the distribution and propagation of this rust, and
the conviction will be strengthened should further experiments fail to

reveal other hosts besides wheat. There is still a possibility, however,

that some native grass harbors the same rust form. In Australia it is

generally accepted as a fact that both Puccinia rubigo-vera and P.

graminis exist in the "red rust" stage all the year through, either on

self-sown grain or on native grasses. Cobb (19, p. 29) and Lowrie (48,

p. 51) make particular references to the matter. However, it should

be remembered that identification on morphological grounds alone is

not sufficient to prove that the grasses mentioned actually bore these

cereal rusts and no mention is made of inoculation experiments.

The observations made thus far in India do not indicate that this

rust lives the entire year in the uredo stage on any host. Barclay,

after careful investigation, failed to discover a continuous repetition of

uredospores (5, Vol. XXX, pp. 17, 48), though he admits the possibility

of such. He thinks such an occurrence more improbable than "in

Europe, where crops both of cereals and wild grasses overlap one

another." Prain (00, p. 27) and Watt (70, pp. 51-56) discuss this ques-

tion and accept Barclay's conclusions.

Eriksson has failed to discover that any one of the wheat rusts lives

throughout the year in the uredo stage in Sweden. He claims to have

shown, however, that P. glumariim is perennial within the wheat plant

(25). To account for this he in^oposes a new theory, which will be

' Dr. Geo. "Watt, editor of tlie Agricultural Ledger of India, makes quite unfavor-

able criticisms (70, pp. 55, 56) of the conclusions reached by Hitchcock and the writer

concerning this matter, as given on page 9 of onr second report on rusts of grain.

After quoting these conclusions he says: "The criticism would seem fairly justifi-

able, however, that the.se opinions are based on purely artificial experiments. The

experiments may, in fact, be said to show what might occur, not by any means what

occurs. It would, of course, be possible (under glass in cold countries or by reduc-

ing the temperature in tropical regions) to supply the parasite with continuous

crops of its host, and thus to produce uredospores for an indefinite period. * * *

The Kansas reports do not seem to afford sufficient evidence in support of the views

advanced. « * * In countries that do not have a severe climatic isolation between

the sea-sons of wheat cultivation, volunteer survivals of the crop might easily

enough occur. Where this is met with the existence of uredospores might be made

a matter of actual observation, and their vitality tested at repeated intervals, with-

out having to call in the aid of improbable experiments.'" But a more careful read-

ing of the bulletin will show that the "opinions"' mentioned are not "based on

purely artificial experiments," though greenhouse experiments were indeed employed

to confirm field observations. It is distinctly stated on page 2 of the report named

that the rust was observed in the field at diff'erent times, up to March 22, and of

course after that date rust would continue to grow in that latitude. In the mean-

time, to prove that in- these rust spots the spores were actually alive, many of them

were brought in at various times and germinated and healthy plauts infected with

them, thus "testing their vitality" exactly as Dr. Watt suggests should be done.

More than this, diseased plants were occasionally transplanted into the greenhouse,

and as fresh uredospores were produced befoie a period of incubation from inocula-

tions could have elapsed the mycelia were also shown to be alive (39, p. 2).
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referred to further on. Sorauer (05, p. 21G) states tluit the uredo myce-

lium of ruccinia ,str((minis (/*. rnhigo-reni) winters over without injury.

The inference is that the locality he has in mind is some jiortiou of

Germany, but whether he means P. (jlnmarum or /'. (lispevsa of Eriksson

and Heuuings, and whether the host plant is wheat or rye, is not

known.

LiahHiiy of different varietifs to this rusf.—The study of the compara-

tive liability of different wheat varieties to rust has in recent years

developed to such an extent that an elaborate paper might be written

on this topic alone. To investigate this phase of tlie subject the writer

conducted a rather exhaustive series of held experiments during the

seasons of 1895, 1S90, and 1S97, and as the orange leaf rust was the

one mainly dealt with the question of rust resistance will be discussed

at length here.

At the outset much time was required to learn what varieties are

grown in ditferent parts of the world and the sources through which

they might be obtained. Efforts co obtain the varieties of each country

were begun early in the spring of 1894, but many of tliose from distant

parts did not arrive even in time for jjlanting in the autumn of 1895.

Peter Henderson & Co., of New York City, agreed to aid in obtaining

foreign varieties through their foreign agents. In addition to those

obtained in this way, samples were sent in direct by William Farrer, of

New South Wales; Prof, E. ]\I. Shelton, of (»>ueensland ; Prof. S. Tanaka,

of the Imperial University, Tokyo, Japan; Carter r>ros., of London,

England; and ^Ir. IT. Yagnon, Kherba, Clos des Dras, Algeria. In this

country and Canada varieties were obtained from the agricultural

experiment stations of jMichigan, North Dakota, Nebraska," Kansas,

and New Mexico; from Prof. William Saunders, of the Central Experi-

mental Farm, Ottawa, Canada; and from Mr. A. N. Jones, of Newark,
N. Y. Yarieties were obtained from every important wheat country in

the world. The record of experiments shows over 1,1!00 varieties, but

of course many of these were duplicates, and about 75 were Farrer's

unfixed crossbreds. Notwithstanding this, however, there were cer-

tainly over 900 good varieties tested during the three years of exper-

iment. A very large number of these varieties, 4G3 in all, came from

New Mexico through Prof. A. E. Blount, who has done so much work in

breeding wheats, and who has collected a great many varieties from

different countries. These were esi)ecially valuable in that tliey included

a number of Blount's crossbreds and also many foreign varieties more
or less acclimated to this country.

The experiments of 1895 were conducted at Garrett Park, Md., tliose

of 189G at Salina, Kans., and those of 1897 at IManhattan, Kans. The
soil at Garrett Park was first treated with a fertilizer commonly used

for wheat in that region and composed of South Carolina rock, bone

dust, and kainit, the application being made at the rate of 500 pounds
per acre while the ground was being harrowed. The different varieties

were, as a rule, seeded in single alternate rows, these being 48 feet
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long" and 12 inches apart at Garrett Park, 20 feet long and 12 inches

apart at Salina, and 25 feet long and 20 inches apart at Manhattan.

The time of seeding extended from October 17 to November 28, many
of the foreign varieties being sown exceedingly late on account of

their late arrival in this country. In the experiments at Garrett Park
all the varieties, except those from New Mexico and Farrer's crosses,

were seeded in two to four rows each.

The orange leaf rust was the only species that occurred at Garrett

Park, but it was extremely abundant, and therefore there was an excel-

lent opportunity of testing the resistance of the different varieties to

this rust. After this year it was thought best to continue the experi-

ments in the States of the Plains, as they more truly represent the

conditions of the greater part of our wheat region, and, moreover, the

stem rust as well as the leaf rust is nearly always present in that

region. Hence the work was transferred to Kansas. Both rusts

attacked the wheat at Salina and at Manhattan, the leaf rust being the

more common. At Salina, as at Garrett Park, all varieties were planted

rather late because of the drought, the dates of seeding extending

from October 16 to November 4. At Manhattan all but about a dozen

of the varieties were seeded in good time, that is, on Sei)tember 22 and
23. The seeding of spring varieties was done each year at the average

time for such seeding.

The winters of 1895-96 and 1896-97 were both unusually severe in

the localities where the experiments were conducted, hence hundreds

of the imported varieties failed entirely during these two seasons, and
only a s^nall proportion of the whole number tested during the three

years withstood the climatic rigors and produced seed at the close of

the season at Manhattan. It is interesting to note, however, that a

number of sorts, especiall^'^ those of Kussian origin, passed the winter

at Manhattan in much better condition than most of the varieties reg-

ularly grown there by the experiment station (36a, pp. 172-174).

The rust liability of the different varieties was determined by noting

the per cent of rust on each at the date when the rust was most

abundant.'

The experiments at Salina were conducted on the farm of Mr. B. B.

Stimmel, who kindly gave the necessary ground free of charge. Through
the courtesy of the board of regents Qf the State Agricultural College

at Manhattan, the farm department cooperated with this Department
in carrying on the experiments on its land and furnished certain aid in

the prosecution of the work. For the successful accomplishment of the

' If no rust spot could be found on any plant in the row, the per cent of rust was
of course zero ; if only one or two spots were i)resent on each of the plants in a half

dozen or more places, the amount of rust was estimated as 1, 2, or 3 per cent, and so

on ; if nearly all the leaves in the row were about half covered with rust, it was
estimated as 50 per cent; and if they were practically covered, it was estimated as

190 per cent. Of course the estimates were necessarily approximate and, moreover,

the scale of rusts varies according to individual ideas. In this case the rust was so

slight on the sheath that it was not considered.
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work at Garrott Pavk great credit is due ^Ir. T. H. T^orsett, of this

Division, who rendered valuable assistauce.

The principal results of the three years' experiments are arranged

in as condensed a manner as possible in the following table. In every

case where the rust could not be graded for more than one season the

variety is omitted from the table. Nearly every instance of this kind

was in the case of a variety that winterkilled or failed otherwise after

the first season, but in wsome cases they were simply not at hand for

planting more than the one season. As a result of this disposition only

about one-third of the varieties actually planted during the three years

are represented in the table; hence it shows no varieties from Greece,

England, Holland, India, Siberia, Argentina, or Algeria, although they

were obtained Irom each of these countries. In the case of the varieties

from Argentina and Algeria they were simply received too late to be

tested except in the severe season of 1890-07.

Only those who have had similar experience can form any idea as to

the work required to keep the nomenclature of varieties from being

confused. It is not claimed that all the names in the table are right,

for such a claim would be preposterous; but it is believed that nearly

all are fairly reliable, or at least as correct as they can be in the pres-

ent confused condition of our wheat nomenclature. Moreover, many

apparent errors are really the correct names, the seeming discrepancy

arising from translations of the original name into a different language,

or they are cases of pure synonyms; for instance, Kaiser and German

Emperor are very probably the same variety, while Kubanka and

Beloturka, Black Sea and Arnautka, Thick-set and Cone Kivet, Club

wheat and Oregon Club, Genealogic and Hallets Pedigree, Soules,

Flint and Yorkshire, German Amber and Amber Winter, De Bordeaux

and Eouge Inversible, etc., are all cases of synonyms. The peculiarity

of some of the names is doubtless due also to bad orthography, as for

example, a certain hybrid is not Tamed but Lamed. In French names

incorrect spelling is common and in llussian names it is the rule.

Sometimes such simple names as Gold Drop and Blue Stem are applied

incorrectly to the most widely different varieties, and such names as

Turkey and Russian Red either mean very little or may even be mis-

leading, giving no clue to the origin of the varieties as one might sup-

pose. A thorough revision of the nomenclature of our varieties of wheat

is a most important desideratum for this country.

The two main obstacles to a successful comparison of the rustiness of

a large number of varieties according to the method followed in the

experiments, are (1) that the varieties being necessarily planted at dif-

ferent dates those equally susceptible to rust may nevertheless not be

equally rusted at the time of grading, and (2) it is impossible to care-

fully grade the rustiness of more than one hundred varieties a day.

However, in case of the experiments here described, both obstacles were

overcome to a considerable degree by grading the varieties each season

in the order in which they were sown; but notwithstanding this, many
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of tlieui afterwards became more rusted than they were at the date of

grading, though this did not occur to any great extent except in 1895.

In that year, for example, though a few of the varieties showed no rust

at all at the date of grading, yet onlj- one variety, Einkoru, remained

absolutely rust proof throughout the season. Much value would have

been added to the experiments if they could have been continued in

each locality during the three seasons, but under the circumstances

this was impracticable. It is hoped, however, that they have settled a

few things definitely and that they will furnish a valuable groundwork

for future experiments in this country.

Tabi.k 3.

—

Comparative amount of Uredo ruhigo-rera on different varieties of wheat.
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Tablk 3. Comparative amount of Vrcdo rnhifio-rera on lUffirent varieties of wheat-

Continued.

Localities and names of
varieties ol—

Per cent of rustiness of
varieties in

—

Bald or
bearded.

1895.

May June
23-25. 13-17.

Bald.

WINTER WHEATS—contiiivied.

New Mexico—Continued.
Kloiirelle

I

I'luor Spar i

tjo

Frances do ..

Frankenstein *lo

Fre»'ling
French Black Chaff
Fulcaster
German Amber
German Emperor
Gla.ss

Gold Drop
Golden Chatf
Gold Premium
Granite
Gypsum
Gypsy -

Hard Austriiuan
Hard Manitoba
Heiges Prolitic

Hicks Prolific No. 1

Hornblende
Hungarian
Hunters Winter
Illinois Second Premium
Improved Fife
Improved Rice
India lied
Jacinth x Baart
Jennings
Johnson
Jones Square Head
Kings Jubilee x Tourmaline
Kivet
Lairds Prolitic

Landreth
Leaks
Lehigh
Lincoln
Little Wonder
Longberry
Mammoth
Martins Amber
McCreagan
McGees Red
Mediterranean Hybrid
Mediterranean Spring
Mennonite
Michigan Amber
Midge Proof
Millers Prolific

Minnesota Fife

do....
....do....
Bearded .

.

Bald
....do....
...do....
....do....
....do....

do
....do...
....do...
Bearded .

.

Bald
do...

....do...
do...
do...

Bearded

.

Bald
do...
do ...

do...
do...

Mixed . .

.

Bald
Bearded .

Bald
do...
do...
do...
do...
do...

Bearded .

Bald
do...
do...
do...

.... do...
do...

Bearded .

Bald
Bearded .

do...
Bald

do...
do...
do...

Missouri Mediterranean Bearded .

Missouri Turkey do —
Monarch • do—
Moscow do —
Nashi do . .

.

Niagara Bald
Nigger Bearded .

North Champion Bald
Northcotes Amber do ...

NoxNo. 3 do...
Oakshotts Champion Mixture .

Odessa Bald
Odessa No. 1 do -

.

Odessa No. 2 do . .

.

Odessa No. 3 -,
do...

Odessa No. 4 1

Bearded .

Osterey
I

Bald
Palestine ' do . .

.

Patagonia do . ..

Platinum do . .

.

ni

m
m
ni

m

m
m
m
m
m
m
X ra

m
ra

m
X
m
m
m
m
m
m

m
m
X m

m
m
m
m
m
m
m

m
m

m
m
m

m
m
m
ni

m
m
m
ni
m
m
ra
m
X m
m
m

1896. 1897
Aver- Remarks.

June June;
15-16. 22-25.

95
50
75
60
30
70 i

92
80 ,

95
45
60
20
60
30
15
98
60
70
75
75
15
72
60
75
20
85
80
60
98
92
98
50
70
20
95
10
75
95
25
98
15
92
96
60
80
20
20
30
65
98
5

70
65
95
25
10
70
85
35
40
40
55
1

99
97
97
90
95
10
94
40

60
50
50
40
50
55
35
60
50
30
35
55
50
50
50
30
50
25
45
40
55
50
30
35
40
40
45
45
50
50
50
20
50
50
35
30
50
30
40
65
50

*45
30
35
10
50
50
30
60
50
40
25
40
55
50
50
50
15
20
00
10
30
40
55
65
55
50
20
20
60

40

70

50

35

55

45

55

60

65

45
55
65

70

73
50
63
50
40
63
64
60
73
38
55
38
53
40
33
64
55
48
60
58
35
61
45
55
30
63
53
53
74
71
74
35
60
35
65
20
63
63
33
73
33
69
63
48
45
35
58
30
63
74
23
48
53
75
38
40
60
55
28
50
25
43
43
70
76
70
70
58
15
77
55

Blount's cross.

Semihard wheat.

Blount's cross.
Do.

Do.

Farter's cross.

Jones's cross.
Farrer's cross.

From Australia.

* Mean of two grades.

Hard wheat.
Do.

Do.
Do.
Do.

Do.
Very hardy.

H.ardy.

Hard wheat.
Hard-grained.

Do.

Do.
A durum wheat.

Blount's cross.
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Tabi.k 3.

—

Comparative amount of livedo ruhigo-rera on different varieties of wheat-

Contiuued.
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Taulk '^.—Com2)araUve amount of Uredo riibigo-vcra on different varieties of wheat-
Contiuued.
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Tablk 3.

—

Comparative amount of Uredo ruhigo-vera on different varieties of wlieat—
Continued.

Localities and names of
varieties of

—

WINTEB WHEATS—continued.

Australia—Continued.
Red Tuscan
Rieti
Robins Rust-resistant
Saskatchewan Fife
Summer Club
Tourmaline
Vermont
Victorian Defiance
Wards Prolific
"White Hogan
White Naples
"White Tuscan
58(A)
58 (AJxBlountsFife .

Jajjan :

Bald or
bearded.

Bald
Bearded
Bald

do..
do..
do...
do..
do-.,
do..
do..
do..
do...

Bald
do ..

Bearded
....do ..

.do

.do
-do

Onigara
Temide

Persia:
Prophet
Reddish White Bearded . .

.

White Bearded
Turkey

:

!

Haffkani Bearded
Kastamuni Bald

Germany

:

Bart Marz do ..

Best Summer Club Bald
Blanc a Duvet Veloute 1 do .

.

Buca Nera \ Bearded
California Spring I Bald
Dattel ' do ..

Dividenden do ...

Egyptian Bearded Bearded
Fern

j

Bald....
Gallician Spring

i
do ..

Geant du Milanais
\
Bearded

Golden e Aue Bald
Hickling do ..

Igel uiitGrannen.
Kaiser

Mai
Mirado
Probsteier.

Bearded
Bald

Bald
Bearded
Bald

Regenerirter do ..

Romanello do ..

Rouge de St. Laud do ..

Russian Bearded
Rye Wheat ' Bald....
Sandomir do..
Smogger .

Taganrog

Talavera de Bellevue

.

Urtoba
Victoria de Mars

Spelts, emtners, etc.:

Bearded White Spring
Black Velvet Compound Em-
mer.

Black Velvet Emmer
Blue Velvet Bearded

do..
Bearded

do..
Bald....
Bearded

Bearded
do ..

Per cent of rustiness of
varieties in

—

1895.

May
i

June
23-25. 21-23.

-do
.do

80
15

^oS
75

*50
*83
*38
*78
*55
20
80
30

*50
40

June
28-
July
1.

15
20

30
30
30

5
*20

60
60
40
*0
60

*38
*35

40
5

50
*2
50
'13

1896.

June
15-16.

'10

30

*3

2

40
30
25
40
40
10
50
1

10
*16
*40

GO
5

40
30

20
20
80
50
30
50
50
45
50
50
75
40
50
70

75
60

50
50

'30

5
55

30
40
75
5

40
'45

50

40
50
50
10
30
50

40
40

20
5

55

GO
45
50
40
*52

50
45
5

50
55
20

60
15

25
50

1897.

June
22-25.

Aver-
age.

30

55

50
18

68
63
40
67
44
62
53
35
78
35
50
55

45
40

40
40
30

5
38

45
50
57
3

43
39
43

40
28
50
6

40
32

25
35

12
3

29

50
38
38
40
46
30
48
3

38
36
30

60
10

33
40

Remarks.

*Mean of t\yo grades.
Hard wlieat.
* Mean of two grades.

Do.
Do.
Do.

* Mean of four grades.

* Mean of two grades.
Earrer's cross.

Rather hardy.

* Mean of two grades.

Hard wheat.
* Mean of two grades.

Much mildewed in 1895.

Velvet ears.
*Mean of two grades.

Do.
Much mildewed in

1895. * Mean of two
grades.
Mildewed in 1895.

* Mean of two grades.

Much mildewed in
1895. * Mean of two
grades.
^Do.

Badly mildewed in
1895.

*Mean of two grades.
Poulard wheat.
Badly mildewed in

1895.

Do.

Much mildewed in 1895.

Mildewed in 1895.

*Mean of two gi'ades.

Much mildewed in 1895.

Do.
Macaroni variety.
Badly mildewed in
18'.i5.'

Hardy variety.

*Mean of two grades.
Do.

Badly mildewed in
1895.
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Taiu.k 'S.— Coitiparativi' amuintt of Undo rubiijo-veia on different varieties of wheat—
Continued.

Localities and names of
varieties of

—

Bald or
bearded.

wrNTEK WHEAT—fOIltillllfd.

(Jt'iniauy—Coutiniied.
Sjieltti,' emmen, etc.— Continued.
Eiukorn Bearded
Red Tyrol Bald
Red WiiiterCliib do .

.

Scble4;el Dinkel «lo - •

Triticxim spelta <x»Uv%im do .

.

Tritieum spelta datyanth^nn . . Bearded

Vdgeles Dinkel ' I5ald

White Winter Bearded Bearded

"Bianchctto :

Hald

Bordeaux Mixed...
Uologna Bearded .

I>i Noe d'Umbria ' Bald
Durodi Apulia

,

Bearded .

Uuio Riscole do ...

Lutaba Mixed ...

Majorica Cianco ..| Bald
Ma'rzuolo I

Bearded
Precocissinio di Giappone do ...

Prolilero do . .

.

Rieti
I

do ...

Kieti (prima reproduzione). do ...

Taujiarotto do ...

Triminia do .

.

Vareaotto .do .

.

Vulgo Grauillo e Salerno Mixed .

.

Misto.
France

:

A Six Raiigs :

Bearded
Blanc de Flandres Bald
Chiildam d'Autonine a Epi do..
Rouge. '

Chiddam de Mars do .

.

D'Australie Bearded
De Noc Bald
Hybride de Bordier ' do ..

HybrideHatif (i;iiui)au) do ..

Petaniellc Xoire de Kice Bearded
Ricbelle Blanche de Naples.. . Bald
Touzellc Kouge de Provence do .

.

Victoria d'Automne do .

.

Spain

:

l

Candeal Desraspado de Mur- ! Bearded
cia.

Cartagena Rojo Aristado do .

.

Jejar de Valencia do -

.

Sweden

:

Kubb ...

Russia

:

Banatka.

Bald.

Bearded
Bearded Winter ao

Per cent of rustiness of
varieties in—

1895.

May
23-25.

Champion
Crimean ! do

Donka
Genealogic Red

Kalinovka White Bearded
Pulavka i do .

.

Red Bearded ' do .

.

Red Winter Bald..

Russian-Engli.sl;
i

do

June
28-
July

1.

(1

30
50
40
50
50

70
50

70

50
GO
70

50
70
80
60
75
60
40
60

10

«0
40

2

65
50

30

40
40
50

65
70
30

60

50
65

70

1896. 1897.

June June
15-16.1 22-25.

Aver-
age.

30

15

30
*50

51

50
50

*30

45
50
45
50
45
60
20
40
50
40
40
40
40
20
50
20

50
30
50

50
40
10
40
15
20
50
50
50

55

20

70

40



32 CEREAL RUSTS OF THE UNITED STATES.

Tai5LE 3.

—

Comparatire amount of Uredo nibi'io-reru on different rarieties of wheat-
Continued.
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(litiereut writers. So far as the ordinary wheats are concerned, the

resistant varieties are as a rule somewhat dwarfed, are close and com-

pact, and stool but little. The leaves, comparatively few in number,

are stiff, narrow, and erect, with a more or less tough, dry cuticle, often

with a glaucous or waxy surface; heads compact and narrow; and
grains hard, red, small, and heavy.^ lu other words, the characteristics

of these wheats are about the same as those of the wheats of semiarid

regions. This is a fact of much significance, being a further argument
that more attention should be given to the cultivation of varieties par-

ticularly adapted to the black soils and climate of dry steppes, such as

those successfully grown in southeastern Eussia, parts of Siberia, and
in our own States of the Plains. Fortunately such varieties ])rodu<;e

the finest grain and most uutritious Hour known, and are usually hardy,

drought-resisting sorts. However, under the influence of certain con-

ditions of climate or locality, even these varieties, as above suggested,

are likely to prove capricious as regards freedom fiom rust. In fact,

no matter what the other conditions, every variety will rust, even con-

siderably, if it matures late, and for this reason nearly all the hard

Russian varieties mentioned in Table 3 rusted considerably. Early

maturity is therefore another important quality. For rust freedom and
for other purposes an early-maturing, hard, red, frost-resistant, and
drought-resistant winter sort is the ideal one for the greater i^ortion of

our wheat region.

The foregoing remarks apply only to the varieties of Triticum vulgare

and to some extent perhaps to those of T. comjxtctum. But the varie-

ties that are almost rust proof, as shown by the table, belong mostly to

the subspecies T. durum and T. turgidum^ihowgXi a few of them belong

to T. dicocctim, T. monococeum, and T. pohnicum. Those of the first

two subspecies, called respectively durums and poulards, although

very rich in gluten content, are seldom used in bread making, on

account of coarseness and hardness of the grain and the dark color of

the flour i^roduced. They are extensively used, however, in the manu-
facture of certain pastries and macaroni. Much of the latter is made
in this country, and the cultivation of such wheats should be encour-

aged. As these wheats are natives of hot, dry countries, they ought

to do well, it seems, in the southern part of the Great Plains. If they

could be matured sufficiently early (which was not possible in the

experiments by this Department) they would certainly be very free

from orange leaf rust, which seems to be especially bad in the South.

It will be seen that only a few of Farrer's crossbreds are included in

the table. The chief reason for this is that those not included simply

winterkilled before the conclusion of the three years' experiments, and

the amount of seed obtained being exhausted, they could not be tried

further. However, nearly all the crosses showed evidence of their

' Varieties resistant to this rust are also often bearded ; therefore in the second

•column of Table 3, it is indicated whether varieties are bearded or bald.

21704—No. 16 3
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high breeding and careful selection and some proved to be quite rust

resistant, but as most of them were unfixed crossbreds their rust resist-

ance could be fairly determined only by several years' trial and careful

elimination of the most rust liable and less hardy j)lants. As shown
by the table, it was found that almost invariably selections from the

sporting i)rogeuy of unfixed crosses of bald and bearded varieties pro-

duced in the following years plants which showed that the bearded

sorts are much more resistant to rust than the bald.

In addition to the experiments made by the writer, several were made
in cooperation with the Department by i^ersons in different States, the

object being to test a few of the same varieties in different localities to

determine their rust resistance and adaptability to such regions. Owing
to various causes, chiefly lateness of seeding and drought, many of the

experiments were entire failures, and in some cases the occurrence of

rust Was not carefully recorded. Only four were reported upon, these

having been carried, on by Prof. li. 0. Kedzie, at the Michigan Agri-

cultural College in 181>G; Mr. B. F. Snyder, at Liberty, Indiana, in 1896;

Mr. J. E. Payne, superintendent of the Rainbelt E.xijeriment Station,

at Cheyenne Wells, Colorado, in 1897; and by Mr. S. 1. Wilkin, at Bow
Creek, Kansas, in 1897. The following table gives a summary of the

four reports

:

Taui,]': i.

—

Report on Urcdo ruhi<io-n-ra on wheat tested in four localities.
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]!^o rust was observed at Cheyenne Wells, either ou the varieties from

the Department or ou any others tested at that station in 1897. Tlie

atmosi)here at that phice is exceedingly dry, but nevertheless attempts

are being made to grow crops without irrigation.

The held experiments described have thrown much light on another

problem of even greater practical importance than the liability of

varieties to orange leaf rust; that is, the comparative adaptability of

tlie ditierent sorts and varieties to the conditions of our wheat regions.

However, this question does not properly belong in these pages and

consequently must be discussed in another place.

Besides the experiments above reported, certain observations have

been made by others in this country on the rust resistance of different

varieties of wheat, especially as regards the orange leaf rust, and a

few will be mentioned here. According to Pammel (55, p. 500), the

following varieties were badly rusted at the Iowa Experiment Station

in 1889: Fife, Black Sea, White Fife, Manitoba Fife, (lolden (Hobe, and

Lost Nation. Velvet Chaff and Blue Stem were slightly rusted, but

Saskatchewan ''showed little tendency to rust." He also states that

in 1890 all the spring wheat was more or less severely injured by rust,

and that some of the varieties were entirely worthless, but that rust

did but little injury to the ibilowing winter wheats: Turkish Wheat,

Golden Cross, Red Fultz, Ontario, New Monarch, Fulcaster, and Deitz

Longberry. "The Turkish Wheat yielded I'l bushels.'"

Latta (45, p. 87) in 1892 reported, by percentages, the proportion of

stalks rusted in various sorts at the Indiana Agricultural Experiment

Station, and named Jones Winter Fife and Willitts as being rusted

100 per cent and Early Amber as rusted only 10 per cent. Latta and

Ives (40, p. 02) in 1894 found in the same way that 100 i^er cent of the

stalks of the following varieties were rusted: Fulcaster, Velvet Chaff

(white bearded). Red Clawson, Rochester Red, Beal, Johnson, Willitts,

Jones American Bronze, New Monarch, and Early Genesee Giant; but

only 20 per cent of the stalks of Ohio Blue Stem and Nigger were

rusted. These estimates of course do not give the actual degree of

rustiness. In 1892 Georgeson, Burtis, and Shelton (30, pp. 14-50) pub-

lished notes on rustiness of over 200 varieties grown at the Kansas
Agricultural Experiment Station farm. The varieties which remt^ined

quite free from rust were Arnolds Hybrid, Currell, Oregon Club, and

Siberian. Those "very badly rusted" were Centennial, Red Fultz,

Roscoe, Walker, Wayne County Select, and Wintergreen.

Prof. W. M. Hays has been doing much work for several years in

breeding and improving wheat varieties at the Minnesota Agricultural

Experiment Station, and during that time has made notes on the degree

of rustiness of different sorts. He has kindly given the Avriter permis-

sion to use some of his notes for the year 1897, which are as follows:^

The highest per cent of rustiness, according to these notes, was 35 in

case of Ladoga and the lowest 7 in the case of Glyndon No. 761. The

> The percentages of rustiness are in all cases means of two estimates made by

Professor Hays and an assistant.
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varieties rusted 8 per cent and under are Haynes Blue Stem,^ Ristings

Fife, Glyndou No. 761,^ and Haynes Blue Stem x Glyudon No. 761;

tliose rusted 20 per cent and over are Rio Grande, Preston, Percy,

Countess, Ladoga, Dawn, Alpha, and Progress. The last seven, which

were most rusted of all the varieties, are Professor Sauuders's new

crossbred s sent from Canada.

Some observations made in the Southern vStates are of special inter-

est, because of the usual abundance of orange leaf rust in that region.

Tracy (68, pp. 23-25; 69, pp. 44-46) writes that the varieties Defiance

and Beloturka, received from Australia, were strongly rust resistant

in Mississippi and promise well for that region. Canning Downs,

received at the same time, winterkilled. Twelve varieties obtained from

England ripened very late and were almost destroyed by rust. Two
varieties from France, White Naples and Rieti, made very good yields.

In Louisiana, where rust is very abundant, Stubbs (66, pp. 556-561) tested

cj.uite a number of varieties at Calhoun and Baton Rouge, most of them

having been obtained from California. At Baton Rouge all the varie-

ties failed completely. At Calhoun the following varieties were badly

damaged by rust:

Fonr-rowed Imported Winter. Holhurn Wonder.

Red Wheat Gold Finder. Thuring Row.

Halletts Red Winter. , Halletts Geuealogic.

Hundred Fold. Spanldiugs Prolific.

Arizona Indian. Mammoth.
Carters Queen. Hybrid Lamed.

Common March. Egyptian.

Those entirely free from rust or only slightly affected were

—

Indian Three Months. California Spring.

Molds White Winter. Winter Genoese.

Russian Red Bearded. Ghirka.

Fulcaster. Harris.

Big Long Bearded Clul) Brenner. Diehl Mediterranean.

Sibleys No. 1. White Russian.

Mediterranean. White Boughton.

Red Russian. Golden Cross.

Purple Straw. Tuscan Island.

According to Kellner (41a, pp. 138-143), out of 151 varieties of wheat

and spelt tested at the California Agricultural Experiment Station in

1892, only the following were practically rust free: Arizona Indian, Big

Long Bearded Club, Blue Grass, F. Gates, INIissogen, Nicaragua, Rus-

sian Durum, Russian Red Bearded, Red Sonora, Sicilian, Solid Straw

Poulard, White Crimean, and Red Emmer.
In Australia the subject of rust resistance has, as already stated,

been investigated more, or at least by a greater number of investiga-

tors, than in any other country. Several elaborate series of such

experiments have been made with difi'ereut varieties and these have

' In duplicate plats rusted as high as 10 per cent.

2 In duplicate plat rusted 11 per cent.



ORANGE LEAF RUST OF WHEAT. 37

been reported by I'earsou (57 and 58), McAlpine (51 and 52), Slielton

(02 and 03), Lowrie (48 and 49), and others. It is impracticable to

quote results from these ditierent writers, but it will perhaps sutlice to

give the following list of varieties, which the last International Con-

ference on Rust in Wheat' agreed upon as likely to be freest from rust

in Australia and at the same time more or less desirable in other

respects

:

(1) Bust-res i.sta7it varieties

Wards Prolitic.

Marslialls No. 8.

Robins Rust-resistant.

Marsliiills No. 3. .

Anstialian Wonder.

For cooler districts Defiance wheats, such as

—

Wheatons Rust-resistant.

Pringles Defiance.

Smiths Nonpareil.

Blonnts Lanibrigg.

Tnnnack.

For cooler and moister districts Fife wheats, such as-

improved Fife. Hornblende.

(2) Varieties eseaping rust on account of early ripening:

Allora Spring.

Early Para.

Early Baart.

Budds Early.

Canning Downs.
Rust-resistant.

(3) FroUfic and moderately rust-resistant varieties

.

Talavera.

Leaks.

AVhite Lammas.

During 1893 and 1894 Maddox (50, pp. 14-23) made observations at

Eastfield, Tasmania, on the occurrence of rust on over two hundred

varieties, including seventy-five or more crossbreds from Farrer. The

following varieties and also 28 of Farrer's crossbreds were free or

pra(jtically free from rust

:

Wards Prolific (white).

Manitoba.

Wards Prolific (red).

Pringles No. 5.

Bearded Herisson.

D'Arblays Hungarian.

Bald Herisson.

Improved Fife.

Fultz.

Niagara.

Summer Club.

Robins Rust-resi.stant.

Hornblende.

Medeah.

The following varieties were free, or practically free from rust during

1893 and 1894:

Anglo-Australian.

Blounts Fife.

White Fife.

Anglo-Canadian.

Bega.

Tourmaline.

Sicilian Square-headed Red.

Saskatchewan.

I Agr. Gaz., July, 1896, Vol. VII, pp. 4.38-442.



38 CEREAL RUSTS OF THE UNITED STATES.

Two of Farrer's crosses and the following other varieties were rusted

50 per cent in 1894

:

Bellevne Talavera. Kings Jubilee

Quartz. Clawson.

Hudsons Early Purple Straw. Lazistan.

Rattling Jack. Frames Early.

American Champion Head. Red Tuscan.

Victorian Defiance. High Grade.

White Naples. Urtoba.

Early Baart. Cape Wheat.

California Spring.

The following- varieties were rusted 75 per cent in 1893

:

Square-head. Red St. Laud.

Count Walderdorffs. Frames Early.

Carters Stand-up. Red Tuscan.

Boutchers Velvet. High Grade.

Golden Drop. Urtoba.

Bestehorns. Cape Wheat.

In Sweden, according to Eriksson (31, pp. 340,341), there was until

recently but little difference noted in varieties as regards liability to

brown rust (Puccinia dispersa), although his experiments showed great

differences with respect to yellow rust (P. glumarum). However, in

1890, when the brown rust was unusually abundant and severe in that

country, and when the teleutospores were for the first time observed on

the stems (sheaths), at least to any great extent, there was a great dif-

ference in the amount of this rust on the different varieties. In another

account of the rust that year (27, pp. 248-251) Eriksson divides the

varieties tested into three classes, according to their degree of rustijiess.

Class 1 includes the varieties free from rust, at least as far as the

sheaths are concerned; class 2 includes the varieties sparingly or con-

siderably rusted ; and class 3 includes those badly rusted. Examples

of class 1 are

—

Horsefords Pearl. Michigan Bronze.

Scholeys Square-head. Kinver Square head.

Ble a Epi Carre. Count Walderdorlfs.

Examples of class 3 are-

Frankenstein. Manchester.

Grevenhagen. Shireft's Square-head.

Hickling. Blood Red.

Red Chafi" Danzig. Beselers Brown Thick-head.

Hungarian White. White Club Spelt.

In India very little has been demonstrated concerning the liability of

different varieties to rust, though various experiments with wheat have

been conducted for many years in different provinces of that country.

In the Central Province, where P. rubigo-vera, or " gerwa," as the natives
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call it, is said to be the i)riiic'ipiil disease with which farmers have to

couteiid, the wheats geueially regarded as rust i)roof are Muiidia IMssi

and Baiisi, but the former is not a very marketable sort. xVt the

Nagpur Experimental Farm experiments were made in 1895 (12, pp.

19-21) to test the comparative liability to rust of four varieties, includ-

ing Mundia Pissi, and a similar series was planned in 1897 (13, pi).

22-24) with eight varieties, including ^lundia I'issi and Bansi. As
but little rust occurred on any of these varieties experimented with,

no conclusions could be drawn. Twenty-nine of Farrer's crosses were

tried in 1897. The 2G of these that came to maturity were very late

in ripening and rusted badly, though no other varieties were rusted.

The rust, liowever, did not injure the grain.

A variety, supposed to be from America, was tested at theCawnpore
Experimental Farm in 1890 (.')7, pp. 22, 23) and remained entirely free

from rust, while the conunon sort, Muzaffarnagar, beside which it was
grown, rusted here and on other lields of the farm. Judging from the

description of the variety, however, it is probably not of American
origin, but a durum wheat, perhaps from the Mediterranean region.

Bust-free varieties for the United States.—Before leaving this subject

some suggestions may be given concerning rust-free varieties for this

country. By reference to Table 3 it will be seen that after discarding

all that are not true bread-wheat varieties there is really little differ-

ence, so far as rust is concerned, in the sorts tested by this Department
in 189G and 1897 or in many of those tested in 189.5. This is due chietly,

if not wholly, to the late seeding. ^Nevertheless, in case of most of the

varieties in 1895, and even in the next two years, if the maximum of

rustiness to be tolerated is raised considerably (to about 40 per cent), a

number of bread wheats remain fairly rust resistant.

Judging from all the experiments Jind observations discussed, the fol-

lowing varieties, already well known and good standard sorts in other

directions, ma}^ be recommended as likely to prove considerably resist-

ant to orange leaf rust in every part of this country, provided, of course,

that they are sown in time

:

Winter wheats:

Turkey. Rieti.

Mennonite. Odessa.

Pringles No. 5. Pringlea Defiance.

Spring wheats":

Hayiies Blue Stem. Saskatchewan Fife.

The following varieties seem to be resistant, but have not yet been

well established as such

:

Theiss. Fulcaster.

Oregon Club. Deitz Longberry.

Sonora. • Arnolds Hybrid.

Diehl Mediterranean. California Spring.'

'Although according to name a spring variety, it withstands the winter quite well.
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Some of the liardy prolific sorts not yet well known in this country,

but likely to be more or less rust resistant after thorough acclimation

and selection, are

—

Winter wheats

:

Prolifero. Winter Gliirka.

Banatka. Budapest.

Red Winter. Crimean.

Nashi. Yx.

Tangarotto. Belleviie Talavera.

Bearded Winter.

Spring Avheats:

Alsace. Spring Ghirka.

Two varieties which are quite susceptible to rust, but which usually

ripen early enough to escape the worst effects of it, are

—

Early May. Zimmerman.

Some others not quite so well known, but probably worthy of trial

as rust-escaping sorts, are

—

Early Baart. Japanese No. 2.

Allora Spring. Yemide.

Kathia. Canning Downs.

Rosewortliy.

These last varieties, however, are not likely to withstand very severe

winters, and are therefore best adapted to southern districts, where

they may perhaps in time become acclimated. Yemide and Kathia are

probably the most hardy of the six. As already stated, Canning

Downs winterkilled in one trial even in Mississippi.

The following durum and poulard wheats adapted to hot districts

and under most conditions extremely resistant to the orange leaf rust,

are suggested as being well worthy of trial as macaroni wheats in the

Southern States.

Aruautka. Petanielle Noire de Nice.

Taganrog. Gallauds Hybrid.

Beloturka. Cherniiska.

Nicaragua. Cretan.

Medeali. Missogen.

Two varieties of the emmer and monococcuni groups from Germany

that are recommended for further trial as stock leed are

—

Einkorn. Black Velvet Couipouiid Eiiimer.

These are very resistant to rust, Einkorn remaining absolutely proof

against the orange leaf rust during two years when it was very severe.

Damage.—In previous publications (16 and 17, p. 497) the writer

expressed his opinion that after all the orange leaf rust, as a rule,

does very little, if any, damage to wheat, even during periods when it

is quite abundant. Although further investigations have confirmed

this belief, he is now inclined to think that occasionally, under certain
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conditions and in certain localities, considorablo injury may ensue if

the rust occurs mucli in advance of harvest. In all instances, however,

where the wheat is a total loss, which often occurs in such States as

Kentucky, Indiana, Texas, Michigan, and Ohio, the black stem rust is

found to be the chief, if not the only, rust present; and in all the

writer's experience he has not met with a single well-authenticated

case in this country where the leaf rust caused actual shriveling of the

grain.'

In recent years botanists of all countries except England and Sweden

seem to agree that F. ruhi(jo-vera is not only the common rust, which is

true, but also the one of economic importance, as will be seen by con-

sulting the writings of Arthur (1), Bolley (7, pp. 13, 14), Barclay (5, Vol.

XXX, pp. 4G, 47), and Oobb (1<S, p. 34),- and in view of the limited amount

of field work done it is natural that such an idea should prevail. The

error arises from confusing the abundance of orange leaf rust every

year with the destructive effects of black stem rust in certain years.

Farmers, however, universally fear "black rust on the stems." It is

significant in this connection that Barclay (5, Vol. XXX, p. 47), after

admitting that the natives in India recognize the difference between

"rolli" (P. graniinis) and "rolla" (
/*. rubU/o-vera), yet says that a

"Zemindar" who sent him specimens stated that "rolla " is less destruc-

tive than "rolli."

Farrer (33, p. 30; 33a, pp. 103, 104) has for some time maintained that

in Australia P. ruhigo-vera does but little damage. McAlpine (51, pp.

27, 28; 52, p. 20) also seems to believe the damage is commonly done by

P. graniinis. The writer's experiments at Garrett Park, Md., afforded

an excellent opportunity to test the matter thoroughly, P. graniinis

being entirely absent there in 1895, while P. ruhigo-vera was about as

abundant as it could well be. As shown in Table 3, r majority of the

varieties were very much rusted, yet the very sorts rusted most pro-

duced perfectly plump grains. On the other hand, curiously enough,

it is constantly maintained that wheat is badly damaged by rust in

the Southern States and in nearly all cases the orange leaf rust is the

one reported to be present. However, the matter should be looked

into more carefully in that region. In several cases of complete destruc-

tion of the grain personally investigated by the writer in the south-

eastern part of Texas, P. graniinis was undoubtedly the real cause.

' Barclay (5, Vol. XXX, pp. 4, 5) gives two instances in which he weighed the grains

of samples of wheat affected with P. rtibitjo-vera received from diftereut phices in

India, and found that those of one sample weighed one-sixth as much as correspond-

ingly healthy ones and those of the other sample weighed one-half as much. How-

ever, nothing is said as to whether the healthy grains were of the same variety of

wheat as the injured ones or whether P. (jraminis was not also present on the rusted

specimens.
2 It is admitted by Cobb that P. (/rrtmiw/s perhaps did the damage to wheat in

Australia in 1889, and that it may be the iujurious species in some other years, as it

is " a very vigorous rust."
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Certain instances seem to show that occasionally, when this rust,

appears suddenly or unusually early in dry seasons, it is capable of

doing some injury indirectly, either by preventing the leaves (its chief

point of attack) from elaborating sufficient food material for the plant,

or by causing too great transpiration through injury of the leaves, or

in both ways. Galloway (35, pp. 445-452), in his article on leaf casting

of Finns rirginiana, records important exi)eriments, which show the

increase of transpiration in rust-injured leaves of the pine. In the

experiments at Manhattan, Kans., in 1897, the grain of many experi-

mental varieties of wheat was considerably injured, and seemingly, in

part, at least, by this rust. Just after the appearance of the rust in

great abundance a dry period set in and continued until harvest. But

even in this case P. graminis was also present in considerable quantity,

and may really have caused the injury. Eriksson (27, pp. 245-248)

claims that the first instance of any injurious occurrence of P. dispersa

that he observed in Sweden was in the season of 189G, the first twenty

days of June of this year being drier and hotter than any correspond-

ing period in seven years.

Certain phenomena observed during the experiments at Garrett Park

led the writer to think that in very wet seasons this rust may be actu-

ally of some benefit to the grain by preventing too much growth of the

vegetative parts of the plant at the expense of the reproductive por-

tions. Though many varieties jiroduced shriveled grain in these ex-

periments, those most severely affected with rust produced good grain.

Little (47, p. 640), in his discussion of wheat "mildew" in England,

also refers to this. He notes that "in the Feu districts, which suffer

most from mildew, the prevalence of this spring rust
(
Uredo ruhigo-

vera) is believed to be rather beneficial than otherwise, as it reduces

the excessive luxuriance, which is usually the result of a mild wiuter,

and which is popularly supposed to make the wheat crop more liable

to mildew."

OKANGE LEAF RUST OF RYE.

{Puccinia ruhigo-rera secalis).

Physiological relations.—Although this rust strongly resembles the

orange leaf rust of wheat, inoculation experiments have shown that

there is not only no i)hysiological connection between them, but that

the orange leaf rust of rye can not, so far as the writer has yet deter-

mined, be transferred by inoculation to any grass, wild or cultivated,

excej^t SecaU montanum. Experiments with the uredo of this rust were

begun in the spring of 1896 with material which was kindly sent to the

writer by Prof. F. S. Earle, of the Alabama Agricultural Experiment

Station.
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These experiments are summarized in the following table:

Tablk 5.

—

Inoculation experiments with Uredo riibigo-rera necalix.

43

Date of
inocula-
tion.

1896.

Mav 20
ho...
Do...
Do...
Do...
Do...
Do...
Do...
Do...
Do...
Do...
Do...
Do...
Do...
Do...

Mav 27
Do...
Do..
Do..

Deo. 21
Do..
Do..
Do..
Do..
Do..
Do..
Do.

.

Do-.
Do..
Do..
Do..

Place where experi-
ments were made.

I

Origin of[

inoculat-
ing ma-
terial.

riant inoculated.

Period
of incu-
bation
(days).

AVashington
....do
....do
....do
....do

do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do

. . . . do
do

D.C.

1897.

Jan. 7

Do...
Do...

Feb. 1

Do...
Do...
Do...
Do...
Do...
Do...

• Do...
Do...
Do...
Do...
Do...
Do...
Do...

Feb. 20
Do ..

Do...
Do...
Do...
Do...
Do...

Mar. 30
Do..
Do...

Nov. 3

Do...
Do..
Do..
Do..

1898.

Jan. 5
Do...

....do

....do

....do

....do

....do

....do

....do

....do

....do

...do

....do

...do

....do

....do

....do

....do

....do

....do

....do

...do

....do

....do

...do

...do

....do

...do
do

Manhattan, Sans

.

do
do
do
do

Kye...
...do .

...do .

. . .do

.

...do .

...do.

...do .

...do.

...do .

. . -do .

...do .

. . .do

...do .

...do .

...do .

....do .

...do .

...do .

....do .

....do .

....do .

....do .

....do .

....do .

. . . .do .

....do .

....do

....do

....do

...do

....do

Lincoln, Nebr.
....'.do

.do .

.do

.do.

.do.

.do .

.do .

.do .

.do .

.do .

.do.

.do.
-do.
.do.
.do .

.do .

.do .

-do .

.do .

.do .

.do.

.do .

.do.

.do .

.do .

.do

.do
do
.do
-do
..do
.do
..do

Kyo
Elyvuts canadensis
Elymus americanus
Elymus virginicus
Elymus condensatus
Wheat
Japanese wheat
Persian Ked Spring wheat

.

Poa nemoralit
Da<:tyli8 gluiinrata
Ilordeiim murinum
Kye
Early Baart wheat
Oats
Poa pratenisis ,

Siberian rye
Wheat
Oats
Hark-y
Itye
VVheat
Elyimis anuricanus
Oats
Barley
Kceleria cristata

J'oa pratensi.i
Dactylii (jlomerata
Itve
Wheat
Kvo
Wheat

Kye
Elymtm viryiaicus
Dactylis glomerata
Kye
Barley
Wheat
Oats
JJactylis glomerata
Uporobolus asper
Anthoxanthtnii odoralum

.

I'hleum pratenge
Melica altissinia

I'oa2»'atensiis

Poa ncmoralis
Elymus virginicus
Feituca giyantea
Corn
Rye
Secale montanum
Agropyron repens
Agropyron tenerum
Triticum villosiim,

Elymus canadensis
Dactylis glomerata
Kye
Agropyron canmum
LoUum perenne
Rve
Wheat
Barley
Agropyron tenerum
Kye

.do

.do
Eye.....
Elymus virginicus.

Result.

U
U
14
U
14
14
14
14

14

14

14

11

11
11
11
12
12
12
12
10
16

16
16
16
16
16
16

»

9
18
18

12

12
12

13

13

13

13

13

13
13

13

13
13
13
13

13

13
12
12
12
12
12

12
12
33
33
33

9

9

9

9

9

21
21

Successful.
Negative.

Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.

Successful.
Negative.

Do.
Do.

Successful.
Negative.

Do.
Do.

Successful.
Negative.

Do.
Do.
Do.
Do.
Do.
Do.

Successful.
Negative.
Successful.
Negative.

Successful.
Negative.

^Do.
Successful.
Negative.

Do.
Do.
Do.
Do.
Do
Do.
Do.
Do.
Do.
Do.
Do.
Do.

Successful.
Do.

Neirative.
^Do.
Do.
Do.
Do.

Successful.
Negative.

So.
Successful.
Negative.

Do.
Do.

Successful.

Do.
Negative.
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The period of incubation for the orange leaf rust of rye is apparently

a little longer than for the orange leaf rust of wheat, ranging from

eight to twelve days with ordinary greenhouse conditions. In a few

cases where, as the table shows, this period was extremely long, time

was allowed for the rust to infect other plants if it would, the rye itself

having become infected at a much earlier date.

The experiments thus far made show that orange leaf rust of rye may
occur in this country on cultivated varieties of Secede cereale and on S.

montanum. It was actually found on the latter host at Lincoln, jSTebr.,

November 16, 1897.

Occurrence and distribution.—As previously stated, this rust is always

present where rye is grown, but its distribution is limited in this coun-

try because rye is not extensively grown here. Like the corresponding

rust of wheat, it seems to be more abundant in the Southern States.

According to Humphrey (40, pp. 228, 229) and Thaxter (67, p. 98), it

also occurs in considerable abundance in Massachusetts and Connecti-

cut. What is said of its distribution in this country is true of it also

in foreign countries, except in Eussia and Germany, where rye is gTown

to a great extent, and where it is probably a much more prominent

rust.

Winteri7ig of the uredo.—In the Southern States this rust, like the

leaf rust of wheat, not only lives over, but propagates through the

winter in the uredo stage. As rye is rather hardy, the writer's opinion

is that the rust readily passes the winter as a uredo in all parts of the

United States, but owing to the small extent to which the crop is grown

he has not been able until very recently to demonstrate its ability to do

so in any locality, and Humphrey (40, p. 229) failed to find any evidence

that it does so in Massachusetts. However, in November, 1897, the

writer found the uredo in great abundance in a patch of volunteer rye

at Lincoln, Nebr., and afterwards, in midwinter, it was seen in the

same place on green leaves. On April 15, 1898, it was still present in

considerable quantity, but was confined entirely to the leaves of the

previous autumn's growth and had without question lived through

the winter, though the leaves were still somewhat green. Some of the

uredospores placed in water-drop cultures germinated, a few of them

producing very long germ tubes. Two days afterwards, that is, April

17, the uredo was again found in considerable quantity several miles

from the other locality in a large field of rye seeded for pasturage,

being, as before, confined entirely to the leaves of the previous autumn's

growth. In neither case was there any production of new spores, and

yet the spring was so far advanced that there could be no question

about the continued growth of the rust. The weather was unusually

cold in November and December, the temperature falling to —27| C.

on the 18th of the latter month at the State University, but ou the

whole the winter was not particularly severe.

The uredo of this rust probably winters over in most other countries

also, but in nearly all observations so far made by others concerning
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the nijitter it is impossible to deteruiiue whether this rust or the leaf

rust of wheat is referred to.

The economical bearing of this subject is most important. A fact of

much significance is that the leaf rusts of wheat and rye are the only-

cereal rusts that winter their uredos in this country and are at the

same time the only ones that can not be transferred by inoculations to

any other host except species of the same genera. The obvious infer-

ence is that these rusts per|)etuate themselves from year to year prin-

cipally by means of their uredos, but that occasionally the teleutospores

probably bridge over unusually severe winters, either by means of

some a^cidium as yet unsuspected or by direct infection of the young

plant early in the spring through the germinating sporidia. There is

still the possibility, however, that other nredo hosts may be found.

Of course if these three alternatives were absent these rusts could be

readily eradicated by the concerted action of farmers in keeping their

farms rigidly clean of volunteer grain.

Liability of different varieties to this rust.—On account of so few

sorts of rye being grown in this country, no particular attention has

been given to the subject of rust liability of varieties. However, it

may be said that all fields of rye, without exception, are usually more

or less afi'ected.

In the experiments at Salina a number of packages of spring rye

("yaritsa" in Russian), received from the region near Nerchinsk, Siberia,

were tested, some of them being planted in the autumn and some in

the spring. All the plants were rusted, the rustiness ranging from GO

to 80 per cent.

Damage.—The damage to rye from this rust is very little, as a rule,

as in the case of leaf rust of wheat. According to Humphrey (40, pp.

228, 229) and Thaxter (67, p. 98), it occasionally causes considerable

injury in Massachusetts and Connecticut, and it is also said to be quite

injurious at times in the Southern States. According to Prof. J. H.

Connell, director of the Agricultural Experiment Station, College Sta-

tion, Tex., rye in the experimental plats of the station is occasionally

injured by this rust even in January.

CROWN RUST OF OATS.

{Puccinia coronata Corda.)

Physiological relations.—The fact that this rust occurs on oats only,

and that its appearance, both superficially and microscopically, is very

different from that of the black stem rust, together with the peculiar

form of its teleutospores, make it the most distinct of all the cereal

rusts. The uredospores are so much like those of the leaf rusts of

wheat and rye, however, that when only these were i)resent the writer

could not be certain that the crown rust and the leaf rusts did not

exchange hosts until he determined the matter by inoculation. There
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is evidence, too, that many identifications of cereal rusts have been made
simply at random. Though the crown rust of oats is recorded as occur-

ring on a great many wild grasses, the writer has made but two collec-

tions of rust on such grasses which he could demonstrate, even ou

morphological grounds, to be this rust.

The writer has made more inoculation experiments with oat rusts

than with any of the other cereal rusts. The following table gives a

summary of his experiments with the crown rust:

Table 6.

—

Inoculation experiments with Uredo voronata.

Date of
inocula-
tiou.

1896.

Feb. 6

Do...
Feb. 14

Do...
Do...
Do...
Do...
Do...
Do...

Feb. 24

Mar. 4
Do...
Do...
Do...
Do...
Do...
Do...
Do...
Do...
Do...
Do...
Do...
Do...
Do...
Do...
Do...
Do..
Do...

Mar. 11
Do...
Do...
Do...
Do...
Do..
Do...
Do...
Do...
Do...
Do...

Mar. 12
Do...
Do...
Do ..

Do...
Do...
Do...
Do...

Mar. 18
Mar. 30
Apr. 6

Do...
Do...

Apr. 9
Do...
Do. .

Do...
Do...
Do...

Apr. 11

Apr. 17
Do...

Place where experi-
ments were made.

• Washington, D. C.
do
-do .

.do .

.do .

.do .

.do .

.do .

.do .

.do .

.do .

.do .

.do .

.do .

.do .

.do .

-do .

.do .

.do .

.do .

.do .

.do .

.do .

.do .

.do.

.do .

.do .

.do.

.do .

.do.

.do .

-do .

.do.

.do.

.do.

.do.

.do .

do .

.do .

.do .

do.
.do.
do.
.do .

-do.
.do .

..do .

.do.
do .

.do.
..do .

..do ,

..do,

..do.

..do

..do

. .do

..do

..do

..do

..do

Origin of
inoculat-
ing ma.
terial.

Oats .

...do

...do
. . . .do
....do
....do
...do
....do
...do
....do

.do .

.do .

.do .

do .

.do.
-do.
.do.
.do .

.do .

.do .

.do .

.do .

.do .

.do .

.do .

.do.

.do .

.do .

.do .

.do .

.do.

.do.

.do .

.do .

.do.

.do.

.do .

.do .

.do

.do.

.do.

.do

.do .

.do

.do.

.do

.do

.do .

.do

.do,

.do

.do

.do

.do

.do,

.do

.do

.do

.do

.do

.do

Plant inoculated.

Period
of incu-
bation
(days).

Siberian oats
Black Tartarian oats
Siberian oats
Black Tartarian oats
Early Para wheat
Siberian wheat
Siberian barley
Siberian rye
Nebraska White Prize corn.
Hordeum murinum '.

-

Siberian wheat
....do
Siberian rye
....do....
Early Para wheat

do
Siberian barley

do
Corn

do
Rieti wheat
Siberian millet
Safeed wheat
Persian Ked Spring wheat
Beloturka wheat
Shirosawa wheat
Persian Black barley
Rieti wheat
Sixrowed barley
Avenafatua
Hungarian White oats
Donka wheat
Si berian oats
Pied de Mouche oats
Chinese barley
Agi-ostis alba vulgaris
Dactylis glomerata
Elymus virginicus
Nackter Kleiner Fahnen oats .

.

Siberian millet
Safeed wheat
Haffkani wheat
Etampes oats
Nebraska White Prize corn
Persian Black barley
Dactylis glomerata
Etampes oats
Late Danish oats
Hordextni'irmrinum
Avena pratengis
Eoeleria cristata
Phleinn pratense
Bromus unioloides
Agropyron repens maritimuiii !.

Agrostis alba vulgaris
Lolium perenne
Dactylis glomerata
Koeleria cristata
A vena pratensis
Fentons Rust Proof oats
Avena pratensis

Result.

10
10
10
10

10
10
10
17

35
29
35
29
35
29
35
29
35
29
12
12
12
12
12
12

12
13

7

7

7

7

7

7

7

7
7

12
14

12
12
12
12
12

11

11

10

10
10
10

13

13
19
13
13
13
9

15
15

Successful.
Do.
Do.

Doubtful.
Negative.

Do.
Do.
Do.
Do.

Only one or
two spots.

Negative.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.

Successful.
Do.

Negative.
Successful.

Do.
Negative.

Do.
Do.
Do.

Successful.
Negative.

Do.
Do.
Do.
Do.
Do.
Do.

Successful.
Do.
Do.
Do.

Negative.
Successful.
Negative.

Do.
Do.
Do.
Do.
Do.

Successful.
Do.
Do.
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Taulk (i.— liiuculalioii exjyerhni Ills irilh J redo coron ata—Contiimeil.

Date of
iuocula-
tiou.

I

I'hu'o where cxi)eri-

lueutH were made.

1886.

Feb. 17
Do.
Do.
Do.
Do.
Do.
Do.
Do..

"VVasliington, D. C . .

.

il.)

Do.
Do.
Do.
Do.

do
do .

.do .

.do .

do .

.do.

-do
.do
.do ,

.do

Origin of
inoculat-
ing ma-
terial.

Oats .

.

...do

...do

...do

...do

...do

...do
....do

Apr. 18
i

do
Do.. do
Do.. do
Do.. ... .do

Apr. 22 \
do

Do.. do
Do do
Do.. do
Do.. I do

Do..
Do..
Do..
Do..
Do..

Mav 1

Do..
Do..
Do..

May 6
May 7

Do..

Do.
Do-

Do .

Do..
Do.-.

Do..
Do-.
Do..
Do..
Do..
Do..

May 20
Sept. 23
Dec. 15
Dec. 21

Do..

-do .

.do .

.do.

.do .

.do .

.do .

.do .

.do .

.do .

.do .

.do.

.do .

-do .

.do

.do

.do

.do

.do
do
do
.do
.do
.do
.do

.do

.do

.do

.do
-do
.do
.do
.do
.do
.do
.do
.do
.do

. .do .

..do .

..do .

..do

..do ,

..do

..do ,

. .do

..do

. .do

..do

..do

.do

.do .

.do
-do ,

do ,

.do

.do

.do

.do

.do

.do

.do

Manhattan, Kans ' do
Washington, D. U 1. ...do

do do
do do

1897.

Feb. 12
Mar. 30

Do..

1898.

Mar. 12
Do..
Do..
Do..

.do

.do

.do

!
Lincoln, Nebr.

' do
do
do

.do

.do

.do

.do

.do

.do

.do

I'lant inociiliitfd.

I

liroinus unioloides
Oata
Hordeum jubatum
Arrhenatheruin elatins

LoUiim perenue
Dartylis tjloinerata

Amiirskii oata
Aira cwnjiilosa

Poa pratrn.ii.t

Holi'ug iiiolli.i

Feutons Kiist Proot oats .

Eatonia up. indet
Ligowo oats
DactylU gloiiierata

Koeleria cristata
Anthoxdiitliina odoratiim.
Festiica sp. indet
Alopectini.s alpi'xti i'»

I'halaris aniiidinacea
Folypojiin inon.speUensig..

Trigetuiii snbupicatum

Poa jiiatensin
Sporoboliis nsper
A ira c<vfij)Uo,sa

Brizopyrun xicidum
Andrui o;i<ia lialapenne ...

Ligowo oats
Triticiiin ispelta (kMvuih. .

Sporobolim cii,ptandriis..

.

J'anicKtn cnie-gaUi
.1 niinophila arundinacea.
Dun oats
Avena sterilis

Phleuiii asperum
Poa annua

A inmophila arenaria
Eatonia dudleyi
JBrachypodium distachys
Schedonnanhie panicuiatus
Panic}! in cnm-galli
Eleuiine cgyptiaca
Erayioitis j'urshii

Sporobolus cryptandrus
Eragrostis abysiinica
Tricdia cuprea
Oats
.....do

do
Antkoxanthum odoratum. .

.

Arrhenatherum elatius

Oats
Eatonia obtusata

Oats
Phalaris caroliniana . .

.

Agrostis alba vulgaris .

.

Arrhenatherum elatius .

I
Period I

of incii-

liatioii
I

'days).

15
15
15
15
15
U
11

11

11

11

11

11

7

7
7

7

11

11

11

11

11

11
11

11

11

11

14
U
14
14
12
13
13

13
13

13
13
13

13
13
13
13
13
13
12
7

11
17

17

18
12
12

25
25
25
25

Kesult.

Negative.
Succi'ssful.
Negative.

Do.
Do.

Successful.
Do.

Only one or
two spots.

Negative.
Doubtful.
Successful.

Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.

Only on(^ or
two spots.

Negative.
Do.
Do.

Doubtful.
Negative.
Successful.
Negative.

Do.
Do.
Do.

Successful.
Only one or
two spots.

Successful.
Only (jne or
two S])OtS.

Do.
Negative.

Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.

Successful.
Do.
Do.

Negative.

Do.
Successful.
Negative.

Successful.
Negative.

So.
Do.

A peculiar feature of these experiments is that although the rust

does not seem to actually occur ou many native grasses, yet the cases

of successful infectious of grasses in the greenhouse are rather numer-

ous. Aside from the fact that some of the grasses may yet be found

to be hosts in nature, there are two possible explanations of this pecu-

liarity: (1) The inoculations were made as a rule on young plaats,
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which, having" less resistant constitutions, are always more susceptible

to disease than older ones; and (2) as the experiments were made in

the greenhouse the conditions were, of course, somewhat more favorable

to rust propagation than those outdoors. As to the condition of the

host, the matter was tested in a few cases by inoculating at a more

advanced age certain x^lants that had been successfully infected when
quite young, the result being that infections did not occur at all or were

very slight and evidently took place with difficultj^ In the experiments

with the leaf rusts of wheat and rye young plants were also used as

hosts, but the results were quite different. The crown rust, it seems,

is not yet sharply limited in its adaptability^ to particular hosts.

The table shows that although rust from oats infected a number of

wild grasses, no case is recorded of an infection of oats from a wild

grass; hence it has not been demonstrated that the crown rust of oats

is equivalent to the rust of any wild grass, although it is of course

quite probable that the same rust occurs on several species of the genus

Avena and perhaps on other grasses. In the writer's opinion the iden-

tity of a rust of anj^ grass with that occurring on any cereal is not

established until reverse infections have been produced.

Another important question that yet remains unsettled is whether

there is an ;ecidial host for this rust of oats in the United States.

True, an aecidium on a species of Rhamnus has been collected in a

number of places, but as yet no inoculation experiments have been

made with it, and it will require many to determine accurately the

status of the crown rust in this country.^

The usual incubation period to produce infections on oats in case of

inoculations with this rust is from seven to ten days, but to infect cer-

tain other plants, such as Hordeum murinum and BactyJis (/Jomerata, a

longer time is required, and when plants are rather old scarcely any

Infection results.

From experiments so far made, only cultivated varieties of the fol-

lowing subspecies oi Avena sativa can be considered to be hosts of this

rust in the United States: Avena sativa patula, A. sativa orientaUs, and

A. sativa nuda.- Other species of Avena that will piobably j'et be

found to act as hosts are A.fatua, A. pratensis, A. hooTceri, and A.

sterUis. Of course there is the possibility also that this rust will be

found to have several specialized forms in this country, as Eriksson

(28, p. 302) has already found to be the case in Sweden.

Occurrence and distribution.—The crown rust in its distribution seems

to be quite analogous to the leaf rust of wheat, and in that regard both

bear somewhat similar relations to the black stem rusts of the same

I Since this bulletin was iirepared the writer has made a number of inoculation

experiments with the iecidiuni of I'hamnus Janceolata at Lincoln, Xebr.,which resulted

in the infection of oats, Phalaris caroliniana, and Arrhouithcrum elaiius.

"^Fhalaris caroliniana and Arrhcnaihernm (latins must now also be included as

probable hosts (see preceding footnote).
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hosts. It is the more coinnioii of the two oat rusts in the United States.

So fill- as locality is concerned, there seems to be little diftereuce in its

distribution, but comparcil with the stem rust it seems to be especially

prevalent in the Atlantic and Southern coast States. Apparently it is

not as constant in its occurrence from year to year as the leaf rust of

wheat, though the writer is not certain of any instance where it was
entirely absent during the entire summer. .Although one of the most

Ijrominent rusts in the United States, it is, strange to say, so far as yet

known, rather insignificant in most other countries. According to

Uarclay (5, Vol. XXX, p. 40), it does not occur on any cereal in India,

but a variety, /'. coronaid lihnalayensis, occurs on Byachypodium sylvati-

cum. The writer has not been able to find any record of its occurrence

in Australia, and although found on European oats, it is apparently not

very abundant.

Wintering of the ureilo.—Although the writer's opinion is that this

rust passes the winter in the uredo stage in the warmer latitudes of the

United States, there is as yet no good evidence that it does. x\. case

where volunteer oats bore this rust in both the uredo and teleuto stages

was called to the writer's attention by 3Ir. M. B. Waite, of this Division,

the first week of March, 1S94, at Washington, 1). C. The uredospores

were found to be in apparently good condition on leaves not yet dead.

Uredospores of both crown and stem lusts of oats were observed on

volunteer oats at Manhattan, Kans., up to November 2 of the season of

1806, but there was no opportunity of determining whether they lived

longer.

LiahiHty of different varieties to this rust.—There is not as much known
regarding the liability of varieties of oats to rust as there is relative to

liability of varieties of wheat. One reason for this is, probably, that

there is less difference in the structure and physiological constitution of

the former. In Australia, where the subjectof liability of varieties to rust

has received most attention, neither the oat crop nor rust of oats seem
to be of much importance. However, the farmers of the United States

and of northern Europe know quite Aveli that certain varieties of oats,

as well as of wheat, are more exempt from rust than others. In some
parts of the country, especially in California, black oats is said to be

freer from rust than the white oats, and in the North the White liussian

is said to be quite rust resistant. Although this rust is quite abundant
in the Southern States,-a certain variety of oats, known most generally,

perhaps, as Texas Eust Proof, is universally claimed to be rust resistant,

but the writer has had no opportunity of personally determining this

matter. When this variety is grown in the North, however, it invari-

ably rusts and sometimes badly. As usual, in none of these reports of

rust on oats is there any statement as to the species of rust that was
present, though a matter of the utmost importance. According to

Professor Hays's notes for 1897 on the varieties of oats grown at the

Minnesota Experiment Station, Winter Turf, Siberian White, Black

21704—No. 10 4
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Etampes, Black Houdaii, and Honstous Silver White were rusted only

7 to 10 per cent, and Black America, Eust Proof, Monarch, White

Bedford, White Superior Scotch, and Centennial were rusted 27 to 30

per cent.

While conducting the field experiments on rust liability of varieties

of wheat, the writer also tested a number of varieties of oats in the

same way during the first two years, and as the crown rust was the

only one present at Garrett Park and the principal one at Salina,

the experiments will be discussed under this head. The varieties of

oats used in these experiments were obtained through the same sources

as were the wheats, although, of course, they were not obtained from

so many countries. They represent nearly all the cultivated subspe-

cies and varieties of Arena sativa. The results of the experiments

are arranged in the following table, to which the explanations of Table 3

also apply. The varieties were all sown in the spring at the usual

time, although a few of them were winter sorts. The methods of seed-

ing, etc., employed were the same as in the case of the wheats.

Tablk 7.— Uredo coro7ia1a on varieties of oats.

Localities and names of
varieties.

North Dakota:
Black Prolific

Early White Russian.
Fentons Rust Proof. .

.

Giant Side
Giant Yellow
Golden Giant Side
Great Northern
Lincoln
Race Horse
Tartarian
Wide Awake

Scotland

:

Barbachlow
Black Tartarian
Blainslie
Dun

Subspe-
cies."

Early Angus
Hamilton
Hopetoiin
Long Fellow
Potato
Providence
Sandy
Tom Finlay

Sweden

:

Black Tartarian
Ligowo
Svaliii's

Germany

:

Anderbeck
Angus
Australian (Port Adelaide)
Barbachlow
Berwick
Bestehorn
Black Hungarian
Black Nubian

Per cent of rusti-

ness at—

Garrett |
Salina,

Park,
I

June 30,

July 16, 1895. 1896.

5
1

5

3
•2

3

n
10
5

13
12
8
12
10

92
93

91
91

89
70
91
92

*"95

88
95

Average.

47
47
47
47
47
38
46
48
49
45
50

Remarks.

90
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Tablk 7.— I'redo coromita on varieties of oata—I'outimietl.

Looalitif s and names of
varieties.

Subspe-
cies.

(Jc-rniaiiy—Continned.
lUack side oats
lUack Tartarian (Hallett's

liediwreu).

Black Tartarian side oats..

Brio
Brown Panicled
Calil'oruia Prolific

Dun
Early Schlesiau
Etampea
Flanders
Georgian
Grey Winter
Houdan
Joanette
Leutewitzer
Ligowo
KacktLT Kleiner Fahnen .

.

Nilsou
Pied de ^louche
Podolia
Probsteier
Providence
Rie.sen Fahnen
Rousse Couronneo
Kiigenscher
Sandy
Siberian
Swedish ,

Thiiringer
Ueberrtuss
Victoria
"Waterloo
White Australian
AVhite Canadian (Hallett's

pedigree).
White Hungarian
White I'olish

White Tartarian
Russia

:

Amurskii
Anderbeck
Australian
Australian (Groiino)
Chernii :

Danois
Double-fruited
Grey Winter ,

Kursk
Nagii
Odnogrivii Byelii
Odnogrivii Ciiernii

Orlovskii ,

Probsteier
Race Horse
Shatilovskii
Tsobiliye ,

Ueberrtuss
Victoria
Welcome
White Canadian
White Danish
Zbelannuii

Italy

:

Bianca di Canada
Casertana (Irossa
Coinuue di Viterbo
Di Ruvo di Puglia
Gentile Prima Verite del
Uuibria.

Gigante a Grappola
Neradi Tartara ,

Precoce Detta Nuova Ze-
landa.

TardivaDanese ,

Veueziana

P
1'

n
s

s

Per cent of rusti
ness at—

Garrett I

Park,
Julyl6,189J.

lu

H

10

10
10

7

12

7

10

U
\-2

V>

13

9
40
10
20
20
10

3

10
5

4U
a2
10
10

12
40
13

12

8

40
12

10

8

12
5

Saiina,
Juneyo,

1896.

90
85

90
90
00
85
95
80
90
91

94
94
94
90
91
90
80
95
85
92
92
94
95 I

91
90 !

90
'

95 :

94 ,

92
!

93 I

85 '

85 .

95 I

90
;

70 i

90 i

92

Avorajfe.

90

88
92
85
90

90
96
93

94
96

4



52 CEREAL RUSTS OF THE UNITED STATES.

Tablk 7.— I'redo coronata on rarietles of oats—Ci>iitiinied.

Localities autl names of
varieties.

|Subspe-
cies.

Per cint of rust i-

ness at

—

Garrett ' Salina,
Park, June 30,

July 16. 1895, 1896

Average. Kemarks.

France

:

Belgian Black Winter
Black Hungarian s

DEtanipes p
Grey Houdan p
Grey "Winter p
Jaune de Flandre p
Joanet*e p
Noire de Brie p
Rousse Couronnee p
"White Hungarian s

Siberia

:

Siberian (Nerchinsk)
Siberian No. 7

Spain

:

Civada Blanca Grjuija de p
Barcelona.

Portugal

:

Abrantes p
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The miinber of host phmts has beeu considerably reduced in recent

years by the separation of a number of new species, and also by more
correct identifications. Some of the new species occurring in this

country are P. aniphu/cna Diet., T. subuiteiis Diet., P. <1i,sfichlitJis Ell.

and Ever., P. at/ropyri 1011. and Ever., and P. jiihnfa Ell. and T>arth.,

but whether these are all good species the writer is not yet prepared to

say. The last one, however, he believes is not.'

PhyKiohH/ical relations.—Long before the writer's inoculation experi-

ments were begun he often noticed, as doubtless others have also, a

considerable difference between the general appearance of the black

stem rust of wheat and of oats. In fact tlie uredo stages on the two

hosts, at least on the leaves, ai)pear to differ from each other more than

the uredo stages of /'. rubigo-vera and /'. coronata. The sori are longer,

larger, and seemingly a little darker on oats than on wheat, and

usually there is proportionally more of the uredo present on the former

than on the latter, though this latter feature is quite variable. Of
course such differences maybe due to differences in constitution of the

host plants, but this is not necessarily so, for the leaf rust and crown
rust on the same hosts behave differently.

Believing such work would be of particular interest, the writer

inaugurated some inoculation experiments with this widely distributed

rust species, the experiments with the form on oats being started sooner

and carried on to a greater extent than those with the form on wheat,

which latter, on account of lack of inoculating material, were not begun
until Aj^ril 20, 1896. The sources of inoculating material were Uredo

(jramlniH of wheat, kindly sent in by Prof. E. II. Price, April 14, 1896,

from the Texas Agricultural College farm, and barberry rust, furnished

through the kindness of I*rof. C. F. Wheeler, May 9 and 11, 1890, from

the Michigan Agricultural College. These experiments are very incom-

plete, but are still under way. The following table gives a summary
of the work so far done

:

Tablk 8.

—

Inoculation experiments with Uredo <iraminiH tritici and ^^cidium herberidis.

Date of
inocula-
tion.

1896.

May 1

Do...
Do...

May 9
bo...

Do...
Do...
Do...
Do...
Do...

May 20

Origin
Place where experi- of inocu-
meuta were made. lating

material.

"Washington, D. C "Wheat.

.do

.do

.do

.do

.do

.do

.do

.do
-do
.do

.do ..

.do ..

.do -.

.do ..

.do .

.

.do .

.do ..

.do ..

.do ..

.do ..

Plant inoculated.

Australian Glory wheat.

Period
|

of incu-
bation

j

(days)..

Shirosawa wheat
Ligowo oata
"Wheat
BloHuts Lambrigg wheat x Horn-
blende.

Wheat
Banatka wheat
Wheat
Oats

do
Wheat

11

U
11
11
11

11

11

11

11

11

12

Result.

Only one or
two spots.

Negative.
Do.

Successful.
Only one or
two spots.

Successful.
Do.
Do.

Negative.
Do.

Successful.

' More recent experimeuts made by the writer show conclusively that P. jiibata is

not only the same as F, graminis, hut is identical with the form tritici of wheat and
barley.
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Tahlk 8.

—

Inoculation cnxiiments with Uredo fjraminis tritici and Jicidium berbcridis—
Continued.

Date of
inociila
tion.

1896.

May 20
bo...

May 27

D<i.

Do
Do.
Do
Do
Do
Do
Do
Do
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do
Do.
Do.

Do.

Do...
Do...
Do...

Sept. 26
Dec. 21

Do..
Do..
Do..
Do..

Dec. 24

Do..
Dec. 30

Do .

Do..

Do

Place where e,\peri-

nients were made.

: Origin
of iuocu-
lating

material.

Plant inoculated.

Period
|

of iiicii

I

batinn
,
(days).;

Result.

I

Wasliington, D. C Wheat..
do -- do ...

do ' Berheris
vulcjaris.

....do ...

do ...

...do ...

....do ...

do
do
.do
.do
.do Wheat..
do do ...

.do do . .

.

.do do . ..

.do do - ..

.do do ...

.do do . .

.

.do do ...

.do do . -

.do do ...

.do do - ..

.do do . .-

.do do . ..

.do _ do . .

.

Oats
Wards ProliKc wheat
Per.sian lied Spring wheat

.do ' Berberis
vulgaris}

.do do ... I

Ligowo oats
Wheat
Berberis vulgaris
Berberis tkunberrjii

Wheat -

do
Barley

do
Hordeum mtirinxmi .

.

Holms mollis
Agrostis alba vulgaris
Phleinii pratense
Kceleria cristata

Loliutn perenne
Oats
...do
Dactylis glomerata
Kye
Barley

Rye .

do
do
do

Manhattan. Kans.
Washington, D. C.

do
.do
.do
.do
.do

...do ...

...do...

...do...
Wheat..
Barley .

.

do ...

...do..

...do ...

...do ..

Wheat..

.do do

.do
i
Barley .

.do
\

do .

.

.do i
Wheat.

-do .do

1897.

Jan. 9

Do...
Do...
Do...
Do...
Do...
Do...
Do...
Do .

Do...
Do..
Do...

Jan. 22
Do...
Do...
Do...
Do...
Do ..

Do...
Do..
Do..
Do...
Do..
Do..
Do...

Fel). I

Do..
Do..

Feb 12

.do.

.do .

..do .

.do .

..do .

do .

..do .

.do .

..do .

..do .

..do .

..do .

. do .

..do .

. .do .

..do

..do .

..do .

..do

..do

..do

.do

..do

...lo

..do

..do

Wheat
do.

Oats....
Wheat
Barley .

Rye-'...
Oats...
Wheat
Corn .

.

^\'heat

.

i

Barley
. Wheat
Barley
Wheat

Barley

.do

.do

.do

.do .

-do .

.do .

.do .

-do .

.do.

.do .

.do .

-do .

do .

.do .

.do .

.do .

.do .

.do .

.do .

do
.do
do .

.do .

.do .

.do
do .

do
do
.do

.do

.do
do

Wheat
Kastaniuni wheat
Taganrog wheat
Mis.sogeu wheat
Rye
Barley
Oats

do
Sporubolus asper
Fhleum pratense
Festuca gigantca
jEli/mus virginicus
Wheat
Missogen Avheat
Rye
Barley
Corn '.

Melica alHssima
Antlioxanthum odoratum.
Poa nemoralis
Poa prate nsis
Agropyron spicatum
Agropyron richardsoni ...

Dactylis glomerata
Elmnus virginicus
Wheat

. Barley

. Oats

. I Dactylis glomerata

12 Negative.
12 Successful.
IH Negative.

18
18
18
18
li

II

U
14
14
14
14
14
14

14
14
14

14

14

i::

Do.
Do.
Do.
Do.

Successful.
Do.
Do.
Do.
Do.

Negative.
Do.
Do.

Successful.
Negative.

Do.
Do.
Do.
Do.

Successful.

Feb. 13 do
Do. ..I do

.do

.do
Wheat
Taganrog wheat.

13
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Taui.e S.— Iiioriilaiion (Xjxrimtnls nilli ['i<do (/riiiiiinit! irilici and ^Juidivvi litrheridix—
Continued.

Date of
inocula-

tion.

1897.

Fell. 13
Do..

Place where experi-
ments were uiado.

Washington, D.C.
....do

Origin
of inoca-
lating

material.

Phuit iiio<'ulat((l.

Period
|of incu-
bation

' (days).

lOfincu- i.„.,,it
bation

Wheat.. Missogen wheat.
do ... Barley

Mar. 16

Do...
D.)-..
Do...
Do...
Do...
Do.

.do ,

do
-do
do
.do
.do
-do

Mar. 31)
|

do
Do... do

Aug. 16 . Stillwater, Okla.

Aug. 23

Sept. 7

do
Manhattan, Kaus .

Do...
Do...

Sept. 13

Oct. .'>

Do...
Do...
Do...
Do...
Do...
Do...

Oct. U
Do...
Do...

Oct. 21

Do..

...do ...

...do ...

...do ...

...do...

...do ...

...do ...!

...do ...

...do ...'

...do ...;

Agropy-
j

run (e-

nenuii.
\

do . . .
I

Wheat

Do do
Nov. C do

do do ..

-do do ...

.do I I'.arley ..

do lliirdeuin
juba-
tU'll.

...do ...

...do...

...do ...

...do ...

...do ...

...do ...

...do ...

...do ...

. . . .do . .

.

Barley -

....do ...

.do .

.do .

-do .

.do ,

.do .

.do ,

.do.

.do

.do

.do

.do

Xov. 12

Do...

Do.
Do.
Do.

1898.

Jan. 5

Do...
Do--
Do..
Do..

Jan. 21
Do..

Feb. 11

.do .

.do.

.do .

-do.
.do.

Lincoln, Nebr

.do.

.do.

.do.

.do,
do
-do
.do

Do...
Do...
Do...
Do...
Do...
Do...
Do...
Do...
Do..
Do..
Do..

Feb. 21

Feb. 25
Feb. 28

.do.

.do.

.do.

.do.
-do.
-do.
-do.
-do.
.do.
.do.
.do.
.do.
.do.
.do.

....do .

llordeum
jub a-
turn.

....do ...

..do...

.do,

.do

.do

Wheat
Rye
Barley
Wheat

do
A ka veinidii.sbi wheat

do
Einkoru (Triticum monococeum)
Ely lit us virginieu.t

Wheat

.do.

.do.

Barley
Oats...
Barley
Rye...

Wheat
Harley
Oats
Arrhenatherum claims
Triticiim villosum
Dacti/lis i/loinerata

Wheat ..'

Barley
Coin
Wheat
Barley

Hordeum nodosum
Wheat

Wheat
Barley

Rye
Oats
Hordeum nodotum

.

Elymus
ca nu-
de 71 sis

ylauci-

folius.
...do...
...do...
...do...
...do...
Wheat..
...do...
Elymus
cana-
d e nsis
(jlauci-

/alius.

....do...

....do...

....do...

....do...

....do...

....do ...

....do...

....do...

....do...

....do...

....do...

....do...

....do...

...do...

Wheat ,

Barley
Oats
Rye
Agropyron richardsoni

.

Wheat
Barley
Wheat

Barley
Rye :-•

Oats —
Elymus canadeyisis glaucifolius

Elymus virginicus
Agropyron teneruin,

Agropyron spicatum
Elymus hirsutiglumis
Elymus virginicus muticus
DactyUs gloinerata
Agrcstis alba vulgaris
Elymus canadensis
Ilordfum j ubaturn
Wheat

12

12

lU
16
Ifi

16
16

16
16
13
13
12

13

8

8

8
10

U

11

11
11

11

11

11

11

11

11

16
10

16
6

11

11

11

11

11

21

21
21

21
21
10
10
14

Sncces.sfnl.
Only one or
two spots.

Negative.
Do.
Do.
Do.
Do.

Successful.
Do.
Do.

Negative.
t)nly one or
two spots.

Negative.
Only one or
two .spots.

Sucie.ssful.
Doubtful.
Successful.
Negative.

Successful.
Do.

Negative.
Do.
Do.
Do.

Successful.
Do.

Negative.
Doubtful.
Only ouo or
two spots.

Negative.
Successful.

Successful.
Oulj' one or
two spots.

Negative.
Do.
Do.

Successful.

Do.
Negative.

Do.
Do.

Successful.
Do.
Do.

u
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The results above given show that as a rule this rust form passes

readily from wheat to barley and from barley to wheat, the exceptions

not being more numerous than the faihires from wheat to wheat, and

such exceptions were probably generally caused by the presence of mil-

dew or some other unusual condition. Indeed, it usually seemed that

the transfers from wheat to barley and from barley to wheat, especially

the latter, resulted more easily than did transfers from wheat to wheat

or from barley to barley. As shown by the writer's investigations, it is

the only cereal rust that readily infects more than one of the five cereals.

In a few instances there were apparently slight infections of oats, but it

was evident, if they were not accidental from Uredo graminis of oats,

that the infections took place with difficulty.

One interesting feature of the experiments is that although the bar-

berry rust in one set of experiments readily infected barley, it failed to

infect wheat or oats and produced but one spot on rye. If the bar-

berry rust was originally produced by the sporidia of teleutospores

from wheat, which is not known, the failure to infect oats would be in

accord with Eriksson^s experiments (20, pp. 304, 305; 29, pp. 200-202),

which showed that rust of barberry would infect only that cereal the

rust form of which originally produced the barberry rust. On the

other hand, the fact that it also failed to infect wheat, and infected rye

but slightly, . can not be thus exj)lained; and this, with a few other

peculiar results obtained, has led the writer to suspect that in this

country there may be two distinct forms of the black stem rust on

barley, one of which also infects rye but not wheat, and the other

wheat but not rye. Like barley, Hordenm juhatum seems to also act

as a host for both forms. Similarly peculiar results were obtained with

certain other wild grasses and need to be further invCvStigated.

As previously stated, the leaf rust seemed to infect the true bread

wheats more readily than it did the durums and poulards, but in these

experiments the reverse was true, the stem rust infecting durums and

poulards more easily than it did the bread wheats. Moreover, larger

and darker sori seemed to be formed on the durums and x)oulards than

on the other wheats (PI. IV, fig. IS)—an interesting fact in connection

with the subject of rust resistance of varieties.

For the inoculations from the wild grasses Hordtum juhatum, Agro-

pyron teneruin^ and Elymus canadensis glaucifoliuSj material was of

course obtained in the field on these hosts. Two rusts are found on A.

ienernm^ both of which seem to produce the same sort of sori on wheat,

but only one is believed to be P. gyam'mis. The spore forms were

quite different.

Under ordinarj^ greenhouse conditions the i)eriod of incubation for

this rust in the uredo ranges from eight to twelve days. Under dates

of September 2G, 1896, November 6, 1897, and February 21, 1898, the

shorter periods noted include only the time until signs of rust appeared,

the epidermis not being broken until one or two days afterwards.

From experiments and observations so far made, the following may



BLACK STEM RUST Ol^^ WHEAT. 57

be considered as established hosts for the black stem rust of wheat in

thiscountry: THticumvaUfare, T. compact urn, T.turgichim, T.<luru)n,a,ml

Hordeum vulgare—cultivated varieties, and T. monococeuni, T. poloni-

cum, and H. juhaium.

It is almost certain that the following species also act as hosts for

this rust form: Triticum. spcHa and T. dicnccum—cultivated varieties,

and Agropyron richardsotU, A. tenerum, Elymus canadeims, and E, cana-

densis glaucifolius.

Occurrence and distrihution.—As to the occurrence of this rust in the

United States, little need be added to what has already been said. A
fact of i)articular importance is that the stem rust, unlike the leaf rust,

is not constant in occurrence, but will occasionally miss one or two
years in five or six, depending, however, pretty much upon the locality.

Although sometimes very destructive in any part of the United States

except the irrigated districts, it probably produces serious damage
most frequently in the Central States, between Xew York and Missouri,

and in certain portions of Texas and California. In foreign countries

this rust is especially common in northern Europe, and in certain sea-

sons it is (]uite abundant also in Australia and Tasmania. According

to Barclay (5, Vol. XXX, pp. 45-47), it is com])aratively unimportant
in India.

Wintering of the uredo.—Australia is the only country in which it has

been demonstrated that the uredo winters over. Here, accoiding to

Cobb (19, p. 29), P. graminis lives the entire year in the uredo stage,

either on self-sown grain or on certain native grasses, but whether he
refers to one or to both of the forms of the rust on wheat and oats is

not known. The writer has made a number of investigations to deter-

mine the question for this country, giving considerable time to the

matter each winter, but has not yet been able to trace uredospores

through the winter, although the form on oats has been found to live

much longer than that on wheat.

Failing to find that the uredo winters over in Kansas, the writer

thought that it might do so farther south, where the winters are milder,

and that as spring advances the uredospores would be wafted north-

ward from field to field and produce infection in their line of progress.

In the hope of settling this point, therefore, he made a two-weeks'

tour in December,1895, through the State of Texas, from Indian Terri-

tory to the Mexican line. All the small grains except barley were
closely examined in numerous fields around Fort Worth, Austin, Laredo,

Houston, Beaumont, College Station, and McKinney, but it was rather

surprising to find not only no trace of Uredo graminis either on wheat
or winter oats, but also no Uredo ruhigo-vera on wheat or rye. Winter
oats was seen growing as far south as Laredo, but no trace of rust or

of any other fungus could be found on any of the plants, although in

examining old straw at several different places plenty of evidence was
found that all the rusts of wheat and of oats were present during the

preceding summer.
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The latest date at wbicli the writer observed the uredo on wheat at

Manhattan was August 27. A case observed as late as September

19, supposed to be this rust, was afterwards found to be Uredo ruhujo-

vera. At Lincoln, Nebr., the uredo was found to be still active on

Eordeumjuhatnm as late as October 25, and if identical with the form

on Ehjmns canadensis glaneifoUus, Agrojyyron tenernm, and A. richard-

soni it was found on these hosts at the same jilace as late as November

16, 1897.

Liability of different varieties to this rust.—The series of experiments

for testing rust liability of wheat varieties made by McAlpine (51, pp.

27, 28; 52, p. 20) in 1893 and 1894 and by Eriksson (31, pp. 333-341) in

1890-93 are tlie only ones reported in which it was stated that P. graminis

was the cliief species concerned. There is no means of knowing from the

reports of any other experiments, whetlier in Australia or elsewhere,

which rust was most abundant or whether both were present. However,

in the reports of certain experiments, especially those conducted by

Maddox (50, pp. 8-23), it is frequently stated what part of the plant was

affected, that is, whether the stem or the leaves. In such cases it may
be inferred that both rusts were present, but as to which one predomi-

nated only a guess, based on the comparative amounts of rust recorded

on the leaves and stems, can be hazarded.

As already stated, this rust was present in the writer's experiments

at Salina and Manhattan, but appeared so late in the season that at the

latter place no satisfactory estimate of the rustiness of different varie-

ties could be made, and at the former, for the same reason, the rustiness

of spring varieties only could be graded. The following table shows the

percentages of rust on the spring varieties

:

Table 9.

—

Comparative amount of Pucoinia graminis on different varieties of sxjriruj wheat

at Salina, Kans., in 1896.

Localities and names of
varieties.

Bald
....do...
....do...
....do...
....do...

do...

Korth Dakota

:

Glyndon 669
Glyndoii 073

Glyndon 675
Gryndou747
Glyndon 775
McKissicks Fife

Russia:
Alsace
Arnautka
Byelokoloska
Byelokoloska (Kursk) .

Ciiernokolo-ska
Gharnovka
Gliirka
Ghirka (Samara)
Gliirka (Ekaterino.slav)
Imperial
Kra.snokoloska
Polish
Saxonka

Siberia

:

!

Beloturka Bearded
Byelaya

I

Chernokoloska
Kitaiska

j

Bearded

Bald or
bearded.

....do ...

Bearded .

Bald
....do...
Bearded .

....do...
Bald
....do...
....do...
Bearded .

Bald
Bearded .

Bald

Per cent
of

rustiness,

Traces.
Traces.
Traces.
Traces.
Traces.
Traces.

10

5
40
25
10
10
45
30
15

20
15
25
30

5

15
5 to 1.5

15

Localities and names of
varieties.

Siberia—Continued.
Melka (Nerchinsk)

Australia

:

Blounts Gypsum
(Carre de Sicile Rouge
X Honrblende) x Im-
proved I'ife.

14 X ([300 X Medeah]
xl4).

Gypsum X (Improved
Fife X Gypsum.)

Ladas (=42 a x La-
doga)

Priugles Defiance
Argentina:

BahiaBlanca
Barletta
Barletta (Santa Fe) ...

Candeal Rcdondo
Chubut
Chubut Spielart
Entre Rios
Frances
liusso
Sa]dom6
Tusela ..

Bald or
bearded.

Bald

.

.do,

Bald

.

-do

Bearded
Bald

do..

Bearded
Bald

Per cent
of

rustiness.

Traces.

Traces.
Traces.

Traces.

Traces.

5

Traces.

5

5
15
10
15
10

Traces.
15
15
20
20
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As will be seen by coiuparing the figures in this table, with those in

Table 3 for the same varieties and the same year, (1) all the varieties

were as a rule more affected with the leaf rust than with the stem rust;

(2) Polish, (rharnovka, and other varieties that are quite resistant to leaf

rust seemed to be about as badly affected with the stem rust as any of

the others, while the Nortli Dakota wheats and a few others that were
badly affected with leaf rust were almost wholly free from stem rust;

and (3) the Australian varieties, wliich were all sent in by Mr. Farrer,

of New South Wales, and which are supposed to be bred and selected

with especial regard to resistance to this rust, performed their mission

quite well, all but Ladas showing only slight traces of the stem rust.

Another fact of importance in regard to the durum wheats is that the

stem rust affected all portions of the plant except the seed. The bread
wheats were not so completely affected except in a few cases.

Pammel (55, pp. 408, 409) states that at the Iowa Agricultural Experi-

ment Station, in 1802, when this rust "was very destructive," the

Fig. 1.—Healtlij' and slirivcleil grains of Jones Winter Fife harvested the same season in different

parts of Kentucky.

following varieties were badly rusted: Velvet Chaff', Johnson, Early
Eed Clawson, Golden Cross, James White Fife, and Poole, while Turk-
ish Red was, on the other hand, but slightly affected.

Farrer (33, p. 36) noted several years ago that the same varieties

resist the two rusts in different degrees. Eriksson (31, pp. 340, 341 ; 27,

p. 249) also found in his experiments that often those varieties most
susceptible to P. glumarum were most resistant to P. graminis and
P. dispersa. In Victoria in the season of 1803-04 McAlpine tried a

number of varieties sent to him by Eriksson from Sweden, and the

results he obtained showed well the differences in susceptibility of the

same varieties to different rusts. Though the varieties were recom-
mended as being quite resistant to P. (jlmnarum in Sweden, they were
badly affected with P. rubigo-vera in Victoria. The matter was dis-

cussed in detail by McAlpine before the Fourth Intercolonial Rust-in-

Wheat Conference of Australia»(52, p. 27), and also by Eriksson in an
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article in Zeitschrift fur Pflanzenkranlcheiten {23, pp. 141-14:4). How-
ever, in many cases wliere one rust is always present the differences

noted in resistance of the same variety to different rusts may be, in

great part, more apparent than real. If one rust attacks certain vari-

eties severelj'', another one, the conditions being the same, will natu-

rally work most on those varieties where there is least comi^etition,

while if the former rust were not present at all or present only in

small quantities the latter might affect other varieties as much.
Damage.—The damage to wheat from this rust has, perhaps, been

sufficiently discussed already under orange leaf rust of wheat, hence

suffice it to repeat here that it is the destructive wheat rust of the

United States. The damaging effects of this rust in Kentucky are

shown in tig. I. Such effects seem to be of common occurrence in the

State.,

BLACK STEM KUST OF RYE.

{Piiccinia graminis secalis Eriks. and Henn.).

It has not yet been determined whether there is a distinct form of

P, graminis on rye in this country.^ True, there are in different herba-

riums in the United States various sj)ecimens of rust on rye collected

here and labeled P. graminis, but many of these identifications are

known to be wrong, and as the writer has no practical experience with

such a rust either in the greenhouse or in the field, he can as yet make
no definite statements in regard to it. In a few experiments, however,

he made successful infections on rye and barley, but not on wheat,

with what seemed to be uredospores of P. graminis from Hordenm
juhatum. These experiments, as already mentioned, seem to show that

H.juhaium supports two distinct forms of P. </rrtmi«iv, but there is yet

quite a possibility of error because the number of experiments was
small.

BLACK STEM RUST OF OATS.

{Puccinia graminis aveme Eriks. and Henn.).

Phys'ological relations.—The apparent differences between this rust

and the form on wheat have already been discussed. Besides these

differences it has occasionally been seen in cases of adjoining fields of

wheat and of oats that one of the cereals was affected with the stem
rust while the other remained entirely free from it. Tlie writer has
made more inoculation experiments with this rust than with any other,

the work having been inaugurated about the same time as that with

P. coronata. The results of the experiments are presented in the fol-

lowing table:

' Further observations and facts that have fome to hand very recently make it

certain tliat hhick stem rnst occurs on rye, hut whether it is identical with the form
on wheat and barley is yet to be determined.
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Ta1!1,K 1(1.— Inoculalion ciinrhiicntu with I'rcdo iiniininis aretiir.

Date
of inocu-
lation.

1896.

Feb. 6
Do..

Feb. 14
Do..
Do..
Do..
Do..
Do..
Do..

Feb. 17

Feb. 19
Do...

Feb. 20
Do...:

Feb. 24

Origin
Place where ex peri-

|
of inocu-

meuts were made. latiug
material.

.do
do.
.do .

do .

.do .

do .

do
-do .

.do

.do .

.do

.do

.do

.do
Feb. 25 do
Mar. 4 ; do

Do do
Do do
Do... do
Do... do
Do.-. do
Do do
Do... do
Do... do
Do... do
Do do
Do... do
Do... do
Do... do

AVashington, D. C Oats .

Mar. 28
Mar. 30

Do..
Do...

Apr. 2
Apr. 6

Do..
Do..

Do...
Do...
Do...
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Table 10.

—

Inoculation experiments with Uredo graviinis arena'—Cont
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Tablk 10.

—

Inoculation experimeHta with Uredo (/raminis avencv—Continued.

Date
ofinocii-
latiun.

riaco where experi-
lueuts were made.

1897.

Sept. 7

Do...
Dec. n

Orijiin

j

of inocu-
lating

material.

Manhattau, Kaiis

.

do
I^incoln, Nebr

Do. .do

VaclyUs
glom-
erata.

...do ...

Arrhen-
athc
r u tn
el al-
ius.

...do ...

Plant inoculated.

Period
of incu-
bation
(day.s).

Oats

Dactylis glomerata .

0at3

Rye.

1898.

Jan. 5

Do...
Jan. 24

Do.
Do.

.do

.do

.do

.do

.do

Oafs .

...do

...do

Oats ...

Wheat
Data ...

.do

.do
Wheat
Oats ..

8
12

12

21
21
12

12
9

Result.

Successful.

Do.
Do.

Negative.

Successful.
Ncnjative.
Ouly one or
two spots.

Negative.
Successful.

Inoculations with this rust were successful on a greater number of

hosts than inoculations with any other rust. Of course, as in the case

of Uredo coronata, some of the e.xperimeuts might not have proved

successful with older plants, but nevertheless a number of inoculations

on older jdants also produced infections. On the other hand, in the

case of Etampes oats, under date of March 12, 18!)0, and in a few other

cases, the plants were inoculatedjust after germination upon damp cot-

ton, but evidently were too young to be affected, the germ threads of the

spores having ceased to grow before the first leaf was accessible.

An interesting feature of these experiments is the number of in-

fected plants that belong to species of allied genera or to species that

are rather similar in structure, and their close correspondence with

those infected with Uredo coronata, as shown in Table 6.

The first forage grass proved to be a host for this rust in this coun-

try was Dactylis glomeratct. On account of its susceptibility to infec-

tion, both when young and in an advanced stage, the writer for some
time believed it to be a host for this rust. On August 2, 1897, both

uredospores and teleutospores of the rust were found in great abund-

ance on this grass on the grounds of the agricultural college at Still-

water, Okla.' A rusted i^lant was transferred from these grounds

to the greenhouse of tlie Agricultural College at Manhattan, Kans.

Material from this plant easily infected other plants of orchard grass

and oats, producing sori on oats more vigorous than those from mate-

rial of the same rust taken from oats. The rust was found on Arrhena-

theruni elatlus at Lincolu November 16, 1897, and the reverse infectious

on oats from this material were produced December 23, 1897.

On the basis of experiments and observations made so far the follow-

ing may be named as well-established hosts for the black stem rust of

' He had, of course, seen the rust on orchard gra.ss several times before, as it is

rather common, but had always supposed it to be e(|uivalent to the form on wheat.
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oats : Avena sativa patula, A. sativa orientaUs, aud A.sativa nuila—culti-

vated varieties, aud DactyJis (jlomerata, aud Arrhenatherum elatius. The

followiug species may at preseut be cousidered as probable hosts : Avena

fatna, A. hoolceri^ A. pratensis, A. sterilis, Koeleria cristata, aud Lolium

perenne.

Occurrence and distribution.—The black stem rust of oats is certainly-

more common thau the black stem rust of wheat, owiug probably to the

fact that oats matures later than wheat and the stem rusts occur later

than the other rusts. However, it is not known whether the stem rust

of oats is generally commoner thau the crown rust, although) definite

statements on this point might be made in the case of certain localities

—

locality appareutly being an important feature in this connection.

As in the case of stem rust of wheat, this rust is not constant in

occurrence, although perhaps more so thau the former. Reports indi-

cate that in the Southern States it is neither so common as it is in the

Northern States nor so common as the crown rust. iSTo trace of it was

seen in Maryland during two successive seasons of observations by the

writer. His examination of old straw at the Texas Agricultural Col-

lege in December, 1895, showed that the crown rust was quite abundant

the j)receding summer, but none of the stem rust was observed.

Wherever oats is grown iu foreign countries the distribution of the

stem rust of oats seems to be quite general, but in some regions it is

said to be of little economic importance.

Wintering of the uredo.—So far as yet known, this rust does not win-

ter its uredo in this country. The following table gives a summary of

the writer's observations of the occurrence of the uredo iu late summer

and autumn

:

Taulio 11.

—

Snmmanj of observatiouti on late ucciirrenre of Uredo f/raminis arcnce.

Host plaut.
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Liability of different varieties to this rust.—But litth>- iulbrmution

exists as to the liability of different varieties of oats to rust iu this

eountry >>ased on any case in wliioli it was detiuitely known that the

stem rust was the chief one under observation. In the season of 1894

the writer assisted Prof. J. IJ. Shepperd in grading" the rustiuess of

varieties of oats grown at the North Dakota Agricultural Experiment

Station, F. graminis being tlie dominant rust on oats that season, not

only there but also throughout the North and West. The following-

season Prof. H. L. Bolley, of that station, graded the rustiness of the

same varieties, and in a recent letter received from him he states that

P. (jramlniH was the chief rust present that year, but that the presence

of P. coronata accounts for the small percentages of rust noted for cer-

tain varieties. The results of the two years' grading were reported by
Professor Shepperd iu a bulletin issued March, 189G (04, pp. 38-40).

The i^erceutages for the same varieties for the two seasons correspond

quite well as a rule, antl show almost entire freedom from rust in the

case of Early White Kussian, Fentons Rust Proof, Tartarian, and Great

Northern, and an abundance of rust on Giant Yellow, American White,

Badger (^ueeu, and North Star.

This rust occurred to a small extent on the varieties of oats in the

field experiments at Salina, but on account of its late appearance and

the great abundance of the crown rust it was impracticable to grade

the amounts on the different varieties.

In Australia, where so much has been written on rust-resistaut

wheats, apparently no attention has been given to rust-resistant oats,

probably for the reason that oat rust is of little economic importance in

that country. In 1803 Eriksson made some observations (31, pp. 348-

350) on rust liability of varieties of oats in Sweden, es])ecially as regards

the black stem rust, and concluded that iu Sweden there is no particu-

lar difference in the susceptibility of different sorts of oats to this rust-.

Damage.—The damage which this rust causes to oats iu this country

is even greater than that produced by the form occurring on wheat.

In fact almost every year thousands of acres are totally destroyed in

some portions of the country by this parasite, the damage being great-

est north of the thirty-seventh degree of north latitude and east of the

ninety-fifth degree of west longitude. According to Eriksson (31, p.

386), it is also very destructive at times in Sweden, the damage to oats

in that country from this cause in 1889 amounting to IG million crowns

(about 4.^ million dollars).

MAIZE BUST.

{Puccinia, sorghi Schw.).

Physiological relations,—The fact that the maize rust bears some mor-

phological resemblance to the rusts of certain grasses, particularly to

P. graminis of wheat and oats, led the writer to suspect that it might
' 21704—No. IG 5
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be equivalent to one or more of these, and it Avas for tliis reason espe-

cially that in the inoculation experiments with the rusts of the other

four cereals Indian corn Avas employed several times, as were also

other grasses. A few experiments were also made with the uredo of

maize rust itself. The following results were obtained:

Table 12.

—

Inocidalion experiments with Uredo sorghi.

Date of
inocu-
lation.

1896.

Sept. 17

Sept. 21
Dec. 22

1897. •

Apr. 10
Oct. 13

Place where experi-
ments were made.

Origin of
inoculating
material.

Plants inoculated.

Manhattan, Kana
j

Corn Corn .

.

do 1... -do do.
Washington, D. C- ' do do .

do
I

do Euchlceiia mexicana.
Manhattan, Kans

]

Euchl cena \ Corn
inexicaiia. i

Period



MAIZE RUST. 67

This rust is also reported from South America, Germany, France, Italy,

Portugal, India, and south Africa; but owing to the facts that the genus

Sorghum is included with its hosts and that Barclay has shown (5, Vol.

XXVIII, pp. 257-259; 3, pp. 21-1, 215) that the rust ou Soryhiim vulgare

in India is a distinct species, whicli he called P. pennisetij it is ques-

tionable whether it actually occurs in all these countries.

Wintering of the iiredo.—This rust is not yet known to winter its

uredo in any country, and as no iccidial stage has been discovered, the

manner of its i^erpetuation throughout the year is entirely unknown.

Liahility of iJ iffevent varieties to this rust.—There is as yet no differ-

ence known in the susceptibility of different varieties of corn to this

rust, but so far no investigations have been made to determine this

point. The rust seems to be of but little economic import-ance.

Damage.—The writer has occasionally seen patches of very late corn

injured by this rust. If corn is sown broadcast as a forage crop late in

the season it is likely to bo badly damaged, but as a rule the rust does

little or no damage. Pammel mentions (oOa, p. 854) that in Iowa the

yield of corn, especially of sweet corn, is sometimes materially lessened

because of rust.

(iENEKAL REMARKS.

Many inoculation, germination, and other physiological exi)eriments

not mentioned in this bulletin but bearing closely on the cereal rust

IDroblem, Avill be discussed in other publications of this Division. These

experiments, like those made by Eriksson, show that in addition to

the forms herein described, the cereal rusts have also distinct si)ecial-

ized forms on various grasses, but as these forms do not occur on the

cereals they are usually of no econonaic importance. In addition to the

experiments already reported in a former publication (15, pp. 448-452),

numerous others were made b}^ the writer to determine the behav-

ior of the uredospores from a chemical standpoint. Also hundreds of

inoculations on cereals with the iiicidia of various plants other than

barberry have been made for the purpose of discovering, if possible,

other a'cidial hosts for the cereal rusts, but so far none have been

found. Again, the morphological differences between the different

forms of the cereal rusts are, in a few cases at least, of considerable

imiwrtance, but it is thought best, under the circumstances, to discuss

them in another publication.

Something should be said concerning the value of the inoculation

experiments reported in this bulletin. It may be claimed by some that

the experiments which proved successful in the greenhouse and on
young plants would probably result negatively in a greater number of

cases if made out of doors on more mature plants. This is not only

possible, but, as already shown, the writer's results make it very i)rob-

able; and thereby the experiments are all the more valuable, as in the

greenhouse they are more exclusive in nature and in no case is an

infection likely to take place out of doors if it can not be x)roduced in
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the greenhouse. In case there is an error, therefore, it is on the safe

side, and the number of possible host plants is gTaduall\' more and
more limited, until finally, by reverse infections, the actual host plants

are established. As already stated, a number of instances of repeated

experiments on older plants resulted negatively, although they had

been successful in the first experiments.

The ''mycoplasmatic'' theory, advanced by Eriksson (25, pp. 475-477)

to exi)lain the manner of perpetuation of Pnccinia ghimarum from one

season to another, has alreadj' been mentioned. A description of

Eriksson's experiments with this rust seems to reveal conditions differ-

ent from those existing in the case of any other cereal rust. Barley

plants grown from the seed and completely shut oft" from external influ-

ences showed rust aftei a time. The seed was sown in sterilized soil and
grown in glass houses, into which air could pass only through cotton-

wool filters. From other statements and illustrations in Die Getreide-

roste. it seems probable that we have here-at last an instance of the piop-

agation of grain rust through the medium of the germinating seed of

the host, as in some of the smuts. Eriksson claims that, as he found

no mycelium present, the rust exists in the form of a mycoplasma in

the cells of the embryo in a latent symbiotic state during the interval

between harvest and seeding time. As the rust in question does not

exist in this country, the writer has had no opportunity to investigate

the matter. 2so other cereal rust is known to live within the seed in

any form or manner.^

SUMMARY.

(1) At least six and probably seven distinct rusts affect the cereals

of the United States. They are as follows : Orange leaf rust of wheat

{Puccinia nihigo-vera tritici), orange leaf rust of rye (P. rnhigo-vera

secalis), crown rust of oats (P. coronata Corda), black stem rust of

wheat and barley (P. graminis tritici Eriks. and Henn.), black stem

rust of rye (P. graminis secalis Eriks. and Henn.), black stem rust of

oats (P. graminis avence Eriks. and Henn.), and maize rust (P. sorghi

Schw.),

(2) Though all these rusts except that on maize i>robably cause

some injury occasionally, the black stem rusts of wheat and of oats are

by far the most destructive.

(3) All tlie rusts are pretty evenly distributed over the United States,

wherever their respective hosts are grown, except the stem rusts,

which are perhaps most prevalent in the region between the Alle-

ghanies and the ninety-fifth degree of west longitude north of the

' Cases where rusts other than those of cereals live over in the seed are not, how-

ever, unknown. The actual peridiaof the ivciuium of Uromijces euphorhicp C. and P.

may often be seen within the seed of Exiphorhia dentata. The writer's investigations

concerning this rust are yet to he published. In 1890 Ralph (61. p. 18) also described

an ;ccidiiim affecting the see<l of Senecio vnUjaris in Australia, which seems to fur-

nish (Hie other instance.
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thirty-seventh degree of north latitude and in portions of Texas and
California. The leaf rusts and the crown rust are proportionally more
important in the Atlantic and the Sonthein coast States.

(4) The damage to wheat and oats from rust in this country i)roba-

bly exceeds that caused by any other fungous or insect pest, and iu

some localities is greater than that caused by all other enemies
combined.

(5) As yet there is but little certainty concerning rust resistance,

which varies continually under different cojiditions. Heretofore in

testing varieties for rust resistance, little attention has been j)aid to

the species of rust concerned.

(G) The following hardy prolific varieties of wheat can usually be
depended upon to resist orange leaf rust to a considerable degree:
Turkey, ]Mennonite. Odessa. Uieti, Pringles No. 5. and Pringles Defi-

ance, and fcu' early spring sowing Haynes Ulue Stem and Saskatchewan
Fife. Some of these varieties may be resistant to the black stem rust

also, but this has not beeu definitely determined.

\7) The following varieties also resist leaf rust, probably in nearly all

cases: Theiss, Fulcaster, Oregon Club, Deitz Longberry, Sonora, Diehl

Mediterranean. Arnolds Hybrid, and California Spring.

(8) Durum and poulard wheats are very resistant to the leaf rust, but
so far have been use<l chiefly in nniking macaroni. A few of the most
important of these wheats are, Arnautka, Taganrog, Beloturka,
Medeah, Gallands Hybrid, Petanielle Noire deNice, Chernuska, Cretan,
Missogen, and Nicaragua.

(9) During two years when rust was very severe Einkorn, a variety of

Triticum monococcum, used for stock feed, remained absolutely proof

against the leaf rust.

(10) So far as known, any ordinary variety of wheat may rust badly if

sown late, but the following, although susceptible to rust, may sometimes
escape it because of early maturity: Early May, Zimmerman, Early
Baart, xlllora Spring, Roseworthy, Yemide, Kathia, Canning Downs,
and Japanese No. 2. However, four of these—Early Baart, Allora
Spring, Koseworthy, and Canning Downs—are probably not sufficiently

hardy for northern latitudes;

(11) Of the varieties of oats, Texas Rust Proof is commonly consid-

ered rust resistant in the Southern States, but to which of the rusts is

not known. In the Northern States the varieties more or less resistant

to black stem rust are Early White Russian, Great Northern, Tartarian,

and Fentons Rust Proof.

(12) Experiments so far made with uredospores show that the orange
leaf rusts of wheat and rye do not transfer to hosts outside of the

genera Triticum and Secale, respectively, but that, on the other hand,
their nredo stages winter over readily in this country, beginning first

on selfsown grain and probably later transferring to the regular fall-

sown crop. All farms should therefore be kept constantly and rigidly

free of volunteer wheat and rye.
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(13) The crown rust of oats is not yet known to winter its uredo nor

to transfer to any other hosts than species of Avena.'

(14) The black stem rust of wheat occurs also on barley and Hordeum
jubatum. So far as known it does not winter its uredo in this country.

(15) It has not yet been definitely determined whether there is a dis-

tinct form of the black stem rust on rye in this country, but it is very

probable that there is.

(16) The uredo of the black stem rust of oats is not yet known to

winter in the United States, but it has been found alive very late in

the autumn. The rust, however, is also common on the two grasses,

Dactylis glomerata and Arrhenatherum elatiuSy hence oats maybe easily

infected with it when grown in close proximity to these grasses.

(17) Maize rust occurs also on teosiute in this country, but does not

winter its uredo. It is of little economic importance.
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EXPLANATION OF PLATES.

Plate I.—Comparative rustiness of four varieties of wheat from Uredo riibigo-vera

triiici, Garrett Park, Md. 1 Buckeye: a lower surface of leaf, 1) upper surface

of leaf; 2 Golden Prolific; 3 Gallauds Hybrid: a lower surface of leaf, b upper

surface of leaf; 4 Beloturka. The brown spots on .) and i were not caused by

rust.

Plate II.—Yx and Theiss wheats rusted with Piicchua g7-ami)iis iritici and P.rubifjo-

vera irilici at Manhattan, Kans. 5 uredo of P. graminis; uredo and teleuto

stages of r. graminis; 7 teleuto stage of I\ graminis; 8 uredo and teleuto stages

of /'. riihigo-vera; 9 teleuto stage of P. ruhigo-vera.

Plate III.—Cereal rusts produced by artificial infection on young plants. 10 Uredo

rubigo-vcra sccalis on rye; 11 U. ruhigo-vera secaJis on rye, showing how the

chlorophyll remains about rust spots during changes of the coloring matter; 1^

U. ruhigo-vera secalis on Secale montanum; 13 TJ. rubigo-vera triiici on wheat;

14 U. coronaia on oats.

Plate IV.—Cereal rusts produced by artificial infections on young plants. 15 Uredo

coronaia (a) and U. graminis arena' (b) produced on the samfe leaf of oats; 16

U. graminis arena- on oats; 17 U. graminis arena' on Kirleria cristaia; IS U. graminis

triiici on Taganrog wheat; 19 U. graminis on the leaf of barley; ,?0 U. graminis

on the sheath of barley ; 31 U. sorghi on corn leaf; 32 U. sorghi on corn, but with

teleuto stage also.
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Sir: I respectfully transmit herewith a report einbodyiug the results

of some investigatious of a disease which has caused serious loss to the

growers of cotton and other Southern crops. The report is technical,

and will form a basis for further work looking- toward tlie restriction

and prevention of the disease. I respectfully recommend that the

report be published as Uulletiu No. 17 pf this Division.

Eespectfully,

B. T. Galloway,'
Chief ofDivision.

Hon. James Wilson,
Secretary of Agriculture.

3





CONTENTS.

Page

Description of the fungus 7

Ascoinycetous stage 7

Couidinl fruits 11

Microconidia 11

Macrocoiiidia 13

Chlamydospores 13

rycuidia(?) 13

Ett'ect of uiodiQcations of the substratum *. 13

(1) Tlio production of a stroma 13

(2) The color of the mycelium 14

(3) The color of the perithecia 23

(4) The development of the perithecia 26

Other biological peculiarities 30

Host plants 31

Habitat, time of occurrence 31

Geographical distribution 31

Parasitism, infection experiments, etc 32

Number of successful infectious 34

Cotton and cowpea inoculations, cross-inoculations 35

One fungus or three ? 39

Vitality 41

Symptoms produced, etc 42

Other wilt diseases 44

Relationships 44

Scientific name 46

Restriction of the melon wilt 48

Unfinished work 49

Exsiccati 50

Previous literature ,
•. 50

Appendix 51

Description of plates 54

5



ILLUSTRATIONS.

Page.

Plate I. Neocosmospora (uov. gen. ) 51

II. Fuugus of the melon and cowpea wilt 56

III. Fuugus of the melon aud cotton wilt 58

IV. The watermelon wilt 60

V. Fungus of the cotton, okra, and melon wilt 62

VI. Healthy watermelon vines 64

VII. Wilted melon vines 66

VIII. The melon wilt in seedlings 68

IX. The melon wilt 70

X. The melon wilt 72

6



WILT DISEASE OF COITON, WATERMl-LON, AND COWPEA.

{2ieoeo8ino8pora uov. geu.)

The fimgus here described has been under uearly continuous obser-

vation for five years. A number of points in its life-history remain to

be worked out, but as a year or two must necessarily elapse before the

investigation is completed, it is thought best to put the main facts on

record at this time, particularly as more material has been accumulated

than is usually considered ample for the description of a genus or

species.

This material has been accumulating during so long a period that it

now amounts to a very considerable mass of correspondence, notes,

slides, photographs, drawings, etc., and only a condensed account is

here possible. The facts are set forth in as few words as possible, but

each one depends on more than a single observation or experiment,

and often statements which occupy only a word or two or a line or two

are based on scores of observations. Whenever the writer has been in

doubt, and that was often, he has repeated the experiment or made

additional observations. The long delay in publication is due to the

fact that he was disappointed at the result of the cross-inoculations

and over certain other failures which are mentioned in their proper

place.
DESCRIPTION OF THE FUNGUS.

Asconiycetous s/rt/ye.—Perithecia on the roots (PI. I, 1) more rarely on

the parts above ground, superficial, resting on a slight subiculum, some-

times developing in the earth near the roots, or underneath the loose

bark of the host plant, or deep in cavities or rifts of the decomposing

root or stem, but always free from the tissues of the host and not borne

on any distinct stroma,^ infrequent or numerous, scattered or several

to many together; ovate, slightly higher than broad, of quite variable

size, ranging from 210 to 400 /.i in height by 150 to 328 ju in diameter,

mostly 250 to 350 by 200 to 300 //.^ Peridium about 20 /< thick, coral

red to vermilion red, or in water under a cover glass, of a uniform

purplish red, when fully ripe becoming orange vermilion (Ridgway's

»Wlien cultivated ou slices of cooked potato the peritliecia are usually developed

from a more or less elevated, tough (fleshy), grayish-white stromatic surface of quite

different appearance from the ordinary mycelium.
" One hundred and eleven measurements.

7



8

Nomenclature of Colors, 1st ed., PI. VII, No. 12), owing perhaps to the

brown ascospores which can be seen tlirough the transhicent "walls;

collapsing' irregularly (more or less) when empty, but not sinking in

regularly about the ostiolum after the manner of many iSTectrias; sur-

face slightly irregular and a little papillate, especially toward the apex,

by reason of the slight projection of single cells, not scaly, pruinose,

or hairy; wall distinctly parenchymatic, the irregularly polyhedral

cells with rounded angles and in the ventral portion about 8 to IG /< iu

diameter (PI. II, 5) ; usually no distinct neck until fully ripe, then fre-

quently a short neck (generally 30 to 40 // long, but shorter or longer,

sometimes even as long as 80 //, but never hairy or fimbriate at the

apex);' ostiolum closed by special cells (PI. II, 1) and indistinct until

fully ripe, then opening by solution, 30 to 50 n or more broad, bor-

dered by narrower cells; the neck lined internally by numerous hairs

(periphyses), 20 to 30 /; long, which project into the throat leaving only

a small opening (PI. II, 2). Asci 8-spored, numerous (75 to 100 or more),

cylindric, stipitate, the somewhat narrowly constricted base of variable

length, but usually equal to about one-eighth to one-third the length of

the spore-bearing part, the latter 70 to 100 /< long by 11 to 14 // broad

(usually 12 i.i broad), with aj)ices rounded and verj^ slightly, if at all,

thickened (PI. I, 3, 3; PI. Y, 2); usually crusliing out of the immature

perithecium with some part of the hypothecium in one or more adherent

masses (PI. I, 4), becoming so thin-walled as to be scarcely visible, and

when fully ripe frequently dissolving, leaving the free spores (PI. II, 4)

to escape through the stoma or through any part of the accidentally

ruptured wall as the gelatinous debris in the interior of the perithecium

expands by absorption of water, in which case the spores often adhere

to the exterior of the perithecium for some time in little irregular brown
masses (PI. I, la). In other cases (even on the same culture), the asci

retain their form and elasticity and the ripened ascospores are shot out

through the ostiolum to the distance of 3 to 8 millimeters. Para-

pliyses present (PI, I, 2; PI. V, 5) and often two or three times the

diameter of the asci, each composed of several roundish, oblong, or

irregular, thin-walled, loosely connected cells, nearly destitute of pro-

toplasm and readily overlooked (unstained, they are best seen by view-

ing the sections or crushed out material iu water with a very narrow

pencil of rays).- Ascospores (PI. I, -9, 5, 5, 6; PI, V, 2) in one row, when
ripe closely filling the ascus, globose to short elliptical, rarely ovate or

considerably longer than broad, continuous, rather thick-walled, color-

less until ripe, then light brown, in mass mummy brown (Ridgway's

Nomenclature, PI. Ill, No, 10), with a thick, distinctly wrinkled exo-

spore (more rarely smooth), variable in size, usually 10 to 12 // in diame-

'Pure cultures from the same ascpspore yielded ripe periithecia with and without

beaks.

'^Similar organs are present in many Nectriaceous fungi Avhicb have been described

as destitute of paraphyses.
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ter, if globose, and 8 to 12 by 11 to 14 /.< ifellipsoichil," contents hyaline,

one to several gnttulate; geruiinating readily on i>otato or in nutrient

agar (ri. I, 0), producing a white, immediately much branched, many

septate mycelium which by interweaving soon conceals the ascospore

and in a short time (cowpea fungus) reproduces ])erithecia, first, how-

ever, and usually within thirty-six hours, producing from the ends of

short branches or from terminal hyphae (PI. I, 7) numerous, colorless,

oval to narrowly elliptical conidia which are mostly 8 to 10 by 3 to 6 ^,

straight or curved, continuous (or occasionally one-septate after falling

off) and indistinguishable from those of the internal fungus (see below).

Mycelium on slightly alkaline meat infusion peptone agar at first pure

white, then grayish white (stromatic), producing immature but nearly

full-grown peritiiecia in largo numbers within a week of the sowing of

the ascosi)ore. Mycelium on steamed potato cylinders in test tubes at

' Altogether 244 ascospores have been ineasiired directly from the plant, and all

of the sizes observed are recorded below in niicroua, together with the plants from

which taken and the nnmber of each size. P= Cowpea; AV=Watermelon; C^
Cotton

:

18 X 12W ; 17.7 x 10.2 P' ; 16 x 15 ? ; IG x 14.5 P' ; 15 x 12 P' ; 15 x 11.5W ; 15 x 10

W ; 14.7 X 12 P' ; 14 x 14 P- ; 14 x 13.3 P' ; It x 13 P' C ; 14 x 12 P^ W C ; 14 x 11 P'

W ; 14 X 10 P^ W^; 14 x 9 P' W-; 13.5 x 12 P- ; 13 x 13 P' ; 13 x 12 P' W^ C ; 13 x 11

P' W; ISxlOP' W; 13x9 W^; 12.7 x 12 P' ; 12.5 x lOP'; 12x 12 P^s W'^ C^; 12x11

P^W'; 12x10 PSW'C^; 12x9.5C'; 12x9W'; 12x8 P' W"; 11.5 x 11W ; 11.5x 10.5

W ; 11.5 X 10 C ; 11.5 X 8W ; 11 x 11 P- W* C ; 11 x 10 P2 W C«; 11x9W C
; 11 x 8

W^; 10.5 X 10 P' C ; 10 X 10 P« W'"C--'; 10x9.5 C^; lOxOP'W^C^; 10x8W'; 9.5x9.5

W C-; 9x9 W-C^ 8x8C'.
On the cotton most of the spores are globose, or nearly so, nearly all have a

wrinkled exospore, and the medium and smaller sizes prevail. On the cowpea the

majority of the spores are globose and wrinkled, and the larger sizes prevail. On

the watermelon a majority of the spores are elliptical, many are smooth and the

smaller sizes are the more common, as may be seen from the preceding figures. These

variations do not, however, appear to have any specific value, since the spores derived

from a single ascospore sorted out and sown on culture media may vary as greatly

as any here recorded. This is shown by the following set of figures derived from

measurements of ascospores taken from numerous perithecia grown on potato. The

pure culture which was used for this purpose was derived from a single wrinkled

ascospore taken from a typical perithecium on the cowpea. It will be seen that the

general tendency of these spores is to exceed the size of the original spore rather

than to fall short of it. They are also larger than the average of those taken directly

from the host plants.

Size of 180 ascospores from a luxuriant growth on steamed potato; original spore

12 X 12 Jit, the number of each size is given at the right hand above ; all with wrinkled

exospore except a very few of the small ones: 22 x 12' ; 20 x 15' ; 18 x 14' ; 18 x 12';

18 X 11' ; 18 X 10.5' ; 18x10'; 17x12'; 17xll'; 17x10.5'; 17x10'; 16.5x12'; 16x15';

16x14'; 16x13'; 16xl2«; 16x11.5'; 16x11^; 16x 10' ; 15.3x 12' ; 15 x 15' ; 15x13';

15 X 12.5' ; 15 x 12- ; 15 x 11- ; 14.5 x 13.5' ; 14.5 x 12.5 ; 14.5 x 12' ; 14.5 x 10' ; 14.3 x 12.5'

;

14xl4«; 14x13.5'; 14x13'^; 14x12.5'; 14 x 11.5'* all from one ascns; 14x11'; 13.5x13.5^;

13.5x13"; 13.5x12.5'; 13x13"; 13x12''; 13x 10 ; 12.5x 12.5^; 12.5x12"; 12 5x10.5';

12 x 12-"- 12 X 11.5' ; 12 x 11' ; 12 x 10' smooth (7 others from the same ascus were

smooth); 11.7 x 11.7'; 11.5 x 11.5' smooth; 10 x 10- smooth. Thirteen of the elon-

gated spores were ovate ; the rest were elliptical. A very few spores were flattened

on the side 3 from the pressure of the ascus.
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first suow-wbite, then developing a pnft'ed-np, grayisli white, tongh

stroma which becomes thickly studded with bright coral-red perithecia

in about eight days from the sowing of the ascospores. Steamed sterile

potato has proved a very suitable medium for the growth of this stage

of the fungus, the perithecia becoming ripe and discharging their spores

copiously ill two to three weeks from the sowing of the ascospores. In

a number of instances the cycle from ascospores round to ascospores

(ripe and discharged from the perithecium) was as short a time as twelve

days and twenty hours. These ascospores were all taken from peri-

thecia found on stems of tlie cowpea.

Perithecia have also been grown from 150 or more microconidia (PI.

1,7). They were isolated by the poured-plate method, the material being

derived from an agar culture about two weeks old which was made from

ascospores. The perithecia developed on five diflerent media, viz,

agar, banana, onion, carrot, and potato. On the first three media they

appeared sparingly; on the carrot and potato they were abundant and

appeared in about two weeks. The ripe ascospores were either shot out

of the perithecia against the walls of the test tubes in such numbers as

to make distinct brown patches or else were slowly extruded, crowning

the ostiolum with irregular brown balls and clumps of spores (PI. 1, 1 a).

So far as known to the writer, this is the second time perithecia have

been derived from the couidial fructification of any Hyi)Ocreaceous fun-

gus. Brefeld and von Tavel do not record any such case. On the con-

trary, only three such cases are mentioned by them for the whole group

of Ascomycetous fungi.' Klebs has since recorded this for Eurotium

repens, and Hugo Gliick, in 1895 (Hedwigia, p. 254), reported it for

Nectria moschata, which he obtained in about four weeks from pure cul-

tures of the sickle-shaped conidia of Fusarium aqueductum, in water

and plum decoction to which oak wood and bark had been added.

A'ery likely Brefeld's numerous failures are to be attributed to the fact

that he used his "Ntihrlosung" too exclusively, i. e., did not vary his

culture media widely enough, so as to more nearly imitate natural

conditions.

On the contrary, the conidial stage of the watermelon fungus (spore

taken in July from the interior of a vessel) has been cultivated for five

years on a great variety of media, including potato, without showing a

' "As many yeast conidia remain under cultivation through endless generations

always the same, so ordinarily the spores from couidiophores yield, in pure cultures,

always the same conidiophore ; those of pycnidia always the same pycnidia. In like

manner many oidia, under certain conditions, never produce anything else than

oidia. Only in rare cases has it been possible to obtain the ascus fructification from

the spores of an accessory fruit form. Of this the Penicillium [crustaceum] spoken

of in the second Heft of this work remains the most interesting example. Addi-

tional examples are Endomyces MaynusH and Diaporthe controversa.

"Up to the present time little is known of conditions governing the development

of the ascus fructification. Observations in nature frequently show its dependence

on a certain duration of development, on the time of year, and on a definite sub-

stratum."—Brefeld and von Tavel: Untersuchungeu, Heft 10, p. 349.
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trace of peritliecia, altbougli from time to time special ettbrts were made

to liiul a substratum which wouUl lead to the production of i)erithecia.

This is the strain of fungus which has proved so actively parasitic

in the hands of the writer.

On agar and on potato the peritheciaof the cowpea fungus showed a

distinct tendency to be larger than on the host plant, owing probably

to extra good nutrition. The diameter of the largest on nutrient agar

ranged from 320 to 376 //. The diameter of the largest on potato ranged

from 3G0 to 410 //. The perithecia on the potato were exceedingly

numerous, sometimes as many as 5,000 developing on an urea of not

more than 15 or 20 square centimeters. They were much less numer-

ous on the slightly alkaline meat infusion peptone agar, and ripened

and developed their bright red color much more slowly. On certain

other media the peridium remained nearly colorless or the perithecia

failed altogether to develop, although the fungus was under the same

conditions except as to the substratum. Numerous cultures on a great

variety of media have shown that the presence or absence of a stroma

is entirely a matter of the substratum.

:So attempts have been made to grow the ascospores from the similar

I)erithecia which have been discovered on the dead stems of cotton and

watermelon. No perithecia ever developed in any of the cultures made

from internal or external conidia taken from the cotton or watermelon.

CONIDIAI. FRUITS.

(1) Microconidin. (Cephalosporium stage).—Colorless, oval to nar-

rowly elliptical, straight or slightly curved, non-septate spores, 4 to 25

by 2 to //, borne singly one after another (PI. Ill, 3) on the ends of

short branches of a mycelium, which fills the water ducts and interior

parts of the liviny stem (melon, cowpea) with a dense growth that is

pure white when seen in mass in the stem or when cultivated out on

alkaline meat infusion peptone agar, or on other alkaline media, even

rice: conidia frequently 1 septate (or rarely 2-septate) after abscission,

in cultures often remaining in a little group nround the end of the

stationary couidiophore or becoming scattered when the latter elongates

after having produced a group of spores, as is frequently the case

(PI. 1, 7, PI. Ill, i), aerial or submerged {Fusarimn vasinfeetum Geo. F.

Atkinson, described from cotton and okra; Fvsarium nivenm'Erw.F.

Smith, described from watermelon). None of the large, lunulate, 3 to

5 septate spores describ( d below have ever been observed in the vessels

of any of the host plants or submerged in fluids or solids.

(2) Macroconidia (Fusarium stage).—Lunulate; 3 to 5 septate spores,

30 to 50 by 4 to // (PI. I, 9; PI. II, 7; PI. V, 5), borne on the surface

of dead stems in immense numbers on innumerable small, oval or

hemispherical conidia beds which arise from the internal mycelium

and consist of compact, irregularly branched, short conidiophores.

Examined in water the single spores are nearly colorless; in mass they
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are at first wliite, but very soon after the formation of the eonidia beds

they become colored, the variable tint raDging from pink, pale tlesh

color or pale salmon to deep salmon. When germinated in water or

under acid or alkaline agar or iu very moist air, producing eonidia

indistingaishable from those borne by the internal fungus (PI. II, 10;

PL 111,11 in part).' Immature spores from the eonidia beds are, of

course, much shorter than the measurements given above, and for a

time are non-septate or only 1-septate. When accidentally knocked

off, such spores appear to be still capable of growth and septation. An
effort was made to identify this external conidium with some one of the

many described forms of Fusarium, but without success. The above

measurements are derived from hundreds of spores and are believed to

give nearly the limits of variability, but it would be quite possible to

make half a dozen species of Fusaria from the material I have had in

hand, if only a few measurements were made and a hasty description

written out, as is frequently done. Indeed, there is no doubt that the

literature of systematic mycology contains much of such rubbish. One

has only to study critically a few members of this group and then turn

to the descriptions iu Saccardo's Sylloge Fungorum to be convinced

of it. Not only is the identification of Fusaria from descriptions usu-

ally impossible, but very often with the specimens themselves the case

is little better, owing to the fact that many Hypocreaceous fungi bear

eonidia which have been put .into the form-genus Fusarium and which

so closely resemble each other (see the plates in Vol. Ill of Tulasne's

Carpologia, and iu Heft 10 of Brefeld's Untersuchungen) that mor-

phology alone is of very little assistance in their identification. In

many cases, at least, the only safe way is to make cultures and inocu-

lations if the fungus is a well-marked parasite ; or to obtain the less

1 Old cultures of the iuternal watermelon fungus, when transferred from sterile

horse dung to potato broth, produced, along with the small elliptical non-septate

eonidia, all sizes and shapes up to those which were luunlate, 3 to 4 septate, and

38 M long, hut none 50/1 long could be obtained in this medium, nor were any of

them distinctly salmon colored. These cultures were all derived originally from a

single non-septate microconidium separated out by the poured-plate method.

When hothouse watermelons were grown iu soil infected with pure cultures of

the internal melon fungus the macroconidial stage frequently appeared on the sur-

face after the wilting and death of the ])lants. One of these big, lunulate, 3-septate,

external eonidia was separated from its fellows and cultivated for a long time, first

in sterile horse dung and subsequently in potato broth, in the same manner as the

preceding. The mycelium derived from this spore produced great numbers of micro-

conidia, indistinguishable from Ihose borne on the internal mycelium. At least

three-fourths of the whole number of spores were of this type, but there were also

plenty of typical macroconidia, spores 40 to 50 /i by 4 to 6 /i, lunulate, and 3 to

5 septate. Betweeu these two extremes there were all possible gradations, showing

clearly that little dependence can be placed on statements respecting shape and size

of spores in the ordinary systematic descriptions of Fusaria. Color is likewise

misleading, since the same eonidia bed may be white, pinkish, pale salmon, deep

salmon, etc., according to its age and the character of the substratum on which it

has developed.
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variable peritheeia from pure cultures of the eoiiiilia, sometliiug vre

have uot yet learned to do with any certainty; or, linally, to discover

in nature the j^erfect fruit form and derive the other I'oinus from it. So

far as known to the writer, no Fusaria except those above mentioned

have been described from cotton, watermelon, or cowpea; but even if

they had, it would in the present stage of our knowledge be next to

impossible to establish identity beyond reasonable doubt, since many

species of Fusarium are believed to be purely saproi)hytic and are

known to grow on almost any dead substance, and one such form has

been discovered by the writer in Washington on a dead stem of cow-

pea in connection with the peritheeia of a Nectria.

(3) Chhimydospores.—On the surface of the dead stems of the water-

melon and in old cultures of the melon fungus on horse dung, globose,

thin-walled, smooth, terminal or intercalary bodies ai)pear, and in mass

on the dung are brick red (I'l. Ill, 12). These are part of the life cycle

of the fungus and nppear to be chlamydospores comi)arable with those

of Hyponn/res solani described by Keinke and Berthold.' They api)ear

to have an outer and inner wall and germinate readily in water, but

have not been studied as critically as the other spore forms. They

were found in many test tube cultures, and have been observed a num-

ber of times on the surface of the dead stems associated with the macro-

conidia. They are usually 10 to 12 /.i in diameter, the extreme limits

of those measured ranging from 7 to 15 ii.

(4) Pyc7iidia{.^).—^o pycnidia have been seen either on the host plants

or in any of several hundred cultures made on a great variety of media.

The cultures began in the summer of 1894 and are still in progress.

The examinations on the host plants have included hundreds of dying

and dead specimens collected in diflerent years and in various locali-

ties from July to October. From these observations the writer believes

he is warranted in concluding that there are no pycnidia in the life

cycle of this fungus.

EFFECT OF MODIFICATIONS OF THE SUBSTRATUM.

The effect of modifications of the substratum on (1) the production

of a stroma, (2) the color of the mycelium, (3) the color of the perithe-

eia, and (4) the development of the peritheeia, is described ill the

following i^aragraphs:

(1) The production of a stroma.—The insignificant subiculum on the

host plants and the thick stroma on potato have already been con-

trasted. Tlie limits of the stroma on potato are beautifully differen-

tiated when thin cross sections are put into chlor-iodid of zinc. The

starch-bearing cells of the substratum become blue, while the stroma

becomes yellow, and the exact limits of fungus and substratum are

easily distinguished. On ordinary nutrient agar the cowpea fungus

produces only a feeble stroma. The addition of 1 per cent cane sugar

' Die Zersetzung der Kartoffel durcli Pilze.
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to such agar increased the tbiekuess of tbe stroma. The stroma was

better developed than in the same agar with only 0.2 per cent sugar.

In agar with 12 per cent cane sugar there was a great increase of this

tissue, which formed a sort of monstrous stromatic mountain the whole

length of the long slant. This ridge was 1 centimeter wide and fully

one-half centimeter high in its highest parts. Its very irregular, tough,

gray-white surface was covered with a thin layer of white aerial hyplne,

and 24 days from sowing was thickly set with colorless perithecia.

The latter were, however, also visible at this time on the scanty,

non-stromatic mycelium which had climbed up on the walls of the tube

above the agar. The formation of perithecia in a similar way was also

observed in other culture media. So far, therefore, as this fungus

affords any basis for judgment, the stroma is one of the most easily

variable parts of a fungus; consequently it appears hazardous to make

separation of closely related forms into distinct species solely on the

presence or absence of a stroma.

(2) The color of the mycelium,—The variability in color according to

the nature of the substratum has been a subject of much interest to the

writer. In the interior of the host plants the fungus is usually pure

white, except in cotton, where the older mycelium is frequently brown.

For a considerable time the writer supposed pure white was its only

color, but trial of a variety of culture media brought to light some very

unexpected and most astonishing facts.

The melon fungus is pure white on slightly alkaline nutrient agar.

The fungus remained snow white for over a month on alkaline corn

starch steamed in distilled water with asparagin added. In another

series it was pure white for 11 days, but had become faint rose color on

the fourteenth day and remained so up to the twenty-fifth day.

On boiled rice, with the addition of bicarbonate of soda, the fungus

remained pure white for 40 days.

On crushed cowpeas, steamed in distilled water, tht^^ fungus made a

copious growth from the start, but remained snow white as long as the

cultures were under observation (10, 17, and 22 days).

The fungus was pure white in slightly alkaline, peptonized beef broth,

and did not become colored on addition of cane sugar or of dextrin.

On acid, neutral, and alkaline nutrient gelatin the fungus madea pure

white growth.

In acid potato broth the fungus was white for 11 days, except for

certain hyphal strands which had climbed out of the fluid and were

attached to the walls of the tubes. The submerged growth and the

pelliclewere pure white. The following acids were tried with this broth

:

Malic, oxalic, succinic, tartaric, and citric, 1 c. c. of the -i^ normal solu-

tion being added in each case to 10 c. c. of the broth. The behavior of

the fungus was the same in each case, white on and in the fluid, with

brown hyphte on the walls above it.

On strongly alkaline litmus agar the fungus was white on the sixth
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day. During the first three days it had made a slow, poor growth, but it

now covered the surface with a matted growth from wliicli no hyjjhte

projected into the air. This medium consisted of JO c. c. agar, 20 drops

of saturated sohition of sodium carbonate, and 2 c. c. of Shai-p &
Dohme's violet litnuis solution. On the fouiteenth day there was no

reddening of the substratum and the surface was covered with a white

mycelium, but some of the hyphii- tlireads which projected out into the

air were bluish. At the end of 112 days the agar was nearly dry. It

was still blue and was covered by a bluish-white film of fungus. On
the glass above the agar many of the filaments of the fungus were now
bright blue. This stain most ])robabl3^ came from absorbed litmus

rather than from any pigment manufactured by the fungus.

In horse dung sterilized with distilled water the fungus made a'white

growth (some yellowish hyphie).

On banana the fungus was white on the start, but in old cultures it

was rose, salmon, or purple, and patches of it became bright orange
buff.

In 12 days the fungus made a copious growth in the acid juice of

Concord grapes, and its color varied from snow white or a very feeble

tint (above) to purplish and rose color (below). For some days the

fungus was barely able to maintain itself in this very acid medium, and
was white, but at the end of 7 days the compact islands of mycelium
were roseate. After 42 days the fluid was still strongly acid, and the

red color persisted on litmus paper for some years. After -1 months the

prevailing tints were white to reddish brown. The very numerous
mycelial strands on the walls of the tubes above the medium Avere a
fine red brown (between burnt sienna and tawny).

On Spanish onion cooked in distilled water the fungus made in 3

days a moderate growth, and its color varied from white to lilac (next

substratum); in 5 days the fungus was purplish; in 8 days there was
a distinct increase of purple and rose color, but there was no color in

the substratum under the water. After 21 days the lower part of the

onion iu both tubes (that part under water) retained its natural yellow

color, although a microscopic examination showed it to be grown full

of the hyphfe of the fungus. At this time the aerial mycelium was
white, rose, purplish, salmon, and brown (a few strands on the walls of

the tube). At no. time did any crimson color appear.

In 10 c. c. of Dunham's solution with 1 per cent malic acid the fungus
filled the fluid and became bright rose color in 20 days, but the acqui-

sition of the color was slow. The litmus reaction was still decidedly

acid on the twentieth, thirty-fifth, and forty-fifth days. This experi-

ment was repeated. In 13 days the mycelium was purplish. The
addition of 2 per cent cane sugar to this acid Dunham favored vege-

tative growth, but did not increase the production of color or hasten

it. On the fourteenth day in one tube and on the fifteenth in the

other the fungus was still pure white. This experiment was repeated.
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Sugar did not help ou the formatiou of color, but rather seemed to

retard it. The litmus reaction was decidedly acid ou the twentieth and

twenty-seventh days.

There was marked retardation of growth in Dunham's solution with

2 per cent cane sugar and 1 per cent sodium carbonate. After 20 days

the fungus still seemed white, but the fluid was now slightly yellowish.

There was less growth than in the acid Dunham. In Dunham's

solution containing 2 per cent cane sugar and 0.4 per cent sodium

carbonate there was a much better growth on the start than in the

same medium with 0.4 i^er cent of malic acid substituted for the soda.

At the end of 13 days the fungus filled the alkaline saccharine fluid

and was yellowish brown; the fluid was also browned. The brown

color in the mycelium was noticed as early as the eighth day.

The extreme upper part of the gelatin-tube cultures (the substratum)

was finally stained rose brown.

In test-tube cultures 1 to 10 of November 27, 1894, on bread steamed

in distilled water (5 consecutive days), the fungus grew luxuriantly.

On December 18 the bread was nearly or quite covered and hidden by
the fungus. In the top of the cultures where it projected into the air

the fungus was snow-white. Farther down this ])ure white color

shaded into yellows, purples, flesh tints, and reds, the predominating

color being an irregularly distributed bright crimson. All of the tubes

showed this crimson color, some more than others; several were very

striking. There was less purple and more crimson than in the same

fungus when grown on potato.

In days, on pearl tapioca steamed in distilled water, the fungus

was purple.

In 3 days, on crushed wheat steamed in distilled water, there was a

copious growth and a bright purple seam where the fungus rested on

the substratum. In 6 days from the inoculation the purple color had

extended and a brilliant crimson was visible in the hyphte bordering

on that part of the substratum first attacked. The fungus resting on

the wheat was purple, while the upper parts of the same mycelium were

pure white.

In 3 days, on hominy steamed in distilled water, the fungus made a-

copious growth and developed an abundance of color. This was pur-

ple in the greater portion, but crimson in the oldest part. On the sixth

day the purple color involved the upper half of the substratum in one

tube and nearly the whole of it in the other tube.

The rice cultures proved particularly interesting. On the third day,

in tubes of rice steamed in distilled water, there was a copious devel-

opment of mycelium, which was snow-white in the air and i)urplish

and crimson on the substratum. In 5 days the bulk of the culture was

purplish to carmine. Even the aeriel mycelium was tinged. A little

of the mycelium in the bottom of the tube and some on the walls of

the tube above the rice was still colorless. After 20 days this crimson
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rice was stirred up in distilled water which became pink even when 20

to 30 c. c. was used with the contents of but one test-tube culture. This

fluid was strongly acid to litmus. On tilteriug it through tissue paper

it was colorless. On boiling it gave oli' a pleasant aromatic odor and

litmus paper held in the steam was reddened. Most of the acidity

passed away on boiling. The color of the uufiltered fluid changed from

pink to purple on boiling in a sterile test tube. There was no change

of color with 1 per cent chromic acid.

Six rice cultures were now instituted in test tubes as follows, each,

with one exception, holding about the same quantity of tlie cooked

rice: (1) llice with 1' drops of saturated solution of sodium carbonate;

(2) rice with 3 drops of the soda solution; (3) rice with 5 drops of one-

half per cent solution of hydrochloric acid; (4) rice with 10 drops of

this acid water; (5) rice made blue with 2 c. c. of violet litmus solution;

(G) rice made blue by 2 c. c. of violet litmus solution and 2 drops of

saturated solution of sodium carbonate. These tubes were all inocu-

lated in the same way, from one of the crimson rice tubes just described,

and were under the same cultnral conditions. They will be described

by number. In 2 days most of the mycelium in 1 was snow-white, but

there was a slight purpling around two rice grains; in 2, which diflered

from the others in having only about two-thirds as much rice and was,

therefore, nearly twice as alkaline as 1, the fungus was growing rather

slower and was i»ure white throughout; in 3 there was a decided pur-

pling of most of the fungus and of the rice grains which were touched

by it; 4 was like 3; in 5, that part of the fungus projecting into the air

was pure white, but the blue rice grains in the vicinity of the growing

fungus had become bright purple; in G there was also some purpling

of the rice grains attacked, but it was more restricted, and, as in 5, the

bulk of the rice was bright blue. On the 6th day the condition was as

follows: 1, fungus has made a good growth and some of it is pale

purple to light rose, but there is not one-tenth as much color as in the

tubes which received the acid; 2, the fungus has grown much within

the last few days, but there has been no corresponding increase of the

color, which is now a faint, scarcely noticeable rose or purple, i. e., there

is not one-hundredth j)art as much color as in the acid tubes; 3 and

4, very brilliant and beautifal, the prevailing color, crimson, shading

into rose and purple, but where the fungus x)rojects above the culture

into the air it is pure white, or shows only the faintest tinge of pale

rose; 5, the upper one-half of the tube is tilled with a copious growth

of the fungus, and most of the blue color has disappeared, being-

changed below into violet and above into rose color, and brilliant

purples and crimsons, but that part of the fungus which grows into the

air above the culture is white to faint rose; G, like 5, except that tne

lower one-half of the rice is still a pure blue. On the 9th day tubes 1

and 2 oifered a striking contrast to 3 and 4. In tube 1 the fungus was

becoming quite roseate over large areas, but none was crimson or

4133—Ko. 17 2
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purple; in tube 2 (which received twice as much alkali) the fungus had
grown through all parts of the rice, and varied from snow white to a

faint roseate color, which was scarcely noticeable. In 3 and 4 the

starch grains were covered and hidden by the fungus, which was
snowy only where it projected into the air above the culture. There

were no purple hues, but the body of the culture varied from rose

to crimson, the latter color jiredominatiug. There was now most crim-

son in the tube which received the most acid, but possibly this was
accidental. In 5, all of the blue had disappeared, but the rice grains

at the extreme bottom of the tube still showed a very little red j)urple.

All the rest of the substratum was so closely invested by the fungus

that the rice grains were hidden. The color of the fungus varied from

rose color to the most vivid crimson, the latter color predominating,

the only white part of the fungus being that which projected into the

air at the top of the culture. In 6, which was more alkaline, a half

cubic centimeter of rice in the bottom was still violet color, none was
blue, and in other respects the culture was like 5. After 40 days

1 and 2 still showed the restraining eflect of the soda. In 1, a little

of the mycelium was now crimson, but most of it was only pale rose

color; in 2, there was much less color than in 1, most of the color

being pale rose, but with a little violet and a trace of crimson; the

rice had shrunken from one side of this tube and the cavity was filled

with white mycelium. In 3 and 4, crimson was still the i)revailing

color; both were shrunken away from the wall on one side, and in one

tube white mycelium was beginning to fill the cavity. In 6, the lower

one-third of the rice was now brilliant crimson, and the upper two-thirds,

which had lost much water, was changed to dark purple and partly

overgrown with white mycelium. The dark purple color and the crim-

son could be seen distinctly in the hyphal strands as well as in the rice

grains themselves. In 6, at the end of 58 days, the entire mass was
shades of violet, no crimson color remained, and the secondary super-

ficial mycelium was white.

The above experiment was repeated as follows with five test tubes of

rice boiled in distilled water : (1 ) Rice, with 3 drops of saturated solution

of sodium carbonate; (2) rice, with 6 drops of the soda solution; (3) rice;

(4) rice, with 5 drops of one-half per cent hydrochloric acid; (5) rice, with

10 drops of one-half per cent hydrochloric acid. All were inoculated

at the same time in the same way and from the same culture. In 6

days there was a large amount of color in tubes 3, 4, and 5—rose, purple,

and crimson. The color was as well developed in the pure rice as in the

tubes which received the acid. Tubes 1 and 2 behaved much as in the

preceding series. In 1, at the end of 14 days, the entire rice was
invaded, and some of the mycelium was roseate to faint purplish, but

there was not one-hundredth part as much color as in the acid tubes. In

2, the whole substratum was invaded, and the mycelium was white to

faint roseate, there being about one-fourth as much color as in 1. On
the twenty-fifth day, in 1, the color was much deeper than on the four-
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teenth, but it was still mostly white or roseate, there being very little

crimson. lu 2, the fungus was white to rose color, with occasional

hyphal strands becoming crimson. The color had increased, but it was

only about one-half as much as in 1, In 3, the body of the culture was a

beautiful crimson mottled with purple. The color was lodged both in the

substratum and iu the hyphal strands. Where the rice had shrunken

away from the wall a net work of white mycelium was growing out of

the crimson mycelium and covering it. In the upper part of the tube,

where the fungus projected into the air, it was also white, or rather, so

nearly so that it appeared tinted only when taken out and massed

on white paper. The conditions in 4 and 5 were like those iu 3, except

that there was no i)urple color. In both tubes the rice was shrunken

away from the wall and white mycelium was lilling the cavities. This

contrasted curiously with the crimson hyphai and rice grains from

which it was growing.

A tube of litmus rice made much more strongly alkaline than the

two j)reviously mentioned was inoculated October 28, 1895. ( )n Novem-

ber 14 the upper one-third of the rice (that best aerated) was thoroughly

invaded by the fungus, the deeper parts being free, or nearly so. The

fungus was snowy white. The rice grains invested by the fungus

were changed from bright blue to a pale blue, but there was no purple

or red color. This culture consisted of 15 c. c. cooked rice, 2 c. c. of violet

litmus solution, and three-fourths cubic centimeter of a saturated solu-

tion of sodium carbonate. On December 5 the rice had lost all of its

bright blue color, but there was no violet or crimson. The entire cylin-

der of rice was more or less overgrown and interwoven with the fungus,

which was white; the rice grains in the upper part of the tube were

greenish gray, and in the lower part a pale purplish rose.

In cutting through old dense conglomerated rice cylinders overgrown

with the crimson fungus, the periphery was generally crimson, while

the center of the cylinder was mottled, the exterior of the rice grains

being red and their interior white. This seems to be another indica-

tion that the pigment requires an abundance of free oxygen for its

development.

Three large Erlenmeyer tiasks of rice were prepared as follows: (1)

One-half pound of rice sterilized in several hundred cubic centimeters

of distilled water; (2) one-half pound of rice boiled in several hundred

cubic centimeters of distilled water, then knocked out of the flask and

intimately mixed with one-fourth pound of c. p. calcium carbonate, and

subsequently resterilized with more water; (3) one-half pound of rice

boiled in several hundred cubic centimeters of distilled water, then 100

cc. of a saturated solution of sodium carbonate added, and the sterili-

zation completed. These flasks were inoculated at the same time, in

the same way, and from the same culture. In 48 hours the condition

was as follows

:

In 1, the fungus had begun to make a vigorous growth from four dif-

ferent centers of infection; color, i)urplish for the most part, but some
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crimson. Two rice grains wliicli projected up above the general sur-

face, and which were invested by the fungus, were wholly deep purple

verging to crimson, while the hypha; projecting from them were color-

less (white).

In 2, nearly as much growth as in 1, but much less color, the hyphie

being white above and purplish where they rested on the colored sub-

stratum, but not crimson.

In 3, fungus pine white, but only a trace of growth; i. e., not one

two-hundredth as much as in 1 or 2.

At the end of 13 days the condition was as follows: In 1 the surface

was nearly covered with beautiful masses of crimson mycelium; the

upper half of the rice was also invaded by the fungus and was mottled

—

white, purple, and crimson ; 2, too much water in this Hask, and fungus

growth conspicuous only on the surface; no crimson stain, but some pur-

ple hypha^; nearly all of the fungus was snow white; in 3, fungus snow

white ; there were now five small tufts of fungus on the surface of the rice,

but the latter was too alkaline for a rapid growth. In 21 days the condi-

tion of l!^o. 3 had much improved, the fungus being visible on a hundred

or more of the surface grains of rice as a thin white hyphal layer. On
the thirty-seventh day the fungus had increased noticeably in growth,

and all of it was pure white, and the rice grains were also free from

color. That the alkali did not simply mask the color was shown by the

fact that when some of the fungus-infested rice grains from this flask

were put into dilute hydrochloric acid there was no change of color. In

flask 1 the fungus had not reached the bottom of the rice at the end ot

21 days, but there were traces of it nearly to the bottom. The upper

half of the culture (a large mass, it will be remembered) now varied from

rose color to crimson, both the rice and the fungus, and was very showy.

After about 40 days, during which the bright color increased in some

parts and faded to purple in others, the top part of flask 1 was extracted

with hot alcohol. The alcohol became brown-red and a bluish-violet

residue remained. This brown-red alcohol became opalescent on the

addition of water, but the precipitated color passed readily through a

filter paper. The alcoholic extract faded slowly on exposure to light.

On another occasion some of the bright-red fungus was extracted

with alcohol. In quantity the alcoholic extract was dragon's-blood

red, and the residuum was blue-purple. The red alcoholic extract was

rendered colorless by a few drops of strong caustic-potash liquor or

caustic-soda liquor, but was not destroyed by liquor-ammonia fort., even

when used in large quantities. The addition of a saturated solution

of sodium carbonate did not destroy the color. It would seem, there-

fore, that two colors may be present—a blue and a red—the latter solu-

ble in alcohol and easily destroyed by light and by caustic potassa and

soda, the former insoluble in alcohol, more resistant to light and

unaffected by alkalies.

The red fungus from a rice culture was tested with various reagents
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and the results are liere given for comparison with those obtained with

the red color of the perithecia. which are given below: Strong am-

monia, exposure to the Aapor, even for an iustaiit, changes the red to

purple; fragment still purple after 42 hours in the liquor; fluid itself

slightly tinged. Ca untie-soda liquor, red changed instantly to very

dark purple, almost black; purple after 42 hours; fluid slightly tinged.

CauHiivpotash liquor (strong), red changed immediately to purple; after

42 hours still purple; lower one-third of the licpiid reddish—i. e., much

more decidedly tinged than any other alkaline fluid. Sodium carbonate

(saturated solution), red changed at once to purple; purple after 42

hours, and the fluid no longer ([uite colorless. Ammonium carbonate

(saturated solution), red changed at once to purple—it changes even

in the vapor; purple after 42 hours; fluid as in the preceding— i. e., a

very slight departure from colorless. Chloral hydrat (saturated solu-

tion), no immediate change unless to become brighter red ; soon soluble;

after 42 hours fluid still roseate; fungus dull red. Sulphuric acid (1

l)er cent), no change in -12 hours; fluid colorless, fungus red. The same

result was obtained with 10 per cent sulphuric acid. Nitric acid (1 per

cent), no immediate change, and none after 42 hours; fungus still red

and fluid colorless. Hydrochloric acid (1 per cent), no change in 42

hours; fungus red, fluid colorless. Acetic acid (1 per cent), no change

in 42 hours; fungus still red and fluid colorless. ^Vood alcohol, dis-

tinctly soluble; alcohol around the red fragments of fungus colored

within a few minutes; after 42 hours fungus purple, fluid pale wine-red.

Ethyl alcohol (common, 95 per cent), color soluble; the alcohol around

the fungus became colored in a few minutes; after 42 hours fungus

purple, fluid a pale wine-red. Sulphuric ether, no immediate action, but

after an hour or two the ether was tinged; after 42 hours fungus pur-

plish, fluid pale brownish-red. Chloroform (purified), no immediate

change, and none after H hours; after 42 hours fungus purplish, fluid

pinkish-red. Benzine (purified), no change in 4.3 hours; fungus still

red and fluid colorless. Benzole, no change in lA hours; after 43 hours

fungus red to purple-red, and the fluid with a slight pinkish tinge.

Carbon bisulphide, no change in 43 hours; fungus still red and fluid

colorless.

One test was made to determine whether the fungus would produce

its colors on uncooked rice in water. In 2 days a distinct purple color

appeared on the rice grains infested by the fungus.

All of the above experiments relative to color production were made

with pure cultures of the melon fungus.

Allusion has already been made in several places to the growth of

white mycelium from colored, and vice versa. It happens very fre-

quently that on mycelium of the same size and apparently of the same

age one branch will be colorless (white) and another deeply stained

(purple, red, blue, brown, yellow). The staiued hyphte were usually

quite granular, but unstained hyphae were also sometimes observed
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with granular contents. Went observed the same thing in Monascus

(Ann. des Sci. nat. Bot. 1895, No. 1), and the writer has also seen it in

that fungus.

The cowpea fungus also stains various starchy substrata, but the

writer was never able to get as bright colors as with the melon fungus.

The red color of the perithecia is insoluble or nearly so in ether,

chloroform, benzine, benzole, or carbon bisulphide. The color is very

slowly soluble in ethyl and methyl alcohol, but decidedly more so in

the wood alcohol than in the 95 per cent ethyl. That is, after 48 hours

there was no change in the ethyl alcohol, and even after several weeks

most of the perithecia were still bright red, although a few had faded;

after 48 hours in the methyl alcohol the red perithecia (from a potato

culture) were a little paler, and after several weeks a few only were

pale red, most of them being pure white. In a saturated solution of

chloral hydrat the color changed at once slightly, was dull orange-red

in 15 or 20 minutes, yellowish-red ia 2 hours, and dull yellow in 48

hours. In chlor-iodid of zinc the color soon changed to dark purplish

red and then to brown. The mycelium and interior of the perithecia

did not blue, but changed from white to yellow. In mineral acids

(nitric, sulphuric, hydrochloric, chromic), strong or weak (weakest

solution 1 per cent), the perithecia changed instantly from red to yel-

low and remained yellow. The same change took place in acetic acid,

but required several minutes when a 1 per cent solution was used. In

a saturated solution of ammonium carbonate the perithecia were purple

at the end of 48 hours, but there was no visible change during the first

2 hours. In strong ammonia water they changed immediately to pansy-

purple, and did not at once lose color, but were paler at the end of 48

hours.

A purplish stain has frequently been observed in the parenchyma of

old dead stems of cotton, melon, and cowpea attacked and killed by

this fungus, and this stain when subjected to certain solvents behaves

in the same way as the red pigment of the perithecia.

The formation of purple or other bright colors in the substratum, and

occasionally in the mycelium itself, appears to be common to many
Fusaria. Schacht observed it many years ago (Prings. Jahrb., Bd.

Ill, pp. 446-447). In potatoes attacked by wet rot he found the cavities

lined by Oidium violaceum Harting. This lining was dark violet to blue

black. This color he states to be due to the contents of the mycelium

and to the effect of the latter on the substratum. On addition of sul-

phuric acid the mycelium and spores became rose red. This change,

he thonght, denoted conversion of starch into sugar, for it took place

eveu inside of starch grains, and the color is similar to that which may
be obtained with sugar, albuminoids (Eiweissstoff), and sulphuric acid.

In dry starch attacked by the fungus and kept since 1855 he could,

however, get no reduction of the copper on warming in Fehling's solu-

tion. Oidium violaceum appears to correspond to the chlamydospore
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stage of ITeocosmospoia. Scbaelit states that it is only one stage of

Fusisjwrium solani, lie having found both spore forms attached to the

same mj^celiiim.

K. Klein (Beitrag z. Kent. d. lothen Malzschimels, Mitt. d. osterr.

Vers. Stat. f. Braiierei n. Miilzerei, VVien, V, 1892) has also found a Fusa-

rium causing bright color reactions on starchy media, but 1 have not

seen his paper.

My conclusions relative to the formation of color by the melon fungus

are as follows:

(a) On neutral or acid media in the i^resence of free oxygen and of

starchy foods—e. g., potato, bread, rice, tapioca, wheat, hominy, cucum-

ber agar, etc.—this fungus develops in the substratuni a series of the

most brilliant colors (I'l. 1, 13), which are then absorbed by the hyph*.

These hues include many shades of pink, red, purple, and violet, and

in some of the substrata—e. g., bread or boiled rice—are particularly

brilliant, changing gradually from shades of purple and rose color into

the deepest crimson (rose carthamine). This color is much brighter

and purer than any 1 have been able to obtain with Went's Monascus

purpurcus. During the development of this pigment the substratum

becomes intensely acid (mostly OO2, but some lactic acid according

to Mr. K. P. McElroy). If, however, alkaline substances (caustic lime,

carbonate of soda, etc.) be added to the substratum in advance, so

as to neutralize the acid or acids as fast as formed, no color is devel-

oped, the fungus remaining snow white, as in the vessels of the melon

plant. If less alkali be added, the colors appear gradually after a

time, which is longer or shorter according to the amount added.

{b) The yellow and brown colors are formed in the presence of an

alkali, but apparently not unless sugar is also present. According to

the writer's view, the brown stain of the lignified walls of the vessels is

due beyond question to the presence of this fungus. Since the lignified

walls are much more apt to be stained than the pure cellulose walls, it

woidd seem as though the presence in the lignified wall of coniferin or

of some related substance may have something to do with the produc-

tion of the brown stain. The vascular bundles in melon, cotton, and

cowpea contain a distinctly alkaline fluid and the fungus is able to

dissolve its way through cellulose walls. If it should also be able to

split up coniferin, or some similar glucoside, held in the walls of the

vessels, with the liberation of a sugar, then a brown stain might per-

haps be formed just as readily inside of the plant as in the alkaline

peptone water to which cane sugar was added.
"^

(3) The color of the peritliecia.—Eo white-walled or colorless perithe-

cia have ever been observed on any of the host plants. All have been

bright red. They have also been red on a variety of artificial media,

particularly those on which they have grown best—e. g., steamed potato,

crushed wheat, malic acid agar. Red must therefore be assumed to be

their natural color.
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The color of the peridium is, however, much more easily modified

than that of the ascospores. The latter have always remained brown,

no matter on what medium grown ; the former have not always devel-

oped a red color. In a few instances the writer has succeeded in grow-

ing jierithecia of the cowpea fungus to maturity, and the shedding of

ascospores, without the development of any red color in the peridial

wall. In a number of other cases the red color has been very slow to

appear. It is thus established beyond doubt that the color of, the

peridium of a species may be entirely a matter of the particular sub-

stratum on which it hai^pens to be growing. The principal diflerences

observed in my cultures are given below

:

(1) On steamed potato the fungus fruits copiously, the color of the

peridium comes quickly (sixth to ninth day), and is first roseate, then

bright coral red. The ascospores are mature in two to three weeks.

By the sixth day the substratum has changed from white to dark lead

gray. In one instance only (out of a great many) on the upper (dry)

end of a potato culture 10 days old many perithecia were still nearly

colorless.

(2) On pearl tapioca steamed with distilled water the fungus grows

slowly^ and fruits sparingly; the color of the peridium comes slowly,

being first x)ale red and finally black. At the end of 2^- months most

of them were destitute of necks, but a few of the black perithecia in

one tube had distinct necks. Some of the blackest were removed and

examined microscopically. They contained no ascospores or asci. The

peridium was brown, but normal in structure. The interior of the

perithecia was very full of oil. Some substance necessary to the for-

mation of ascospores appeared to be wanting in this substratum.

(3) On yellow banana steamed with distilled water the fungus grew

slowly and fruited only after several weeks, but then copiously. At
the end of 5 days there was not one- fiftieth as much vegetative growth

as in corresponding tubes of potato. The perithecia were pale j^ellow-

ish red. None were bright red, and some were nearly colorless.

These remarks apply to two cultures made i^ovember 13, from the same

culture, and examined December IG. In other cultures the perithecia

were ochraceous buff at the end of 20 days. On Jannary 23 the two tubes

of November 13 were reexamined and found to be quite unlike. In one

the perithecia were now coral-red, had decided necks, and were discharg-

ing ascospores—4. e., j)rotruding them through the ostiolum in brown

masses. In the other tube, the shape and the color of the perithecia

were both aberrant. This culture was covered all over with perithecia,

-

but these were globose and destitute of necks; a few were pale coral-

red, but most were yellowish brown to dark brown. In the darker

ones the structure of the i^eridium could not be made oat without crush-

ing the perithecium. There were no ascospores in this culture^ not

' The amount of growth at the end of 8 days was not one one-thousandth as much
as on potato.
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even in the dark-brown peritbecia. One of tLe darkest peritbecia was

crushed in water. It contained no asci, but every cell was filled with

oily looking- globules which blackened with osmic acid. Here we have

the substratum causing change in color, change in form, retardation of

the production of asci, and the storage of large quantities of reserve

material. Most of the old banana cultures resembled this one rather

than the preceding. The dark brown or black color was lodged in the

walls of the peridium. The oily granules gave a milky appearance to

the crushed contents. In some of these tubes certain microconidia

were also observed to have changed into round spores. In all, 17

banana cultures were under observation, and for a long time. The one

first mentioned seems to have possessed a trace of some substance

wanting in the others, and which finally enabled the fungus to fruit

normally.

(4) On Spanish onion steamed in much distilled water the fungus

fruited slowly, but finally quite freely, the peritbecia being pale red to

bright coral-red.

(5) On commercial (alkaline) cornstarch steamed in distilled water

the fungus grew sparingly and fruited sparingly. At first the peritbe-

cia were pale red to coral-red, but after a month they were dark— i. e.,

almost as black as on the tapioca. Even after 2-^ months there were

very few peritbecia. Some were i)ale red, but most of them were dark

brown, especially the older ones. There were no asci in these dark-

brown peritbecia, but great quantities of oil globules. The mycelium

was also modified. The latter was extremely variable in thickness (1

to 13 /<), irregular, much inclined to form swollen places and globose

ends, or moniliform chains or clumps of big rounded cells. It was also

densely packed with refringent globules. In two of the black peritbecia

which were crushed in water the peridial wall was brown under the

microscoi)e, but normal in structure.

(C) On crushed wheat steamed in distilled water the fungus fruited

quickly and copiously, but the peritbecia were duller red than on potato.

In 8 days the surface was densely packed with dull-red peritbecia. At
the end of a month some of them which were discharging ascospores

were nearly colorless, while others, also discharging ascospores, had a

tinge of purple (not red). Other large clumps, which appeared to be

full grown, were entirely without color—i. e., a dirty white. Most, bow-

evef, were colored on this substratum. At the end of 2^^ months there

was a copious protrusion of ascospores. Nearly all of these were glo-

bose, brown, with a thick wrinkled epispore, and were 11 to 13 // in

diameter. The interior of these spores was guttulate. A very few of

the ripe spores were: (a) smooth, (b) broadly elliptical, (c) ovate. Sev-

eral hundred were examined in vain for a septum. At this time the

walls of many of the peritbecia, protruding spores, were nearly color-

less—very pale red or yellowish white.

(7) On hominy steamed in distilled water the fungus fruited slowly
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aud ill moderate abundance. In 16 days the entire substratum was
dark purplisli red ; the perithecia, yellowish red. At the end of a month
the perithecia were of good size, but many of the ri])e ones (discharg-

ing brown ascospores) were colorless or pale yellow and the rest were

yellowish red. i^one were coral-red or bright red of any shade, and
the majority were pale yellowish white—i. e., different enough to be

considered another species, as species are often made. After 2^

months one of these cultures was still very interesting. The cylinder

of hominy, which was now about 3 centimeters high, had shrunk away
from the walls of the tube aud its surface bore about a thousand

normal-shaped perithecia. A majority of these had jirotruded asco-

spores which adhered in irregular brown masses to the top of the

neck around and over the ostiolum. The striking fact was that not one

of these ripening and rijje perithecia was red; all a-ere pale or dirty yel-

lou'ish ichite, including those crowned by the ascospores. Another

culture of the same date and kind was exactly like this one, except that

it contained about twice as many perithecia, not one of which was red;

all were dirty or pale yellowish white. Many were shedding asco-

spores, but not so large a number as in the preceding tube. Nothing

could be plainer than that the fungus was unable to extract a red color

from this substratum; still it was able to ripen its ascospores normally.

(8) The color of the peridium was very slow to appear in perithecia

on alkaline agars, and on the same with the addition of cane sugar.

After 75 to 85 days, only a few were bright red, while many were color-

less or only faint roseate or yellowish.

(9) On rice steamed with distilled water (5 drops of very dilute hydro-

chloric acid added to each test tube) the substratum was dark purplish

red at the end of 16 days, except for a few white grains which pro-

jected above the rest. The perithecia were numerous and full size, but

ranged from colorless to yellowish red. None were vermilion or coral-

red. On the surface of a thick rice gruel no perithecia had formed at

the end of 24 days. The body of the gruel, which was in a small Erlen-

meyer flask, had become dirty white; its surface was mottled brown

and pale rose color. At the end of 38 days the body of the rice was

light ecru drab, with possibly a trifle of rose color in it. The surface

was thickly sj^otted with brown flecks, the largest of which bore numer-

ous reddish-brown perithecia. In a few places white hyj)hai were

pushing out into the air in small numbers. At the end of 65 days the

fungus in this flask had formed a nearly continuous dark-brown sur-

face mat, which bore numerous j)erithecia, some of which had shed

ascospores. The color of the peridium varied from pale yellowish

brown to reddish brown, and even to dark brown. The body of the

rice was rather feebly stained—vinaceous cinnamon mixed with a little

vinaceous pink.

(4) The development of the jyerithecia.—By the use of strongly alkaline

media the writer found it possible to entirely prevent the formation of
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peritliecia in the cowpea fungus, although the vegetative growth and

the rorniatiou of the micioconidia continued. This is the more remark-

able because on all ordinary media the fungus showed tlie strongest

tendency to form perithecia, even when it was unable to ripen its

ascospores. The results obtained are as follows:

(1) In 92 days, on strongly alkaline beef-broth peptone agar, copi-

ously inoculated with fresh ascospores, there was no trace of perithecia.

This media consisted of two test tubes of standard nutrient agar (stock

82a). One of them, which contained 10 c. c. of agar, received 10 drops

of a saturated solution of sodium carbonate (temperature 25° C), and

the other, which contained 8 c. c. of agar, received 4 drops of the same

soda solution. Each was resteamed on 3 consecutive days. Boiling

with this alkali caused a heavy precipitate in each tube and a dark

color in the agar Avhich received the most soda. Growth appeared

first in the tube which received the least alkali. Neither showed any

for the first 3 days. On the sixth day the slant surface of each was

spotted all over by tlie fungus. Growth, however, in each was sparing,

considering the number of ascospores used and the time which had

elapsed. In the tube which received the least alkali the growth was

whiter, and there was more fungus in the air than in the other tube,

where the growth was mostly in the substratum. At the end of 10 days,

in the tube which received the most alkali, the surface was gray-white,

with scattered white flecks. The growth of the fungus was still mostly

in the substratum and was not copious enough to hide the surface of

the agar. The tube which received one-half as much alkali presented

the same general appearance. At the end of 2G days both tubes were

almost exactly alike ; the entire surface of each was covered with a gray-

ish stroma sparingly flecked with white. In other words, the growth of

the fungus, Avhile not so prompt as on neutral or feebly alkaline agar,

was not prevented by the strong alkali. At the end of 51 days in both

tubes the mycelium showed a marked tendency to break up into iso-

diametric, or nearly iso-diametric cells, constricted at the septa and

rounded in the middle. In both tubes microconidia were now abun-

dant, and it was thought that possibly perithecia might develop later

on, as there appeared to be tiny hyph^e-complexes in some of the

mycelium, which had crept up out of the alkali bed and was now grow-

ing on the walls of the tube.

These cultures were started November 30, and up to January 24 they

were exactly alike; that is, the surface was covered all over by the

fungous stroma, which was grayish white and bore numerous micro-

conidia, but no perithecia. On this date 2 c. c. of a sterile 2-per-cent

solution of malic acid was pipetted into the tube which had received

the least alkali. In 10 days 1,500 unripe hut well-developed and bright

coral-red perithecia made their appearance. The whole surface of the

corresponding tube (alkaline agar) was covered with a grayish-white

sheet of fungus, mostly in the agar (stroma), and it still bore an abun-
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dauce of microconidia, hut tliere n-as not a shu/le perithecium. Up to

the ninety-second day, when the exj)erimeut was lost, not a single

perithecium had formed on this alkaline agar. No contrast could be

more striking, except possiblj' the following

:

(2) On the best medium known to the writer for the abundant and
rapid production of perithecia, viz, potato steamed in distilled water,

the development of perithecia was altogether prevented by the addi-

tion of carbonate of soda. A copious stroma was formed, and there

was an abundant development of microconidia, hut in 76 days there

teas no appearance of perithecia. These cultures were on potato cylin-

ders steamed in test tubes with 2 c, c. of water and 1 c. c. of a satu-

rated solution of sodium carbonate. A second set of tubes was
prepared in the same way, but received less alkali (about one-half as

much). For comi^arison, cylinders cut from the same tuber were

steamed in a strong malic-acid water. The acidified cylinders were
white; those steamed with the alkali were uniformly brown. The
three sets were inoculated at the same time (December 16) copiously

with ascospores from the same culture. On the fourth day there was a

much better growth in the acid tubes; growth in the alkaline tubes

was sparing and only to be detected with a hand lens.

On the tenth day the fungus in the alkaline tubes had made a pure

white but very restricted growth, varying iu area from one-half to IJ

qcm. In the tubes which had received the least alkali there was a

stroma and an abundance of microconidia, but in none of the four was
there any trace of perithecia. On the malic-acid substrata the fungus

had now entirely covered and hidden from sight the whole of the large

potato cylinder with a wrinkled stroma. This bore in each of the four

tubes several thousand perithecia, which were already rose color or

bright coral red. The acid appeared to have favored rather than hin-

dered their formation. On the seventeenth day the entire surface in

each of the acul tubes was so thickly studded with bright coral-red

perithecia that there seemed to be no room for any more. These

tubes were now no longer acid, although strongly so when inoculated.

Each of the four cylinders was tested. There was no trace of acid

reaction in two, and in the other two it was extremely faint and limited

to the bottom part of the cylinders, which was the last part to be

invaded by the fungus. It would therefore appear that the fungus

consumed it as food. On this date, on each of the alkaline cylinders,

the fungus had formed a stroma, which was gray-white, wrinkled, and
mealy from the jiresence of great numbers of microconidia. In the

tubes which received the most alkali the stroma covered about one-

fourth of the surface and there were no perithecia. In those which

received less alkali it covered about four-fifths of the cjdinder in one

tube, and only about one-twentieth in the other. In both of the latter

perithecia were forming in small numbers, and were first visible on the

fifteenth day. The tube containing the smaller stroma was now opened
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aud the cylinder removed. It suielledlike a soap barrel. The interior

of the cylinder and of the stroma were alkaline, and also the beads of

water excreted from it. There were very few i)erithecia. On the

twenty-fifth day the remaining- tube, which received the least alkali, was

fruited rather sparingly, and thepcrithecia were red, but not ripe. In

places the stroma was brown and destitute of perithecia; in other places

it was grayish-white and destitute. In the tubes which received the

most alkali the potato was now covered with a coi)ious, puffed-up,

tough, wrinkled, extensive stroma, which had become brown (color of

of ascospores) since the last record. Some of this stronui was dug out

and examined. The brown color was lodged in the walls of a closely

felted mycelium. From this brown mycelium projected many short,

colorless hyi)hu', and these bore numerous non-septate, colorless, ellip-

tical microconidia. Here and there were small masses of pseudo-

parenchyma, probably the beginnings of perithecia, but nothing large

enough to be distinguished by shape, even under the compound micro-

scope, as perithecia by anj'one not conversant with the method of origin

of these bodies. In other words, the alkali did not hinder a copious

development of stroma and an abundant formation of microconidia, but

did hinder the growth of the perithecia. At the end of 47 days, dur-

ing which there had been no development of ])erithecia in either of

the tubes which received the larger (piantity of alkali, one of them

was opened and 4 c. c. of sterile 2 per cent malic acid water pipetted

into it. At this time the potato was covered all over and hidden by

a copious wrinkled stroma, which was brown on one side and about

normal in color on the other. The next day (February 1) the acid was

entirely neutralized, and the fluid around the cylinder still gave a dis-

tinctly alkaline reaction, although less than before. The mouth of the

tube was now flamed and the fluid poured out. On February 5, as

soon as it could be prepared, 5 c. c, of sterile 1 per cent malic acid water

was added to this tube, i. e., enough to cover the cylinder. On testing

with litmus after adding, the fluid gave a strong acid reaction. On
February G there was no reaction to blue litmus, but a slight alkaline

one with neutral litmus. An additional 5 c. c. of the 1 per cent malic

acid water was therefore added, aud in a few minutes bubbles of gas

again began to arise. On February 7 the fluid was again tested, found

plainly acid, and poured oft". The cylinder was not, however, fully

neutralized, for on February 10 the small amount of fluid in the bottom

of the tube was again plainly alkaline. The cylinder was therefore

covered once more with G c. c. of sterile 2 per cent malic acid water. This

was poured off' after 24 hours aud the tube set away. Up to February

15 there were no perithecia visible in this tube, although it had been

62 days since the tube was inoculated and 5 days since the last of the

alkali was removed. Ten days later, however, the stroma (both the

brown and the yellow jiarts) was slightly frosted over with white

hyphae, recently formed, and bore several hundred pale coral-red peri-



30

thecia, while many others were developing and were still white. The

compauiou tube was free from perithecia and remained so until the end

of the experiment (76 days). At this time the fungus in the tube which

had received only one-half as much alkali had developed perithecia all

over the potato, but they were still immature and either colorless, yel-

lowish, or pale brown.

(3) In 40 days on rice with bicarbonate of soda there was no pro-

duction of perithecia, although the tube had been copiously inoculated

with ascospores. The tube contained 10 c. c. of rather dry boiled

rice, to which was added 2 c. c. of a cold saturated solution of the

sodium bicarbonate in water. In 5 days there was only a very feeble

white growth. At the end of 40 days the fungus had grown sparingly

over most of the rice grains in the upper half of the tube, and micro-

conidia were present, but the rice had not changed color and no peri-

thecia could be found.

OTHER BIOLOGICAL PECULIARITIES.

In addition to what has already been said, there are a few other

peculiarities which may here be mentioned.

The fungus in all its varieties is a strict aerobe. Up to this time the

writer has never been able to find any substance in the presence of

which it will grow in the closed end of fermentation tubes. It seems

entirely unable to obtain its respiratory oxygen from food substances.

The melon fungus is able to obtain its nitrogen from asparagin. In

carbohydrate foods nearly destitute of nitrogen, and in which the fun-

gus could make but a very feeble growth, it at once made an excellent

growth on adding a small fragment of asparagin.

Old rice cultures of the melon fungus gave off" a peculiar, rather

pleasant, aromatic odor when boiled in water.

On boiled seeds of the cowpea the melon fungus grew vigorously and

developed a peculiar musky, pungent odor, which was observed as soon

as the tubes were unplugged and was quite unlike that just mentioned.

The melon fungus grew vigorously on potato and nutrient agar which

was sterilized with a large quantity of sulphur dust.

The melon fungus grew on nutrient agar in the presence of large

quantities of caustic lime and of carbonate of lime.

The melon fungus also grew (at first very slowly and in small

patches) in a tiask of boiled rice in the presence of very large quanti-

ties of sodium carbonate (one-half pound of rice cooked with about 300

c. c. of distilled water and 100 c. c. of a saturated solution of sodium

carbonate, saturation temperature 25© C). The quantity of alkali was

sufficient to make the rice quite yellow.

In a test-tube culture, the cowpea fungus grew on a cylinder of potato

which had been boiled with 2 c. c. distilled water and 1 c. c. saturated

solution of sodium carbonate (25° 0.). After steaming, one-half of the

fluid was poured off, so as to expose part of the potato to the air, and

the surface was inoculated with ascospores.
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Both the melon and the cowpea fungus grew in nutrient gelatin

(_|_40, +20, 0, and — 20 of Fuller's scale), but without liquefaction.

The melon fungus grew rapidly on glycerin agar.

In Dunham's solution with 2 pir cent cane sugar and 0.2 per cent

sodium carbonate the melon liingti.s made more growth than the cow-

l)ea fungus (ascospore strain). After 13 days the former filled the

tubes (10 c. c. portions), while the latter had made only a trifling growth

on the bottom of the tubes. In each the fungus was browned.

Both the melon and cowpea fungus made a very insignificant growth

on dried ligs steamed in distilled water, the very sweet substratum

ajipearing to be unsuitable for growth.

In acid media, such as the Juice of ripe Concord grapes, the growth

of the melon fungus was much retarded, but it finally overcame the

inhibiting substances.

The melon fungus grew well in sterilized horse dung and feebly on

rotten wood (soft maple destroyed by wood fungi).

Bordeaux mixture sprayed upon young melon vines in no way
checked the spread of the disease.

Carbonate of copper mixed with carbonate of lime and put into the

hills at planting time, or soon after, did not protect either cotton or

melon plants.

HOST PLANTS.

Neocosmosjjora occurs on cotton {Gossypiuni herhaceum and G. Barba-

dense), watermelon {Citrullus vulyariH), and on cowpea (Fi</nastne«sis).

It probably occurs also on okra {Hibiscus esculentus), although the

identification is not complete, depending solely on the character of the

symptoms, on the presence of similar macro and microcouidia, and on

the occurrence of the disease in the same localities, no cultures or

cross inoculations of the okra fungus having been made and no peri-

thecial fruits having been discovered.

HABITAT, TIME OF OCCURRENCE.

This fungus lives from year to year in the soil. It is peculiarly a soil

organism, always attacking the plant from the earth. The internal

conidia (PI. II, 8, 11; PI. V, 4, 6) occur in the vessels of the living

plant throughout the growing season, causing the disease known as

"blight" or " wilt''; the external conidia (PI. I, 9; PI. II, 7; PI. V, 3),

whenever plants have been killed by the internal funguS'; the perithe-

cia, from August to November.

GEOGRAPHICAL DISTRIBUTION.

All stages of the fungus have been found by the writer at Monetta,

S. C, on watermelons and cowpeas (1894 and 1895), at Charleston, S. C,
on cotton and cowpeas (1895), and near Kingstree, S. C, on cotton (1S95).

The conidial stages have been found by the writer at Charleston, S. C,

in okra and watermelon (1895), and at Chuckatuck, near Norfolk, Va., in
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watermelon (1898). Diseased waterinelon plants containing tlie internal

fungus were also received from Lykesland and Gurley, S. C. (189G), Pel-

ham, Ga. (1895), and from Pepper Grove near Galveston, Tex. (189o).

The cotton disease was also received from western Georgia in 1894.

In addition, Professor Atkinson, in 1892, re^wrted cotton disease asso-

ciated with his Fusarium vasinfectum from seven localities in Alabama,

and from Pine Bluff, Ark. The melon wilt was also reported to the

writer in 1895 from Ocean Springs, Miss., bj' Prof. F. S. Earle, who

stated that it had been in that vicinity for at least six years, and that

in one instance it destroyed nearly an entire crop of melons. These

melons were on land where melons formerly wilted to a slight extent

and which had been in pasture for two years.

Finally, Mr. Wm. A. Orton found the cotton and cowpea disease at

Dillon, S. C, in 1899. The cotton blight was pretty uniformly dis-

tributed over one 5-acre field. He also found it to a lesser degree in

many other fields, and it was reported to be generally prevalent in that

region.

This fungus, therefore, is widespread in the Southern States. It is

to be looked for all the way from Xew Jersey to Texas, although it has

not been definitely settled that it occurs north of southeastern Vir-

ginia or west of Arkansas. With exception of the one place in Arkan-

sas it occurs, so far as known, only in the Atlantic Coast and Gulf

States. It is specially to be searched for in jSTew Jersey, Delaware,

Maryland, and West Virginia, and in northeastern Xorth Carolina,

where a destructive watermelon disease of unknown origin was very

prevalent about ten years ago. No account of this disease has come

from any i)art of the Old World.

PARASITISM, INFECTION EXPERIMENT^, ETC.

This fungus is an active parasite and destroys a great many plants

by first plugging the water ducts and afterwards invading the paren-

chymatic tissues. In case of the watermelon, the disease due to this

fungus is so prevalent in places as to destroy large fields, and to

threaten the extinction of melon growing for market purposes, notably

at Monetta, S. C, Pelham, Ga., Chuckatuck, Va., and Galveston, Tex.

The cotton fungus is also spreading from year to year, and has already

spoiled many acres of valuable land on the fertile coast islands of

South Carolina. Last year one large grower of sea-island cotton wrote

that he had been compelled to stake out and abandon 15 per cent of

his best cotton land, all of which is tile drained and under a high state

of cultivation.

The fungus winters over in the soil and enters the plant through its

underground parts. It first fills the vessels (PI. I, 10, PI. IV, and PI.

V, 6), causing, especially in melon vines, a sudden wilt of the foliage.

Subsequently, as the plant dies, it invades all of the softer tissues and

fruits on the surface (PI. I, 11, 12, PI. II, 6). The internal fungus
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always precedes the external one, i. c., the external fungus lias been
found only on plants wliicli have beeu killed by the internal one, and
it almost always follows the latter, so re<iularly, indeed, as to be at

once suspected of forming a part of the life cycle of the parasite. Sev-

eral hundred plants each of taelon, cotton, and cowpea in early stages

of the disease, in different years and from different places, have beeu

examined microscopically, and in every case the fungus was found

plugging the vessels in quantity sufficient to account for the disease,

and it liad not yet invaded the parenchyma. In cowpeas, prior to

their death, it is usual to find the fungus occu])ying tlie vessels of the

xyleni and browning their walls the whole length of tlie plant and not

simply near the earth. In ohl, wilting melon vines (still alive and not

showing any surface fungus), the internal fungus has been found in

vessels of the stem 2 to 3 meters from the root, but, in the earliest

stages of infection (the earliest yet observed), the fungus is found only

in the vessels of the root and extreme base of the stem (hypocotyl).

Many cotton, okra, melon, and cowpea plants further advanced in dis-

ease have also been examined microscopically. In the interior of these

plants, both in the vessels and in parenchyma cells, there was an

abundance of mycelium bearing great numbers of the small, colorless

(white), elliptical microconidia, and at the same time, on the outside,

on the salmon-colored conidia beds, enormous numbers of the big,

lunulate, 3-to 5-septate macroconidia, the hyphre of the fungus being

readily traceable outward from the plugged or partially occupied ves-

sels of the plant to the conidia beds on the surface. In early stages of

the disease no external spores or hyph;e of this fungus are ever

present, and the internal fungus is restricted to the vessels and con-

nective tissue of the bundles, i. e., the non-lignified living i^arenchyma

between the bundles is not yet invaded (PI. I, 10 and PI. lY). The
arrangement of the external conidia beds in rows is due to the fact that

the fungus comes to the surface of the dying plant along the lines of

least resistance, that is, between the strands of thick-walled bast fibers.

If the external fungus were an independent parasite or saprophyte due

to aerial infections, the sporodochia would be scattered irregularly

over the surface and not arranged in parallel rows, alternating with

the strands of stereorae, and always preceded by the internal fungus.

The same conclusion respecting the genetic relationship of the exter-

nal and internal conidia has been reached as the result of plant-infection

experiments, the watermelon being used for this purpose. More than

one hundred and seventy-five typical cases of the melon wilt have been

obtained in hothouses in Washington by simply burying a little of the

melon fungus in the soil of the pots. On microscopic examination the

fruiting fungus was found in the vessels of nearly every one of these

plants (all examined) in such quantity as to readily explain the wilt.

The soil and water were not sterilized, but under the circumstances

4133—No. 17 3
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this was not necessary. The soil was from Washington where this dis-

ease does not occur, and melon ])lants grown in quantity in the same

hothouses, in the sauie soils, and watered with the same water, subject,

in a word, to the same conditions except as to inoculation, did not con-

tract the disease. These experiments were in i^rogress parts of two

seasons. In many pots of the inoculated soil every plant contracted

the disease within a few weeks (PI. IX, 1). With two exceptions', not

one case of the disease appeared in the uninoculated soils, although

several hundred check plants were grown in the latter.

During the course of these inoculation experiments, which were per-

formed in 1894 and 1895, it was found to be as easy to produce the

melon wilt with mycelium derived from the external couidia (PI. X)

as with that derived from the internal couidia (PL YIII). The usual

method of infection was by putting a little fragment of a pure culture

of the fungus into the soil at some distance from the plant and at no

great depth, so as to avoid breaking the roots. The wilt usually

appeared suddenly in three to six weeks, whichever spore form was

used for infection. The internal fungus in the vessels of the plant was

the only one to be found at the time of the wilt, but later when the

plant was dead the external couidia beds often appeared, and always

if the air was not too dry. These infection experiments were repeated

several times on a large scale with uniform results. Those with the

two sorts of conidia were conducted in different greenhouses, with

very great care, and, exclusive of the 4 cases already mentioned as

occurring late in the course of two of the experiments, the numerous

control plants in all cases remained healthy.

NUMBER OF SUCCESSFUL INFECTIONS.

Altogether more than 500 successful infections have been obtained

with watermelon plants by simply inoculating the soil with the melon

fungus, the above-mentioned 175 cases not including those obtained in

189G and 1897 and described in the following section. All varieties

of the watermelon appear to be susceptible. No attempts have been

made to induce the disease by inserting the fungus directly into wounds,

except a few futile ones made in the fields in South Carolina, when
the disease was first discovered.

1(1) One case whicli appeared late iu the course of the experiment (internal conidia,

1894) and the only plant out of many checks to contract the disease, although all

were on the same bench and cockroaches ran about in the house.

(2) Three cases whicli appeared late in the course of the experiment (external

conidia, 1895). These were iu 2 pots only out of many checks which had been

standing on the experimental bench for several months within 20 inches of numer-

ous pots of inoculated soil, iu each one of whicli several plants had wilted. Under
the circumstances there can be no doubt that these were accidental infectious

derived from the inoculated soil or the wilted plants.
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COTTON AND COWPEA INOCULATIONS, CROSS INOCULATIONS.

All of tlie cottou-plaiit inoculations have failed. These also were
soil inoculations, and were performed on many small plants, using the

cotton fungus, the cowpea fungus (cultures from ascospores), and the

melon fungus. The experiments were re])eated in diflferent years and
were continued in some cases for a long time with both sea island and
upland cotton.

Melon-plant inoculations, on a large scale, also failed when the cot-

ton fungus was used. These were soil inoculations. Pythiuui attacked

and destroyed some of the plants and injured others, but no Fusarium
disease ai)i)eared. The above statement should be(puilitied as follows:

In the fall of 1894, 25 pots of melons were infected with the cotton

fungus soon after the seeds were planted. For some weeks Pythium
caused a good deal of trouble, and in one of the i)latits attacked by this

fungus a small quantity of mycelium bearing the internal conidia of a
Fusarium was found in the base of the stem. More cases, and typical

ones, were anticipated, but they did not appear.

Cowpea inoculations also failed with both the melon and the cotton

fungus. These were soil inoculations on plants in all stages of growth,

from seedlings to plants two months old. Many plants were used, and
the experiments were continued from four months to more than a year.

The soil was copiously infected with the fungus, and repeatedly in some
cases. Watermelons planted between the rows of cowpeas readily

succumbed to the disease when the melon fungus was used. The above
statement should be qualified as follows: On November 16, 1895, 182

cowpea seeds were planted in 26 pots of soil, in each one of which sev-

eral melon plants had wilted the preceding June. The jilants grew
healthily all winter, but on February 14 the lower leaves of one plant

began to wilt, and six days later the few remaining leaves fell off at a
touch. The stem was green and appeared to be healthy except at the

surface of the earth, where it was brown and partially rotted off, as

when attacked by Thielavia basicola. In the upper part of the tap root,

in the vicinity of this injury, the walls of some of the vessels were
browned, and a few of these vessels were packed full of a fungus bear-

ing the internal Fusarium conidia. More cases, therefore, and typical

ones, were anticipated, but none appeared, although the plants were
kei)t under observation for a long time.

Cowpea inoculations failed with the fungus derived from ascospores

of the cowpea fungus. Nine large pots were used, but all of the 170

plants remained free from disease distinctly attributable to the Neocos-

mospora, although under observation for many months. These were
soil inoculations, and an abundance of the fungus was used. A few
melon plants grown in these same pots also remained free from disease.

Tomato plants in quantity were grown for a long time in soil full of

the melon fungus without contracting any disease. This was done
because a Fusarial disease of tomatoes occurs in Florida and also in
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England.' Melon i^lants wilted readily in this soil. The tomatoes

wei'e developed in it from seedlings, and, to the nnmber of more than

100, grew in the soil healthfully for several months (as long as the

experiment continued) side by side with many watermelons, all of

which contracted the disease and wilted.

Potatoes grown in soil full of the melon fungus also remained Iree

fiom disease.

!No inoculation experiments either on melons or cotton have been

made with mycelium derived from the ascospores of the cotton or the

watermelon fungus.

A detailed account of all of these experiments will not be given, but

to show their extent and to re-enforce the above rather brief statement

of the main results the following sample experiments are given

:

(1) On September 5, 1804, 14 pots of good earth were planted with

56 cotton seeds and the soil of each one was infected with a pure culture

of the melon fungus. During the fall and early winter the soil in these

pots was reinfected three or four times with pure cultures of the melon

fungus, but none of the cotton plants contracted the disease. On May
14, 1895, 4C cotton plants remained, and were healthy but for the attacks

of red spiders. On this date watermelon seeds of three varieties were

planted in each of the pots to see if the melon fungus was present in

the soil. The seeds germinated well, and on May 25 each pot con-

tained from two or three to six healthy melons. On June 7 the first

case of melon wilt appeared—i. e., the cotyledons of a plant drooped

in a suspicious way, and the conidia-bearing mycelium of the fungus

was found in the vessels of the tap root. On June 8 the second case

appeared. This plant was pulled and examined two days later, when

the fungus was found plugging many of the vessels of the tap root.

From this date cases became frequent. By July 9 the melon wilt had

appeared in 10 of these pots. The cotton plants in these pots were still

free from wilt and were making an increased growth, owing to the fact

that the red spiders had been destroyed early in June by means of

resin wash.

(2) On December 3, 1895, 28 pots of good earth were planted to sea-

island cotton and an equal number to cowpeas. Each pot received 7

seeds. On December 5, before any of the i^lants were up, one-half the

pots of each lot were copiously inoculated with pure cultures of the melon

fungus, the whole of tubes 3, 4, 6, and 7, October 17 (rice cultures), being

used for this purpose. The fungus was buried about 1 centimeter deep

in the center of each pot. On December 11, as the plants were coming

up, the other 14 pots of each series were also inoculated with the melon

fungus. The pots of cowpeas received rice cultures 4, 5, and 8, Octo-

ber 8. The pots of cotton received rice culture 6, October 8, and 1,

October 28. The fungus was buried in the soil the same way as before.

'Massee: The "sleepy disease" of tomatoes.—The Gardeners' Chronicle, Series

III, Vol. XVII, 1895, ]}. 707.
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On January 7, 189G, 15 pots of the cowpeas, wliicli were now 6 to 8

inches liiiili, were re-inoculated with the melon fungus. There were 89

plants in these 15 pots. The fungus was derived from 5 pnre test tube

cultures on bruised, steam-sterilized seeds of the cowpea, and was put

into the top layers of the soil very copiously. The cultures were young

(1 and 2, December 21; 10 and 11, December 16; and 7, December 31)

and growing vigorously— i. e., each tube contained 10 to 15 cubic centi-

meters of the moist peas entirely overgrown and interwoven with the

fungus. In these 50 pots at least 175 plants of cowpea and as many

more of cotton were exposed to infection under conditions which

appeared to be admirable.

This experiment was continued 14 months, during which time no

positive results were obtained, i^one of the cotton plants contracted

the disease and none of the cowpeas. In one only of the cowpea plants

a very little of the mycelium of a Fusarium was found in a few of the

vessels near the earth, but the symptoms were not tyiucal for the cow-

pea disease, and the fungus may have been that of the non-parasitic

Nectria mentioned below. On February 4, 1897, both varieties of cot-

ton were still alive. A few of the cowpeas were still alive, but the

majority ripened their seeds and died in the fall of 1890. At this time

the stems of some of the latter bore sparingly and in a saprophytic

manner (in no case high on the stems, but always near the moist earth),

the pinkish eonidia beds of a Fusarium. These first began to appear

in ]Srovember—i. e., 11 months after the soil was inoculated. Some of

these compact sporodochia may have been the eonidia beds of the

melon fungus, but they did not appear to be parasitic— i. e., they were

not preceded by an extensive occupation of the vessels of the plant

and were not arranged in rows up and down the stem,' but rather were

clustered on the moist bases of some of the decaying stems. Moreover,

on one stem they appeared in connection with the red perithecia of a

Nectria. These perithecia in shape and color much resembled those

described in this bulletin, but the ascospores were colorless, thin-walled,

elliptical-pointed, smooth, 1-septate, and 8 to the ascus—i. e., typical

Nectria sporidia.

To determine whether the melon fungus was alive in the soil, the

earth was knocked out of the pots and the cotton and cowpea Stems

buried in it to form the substratum of a bed on one of the hot-house

benches. This earth was then covered with three pailfuls of clean

sand, on top of which an inch of good potting soil was spread. On
February 10 this bed was planted with the seeds of two varieties of

watermelons. Seeds enough for 500 plants were put into the earth, but

1 This fungus did not iu any case fill the vessels and brown their walls the whole

length of thejilaut, as the cowpea fungus does, nor even for a few inches. Neither

did the external eonidia beds appear in the proper way. In the cowpea disease these

external eonidia beds occur by thousands on the dry stems at all heights from the

surface of the earth to the top of the plant (3 feet or more), and are arranged very

regularly in parallel rows lengthwise of the stem. (PI. 1, 11, 12.)
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they came up badly. Ou March 1, 75 seedlings of the Rattlesnake

melon were up and 42 seedlings of the Seminole. On March 5 two

plants showed drooping cotyledons, and on making sections of the tap

root the melon fungus was found fruiting in the vessels of each. Dur-

ing the next two weeks 24 melon plants wilted, and the characteristic

fruiting fungus was found plugging the vessels of the tai^root or hypo-

cotyl of each one. Subsequently many additional plants were attacked

and destroyed, showing clearly that the melon fungus must have been

alive in the soil during the whole time that the cotton and cowpeas

grew in it unmolested. The presence of the typical conidia-bearing

fungus in the vessels of the wilting plants was determined, in nearly

all cases, by a microscopic examination, although this became rather

monotonous toward the close of the experiment. It was on this bed

that the tomatoes grew unmolested from February to midsummer, and

this, too, although many of the wilted melon i)lants were buried from

time to time close to the roots of these tomatoes. Twenty cowpea

plants which came up by accident (from seeds in the buried refuse) also

remained healthy until they were removed in July.

(3) On April 12, 1897, another attempt (the fifth or sixth) was made
to infect cotton and cowpeas with the melon fungus. For this purpose

m one of the hothouses there was prepared a bed of good well-rotted

potting earth. This bed was G feet long, 3 feet wide, and about 8

inches deep. As soon as this bed was ready, cultures of the melon fun-

gus were buried in it, in rows, at right angles to the long axis of the

bed, and 4 inches apart. Twenty-six test-tube cultures of the fungus

were used for this purpose. These were vigorous growths on slant

agar, potato, etc., which had been started for this purpose April G.

Grooves about an inch deep were made in the soil. The fungus was then

uuiforndy distributed in these furrows and covered with the loose earth.

On April 13, 400 seeds of the Georgia Rattlesnake melon were planted

in this bed, in 15 rows, alternating with the rows of the buried fungus,

and consequently only 2 inches either way from the fungous masses.

The germinating capacity of these seeds had already been tested and

found to be high, but in this bed only about half of them came up.

On April 29 about 200 melon plants had come up, and none of them

were unhealthy. The first case of melon wilt appeared April 30 and

the second May 3.

On May 3—i. e., as soon as it had become apparent that the melon

fungus was active in the soil—200 seeds of cowpea and 175 seeds of sea-

island cotton were planted between the rows of melons—i. e., on top of

the rows of buried fungus. To help on the disease and add interest to

the experiment, the spores of TMelavia hasicola were also planted in

the bed in one or two places. This fungus makes wounds in cotton

and cowpea plants at or beneath the surface of the earth from the sur-

face inward, and it was thought that possibly such injuries might favor

the entrance of the Fusarium.
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On May 8 there were G additional cases of melon wilt with fruiting

Fusarium in the vessels of each one, and one melon plant had suc-

cumbed to a combination of Thielavia and nematodes.

On ]\Iay 10 the cotton andcowpeas were coming up nicely, and more

of the melons had wilted. On May 21 there were 65 wilting melon vines

pretty uniformly distributed over the bed. Tlie cotton and cowpeas

growing between these rows of melons showed no signs of the wilt

disease. A few of them had rotted oft" at the base with Thielavia, but

no Fusarium was associated with it. At this time the cowpeas were 6

inches high with the first trifoliate leaf coming, and the cotton i)lants

were about 4 inches high with the lirst true leaf coming. I>y May 25

melons enough had wilted to make a total of about 100 cases. The
cotton and cowpeas were free from wilt and growing very satisfactorily,

considering how closely they were planted. By June 1 there had been

166 cases of melon wilt on this bed. All of these plants were examined

microscopically, and in every one there was an abundance of the Fusa-

rium in the vessels of the tai)root or stem, or both. In the recently

wilted plants the iiingus was restricted to the vessels; in those which

had been wilted some days, but were not yet dry- shriveled, it was also

in the parenchyma, but had not reached the surface. Only 16 healthy

melons remained, and these subsequently contracted the disease and
died.

In digging and pulling out the diseased melons for examination the

roots of the cotton and cowpea plants must have been considerably

broken and disturbed, but neither in this way nor by the aid of the

Thielavia or of another fungus destitute of fruit, but resembling a

Pythium, was the melon fungus able to find its way into the cotton or

cowijea stems.

Up to August 8, when the experiment was discontinued, all of the

cotton and cowpea plants remained free from this disease. At this

time they were large plants, and the cotton was suffering considerably

from crowding.
ONE FUNGUS, OR THREE?

It is my intention to repeat and extend the ascospore inoculation

experiments as soon as time permits, and also to settle more definitely

by means of additional cross inoculations whether under any circum-

stances the fungus from any one of these plants will ever transmit dis-

ease to the others. Much time has already been devoted to this

problem, which is one of great practical imi)ortance. From certain

cultural peculiarities of the fungi, from the uniformly negative results

of the hothouse experiments and from certain field observations, it now
looks as though these were separate diseases due to closely related but

not identical organisms. This is also the opinion of some very well-

informed growers.

One of these field observations may here be given. In July, 1894, the

writer examined a large field of upland cotton belonging to Mr. T. S.
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Williams, of Monetta, S. C, without finding any cases of the cotton

wilt, and Mr. Williams stated that there had never been any in it. This

cotton was planted on land where watermelons had wilted badly in

1893. It was therefore on a large scale an experiment similar to those

described above. In 1895 the field was again planted to cotton, alter-

nating with cowpeas—i. e., 3 rows of cotton and 3 rows of cowpeas.

In September of that year the writer again examined the field quite

carefully, and with t*he same negative result. No cases of cotton wilt

were to be found, but there were hundreds of wilting and dead cow-

pea vines, and the latter bore the external conidia beds of the luuulate-

spored Fnsarium quite regularly, and these were arranged in the

manner shown in PI. I, 11, 12. The melon fungus was undoubtedly

present im the soil, but there were no melon vines on the field by means

of which to establish this fact conclusively. At my request Mr. Orton

reexamined this district in the summer of 1899. He found an abun-

dance of melon and cowpea wilt, but none of the cotton disease.

Morphologically, on the contrary, so far as I have' been able to

determine from the careful examination of a great many specimens,

this fungus is specifically identical on all of these plants, the only

doubt being whether it may not have varied enough physiologically

not to be transmissible from one host to the other. There are slight

variations in the length of the beak and in the size and color of the

perithecia on the different host plants, but these are not constant. The
ascospore variations are also not constant. As already stated, the

ascospores of the form on watermelon are usually smaller and more

decidedly elliptical, and a larger proportion are smooth (perhaps

because small). When this was discovered an earnest attempt was

made to distinguish two or more species, but further studies developed

the existence of all sorts of intermediate forms and sizes and left no

morphological standing ground for any such conception. For example,

perithecia were found on the watermelon at Monetta, S. C, in Septem-

ber, 1895, which contained globose wrinkled ascospores 12// in diam-

eter; ascospores 12 by 13// and 12 by 14 /< were also observed. Other

perithecia on the same root bore elliptical smooth spores. Indeed,

ascospores from the same perithecium may be globose or elliptical,

wrinkled or smooth. Ked perithecia taken from the roots of wilted,

dead cowpeas, at Monetta, September 10, 1895, were indistinguishable

in color, size, and shape from those found on watermelon roots, and
bore ascospores of the following sizes: 9 by 10, 9 by 14, 10 by 10, 10

by 12 (wrinkled), ]0 by 13, 10 by 14 (smooth), 12 by 12 (wrinkled).

Ascospores from perithecia which grew on the roots of sea-island cot-

ton on James Island were 10 by 10 (smooth and not many so small),

10 by 12 (smooth and wrinkled), 12 by 12 (wrinkled), 13 by 14 (wrinkled).

Owing to variability, it is likewise impossible to distiugnish the fun-

gus from the various hosts either by means of the mycelium or by the

external or internal conidia. At most the differences can be scarcely
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more than varietal—i. c, such as miglit be induced by the long-con-

tinued use of different substrata. This is true even if the fungus can

not be transmitted from one liost to another, and a suflicieut number
of experiments have not yet been made to enable one to declare with-

out reserve that this never takes [)lace under any circumstances—e. g.,

with help of some other fungus, or under peculiar conditions of environ-

ment not yet discovered. At present, therefore, nothing remains but

to consider the fungus as one species and to record the forms on the

other host plants as varieties. Possibly it may finally turn out that

they do not deserve even this rank, but the writer does not now feel

justified in giving tliem any less.

VITALITY.

From its vitality under adverse conditions, its ability to live in the

dung heap and in the soil, and the ease with which it may be cultivated

on all sorts of artificial media in the laboratory, this fungus must be

regarded as a serious eneuiy to agriculture. While we know it only on

the i)lants mentioned, it is probably capable of attacking other species,

and ought certainly to be expected and looked for on other hosts.^

The length of time the fungus will remain alive in the earth is

remarkable, and adds greatly to the difficulty of combating it. Why it

should ever disappear, any more than a bad weed, when once estab-

lished in a cultivated soil, is not dear. It should certainly be regarded

as a weed, and one the eradication of which presents unusual difficulties.

In extensive field culture it has been found unsafe to plant lands which

have once suffered from it until after a lapse of several years— five to

seven, according to south Georgia melon growers, and certainly more
than three, as shown by a 7-acre field test in South Carolina, which

came under my own observation in 1895. Only 3 wagonloads of melons

were obtained from the whole field.

The melon fungus has lived a year in the dried-out soil of pots used

in my greenhouse experiments, and a very similar fungus parasitic on

cabbage remained alive in dry soil three and one-half years.^ The

1 Since this was written Mr. Orton has found the fnngns on James Island, South

Carolina, in a weed, the Cassia ohtusifolia L. Not many plants were attacked, hut

the external symiitoms were identical with those on the cotton and cowpea, while

the walls of the vessels of stem and root were stained hrowu and the lumeu was
filled frequently with mycelium, abstricting the typical microconidia, and sometimes

browned, as in cotton.

-The writer has just concluded an experiment with a similar looking and acting

cabbage Fusarium. In parts of New York, Virginia, and Maryland this fungus has

troubled the market gardeuers, in some cases renderiug impossible the profitable

culture of cabbages on large and fertile fields—e. g., a field in New York.which for-

merly yielded from 90,000 to 95,000 heads of marketable cabbage for each 100,000

plants set out, can now l>e depended upon for only about 30,000 heads; on a lield in

Maryland which formerly yielded good croi)s, the cabbages were so badly affected

this year that the ground was replowed and planted to other crops in the middle of

the season. The symptoms in the cabbagi- are slow growth, refusal of the heads to

form, a sickly color, aud the premature shedding of the lower leaves, from the axils



42

melon fuugus lived in a dried-out condition in one of my agar tube

cultures tbrec and one-half years; in another it was alive at the end
of ten months and twenty-three days; in a third trial it was found

alive in 7 out of 8 test-tube cultures which had been in a warm, dry
place in a dried-out condition for nearly two years. These last tubes

were inoculated at various dates between July 26 and October 8, 1894,

and the test was made January 19, 1897. The ascospores of the

cowpea fungus remained alive iu a dry condition 16 mouths.^

SYMPTOMS PRODUCED, ETC.

The gross symptoms in the watermelon are sufficiently shown on the

accompanying plates (Pis. VII, VIII, X). They are those of a plant

of which vshort sprouts frequently push out. This disease was first studied hy the

writer in 1895. It a+tacks the plant in the same way as the melon fungus—i. e., from

the soil—and destroys it by plugging the water ducts. It first produces iu the ves-

sels of the living plant great numbers of microconidia (8 to 13 by 2 to 4 //), and then

macroconidia on the surface, in the same way as the melon fungus. In July, 1895, a

quantity of soil was obtained from one of these badly infested fields (near Albany,

N. Y. ) and was stored away in a dry basement for three and one-halfyears. It was then

removed from its original packings, put iuto a clean pine box made from freshly

planed lumber, planted with three varieties of cabbage, placed in an upper window of

an unoccupied laboratory room, and watered with distilled water. Some ofthe plants

were attacked by Pythium and others by this Fusarium, which was found fruiting in

the vessels. The checks did not contract the disease. The conditions under which

the experiment was made point unmistakably to the soil as the source of the infec-

tion in case of these plants. This experiment, in connection with those which have

been made on the watermelon, renders it probable that all parasitic soil Fusaria are

alike in being very resistant to tlrought and other conditions unfavorable to vegeta-

tive life.

Embolisms of the vascular system due to fungi of the form-genus Fusarium are

now known to the writer in plants of many different families. (See partial list on

p. 43.) Most if not all of these fungi enter the plant from the earth. The fungi

occurs so regularly in connection with these diseases that we are warranted in

assuming them to be parasitic, although as yet in most cases no infection experi-

ments have been instituted or brought to a successful conclusion. Judging from

the results obtained with the watermelon and cabbage, it appears extremely prob-

able that iu the Cephalosporium and Fusarium stages of a variety of Nectriaceous

fungi we have to deal with a large group of destructive soil parasites the very

existence of which, in the earth, as active jjarasites, was not suspected until very

recently— i. e., until the announcement of my results in 1894. (Am. Asso. Adv. Sci.)

' Some additional tests were begun September 28, 1899, as this bulletin was passing

through the press. The watermelon fungus was found to be dead iu each one of the

10 bread cultures already mentioned (p. 16) and in a few other cultures of the same

age (hominy, cowpeas), but was still alive in numerous test-tube cultures of horse

dung. These were made October 27, 1894 (from internal and external conidia), and

have been dried out for at least four and one-half years. Twenty-two tubes were

tested, and the fungus was found alive in each one.

Four test-tube cultures of the cotton fungus (from internal conidia) were also

tried at the same time, and the fungus was found to be alive in each one. These 4

cultures were 5 years old. They were made on sterilized stems of the watermelon,

October 3, 1894, and have been dried out and in a dry laboratory for at least four and

one-half years.

The cowpea fungus (ascospore strain) was dead iu each one of the 12 banana

cultures made December 6, 1895.
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transpiring freely and insufficiently supplied with water, althouyli at

the same time there is an abundance of moisture in the soil.

The uniformity with which this fungus first seeks out the vessels of

the plant is very striking (PI. 1, 10, PI. IV, and PI. V, (i). This explains

the sudden wilt of tlie foliage. The water ducts are clogged to such an

extent that they can not function. That this wilt is attributable to

lack of transpiration water, brought about by partial or complete clog-

ging of the vessels, is shown by the fact that large plants which have

begun to wilt frequently recover for a day or two if a rain sets in and

the air continues moist. During such weather the progress of the dis-

ease in old vines is almost at a standstill, but it recommences when the

sun shines out and the moisture of the air is dissipated. The mechan-

ical nature of this obstruction is also shown by the fact that collapsed

leaves frequently recover their turgor on cutting stems above the fun-

gous plugs and plunging them into water, e. g., on cutting across the

second internode when the plugs are confined to the hypocotyl and tap-

root. It is also shown by the tiict that the terminal portion of shoots

which have collapsed and the basal vessels of which are plugged by the

fungus (as shown by the death of all the lower leaves and of all the

other branches) may survive for several days, if the weather is not too

hot and dry, provided they are attached to a large melon from which

they can draw a certain amount of water (PI. VII, -5, right-hand branch).

Finally, it is much easier for the fungus to plug all of the vessels of a

small plant than of a large one, since in the taproot it has to make but

a little growth through tender tissues to accomplish this. This ex-

plains why yoiiufi vines freiiuently wilt even during rains or when the soil

and air are very moist. The leaves of the cowpea usually unjoint and

fall off, leaving the green stems bare. Often some of them become

yellow and fall without first showing signs of wilt, as Professor Atkin-

son has recorded in case of the cotton disease. The watermelon leaves

do not become yellow or detach, but wilt suddenly in large numbers

and shrivel, so that a large, healthy-looking vine may lose all of its

foliage in twenty-four to forty-eight hours (contrast PI.VI and PI. VII).

The cotton plant is less susceptible, contains, as a rule, less of the fun-

gus, and often recovers partially, so as to produce some fruit. In such

instances the fruit-bearing stalks push out of the base of the stem and

finally hide more or less completely the main shoot which has been

killed by the wilt.

The xylem of the diseased plants always becomes brown (PI. 1, 10 a, b),

and in case of the translucent stem of the cowpea this stain shows

through the green bark, giving an unusually dark appearance to the

still living stem. This browning of the xylem appears to be common

to all plants attacked by parasitic soil Fusaria, e. g., cotton, okra, cow-

pea, beans, watermelon, squash, potato, tomato, eggplant, red pepper,

sweet potato, cabbage, carnation, asparagus, pineapple, and others.

This browning begins in the walls of the larger vessels, and often it is

confined quite exclusively to the xylem for a long time, the pith, bark,
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and pliloem remaining free from stain. In tbe cotton fungns the older

mycelium itself, inside the vessels, is frequently stained yellow or

brown. Browning of the mycelium of the melon fungus inside the

vessels of the plant has not been observed, but it occurs in pure

cultures on boiled melon stems, etc. Once started, in cotton at least,

this browning may extend long distances through the woody parts of

the stem with very little fungus to help it on.

OTHER WILT DISEASES.

This disease should not be confused with the cotton-root rot of Texas,

from which it appears to be distinct,' nor with another wilt of cotton,

cowjjeas, etc., common in parts of Florida and first described by Prof.

P. H. Eolfs. This is associated with a fungus which attacks many
kinds of plants, wild and cultivated, enveloping the base of the stem
externally with a copious, white, rather straight mycelium, bearing on
its surface large numbers of small sclerotia which are first white, then

fulvous, and finally dark brown and smooth. When grown on nutrient

media (agar), the fungus reproduces itself by another crop of sclerotia,

and so on indefinitely (a year in my laboratory). These sclerotia are

mostly 0.8 to 0.9 by 1.2 to 1.3 mm.

RELATIONSHIPS.

The perithecium of Neocosmospora much resembles a medium- sized
bright red Nectria, and if gathered in an immature condition would nat-

urally be placed under ISTectriella, as the spores are smooth and colorless

and there is no indication of any septum, even in the most elongated or

in very old spores. When ripe, however, the ascospores are distinctly

brown, and the fungus clearly belongs to a new genus. It possesses

some of the characters of both Nectriella and Melanospora, but is dis-

tinct from either. On the whole it seems to be nearer to Nectriella

than to Melanospora, although the spores are brown. It is not very

closely related to Melanospora as originally established by Corda and
defined in Saccardo's Sylloge Fungorum. It is widely different from

MelanoHpora chionea, M. leucotricJia, M. zamia', M. vitrla, M. zobelii, M.
coprina, M. laf/enaria, M. 2mrasitica,, and all other Melanosporas and
Sph.erodermas which the wiiter has been able to examine or to find

figured. The ascos^^ores of this fungus are particularly unlike those of

Melanospora. In the latter they are smooth, often lemon-shaped, or

even apiculate, and frecjuently obh(iue or fiat on one or both sides. The
general appearance of Melanospora indicates that it might perhaps be

properly excluded altogether from the Nectriaceous fungi, its affinities

1 Four hundred cotton plants killed by this disease were received from two differ-

ent localities in Texas in 1895. Pamniel's Ozoniuni was present, bat not a trace of

any stage of this fungus could be found. These plants came from regions much
subject to root rot.
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beiu;^ witli tbe Sordariaceti', as Scbni'tt^r pointed out in liis Kryptoga-

inen-Flora von Sclilesiens. The development in the cowpea fnnous of

peiithecia with and without beaks on mycebuni derived from a single

asc'ospore makes it probable that the same thing oceurs in other genera

and tends to «',outirm Winter's view of the untenability of the genus

Sphieroderma, wliieh was erected to include those forms of Melanospora

destitute of a beak. The development of the perithecia of this fungus,

either in the soil near the host or on the surface of the latter (the more

common way), or under the substratum in rifts or cavities of the host,

shows that this character has no particular value and leads one to sus-

pect that the genus Ilyponectria may also have no sound physiological

or mor[)hological basis.

This fungus is most nearly related to the Cosmospora of Raben-

horst, which is a good genus and should be reestablished. It differs

from Cosmospora chietly in having non-septate ascospores and a

wrinkled exospore,the former having Iseptate ascospores with a papil-

liite or verrucose exospore. ^ly cultures have shown beyond doubt

tliat the ascospore is less readily modified by the substratum than any

otlier part of the fungus, and therefore the most important for purposes

of classification.^

2 These two genera may 1>6 defined brielly as follows:

Cusmoftwra Rabh. (emend.).

Peritbecia as in Nectrla (red in the known species). Asci numerous. Ascospores

8 in one row, brown, oblong elliptical, 1-septate, usually more or less constricted

at tbe septum, with a distinct papillate or verrucose epispore. Paraphyses

present, inconspicuous, broad, loosely jointed, unbranched. Couidial stages

unknown.
1. C. coccinea Rabh.

2. C. Cameroensis (Rehui).

Syn. Sphieroderma Cameroensis Rehm.

Neocosmospora.

Perithecia as in Nectria (bright red in the known species). Asci numerous. Asco-

spores 8 in one row, brown, globose or short elliptical, continuous, with a dis-

tinct wrinkled epispore (the latter sometimes wanting in the smaller spores).

Paraphyses present, inconspicuous, broad, loosely Jointed, unbranched, con-

sisting of about 5 cells. Three conidial stages, viz, Cephalosporium, Fusa-

rium, and Oidium.

1. N. vasinfecta (Atk.). On cotton (parasitic).

Perithecia as below. Spores usually globose, wrinkled, generally about

10 by 10 //.

a. Var. tracheiphila (Smith). On cowpea fparasitic).

Perithecia quite variable, but mostly 250 to 3.50 /.i tall by 200 to 300 /<

broad, with or without a short neck; on the dead roots or in tbe soil

over them Spores usually globose, wrinkled, mostly 12 by 12 //.

/3. Var. nivea (Smith). On watermelon. Very actively parasitic. Enters

the plant from the earth and plugs the vascular system, causing a sud-

den extensive wilt of the foliage.

Perithecia as above. Spores globose or elliptical, wrinkled or smooth,

generally smaller than in the preceding and more often elliptical, but

variable.
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SCIENTIFIC NAME.

For the present, at least, this fungus may be designated as follows:

Neocosmospora vasinfecta (Atk.)

Syn. Fusarium vasinfectum Atk.

On cottou. Probably also on okra. Parasitism not proved. Genetic connection

of various spore forms not proved. Cblamydospores not observed.

a. Var. tracheiphila.

Syn. Nectriella traclielpMla, Erw. Sm.

On cowpca. Parasitism not pioved. Genetic relationshiji of ascospores, macro-

conidia and microconidia established. Cblamydospores not observed.

/?. Var. nivea.

Syn. Fusarium niveuvi, Erw. Sm.

On vratermelon. Not known to occur on other Cncurbitacetc' Parasitism fully

established. One of the most destructive soil parasites known. Genetic connec-

tion of conidial stages fully established. Peritlieeia identical with the preceding

have been found on stems killed by the internal fungus, but the genetic relation-

ship has not been proved by exact culture experiuients.

By "not proved" the writer does not mean that he has himself any

doubt whatever as to the parasitic nature of the cotton or cowpea fun-

gus or as to the genetic relationship of tlie various spore forms on

cotton and of the perithecia to the conidial stages on the watermelon,

but that these points have not been definitely settled by satisfactory

infection experiments and by deriving one spore form from the other

in pure cultures. Without such experiments the proof remains incom-

plete. The field evidence, however, of the parasitic nature of the cot-

ton and cowpea fungus is of the most convincing sort, i. e., the fungus

is always present in the vessels of the diseased plants, nothing else is

always present, and the disease occurs year after year on the same
soils. This constant association of the fungus with the cotton and
cowpea disease makes it reasonably certain (in the light of what has

been accomplished with the watermelon fungus) that abundant infec-

tions will be secured at no very distant day. The failures thus far

have probably resulted from a greater resistance on the part of cotton

and cowpea, or from the fact that the natural method of infection has

not been discovered. Possibly the cotton and cowpea may be subject

to infection only during germination or early stages of growth, or only

' A destructive disease of cucumbers and muskmelons associated with a Fusarium

in the stem bundles has been reported from Ohio by Prof. A. D. Selby. The occur-

rence of a similar disease in muskmelons has just been reported from Connecticut

by Prof. William C. Sturgis. A Fusarial disease of squashes is known to the writer.

Possibly these diseases are due to the watermelon fungus, but the writer has not

observed diseases of other Cucurbitaceous plants in regions subject to the water-

melon wilt, and until cross-inoculation experiments have shown their identity it is

proper to consider these diseases as distinct.
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when injured in sonic particular way. If these plants are infected

chiefly during the seedling stage, then the growth of young plants in

uninfected seed beds and their transplantation to infected soils only

when they have passed out of the receptive stage would atl'ord relief.

This is offered, however, only as a working hypotliesis. All we yet

know is that frerpiently many plants of cotton and cowpea on infected

land come to a healthy maturity, i. e., there is not such a sweeping

general infection as in case of the watermelon. Possibly, however,

this is a statement depending on an insufticient number of observa-

tions. It is true so far as my observations have extended.^

Melon plants grown for several weeks in good earth, i. e., plants with

one true leaf and the second one beginning to develop, are still freely

subject to soil infection. The shortest period of incubation observed

by the writer has been about C days, i. e., the cotyledons wilted, as

shown in PI. VIII, the first or second day after the plants emerged

from the ground. The longest period of incubation, or rather lapse of

time between infection of the soil and appearance of the disease, was

81 days. In this case the seed was planted and the soil of the pot

infected April 25 and the vine showed no symptoms of disease until

July 15, when it suddenly wilted. Thirty-one other vines of the same

series contracted the disease between June 1 and July 11. The soil of

these pots was reinfected May 20, no cases having appeared. In both

instances the fungus used was derived from a big, arcuate, several-

septate, external conidium. Vine 32, which wilted at the end of 81

days, was 4 feet long. There was an abundance of fungus in the ves-

sels and it bore only the small, colorless, elliptical microconidia; these

were non-septate, straight or slightly curved, and measured G.5 to 24

by 2 to 4 //. In field culture a period of 80 days frequently intervenes

between planting and the first appearance of disease in a given vine.

The question of parasitism of the cotton fungus was left an open one

by Professor Atkinson, as shown by the following citations:

"The Fusarium was considered not to be a sufficiently aggressive

parasite to be able to make its way into the ducts of the circulatory

system unaided." It is suggested that a dampiug-oflf fungus may first

open the way. The only two infections obtained by him with the cot-

ton Fusarium were on plants with open wounds made by the "sore-

shin" fungus. "The discoloration and disease of the ducts is started

I Mr. Orton obserred in 1899 in various parts of Soutli Carolina what had previ-

ously escaped my attention, viz, that every cotton plant in the vicinity of dead

and dying plants is dwarfed and does not bear as much fruit as it should, even

when it shows no symptoms of the disease. This dwarfing is most conspicuous

toward the end of the growing season and is associated with the presence of the

fungus in the vascular system of the side roots of the plant, the vessels of the tap-

root and of the stem being free or very nearly free from the fungus. This may
help to explain the statement often made by cotton growers that one stalk in a hill

will blight and another will not. In reality, it may be only a question of degree, all

being more or less affected.
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by the injury from the 'damping-off' fimgus." "While I do not wish
to be understood as making any positive assertion in favor of the

Fusarium being the cause instead of bacteria [which were sometimes
found associated with it], I do think the evidence thus far in hand
gives greater support to the former view. The Fusarium is invariably

found both in cotton and in okra afflicted with the disease. Bacteria

are not always found in the diseased tissues, etc." Some experiments

by Professor Atkinson also led him to believe the external Fusarium
on cotton distinct from the internal one.

RESTRICTION OF THE MELON WILT.

While no cure is known for this disease, our knowledge of its cause

and manner of spread is now sufficiently exact and complete so that

certain rules of practice may be given. By carefully following these

the farmer will frequently avoid very serious losses.

(1) Fields already infested with this fungus must not be jilanted to

melons for a long series of years.

So far as yet known, canteloupes, cotton, peanuts, cowpeas, soy beans,

or velvet beans (Mucuna sp.) may be i)lanted on such fields without

danger.

(2) Fields free from this disease may become infected by the wash
from lands already infested, and probably, also, by means of the dirt

adhering to agricultural implements and to the feet of horses and
cattle. For this reason, if cattle are pastured on such fields, they

should not be allowed to roam freely over uninfected j)arts of the farm,

and tools used on such lands should at least be scoured bright before

using on other fields. Where uplands are infected the wash from sud-

den heavy rain storms should be turned aside, as far as possible, from
uninfected lowlands.

(3) Inasmuch as the vitality of the fungus is great and the wilting

melon vines are full of it, the danger for a half year or more from such

vines is very great. All such plants are magazines of infection. They
should be pulled while green, stacked with brush, and burned. Large
growers of melons could well afford to keep one man in the field all the

time for this purpose. The plants should be removed as soon as they

show distinct symptoms of the wilt, because at this time the fungus is

still confined to the interior of the stems and not likely to be scattered

about by the removal, as would be the case a few weeks later when the

vines are dry and the fungus has fruited abundantly on their surface.

This precaution should not be neglected simply because fields show
only here and there a wilted vine, since in course of a few years such

fields have been known to become so thoroughly occupied by the fungus

as to altogether prevent melon growing.

(4) Occasionally the fungus is introduced into the barnyard, so that

the dung pile becomes a source of general infection to fields previously

free from the disease. This is apt to be the case where "melon hay" is
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fed or used for bedding.' The writer discovered one striking outbreak
of this disease iu South Carolina in 1894 which could be accounted for

in no other way, the divsease making almost a clean sweep on the live

acres which received most of the manure. If there is the least reason
to suspect the manure pile, commercial fertilizers should be used instead.

(5) Farmers whose lands have become generally infected are advised
to grow other crops on their own fields, and to rent uninfected land
from their neighbors for the purpose of melon growing.^

UNFINISHED WORK.

It is a source of regret that this bulletin could not be made more
complete, but during the period covered by this investigation many
other important lines of work have also demanded attention. In the
scant time at the writer's disposal for this special work he Las there-

fore done as juuch and as well as he could, and must so leave it.

So far as relates to the life history of the fungns, the most important
things remaining to be done are as follows:

(1) Determine time and manner of infection of cotton and cowpea
plants.

(2) On cotton establish the genetic relationship of the various spore

forms, perithecia and external and internal coiiidia.

(3) On watermelon obtain experimental proof that the perithecia on
the dead stems bear the same relation to the internal and external
conidia as they do in case of the cowpea fungus. '

(4) Obtain infections with ascospores on cotton, melon, and cowpea.

(5) Connect the okra fungus with the cotton fungus by experimental
studies.

(6) Determine why it is impossible to grow perithecia from some
conidia and easy to grow them from others. Does remoteness of origin

from the ascospore interfere?

(7) Determine by additional cross-inoculations and field observations

whether under any circumstances the fungus from one host plant can
transmit the disease to another host plant.

(8) Determine how and where the melon fungus gains an entrance
into the plant.

(9) The ease with which the perithecia may be grown would seem to

ofi'er a good opportunity for studying the question of the sexual or

non-sexual origin of the ascospore fructification in this group.

* Melon hay consists of hay made on inolou fields late in the season, after the
melon crop has been harvested. It is composed of wild grasses iDterspersed with
dead melon stems. If the latter are inft'sted with this funi^ns, then the dung heap
becomes inoculated, and subsequently any laud on whicli this manure is used.

^This advice was given by the writer to Mr, T. S. Williams, of Monetta, S. C, in

1894, with the happiest results, as indicated by the following excerpt from an unso-
licited letter written by him iu 1897: "Financially your researches here have been
worth thousands of dollars to myself and others. By the information you gave us
we were able in a great measure to avoid land likely to die."

4133—i^o. 17 4
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Many practical questions are left for further investigation, especially

all that relates to cotton.

EXSICCATI.

Specimens of this fungus will be distributed in Ellis and Everhart's

Fungi Columbiana (Century 15). These sets include only the fungus as

it occurs on cowpea and on culture media derived from this source.

These specimens will consist of the following material : [a) Perithecia on
stems and roots of the cowpea {Vigna sinensis)', {h) pure cultures of

immature perithecia grown in the laboratory from ascospores sown on
steamed sterile potato; (c) ripe perithecia from pure cultures on
steamed potato; {d) stems of cowpea with the vascular system plugged

by the white fungus, which bears microcouidia (these stems were
green when gathered and bore no external conidia beds, but in many
instances, to my chagrin, the fungus pushed through and fruited

on the surface while the stems were drying); (e) external salmon-

colored conidia beds (macroconidia) on stems previously killed by the

internal fungus and which were dry when gathered. Type specimens

have been deposited in the cryptogamic herbarium of the Division of

Vegetable Physiology and Pathology, United States Department of

Agriculture, and these specimens, which have been selected with equal

care and are of equal value, may be regarded as co-types.
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APPENDIX.

A fungus or supposed fungus, described very imperfectly by L, v.

Schweinitz iu bis Synopsis fungoruni Carolinae superioris, and by Fries

in bis Systema Mycologicam, as S2)lt(vna gossypii, bas caused tbe writer

some trouble and sbould be mentioned bore. It was found on unripe

cotton bolls and Fries stated tbat be bad seen dried specimens. From

tbe description in bis Systema, making allowance for inexact observa-

tions and unwarranted inferences, it seemed at first not unlikely tbat

tbe peritbecia found by me on tbe cotton plant migbt be tbe old t^phcc-

ria gossypii of de Schweinitz. This view I have now abandoned as

untenable.

Tbe origin and history of tbis name, wbich must be regarded as a

nomen excludendum, are as follows:

(1) De Schweinitz. Synopsis Fungorum Carolinae superioris, p. 46.

207. [Spliieria] Gossypii Sz.

S. simplex sparsa iuimersa globosa purpureo-incarnata submollis, ostiolo ad super-

ficiem elongate gelatiuam fundeute.

Vix capsula Gossypii iiivenitur siue hac Sphaeria. Minuta. Nascitur in capsulis

Gossypii immaturis, primum profimde immersa, sed ostiolo etiam turn ad superficiera

elongato, concolori, unde spargitur gelatina luduresceus, qnse capsulis purpareo-

rutroiuquinat. SptiauuliL- non observantur nisi capsula percissa; demum assurguut

et superficiem turn exsiccatam granulosam redduut.

Tbis species de Schweinitz placed in bis Family VIII, Simplices,

Sec. C, Brachystomie, along witb S. putaminum on peacb pits and

some others.

(2) Von Schweinitz. Syu. N". Am. Fungi, p. 217. Mere mention

as follows

:

*1652. 507. -S^. (jossypn, L. v. S., Syn. Car. 207, F.212, non in Pennsylv.

(3) Fries. Systema Mycologicum, Vol. II, 1823, p. 488.

412. S. Gossijpii. Sparsa, submollis, peritbeciis immersis globosis, purpureo-

incarnatls, ostiolo ad superficiem elongato gelatinam fundente.

Schwein. (!) 1. c. n. 207.

Minuta, dubijB affinitatis. Nascitur in capsulis Gossypii immaturis, primum pro-

funde immersa, sed ostiolo etiam turn ad superficiem elongato concolori, unde

spargitur gelatina indurescens, quj© capsulas purpureo-inquinat. Peritbecia non

observantur nisi capsula perscissa, demum assurgunt et superficiem tum exsiccatam

granulosam redduut. In capsulis Gossypii copiose. (v. s.)

(4) Saccardo. Sylloge Fungorum, Vol. II, p. 457. Saccardo not

knowing wbat to do witb tbis species refers it doubtfully to Hyponec-
51
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tria as E. gossijpii, quoting with a slight rearrangement of words the

description of Fries.

(5) Ellis. North American Pyrenomycetes, p. 71. Ellis nses Sac-

cardo's name, gives an incomplete translation of the Latin description,

and adds:

We have seen no specimens of this species, hut have received from Prof. F. L.

Scribner a Fiisarium on capsules of cotton from South Carolina, which may he the

conidial stage.

(6) Ellis. Notes on Some Specimens of Pyrenomycetes in the

Schweinitz Herbarium of the Academy. Reprint from Proceedings

of the Academy of Natural Sciences of Philadelphia, February 21,

1895, p. 11.

Sphseria Gossypii, Schw. Syn. Car. 207.

This is an obscure thing. The inner membrane of the cotton boll is wrinkled or

roughened in drying so as to give the appearance of minute perithecia, but there is

no fruit nor even any real perithecia.

(7) Curtis. In Dr. Farlow's herbarium, at Cambridge, Mass., is a

fragment of cotton capsule labeled "Sphoeria gossypii Schw." This

came from the herbarium of M. A. Curtis, who received it from de

Schweinitz. On the pocket in the handwriting of Mr. Curtis is a pen-

ciled memorandum to the eft'ect that this is not a fungus. Neither the

writer nor Dr. Farlow, who examined the specimen with him, could

find any Sphiieriaceous or Nectriaceous fungus or any Fusarium spores

on this specimen.

(8) Dr. Karl Starback, who kindly examined for me the Schwei-

nitzian material of this species sent to Dr. Fries, and now preserved in

the Fries collection at Upsala, writes that no fungus whatever is pres-

ent and adds: " Species Schweinitzii Sph. gossypii est typicus observa-

tionis et auctoris et Friesii."

(9) My own examination in July, 1899, of material preserved in the

de Schweinitz herbarium in Academy of Natural Sciences of Phila-

delphia, led to no different result. The specimens were examined both

by reflected and transmitted light, with a hand lens and with the com-

pound microscope.

The specimen in the collection proper (books of Sphterias) is labeled

"Sphferia gossypii L. v. S. and Fr. Salem." This pocket contained

nothing but some dust particles, insect detritus, and fragments, the

largest of which was less than 1 mm. in area. These dust partitles and

fragments showed no perithecia or Fusarium spores. No fungus with

necks either long or short was to be seen. Traces of an unknown, col-

orless, very delicate mycelium were observed, and one Macrosporium

spore. This pocket also contained the skin of a museum pest.

In a separate package labeled "Fungi
|
Cryptograms

|
fr. Dr. Schwei-

nitz
I

to Collins," I found, however, an uninjured, well-preserved speci-

men labeled in the handwriting of de Schweinitz " Sphwria Gossypii L.

V. S. and Fr. Salem." This pocket contains two fragments of cotton
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capsule pericarp, eacb measuring about 1 by lA centimeters. Tlie inner

membrane is wiiite, longitudinally wrinkled, and sound, or at least bears

no Spb;i'riaceous bodies, Fusarium spores, or fungoustlireads. Jnplaces

it bears tiny rusty specks, which are dead cells of the membrane con-

taining some amorphous brown substance. The dark brown outer

membrane is raised into numerous small papilla', quite regularly

arranged. These papilhe are barely visible to the naked eye and under

a lens magnifying onlj^ two to three times might readily be mistaken

for buried perithecia. These are undoubtedly what de Schweinitz saw

and named Splucria gossypii, but they do not contain any perithecia.

Under a lens magnifying ten diameters they look more doubtful and

when examined under the compound microscope (dry and crushed in

water) they are observed clearly to be not of fungous origin, at least

there are no Nectriaceous or Splncriaceous bodies either on the sur-

face or in the depths, and no Fusarium spores or hyphie. Such papilla}

are very common on the surface of cotton bolls when shriveling, as

every one knows who has seen much of the plant, and very often at

at least, they are not of fungous origin.

The presence of long necks which come to the surface and pour out

gelatin and the statement by de Schweinitz that "scarcely a capsule of

cotton is to be seen without this Sphicria" make it reasonably certain

that de Schweinitz did not found his description on the infrequent little

red perithecia which I have discov^ered. Finally, an examination of

some of the scanty material of Sxfha'ria gossyjni which has been j^reserved

in herbaria seems to indicate that the species was founded on the iiapil-

late appearance of the dry cotton capsule and on the fact that the sur-

face of cotton capsules frequently exhibits a purple stain and a shining

appearance. All the rest of the descriiition (much more of it than I

at first supposed) is pure inference—i. e., an easy method of accounting

for the i^apillte and the purplish glaze.



DESCRIPTION OF PLATE I.

1. Mature perithecia resting on fragment of hypocotyl of an old watermelon plant

killed by the internal fungus. Monetta, S. C, September 9, 1895. This figure will

answer equally well as an illustration of the perithecia occurring on cotton or

cowpea.

2. Immature ascus, with two paraphyses and a few cells of the hypothecium,

crushed out of a perithecium on watermelon. The smooth and still uncolored spores

are surrounded by granular periplasm. Monetta, S. C, September 9, 1895.

3. Mature ascus taken from a perithecium which grew on mycelium derived from

the ascospore shown in G. The periplasm has disappeared and the spores are now
brown and have a thick wrinkled epispore.

4. A group of immature asci crushed out of a perithecium on cowpea.

5. Ripe ascospores of the watermelon fungus highly magnified.

6. Germinating ascospore, cowpea fungus. Agar-plate culture. James Island,

S. C, August 22, 1895.

7. Conidia-bearing mycelium developed from the ascospore shown in 6'.

S. Three of the same conidia more highly magnified, one germinating. These

conidia are identical in appearance with those produced inside of the vascular sys-

tem of the still living stems. (See Plate II, 11.)

9. Surface or dry-air conidia of the cowpea fungus. These were taken from the

conidia beds shown in 11 and 13.

10. Fragment from a cross section of the living cowpea stem, about 2 feet from

the ground, showing a group of vessels infested by the fungus (c, cambium; x, xylem;

p, pith), imbedded in paraffin, cut on the microtome, and stained for many hours in

acid haematoxylin. This picture represents about one-thirtieth of the vascular ring,

nearly all of which was occupied in the same manner. The cortical parenchyma and

the bulky pith were still free from the fungus, as is always the case in this stage of

the disease. Later the fungus pushes through to the surface, as shown in 11 and 12.

James Island, S. C, August, 1895.

11. Surface of dead stem of cowpea, showing rows of conidia beds. The vessels

of such plants are always previously occupied by the internal fungus, as shown in

10. The row-like arrangement of the conidia beds is due to the fact that the fungus

comes to the surface along lines of least resistance— i. e., through parallel rows of

parenchyma cells separating the strands of tough bast fibers (stereome). x2.

James Island, S. C, August, 1895.

12. A similar fragment of dead stem of the cowpea more highly magnified. X 10.

13. A tube of boiled rice overgrown by the mycelium of the watermelon fungus

(Ftisarium niveum). Culture No. 4, October 8, 1895. Painted October 28, 1895. This

culture was bright blue on the start, 2 c. c. of violet litmus water and a few drops of

a saturated solution of sodium carbonate (t. 25° C.) having been added to it. The

same brilliant colors may be obtained, however, as already stated in the text, without

use of litmus—i. e., by simply cultivating the fungus for a few weeks on rice boiled

in distilled water—and this figure will answer equally well for such cultures. High

up on the walls of the tube (above the rice) the fungus is white.

14. An incipient perithecium developing on mycelium produced by the ascospore

shown in 6.

With exception of 10, 11, and 12, which were painted under my supervision by Mr.

John L. Ridgway directly from the specimens, and 13, which was j)ainted in the same

way by Miss D. G. Passmore, the figures are from my camera drawings. 1 was trans-

ferred to the plate and painted by Miss Passmore. The rest of the work was done

by Mr. Ridgway. Where no measurements are given they are included in the plates

or may be learned from the text or from other figures of the same sort in which they

aie given.
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DESCRIPTIOX OF PLATE II.

1. Closed stoma. Peritheciiim of the cowpea fungus. Diameter of stoma proper,

45 n. James Island, S. C, August 29, 1895.

2. Open stoma of the cowpea fungus, showing periphyses lining the inner wall

of the throat. Diameter of the stoma, 30 /<. James Island, S. C, August 29, 1895.

3. Another A'iew of the periphyses, a portion of the inner wall of the neck of the

perithecium of the cowpea fungus crushed out and examined in water. James
Island, S. C, August 29, 1895.

4. Optical section through perithecium from a dead watermelon stem, showing

cavity full of loose ascospores. Some of the asci remained, but the walls of most

had dissolved. This figure will answer equally well for the cotton or cowpea fungus

in each of which the same phenomenon was observed. Size, 320 by 280 >«. Slightly

diagrammatic. Monetta, S. C, September 9, 1895.

5. Peridial cells in the middle or ventral portion of a perithecium of the cowpea
fungus. The same are shown less distinctly and somewhat diagrammatically in

Plate I, 1, and Plate V, 1. James Island, S. C, August 27, 1895.

G. Conidial tufts on the surface of a watermelon stem killed by the internal

fungus. Monetta, S. C, July 16, 1894.

7. Top of a similar tuft (melon fungus), showing attached and loose spores in

various stages of growth and septation. From a plant destroyed by soil infection.

Washington, D. C, September 27, 1894.

8. Parenchyma cells from the living hypocotyl of a young watermelon, third day

of the wilt. Parenchyma partially occupied by conidia-bearing mycelium. No
fungus on the surface. In this cell there were 26 conidia. The section was jarred

repeatedly and somewhat roughly, and finally turned over without disturbing the

fungus. Undisturbed nonparasitized parenchyma cells were above and below it, and

the conidia were plainly inside of the cell here figured, which was from tissue near a

luugus-infested bundle. Hothouse experiment, Washington, D. C, April 10, 1895.

9. An external, lunulate, 3-8eiitate conidium of the watermelon fungus after seven-

teen hours in acid cucumber agar. Twenty-four hours later numerous elliptical

conidia, like those shown in Plate I, 7, were abstricted.

10. Hypha end, showing abstriction of the internal conidia from mycelium of 5,

forty eight hours after the latter was drawn.

11. Internal conidia of cowpea fungus. These spores were taken from the vessels

of cowpea stems on James Island, S. C, August 7, 1895. Twenty-nine internal

conidia were measured that day, the size varying as follows: Length, 4.5 to 18yu;

breadth 2.3 to 4 /i.

Figures transferred to the plate by Mr. Williams Welch, from camera drawings by

the author.
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DESCRIPTION OF PLATE III.

1. Microconidium from the interior of a melon stem, germinating after 7 hours in

agar.

2. Th« same conidium, after 24 hours in agar, showing numerous branches and. the

abstriction of new conidia. Under favorable conditions conidia are formed very

rapidly. Three hours after this drawing was made this mycelium had given rise to

40 free conidia and 30 more were in various stages of growth.

3. Formation of microconidia of the watermelon fungus in an agar plate culture.

This hyplia end was under continuous observation for two hours and eighteen min-

utes, during which time two spores were developed and abstricted and another

begun. Room temperature, 27° C. The formation of conidia was carefully followed

in a number of other cases. Under the most favorable conditions of temperature

and food supply only forty-five minutes intervened between the pushing off of one

conidium and the formation and abscission of another. Usually, however, fifty-five

to sixty minutes was required.

4. Mycelium and conidia of the melon fungus from a young agar culture. This

was one piece of mycelium, broken in the drawing at the place marked x for con-

venience of representation on the plate. Mycelium and conidia vacuolate, all

formed in the agar, only sterile hyphie ends projecting into the air in this early stage

of growth. Two spores germinating. This figure well illustrates the waythehypha
end throws oif a few conidia, passes into a vegetative condition, and elongates for

a time, with formation of septa, and then once more ceases to elongate and becomes

sporiferous. Monetta, S. C, July 4, 1894.

5. Microconidia of the melon fungus from an agar plate, showing the variability

in size. Two spores germinating.

6. Conidia and torulose mycelium from a culture of the internal watermelon

fungus {Fusariuni niveian) 27 days old.

7. Fragment of mycelium from the same culture as 6.

8. Fragment of mycelium from a culture of the internal cotton fungus (Fiisarium

vasinfectum) 25 days old. For comparison with 7.

9. Mycelium and microconidia of the cotton fungus {Fusarium vasinfectum), culti-

vated from the interior of a diseased cotton stem received from western Georgia.

From a pure white culture 25 days old. For comparison with 3 and 4.

10. Conidia of the cotton fungus from a culture 25 days old, derived from the

internal or microconidia. For comparison with 11.

11. Macroconidia and microconidia of the watermelon fungus from a pure cul-

ture 5i mouths old, on sterilized horse dung. The mycelium which bore these

spores was derived from a spore of the size and shape of the largest here shown.

12. Chlamydospores of the melon fungus. Several germinating. From a pure

culture 5i months old, on horse Jung. This culture was derived from a lunulate,

^everal-septate, external conidium. In mass these chlamydospores were brick red,

and their contents was considerably denser than has been indicated by the engraver.

At 11 a. m., when the examinations began (in water), there were no germinations; at

4.30 p. m. there were many. In the same tube with these chlamydospores were

conidia of all the sizes shown in 11, the small spores being much more numerous

than the large ones.

Figures drawn by the author and engraved on wood by L. S. Williams.
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DESCRIPTION OF PLATE IV.

Cross section of a mature watermelon stem, showing how the vessels are plugged

by the fungus. In this stage of the disease the foliage has suddenly wilted (as

shown in PI. VII, 1), but is not yet shriveled; the stem is green and turgid and its

parenchyma is not yet invaded. From the surface inward the tissues are as follows

:

(1) Epidermis, (2) coUeuchyma, (3) cortical parenchyma, (4) bast fibers (stereome),

(5) medullary system, (6) ten bicollateral bundles in two rows, (7) pith. The struc-

ture of the bundles is as follows : (1) outerphloem, (2) cambium, (3) xylem, consisting

of pitted and reticulated vessels held together by wood parenchyma, (4) spiral

vessels lying in non-lignified living parenchyma (the primary vessel parenchyma of

Strasburger), (5) pseudocambial layer, (6) inner phloem, composed like the outer

phloem of sieve tubes and companion cells. On the outer side of the outer phloem

may be seen the collapsed remnants of the primary sieve tubes. The middle portion

of the stem is occupied by fissures. Section embedded in paraffin, cut on the

microtome, and stained in hsematoxylin. Reduced one-third from a pen drawing

made directly from the section by Mr. W. Scholl. Diameter of the stem, 4 millimeters.
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DESCRIPTIOX OF PLATE Y.

1. Perithecium and ascospores from upland cotton. Salters Depot, Williamsburg

Co., S. C, Oct. 8, 1895. Size 352 by 272 /v. For comparison with PI. 1, 1, which, how-

t'ver, is less highly magnified. The ascospores of this perithecium were 10 by 10//

with a wrinkled esospore. Others on the same specimens were 9 by 9/^ More rarely

they were 9 by 10 /< or 9 by 11 //.

2. Eipe ascus and paraphysis from the same lot of specimens as 1. A paraphysis

from a perithecium on cowpea was 18 n broad (cell next to the end cell).

S. Macroconidia from conidia beds on the surface of killed stems of sea-island

cotton. James Island, S. C, June 29, 1895. All transitions between a and h were

observed.

4. Internal or uiicroconidia from a diseased okra plant. James Island, S. C, July

25, 1895. Size 8 to 16 by 2.5 to 3.5//. This okra had been planted in place of cotton

which wilted and died early in the growing season. Many plants were affected.

The stems were 2 feet tall and about 1 inch in diameter at the base. The wood

was much browned the whole length of the stem.

5. Macroconidia from external conidia beds on dead okra plants. James Island,

S. C, July 25, 1895. The mature spores measured 27 to 42 by 3 to 5 //. Occasionally

one was 5-septate. The vessels and parenchyma of these plants contained a great

amount of mycelium bearing such 8i)ores as are shown in 4.

6. Highly magnified cross section of a pitted vessel which is beginning to be occu-

pied by the melon fungus. Stem of watermelou. Monetta, S. C, June 26, 1894.

Camera drawing from a fresh section examined in water. A great many of the ves-

sels were plugged solid by the fungus, as if stuffed with cotton. For the location of

these fungus-infested vessels with reference to other parts of the stem see Plate IV.

Figures transferred to the plate by Mr. Williams Welch from camera drawings by

the author.
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DESCEIPTIOX OF PLATE VI.

Healthy melon vines. Mouetta, S. C. June 28, 1894. For comparison with the

photographs shown on the following plate, which were made at the same time and

from the same field. The vine in the foreground had about 200 leaves and a melon

three-fourths grown.
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DESCRIPTION OF PLATE VII.

Vines attacked by the melon fungus. Monetta, S. C. Photographs a. n\. of June

28, 1894.

1. On the afternoon of June 26, when last examined, this vine was to all appear-

ances as healthy as that shown on Plate VI.

.?. A vine which has been wilted for several days. Healthy vines in the background.
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DESCRIPTION OF PLATE VIII.

Melon wilt. The result of soil inoculations. Hothouse experiment. Washing-

ton, D. C. Photographed April 17, 1895. Soil inoculated in 1894 with internal melon

fungus brought from South Carolina.

1. Two healthy and 3 diseased plants; S. One healthy and 3 diseased plants.

In this stage of growth the first symptom is a drooping of the cotyledons ; this is

followed by flaccidity of the plumule and a bowing over of the hypocotyl. The parts

above ground and the roots also are sound externally— i. e. they are not wounded,

rotted, softened, shriveled, or browned in any way. In this early stage of the dis-

ease there is little or no fungus in the hypocotyl, but the vessels of the taproot are

plugged. ' After photographing, water was withheld from these plants, and as they

were iu a dry room they soon died, the healthy ones included. On April 24 each of

the 6 plants which were wilted when photographed bore the conidia beds of the

external Fusarium, and a further examination showed the bundles and parenchy-

matic tissues of these plants to be full of the internal mycelium and microconidia.

On the contrary, the 3 plants which were healthy when photographed contained no

internal fungus, and there were no Fusarium beds on the surface, although the

plants were under a bell jar in moist air for a day or two prior to the examination.

' June 29, 1894, about 1,500 hills of watermelons were planted by the writer on a

sandy field in South Carolina, which had been infected from stable manure, and on

which most of the melon vines had been destroyed by this fungus in May and June of

that year. The disease began soon after the plants came up, and in 6 weeks nearly all of

the young melons had wilted, altogether perhaps eight or ten thousand plants. The

cotyledons first became flabby and drooped, the first true leaf then wilted, the hypo-

cotyl lost turgor and bowed over to the ground, and the plants finally shriveled—i. e.,

the symptoms were precisely the same as those subsequently obtaiued in Washington

with pure cultures of the melon fungus. A hundred or more of these wilting plants

were examined microscopically, and in each one the fungus was found in the vessels

of the hypocotyl or taproot or both in quantity sufficient to account for the disease

and commonly nothing else was present. In many plants which were not pulled

until the second or third day of the wilt, the fungus was found pushing out into the

parenchyma cells and fruiting therein, as shown on PI. II, 5. July 14 the writer

removed 14 healthy-looking young melon plants from as many difierent hills in this

field and examined them microscopically for the presence of the fungus. Vines had
recently wilted in each of tliese hills. The big seedlings were growing rapidly

and appeared to be perfectly healthy above ground and below. In 12 of these

plants no fungus could be found. In 1 there was an abundance of the fungus in

the big central duct of the taproot and in some of the smaller vessels, but none

could be found in the hypocotyl. In the other, there was also no fungus in the hypo-

cotyl save doubtfully a thread or two in one vessel, but there was plenty of it in the

big ducts of the taproot about 1 centimeter below the crown. No hyph?e threads

were observed in the i^areuchyma cells of the roots, which were white and appeai-ed

to be entirely sound. These two plants would have wilted in a day or two, and the

history of the experiment shows that the other 12 would subsequently have contracted

the disease.
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DESCRIPTION OF PLATE IX.

Watermelon wilt. Hothouse experiment. Washiugtou, D. 0. Spring of 1895.

1. Pots of the same series as PI. VIII, but ijhotographeil some weeks later. All

of the plants were killed by the fuugus except the three mentioned above. Seeds

planted March 12; photograph made some time in May.

2. Control plants growing in nninoculated (healthy) soil. None of these plants

contracted the disease, but toward the close of the experiment all were dwarfed by

leaf aphides.
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DESCRIPTION OF PLATE X.

Melon wilt. Result of soil inoculations ivith the external fungus. Hothouse experi-

ment. Washington, D. C. Photographed June 10, 1895. The fungus used for infec-

tion was derived from a single, large, lunulate, several-septate spore, taken from the

surface of a plant killed by the internal fungus. When photographed there were no

conidia beds on the surface of these wilted plants, but in each case the internal

fungus was found plugging the vessels of the taproot; the internal conidia were

elliptical or bluntly i)ointed, straight or slightly curved, nou-septate, and 8 to 20 by

3.5 to t //. On June 8 the plant at the right was as healthy looking as its companion,

but the plant in the middle pot and at the extreme left were already wilted. The

three healthy vines afterwards contracted the disease.
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LETTER OF TRANSMITTAL.

IT. S. Depart:vient of Agriculture,
Division of Vegetable Physiology and Pathology,

Washington, D. C, September 28, 1899.

Sir: I respectfully transmit herewith a bulletin prepared by Dr.

Oscar Loew, of this Division, on the physiological role of mineral nutri-

ents. For several years Dr. Loew has been engaged in the study of

the functions of mineral nutrients in plants. This work has led iuto

new fields, and has resulted in discoveries which it is believed will be

of much practical value to agriculture. The importance of mineral

nutrients is so well known as to need little comment, but the part each

plays in the life of an organism is still largely a matter of conjecture.

It is evident that we can not hope to understand nutrition until we
become better acquainted with the physiological action of the nutrients

themselves. The main object of this bulletin is to show what has been
accomplished in this direction, and to encourage and stimulate work
along the lines laid down. The matter has been prepared primarily

for teachers and experiment station workers, and is therefore treated

from a technical rather than a practical standpoint. I respectfully

recommend that it be published as Bulletin No. 18 of this Division.

Respectfully,

B. T. Galloway,
Hon. James Wilson, Chief of Division.

Secretary of Agriculture.
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THE PIIVSIOLOOICAL ROLE OF MINERAL
NUTRIENTS.

By OSCAK LOEW.

GENERAL REMARKS ON THE MINERAL CONSTITUENTS FOUND
IN ORGANISMS.

HISTORICAL NOTES.

The functions of the mineral nutrients in plants and animals consti-

tute a highly important problem. Normal development is im])eded by

tlie decrease and entirely prevented by the absence of even a single

nutrient, and gradual decline, disease, and finally death will result

from the continued withholding of any such substance. Thus yellow

spots will develop on the leaves of the sugar beet when the soil is defi-

cient in lime; mold fungi will not deveh)p spores but only mycelium

when the amount of magnesia in the nourishing medium becomes too

small; and even the primary segmentation will stop entirely in the

fecundated eggs of lower marine animals when lime salts are withheld,

while every further physiological action comes to an end as soon as

sodium salts are substituted for potassium salts in the cells. Pigeons

die in a few weeks when fed with materials too poor in mineral matter,

and dogs can not subsist on meat which has been macerated with cold

water, by which means most of the mineral matter is removed. The
result of eating such food is weakness of the muscles and nervous

excitability, which finally lead to death with spasms and the symptoms
of suftbcation.

In examining highly differentiated plants and animals there are

observed not only certain deferences as to the total sum of mineral

matter in the different organs of the same organism, but also certain

regularities as to the proportions of the mineral constituents. On the

other hand, pathological conditions lead to a jDartial excretion of tlie

mineral matter. Thus, in tuberculosis of man the excretion of lime and
magnesia is increased, and in diabetes the increased excretion of lime

is a specific symptom. These facts can be understood properly only

when it is admitted that for the normal functions of normal organs a

certain amount of lime and magnesia is indisi^ensable.
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Humphrey Davy ' was the first savant to consider the mineral con-

stituents essential for the development of plants. He says: "The
chemistry of the simpler manures (the manures which act in very small

quantities, such as gypsum, alkalies, and various saline substances),

has hitherto been exceedingly obscure. It has been generally supposed

that these materials act in the vegetable economy in the same manner

as condiments or stimulants in the animal economy, and that they

render the common food more nutritive. It seems, however, a much
more probable idea that they are actually a part of the true food of

plants, and that they supply that kind of matter to the vegetable fiber

which is analogous to the bony matter in animal structures." Davy
mentions among other things the beneficial action of gypsum, bone

dust, and slaked lime. Indeed, the favorable effects of wood ash, bone

dust, and liming upon vegetation have been known since olden times.

Furthermore, mills for grinding bones existed early in this century in

France and England, and enterprising men went so far as to dig up
battlefields in Europe and unearth thousands of tons of bones for agri-

cultural purposes.

SprengeP was the second one to express an opinion on this sub-

ject. He says: " We can accept it as an indisputable fact that mineral

matters found in plants also are real nutrients for them, and that it is

not their action upon the humus which makes them important, since

gypsum, potassium sulpliate, and calcium phosphate do not at all act

upon the humus.''-'

In quite a diflerent sense Berzelius argued the same year that the

action of lime is simply that of a stimulant for the plant and a solvent

for the humus, while lime and alkali promote the rotting of organic

materials, as manure.

After Sprengel followed Liebig (1840), whose theories received sub-

stantial support in the important researches of Wiegmann and Polstorf

(1842). However, great as was Liebig's merit in overthrowiiig the

dominant theory of the nourishing qualities of organic matter, called

humus, in the soil, and in showing the absolute necessity of mineral

salts in plants, the fact can not be denied that he made various errors,

especially in his earlier years. For instance, he at one time believed

that mineral bases serve merely to neutralize the organic acids in the

plant and that they could replace each other, and further, that alkaloids

in plants could play the part of mineral bases. He ascribed certain

' Elements of Agricultural Chemistry, Loudon, 1814.

^Theorie der Dlinguug, 1839.

''As a significant fact it may be mentioned that the Prussian Academy of Sciences,

in the year 1800 oftered a prize for an investigation to decide whether the mineral

matters found in plants are taken up from the soil or whether they are produced in

the plants themselves hy vital power. This question was treated hy Schrader, whose

decision was in favor of the latter opinion. How much farther advanced was

Sanssure, who, in 1804, declared that the mineral matter of humus contribute in a

certain degree to its fertility, since the same are found in the ashes of the plants

(Recherches sur la vegetation;.



diseases of plauts solely to tbe deficiency of mineral matter in the soil,

but later investigations liave demonstrated that fungous or animal

parasites are the true causes. After about twenty years of hard fight-

ing the importance of Liebig's mineral theory was in the main recog-

nized and the old humus theory abandoned. However, his opiuion

that the mineral bases replace each other has been proved to be erro-

neous by the experiments of Wolff, Knop, Hellriegel, and others. The

indispensability of potassa was proved, especially by Friedrich Nobbe,

Schroeder, and Erdmann (1871), as was also the noxious character of

lithium salts for Phanerogams. But the real significance of tlic bases

in the plant cells has not beeu cleared up, and, as a botanist has

exi)ressed it, the solution of these problems must form an important

final goal for every plant physiologist.

When Liebig had galled attention to the necessity of certain mineral

constituents in plants he set bis assistants and students at work to

analyze the ashes of a great number of plants. He published an

account of these analyses in his works on agriculture, but a more com-

prehensive review on plant ashes is given in the tables of E. Wolff.'

These results show that the quantitative composition of tlie ash of one

and the same plant varies according to the soil upon which it is grown,

but that qualitatively there is no difference. This observation, which

led Liebig to erroneous assumptions, was properly explained much

later. It was found that every plant absolutely reciuires a certain

minimum of each mineral nutrient, and that in most cases besides this

minimum it takes up not only an excess of these various compounds, but

also substances which are perhaps useful but not absolutely necessary

for plant functions, such as sodium salts and silica. In the case of potas-

sium or calcium salts a moderate surplus is not noxious. A large

excess of lime taken up can be easily excluded from secondary influ-

ences by transformation into oxalate or carbonate—salts which are

often produced by plants. Plants adapted to saline desert vsoils show

incrustations on their leaves, which may sometimes contain, in addition

to chlorid, nitrate, and sulphate of sodium, more than 50 per cent of

calcium carbonate.

The surplus of mineral matter found in plants—nutrient as well as

indifferent compounds—depends to a great extent upon the intensity of

the current of transpiration, which explains why herbaceous plants show

a higher percentage of ash for the dry matter than do the leaves of

woody plants. While cabbage leaves, which have about 90 per cent

water, contain 15 to 18 per cent ash for the dry matter, the leaves of

potatoes, clover, and grass, having 78 to 80 per cent water, contain

only G to 9 per cent ash for the dry matter. In trees adapted to moist

soil, for instance, Salix, Populus, Acer, and Tilia, the leaves contain more

water and also generally more ash for the dry matter than do the leaves

of trees in which transpiration goes on more slowly, such as Quercus,

Ascheu Analysen (2 volumes), Berlin, 1871 ;ind 1880.



8

Fagus, and the common kinds of Pinus. While leaves of Acer show 7

to 9 per cent of ash and those of Salix 4 to C per cent, the leaves of

Pinus montana and P. austriaca show only 0.58 per cent and 0.74 per

cent, respectively (Ebermayer). There is more ash in the leaves than

in the roots or stems, more in the roots and stems than in the seeds,

and more in the seeds than in the wood.

ECOLOGICAL AND PHYSIOLOGICAL BOLE OP MINERAL SUBSTANCES.

A question of fundamental importance is whether a certain mineral

constituent has one or several functions to perform, and in the latter

case whether at least one of these several functions may not be per-

formed by some other related constituent—in other words, whether a

partial substitution in the organisms would be possible. When a mere

neutralization of acids or an osmotic action is involved there can be no

doubt that potassa or lime may be replaced by soda, or when incrus-

tation of a tissue is necessary for protection the place of calcium car-

bonate might be taken even by silica. The solution of various mineral

salts produces osmotic pressure and motion required also by animals.

Thus beef tea containing 0.35 gram of salts per liter, exerts an osmotic

energy of several atmospheres, of which, however, only about one-fourth

can be realized in the stomach, since the blood itself also contains min-

eral salts. However, it suffices to produce an aiiueous current from the

blood to the stomach, while in the intestines the current takes the oppo-

site direction. 1 Such functions are not specific, however. But in the

purely physiological functions of a chemical nature not even a partial

substitution is possible, notwithstanding that various assertions have

been made to the contrary. The most novel supposition in connection

with this idea of substitution, and one very amusing to chemists, is

that seriously made in a recent text-book of plant physiology, that is,

that on other planets there may exist living organisms in which the

carbon of the organic matter is replaced by silicon.

In order to furnish a foundation upon which to base a theory of the

special functions of the various mineral constituents, separate analyses

for each kind of organ are indispensable. In former times entire

plants or animals were subjected to incineration and the ash analyzed,

but such results were of very restricted value." A distinction may be

drawn between ecological and physiological functions. In the former

case the mineral compound serves either as a mechanical support of the

organic forms, as does for example the calcium phosphate in the case

of bones, and probably the silica in grasses, feathers,^ and hair; or it

furnishes a protection against noxious intluences from the outside, and

against the attacks of enemies,'* as do the needle crystals of calcium

1 Koppe, Therap. Monatshefte, 1897.

2 Thus one author has inferred from his analyses that there is less magnesia in cats

and dogs and less potassa in dogs than in rabbits (Zeitschr. Biol., Vol. X, p. 321).

3 The organic silica compound in feathers was recently studied by Drechsel.

4It has been asserted that the siliceous deposit in the bark of Fagits and Acer and

in the leaves of various other plants forms a protection against parasitic fungi.
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oxalate in certain leaves against snails; the incrustations of leaves and

entire plants (Chara) by caloiiim carbonate; the lime shells of Fotami-

nifera, certain worms, mollusca, and eggs of birds; the silica shells of

diatoms; and the secretion of dilute sulphuric acid by certain Gastro-

poda, as Dolium, Cassis, etc. Finally, mineral matter may be an object

of adaptation, as the salts in sea water is for marine animals. How-

ever, in this bulletin the physiological role alone is the subject of

discussion.

MINERAL COMPOUNDS FOUND IN ORGANISMS.

The mineral compounds usually found in living organisms are

phosphates, sulphates, carbonates, chlorids, silica, iron compounds,

magnesia, lime, soda, and potassa; while in plants nitrates, manganic

compounds, and minute quantities of fluorides also often occur. Small

quantities of iodine compounds are found in both kingdoms. Bromine

compounds occur in sea weeds. Occasionally there are present in

plants small (juantities of titanic and boracic acids, lithia, and alumina,

and of the oxids of lead, zinc, and copper." Sodium salts are not

necessary for physiological uses of plants, but are for those of animals.

Calcium salts are of great importance for plants and animals, only the

lower fungi and lower alga? being able to do without them. Magnesium

and potassium salts, however, can not be dispensed with by any living

cell any more than can phosphoric acid. Manganese, which was shown

by Eisse to be incapable of replacing the iron in plants and was believed

to be entirely useless, forms, according to recent researches of Bertrand,

an essential constituent of the vegetable oxidizing euzynis, and hence

may be also of physiological interest.- The nitrates and sulphates

present in plants serve, in regard to their acids, chiefly as sources of

nitrogen and sulphur for protein formation, and consequently do not

require further discussion. As physiological elements these must be

designated potassium, sodium, calcium, magnesium, iron, phosphorus,

chlorine, iodine, carbon, hydrogen, nitrogen, oxygen, and sulphur.

GENERAL VALUE OF CERTAIN MINERAL SALTS.

Mineral salts have not only to perform ecological as well as specific

chemical functions, but also seem to contribute directly to the mainte-

nance of the continuance of the living condition of the protoplasm. A
most striking instance of this is the rapid dying of infusoria in distilled

water. The writer entertained for a time the supposition that this

'Lippmann observed in the sugar beet not only boric acid and copper oxid, but also

traces of vanadin and caesium compounds (Bot. Jabrb., 1888). Wait found 0.31 per

cent titanic acid in the asli of oak wood, 0.11 per cent in the ash of apples, and traces

of it in bones and meat, and Dunnington found it in many soils.

^According to Lepinois, iron can replace manganese in this regard, and the forma-

tion of oxidase in plants raised in the absence of manganese was further observed

by Albert F. Woods.



10

phenomeiiou migbt be due, as iu the case of the alga Spirogyra, to

slight traces of copper sometimes found iu distilled water and derived

from the copper vessels used in distilling. Experiments were there-

fore repeated, water distilled from glass vessels being used, but the

effect was the same—the infusoria died with bloating, their j^rotoplasm

swelling and disintegrating. The only conclusion that can be drawn,

therefore, is that the distilled water extracts from them traces of neces-

sary constituents, which must be of mineral nature, since common water

containing some mineral matter has no such action, but forms the very

medium of existence for these organisms. A similar effect could not be

observed with the same distilled water on algse cells, which may remain

alive in it for a considerable time, although the growth ceases. But
here the walls of the cytoplasm are probably of greater density, which

would prevent the mineral matters of the cell from passing easily to

the outside.

This phenomenon observed in the case of infusoria strongly resembles

that of the red blood corpuscles and leucocytes, which are adapted to the

degree of concentration of the serum, and which die when transferred

into distilled water, but remain alive for some time in a sodium chlorid

solution of O.G per cent. The nature of the mineral salts loosely bound

by the proteids of the living matter may vary with the character of

these i)roteids. In the one case it may be sodium chlorid, in another

the secondary potassium phosphate, and in a third a calcium salt. It

should be pointed out once for all that we can hope to understand the

living state of protoplasm only when the proteins of the living matter

are recognized to be chemically labil bodies, which the slightest influ-

ence often suffices to transform into the more stable isomeric forms of

dead matter. Relatively stable proteins are also those in milk and

the reserve proteins in eggs and seeds. Spontaneous transformations

of labil compounds into stable ones by atomic migration often take

place very easily, for example, when certain amido aldehydes or amido

ketones are liberated from their combination with acids.

Years ago M. Nencki ' recognized the importance of the mineral mat-

ter combined with the plasma proteids. "All proteins ^ occurring in

the living organisms are combined with mineral substances, whereby

the proteins concerned acquire specific i)roperties and functional sig-

nification iu the organisms."

It may be i^roper here to call attention to another phenomenon, first

recognized by Wolff. He determined the minimum of each mineral

nutrient necessary for the normal development of the oat plant when

the other mineral nutrients were in excess, and found that when all

the mineral nutrients are offered in the determined minimum amounts

at the same time it is impossible for the plants to fiower and fruit

'Arch. des. Sci. Biologiquea de St. Petersburg, 1894, Vol. Ill, p. 312.

^While "protein"' is the general denomination of all kinds of albuminous sub-

stances, the word "proteid'" applies especially to the complex proteins, e. g.,

nucleo-albumin, mucin, hiemoglobiu, etc.
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normally. When only tbe absolutely necessary minimum of one of the

nutrients is otl'ered a certain surplus of some of the others must be

present.

THE LOW ATOMIC WEKIHT OF THE MINERAL NUTRIENTS.

A review of the elements necessary for organic life shows at once

that they have low atomic weights, iron, with an atomic weight of 56,

having the highest among them. This is due, according to Leo Errera,

not only to their more fre([uent occurrence in the various compounds

making up the earth's crust, but also to their higher specilic heat. Thus

water, constituting as a rule two-thirds to three-fourths and sometimes

even more of the weight of a living organism, has the highest specitic

heat of all substances, consequently it can diminish the etlects of rap-

idly changing temperatures upon life.

THE PHYSIOLOGICAL ROLE OF PHOSPHORIC ACID.

RELATION OF PHOSPHORIC ACID TO PROTEIDS AND TO THE DIVISION

OF CELLS.

Phosphoric acid is, above all, necessary for the formation of lecithin'

and the nucleoproteids, e.g., chromatin- and plastin—the most essential

constituents of the nucleus and plastids. This makes clear the state-

ment of former writers, that phosphoric acid "follows the proteids,"

since every new cell requires them. Wherever phosplioric acid is

transformed from the dissolved condition to an insoluble (compound, as

in the formation and growtli of the nucleus, fresh quantities must move

thither, according to the law of diffusion. The embryos can develop

by cell division only when phosphates are stored up in suflBcient quan-

tities in the seeds for the formation and increase of the nuclear sub-

stance in the new cells. Phosphoric acid, further, is not only contained

as calcium and magnesium phosphate in the globoids, but is also dis-

tributed in the seeds as dipotassinm phosphate.

The observation that the total mass of protein in seeds is increased

by an increased supply of phosphoric acid would also be easily under-

stood on the basis of the hypothesis of ytrasburger and Sclimit<c that

the nuclei are the manufacturers of the protein matter. Tliis hypothe-

sis is highly probable, and in fact has been confirmed by Hofer in the

case of enzyms,' which must be considered as a class of proteins.

'Two other phosphoric acid compounds,which are, however, restricted to the higher

auimals, are jecorin and inosic acid, the latter probably being merely a product of

metabolism. Besides phosphoric acid, the latter yields on decomposition hypo-

xanthin and probably trioxyvalerianic acid (Heuser). Another compound, thus far

encountered in plants only, yields, besides phosphoric acid among other things, iuo-

site (Schulze and Winterstein).

"The nuclein extracted from organized structures is essentially an altered chro-

matin.
3 Sitzungsberichte der Morph. Physiol. Ges., Miinchen, 1889.
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In order to observe how a deficiency of phosphoric acid would inter-

fere with the normal action of plant cells the writer compared at a low

temperature the behavior of alga? {Spirogyra) in complete culture solu-

tions ^ with that of alg* cultivated for eight weeks in solutions free from

phosphoric acid, but containing all other necessary mineral nutrients.

The result was that there was no growth in the absence of the phos-

phoric acid, but there was a yellow coloration of the chlorophyll and

an accumulation of fat and albumin, while in the control algse the

number of cells had more than doubled, the coloration of the chlorophyll

was normal, and the amount of fat and albumin stored up was much
smaller than in the former case. When, however, at the end of eight

weeks, 0.1 per mille of monopotassium phosphate was added to the

culture free from phosphoric acid, a most energetic cell division began

in most of the cells after a short time, thus demonstrating the great

importance of phosphoric acid for this purpose.

A direct participation of inorganic phosphates in the formation of

albumin, as Liebig had assumed, has not been proved, and is improb-

able. As the writer has observed, cells of algae can continue to form

albumin for a certain length of time, even in the absence of inorganic

phosphates, although further growth and multiplication will thus be

stopped.'^

THE PHYSIOLOGICAL IMPORTANCE OF LECITHIN.

This ester of phosphoric acid contains fatty acids, glycerol, phos-

l)horic acid, and choline, and corresponds to the following formula:^

CH2-0-(/)

H2—O—(/) Qg
H2—o—p=o

It is a regular concomitant of fatty matter. It swells up in water and

is even somewhat soluble in it, a property which renders it physiolog-

ically superior to the ordinary fatty matter. The chief function of

lecithin is probably to serve for respiration; it represents the form into

' The composition of the solution made with distilled water was as follows for the

control culture :

Per mille.

Potassium nitrati; 0.2

Calcium nitrate 0. 2

Sodium sulphate 0.

1

Magnesium sulphate 0.

1

Monopotassium phosphate 0.1

ferrous sulphate Trace.

The monopotassium phosphate was left out in one of the solutions.

2 Biol. Centralbl., 1891, Vol. IX, No. 9.

3(/) Signifies the radical of a higher fatty acid; (cA) signifies the radical of

choline.
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which the fat must be changed to become combustible in the proto-

plasm, since the substances servin*;- for respiration, must be present in

the protoplasm in a dissolved condition.^ Since fat is not soluble, a

transformation of it into soap was formerly assumed—a view which is

hardly possible in the case of plants, while upon animals soaps injected

subcutaneously exert a poisonous action (Muuk, 1889).

By the transformation of fatty matter into lecithin the higher fatty

acids are ottered to the protoplasm in a soluble form, and after being

oxidized other molecules of fatty acids may enter into the place of the

former and thus the same molecules of the glycerol-phosphoric acid can

serve "repeatedly as vehicles for oxidations of molecules of fatty acids.

The fact that blood corpuscles contain lecithin but not fat seems to

indicate that lecithin may be produced not only from fat, but also

directly from sugar, as is fat. A great therapeutic value of lecithin

has been demonstrated in cases of nervous debility and weakness of

the alimentary functions. The brain and the whole nervous system in

general are rich in lecithin, fully 17 per cent of it having been found

in the gray substance of the brain. The nervous system requires for

its perpetual great activity a substance which unites easy combusti-

bility with a great deal of potential energy in a small volume, which

conditions are admirably united in the lecithin.

Seeds rich in starch generally contain much less lecithin than those

rich in protein. Thus barley grains contain less than half the amount

contained in soy beans. The amount of lecithin increases to a certain

point in the first stages of germination, while the amount of fat

decreases.^ Here the lecithin is evidently formed from the fat. It

seems very probable that the observed increase of lecithin is less than

was actually formed, since a part of it is probably consumed nearly as

quickly as produced. The evergreen tea leaves lose the reserve lecithin

in spring (Hanai) and green plants generally lose it when kept in the

dark (Stoklasa). Hefiter observed a decrease in the amount of lecithin

in the liver during starvation. E. Schulze ^ found that during germi-

nation the quantity of choline increases, and that in wheat the choline

is localized in the germ of the grain, but not in the endosperm.

This is certainly of physiological interest, since the young developing

germ must carry, on an energetic respiration and therefore be cai)able

of easily forming lecithin, in which process the presence of choline is

required. It may further be mentioned in this connection that, accord-

ing to Mlintz, the amount of free fatty acids increases during germina-

tion, which is to be expected when lecithin is formed from fat. From

^We can observe this with cholesterin, which is frequently contained in the cells

and in fact is, like lecithin, a constant concomitant of fiitty matter. It is not per-

ceptibly oxidized by the protoplasm, the almost absolute insolubility in water being

here the obstacle.

2 Maxwell, Chem. Centralbl., Vol. XLI, No. 1, p. 365; Frankfurt, Landw. Vers. Stat.,

Vol. XLIII.
3 Landw. Vers. Stat., Vol. XLVI.
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al] the observations cited it will be seen tbat lecithin plays an impor-

tant role, and as its formation is made possible only when phosphoric

acid is present, one of the functions of this acid at once becomes intel-

ligible.

PHOSPHORIC ACID IN CHLOROPHYLL.

As Trecul, Gautier, and Hoppe have shown, the crystallized chloro-

phyllan also contains phosphoric acid (1.39 per cent)—indeed, for the

formation of the chlorophyll green the presence of phosphoric acid is

absolutely required (see p. 16). The opinion has been expressed that

the crystallized chlorophyllan is a kind of lecithin. While it is the

orthophosphoric acid that is contained in lecithin and chlorophyll, it is

the metapho sphoric acid which forms a constituent of the chromatin

(nuclein), as Leo Liebermann has discovered.

POTASSIUM PHOSPHATE AS A CELL CONSTITUENT.

That the secondary potassium phosphate as snch also has an impor-

tant physiological function becomes probable from its general occur-

rence in the living organisms. Relatively large proportions of it are

found in yeast cells, in the forming seeds, in the liver and muscles,

and in fact in all cases where special demands for great chemical

achievements are made. It causes the weak alkaline reaction of pro-

toplasm and is probably present in loose combination with certain

proteins, from which even treatment with water will often easily remove

most of it.

The dry substance of muscles contains about 4 per cent of mineral

matter, of which again nearly two-thirds consist of dipotassium phos-

phate. This is also nearly the proportion found in beer yeast. Wheat

grains contain from 1 to 2 per cent ash, of which nearly one-half con-

sists of potassium phosphate and nearly one-fourth of calcium and

magnesium phosphate, while another portion of phosphoric acid present

in that ash corresponds to the destroyed nuclein and to the small por-

tion of lecithin.^

A further special function of phosphoric acid is the use of calcium

phosphate for the formation of bones. The blood ash of cattle contains

4 to 6 per cent and of man 9 to 11 per cent of phosphoric acid. The

requirements for normal field crops are considerable, a wheat crop, for

example, extracting from 1 hectare (about 2.5 acres) of ground about

26.5 kilos of this acid. The forest products require much less. It is in

the production of seeds especially that the powerful influence of fertil-

ization with phosphates becomes apparent.

Whether hypophosphites, phosphites, or hypophosphates can ever be

of physiological value is a question which must be determined by

further studies. Knop showed in an experiment with maize in 1881

I Several views have been expressed, as to the transportation of calcium phosphate

to the seeds. This salt is insoluble in water, but may be dissolved in small (luantities

by the weak acid juices of the plant. Vaudin (Chem. Zeit., No. 91, 1895) believes

that its transportation in the vegetable organism is accomplished by sugar and

potassium malate or citrate, which dissolve it in small quantities.
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tbat phosphoric acid can not be replaced by liypophosphoric acid.

The writer has observed that algie are at least not injured by a 1

per niille solution of sodium hypophosphite, phosphite, or pyro and

mcta phosphate, and the two last-mentioned salts can even be well

utilized by mold fungi.' The assertion once made that phosphoric

acid in alga^ may be replaced by arsenic acid is absurd and moreover

Molisch had shown it to be impossible.

THE PHYSIOLOGICAL ROLE OF IRON COMPOUNDS.

RELATION BETWEEN THE COLORINCr MATTER OF THE BLOOD AND
OF THE LEAF.

Iron compounds are indispensable for the production of the chloro-

phyll' of tlie plant and the ha-moglobiu of the red blood corpuscles

of the higher animals. Without the former there is no assimilation of

carbonic acid, hence no synthesis of organic matter in the green plant,

and without the latter no respiration of the vertebrates, since it is the

hiemoglobin that carries the molecular oxygen to the remotest regions

of the body. Although the chlorophyll itself does not contain iron,

haemoglobin contains it as an essential constituent in the molecule.

There is evidently a close relation between the coloring matter of the

leaf and that of the blood. The phylloporphyrin obtained from chloro-

phyll by the action of alkalies shows almost the same spectrum as the

hfematoporphyrin obtained from the ha-moglobin of the blood. Hajma-

toporphyrin seems to correspond to a dioxyphylloporphyrin, and both

of these compounds appear to be derivatives of pyrrol. It was espe-

cially the investigations of Nencki and of Tschirch that first directed

attention to the analogies between these two physiologically important

bodies.

INFLUENCE OF IRON AND OTHER MINERAL NUTRIENTS ON THE

FORMATION OF CHLOROPHYLL.

Iron is not the only requisite for the production of chlorophyll.

Other mineral nutrients are not less necessary, and above all only a

normal plastid can produce the green color with the aid of iron salts and

thus become a chloroplast; hence cases of imperfect i^lastids may occur,

e. g., where an increased supply of lime is required to produce normally

green leaves. A case where phosphoric acid was required in addition

to the iron to produce the chlorophyll was observed by the writer in

the case of an alga. Some threads of Spirogyra majuscula were placed

'Bot.Centralbl.,1895.
2An observation on chlorophyll made by the writer may here be mentioned, as it

places the great sensibility of this substance toward chemical reagents beyond a

doubt. When Spironyra threads are treated with moderately concentrated hydro-

chloric acid, they at once assume a yellowish color, but soon afterwards turn to a

bluish green, which points to two successive changes and indicates that in the

preparation of pure chlorophyll strong acids have to be avoided. Various discrep-

ancies in the observations of different authors may be traced to this circumstance.
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in 2 liters of distilled water, to which were added only 0.2 per mille

calcium nitrate and 0.02 per mille ammonium sulphate. Wheu they

were placed in this very imperfect solution, the filaments contained

in all probability some stored-up mineral matter, hence a moderate

further growth of the cells was not surprising. Besides, mineral matter

of some cells which died gradually may have been absorbed by the

living ones. The cells did not increase by cell division, however, but

merely enlarged. After standing six weeks the chlorophyll bodies had

assumed a yellow color. The liquid, with the filaments, after the addi-

tion of 0.02 per mille ferrous sulphate, was now divided into two por-

tions, and 0.5 per mille secondary sodium phosphate was added to one

of them. After five days a very striking difference was noticed, the

normal green reappearing only in the latter case, which proved that

phosphoric acid is an essential factor for the production of chlorophyll.

Stoklasa also has observed the necessity of phosphoric acid for the pro-

duction of the chlorophyll green, and finally Macchiata' inferred from

his experiments that plants may become chlorotic not only from a defi-

ciency of iron, but also from lack of other mineral nutrients. Indeed,

cases exist in which it is the deficiency of magnesia which causes this

phenomenon (p. 49). Magnesia appears to form a constituent of the

crystallized chlorophyllan of Hoppe, which, however, has recently been

declared a mixture^ which contains 1.72 per cent ash, of which 1.38 parts

are phosphoric acid (mentioned above) and 0.34 magnesia (Hoppe).

An interesting fact observed by Zimmermann^ is that the chloroplasts

in chlorotic leaves are smaller than in normal leaves, and appear to be

incapable of forming starch from sugar. Different from chlorosis is

the albinism of plants. Here the leucoplasts have so far degenerated

that they become incapable of producing the green color even when

all the necessary mineral nutrients are present. Although incapable

of forming carbohydrates from carbonic acid, however, they often form

starch from sugar.^

FERTILIZING EFFECT OF IRON SALTS.

It is to be expected that a moderate manuring with iron salts would

prove beneficial for plants grown on soil deficient in iron. Bracci^

mixed 1 part of ferrous sulphate with 20 parts of silt and applied this

mixture to soil in which oats and wheat were grown, and as a result

the grain ripened several days earlier and the yields of straw and

grain were increased. Spraying with ferrous sulphate is also said to

produce favorable results. Yille applied a 2 per cent solution to

young apple and pear fruits,^ and thus not only hastened the ripening

'Bot. Jaliresber., 1888, p. 20.

- Compare also the recent publications of Schunk and Marchlewski.

^Zimmermann, Beitrage zur Morph., etc., Heft II; Sapoznikott", Bot. C, 1889, p. 321.

<Bot. Jahresber., 1883, p. 43.

'^Ibid, p. 14. Other reports, however, mention an injurious action of a 1 per cent

solution upon potato plants.
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process, but also enlarged the size of tbe frait. Cn^ini tries to explain

tills on the ground of stimulation of the protoplasm and increased

production of chloroplasts in the epidermis.

ORGANIC COMPOUNDS CONTAINING IRON.

Hfemoglobin is not tlie only organic iron compound in organisms.

Bunge isolated from the yolk of eggs a nucleiu-like body, hieniatogen,

which contained 5 per cent phosphorus and 0.23 per cent iron, and

similar substances were observed by Zaleski in the liver of animals

and by Macallum and Stoklasa in the nuclei of plant cells. Si)itzer

found in animals oxidizing enzyms, which were nucleo-proteids con-

taining about 0.2 i)er cent of iron.

IRON IN FUNGI.

The question as to whetlier iron salts are necessary for fungi was

formerly answered in the negative. Molisch,' however, observed that

even very small traces of iron salts have a great efiect upon the

growth of fungi, and having discovered traces of it in the ash of

various fungi, he considers it a necessary element for them. Indeed,

slight traces of iron are frequently present in the nutrient compounds

used for the cultivation of fungi. Certain writers admit that iron pro-

duces a beneficial effect, but deny that it is absolutely necessary.

However, Molisch's observation that in fungi iron can not be replaced

by nickel, cobalt, manganese, or zinc deserves special consideration.

Traces of zinc and related salts will, according to Kauliu, Ono, and

Eichards, also increase the fungus mass in a given time. Richards

has shown that the nutrients are more economically disposed of under

this influence. It may also be mentioned here that Gautier and Drouin

observed that ferric oxid promotes the fixation of atmospheric nitrogen

by soil bacteria.^
MANGANESE IN PLANTS.

Physiologically, manganese can not replace iron in plants. Plants

have also been raised to perfection in culture solutions which con-

tained no trace of manganese. However, the ash of plants, especially

of woody ones, sometimes contains even more manganese than iron.

Schroeder calculated for 1 hectare of eighty year old beech trees near

Tharand a content of 104.1 kilos of Mn304, but only a content of 7.92

kilos of Fe^Oa^. The ash of Pinus strobus showed a content of 2.00 per

cent Mn304, and that of Populus tremula l.OG per cent MnjOj (Weber).

In the case of pines, even the pollen grains contain manganese.

Ramann found in them 5.23 per cent ash, and in 100 parts of this ash

1.95 per cent ferric oxid and 1.12 per cent manganic oxid (MU3O4).*

' Sitzungsber. d. Wien Akad., 1892, Vol. CUT. Aso found nearly 5 per cent ferric

oxid in the ash of the spores of Aspergillus oryzce.

^Bot. Jahresber., 1888, p. 29.

^Wolff's Aschen Analysen, Vol. II.

••The manganese content in oxidizing enzyms has been mentioned on p. 9

7478—No. 18 2
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THE PHYSIOLOGICAL ROLE OF HALOGEN COMPOUNDS.

PLANTS RAISED WITHOUT CHLOEIDS.

The chloriue comi)ouuds to be considered in this connection are

essentially those of sodium and potassium.^ These chlorids are not

necessary in the physiological functions of lower organisms. Fungi
and fresh-water algse can be successfully cultivated without a trace of a

chlorid. In the case of the higher plants, Knop and Batalin success-

fully cultivated even halophytes in the absence of sodium chlorid, and
Knop'^ maintains that chlorids are superfluous for all plants, and hence

recommends a culture fluid free from chlorids.' On the other hand,

functions appear, in certain plants at least, which perhaps by adapta-

tion become dependent upon the presence of chlorine, esj^ecially in the

form of potassium chlorid.

VALUE OF POTASSIUM CHLORID FOR BUCKWHEAT.

Nobbe has observed that buckwheat plants thrive normally in cul-

ture solutions without chlorids until the flowering i^eriod is over, but

that soon thereafter the tips of the stalks die off"; the upper part of

the stalk thickens and shows ring-like swellings; the epidermis bursts

vertically; the dark green leaves become brittle, spotted, and pufly,

and roll in; no fruit is produced;^ and a microscopical examination

shows a great accumulation of starch granules in parts of the stems.

These observations have been confirmed by Leydhecker.^

It might be supposed that the formation of diastase is prevented by
the absence of chlorids, and that the transportation of starch thus

becomes impossible, but the difficulty interposed by this hypothesis is

that the development of the plant proceeds normally for a cousiderai)le

length of time, that is, until the flowering stage is reached. This also

militates against Detmer's belief that the beneficial action of potassium

chlorid on the migration of starch is due to the formation of hydro-

chloric acid from this chlorid,'' which acid he claims will in very small

quantities promote the saccharification of starch by diastase.

'Calcium and magnesium chlorid have an injurious effect on plants, probably on
account of the liberation of hydrochloric acid in cells, this not being assimilated like

nitric or sulphuric acids and therefore accumulating to a noxious degree.

^Kreislauf des Stoffs, Vol. I, p. 616. The writer can testify that when 0.01 per

cent of sodium or potassium chlorid is added to suitable complete culture solutions

no essential difference in growth or the amount of starch will be noticed in the

cells of Spirogyra, but 0.5 per cent will retard growth.
^In Knop's culture fluid the proportion of the mineral nutrients is as follows:

1 KXO:j, 1 KH0PO4, 1 MgSOj, and 4 Ca(N03)2. The iron is suspended as ferric phos-

phate.

^All these phenomena have been observed by the writer in the case of buckwheat
plants which received rubidium nitrate, and to a smaller degree also when rubidium
chorid was used (p. 24).

sLandw. Vers. Stat., 1865 and 1866, Vols. VII and VIII.

''Pflanzeni)hy8iol, Unters. liber Fermentbildung, Jena, 1884.
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INJURIOUS EFFECTS OF CHLORIDS ON PLANTS.

However necessary may be the presence of a certain amount of a

cblorid for buckwheat and probably for many other jdants, very unde-

sirable results are produced when it is increased beyond a certain point,

owing to the fact that the solution of starch might be facilitated in

organs the value of which depends on their starch content, as in pota-

toes. Should it prove to be correct that the chlorids favor the forma-

tion of cellulose from sugar, then the decrease of the sugar content in

the sugar beet on account of the influence of chlorids would also be

explained. On the strength of this hypothesis it might also be inferred

that woody growth would be increased by supplying trees with moder-

ate doses of chlorids.

To decide the physiological value of chlorids, plants of other fami-

lies should also be cultivated in the presence of an abundance of potas-

sium nitrate alone and in combination with potassium chlorid and

sodium chlorid. Beyer's' experiments with peas and oats are not con-

vincing in this regard, as anyone nuist infer who compares the compo-

sition of his main and control solutions.

An increase of sodium chlorid beyond a certain i)oint has a retarding

influence upon assimilation in the chloroplasts (Schimper). Coupin

has determined for several plants the amounts that would be injuri-

ous; e. g., a solution of 1 per cent will retard the growth of wheat and

a solution of 1.8 per cent will prevent its germination. Sodium chlorid

reduces the amount of chlorophyll in plants of the seacoast region, but

causes the leaves to increase in thickness. The intensity of assimila-

tion of carbonic acid is less in plants on the seacoast than in such

plants growing farther inland (Griffon). Certain algte, such as 8piro-

gyra crassa, will suffer in culture solutions containing 0.5 per cent potas-

sium or sodium chlorid, while lower kinds are not affected by 1 per cent

chlorid.of sodium or even more, and certain bacteria and small yeasts

can even grow in the presence of from 10 to 12 per d^nt.

ABSORPTION OF CHLORIDS BY AQUATIC PLANTS.

The considerable absorptive power of many aquatic plants for chlorids

is interesting. The ash of Nymphaa alba, amounting to 7 to 10 per cent

of the dry matter, was found to contain 9 to 23 per cent of chlorine

and that of Hpirogyra nitida 24 per cent. The ash of such plants does

not always show a sufficient jDOtassium content to bind all the chlorine

present, hence a part of the latter will in such cases be present as

sodium chlorid. In order to estimate the absorptive power of Elodea

canadensis, the writer has determined the amount of chlorine in water

which ran slowly through a basin in which this plant was cultivated,

and found that besides some sulphate and calcium and magnesium

bicarbonate the water contained, per liter, 4.5 mgr. chlorine, l.G mgr.

1 Landw. Vers. Stat., 1869, p. 262.

2 Revue Geu6rale de Botanique, Vol. X, p. 177.
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potassa, and 2.7 mgr. soda. On the determination of the amount of asli

in the plant it was found to be 8.04 per cent, in which was 0.6 part

chlorine, so that the plant therefore contained in the dry matter over

one thousand times as much chlorine as an equal weight of the water

in which it was grown.

SODIUM CHLORID IN ANIMALS.

Chlorine, in the form of sodium chlorid, plays an important role in

animals, the formation of normal gastric juice being impossible in its

absence. An idea of its great importance for the blood may be inferred

from the fact that on an average about one-half of the blood ash con-

sists of chlorid of sodium. Nearly one-third of the ash of the white of

hens' eggs is made up of it. This salt can not be replaced by potassium

chlorid, as the latter in the same quantity would exert a noxious

influence on the animal. Generally, sodium salts exert an injurious

effect on animals only when present in about five times larger quantities

than potassium salts.

PHYSIOLOGICAL OCCURRENCE OF CALCIUM FLUORID.

The general occurrence of calcium iiuorid in the teeth of animals

renders very probable the supposition that it is present in many plants

also, and indeed traces have been discovered in several cases. Flu-

orids, however, are not necessary for plants, the latter having been

raised in culture solutions containing no trace of such compounds. It

may be said that soluble fluorids in moderate amounts exert a poison-

ous action upon plants, as well as upon animals, and that they are more

injurious to bacteria than to yeast—a fact of which practical use has

been made in the manufacture of alcohol.

BEHAVIOR OF PLANTS TO POTASSIUM BROMID.

Bromine compounds occur normally in seaweeds, but as yet it is not

known whether they are present in them only as organic or also as

inorganic combinations. The physiological substitution of potassium

bromid for potassium chlorid in the higher plants is impossible. In the

case of buckwheat plants cultivated with potassium bromid, the writer

observed that only one of six lived to bear a single seed, the others

dying at or near the flowering stage; heuce the recent assertion that

bromids are not noxious for Phanerogams can be admitted only in the

case of certain plants or a limited period of development.

RELATIONS OF ORGANISMS TO IODINE COMPOUNDS.

Since the discovery that an iodine compound occurs in the thyroid

and the thymus glands of animals, it must inevitably be assumed that

traces of iodine compounds must exist in soils and plants also. Gautier ^

has demonstrated that there are traces of iodine in the air of Paris.

' According to Gautier (1899), marine algic contain in 100 grams dry matter 60

mgr, iodine, while fresh-water algae contain only 0.25 to 2.40 mgr.
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He deteriniued also the ainoimt of iodine iu sea water to be 2.32 mgr.

per liter.' Various luarine organisms contain moderately large quan-

tities of iodine. For instance, Harnack isolated iodospongin, containing

on an average 8.2 per cent iodine, from marine sponges.

Dreclisel - found iu a protein, viz, the axial horny skeleton of the

coral Gorgonia cavolinii, 7.7 per cent iodine. On decomposition with

baryta this protein yields a compound of the composition of mouo-

iod-amido-l)utyric acid. Potassium or sodium iodid, even iu small doses,

exerts a poisonous induence on animals as well as on plants. Germi-

nating buckwheat seeds placed iu a full mineral solution in which the

potassium was offered as iodid, died before the first leaf was developed,

as the writer observed many years ago. The poisonous action of the

iodid of potassium is no doubt due to the liberation of iodine by oxida-

tion favored by tlie acid cell sap. Lower organisms without acid juices

are rather indifferent in this respect. The writer found certain alga- and

infusoria alive iu culture water five weeks after 0.5 per cent of iodid o£

potassium had been added to it. On the other hand, 0.2 per cent

potassium iodid killed larger kinds of Spirogyra within a few days

when the culture solution contained traces of the acid monopotassium

phosphate. Lower fungi and bacteria are not injured in neutral culture

solutions to which even 1 per cent of this iodid is added. Potassium

iodid has been found by bacteriologists to possess a germicidal action

only when present in large doses.

THE PHYSIOLOGICAL ROLE OF ALKALI SALTS.

IMPORTANCE OF POTASSIUM FOR THE FORMATION OF STARCH AND
PROTEIN.

The paramount importance of potassium salts for every living cell is

firmly established. In green plants they are concerned not only iu the

synthesis of carbohydrates, but also in that of the protein bodies, since

not only is there an increase of potassium salts in such parts of green

plants as are developing rapidly and consequently forming large

amounts of protein, but most fungi, even iu the presence of such a

favorable nutrient as sugar, are found to require potassium salts for the

production of protein. These salts can never be replaced by lithium^

or sodium salts, but iu certain fungi they may be replaced to a limited

extent by rubidium or CcTsium salts (p. 25).

It is a well-known fact that plants cultivated in the presence of more

sodium than potassium salts will nevertheless absorb a greater quan-

tity of the latter than of the former, and some plants grown on soil

' A part of tlii* iodine is present in organisms and organic compounds.

^Zeitsch. f. Biologie, 1895, Vol. XV. Drechsel calls this protein "gorgouin." On
decomposition it yielded not only iodine, but also 2 per cent chlorine (or bromine?).

•''Although lithium salts exert a noxious action on Phanerogams they do uot readily

affect algae. Spirogyra still ai)peared normal after four weeks in a complete culture

solution to which 0.3 per mille lithium chlorid was added. At a higher concentra-

tion, however, the result may differ.
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very rich iu potassium salts will absorb almost uo soda. The amount

of potassa annually required per hectare of pine forest is about 7.5

kilos, of wheat iield 37.5 kilos, of clover field 102 kilos, and of potato

field 125 kilos. Other things being equal, an increase of potassa will

increase to a certain degree the i)ercentage of carbohydrates, and

further, potassa is reported to be present in larger proportions iu those

l^arts in which the carbohydrates are transported, as in the parenchyma

of the bark and pith.

Secondary potassium phosphate possibly forms loose combinations

with proteins more easily than does sodium phosphate, since an increase

of potassium phosphate is generally accompanied by an increase of

proteins, as in the seeds. Pollen .grains also seem to be rich in this salt;

at least Eamann found that of the ash in the pine pollen 50.74 per cent

was i)otassa and 30.08 per cent phosphoric acid. Seeds always contain

much more potassium phosphate than sodium phosphate, while on the

other hand the proportion of soda to potassa in form of other salts

than j)hosphates is often found to be larger in the leaves and roots.^

The following table shows the composition of seeds of Gramineae and

Leguminosfe, the latter containing, as is known, relatively more protein

than the former

:

Analysis of the seeds of Graminece and Leguminosce.*

Product analyzed.
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is more potassa iu seeds which are richer in protein, but the proportions

do not show any very close relation. For the (iraminetL' the proportion

of potassa to protein would be as 1 to 17, and for the Legnniinosie as 1

to 23. Hornberger's investigations' on the growth of maize showed the

relation between potassa and protein nitrogen in the differen t periods

of plant development to be for the leaves 1-1.1 to 1-1.8, or calculating

from the ])rotein itself, l-<).8 to 1-12.L».

Although potassa is indispensable in the formation of carbohydrates,

the quantitative proportions in the seeds show a closer relation to the

protein than to the starch content of the seeds.-

BENEFICIAL ACTION OF SODIUM SALTS.

The fact that many kinds of plants have been raised to perfection in

the absence of sodium salts proves that the latter have no indispensable

function to perform iu plant life. Stahl-Schroeder' recently inferred

from his experiments what others also had already observed, that is,

that sodium can not perform the special part of the functions of potas-

sium which relates to the preparation of organic substances in plants.

Nevertheless, sodium salts may sometimes exert a beneficial action, and

several observers ascribe to them a promoting action in the ripening

process of the Graminea\ Wagner and Wolff have each reported favor-

ably ou the application of sodium salts, pointing out that as regards

osmoticand neutralizing functions a replacement of potassium by sodium

compounds is quite possible, which is of practical value, since the sodium

salts are much cheaper than the potassium salts. In a recent article

Dassonville^ pointed out the beneficial action of sodium salts upon

wheat. However, further control experiments along this line will be

necessary.

CAN POTASSIUM SALTS BE REPLACED BY RUBIDIUM SALTS IN GREEN

PLANTS AND IN ANIMALS?

Various authors have shown that potassium can not be replaced in

plants by sodium or by lithium, starvation phenomena occurring with

the former and toxical phenomena developing with the latter (Nobbe).

As regards their atomic weight, sodium and lithium stand below while

rubidium and caesium stand above potassium, as follows:

T^y OQ diff. : 16
In a = 23 )

K = 39 diff": 16

Rb = 85.4 diff". : 16 x 3 - 1.6

Ci = 133 diff. : 16 x 3 - 0.4

' Landw. Jahrb., Vol. XI, p. 461.

2 Fertilizing with potassium salts does not always increase the yield of grain.

Frequently it is only the yield of straw that is increased. The form iu which the

potassium salts are given exerts much influence.

3 Jour. f. Landw., Vol. XLVII, p. 78.

••Revue G6nerale de Botanique, 1898, Vol. X. He states also that "potassium

silicate produces a dark green color."
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Since the properties of elemeuts are to a certain extent functions of

their atomic weight, it might be sujiposed that the physiological capa-

bilities of the alkali metals would increase with their atomic weight,

but the facts observed are not in accord with this view. Birner and
Lukanus ^ demonstrated that plants soon perish when the culture solu-

tions contain rubidium or csesium nitrate in place of potassium nitrate.

In experiments with buckwheat plants the writer afterwards confirmed

this conclusion as regards rubidium nitrate,^ not taking cesium salts

into consideration ; but he observed in addition that the action of rubid-

ium chlorid differed to some extent from that caused by rubidium

nitrate. Where the chlorid was offered the plants attained a greater

height than with the nitrate. Those with rubidium nitrate died before

the flowers were formed, while those with rubidium chlorid died after

that period. Torsion and thickening of the stalk and curling and
rolling up of the leaves were the most striking results with rubidium

nitrate. In both cases, however, a diagnosis of the pathologic char-

acters revealed essentially a disturbance in the functions of the chlo-

rophyll bodies and in the transjwrtation of starch, the effect on the

latter being more marked with the nitrate than with the chlorid. A
chemical comparison of buckwheat plants grown with potassium

chlorid and of those grown with rubidium chlorid showed (1) that the

ethereal extract of the ''potassium plants" was of a normal pure green,

while that of the ''rubidium plants" was of a yellowish greeny (2) that

the rubidium plants contained 7.8 per cent of glucose in the dry mat-

ter, while the potassium i)lants contained none; (3) that there was
more starch in the i)otassium plants than in the rubidium plants.

The writer has observed further that the replacement of even one-

half of the potassium chlorid in a culture solution by rubidium chloFid

will impede the development, the plants reaching after six weeks only

half the size of the control plants. Moreover, the leaves were partially

rolled in, the flowers were scanty, and the i)lants died before the seeds

ripened.

These experiments proved that it is impossible to raise normal seed-

bearing buckwheat plants when the chlorid of potassium in the culture

solution is replaced by chlorid of rubidium, but on the other hand they

left hardly any doubt that rubidium chlorid can serve for certain phy-

siological functions of which sodium chlorid is utterly incapable. With
rubidium chlorid, buckwheat plants may reach a dry weight of even

thirty-three times that of the seeds,'' but with sodium chlorid they seldom

reach over five times. In a normally raised plant, however, the dry mat-

ter may be over six hundred times the weight of the seed. In the experi-

ment with rubidium chlorid starch was formed by assimilation, but in

those with sodium chlorid none was formed. The flowering stage was

'Landw. Vers. Stat., Vol. VII, p. 363.

-Ibid., Vol. XXI, p. 389.

^A certain writer's recent statement that rnbidium salts have a poisonous eft'ect

on plants lias to be somewhat uiodihed.
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reached ' iu the former case but not in the latter. With rubidium

chlorid })athologic phenomena made their appearance chiefly after the

flowering stage, but with sodium chlorid starvation phenomena were
observed very much earlier.

Molisch had demonstrated that algiie can not develop if the potas-

sium salts of the culture solution are reidaced by rubidium salts.- In

animals, also, neither ciesium nor rubidium salts can take the place of

potassium salts, although a moderate amount of the rubidium salts is

not noxious, and in large quantities they are even less injurious than

the potassium salts.''

NECESSITY OF SODIUM SALTS FOR ANIMALS.

The great amount of sodium chlorid in the blood has already been

mentioned, but the blood contains still other sodium salts of impor-

tance, such as sodium bicarbonate (in the ash of ox blood was found

14 to 18 per cent sodiunj carbonate) and the secondary sodium phos-

l)hate. Both these salts have an important bearing on the respiration

process, as they carry in solution to the lungs for exhalation the car-

bonic acid j)roduced by even the most remote cells of the body.

BEHAVIOR OF FUNGI TOWARD RUBIDIUM SALTS.

It has long been observed that mold fungi thrive in the presence of

even very small quantities of potassium salts, traces of which are

sometimes contained as impurities iu certain organic comi)ounds.

Tliese traces have to be considered in preparing culture solutions for

special purposes. Yeast requires a larger amount of potassium, espe-

cially in the form of the primary and secondary phosphate, than do
mold fungi. Certain kinds of microbes, such as Anthrax bacilli, do not

develop well when the amount of potassium salts is very small. Sodium
salts can not rei)lace potassium salts even for these simple organisms,

but rubidium salts can do so iu certain cases, as iu Bacillus coli, less

successfully in B. pyocyaneiis,* and still less in Cladothrix.^ The writer

has also established the fact that a mold fungus {PeniciUium) and yeast

can utilize rubidium and caesium salts when the composition of the

nourishing solution is otherwise very favorable aud contains sugar and
peptone. Giluther's observation that the behavior of difterent mold
fungi to rubidium salts varies, is interesting, these salts being utilized

by Botrytis cinerea, but not by Bhizopus nigricans.^ The less favorable

' It would be of considerable interest to investigate whether the buckwheat egg
cell is properly fecundated when rubidium chlorid iu place of potassium chlorid is

offered.

-On the other hand no injurious influence upon algae is noticed when to the com-
plete culture solutions 0.3 per mille of the chiorids of rubidium or caesium is added.

^According to Richet, the lethal minimum dose of rubidium in form of rubidium
chlorid is 1 gram for 1 kilo body weight when applied subcutaneously. This is

about twice as much as the lethal dose of potassium chlorid.

•»Bot. Centralbl., 1898, No. 26.

^ Winogradzki has shown that Mycoderma vini also can utilize rubidium salts to

advantage, but not caesium salts.

^ Dissertation, Erlangen, 1897.
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the organic nutrient is, however, the more will potassium show its

superiority" over rubidium. An observation which appears to throw

some light on one physiological difference between potassium and
rubidium salts may be mentioned here: The cultures of Cladothrix

and of PeniciUiKm formed floating masses in the solution containing

potassium salts,' while they gradually sank to the bottom in those con-

taining rubidium salts. As the swimming is probably caused by the

presence of fatty matter, it seems that potassium salts are more favor-

able for producing fat than are rubidium salts. Further, spore forma-

tion is almost entirely prevented in Fenicillium when rubidium is

ottered in place of potassium. Only after an increase of the magne-

sium sulphate was a scanty formation of spores noticed.

The secondary and primary phosphates are the most favorable forms

in which to offer potassium salts to fungi. In case phosphoric acid is

applied in combination with ammonia, potassium may be added as

lactate or tartrate or as other assimilable organic salts.

Finally it may be mentioned that of all the alkali salts potassium

salts exert the most powerful positive chemotaxis upon bacteria, and

that next to them come rubidium salts (Pfelfer).

PHYSIOLOGICAL SUPERIORITY OF POTASSIUM SALTS.

The question as to what peculiar property of potassium its physio-

logical capacity must be ascribed, implies also the questions: Why
can the phj^siological functions of potassium salts not be performed by
the related sodium salts'? In reviewing all the properties of the two

metals and of their comi)ounds can not such chemical difl'erences be

discovered as would also explain the great physiological difterence!

Can there not be found in potassium chemical properties that give it

a certain superiority over sodium? Long ago the writer searched for

striking and characteristic differences and believes he is justified in

calling attention to the following facts, which prove that potassium

and its oxid can bring on in certain cases a so-called chemical con-

densation which sodium and its oxid can not. For instance, carbonic

oxid can be condensed bj^ potassium to triquiuoyl, a benzene derivative,

but not by sodium (Lerch, Nietzki). Phenol added to fusing iDotas-

sium hydroxid, will, under condensation, yield diphenol among other

things, but with sodium hydroxid, oxidation, but little condensation,

is observed, resorcin and phloroglucin resulting (Barth).

Among other noticeable differences may be mentioned, (1) that cer-

tain j)otassium salts condense ethyl aldehyde to aldol, while sodium

salts change it to croton aldehyde (Kopp and Michael); (2) that potas-

' The writer prepared the culture solutions with the purest materials, consisting

in this case of

—

Per cent.

Sodium acetate 0.

5

Glucose 1.0

Di-ammonium phosphate 1

Magnesium sulphate 02

Potassium tartrate 10
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siuin acts on boiling triphenyl methane resulting in tbe development

of bydrogen, but that sodium does not; (3) that potassium salicyhite is

converted at 210° C. into the isomeric paraoxybenzoate,' while in the

sodium paraoxybeuzoate just the reverse traustormation is produced

at 300° C. (Kolbe); (4) that potassium hydroxid decomposes peroxid

of hydrogen more quickly than docs sodium hydroxid (Schtine).

It seems very i)robable to the writer that from the i»hysiological point

of view the condensing properties of potassium are of prime impor-

tance. Substantial reasons exist for assuming chemical condensation

processes, not only in the formation of carbohydrates and fat, but also

in that of the proteins, i. e., in the three principal compounds of tbe

plant cell. The writer called attention to this probable role of potas-

sium salts in plants as early as 1880,^ and still holds this explanation

to be the correct one.

It is very probable that for the condensing operations the organoids

of plant cells use a potassium protein compound. It is well known, of

course, that chloroplasts require potassium salts for the assimilatory

function and further that they have an alkaline reaction.^ Finally, there

can be no longer any doubt that sugars are produced by condensation.

As regards the formation of protein, the writer has on various occa-

sions pointed out that certain facts, esi)ecially the great rapidity of

protein formation in many instances and tbe absence of by-i)roducts

and between-products, inevitably lead to the assumption that in this

process also condensation plays an important part. But potassium

salts are absolutely indispensable in animal life also, although the

synthetical work performed is not so far-reaching as in plants. How-

ever, the formation of fat from sugar in the animal body requires

condensation as well as reduction, while tbe formation of glycogen *

from glucose and that of proteids from proteoses consists in dehydra-

tion and polymerization. In such cases potassium salts may play

a role, and perhaps also in the processes of organization, as, for example,

in the leucocytes and gland cells, which latter are in certain cases fre-

quently renewed, or in the contractile substance of the muscles when

work or starvation have destroyed a part of it.^

iThe corresponding rubidium salt in this case behaves similarly and therefore

bears more resemblance to the potassium than to the sodium salt.

'^Pfluger's Arch., Yol. XXII, p. 510.

sMolisch (Bot. Zeit'., 1898, No. 2) observed that as soon as the cells are killed and

the chloroplasts come in direct contact with the acid cell sap, the cells of Coleus or

Perilla, rich in chloroplasts and containing anthocyan in an acid cell sap, under-

went the characteristic change from red to blue and green produced by alkaline

liquids. Cells of the same plants which are poor in chloroplasts or free from them

do not show this change.

^The liver, which is the principal organ in glycogen formation, contains, according

to Oidtmann, three times more potassium than sodium, while in the splfeen the pro-

portion is, according to the same author, just the reverse.

6Organization, as it takes place in a developing organ, is one of the least-known

vital processes. One thing, however, is sure, that is, that a connection of numerous

protein molecules in groups of a higher order takes place. This connecting process

was supposed by Pfliiger to consist in polymerization or etherification.
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Nageli ascribed the diflerences in the physiological capacities of

potassium and sodium salts to their different affinities for water. So-

dium salts bind the water of crystallization, but corresponding- potassium

salts do not, and thus being free from such a dense sphere of water

the latter are better qualified for katalytic work. The dense laj^er of

water around the molecules of sodium salts would not only prevent the

salt itself from coming into immediate contact with other molecules,

but it also would impede an effectual transmission of vibrations. On
this basis also Niigeli tries to explain the fact that the soil absorbs

potassium salts better than it does sodium salts, claiming that the lat-

ter are prevented by their water mantle from following the attracting

forces.' However, objections can be easily raised against this view,

the most serious one being that by no means has every sodium salt

the water of crystallization.

THE PHYSIOLOGICAL ROLE OF CALCIUM AND MAGNESIUM
SALTS.

DISTKIBUTION OF LIME AND MAGNESIA IN PLANTS.

It has long been known that calcium and magnesium salts can not

physiologically replace each other, and the question as to the functions

of these salts has until recently been a matter of conjecture. The

striking regularity with which the leaves of plants show a relative

increase in lime, while the seeds show an increase in magnesia, has fur-

nished a clue to the mystery of the action of these salts. A number

of cases will serve to illustrate that different parts of the same plant

contain quite different proportions of lime and magnesia. Let us first

consider the leaves of the Gramineie, since in them the absence of cal-

cium oxalate excludes a misleading factor. The following data are

taken from tables in Liebig's work:^

Per cents of lime and magnesia in the ash of the {/rain and the stratv of Graminew.
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then be found to contain for every 17 moleonles of lime 100 molecules of

magnesia, while in the straw there will be found fully 224 molecules

of lime for every IOC) molecules of magnesia. The leaves of Phaseolits

vulgaris contain in comparison to the magnesia content four times as

much lime as the seeds, and those of Brassica napus seven times as

much. The proportion of magnesia to lime in tobacco leaves was found

to be, on an average, as 1 to 5. The proportion of these constituents in

the flowers is also diftereut from that in the leaves. For example,

in the case of Humulus lupulus there was found in the—

Flowers 1 P^rt magnesia to 2 parts lime.

Leaves 1 part magnesia to 6 parts lime.

On comparing the underground parts of the plants with the leaves, it

was also found that the latter contain more lime. For example, it was

observed in

—

Daucus carota, roots 1 part magnesia to 2. 5 parts lime.

leaves 1 part magnesia to 14. parts lime.

Solanitm tuberosum, tubers 1 part magnesia to . 6 part 1 ime.

leaves 1 part magnesia to 6. 1 parts lime.

Very great ditferences are revealed also in the comparison of the

wood with the seeds in this regard, the lime content being relatively

increased in the wood

:

Abies pectinata, seeds 1 part magnesia to 0. 09 part lime.

wood 1 part magnesia to 4. 62 i)art8 lime.

Finns sylvestris, seeds 1 part magnesia to . 12 part lime.

wood 1 part magnesia to 1. 60 parts lime.

For the fruiting year of a beech tree 150 years old, E. Weber > sev-

eral years ago made some interesting observations on the migration of

magnesia. He found that magnesia as well as nitrogen migrates from

the trunk to the points of seed formation, and in a smaller measure

also sulphuric and phosphoric acids do the same. The decrease of the

magnesia in the wood extended to ninety annual rings. The wood of

the tree was analyzed in zones of thirty rings eacli. The percentage

of lime and magnesia in the ash are given as follows, as is also for

comparison the composition of a beech tree of the same age which

had grown near by, but which bore no fruits that year:

Lime and magnesia in afruitinij beech and in a control beech.

Part of tree.



30

As shown by the table, there was relatively a most striking decrease

of magnesia to lime in zones 1, 2, and 3 of the trunk of the seed

beech as compared witli the corresponding zones from the control beech.

The leaves of aquatic plants are also rich in lime. The pro-

portions of magnesia and lime were found to be, in Nymplicea lutea,

1 : 8.5 ; in Lemna, 1 : 3.3 to 1 : 7.6 ; and in Elodea canadensis^ 1 : 8.4. Also

alg.ie show similar proportions, as seen from the ash analyses of

Spirogyra nitida by Pennington (1896) and of fucoids by Godschens

(1854). Algjie incrustated with calcium carbonate must, of course, be
here excluded.

From what has been said under this head it will be seen that the

analytical investigations of the ash of plants show (1) that lime and
magnesia are present in every part of the plant, and (2) that the leaves

contain relatively more lime and the seeds relatively more magnesia
than the other parts of the plants. These characteristics can not be
accidental, but must be the result of certain functions.

THE PHYSIOLOaiCAL IMPORTANCE OF LIMB SALTS IN PLANTS.

The more leaf surface is developed in a given time, the more lime is

necessary. A normal crop of wheat requires per hectare (nearly 2.5

acres) about 11.6 kilos; sugar beets, 30.2 kilos; grass, 49.4 kilos; clover,

111.8 kilos; and tobacco, 153.7 kilos, while a normal growth of wood
needs annually about 20 kilos of lime, besides 7 to 16 kilos of mag-
nesia, 2 to 10 kilos of potash, and 0.8 to 4 kilos of phosphoric acid.

When the large demand for lime salts by plants is taken into considera-

tion, it is easily understood that an absence or deficiency of lime

becomes apparent very early.

Stohmann' kept maize shoots alive for some time in a culture

solution free from lime, but all development gradually ceased with the

consumj)tion of the stored-up lime. However, when at the end of

several weeks some calcium nitrate was added, a very striking effect

was noticed, hardly five hours elapsing before new buds pushed out

from the sickly looking tips.

Heiden ' observed that maize and peas in culture solutions without
lime lived only four weeks, and reached respectively only 18.9 and 27

cm. in height. In culture solutions without magnesia, however, maize
lived ten to twelve weeks and peas lived eight weeks and attained a
height of 44 and 30 cm. respectively. In solutions without potassa or

phosphoric acid, but otherwise complete, such plants lived from eight

to twelve weeks. The absence of lime, therefore, was felt first, owing

lAnu. Chem. Pharm., Vol. CXXI.
-Centralbl. f. Agr. Chem., Vol. XVII, p. 622. Prianisbnikow observed that shoots

develop quicker iu a solution of gypsum than in distilled water, which fully accords
with the writer's observations. Seedlings of Phaseohis, Fisum, and Ciicurhita kept
in distilled water die before all the reserve material is consumed. An addition of
a calcium salt to the distilled water leads, however, to the perfect exhaustion of the
reserve stores (Boehm, Liebenberg).



probably to the relatively small amount of lime in the reserve store of

the seeds.

Palladin ' placed etiolated leaves of Vicia faba on the surface of dis-

tilled water, on a 10 per cent cane-sugar solution, and on solutions of 0.3

per cent calcium nitrate with and without the addition of cane sugar,

but a noticeable growth was observed only where both sugar and cal-

cium nitrate were present. The same author- has found that etiolated

leaves of Vicia faba contain less lime than do green leaves. His analysis

showed that there were contained in 1,000 parts of green leaves 13.3

parts of lime, but in 1,000 parts of etiolated leaves only 2.6 parts of

lime. The former yielded 10.3 per cent of ash, the latter 7.54 per cent.

Stoklasa found in diseased leaves of the sugar beet less than half the

amount of lime present in healthy leaves of this i)lant.

Church's investigations ' with albino leaves demonstrated that the

composition of their ash is very different from the ash of healthy leaves,

as the potassa is considerably increased in the white leaves, while on

the contrary the lime is more abundant in the green leaves. It is to

be regretted, however, that the author did not determine separately the

amount of lime present as oxalate and as carbonate and that portion of

the lime belonging to the organized matter itself, calculating the results

for equal surfaces in both cases. It is also very characteristic that the

lime content of the phanerogamic parasite Cuscuta, which forms no

chloroplasts in the full-grown state, amounts to only 2 per cent in the

ash, while the clover, its host, is very rich in lime.

Another interesting case, showing a decrease in lime content in dis-

eased leaves, was observed by Dr. Erwin F. Smith in his studies of the

peach yellows. He gives the percentage of lime in the ash of the

healthy leaves, according to analyses made by Mr. N. E. Knorr, as

40.58, and in the diseased leaves as only 23.88.* According to a later

analysis, made by Dr. Eastwood at Dr. Smith's re(iuest,the ash content

of healthy twigs of one season's growth is given as 2.10 to 2.58 per cent

and that of diseased twigs as only 1.6 per cent, and of healthy twigs

from another orchard as 1.4 per cent and of diseased twigs as only 1 per

cent.^ In these cases the amount of lime was also less in the diseased

iBer. d. Dent. Bot. Ges., 1891, p. 230.

2Ibid, Vol; X, p. 179.

3Jour. Chem. Soc, 1878 and 1886. The investigations were made with Quercus

rubra bearing some albino branches, and also with albino leaves of Plectotjyne varie-

gata and of Hedera helix.

* Smith, Erwin F., Bull. No. 4, Division of Botany, U. S. Dept. of Agr.

'^Smith, Erwin F., Bull. No. 4, Division of Vegetable Physiology and Pathology,

U. S. Dept. of Agr.
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leaves, while potassa, magnesia, and in most cases phosphoric acid

also were relatively increased, as will be seen from the following table:

inalytical data from diseased and healthy trees from four orchards.

[Per cents in the ash.]



33

plants "Town in very faint li^ht and with normal control plants. The

plants were grown in i>nritie<I (jiiartz sand and watered with culture

solutions in equal quantities. The culture was terminated after forty-

four days, because the plants under violet and green glass began at

that time to show signs of approaching death. The analyses of the

ash gave some interesting results, especially as regards the lime con-

tent, and are as follows:

Comparative amounts of maf/nesia, livie, and poiasaa per thousand parih of dri/ matter of
normal and etiolated jjlants and plants grown under different colored glass.

Condition of plant.

Normal
Etiolated
Under jxreeu glass.

.

Under violet glass .

Under red glass
Under blue glass...
Under yellow glass

Magnesia. Lime. Potassa.

Per cent. Per cent.

32.1 i
48.5

IS. 4
18. S
20.2
24.3
30.2

44.9
56.5
45.6
56.5
61.1

30.3 53.2

The amount of phosphoric acid varied only from 16.7 to 20.5 per cent.

The etiolated plants and those under green glass contained the smallest

amount of lime, and a certain relation of the lime content to assimila-

tion or rather to the x)lastids is evident.

VIEWS ON THE FUNCTIONS OF LniE SALTS.

Boehm ' observed irregularities in the transportation of starch when

lime salts were absent in the culture solutions. The plants (Phaseolus

multifiorus) recovered ^ on the addition of calcium salts, while on the

other hand the addition of magnesium salts hastened their death. The

irregularity of behavior in the absence of lime consisted in the accumu-

lation of starch in the pith and bark of the lower part of the stem. The

death of the affected ])lants commenced generally in the upper parts of

the stems and gradually spread to the lower parts. Boehm further

attributed to the lime a function in the formation of the cell wall. He
says: "In order to form the cell wall from starch and sugar, lime is

just as important as for the formation of the bone. The lime forms the

skeleton of the cell wall." One author,^ however, claims that Boehm's

inferences are not justified, as he had studied only one case. Some

authors have e\^n gone so far as to assert that lime ^alts are by no

means required for every part of a plant, and one author concluded that

leaves of Tradescantia may be raised without lime, another that the

young wood is free of lime, and a third that Fucus may be found with-

'Ber. Atad. d. Wissenach., Wien, 1875.

- The addition of calcium chlorid, however, did not prevent death, prohably owing

to the liberation of hydrochloric acid when the attempt is made by the plant to

assimilate the lime from this salt.

^Liebenberg, Ber. Akad. d. Wiss., Wien, 1881.

7478—No. 18 3
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out a trace of lime.^ These statements, however, were based princi-

pally on microscopical tests and could not be upheld. Some new leaves

of Tradescant ia may indeed develoi) completely when the branches are

kei)t in distilled water, since, as the writer has observed, the nodes con-

tain a considerable amount of stored-up lime. As to the assertion in

regard to young- wood, Weber's analyses - have revealed a considerable

amount of lime in its ash. For example, 1 cubic meter (Festmeter) of

the wood of Larix was found to contain 700 grams of lime, of which

112.4 grams belonged to the young wood. The young wood of Fagus

contained about 29 per cent of lime in the ash. As regards the Fucus

referred to above, it was only its cell sap that proved to be free from

lime, while an examination of the organized parts revealed lime in them.

Thus far the only plants which have been proved i)ositively to

develop without lime salts are lower forms of algae and fungi (p. 44).

Like Boehm, Schimper observed an abnormal accumulation of starch

where there was a deficiency of lime, but he declares this to be a mere

secondary pathological phenomenon, and pointed out that even leaves

which are packed with starch may die. This, however, can not be

regarded as a refutation of Boehm's views. In order to render starch

available for respiration it must be saccharified. In Schimper's case a

failure to produce diastase might adequately account for the result.

Other discrepancies between the observations of several authors may
have their origin in the difierent lime content of the seeds used for the

experiment.

liaumer^ agrees with Boehm in ascribing to the lime the function of

aiding in the growth and solidification of the cell walls, but he does not

agree with his other views. However, his reason for believing that lime

has nothing to do with the transportation of starch is not convincing

Certainly, the mere chemical process of forming starch from sugar

does not require lime, but the production of the plastids—the indis-

pensable apijaratus for starch formation—maj^ require it.

Holzner's view^ that lime salts aid in the assimilation of sulphuric

and phosphoric acids is very improbable, since his hypothesis would

require the formation of oxalic acid in every protein-producing cell—

a

condition which is not realized; and, moreover, the assimilation of these

acids also takes place in fungi in the absence of every trace of lime salts.

Finally, Hornberger^ and others have objected to this view as not

agreeing with their observations.

' Boehm's hypotliesis was entirely misconstrued by one author, who believed he had
refuted it by ishowiug that the migrating sugar is not bound to lime—a fact that

might have been foreseen, as such a compound would be decomiiosed (juickly by car-

bonic acid.

-Forstlich. Naturw. Zeitschr., 1892, p. 6, and 1893, p. 215.

3Landwirtsch. Vers. Stat., 1883, Vol. XXIX, p. 271.

4 Flora, 1867, p. 497.

sLandw. Jahrb., 1882, Vol. XI, p. 455. '
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The functions of lime salts are believed by Scliimper and others to

consist in merely etfcctini;- certain processes of metabolism. Schimper'

found that in the absence of lime the acid potassium oxalate accumu-

lates in the leaves and buds and acts as a poison, hence calcium salts

are useful, inasmuch as tliey precipitate the oxalic acid and thus pre-

vent its noxious action . l\ Groom ^ suggested that the injurious action

of the acid potassium oxalate consists in retarding the action of diastase

on starch, and thus its presence in the assimilating tissue brings about

an accumulation of starcli, due to the arrest of its transformation into

sugar; then, as the soluble oxalate accumulates, there is also a retarda-

tion in the formation of starch, and this finally leads to the death of the

protoplasm. Groom's theory, however, does not explain why calcium

is required by plants also that do not form oxalic acid, hence the bad

eifects caused by a deficiency of lime must be explained in some other

way. Although Eqitisetucea' and most ferns and grasses, and even some

species of the Solanacecv and LiUacew are free from calcium oxalate,

they all nevertheless require lime.

Neither Schimper nor Groom have raised the question as to why
oxalates, even if neutral, exert a poisonous action on chlorophyll-bear-

ing plants, while to the writer this (juestion appeared to be the most

important in this connection.

The greater lime content of the green parts tiist led the writer to

suppose that the chlorophyll bodies might contain calcium compounds,

and on the basis of this hypothesis he inaugurated a series of investi-

gations. Among other things, these showed that the neutral oxalates

are not poisonous to the lower tungi and that the development of these

is not at all retarded by adding considerable quantities of neutral

potassium oxalate to the culture solutions. Beer yeast is not injured

by adding even as much as 4 per cent of this salt to a fermenting

mixture. As in such cases the lime would become insoluble and its

assimilation would thus be frustrated, the writer has come to the con-

clusion that these organisms do not require lime.^ This is different in

the case of the higher alg«, however. As the chlorophyll bodies of

Spirogyra possess a highly differentiated structure, and even slight evil

effects readily manifest themselves in certain changes along their mar-

gin, in the retraction of the lobes, etc., vacuolation of the chloroplasts,

this alga was selected for the test. When Spiroyyra majuscula was put

into a 2 per cent solution of neutral potassium oxalate, a very striking

fact was brought out, many of the chlorophyll bands being injured in

even as short a time as thirty to forty minutes, while in even less time the

nucleus showed a remarkable contraction, dwindling to a mere thread

and thus causing a constriction of the cytoplasm where the plasma

1 Flora, 1890, p. 209.

2Bot, Centralbl., 1896, No. 33.

"Erroneous representations in regard to this point have been refuted by the writer

in Bot. Centralbl., 1898, Vol. LXXIV.
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strings were attached. Moreover, filaraentsof Spirof/yra which had been

exposed for only ten minutes to the action of this oxalate solution and

had still preserved their full turgor, were incapable of lepairiiig the

injury done after returning tbeni to well water rich in lime, and they

died after twenty-four hours. Even five minutes' action ultimately

caused death. In a weaker solution (0.5 per cent) of oxalate the nucleus

does not shrink to a thread, but slowly swells up and finally becomes

an irregular, scalloped figure. In a still higher dilution (0.1 per cent)

the poisonous action proceeds so slowly that it requires a number of

days to completely kill all the cells.

In other species of algie, such as Vmicheria, Mougeolia, Zygnema,

Cofunarium, (Edogonium, Chladophora, Sph(eropleo, etc , death, accom-

panied by swelling of the chlorophyll bodies, occurred after twenty-four

hours' action of a solution of 0.5 per cent. Diatoms died in this solu-

tion in fifteen hours, but in a solution of 0.0,3 per cent some diatoms

were still alive after three days. In higher dilutions tbe poisonous

]>roperties decrease rapidly.^ Phanerogams also are easily attacked

by oxalates. When i)laced in a 2 per cent solution of neutral potassium

oxalate, the nucleus of an onion shows a contraction of about one-fifth

of its normal diameter within ten to fifteen minutes. Leaves of Elodea

canadensis and VaUisneria sjnraUs were killed completely in thirty-six

hours^ in a 1 per cent solution. The control experiments with potas-

sium tartrate or sulphate, failed in all cases to show similar action.

The claim, therefore, that lime salts are necessary to preci])itate tar-

taric acid in plants that contain tartrates instead of oxalates has no sup-

port, since neutral tartrates are not poisonous, as are neutral oxalates.

Tbe cytoplasm succumbs last, and its death is probably a secondary

effect, due to the death of the nucleus and the chlorophyll body.

Indeed it can be easily seen that the cytoplasm dies sooner when the

number of chlorophyll bodies contained in it is increased. It is on this

account that the circulation of the cytoplasm lasts much longer in the

root hairs of Chant when under the intluence of a dilute solution (0.5 per

cent) ofpotassium oxalate than it does in the cells of the internodes filled

with chlorophyll bodies. An equally dilute solution of neutral potassium

tartrate shows no injurious action in the same length of time. The

writer's explanation of the poisonous action is as follows: Judging from

the most characteristic properties of soluble oxalates, that of precip

itating lime from even highly diluted solutions of lime salts and that

of depriving lime compounds generally of their lime and of converting

it into the insoluble oxalate, he inferred from the peculiar poisonous

action the existence of calcium protein compounds in

the organized particles from which the nucleus and

'This, however, is not tbe case with free oxalic acid (p. 38).

2 There are some remarkable cases in which monopotassium oxalate exists in the

cell sap and still produces no injury, as, for instance, in Humex and Oxalis. In tbese

casesitis necessary to assn:i:e an nuusnal density of the tonoplasts—that is, a density

sulhcient to protect the nucleus and protoplasm.
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the chlorophyll bodies are built up. Such ors'iiuized cal-

cium couipounds would have a well-dertiied capacity for imbibition,

which would change with the replacement of the calcium by another

metallic element, and this altered water content must lead to a dis-

turbance in the structure, which must ])rove fatal if not remedied

in its initial stages. A peculiarity of protoplasm is that alteration of

the structure is soon followed b> the chemical change from tlie active

to the })assive moditication of its proteids. Now, when potassium oxa-

late acts on the inferred calcium protein compounds tliey yield in addition

to cal(;ium oxalate the corresponding potassium protein compounds,

which, on account of the different capacity for imbibition, can notphysio-

logically replace the calcium compound. Moieover, neither tartr.te

nor sulphate (which act much less energetically than the oxalate on

calcium compounds') atta(;k the nucleus or the chlorophyll bodies.

This also shows j)laiuly that it is impossible to accept the view that

potassium oxalate becomes dissociated in the cells and that it is the

free oxalic acid which, on account of its acidity, kills the nucleus, since

potassium nitrate would be expected to act in just the same way.-

It will of (fourse be difficult to i)rove microchemically the formation of

calcium oxalate in the chlorophyll body or nucleus when ])otassium

oxalate is left to act upon them, since the amount of calcium in them is

naturally very small, Judging from the great molecular weight of tlie

organized proteids with which it would be combined. Moreover the

formation of distinct crystals of calcium oxalate would be impeded by

the peculiar consistency of the living structures. It was claimed that

in view of the highly complicated conditions in the cells the assump-

tion of a direct connection between a working cause and an observed

pathological result could not be admitted, as the latter might be sim-

ply the effect of primarily jjroduced " disturbances of nutrition."

However, this claim can not be sustained in the case of the a(;tion of

neutral oxalates upon the nuclei, for in the first place this proceeds

very rapidly in concentrations of over 1 per cent, and in the second

place the processes of metabolism in objects like Spiror/yra proceed

very slowly.

Further observations by Migula'* deserve to be mentioned here, as

they demonstrate that free oxalic acid is among the most poisonous of

organic acids. For example, in a solution of 0.004 j)er cent of free

• Calcinm tartrate dissolves in about 2,000 parts of water.

^When acting on Spirogi/ra the potassium oxalate seems to pass direct to the

nucleus through the plasma strings and not through the tonoplast, but on the other

hand when potassium oxalate is contained in the cell sap of certain plants it

seems to be confined there by the density of the tonoplast, which also prevents its

dii'ect contact with the nucleus in this case. In this connection iiigula observed

some interesting facts with Spirogyra kept in well water to which very small quan-

tities of organic acids had beeu added. These were gradually oxidized in the cells

into oxalic acid of which some was retained as neutral oxalate in the cell sap,

and yielded a precipitate of calcium oxalate when placed in a diluted solution of

lime salts.

3 The Influence of Dilute Acids on Alga-, (Breslau, 1888).
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oxalic acid the nucleus of Spirogyra orbicularis was observed to swell

up, frequently to six times its normal A-olume, and become turbid and

opaque, while the cytoplasm still remained alive for some time. In

concentrated solutions the cells die too quickly to show such character-

istic symptoms, their death being due chiefly in this case to mere

acidity.

When some lilaments of Spirogyra majnscida were placed in 500 cc. of a

solution of free oxalic acid' in even as high dilution as O.UOOl per cent,

the writer observed great injury to some of the threads after live days.

In most of the cells the plasma strings were retracted, the nucleus was

contracted and rolled to the cell wall, and the sinuate margins of the

chlorophyll bands were swollen up and numerous little drops became

visible in them.^ A very striking feature was the long-continued per-

sistence of the turgor under these conditions, this being due to the

cytoplasm remaining alive for a considerable time. In equally diluted

solutions of tartaric acid most of the cells were perfectly normal after

nine days, which shows that the character of acidity at tliis high dilu-

tion exerted merely a secondary influence, and that this alone can not

account for the action of the highly diluted oxalic acid.

FORMATION OF LIME INCRUSTATIONS.

It may not be out of jdace here to say a few words about the forma-

tion of incrustations of calcium carbonate on certain aquatic plants,

especially Chara—a phenomenon which Pringsheim ' tries to explain on

the hypothesis that by assimilation of the dissolved carbonic acid the

neutral calcium carbonate is produced from tlie bicarbonate. However,

the fact that not every plant growing in the same water and near

Chara shows the incrustation must lead to the assumption that either

the assimilation is of much greater energy in Chara than in many other

plants, or that the surface of this plant is especially adapted for the

absorption of the neutral calcium carbonate.

Hassack^ advanced another hypothesis, tliat is, that the plants

secrete an alkaline carbonate, which decomposes the calcium bicarbon-

ate. However, the writer has proved this view to be entirely erro-

neous." The reaction with phenol phthalein, which Hassack used

is not due to an alkaline carbonate, but to neutral calcium carbonate

in a colloidal condition. Even the warming of ordinary water rich in

calcium carbonate will produce ephemerally a red color with phenol-

l)hthalein.

'Purest water distilled from glass vessels was used for all experimeuts with

Spirofjyra.

-Considerable swelling of the nucleus took place in a solution of 0.01 per cent

oxalic acid.

3Jahrb. f. Wiss. Bot., Vol. XIX, p. 138.

'Unters. aus d. Bot. Instit. Tiibiugen, Vol. II, pp. 469-475.

5 Flora, 1893, No. 4.
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CAN CALCIUM IN PLANT CELLS EE REPLACED BY STRONTIUM!

It lias loug been recognized that calcium salts can not be replaced by

potassium salts or sodium salts. Were it a well-founded hypothesis

that calcium salts serve only for certain phases of metabolism and are

not connected with more important properties of the protoplasm itself,

then there might be taken a plain chemical view of the matter, that is,

that the action of the bivalent elements is often different from that of

the monovalent elements. Thus, for example, dextrose yields saccharin^

when treated with lime, but not when treated with potassa (Kiliani);

calcium carbamate yields calcium cyanamide ni)on heating, while jiotas-

sium carbamate yields potassium cyanate (I)rechsel); barium dibrom-

succinate yields monobrommaleic acid on boiling of the aqueous solu-

tion, while the sodium salt yields monobrommalic acid.

It is certainly not the bivalent character of calcium, however, tliat

determines its i)hysiological value, for in that case barium or strontium

might fulfill the same office, which is impossible. The inability of

barium to do this might be explained by the most characteristic ]»rop-

erty of soluble barium salts, which is to precipitate sulphuric acid from

even high dilution of sulphates, hence in plants the assimilation of

sulphur from sulphates would become an impossibility. However, it

would still be difficult to explain why barium salts are i)oisonous ibr

animals, and also why strontium salts can not replace calcium salts

in either plants or animals.^

The more intimate the connection between the functions of the lime

and the vital properties of the cells, the more difficulty will naturally

be encountered in an endeavor to substitute strontium for calciun), and

experiments made in this connection argue against the possibility of

the substitution. The writer made some experiments with an alga

{Spirogyra) in 1892 which demonstrated that although this alga can

remain healthy for several weeks at the ordinary temperature in a culture

solution containing strontium nitrate in place of calcium nitrate, its

further growth is nevertheless impeded, and moreover, that there is soon

a noxious influence at a higher temi)erature (28° C). Thus, for example,

many cells died when kept at 28° C. in a solution of 0.3 per cent stron-

tium nitrate, but this was not the case in a 0.3 per cent solution of

calcium nitrate. This conclusion has been essentially confirmed by

Molisch, who observed the interesting fact that the cell plate in the

l^rocess of cell division is not properly formed when strontium salts are

pj'esent in place of calcium salts. This occurs even when a small

amount of a calcium salt is present, in which case the injurious effects

of the strontium salt are not entirely x>revented. The cell plate is the

result of the work of the nuclear spindle, and the supposition that the

cause of this defective work is attributable to a diseased condition of

the nucleus seems justifiable. If the lime were not concerned in the

'This product is uot the sweet saccharin of commerce.
'^ Only certain enzym actions form exceptions, as liertrand has shown for pectase.
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most intimate working of the nucleus the phenomenon in question

would hardly be intelligible.

Similar experiments with beans and maize were inaugurated later on

by Haselhoff,' but he offered calcium and strontium salts together in

the beginning and gradually diminished the lime in the culture solu-

tion. The plants, however, very probably made use of the occasion to

store up a certain amount of lime, which they may have used in the

later period, and hence his conclusion that a substitution of calcium

for strontium salts is possible can not be admitted.

The writer made an experiment with a i)hanerogamous plant also.

Branches of Tradescantia, from 12.5 to 12.8 cm. long, were placed in

solutions of

—

Per cent.

(1) Calcium nitrate 0.2

(2) Strontium nitrate 2

(3) Calcium and strontium nitrate, each 1

At a temperature of 10-15° C. a decided difference was noticed after

twelve days. In the calcium nitrate solution young rootlets 0.5 cm. in

length had appeared, but in the strontium nitrate solution only minute
knobs were visible. Gradually a difference was also evident between
the calcium nitrate and the calcium and strontium nitrate solutions, the

root hairs in the former being long and numerous, while in the latter

tliey were short and few. However, when the strontium nitrate gradu-

ally attained an excess over the calcium salts stored up in the branches,

the noxious effect became evident, they having attained a length after

forty-two days of only 13 and 13.3 cm., with only two or three leaves

on each branch, while those in the solution of calcium nitrate attained

:i length of 16, 17.2, and 18 cm., with six to seven leaves on each branch.

The leaves of the former branches were partially dying, but those of the

latter were still healthy. A control case with distilled water demon-
strated beyond a doubt that in the case of the strontium nitrate solu-

tion the phenomena mentioned were not merely dne to the absence of

the lime, but to a direct noxious action of the strontium salts. The
numerous root hairs which developed in the distilled water further

justified the conclusion that lime salts were stored up in the stems.

Indeed the writer has demonstrated that besides sulphates, the nodes
of the Tradescantia stems have stored up in them nitrates, potassium,

and magnesium and calcium salts. An undeniable analogy appears to

exist, therefore, between the noxious effect of the strontium salts and
that of magnesium salts (p. 42), both beginning to be noxious when
the amount of lime falls below a certain limit.

A series of very instructive experiments were recently carried out

by U. Susuki^ with live phanerogamous plants

—

Mordeum, Fagopyrum
esculentum, Phlox paniculata, liubus idwus, and Coreopsis tinctoria.

Some of the plants were watered with a normal solution containing

'Landw. Jabib., Vol. XXII, p. 853. ^Bnll. Coll. of Agr., Tokyo, 1899.
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calciuui in the form of calcium nitrate and others witli sohitions in which

the calcium nitrate was replaced by equivalent quantities of strontium

nitrate and of barium nitrate. Only the plants in tlie normal solutions

showed a stron<i- and vigorous development, while those in the barium

and strontium solutions exhibited gradually an injurious action, and

when at the time of their early death the experiment was terminated,

the following data were obtained:

Action of calcium, strontium, and barittm salts.

liUCKWUEAT SHOOTS.

Nitrate of ' Nitrates of I Nitrate of
calcium. ! stroiitiuiu. barium.

Average weight of one stem -

Average weight of oue leaf

BARLEY SHOOTS

Average weight of one plant
Ratio of dry weight

0.352
.198

0.260
.080

0.187
.050

1.50
100. 00

0.67
44.06

0.51
34.00

It will be noticed that the action of the barium solution was more inju-

rious than that of the strontium solution. liranches of the other three

Phanerogams mentioned were used, here those in the barium and stron-

tium solution died after eight days, while those in the normal solution

containing calcium nitrate remained liealthy and developed new leaves.

Control cases in distilled water showed here also that tlie injury in the

case of the barium solution is due not merely to the absence of lime, but

directly to a poisonous intluence of the barium and strontium salts.

Further tests showed that these poisonous actions are retarded by the

addition of lime salts.

Now, if calcium salts act only in processes of metabolism it might be

inferred that such processes could be performed as well by strontium

salts, the main properties of the salts of both elements being to a cer-

tain degree alike. Thus, strontium oxalate dissolves with difficulty

in water (1:12,000), as does also tlie sulphate. The latter, however,

being less soluble (1: 6,895) than calcium sulphate (1:488), it might be

supposed that the assimilation of sulphur is seriously lessened. How-

ever, considering the diluted state" in which the phosphates enter and

still how well they are assimilated, it is clear that the lesser degree of

solubility of strontium sulphate would not be a serious obstacle to the

assimilation of sulphur. It may then well be asked what kinds of pro-

cesses of metabolism in plants have to be assumed for calcium salts

which it would be impossible for strontium salts to perform.' Thus

' Whether a gradual adaptation to stroutinm salts could ever take place, or, in other

VFords, whether in the course of many generations strontium-protein compounds

could gradually be utilized like the corresponding calcium compounds, is an entirely

different question. However, in this connection only the simpler kinds of organisms

might yield satisfactory results. It may be mentioned that 0.1 per cent strontium

nitrate added to the culture water does not, even after months, injure Diatoms,

Flagellata, or Infusoria in presence of sufficient lime.
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far the defenders of the metabolic theory have given no satisfactory

explanation. The writer's above-mentioned theory on the function of

lime salts, on the other hand, makes it perfectly clear why strontium

salts in certain doses become hurtful and even poisonous for all organ-

isms except the lowest forms of algse and fungi.

POISONOUS ACTION OF MAGNESIUM SALTS.

If the writer's view that a calcium protein compound participates in

the organized parts of the nucleus and chlorophyll body is correct, it

might be expected that magnesium salts of the stronger acids would

exert a noxious action. The lime as the stronger base would in such

a case combine with the acid of the magnesium salt, while magnesia

would enter into the place which the lime had occupied in the organ-

ized structures, the capacity for imbibition would thereby be altered,

and a disturbance of the structure would result which would prove

fatal. On the other hand, judging from the laws of the action of

masses, it would naturally be inferred that an excess of lime salts

would remedy the evil effects by making the reverse process possible.

As a matter of fact, a detrimental action is observed when plants

are treated with sulphate or nitrate of magnesium in the absence

of calcium salts—an etl'ect which is not observed when the same

plants are exposed to the exclusive action of calcium, sodinm, or

potassium sulphate or nitrate. These phenomena were foreseen by

the writer, and may be readily explained by his theory, while the

holders of other views have not come forward with an explanation.

The writer observed that Spirogyra died within four to five days in a

1 i>er mille solution of magnesium sulphate, but remained alive for a

long time in corresponding solutions of sodium, potassium, or calcium.

In a 1 per cent solution of magnesium nitrate smaller kinds of Spiro-

gyra will die in from six to twelve hours, but will live a long time in

corresponding solutions of sodium, potassium, and calcium nitrate.

Spirogyra which had been kept for several weeks in a healthy condi-

tion in a solution of 0.1 per mille of monopotassium phosphate in abso-

lutely pure distilled water, died within three to four days when 2 per

mille magnesium sulphate was added to this solution, but when dipo-

tassium phosphate instead of the monophosphate was used death set

in much later, that is, after fifteen to eighteen days.

Some threads of Spirogyra majnscula placed in a solution (1 liter) con-

taining 0.02 per mille each of magnesium nitrate and ammonium sul-

phate, died in from ten to twelve days, while in the control solution,

containing calcium nitrate in place of magnesium nitrate, they were

still alive after six weeks, although cell division had stopped completely,

and the cells exhibited an emaciated appearance owing to the absence

of other mineral nutrients. In still another case threads of the same

alga were jilaced in a solution of 1 per mille of magnesium nitrate, while
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in the control case 3 per mille of calcium nitrate was added. ' In the

former case death resulted in five days,^ while in tlie latter the cells

were still alive after a number of weeks. Lime salts, therefore, are the

antidote for magnesium salts. ' Nothing- can replace them successfully

in this case, not even nourishment with organic matter.* Microscopi-

cal examinations of Spiro(fyra cells exposed to the exclusive action of

maunesiiim salts show that the nucleus is attacked first and then the

chlorophyll body is injured, the ])henomena closely resembling those

produced by potassium oxalate, but while in a 1 per cent solution of

magnesium sulphate the nucleus will swell up after twelve hours, in

a 0.5 per cent solution of potassium oxalate it will do so in a much

shorter time.

The noxious action of magnesium salts also soon becomes evident in

the roots of seedlings. Thus \lcia and Pisum do not start lateral

roots when kept in a solution of 0.5 per cent magnesium sulphate or

nitrate, and the root cap and epidermal cells die after a few days. In

a solution of calcium nitrate of equal strength, however, development

continues. Seedlings of Phaseolus placed in a solution of 0.1 per cent

magnesium sulphate, with 0.1 per cent monopotassium phosphate,

showed injury to the roots after five days, and the entire plant suc-

cumbed soon afterwards. Similar observations had been made by

Wolf, by Kaumer and Kellerman, and by others, bnt all failed to

recognize the true cause and to ascertain that lime salts alone act as

the specific remedy.

Raumer^ observed that in Phaseolus multifforvs kept in various cul-

ture solutions there was a detrimental effect much sooner when lime

alone was absent than when both lime and magnesia were absent.

The difference was most striking in the main roots and also in the

number and vigor of the lateral roots. Here, then, the noxious effect

of magnesia in the absence of lime is again manifested.

The writer has made a special study of the development of roots in

culture solutions free from lime and from magnesia, using branches of

Tradescantia for this i)urpose. These have calcium as well as magne-

sium salts stored up in their nodes, and hence some develo])ment of

roots is possible even in distilled water, Nevertheless, a most striking

difference was noticed, the roots in the culture solutions containing

lime but not magnesia producing a "dense forest" of root hairs that

reached a length of one-fourth centimeter, while the roots in solutions

1 These observatious the writer desrribefl in Flora, 1892, and also in Landw. Vers.

Stat, of the same year.

2 The time is probably prolonged when lime salts are stored up.

3 An addition of strontium salts may delay death for a short period, but it can not

prevent it, as do calcium salts.

* It may be mentioned that Spirogyra remains alive for fi-om five to six weeks if

kept in distilled water. Of course any further development is stopped, bwt assimila-

tion and respiration soon reach a suitable eqiiilibrium.

" Landw. Vers., 1883, Vol. XXIX, pp. 254 and 268.
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containing magnesia but no lime, although larger than the others/ pro-

duced only a few short hairs. The lack of lime in these roots was felt

especially in the epidermis, the interior parts being able to draw a

sufficient amount of lime from the stem. Indeed, a microcheraical test

showed the presence of lime in the ash of these roots, gypsum needles

forming when treated with a little sulphuric acid.

The extraordinary effects of lime salts on the development of root

hairs is of special interest, as it furnishes the key to the observation of

Wolff that the potassium and ammonium salts of the soil are absorbed

in increased quantities by plants after manuring with lime salts.

LIFE WITHOUT LIME SALTS.

While lime salts are indispensable for animals. Phanerogams, and

higher algt^, tbey are not so in the case of bacteria, fungi, and lower algae.

Thus far no investigations relating to the higher fungi have been made

in this regard. The occurrence of lime in the ash of yeast or of

tubercle bacilli ^ must be regarded as merely accidental. It was first

observed by Adolph Mayer that for yeast magnesia is of greater impor-

tance than is lime. Later the writer proved that yeast and bacteria can

do without lime entirely, ' and Molisch has observed that this is also true

of mold fungi.^ It has been observed, on the other hand, that in cer-

tain cases the presence of lime promotes the action of fungi, but this is

very probably due only to a secondary effect. Thus, the nitrification

in soils is enhanced by calcium carbonate, and, according to Thaxter

and Wheeler,' the scab of potatoes and of sugar beets is increased by

liming the soil. Recently Laurent" reported that certain bacteria.

Bacillus coli communis and B. fluorescens putidus, can attack potatoes

in soils which have been strongly limed. He believes that by

this means the power of resistance of these plants is diminished so

much that the microbes named can commence their parasitic life, and

1 These roots were 4.1 cm. long, while those in culture solutions without magnesia

were only 3.2 cm. long. The composition of the complete culture solution in the

above case was as follows:
Per mill«.

Monopotassium phosphate 0-
^

Potassium nitrate • ^

Sodium sulphate
K

Calcium nitrate
o

Magnesium sulphate

Ferrous sulphate Trace.

^According to de Schweinitz and Dorsett (Centralbl. f. Bakt., No. 23, 1898), the

phosphates of sodium, calcium, and magnesium predominate in this ash over that

of potassium, while the reverse is true in the ash of yeast.

3 Flora, 1892, pp. 374 and 390.

•"Ber. Wien Akad., 1894, Vol. CIII.

eStorer, Relation of Agriculture, Vol. II, p. 546.

6Ann. de I'Inatitut Pasteur, 1899, Vol. XIII, p. 1.
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be fnrtlier asserts tliat only such i)liiiits can resist as have at the same

time a great amount of potash and phosi)hoii(' acid.'

lioth Molisch- and the writer ' have observed th;it lime is not lequired

by the lowe rtbrms of n\g',i\ Molisch proved this in the case of UJolhrix^

Microthamnion, Stivhococcus, and Frotococcus,^ and the writer proved it

in the case of a kind of Palmella.

Bipartition, zoospores, isogamy, and oogamy represent a scale of

progress which probably requires an increasing differentiation of the

nuclei. Isogamy in its simpler forms must be distinguished from its

more perfected form, as it is found for instance in copulation of Spirixji/ra,

where the uniting plasma bodies remain protected by the cellulose

wall during the entire process. Some forms of the order Profococ-

coidcff multiply only by bipartition, others by swarm spores, certain

forms by isogamy, but only two genera
{
Volvox and Eudorina-') by

oogamy. In the order of the Goufervoidecr, Ulothrix multiplies only by

isogamy, while (Edofioninm nniltiplies by oogamy also. In other groui>s

a still liiger potentialization of the nucleus has to be inferred, as in the

Chdracav from the highly ditlerentiated structure. Since neutral

potassium oxalate has a i)oisonous effect upon Diatomf, G^dorfonium,

Clddophora, and apparently also on Bniparnnldw, the presence of

important lime compounds in these oiganisms may be inferred. All

these organisms, however, are more differentiated than Ulothrix, which,

according to Molisch, can grow in the absence of lime salts.

A careful study and comparison of the various chloroplasts of algfe

might also show certain advantages in favor of those which reciuire

lime for their development. For instance, certain low genera, such as

Nostoc and Oscillaria, form no starch, while others do. In such cases

starch formation is to be regarded as a step forward, one that depends

upon a higher differentiation of the chloroplasts. The beautiful chlo-

roplasts of Spirogyra show a high degree of differentiation, the pyre-

uoids, wliich form stations in the chloroplasts, being the manufacturers

of the starch.

It is true Schmitz also observed well-defined chloroplasts multiplying

'A satisfactory explanation as to tlie decrease of power of resistance under the

intiuence of such an important nutrient as lime would be very desirable. Perhaps

the cells beneath the lenticels are thereby stimulated to growth and open a way for

the parasites to enter.

^Sitznngsber. d. Wiener. Akad. d. Wissenschaften, 1895, Vol. CIV. In this article

Molisch has also proved that the algic mentioned are incapable of assimilating free

nitrogen. This confirms an earlier observation on Noatoc by the writer (Biol. Cen-

tralbl., Vol. X, p. 591) and a later observation by Kossowitsch.

^Botan. Centralbl., 1895, No. 52. Probably ^Vosfocat'(w and OsciHa<onace«; also do
notrerjuire lime. The culture of Oscillaria, however, presents especial dlfficultiea.

lit was not ascertained whether any other mode of multiplication than that by

bipartition would be possible in the alisenceof lime in some of the forms mentioned.

This question might also be raised in regard to fungi.

^It would be of special interest to ascertain whether Eudorina and Volvox require

lime salts. They probably do.
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by bipartition in vsuch simple alga forms as Protococc^is, Stichococcus,

and Palmella, but these chloroplasts appear to be of a lower order tban

those of Cladophora, Zygnema, or Spirogyra.

The nutrition of the chloroplasts is in all probability cared for by the

nucleus, hence it is reasonable to suppose that nuclei which prepare

calcium-protein compounds for themselves furnish these same com-

pounds to the chloroplasts also. This is probably the simplest expla-

nation as to why chloroplasts become sensitive to even neutral oxalates

in all plants the nuclei of which are killed by oxalates. Where the nuclei

contain calcium-protein compounds the chloroplasts also contain them.

The writer has advanced the view that a higher development in form

and function becomes possible only when the lower forms of life acquire

the ability to assimilate lime and to utilize the resulting calcium proteid

compound for organization purposes. This seems to him the simplest

explanation of the fact that lime salts are required by all plants except

the very lowest forms. Agreeing es]iecially well with this view is the

further observation that neither neutral oxalates, nor magnesium, nor

strontium salts are injurious to these lowest forms,^ although noxious

to all other plant life.

If lime were necessary only for certain processes of metabolism in

plants, as some authors claim, it would not only follow that tlie higher

forms of algie have quite a different mode of metabolism from the lower

ones, but it would also remain entirely incomprehensible why mag-

nesium salts act so poisonously on the nucleus and why only calcium

salts can prevent this deleterious effect. It would be very interesting

to know the exact line of development below which calcium salts are

not re(iuired and above which they are indispensable for plant life.

A division of the algte into two such groups would certainly prove

instructive.

ON POSSIBLE RELATIONS BETWEEN THE LIME AND THE TRANSPOR-

TATION OF STARCH.

One of the tirst disturbances to appear when there is a deficiency of

lime is the cessation of starch transportation. Starch gradually accu-

mulates in the lower parts of the stem, and even its transportation

from the storage receptacles to the axial parts may gradually stop. It

has already been seen (p. 18) that a similar phenomenon was observed

by Nobbe in plants showing a deficiency of chlorine compounds. Two
causes, either separately or combined, may produce this phenomenon,

and it follows, therefore, that the conditions bringing it on in different

cases may not necessarily be wholly identical. One cause may be

that cells fail to produce the diastase which is necessary for dissolving

^Palmella can develop quite well, even in 4 per cent solutions of neutral potassium

oxalate or magnesiiim sulphate to which traces of ammonium sulphate aud potassium

phosphate ha-l been added. Beer yeast may be kept for several hours at 30° C. in a

1 per cent solution of magnesium nitrate without serious injury.
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the starch, and another the impossibility of fonniufi- in the o-rowing

parts new phistids and chh)rophists, which produce starch Irom sugar.

The writer's view, according- to which lime is required in the com-

pounds which build up nuclei and chromatophores, explains not only

the failure to increase these organoids, but also that to jjroduce diastase

when line is absent. Enzyms are secreted from the nuclei, as Hofer

has shown with amteba', and therefore if the nuclei can not be normally

formed for want of lime enzym formation also may stop. However, this

latter explanation does not seem to apply for the initial pathological

stage, since Kaumer and Kellerman observed that in I'liaseolus mnlti-

Jiorus sugar also was formed from starch for aceitain period when lime

was deticieut, hence diastase was probably present.

In this case the upper part of the stem was devoid of starch and

seemed to be incapable of forming starch from the sugar present. This

accumulation of sugar prevented any further solution of starch in the

lower parts.

The intensity of starch transportation depends essentially on two

factors, (1) the saccharifying activity, and (2) the starch-forming

activity of the plastids in other parts of the plants.

Further investigations in this direction would be very desirable.

They would perhaps also show differences between the action of

chlorids and that of lime in regard to the transportation of starch.

Finally, since a deficiency of lime, like the absence of phosphoric

acid, potassa, or magnesia, stops the formation of new cells, an accumu-

lation of proteins may result, and indeed such a case was observed by

Stock, the crystalloids increasing in number when lime was deficient.^

THE PHYSIOLOGICAL RoLE OF MAGNESIUM SALTS.

It has already been pointed out that magnesium salts are especially

important in the formation of seeds, but they are also required by all

other parts of plants, and especially in the process of development. The

amount of magnesia taken up by crops varies considerably. For

example, an average crop of wheat will take up 8 kilos per hectare, a

crop of leguminous plants 12 kilos, and a crop of tobacco as much as 43

kilos. It has also been pointed out that magnesium salts can fulfill

their nourishing functions only in the presence of calcium salts, while

in the absence of calcium salts they even exert an injurious action.^

In studying the questions as to what the nourishing function of mag-

nesium salts is and why they can not be replaced physiologically by

calcium salts, the probable answer is found in the well known property

of the magnesium salts to easily undergo dissociation, as the writer

pointed out some years ago.^ Magnesium salts are easily hydrolyzed, as

is shown in the preparation of chlorid or carbonate of magnesium in the

1 Bot. Centralbl., Vol. LIII, p. 83.

20uly the lowest algte and fungi are exceptions (p. 44).

3 Flora, 1892, p. 286.
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ordinary method of preparation, whereby a part of the acid is easily

liberated. Moreover, in boiling with water the secondary magnesium
phosphate is decomposed into tertiary phosphate and free phosphoric

acid. The inference suggests itself that this property is of great value

to the cells, since in the assimilation of nitrogen from nitrates, sulphur

from sulphates, and phosphoric acid from phosphates, the dissociation

of these salts would immediately ])recede assimilation: hence the easier

these acids are separated from the base the easier their assimilation

will be accomplished. However, this deduction relates more to tbe

assimilation of phosphoric acid than to that of suli)hur and nitrogen.

This latter assimilation must be possible also, to a certain degree, from

other suli)hates and nitrates besides those of magnesia. According to

this view the formation of nucleo-proteids depends upon the i)resence

of magnesium salts. As a matter of fact, it is found that magnesia

always increases where rapid development is taking i^lace. In accord-

ance with this view also, very small quantities of magnesium salts can

be used for a great deal of work, since the same amount of base can

serve over and over again as the vehicle for assimilation of X)hosphoric

acid. This may also explain the fact, pointed out long ago by Adolph
Mayer, that "magnesia is more movable in the plant than lime is," and
that "magnesia, like the phosphates, follows the proteids."

The fact that comparatively little magnesia can serve for extended

physiological operations may be noticed in fungi in culture solutions

devoid of lime, and also when seeds are left to develop in culture solu-

tions free from magnesia and with only a moderate amount of lime in

proportion to phosphoric acid. For example, beans may reach even 1

meter in height in such solutions, the reserve magnesia sufl&cing for this

result.

Besides the easy dissociation the solubility of the secondary magne-

sium phosphate in water must also be considered. This solubility is

much greater than that of the secondary calcium phosphate. When
100 cc. of a 0.2 per cent solution of disodium phosphate are mixed with

2 to 3 cc. of a 10 i)er cent solution of magnesium nitrate no precipitate

is formed, while with an equivalent amount of calcium nitrate there

will be a considerable precipitate. It may be inferred, therefore, that

the secondary magnesium phosphate is more capable of migrating in

plants than is the calcium phosphate, at least in neutral media and

in the cytoijlasm and its intercellular connections.

The alga Spirogyra is especially well adapted to show the influence

of magnesium salts upon the production of protein matter. This influ-

ence may be double, (1) in facilitating the assimilation of sulphur and

nitrogen from sulphates and nitrates the albumin formation as such is

enhanced; and (2) in making the assimilation of phosphoric acid possi-

ble, nucleo-proteids may be formed, so that division of the nucleus and

growth can proceed. If growth is as energetic as the formation of j)ro-

tein no accumulation of protein will take place, all being organized for

the wants of the multiplying cells. However, by reducing the amount
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of pliosi)bate to a trace inultiplicatiou cau be very inucli retarded or

stopped altogether, while albumin formatiou may go ou; lieuce in this

case an accumulation of albuniin'takes place either in the cell sap or in

the cytoplasm or in both.

These conclusions can be very easily verified by studies with Spiro-

gyra, for which the bicarbonate, obtained by dissolving magnesium

carbonate in water charged with carbonic acid, is a very favorable form

of magnesium. Thus a most energetic growth was observed with the

following composition

:

Per iiiille.

Magui'sinm biearboiiate 0. 5

Magnesium sulphatf 1

Calcium nitrate .5

Mouopotassium phosphate .05

Potassium nitrate .2

Ferrous sulphate X^ace.

The supposition that the favorable action of the magnesium bicar-

bonate consists sinii)ly in a "neutralization of acids" formed in the

process of metabolism, (;an not be correct, since a substitution of an

eqnalamount of calcium bicarbonate by no means shows thesame benefi-

cial influence, and besides in this case the above culture solution would

contain such an excess of lime over magnesia that the assimilation of

phosphoric acid might be retarded, involving a slower development.

The foregoing makes it intelligible why in the absence of magnesium
salts the multiplication of cells is stopi)ed, the nucleus not being able

to in(;rease to that jjoint where <livision sets in. In the mixture of dif-

ferent salts occurring in plants there is sufficient opportunity for mag-
nesia to combine with phosphoric acid, and the secondary magnesium
j)hosphate thus formed can, in passing into the tertiary salt, yield some
free acid. The tertiary salt remaining can easily be redissolved by
weak organic acids, and thus yield again the secondary phosphate,

which may in turn be utilized for the assimilation of phosphoric acid.

This explains why germinating seeds and rapidly growing parts gener-

ally develop an acid leaction.

The rapidly proceeding cell division requires the most favorable con-

ditions for the assimilation of phosphoric acid. One of these consists

in utilizing the same amount of magnesia over and over again. Where
an abundance of magnesium salts is present, however* as in most cul-

ture solutions of bacteria, the reaction does not need to be acid to insure

a rapid assimilation of phosphoric acid.

Thus far few authors have expressed any view as to the primary
functions of magnesia. Eaumer observed that Phaseolus mtdtijforus,

grown in culture solutions without magnesia, reached 1 meter in height,

after which the internodes stopped stretching, but thickened abnor-

mally. The new leaves also remained small and ceased to x)roduce

chlorophylP—an interesting case of chlorosis, which disease may be

1 Hoppe's chlorophyllan contains 0.34 per cent magnesia, but this product is now
declared to he a mixture.

7478~No. 18 4
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produced by other causes tliau by the abseiKje of iron, as has been

already pointed out (j). 15). Raumer ascribed to magnesia and not to

lime, as Boehm has done, the transportation of starch, basing his claim

on the ground that in the beginning the leaves contain not only con-

siderable starch, but also a relatively large proportion of magnesia,

whicli condition is found later in the stems. Finally, magnesia is found

to be increased in the seeds, in which starch also is generally deposited.

This hypothesis does not, however, seem to be well founded, since the

relations indicated are not direct. Many other facts make it much more

]^rol)able that it is the proteids and not the starch that have a close rela-

tion to magnesia. Where development is going ou, starch is required

for furnishing the necessary carbon and hydrogen in the production of

proteids, hence magnesia is found in cases where the starch is migrat-

ing. Here magnesia is connected with the protein production and not

witl*- the migration of starch. Furthermore, the organoids of starch

formation, the plastids, also require magnesium salts for their growth

and multiplication, since they contain phosphoric acid in their nucleo-

proteids; hence there also exist some reasons for the belief in the

remote connections between the starch content of an organ and the

amount of magnesia present, but not in the direct connection supposed

by llaumer.

INCREASE OF MAGNESIA IN OILY SEEDS.

If the writer's theory as regards the relation of magnesia to i)hos-

phoric acid is correct, more magnesia ought to be found where both

compounds, uucleo-proteids as well as lecithin, are formed than where

nucleo-proteids alone exist, since the assimilation of phosphoric acid is

required not only for the formation of nucleo-proteids, such as chroma-

tin and plastin, but also for that of lecithin. Lecithin is a constant

concomitant of fat, and therefore seeds rich in fat ought to contain,

cei. par.^ more magnesia than such as are rich in starch. A review of

Wolff's ash tables confirms this deduction. The following table shows

that for 1,000 parts of organized substance there are of magnesia in

—

starchy seeds.

Oats ..

Barley
Eye...
Maize

.

Per cent.

1.9
2

2
i.9

Oily seeds.

Cotton
Flax . -

Poppy
Kape..

Per cent.

5.6
4.7
4.9
4.6

The average proportion of magnesia in starchy seeds to that in oily

seeds, therefore, is as 2 to 5.

It may furthermore be pointed out that fungi grown in culture solu-

tions containing only traces of magnesia form no spores. Spores, how-

ever, contain lecithin, and in all probability relatively large amounts of

nucleo-protein. Here the importance of magnesia can be readily dem-

onstrated by increasing its amount in the culture solution, after which
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spores are soon formed. A similar effect on oats was observed by

Schneidewind.' Of all nitrates tested, magnesium nitrate yielded the

largest grain production.

NECESSITY OF MAGNESIUM SALTS FOR FUNGI.

Magnesium salts are also indispensable for fungi, but an exceedingly

small amount will suffice when the nourishing sohition has an acid

reaction. In fact, even traces of magnesia taken up from glass vessels,

if the latter are not made of the most resistant material, will suffice

for growth. FrJinkel denies the necessity of magnesia for certain kinds

of bacteria— - Bacterium coli, B. pyoci/aneiis Friedl., and other bacteria

having been cultivated by him in solutions of aspartate or lactate of

ammonia in absence of magnesium salts. However, a susi)icion as to

the absolute purity of his materials may be justly entertained.

How small a quantity may suffice for mold fungi is shown by the fol-

lowing observation: The writer prejiared a nourishing solution con-

taining 2 per cent of ammonium acetate, 0.04 per cent monopotassium

phosphate, and 0.02 per cent potassium sulphate and infected the solu-

tion, which was made with absolutely imre materials, with spores of

Penicillium, but obtained no growth, owing to the absence of magnesia.

He then added 0.0003 j)er cent of magnesium sulphate, and soon a con-

siderable development of mycelium took place, its weight finally becom-

ing very nearly the same as that in the control flask containing 0.1 per

cent of magnesium sulphate.^ The only difference observed between

the two cases was that in the former flask spores were entirely absent,

while in the latter they were present in great numbers.

Glinther^ inferred from his experiments that the limit of sensibility

of the fungus Rhizopus to magnesium sulphate is 0.005 milligram.

From such experiments it seems very probable that in those made by
Frankel with bacteria traces of magnesia were present as imi^urities

in some of the compounds used.

Molisch has observed, and his observations have been confirmed by
the writer, that spores of Penicillium do not even germinate in culture

solutions entirely free from magnesia and containing ammonium acetate

as the only organic nutrient—a fact which appears very strange, as there

is certainly stored up in the spores a sufficient amount of magnesium
phosphate to make germination and even some further development

Ijossible, and indeed magnesia has been found repeatedly in the ash

of various fungi. The writer has cultivated Penicillium in a solution

containing peptone, tartaric acid, monopotassium phosphate, and 0.1

per cent magnesium sulphate, and has convinced himself of the

1 Joum. f. Landw., 1898, "Vol, XLVI, p. 1.

2 Centralbl. f. Bakt., Vol. XVII, p. 32.

^ Experiments witL Penicillium succeed best in moderately acid solutions.

•Loc. cit. (p. 25).
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presence of magnesia in the spores.^ However, these same spores did

not germinate in the sohition of ammonium acetate used by Molisch

and by the writer, but they germinated in various other solutions, as,

for instance, in a 0.5 j)er cent solution of sodium acetate or of cane

sugar containing a small amount of ammonium sulphate. It appears

probable, therefore, that a solution containing ammonium acetate as sole

organic nutrient is unfavorable for starting in the spores certain proc-

esses which render the stored-up magnesium phosphate available for

the beginning of germination. Perhaps there is formed in the spores

the but little soluble magnesium ammonium jihosphate when too much
ammonia is present in the culture solution. In suitable culture solutions,

free of magnesia, the magnesium phosphate stored up in the spores may
be economically utilized, and even a considerable mass of mycelium may
be produced provided an abundant sowing of spores had taken place.

CAN MAGNESIUM! SALTS BE REPLACED BY BERYLLITJM: SALTS

!

The attempts to penetrate the mystery of the physiological functions

of magnesium naturally have raised the question whether beryllium

can perform the functions of magnesium in living cells, since the gen-

eral behavior of the compounds of these elements bears a strong chem-
ical resemblance to each other.

In 1890 Sestini ^ undertook to determine whether wheat could be raised

in culture solutions in which magnesium sulphate was replaced by
beryllium sulphate. He sowed the gTains in quartz sand which had
been treated with hydrochloric acid to remove all mineral impurities,

and watered the plants with a culture solution containing beryllium

sulphate in place of magnesium sulphate. The plants reached a height

of 90 to 95 cm., but the control experiment showed the superiority of

magnesium over beryllium, as will be seen by the following comparison:

Wheat grown

—

In the beryllium solution ..

In the magnesium solution

.

Number of
seeds.

Weight of Weight of
seeds. single seed.

283
322

Grains.
12.31
15.20

Grams.
0.435
.472

' It has been shown hy Aso that the spores of Aiper(j'xllus contain a moderate
amount of magnesia. He has kindly furnished the writer the results of an analysis

which yielded for the ash of spores of Aspergillus oryzae the following composition

:

Potassa

Soda

Per cent.

.. 45.96

. . 4. 13

Lime 1. 03
Magnesia 4. 36

Oxid of iron 4. 91

Phosphoric acid 39. 64

Sulphuric acid 2, 00
Silica 40

The percentage of ash in the dry matter was 5.15. The fungus had been grown
on boiled rice.

^Le Staz. Agr. Ital., A'ol. XX; Centralbl. f. Agr. Chem., 1890, p. 464, and 1891, p. 558.
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The harvosted seeds were grown again in the same way. ' Of twenty

seeds of the phints grown in beryllium solution, however, only seven

germinated and only three of the i)lants i)roduced seeds, the resulting

crop of fourteen seeds weighing only 0.37 gram and averaging only

{).02<) gram. This clearly shows that beryllium can not replace mag-

^lesium in wheat, and very probably also not in any other of the Phaner-

ogams. The fact that the first generation yielded a much better result

than the second must be ascribed to the presence of a relatively large

anu)unt of magnesium phosphate in the seeds used.

In an experiment nuide by the writer with shoots of Tradcscaiitia

placed in culture solutions containing 0.1 per cent beryllium sulphate

in one case and 0.1 ])er cent magnesium sulphate in the other, the lower

leaves of the beryllium i)lant commenced to die after several weeks,

and the newly developed upper leaves scarcely reached one-third the

normal size, these shoots dying otf after eight weeks, while in the con-

trol case they were still in a health\ condition.-

In regard to alga', the writer has observed that a solution of bei^yl-

lium sulphate in which the other mineral nutrients are wanting exer-

cises an injurious intlnence sooner than does the magnesium sulphate.

Some threads of Spirogi/ni communis were placed in 0.2 i)er cent of these

salts dissolved in i)urest distilled water, and it was found that the

number of dead and injured cells was much larger after two days in

the former case than in the latter.^

In a subse(]uent experiment the amount of both these sulphates was

diminished and mineral nutrients added, the composition of the main

solution being

—

Pit inille.

Calcium uitrate ..:... 0. 10

Calcium sulphate .01

Monopotassium phosphate 01

Dipotassinui i>hosphate 01

Berylliixm sulphate 10

In this solution 8piro{/ijra threads were still normiil and healthy after

three weeks, but had not grown to any noticeable extent.

In another experiment the following solution was prepared:

Per luille.

Calcium nitrate .' 0. 25

Calcium sulphate 10

Monopotassinm carl>ouate 1. 00

Monopotassium phosphate 05

Ferrous sulphate Trace.

One half of this solution received 0.2 graui magnesium sulphate and

the other half 0.2 gram beryllium sulphate. Very soon a slight turbid-

ity, followed later by a flocculent precipitate, was noticed in the beryl-

1

'

i The ash of the beryllium plants contained 2 per cent of BeO.
2 Mineral nutrients are stored up in the nodes, as already mentioned.

^For further information relative to the noxious effect of magnesium salts in

absence of calcium see p. 42.
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lium solution, while the control solution remained absolutely clear.

Into both flasks a trace of a Palmella culture, with some Diatoms, was

now introduced. After four weeks it was found that the Diatoms had

multiplied to a great extent in the control solution, but not one could

be observed after repeated microscopical examinations in the beryllium

solution. The Palmella, however, was well developed in both flasks.

This might seem to indicate that such a simple alga form as Palmella

could utilize beryllium salts in place of magnesium salts, at least when

it is offered in a favorable culture solution, but slight traces of mag-

nesia might have been furnished by the glass vessel.

To determine the effects of beryllium on fungi an experiment was

made by Molisch, the culture solution used containing

—

Pec mille.

Ammonium acetate 20. 00

Beryllium sulphate ^0

Monopotassium phosphate -04

Ferrous sulphate -01

There was no development whatever in this solution when spores of

Penicillium were inoculated, but npon the addition of 0.02 per cent

magnesium sulphate 78 milligrams of fungous mass was produced after

nineteen days.

Notwithstanding the close chemical relations between beryllium

and magnesium there must exist such chemical ditt'ereuces that the

inability of beryllium to physiologically replace magnesium can be

easily explained. As the text-books on chemistry fail to give minute

comparisons of the chemical behavior of soluble beryllium and mag-

nesium salts toward phosphates, the writer has made a few tests in

this regard. When 1 per mille solutions of beryllium sulphate and

dipotassium phosi)hate are mixed the liquid is at first clear at the

ordinary temperature, but gradually becomes opalescent, and after one

day the beryllium is precipitated as a flocculent phosphate, but if the

mixture is heated or if some sodium acetate is added a flocculent pre-

cipitate is produced at once. Magnesium sulphate behaves very differ-

ently, giving no precipitate whatever under the same conditions.

If a 10 per cent solution of monopotassium phosphate is mixed with

a 10 per cent solution of magnesium sulphate no precipitate is formed

at the ordinary temperature, and the li(iuid renmins clear even on boil-

ing. This, however, is not the case with beryllium sulphate, which pro-

duces a copious flocculent precipitate in a few minutes, and even if more

dilute solutions, as for example a 1 per cent solution of monopotassium

phosphate and beryllium sulphate, are mixed the mixture becomes

turbid on boiling.

Although a higher diluted solution of beryllium sulphate gives no

precipitate with monopotassium phosphate, the addition of sodium

acetate, even at the ordinary temperature, will cause a precipitate of

beryllium phosphate. Thus even in a dilution of 0.001 per cent beryl-
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lium sulphate, turbidity will be produced and finally some llocculi will

be deposited. Tuder tbe same condition sohitions of inagnesiuTu sul-

phate, whether highly or moderately dihited, will remain perfectly clear.

It is seen, therefore, that there is a fundamental difference betweeu
beryllium and magnesium salts in their behavior to phosphoric acid—

a

difference which ami)ly accounts for the fact that beryllium salts can

not replace magnesium salts, as far as the process of the assimilation

of phosphoric acid is concerned. In this respect magnesium is unri-

valed even by the most closely related elements. With the properties

of easy dissociation of the salts and its character as only a weak base,

magnesia unites a moderate solubility of the secondary phosphate not

found with any other related base. Although beryllium oxid is also a

weak base, the fact that it is much more inclined than magnesia to

yield an insoluble pliosphate renders it unsuitable for the function

mentioned.

As to the rarer elements it may still be questioned whether there may
not exist among them some tliat could physiologically rei)lace magne-
sium or (calcium. The experiments with cerium and lanthanium showed
no evidence in favor of that view, these salts killing alg;e in a solution

of 0.1 per cent. Thorium sulphate is not so injurious, but no further

studies as to whether it can be utilized for any physiological function

have been made, nor have any exjieriments been made with yttrium,

niobium, or some other rare elements.

IMPORTANCE OF LIIVIE SAL'I S FOR ANIMALS.

In animals lime salts are necessary not simply for the formation of

the bones, but also for every part of the body, and they are required

for the lowest forms as well as for the higher animals.

The action of the heart is above all most intimately connected with

the presence of lime salts. Thus, a frog's heart will soon stop even in

a physiologic salt solution (0.6 per cent sodium chloride), but will con-

tinue to beat when some ash of blood is dissolved in the same solution.

Ringer has shown that a good circulating fluid for the heart may be
compounded by preparing a mixture of such salts as normally occur in

the blood. In such a solution the isolated frog's heart will beat almost

as long as it would in deflbriuated blood. Halliburton^ says: "The
necessity for lime salts is especially great. In fact, the close adhesion

of proteids generally with small quantities of mineral matter is rather

suggestive of combination than mere mixture. Lime salts adhere

especially closely and in fact seem indispensable for many of the func-

tions of the body, of which the beating of the heart and the contraction

of skeletal muscle are good examples. Blood from which the salts

have been removed keeps the heart going, but the tracing is abnormal,

resembling that produced by a weak solution of a lime salt. It is in

' Chem. Physiol., 1891, London, p. 256,
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fact found that dialysis will not remove the lime from serum albumin,

though it removes the greater part of the sodium and potassium salts."

The great importance of calcium salts for the various organs of ani-

mals is also illustrated by the empirical knowledge gained by physi-

cians. Thus a prominent medical work' states: "Calcium chlorid is

used with benefit as an internal remedy in the various maidfestations

of the strumous diathesis. It often causes the resolution of glandular

enlargements and the calcification of tubercular deposits, aids the

cicatrization of ulcerating cavities, and has proved curative in eczema

and lupus. It is highly praised in phthisis, also in chorea, and for the

colliquative diarrhoea of strumous children. In solution used exter-

nally as a fomentation it is said to hasten the maturation of boils." In

direct contact with the heart, however, this salt is not harmless, as

shown by the experiments with a frog's heart. Probably a hydrolytic

dissociation, with liberation of hydrochloric acid, however slight it

might be, brings on tbe injurious efiect,^

Muuk^ observed during the inanition of men and dogs a gradual

increase of the lime secreted in the urine. Katsuyama* noticed in

observations on starving rabbits in the first four days a gradual decrease

and afterwards a slow increase of lime in the urine, while there was a

gradual and steady decrease of magnesia. This decrease of magnesia,

compared with the increase of liine, is very significant and instructive.'

PROPORTIONS OF LIME AND MAGNESIA IN ANIMAL ORG-ANISMS.

The muscle fibrillee of the mammalia are made up principally of the

contractile substance, or, as Kupfler has called it, the dynamoplast. The

energide (the nucleus with its connected cytoplasm), which manufac-

tures the fibrilhe, occupies but a small volume within the dynamoplast,

hence the writer's hypothesis would suggest the inference that the

lime content of muscular masses should be less than that of glandu-

lar masses, since the relative mass of the nucleus in muscles is much

smaller than in glands. From Katz's analyses the following data will

show how far this view is confirmed."

' Potter, O. L., Handbook of Materia Medica, Pharmacy, and Therapeutics, Phila-

delphia.

2 Calcium hydrate iutroduced in man or dog tends to the secretion of calcium

carbamate in the urine, as Abel has demonstrated. This is of special physiological

interest, since carbamic acid is the precursor of urea, as Nencki and Drechsel have

shown.

'Suppl. zu Virchow's Arch., Vol. CLI.

^Zeitsch. f. Phys. Chem., 1899, Vol. XXVI.
fit may be pointed out here that lime compounds also seem to play an important

role in the coagulation of the blood, as this can be prevented by the addition of some

soluble oxalate. Myosin, which possibly plays a part in the coagulation of the

muscular plasm, also contains lime. Moreover the actions of rennet and of pectase

are connected with the presence of lime.

6 Pfliig. Arch., Vol. LXIII, p. 1.
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There were found in 1,000 parts of fresh muscle of a

—

Part calcium.

Dog 0.0685

Hog 0806

Deer 0959

Cat 0846

Man 0718

or au average of 0.0809 i)art calcium. On the other hand Oidtman'

found in the liver, the largest gland in mammalia, O.L'84 part of cal-

cium for 1,000 parts, or nearly three and a half times as mn(;h as the

average in the muscle.

Embryos and young animals show a higher percentage of nuclear

mass in the muscles than do full-grown animals, hence the fact that the

muscles of the calf contain more lime than those of the cow- is in full

accord with the writer's inference. Zoologists have further observed

that the nuiscles of fishes and batrachia are relatively richer in nuclear

mass than are those of mammalia. The fact that Katz ' has found two

to three times as much lime in the muscles of such animals as in those of

mammalia is therefore strictly in accord with tlu' writer's vieAv. There

is in 1,000 parts of fresh muscle of the

—

I'iirls <-iilciniii.

Froo- 0. 1566

Shad""''.'"'-"-'.' 2206

Eel 3913

or au average of 0.2562 part calcium.

The importance of lime for the division of cells even in the lower

animal organisms is shown by Herbst's statement^ that the most

important salt for the development of the sea urchin's eggs is calcium

phosphate, in the absence of which not ev^en the completion of segmen-

tation is possible. The calcium of this salt is just as important as the

phosphoric acid. It happens that this salt is present in the sea water

In very small quantities only, hence it must be assumed that these eggs

have a great absorptive power for it.

A relative increase of magnesia can be observed in certain organs

in which the nuclear mass is small. Thus, according to Geogehan, the

human brain contains about ten times as much magnesium phosphate

as calcium phosphate, and the muscles of mammalia contain in most

cases more magnesia than those of batrachia and fishes, as shown by

Katz's results.^.

' Prize Treatise, Wiirzburg, 1858. This author found 1.1 per cent inorganic sub-

stance in the liver, and in 100 parts of this ash 3.62 per cent of lime and 0.19 per

cent of magnesia. Calculating from these data, there are contained 0.2842 part of

calcium and 0.0125 part of magnesium in 1,000 parts of fresh liver.

"The lime content of the liver cells is also larger, according to Kriiger (1895), in

the calf than in the cow, which suggests the necessity of further microscopic com-

parison as to the relative size of the nuclei.

"Loc. cit.

•Arch. f. Entwicklungsmechanik, Vol. V, p. 667.

^ Loc. cit.
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There is iu 1,000 parts of fresh muscle of the

—

Part
magnesium.

Dog - 0.2370

Hog 2823

Deer - 2906

Cat 2863

Man 2116

Average 2611

while there is iu 1,000 parts of fresh muscle of the

—

Part
magnesium.

Frog 0.2353

Shad> 1670

Eel 1782

Average - 1935

A comparison of the averages shows for the

—

Muscles of mammalia . . .

.

Muscles of frogs and fish

.

Liver of mammalia

Calcium.
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of sufficient lime the poisonous action of strontium salts ui)on animals

is weak.

The writer's hypothesis as to the functions of lime salts makes the

poisonous action of soluble oxalates upon animals also more intelligible

than it has been heretofore. The chief property of oxalates is to

transform the calcium of calcium compounds into calcium oxalate. If

therefore the nuclei of the cells contain calcium protein compounds in

their organized structure, the removal of this calcium and its replace-

ment by the sodium or potassium of the oxalate applied must alter

the capacity of imbibition and thus cause fatal disturbances of the

organized structure (tectonic). Indeed, oxalates constitute a general

poison for all kinds of animals.' The writer has demonstrated that in a

0.5 per cent solution ot neutral potassium or sodium oxalate Rotatoria,

Copepoda, and aquatic AseUids die in thirty to fifty minutes, leeches

and Planaria succumb a little later, and finally Ostracode.s and larvjc of

insects are killed. Injusoria, Fhujellata, and Amocbw were found to be

dead in this solution after fifteen hours. Even a 0.1 per cent solution

of sodium oxalate will kill some of the organisms named, such as Cope-

poda and Rotatoria. The i)oisonous action for vertebrates was known

long ago, but the explanations were not entirely satisfactory. Some

authors sought the cause in the obstruction of the vessels of the kid-

neys with calcium oxalate and in iuHammaticm of the kidneys, and

others believed in a decomposition of the oxalic acid with the i)roduc-

tion of the poisonous carbonic oxid, but the irritation and the final

paralysis of the vasomotoric center jMunted plaiidy to another cause.-

FINAL REMARKS.

The writer's deliberations have led him to conceive the probable role

of calcium and magnesium salts in the living cells. This view is in

full accord with various facts for which in former times no satisfactory

explanation was reached.

It is now clear why magnesium is more movable in plants than cal-

cium, and further, why the calcium content increases with the mass of

nuclear substance and of chlorophyll bodies, and why magnesium salts

increase wherever phosphoric acid is in increased demand for the pro-

duction of lecithin and nnclein. It also makes it perfectly clear why

on the one hand magnesium salts become poisonous in the absence of

calcium salts, and why on the other hand the absence of magnesium

salts in an otherwise complete culture solution leads to a gradual stop-

page of all further development, and to final inanition. The formation

of the nuclei and plastids requires calcium as well as magnesium salts,

1 Noxious effects on the bones and kidneys and sometimes on the activity of the

heart have been noticed after feeding cattle vrith vegetables containing soluble

oxalates, such as leaves of the sugar beet.

^The fact that badly healing sores are produced when open wounds come in con-

tact with oxalate solutions, a fact long known to photographers, deserves particular

mention.
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the former for the production of calcium nucleo-proteids and the latter

for making possible the assimilation ofphosphoric acid. If lime salts are

in great excess in a neutral medium, the formation of magnesium phos

phate and consequently the assimilation of phosphoric acid will be

retarded, since the lime as the stronger base will withhold i)hosphoric

acid when soluble phosphates come in contact with lime salts. Many
plants, therefore, which have absorbed too much lime and relatively

too little magnesia from the soil precipitate a part of the lime in the

form of oxalate. Indeed Monteverde' observed that the amount of

oxalic acid increases with the amount of lime absorbed.

The excess of lime is in reality the cause of an increased production

of oxalic acid—a fact best explained by the assumption that before car-

bonic acid is finally produced by the combustion of carbohydrates, a

series of organic acids, of which oxalic acid is one stage, is rapidly

passed, this stage being fixed by the presence of lime. Similar obser-

vations were also made by Wehmer with fungi in culture solutions to

which lime salts were added. In the presence of lime salts there was

more oxalic acid formed than in its absence, or, more correctly expressed,

more was preserved from being again destroyed by further oxidation.

The fact that seeds generally contain much more magnesia than lime

may be considered an interesting case of adaptation. A rapid develop

ment by an easy assimilation of the reserve phosphoric acid is thus

assured—a favorable circumstance, as it lessens the danger of the mold-

ing and putrefying of the seeds sown in moist ground. The same plant

after it develops chlorophyll, however, requires more lime in proportion

to magnesia than does the seedling in its early stages. According to

Wolff's calculations of the minima of lime and magnesia for oats there

is required 0.2 per cent of each for the dry matter, but for plants with

more abundant foliage the minimum of lime would be larger.

The proportion of these two constituents in the soils is a more potent

factor in the resulting crop than is generally supposed. The many
contradictory statements in regard to the influence of magnesia in the

soils are easily explained by the aid of the above theory. A soil rich

in magnesia will be damaged by liming with magnesian limestone,

since this would increase still more the already large amount of magne-

sia, while a soil very poor in magnesia may be benefited by it. In the

application of kainit and carnallit also the magnesia content of these

potassa fertilizers has to be considered and eventually liming has to be

carried on in conjunction with it.

Bot. Jahresb. f. 1890, p. 75.
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Sir: 1 respectfully transmit herewith a report b}'- Mr. Albert F.

"Woods, of this Division, emboch-ino- the results of an investigation of

a disease of the carnation, to which he has applied the name "stignio-

nose." This disease, which is a serious drawback to the successful

growing of the carnation, has until recently been attributed to bacteria

and given the name ''bacteriosis." Mr. Woods, however, has shown

that it is due to the punctures of insects, principalh^ aphides and

thrips, and of mites. Although these are the inciting cause of the

trouble, the pathological and physiological changes involved are

dependent to a large degree on the condition of the plant and the time

the punctures are made. The work deals with the subject largely

from the standpoint of pathology and physiology, pointing out the

conditions which influence the disease, and suggesting lines of treat-

ment based mainly on a knowledge of the proper handling of the

plants. We are indebted to Dr. L. O. Howard, Entomologist of the

Department, for assistance in a number of matters connected with

the work.

The carnation crop in this country represents an annual value of

over $4,000,000 and is constant!}^ increasing. In view of this fact and

the man}^ interesting and suggestive points lirought out in the work, I

respectfully recommend that the report be published as Bulletin No. 19

of this Division. •

Respectfully,

B. T. Galloway,

Chief of Division.

Hon. James Wilson,

Secretary of Agriculture.
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STIGMONOSE: A DISEASE OF CARNATIONS AND OTHER PINKS.

INTRODUCTION.

In the course of some investigations whicli the writer conducted

several years aoo on a disease of the liiu'nuida lily, his attention was

attracted hy the siniilaritv between this disease and the one atiecting

carnations, and described by Arthur and Bolley^ under the name
"bacteriosis." As announced in a preliminary paper,' the writer car-

ried on extended studies of the carnation disease, Init was unable to

obtain results similar to those descri))ed by Arthur and Bolley. Since

pul)lishin(>- the paper referred to he has repeated and extended the

work whicih it describes and has fully substantiated his former con-

clusions. In view of the fact that the disease is not due to bacteria,

but is caused by the punctures of aphides, thrips, and occasionally of

red spiders, the name stioinonose,'' or puncture disease, is here sug-

gested as an appropriate one for the malady.

Probal)ly the first account of the disease was that given in Dr.

Arthur's paper* read before the American Association for the Advance-

ment of Science, at its meeting at Toronto, in 1889. In this paper

Dr. Arthur proposed the name "bacteriosis," believing the disease to

be due to bacteria.

Inasmuch as many pathologists and carnation growers remain in

doubt regarding the true nature of the trou))le, it is thought desirable

at this time to give a full account of all the work that has been done

on it, together with a detailed discussion of the conclusions reached by.

Arthur and Bolley.

' Arthur, J. C, and Bolley, H. L., Purdue Univ. Exp. Sta. Bull. No. 59, 1896, Vol.

VII, pp. 29, pis. 8.

^Bot. Gaz., September, 1897, and Centralbl. f. Bakt., Par., u. Int'ekt., 1897, 2 Abt.,

Bd. 3.

'Stigmonose is a combination of the two Greek words 6viyi.iy), a puncture, and
v66o<;, a disease, the puncture, rather than the organism producing it, being made
the basis of the name.

^Arthur, J. C, Proc. Am. Assn. Adv. 8ci., 1889, Vol. XXXVIII, p. 280.

7
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INVESTIGATIONS OF THE CARNATION DISEASE BY ARTHUR
AND BOLLEY.

DESCRIPTION OF THE DISEASE.

The trouble was reg-arcied by Arthur and BoUey ^ as one affecting

the carnation leaf mainly. They describe it as follows:

It generally starts in the leaf when immature, and is best diagnosed in the

younger but full-sized leaves nearest the upper end of the stem. Taking such a leaf,

which on its surface presents no unusual appearance to the eye, and holding it

toward a strong light, small, pellucid dots may be detected scattered irregularly

through the leaf, sometimes having a faint yellowish color, which are the centers of

infection. The appearance of the dots has a close resemblance to those of the oil

glands in the leaves of the common St. John's wort {Hypericum perforatum) , a rather

abundant weed, or in the leaves of the false indigo {Amorpha fruticom) , a native

shrub, except that they have no regular disposition. Sometimes the surface of the

leaf is slightly raised over the dots, making watery pimples.

After a time the surface of theleaf above the dots changes enough to indicate their

presence and finally shows a distinct spot. As the disease extends inside the leaf

the surface tissues dry, the internal tissues collapse, and whitish, sunken spots

appear. In some colored varieties of carnation the spots vary somewhat by being

more or less reddish or purplish. As the spots increase in size the leaves wither,

still clinging to the stem. Such spots never show distinct central darker-colored

specks and rarely any concentric circles, as do the spots made by parasitic fungi,

such as Septoria (spot disease) and Heterosporium (fairy ring)

.

Very badly diseased plants, especially when much crowded and growing in damp
atmosphere, have more yellowish green leaves than normal, of a more transparent

appearance, and usually smaller. The lower leaves of diseased plants in any atmos-

phere or soil die prematurely and the vitality of the plant is so lowered as to check

the growth and decrease the size and number of the flowers.

In addition to the above description, these translucent dots may be

divided into three classes, representing three forms of the disease,

which differ slightly from each other in general appearance and behavior.

The first and most common form corresponds with the above description.

The translucent dots increase more or less rapidly, according to the age

of the leaf, until finally they reach a diameter of one to several milli-

meters, and often coalesce. The second form is characterized by the

appearance of very small spots, scarcely visible to the naked eye, but

easily detected when the leaf is held up to the light and examined with

an ordinary hand lens. These small spots are exceedingly numerous,

but in their further development, even on young leaves, scarcely ever

reach a diameter of more than half a millimeter. The third form

resembles the first in extent of development, but instead of being round,

the spots are elongated and irregular, and the affected plants are usually

more or less distorted.

Dr. Arthur said that in his earlier study of the disease "no cause,

either parasitic or nonparasitic, could be found to account for the diffi-

culty. The eye, either unaided or by the assistance of the microscope,

1 Arthur, J. 0., and Bolley, H. L., Purdue Univ. Exp. Sta. Bull. No. 59, 1896, p. 18.

All succeeding quotations from these authors are from this bulletin.



deti'ftod only a onuluul shrivi'lino- of the tissues of the leaves. At
tirst lig-ht-eolored blotches made their appearance, which gradually

extendt'd, coalesced, and finally the whole leaf became dry and life-

less." A further examination made b}^ Dr. Arthur in 1889 revealed

the presence of the semitransparent dots described. He says:

Repeated microscopic examinations of the sections through these spots convinced

us that the cells of the region were always infested with bacteria—often in consider-

able numbers. It was not diflicult to see that the conspicuous dry blotches might l)e

derived from the incunspicucjus dots and that the latter possil)ly represented the

beginnings of a genuine disease. There were now a number of difficult questions to

answer, foremost of which was to show the causal or accidental relation of the bac-

teria seen in the cells to the degeneration of the tissues. The larger part of the work

of tlie investigation from this tin:;; on until the main facts were established—a period

of about eighteen months—fell to the lot of Mr. Bolley.

ISOLATION OF THE GERM.

Following' out the suggestions resulting from their microscopical

examinations, Arthur and Rollcv made an attempt to isolate the germ
supposed to l)e the cause of the trouble. It should be noted that their

"repeated trials for a ninnbin' of months gave such varying results

that nothing of a substantial natiu'e was learned. Saprophytic forms

from the air and from the leaves of the plant took possession of the

cultures, obscuring or destroying the slower-growing parasitic form."

However, the addition of malic acid to the culture media retarded the

growth of saprophytic bacteria and gave the slower-growing organisms

a chance to develop. One of the most constant sorts o})tained b}^

Arthur and Bolley^ in this wa}" was a "coccus-like form of a yellowish

color that grew slowly, ))ut developed well in acid cultures," and this

the}" believed, as the result of infection experiments, to be the cause

of the disease in question.

No spores were found in any stage of growth. The bodies discovered

in the cells of the host and believed to be bacteria agreed in size and

general appearance with Bacterium dianthi. The cells were not united

into filaments, but were almost or quite separate from one another,

exhil)iting no independent movement and undergoing no marked vari-

ation in form during growth.

It is not nece'ssarj^ in this paper to enter into a full discvission of the

biology of this germ, but a few of the most important points may be

mentioned. In plate cultures of 10 per cent acid nutrient gelatin the

body of the colony is made up largely of zoogloea, giving an "irregular

'They describe the species as "Bacterium dianthi Arthur and Bolley n. sp. Cells

oval to elliptical, single or rarely united, 0.9-1.25 by 1-2 /<.; in rich fluid media more

united, in part forming short filaments, at first motile, afterwards forming distinct,

elongated, somewhat convoluted zoogla?a; on solid media becoming yellow in mass.

* * * The color accumulates slowly as the bacteria grow and is apparently not

deposited within the cell, but is an excretion from it."
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outline and a lobed and wrinkled appearance to the surface, the color

being a light, clear orange. When growth is strong the colonies pile

up in pronounced yellow, viscid drops." In plate cultures of neutral

gelatin the colonies consist after a time of a few light-colored zoogloea,

"with a surrounding irregular area of actively growing bacteria, the

whole having a light cream colo)'." The germ liquefies gelatin slowly.

The formation of zoogloea is also particularly marked in fluid culture

media, such as a broth made of corn seedlings or of potato tubers.

The germ stains readily in all stages of development with most of the

dyes in general use, especially aqueous solution of fiichsin and of gen-

tian violet.

DIFFICULTIES MET WITH IN ISOLATING THE ORGANISM.

As before stated, Arthur and Bolley found more or less difficulty in

isolating the germ from the diseased tissues, even the acidifying of the

gelatin only partially preventing rapidly growing organisms from over-

running the cultures. Attempts to free the surface of the leaves from

other germs by washing with corrosive sublimate (1:1,000 solution)

always gave negative results: They believed that "some of the poison

passed over into the culture and prevented growth, even when the leaf

was well washed with distilled water after its treatment with corrosive

sublimate. Most of the work was done with cultures obtained b}^

passing the leaf quickly through a Bunsen gas flame two or three

times, thus destroying all surface molds and bacteria in both spore and

vegetative condition, and then cutting the leaf into thin sections with

flamed scissors, allowing the sections to drop into the nutrient medium."

The first point to be investigated was the adequacy of this method

-of surface sterilization. Numerous experiments b}^ the writer have

shown conclusivel}^ that unless the epidermal cells of the carnation are

killed by the heat the organisms lodged in crevices of the cuticle are

not always killed, l)ut often grow readily when a portion of the flamed

though still living epidermis is put into nutrient media. Flaming the

leaf, therefore, in the manner described is sufficient to remove from it

only the most exposed and least resistant organisms.

It is to l)e regretted that Arthur and Bolley did not describe the poured

plate cultures made direct from the diseased tissues, as this is a nmch
more accurate method of research than simply dropping fragments of

tissue into tubes of culture media and then making poured plates from

the growth thus obtained. If the diseased mesophyll cells contain even

a few germs, hundreds of colonies ought to be obtained by breaking up

these cells and making poured plates from them direct. If onlj^ a few

colonies develop after the cells are broken up in quantity and such

plates made, the direct evidence that the germ had anything to do

with causing the disease would be very inconclusive, especially if the
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colonios are of difforont vari'^tics. However, if sueli plates should

unifonnly yield nunieroiis colonies mostly of cue sort, the evidence

would be favorable, but still not conclusive.

INFKCTION EXPERIMENTS.

Arthur and BoUey's tirst infection experiments were made with

rK[uid cidtures developed from cutting up diseased leaves into nutrient

Ihiid. When the liuid became cloudy '•application of the li({uid was

macU' with a camel's hair brush to the surface of four young U'aves of a

a small, healthy carnation plant growing- in a greenhouse." After fifteen

days indications of change were detected in the infected region, and in

nineteen days the characteristic dots were seen where the infusion was

api)licd. "the remainder of the plant remaining quite free from any

such appearance." Another plant, covered by a l)ell jar, was similarly

treated a few days later, and in seventeen days showed distinct evi-

dences of the disease. Nothing is known with regard to thc^ organisms

which this culture may have contained.

After the isolation of the yellow germ described, many surface

infections were tried, but, according to the authors, "the purity of

the cultures could not always be guaranteed, or else the trial plants

developed diseased spots outside the inoculated area and thus absolute

certainty could not be obtained." The investigators named make the

following statements in regard to their infection experiments:

January 15, 1890, an infection of three seedling carnations in the greenhouse, two

protected with hell jars and one uncovered, was. made as previously described, using

a potato infusion. This infusion had been infected the day bef(jre with the yellow

coccus-like germs from a pure culture on solid media, which had originally been

obtained from diseased carnation leaves on November 18, 1889. The affected areas

began to show disease in six days, and in eleven days more all the leaves became

"infected at the points of application, and at these points only," as stated in the

record book, and remained so for a month and a half or more. It was now believed

that the germ causing the bacteriosis was found, and although many subsequent

infection experiments were carried out with varying success, the remainder of the

winter was chiefly given up to the biological study of the specific germ.

The l)est method for applying the contagium was for a time Tincertain. The

method used in studying pear blight, the well-investigated liacterial disease of ponia-

ceous trees, which consists in abrading the surface so that the germs may at once

come in contact with the internal juices and tender tissues of the plant, proved inap-

plicable to the carnation disease. No clearly marked cases of the disease were

obtained in this way. The wounds showed in some cases a slightly yellowish mar-

gin, but otherwise gave few indications of results differing from those which might

arise from accidental abrasions.

Surface application (wetting the uninjured surfaces of the young leaves with the

germ-laden fluid) was finally adopted as the proper method of infection. Experi-

ence showed that success could only rarely be attained when the infectious fluid was

applied to mature leaves. The best results were always secured when the application

was made to the small appressed leaves at the end of the stem. They were drawn

back and well wet with the fluid, and if growing vigorously usually showed the

characteristic pellucid dots by the time the leaves were full size. A difficulty was
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experienced in securing perfectly healthy plants, for it was found that nearly all car-

nation plants, whether grown in the greenhouse or out of doors, in pots or in beds,

showed more or less evident traces of the disease when examined critically.

It was thought by Arthur and Bolley that the germs gained entrance

to the tissues through the stomata, and sometimes through insect punc-

tures, especiall}^ those made by aphides. They say that " the com-

mon green fl}^, or aphis, of the greenhouse may in some instances

pi'ove such an efficient bearer of the contagion that every leaf on a

plant may be inoculated at hundreds of points, and the whole plant be

turned a sickl}^ yellow by the growth of the bacteria in the tissues."

The evidence of these infection experiments, so far as reported by
Arthur and Bolley, is rather in favor of the bacterial nature of the dis-

ease, ))ut the experiments they instituted were too few and there is no

report of the isolation of the germ from spots produced artificially.

Besides the supposed production of the disease in the carnation,

these investigators state that it can be transferred also to '"'' D'umthus

caTyo])hyUus^ D. j^lujnarius^ D. japamcus^ D. cJmumsis^ and D. harha-

his, but not to the shoots, leaves, or tubers of potato or to other

non-caryophyllaceous plants." These apparently successful infection

experiments can be readily explained by assuming that the leaves of

the inoculated plants had been previously punctured by aphides. If

the leaves were not making a rapid growth they would appear to

be perfectly healthj^, showing no spots for some days after being

punctured, as will be explained farther on. This fact not being-

known at the time it was almost impossible to avoid mistakes.

INVESTIGATIONS OF THE DISEASE IN WASHINGTON.

PRELIMINARY STUDIES.

In 1897 the plants in one of the large carnation houses belonging to

the Government Propagating Gardens were badly affected with the dis-

ease. The}^ were making poor growth, and the leaves were filled with

innumerable translucent spots and blotches, and in many cases were

deformed and twisted. The house had been kept rather dry, and in

watering the plants the foliage had been wet as little as possible. It

was not clear, therefore, how bacteria could have developed in suffi-

cient numbers on the surface of the dry leaves to gain entrance to the

tissues.

An extended experiment was carried on with difl'erent germicidal

substances. One block of the plants was thoroughly sprayed with

corrosive sublimate solution (1 to 1,000). It was very difficult to wet

the foliage, but by using a fine spray much of the fluid remained

attached to the surface of the leaves. In order to make the test more

thorough, the waxy bloom on the younger leaves of some of the plants

was removed with cotton moistened in the corrosive sublimate solu-

tion, special care being taken to disinfect the young growing point as
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thoroughl}' as possible in this way. A similar experiment was made

with fornitiliii 1 to 1,000, and a third one with formalin 1 to 500, it

being thought that the formalin would be effective in penetrating

l)et\veen the young leaves and thus destroying the germs. Although

these applications were continued twice a week for a month, the

young growth continued to be as ])adly diseased as even-, there being

no apparent difference between the treated and the untreated plants.

A few thrips were observed working on the plants and also a few

aphides, but it was not believed at the time that these could possibly

account for the trouble, and they were looked upon simply as distrib-

uters of bacterial infection.

Finally it was decided to make no further attempt to control this

disease, but to keep the houses a little warmer and moister, force the

flowers into })loom. and get as nuich out of them as possi])le. The plants

were therefore syringed on bright days and the air of the house kept

quite moist. Much to the writer's surprise, they began to grow out of

the trouble and produced some fine flowers. These peculiar results,

together with the similarity of the disease affecting the lily, as before

stated, led to a careful study of the trouble.

MICROSCOPICAL INVESTIGATIONS.

Besides the affected plants in the carnation houses at Washington,

other plants showing the trouble were obtained from man}' of the large

carnation-growing sections, including some plants that Dr. Arthur

kindly sent in from Mr. Fred Dorner's place at Lafayette, Ind.

Leaves showing various stages of the disease were killed by both the

chromic acid and the absolute alcohol method, and then were dehy-

drated with alcohol and infiltrated with paraffin in the usual way.

Microtome sections were then cut and mounted in series, and these

were stained with Ziehl's carbol fuchsin, and also, according to Gram's

method, with aniline water gentian violet. The ordinary aqueous solu-

tions of fuchsin and gentian violet were also tried along with other

stains. About two thousand sections, representing all phases of the

disease from different localities, were prepared and stained.

The cells of the diseased spots were found to be much larger than nor-

mal, and thin-walled and oedematous (figs. 1, 2, and 3, and PL III, figs.

1, 2, 3). In the early stages of the disease the chloroplasts were unde-

veloped or smaller than in the healthy cells and were colorless or yellow.

Even after the most thorough and careful staining no parasitic or sapro-

phytic organisms could be detected in the tissues of these spots until

after the epidermal cells collapsed, when, in some cases, fungi and bac-

teria were readily distinguished, although usually only in small num-

bers. A very curious structure was always present in the earlier stages

of the common form of the disease. It stained slightly with carbol
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fuchsin and gentian violet, and reminded one of a very thick, resistant,

slightly branched mycelium (figs. 2 and 5, and PL II, fig. 4). In the

later stages it was found to break up, the pieces remaining for some

time between the cells (fig. 2). This was later shown to be the sub-

stance left by aphides in puncturing the tissues, and will be described

more in detail farther on. Nothing of this kind was found in the form

of the disease characterized by the minute spots, which do not increase

much in size, or in the elongated spots with irregular outlines.

The only bodies in the diseased cells that might be mistaken for

Fig. 1.—Cross section through a fully developed spot in a mature carnation leaf, the section being

cut a little to one side of the lines of puncture. The diseased cells are greatly enlarged and have

lost most of their chloroplasts. (Drawn with Zeiss camera lucida, x 264 diameters.)

bacteria were small proteid granules, resembling proteosomes, which

stained with difficulty, swelled up, and lost their shape in 5 per cent pot-

ash. The chloroplasts of the diseased cells either do not develop at

all or after having lost their color shrink to about half their normal

size, and, like the proteosomes, stain with difficulty.

The microscopical examination therefore indicated that the disease

could not be attributed to bacteria, for had these been present in the

cells in considerable numbers they would have been readily detected,

especially in the stained material.



15

CULTURES.

Microscopical oxaiiiiiiation alone is of course not sufficient to abso-

lutely settle a point of the kind in question. The tissues must be

carefully examined according- to the ])est culture methods. After

many trials in washing- and flaming- the leaf it was found that it was
impossible, as before stated, to free the cuticular portion xrom sap-

rophytic organisms without heating the leaf to such an extent that

Fig. 2.—Cross .sectiuu of n, carnation leaf several days after it had been punctured by an aphid.
The proteid sheaths between the cells mark the line of puncture. The cells on both sides have
become abnormally large. (Drawn with Zeiss camera lucida, x 2-18 diameters.)

internal forms would also be destroyed. In cases where heating h'.id

not been continued long enough to kill the epidermal cells, surface

cultures of the cuticle of flamed leaves often developed both molds
and bacteria. Cultures were therefore made from the diseased meso-
phyll direct by carefully peeling off the epidermis of the leaf and
scraping out the inner tissues with a flamed scraper which had been
allowed to become perfectly cool. After the removal of the epidermis



in this way—a very easy process, requiring no cutting, except enough

to start the peeling—the diseased spots could be as readily detected as

before. From one to twenty spots, varying in size from 0.5 to 2 mm.

in diameter, were inck^ded in each culture. The cells were broken up

as much as possible in scraping them out of the tissues, but great care

was taken not to allow the internal tissues to become contaminated in

any way.

burino- the first season's work about five hundred cultures were

Fig. 3.—Cross section through the middle of a fully developed spot on a mature carnation leaf. All

the epidermal cells in the spot have collapsed. Most of the enlarged diseased cells have lost their

chloroplasts, and many of them contain globular vacuolate masses, M'hich arc portions of the dis-

organizing cell structure. (Drawn with Zeiss camera lucida, x 135 diameters.)

made, various media being used—for instance, slightly acid, neutral,

and slightly alkaline beef broth, with and without peptone; potato

broth of various strengths; cauliflower broth; potato cylinders; agars

of various composition; gelatin (acid, neutral, and alkaline to litmus

and to phenolphthalein), etc. These cultures included many poured

plates made direct from the crushed tissues. In no case, however,

were orsanisms found in anv cultures made from a spot before the

epidermal tissues had collapsed.

In preparing the material for the cultures, only that known to
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bo free from outsicU' contain i nation was used. WhenoviT there was
the slightest doubt as to its })urity it was either discarded or the tubes

were marked •"contaniinatiHl." Freiiuently tul)es marked in this way,
howeA'er, remained free from any organism. In cultures made from
spots which had collapsed various fungi and l«icteria were occasionallv

obtain<>d, but this was not constant nor were the organisms alwaj's of

the same sort. Cultures including the epidermis freiiuently con-

tained various organisms, among these being a yellow bacterium,

which occurred frequently on the surface of both diseased and healthy

leaves. The morphological characters of this bacterium and its

groAvth in the various media, with the exception of acid gelatin and
agar, agreed well with Bactrrium dinnthl as described by Arthur and
Bolle}'. On the two media mentioned the colonies were surrounded

by a peculiar light band, which was at iirst thought to be some con-

taminating organism, its structure being like exceedingly minute cocci,

the largest less than live-tenths of a micron in diameter. Attempts
were made to cultivate this supposed organism on various media, but

all failed, and even with the two media mentioned it was not possible

to obtain a colony of the yellow germ which was not accompanied by
this peculiar external formation. On neutral or alkaline media, how-
ever, no such change took place. Further inxestigation showed that

these coccus-like bodies w^ere made up of something precipitated from
the culture medium by the alkali which the germ produced. Nothing
of this kind was described for Bacterimn dianthi bv Arthur and
Bolley.

INFECTION EXPERIMENTS IN 1897.

As the orange yelloAV germ agreed in most respects so closely with

Bacterium, dianthi and as no other yellow organism that could possibly

be confused with B. dianthi was found in the hundreds of leaves

studied, it was determined to make special use of this germ for infec-

tion experiments, but several other common forms were also used, the

principal one among these being a white organism which liquefied

gelatin readil}^.

Great difficulty was experienced in finding healthy plants with which
to work. Those finally selected were taken into the laboratory, thor-

oughly freed from aphides and thrips, and allowed to grow under moist

bell jars for three weeks. During this time the disease developed in

some of the leaves which were apparently healthy when brought into

the laboratory. The spots in such case were marked with India ink

so that they would not be confused with spots that might result from
infections. After the period of incubation had passed and a series of

plants had been obtained which were reasonably free from spots, and

also from aphides, thrips, and red spiders, rapidly developing fluid

cultures of the germ were thoroughly brushed into the surface of the

17692—No. 19 2
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youngest unfolded leaves and also into the healthy portions of the

older ones. Besides brushing- in the cultures, al^rasion inoculations and

also h3"podermic injections with an ordinary hypodermic syringe were

made.

Ten plants were thus treated with B. dianthi during the season of

1897, the three methods of infection being followed in the case of dif-

ferent branches of each plant, but the disease was not produced in any

case. An occasional spot developed on some of the plants after treat-

ment, but such spots were always close to a spot which had been previ-

ously marked with India ink, and so could not be attributed to infec-

tion b}^ the germs applied. Negative results also were obtained with

the white germ mentioned.

Further infection experiments with B. dianthi were carried out in

1898, and these will be described later on in this bulletin. The results

of the writer's work so far showed no evidence that the disease was

caused by bacteria, and a search was therefore instituted for other

possible external causes.

FIRST COLONIZATION EXPERIMENTS AVITH APHIDES.

Arthur and Bolley regarded aphides as "such efficient bearers of

the contagion that every leaf on a plant ma}^ be inoculated at hundreds

of points," and indeed the writer observed that the spots were

extremely common on many plants which had been attacked by the

aphides. A careful study revealed the fact that carnations are seldom,

if ever, entirely free from aphides—they may often be found between

the 3^oung appressed leaves of plants apparently free from them.

Ten 3"oung plants were taken into the laboratory and entirely freed

from the insects by first picking off all that could be found, and then

fumigating the plants lightly with hydrocyanic acid gas. The plants

were kept unaer moist bell jars, and as soon as growth free from spot

had developed aphides were colonized on various leaves. In the case

of the youngest, most rapidly growing leaves spots could be detected

with a hand lens three days after the tissues had been punctured by
the aphides; in leaves somewhat older a longer time elapsed before the

spots became visible; while in leaves half size, especially if the plant

was making slow growth, the spots could not be seen for about two
weeks after the puncture was made.

The spot appeared first as a minute translucent dot, accompanied by
a .slight .swelling of the tissues. On some of the very young leaves the

spots were unusually large, being from 2 to 3 mm. in diameter h\ the

time the leaf had reached full size. Sections were cut from the spots

so produced and were stained as before described, but no parasitic

organisms could be found in the tissues. The cells had enlarged and

the chloroplasts had lost their colox and had failed to develop or had

shrunk in the manner characteristic of the disease. The peculiar
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myct'liiil-liko stnictiuc hclicvod to be left by the aphis wtis always

presiMit, extending" from the surfaee of the leaf down to the soft bast of

the vascular bundle, and often l)eyond into the central niesophyll por-

tions of the leaf (tij^s. 2 and o, and PI. 11, lig. 4). Large numbers of

cultures were also made from spots known to be produced by aphides,

but with the same negative results as before described.

Similar experiments with thrips showed conclusively that they are

the cause of the elongated spots (tig. -4, and Pis. 1 and 111) and the dis-

tortion of the foliage, and it was also found that the red spiders work-

ing on the immature leaves produced the very minute spots by sucking

th(» nourishment from the epidermal cells and those immediately

underlying.

Fig. 4.—Cross section through a fully developed spot produced by thrips. The epidermal cells have

collapsed and the underlying palisade parenchymal cells are somewhat elongated and have lost

most of their chloroplasts. (Drawn with Zeiss camera lucida, x 282 diameters.)

It was thought desirable to get more accurate information in regard

to the manner in which aphides obtain their nourishment from the

tissues, and for this purpose leaves upon which they had been col-

onized .were carefully cut from the plant while their sucking apparatus

was still inserted in the tissues. These leaves were dropped into 75 per

cent alcohol saturated with corrosive sublimate, and many of the aphides

were thus killed before they had time to withdraw their beaks or punc-

turing bristles. Portions of the leaf with the beaks attached were

then cut out, carefully dehydrated, and infiltrated with parafiin, the

sections being then cut and mounted in series, and thus preparations

showing the puncturing apps^-^+us in place in the tissues obtained

(fig. 5, and PL II, figs. 2 and 3^. Tbe- puncturing bristles always
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extended at least to the soft bast, that is, nearly halfway through the

leaf. The proteid sheath secreted by the insect while inserting its

puncturing- bristles was well stained with carbol fuchsin and gentian

violet by allowing the sections attached to the slide to stand in the

stain at a temperature of 55° C. for two hours. A slight and transient

staining is thus obtained in fifteen minutes.

These sections showed, as Biisgen^ pointed out in the case of many
other plants, that the puncturing apparatus does not lacerate the

cells, but passes between them, curv-

ing around obstructions and following

the middle lamella as shown in the fig-

ures cited, the gelatinous sheath being

secreted from the mouth parts of the

insect as a support for the fine bristles

as thev wedge their wav between the

cells. The tip of the puncturing ap-

paratus stops in the region of the elon-

gated soft bast cells, which it punctures

and from which the proteid contents

are removed. Sugar is also sucked

out of the cells in this region, passing

through the alimentary canal and ap-

pearing on the plant as honeydew. It

is probable that part of the sugar is

used as food b}^ the insect, but the

larger part is excreted, while most of

the proteid substances are retained and

evidently constitute for the insect the

principal food element extracted from

the tissues.

INFECTION AND COLONIZATION EXPERI-

MENTS IN 1898.

Fig. 5.—Cross section oi a young carnation

leaf showing an aphid's sucking appa-

ratus in the tissues. The tip of the beak is

in the soft bast of the vascular bundle.

The first puncture passed to the right be-

tween the two bundles, and after the with-

drawal of the beak from this region the

proteid supporting sheath secreted by the

insect remained between the cells. No
apparent change has yet taken place in

the cells. (Drawn with Zeiss camera lu-

cida, X 225 diameters.)
The experiments described proved

pretty conclusively that the disease in

question must be attributed to the punctures of insects and mites,

it having been shown definitel}^ that plants kept free from these

animal organisms remained perfectly free from the disease, and that

when they were present it invariably developed. In order to settle

the matter beyond any possible doubt, colonization experiments with

insects were carried on under perfectl}'^ antiseptic conditions and

inoculation experiments made with bacteria upon plants which had

been kept absolutely free from puncturing insects and mites.

1 Biisgen, M., Der Honigtau. Biologische Studien an Pflanzen und Pflanzenliiu-

sen, Bes. Abdr. a. d. Jen. Zeitsch. fiir Natiirwis., Bd. XXV, N. F. Bd. XVIII.
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For those oxporinionts youti<( rooted cuttinj^s of the Scott, McGowan,
and (xarfield earnatioiis. as free as possi))le from i\w disease, were

ol)tained. o<» of eaeh \'ariety being set out in a small house, in which

the conditions coidd l)e easily controlled, and 50 each in a larger

house. In addition to these, seedlings of as many of the species and

varieties of Dianthus as could be obtained were also grown, one lot

in the small and the other lot in the larger house. The plants in the

small house were fumigated with hydrocyanic acid gas and tobacco,

and were carefully examined once a week to see that they were per-

fectly free from aphides, thrips, and red spiders, while on the other

hand the corresponding lots of plants in the larger house were col-

onized with aphides and thrips.

All the young growth that developed in the small house during two

months remained free from the disease, although the house was con-

stantly shaded and halt of each lot of the plants were syringed each day

overhead^—a treatment supposed to favor the development of the disease.

It w'as found that those which were syringed were, on the whole, a little

better developed than those left dry. but otherwise there was no differ-

ence. In the larger house, however, a marked differiMice was apparent

at the end of this period between the two sets of plants, those which

had been s^^ringed overhead showing 50 per cent less spot than those

kept dry. This difference is readily explained by tht^ fact that the

syringing prevented the excessive multiplication of aphides and the

increase of red spiders, and also drove off many of the thrips. Had
bacteria had anything to do with the disease the plants syringed over-

head should have suffered most. Not only did the carnations become
spotted from the punctures of aphides, thrips, and spiders, but all the

varieties of Dianthus reacted in a similar manner. The thick-leaved

forms developed spots much like those on the carnation, while on the

thin-leaved forms the spots dried out more (juickly, and the leaves

showed greater distortion when attacked by thrips.

BACTERIA I. INOCULATIONS.

At the close of the experiments above described the plants in the

small house, having an abundant new growth and being absolutely free

from insects and mites, were in prime condition for bacterial inocula-

tion experiments. Bacterimn dianthl from a fresh, rapidly growing

liquid culture was therefore inocidated into ten plants of each of the

three varieties of carnations mentioned; three plants each of Dianthus

arenarius^ I), chinensis (two varieties), D. cae8iw<^ I), har'hatus^ and

D. plumarUiJi^ and sixteen horticultural varieties of these species; and

five varieties of seedling carnations—a total of 6 species and 26

varieties, including the three varieties first named (111 plants in all).

All the young growth, including manj^ of the mature leaves, was

thoroughly washed with water and beef-broth solutions containing

the germs.
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Besides the surface application of the germ, many slight abrasions

with a tine needle were made on the surfaces of the inoculated leaves

of three plants of each of the first three varieties of carnation men-

tioned. The house was kept shaded and the surface of the leaves was

moistened each day by a light sprinkling in order to give the germs a

good opportunity to develop, but not a single spot that could be attrib-

uted to the bacterial inoculation developed on any of the plants dur-

ing a period of six weeks. The abrasions in many instances showed

swollen edges and became slightly yellow, as in the case of the abra-

sions described by Arthur and Bolley. They did not increase in size

and could not be attributed to the action of the germ, especially as the

abrasions made on the control plants behaved in exactly the same

manner.

ANTISEPTIC COLONIZATION.

Four plants of each of the three varieties of carnations, or twelve

plants in all, were taken into the laboratory at the l)eginning of the

inoculation experiments and were placed under large bell jars. These

plants had a new growth which had never been injured by insects or

spiders and were perfectly free from spots. One plant of each variety

was used for a control experiment, no aphides ])eing permitted on them;

aphides were colonized on another lot, also consisting of one plant

of each variet}' ; and every leaf of another lot, consisting of two plants

of each varietv, was carefullv washed with corrosive sublimate solu-

tion, 1 to 1,000 parts of water, all the glaucescence being carefully

removed from the leaves and stems, it being easy in this wa}- to deter-

mine when the plants were thoroughly wet and consequently disin-

fected. Previous to this a colony of aphides {lihojKilosijyliuiii diantJd

Schrank) had been grown upon a similar!}' sterilized plant until there

were about 300. Out of this niunber 25 were selected at random,

mashed up, and cultures made from the mass, but these cidtures were

perfectly free from bacteria or fungi. Before colonizing the other

aphides thej" were allowed to crawl over the surface of moist agar in

test tubes to determine whether they were free from bacteria, and as

none of the latter developed, it was known that each individual used

in the colonization experiment was free from germs.

The experiment was begun May IT, 5 aphides being put on each

plant except the controls. On May 20 several spots could be plainly

seen in the region where the aphides had been working on the most

rapidl}" growing joung leaves, and from this time on numerous spots

appeared. On ISIay 24, just one week after the aphides had been col-

onized, there were on one of the sterilized plants 30 aphides and 250

spots could be seen with the aid of a hand lens, on another there were

20 aphides and 170 spots, on a third 20 aphides and about 170 spots,

and on a fourth 40 aphides and about 250 spots. The other two plants



23

of the sterilized series aiul ull tlie unstcrilized plants except the con-

trols kept free from insects, showed an equally rapid development of

ai)hides and spots. After this no exact account was kept of the

rapidity of increase of aphides or spots in any ease, but the young

leaves, as Avell as those which had matured, and also the stems, were

completely peppered with spots, and the plants assumed a sickly yel-

lowish ai)pearance.

It was not thought necessary to make cultures from the spots on the

sterilized plants, owing to the facts that the work had been done under

thoroughly antiseptic conditions; that the entirely negative charac-

ter of the previous culture work was deemed sutiicient; and that the

three control plants, upon which no aphid«vs were allowed to develop,

remained absolutely free from spot. The evidence of these experi-

ments, it is believed, settles bevond anv doubt the fact that the disease

in question is not due to l)acteria, but is the work of aphides, thrips,

and red spiders.

CAUSE OF TlIK INCliEASK IN THE SIZE OF THE SPOTS.

It may be asked why in the absence of parasitic and saprophytic

plant organisms the work of aphides, thrips, and red spiders is fol-

lowed by such marked pathological changes in the tissues, and wh}' do

the spots increase in size after the insect or mite has done its work.

This question was investigated to some extent, and it is believed that

an explanation is at hand. As previously' pointed out, the aphides do

not lacerate the mesophyll cells between which the}' force their sucking

apparatus and excrete the supporting tube, but still the cells along the

line of insertion show the change first, the chloroplasts not developing

and becoming yellower and the cells becoming somewhat enlarged and

cedematous.

It is difficult to determine the relative acidity of the tissues involved,

the spots being small, but as nearly as could be determined, the dis-

eased cells were apparently less acid than the healthy ones. Another

difference between the diseased and the health}- cells was more marked

and could be readily determined. After the epidermis of the leaf had

been carefully peeled off', the surface of the exposed mesophyll cells

was moistened with a 2 per cent solution of gum guaiac in absolute

alcohol, and in a moment or two the diseased spots became a deep blue,

while the surrounding healthy cells showed but a slight reaction,

which could be detected only by the apparent deepening of the green.

This test was applied in still another manner. Diseased tissues

removed from the leaf were first treated with 95 per cent alcohol and

then transferred to a small amount of distilled Avater, in which they

were crushed and allowed to stand for half an hour. The solution was

then tested with guaiac tincture, and for comparison an equal amount
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of a solution made similarly from healthy tissue of the same leaf was

also tested in like manner. The action of the diseased extract on gum
guaiac was about twice as strong- as that of the health}^ extract. It

seems very probable that this remarkable increase in the oxidizing

power of these cells must be the result of some irritating substance,

perhaps either an organic acid or some other substance from the mouth

parts of the insect which it injects into the tissues at the time it punc-

tures them. It may be that the increase of the oxidizing enzym in

the cells is an attempt on the part of the latter to destroy the injected

irritant.

As the writer has shown in his paper on the relation of oxidizing

enzymsto the destruction of chlorophyll/ the destruction of the chloro-

plasts can probably be explained by the increased oxidation taking-

place in the cells. The nucleus of the cells involved is not destroyed

in the earlier stages of the trouble. The nutrition of the cell, how-

ever, is interfered with and the chloroplasts do not develop normall}^.

As before pointed out, the rapidity of the increase in size of the spots

on the young leaves is coordinate with that of the growth of the leaf.

In a mature leaf, however, the size of the spots may increase very

slowly, and this must be due to either a gradual diffusion of the

irritant injected by the insect or to the direct effect of diseased neigh-

boring cells.

The former supposition is more likely to be correct, as the same

kind of a mechanical wound is followed in the case of different insects

by markedly different results. For example, thrips, aphides, and the

ordinary little green leaf hoppers found on Chenopodiuni alhum produce

only a slight translucent spot on the leaves, this developing only after

a week or ten daj^s from the time the puncture is made. On the other

hand, a little reddish leaf hopper, which is usually found working on

the lower surface of these plants, produces in eighteen hours from

the time a puncture is made a purple spot 1 mm. in diameter which

rapidly increases until it is 4 to 5 mm. in diameter. Evidenth-^ this

insect injects some quite rapidly diffusing substance into the tissues.

The writer has carried out careful colonization experiments with this

red leaf hopper and has endeavored to determine what the injected

substance is, but so far has not settled this point. In the case of the

Bermuda lil}^, a great difference has been noted in the relatively slight

injury produced by the common green aphis, A. 'inahaleh, and the

greater injur}' produced by the large green aphis belonging to the

genus Siphonophora. The same is true of the l)rown or black aphides

and the green aphides which attack the violet, the former producing a

marked stunting of the plants and the latter doing but little injmy
outside of distorting the flowers. The work of the San Jose scale on

^Centralbl. f. Bakt., 1899, Abt. 2, Bd. V.
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the apple and pear as compared with the work of other .scale insects is

also a case in point, the incnnise in the oxidizing- enzymwhich follows

its attack being enormous and the evident injury spreading- frequently

t) to S mm. from the point of puncture.

Besides the irritants injected and the consequent changes which take

place in the neighboring cells, account must be taken of the elaborated

plant food extracted by the insects in question, as the waste of sac-

charin materials in the form of honeydew is often enormous, and the

proteid material used by the insects themselv(>s nuist l)e quite con-

sidera])le, especialfy when they are numerous. The stunting of the

plant is probably in part due to the loss of food material in this way.

The work of aphides, thrips, and red spiders often produces in other

plants changes similar to those following their attacks on carnations.

This is especially true of rather thick-leaved plants, such as Bryo-

phvllum, tulip, etc. It was found that as a rule plants rich in oxi-

dizing enzyms react more strongly to punctures of this kind, and that

plants which have been weakened by long-continued forcing, and con-

sequently have made a poor, starved growth, are nuich richer in these

oxidizing enzyms than are the stronger-growing, more vigorous indi-

viduals of the same vari(>ty. It is also an interesting fact that the

aphides are especially fond of these weak plants and in€rease rapidl}^

on them.

EFFECT OF THE DISEASE ON THE PLANT AS A WHOLE.

The effect of the disease on the plant as a whole depends upon the

individual vigor of the plant and upon the number of punctures.

A few punctures made ])y aphides, thrips, or red spiders will not

seriously injure a plant, but a large number will cause it to become

prematurely stunted and yellowish and also more susceptible to injury

from various causes, especially parasitic fungi, which attack the weak

stems and roots. Thrips, even though not numerous, may often

cause the leaves of healthy, vigorous plants to become much dis-

torted and show light blotches where they have been punctured. The

value of flowers punctured in this way is of course materially reduced.

Red spiders seldom do much injury unless the foliage of the plants

has been kept very dry. The stunting of the plants which follows a

severe attack of any of these animal organisms brings about a prema-

ture ripening of the lower leaves, especially if the plants are rather

crowded, and such leaves gradually turn yellow and die. Any other

cause which stunts the plants growing under the conditions mentioned,

however, will bring about a similar maturing and death of the lower

leaves.

The susceptibility of different varieties of carnations to the injury

seems to be as a rule proportionate to the normal vigor of the variety

under the conditions in which it is growing when attacked. The
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constitutions of certain varieties seem to be very sensitive to injuries

of this kind, while others are not, and while the sensitiveness, or

resistance, as the case may be, is influenced to a large extent b}' the

conditions of growth and the manner of propagation and selection of

cuttings, yet this natural inherent constitution of each variet}^ is the

only explanation for the different degrees of susceptibility of different

varieties.

Among the varieties which the writer has had under observation,

Uncle John, Alaska, Delia Fox, and McGowan as a rule proved to be

very sensitive to the punctures of not only aphides, but also to those

of thrips and red spiders. Vigorous plants of the variety Storm King
spot readily as the result of the punctures of aphides, but do not

appear to be otherwise injured much, while weak plants of this variety'

become badly stunted and lose many of their leaves. The same may
be said of Bridesmaid, Sweet Brier, Scott, Garfield, Davbreak, Meteor,

and Jacqueminot. Garfield and Daybreak are much more injured

by thrips than by aphides. Among the other species of Diauthus,

D. areiKiriiiS is particularly sensitive to aphis punctures, especiall}"

if the stem is much injured, in which case the plants often die.

D. fanatica^ D. caeslws^ D. chinensis^ D. atroben^^ and 1). 2>lu7ncmi(,s

are less sensitive, but spot readih' from punctures of aphides, thrips,

and red spiders. D. chinsnms heddeimg!! and its varieties, especially

the thin-leaved sorts, are particular!}' sensitive to the punctures of

aphides and thrips, and are quite sensitive also to the punctures of red

spiders.

METHODS OF CONTROLLING THE DISEASE.

As the result of their investigations, Arthur and Bolley recom-

mended that aphides be kept down as thoroughly as possible and that

particular care be taken not to wet the foliage in watering. These

recommendations were based on their theory that the aphides serv^e

in a measure as carriers of the disease and that water facilitates the

development of the bacteria that were believed to be the cause of the

malady.

There is much to commend in the methods of watering suggested

by Arthur and Bolle^^, and their efforts in stimulating search for

better methods of staking the plants so as to keep the foliage more
exposed to light and air have also resulted in much benefit. The
increased vigor resulting from the use of these improved methods,

however, was not due to a decrease in the number of spots, as was
first believed, but to the fact that the total injury resulting from
punctures was reduced.

The genus Dianthus is adapted to dry situations,^ but all the species

^Williams, F. N., Jour. Roy. Hort. Soc.-, 1891, Vol. XII, p. 464; Arthur and
Bolley, 1. c.
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are nevertheless often exposed to drenching rains when growing under

natural conditions, and the thick-leaved varieties are well adapted

to shed water. Growers generally believe that the proper syringing

of plants with water under a pressure of 20 to 2o pounds is valu-

able, and the writer's observations lead him to the same conclusion.

It nuist be remembered, however, that this work should be done in

bright, clear weather, so that the foliage will dry thoroughly before

night. Proper syringing of plants instead of favoring stignionose is

an important factor in holding it in check, as it keeps down red spiders,

and in a measure helps to reduce the number of aphides, thrips, and

similar insects. To keep down aphides, however, tobacco in its various

forms nuist be mainly relied on. Carnation growers are so familiar

with the methods of using tobacco that nothing need be said upon this

subject here. It must be borne in mind, however, that healthy plants

can not be obtained unless the insects and spiders are prevented from

getting too much of a start, hence fumigation and syringing should be

so timed and so carried on that these pests will be held in check.

The various forms of tobacco extract used in liquid form, and also

when evaporated by means of hot irons, bricks, etc., have certain

advantages, chief of which is that the flowers are less injured by the

disagreeable odors. Hydrocyanic ac-id gas has been found eti'ective,

l)ut it can not be recommended unqualifiedly, owing to the fact that it

is likely to injure certain varieties. Scott, Garfield, Meteor, and

McGowan can stand one-tenth gram of 98 per cent potassium cyanide

per cubic foot of space for fifteen minutes without material injury.

This will kill about 90 per cent of the aphides, but will not kill thrips

or spiders. A stronger dose of gas or a longer exposure can not safely

be recommended.

It has been found that different plants of the same variety react

very differently to the punctures of both insects and spiders, and this

shows the importance of a rigid method of selection for the purpose

of building up a vigorous strain of plants. In propagating plants

preference should always be given, other things being equal, to those

which show- the least evidence of stigmonose. Some plants will be

found almost entirely free from it, and it would probably be well to

start selection work on a small scale from such stock and continue it

from year to year until a more resistant strain is obtained. The

writer is satisfied that such a practice would result in much benefit at

once, and that within three to five years the vigor of the stock might

be materially increased.

CONCLUSIONS.

(1) The disease of carnations characterized by the symptoms

described in this bulletin is wid*espread, and under certain conditions

unfavorable to the plant it is quite injurious.



28

(2) So far as can be determined by the most careful microscopical

study and bacteriological tests, neither fungi nor bacteria are present

in the earlier stages of the disease.

(3) As the disease progresses various fungi and bacteria may appear,

but their presence is not constant.

(4) Infection experiments with bacteria and fungi, especially with

the srerm described as Bacterium dianthl. carried out under the most

rigid bacteriological conditions, resulted negativel}'^ in every case.

(5) A disease having all the characteristic symptoms of the so-called

" bacteriosis " except the presence of bacteria, is produced by the

punctures of aphides, as was repeatedly demonstrated by colonizing

these insects on carnations.

(0) That aphides and not bacteria are responsible for the trouble is

shown by the fact that the injuries produced are not accompanied in

the earlier stages b}^ fungi or bacteria. The aphides therefore can not

be looked upon as simply carriers of some fungus or bacterium, as

they produced the disease on j)lants growing under perfectly antiseptic

conditions as quickl}^ as upon those not protected hx antiseptics.

(7) Injuries similar in many respects to those produced by aphides

also result from the attacks of thrips—insects which are often present

on carnations growing under glass, although sometimes overlooked by

growers. Another form of the disease is produced l)y red spiders.

(8) No matter how badly diseased plants may be, if otherwise vigor-

ous they will grow out of the disease entirely and the young leaves

and shoots will remain free from spots if kept completely free from

aphides, thrips, and red spiders.

(9) As the disease is not due to bacteria the name "bacteriosis" is

inappropriate and therefore stigmonose is suggested for the trouble.

(10) The carnation is readily influenced by the conditions under which

it is grown, and as a result its rea(-tion to the injuries of the aphides,

thrips, and spiders, and its susceptibility to their attacks, not only varies

in different varieties, but also in individuals of the same variety.

Plants grown under improper conditions, therefore, show more of the

characteristic injuries from a given number of punctures than do

plants growing where all the conditions are favorable. Certain plants

rich in oxidizing enzyms have been shown to react more quickly to the

work of puncturing insects and mites than plants poor in these enzyms.

(11) The size of the spots made by the punctures of aphides increases

in proportion to the rapidity of growth of the leaf and the suscepti-

bility of the plant, and also depends to some extent on the genus and

the species of insect which makes the puncture. It is believed that

the insect injects some irritating substance of an acid or enzymic

nature into the wound, that this sul)stance causes the increase of oxi-

dizing enzj-ms in the cells Avhich it reaches, and that these enzyms
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intovforo Avith tbo nutrition of the coll by destroying the chlorophyll

unci setting' up other ehunges whieh tinally result in cletith.

(12) Besides the carnation and dilierent species of Dianthus, many

other plants react similarly to the puncture of aphides and other suck-

ing insects, and also to mites.

(13) The grower can suecessfulh' combat this disease by the proper

selection of cuttings; careful propagation of stock; good soil; the

proper amount of moisture, light, and air; and by the reduction of

aphides, thrips, and red spiders to a minimum.
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EXPLANATION OF PLATES.

Plate I.—Spots produced by aphides and thrips. Figs. 1, 2, 3, and 4 show the

early, intermediate, and late stages of the disease produced by aphides, as seen when
examined by transmitted light. (Natural size.) Figs. 5, 6, 7, 8, and 9 show the

distortion of the leaves and the spots produced by thrips. (Natural size.)

Plate II.^Photomicrograph of sections to show early stages of stigmonose pro-

duced by aphid punctures. Fig. 1 shows a section of a healthy mature leaf. The
chloroplasts show as small dots lining the palisade parenchymal cells. There are

very few in the large water storage cells surrounding the vascular bundles in the

middle of the leaf. (X 30 diameters.) Figs. 2 and 3 show the sucking apparatus

of two aphides passing between the epidermal and mesophyll cells of a young leaf to

the soft bast of the vascular bundle. The aphides were killed on the surface of the

leaves and the section cut after dehydration and infiltration with paraffin. (Fig.

2 X 120 and fig. 3 X 70 diameters.) Fig. 4 shows the proteid sheath secreted by an

aphis while inserting its sucking apparatus in the tissues of a young leaf. A part of

another sheath is shown in the lower right-hand portion of the section, (x 200

diameters.)

Plate III.—Photomicrograph of sections to show later stages of stigmonose pro-

duced by aphid punctures and thrips. Fig. 1 shows a cross section illustrating

enlargement of cells and loss of chloroplasts on both sides of the line of puncture,

(x 75 diameters.) Fig. 2 shows a more advanced stage, (x 65 diameters.) Fig. 3-

shows a cross section illustrating a late stage, many of the cells being broken down
and the cell contents in a number of instances forming globular plasmode structures.

(X 85 diameters.) Fig. 4 shows a spot produced by thrips. The epidermal cells

have collapsed completely and the cuticle has become disorganized, but still

remains. Most of the immediate vmderlying cells have lost their chloroplasts.

(X 85 diameters.)
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rnrl-iiifcstcil pcacli sliout from BifTff*, Cal. Tx\avps of tliis cliaractcr arc lui'lly

intVst(.'<l with ICxumcus defonnaiix. The gri'utly broadeiietl and (list( irtcil Icavos, which

arc characteristic of this disease, are shown, and the whitentn], spore-covered surface

of some of the more elevated portions of the upper surface may be distinguished.

The petioles of the affected leaves are greatly enlarged, the branch is nnich bent and

distorted, and the internodes of the disi-ased portion of tlie branch are greatly

shortened. A branch thus badly diseased is apt to die during the year unless con-

ditions for growth are very favorable. It is in shoots of this character that the

mycelium occurs in greatest abundance, but the hyphre have been seen to spread

only a shoit distance beyond the i)arts showing the hypertrophy. (Compare with

ris. V and VI.)





PEACH LEAF CIRL: ITS NATURE AM)
TRi:vrMEi\T.

By Newton 1'. Tierce.

CHAPTEK I.

PRIMARY CONSIDERATIONS RELATIVE TO PEACH LEAF CURL.

INTRODUCTION.

This bulletin has been prepared to place ))efore the peach growers

of the United States the results of experiments conducted durinj^ sev-

eral years past for the prevention of peach h^af curl. Tht^ losses

arising" from this disease frequently amount to several millions of dol-

lars annually, and it is believed that a wide dissemination of the results

obtained by the experiments here outlined will lead to a larj^e saving

to the peach industry. During the progress of the Department's work

over one thousand six hundred peach growers in all peach-growing

States have been requested to test the preventive measures here rec-

ommended. A large num})er hiwe done so, and some of the more

important results of their work are also given. From conservative

data it has ])een estimated that the experimental work thus widely set

on foot by the Department has saved to the country in a single year

the sum of three-fourths of a million dollars. This is but a fraction,

however, of what may easily be saved in the future, when idl growers

have obtained a more thorough understanding of the disease and its

prevention.

The obscure views held by many growers in the past upon the true

nature of peach leaf curl, and the total lack of preventive measures

up to a recent date, make it desirable to thoroughly consider the sub-

ject at this time and to record the detailed work upon which the con-

clusions reached are based. These conclusions are that peach leaf c-url

may be prevented with an ease, certainty, and cheapness rarely attained

in the treatment of any serious disease of plants, and that there is no

longer a necessit}" for the losses annually sustained from it in the

United States.
11



12 PEACH LEAF CURL: ITS NATURE AND TREATMENT.

GENERAL CHARACTERISTICS OF THE DISEASE.

The disease of peach trees here considered is variously known in

different regions and languages. In the United States it is commonly

know as peach leaf curl, or curl leaf of the peach; in England and

all British possessions, as leaf blister, leaf curl, or curly leaf; in

France, as cloque du pecher; in Germany, as Kriluselkrankheit; in

Italy, as Fillorissema, etc.

Peach leaf curl is a disease which seriously affects the leaves, flowers,

tender shoots, and fruit of the peach. Its action is most severe in the

spring of the year, shortly after the leafing of the trees, and the greatest

injuries are caused in wet seasons and in humid localities. The leaves

become enlarged, thickened, nmch curled, and distorted. As the dis-

ease progresses the healthful green of the foliage is changed to a yel-

lowish, sickly appearance. The leaves soon fall, and the newly formed

fruit ceases to grow, yellows, wilts, and likewise falls. The total loss

of foliage and crop is common in seasons favorable to the disease. A
second growth of leaves develops more or less rapidly, according to

the severity of the disease and the favorable or unfavorable soil and

atmospheric conditions prevailing at the time. If the soil and atmos-

phere are dry and the temperature high, new foliage may appear slowly

and much of the terminal growth may die throughout the orchard. In

severe attacks young trees are frequently killed. The second crop of

leaves, appearing on affected trees after the spring defoliation, usually

remains comparatively free from curl for the rest of the season. The

amount of disease which will appear upon this later crop of foliage

depends largely upon the humidity or dryness of the atmosphere,

excessive moisture favoring a continuance of the trouble. The action

of the disease upon spring l)ranches causes them to enlarge, become

curved and distorted in various ways, and often to dry up and die.

GEOGRAPHIC DISTRIBUTION.

Peach leaf curl exists in most peach-growing countries. Its distri-

bution in the United States extends from the Gulf of Mexico to Can-

ada and from the Atlantic to the Pacific. The centers of greatest

prevalence, and where the greatest losses are sustained from this cause,

are in the leading peach-growing districts bordering the Great Lakes,

especially in Michigan and western New York; in the central, north-

ern, and coast regions of California; and west of the Cascade Moun-

tains in Oregon and Washington. The disease is less serious, or is of

minor importance, in those peach-growing counties of New York

most distant from the lakes, in Pennsylvania, Ohio, Indiana, Illinois,

and in southern California. Still less injury is reported from New

Jersey, Delaware, Connecticut, Rhode Island, Massachusetts, Mary-
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land, Virt^iniii, West Vii'fjiiiia, Kontiu-ky, Tennosseo, North Carolina

South Carolina, Arkansas, Oklalionia, Louisiana, Mississip])i. Ala-

bama, and Florida, ))ut in most of those regions occasional serious

outl)rcaks are reported in seasons favorable to curl or in particular

localities. It prevails rather more seriously in portions of Geor-

gia, Kansas, and Missouri. In Texas, New Mexico, Arizona, ;uid

Colorado it has occasioned but little loss and is not widely known.

Reports from Utah and Nevada are meager, but it is probal)le that the

disease prevails to a limited extent in lK)th States. The more northern

States not mentioned here have either failed to rejjort th(> prevalence of

the disease or are properly included within that portion of the Tnitc^d

States unsuited, l)v rigoi* of climate, to successful peach culture.

In Canada ])oth Ontario and British Columbia, which are the leading

peach-growing provinces, are favorabh' situated for the serious devel-

opment of peach leaf curl in wet seasons. Mr. John Craig, horticul-

turist of the Central Hxperimental Faiin. Ottawa, writes that the

disease "obtains in Canada in all the peach-growing districts, including

British Columbia and the Province of Nova Scotia." It is known to

cause consideral)le losses of fruit in some sections.^

Peach leaf curl exists also in some if not all the peach-growing coun-

tries of South America. In Chile the peach is widely grown, being

planted from the snow line of the Andes to the Pacific Ocean, and from

Copiapo south as far as Valdivia, a distance of 800 miles. Mr. C. T.

Ward, Jr.,'* of the Hacienda Loreto, Department of Limache, says that

the parasite of peach leaf curl "exists all over the country where the

peach grows," but that no satisfactory method of control is yet

practiced there.

In Europe Dr. R. Sadebeck"* records the disease from Denmark, Ger-

many, Austria, Switzerland, and Italy. He states that in central Ger-

many it prevails more extensively than in the vicinity of Hamburg.*

Among the many German scientists who have written upon this

' ]\Ir. L. Woolverton, secretary of the Fruit Growers' Association of Ontario, said,

in 1S90, in a paper entitled, Points on Peacli Growing in the Niagara District, puli-

lislied in the Annual Report of the Society for that year, pp. 56 and 57: "The peach

has its share of enemies and diseases, chief among which are the curl, curculio, the

borer, and the yellows. For the curl I know no remedy. It is not often severe, Ixit

sometimes with the diseased leaves the fruit also drops." Mr. John Craig, in writing

from Ottawa imder date of October 7, 1897, says, relative to the disease in Ontario:

"It is only severely injurious here during years of unusually heavy rainfall. Tliis

year it was very l)ad."

2 Letter of March 22, 1896, to Mr. J. M. Dobbs, U. S. Consul at Valparaiso, Chile.

^Sadebeck, Dr. R., Die parasitischen Exoasceen. Eine Monographic, Hamburg,

1893, p. 94.

'Sadebeck, Dr. R., Untersuch. iiber die Pilzgattung Exoascus, Hamburg, 1884, p.

115.
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disoaso and its cause arc Sadebeck/ Winter,^ Do Baiy,'^ von Tavel,*

Ha! tig,-' Zopf,'' Tu])cuf/ Ludwig,* Sorauer," Frank/" Kirchner/^

Fiickel/' and others. Winter says (1. c.) that the fungus of this

malady causes great damage by early defoliation of the trees, and that

it even kills the diseased trees by its repeated occurrence.

In Great Britain peach leaf curl has been common for a great many

years. In 1821 it was accurately described by an English gardener

under the name of "blight." He says:^^ "Under this denomination

[blight] are frequently confounded two varieties of disease materially

different in their appearance, and which I shall distinguish by the

appellation of Uister and curl. The former is generally confined to

such peach trees as have glandular leaves, which are mostly subject

to it in the months of April and May, and when attacked it is not

until the latter part of the season, if at all, that they become healthy.

The leaves so attacked are crisp, and assume a swollen, crumpled, and

succulent appearance; the shoots themselves are affected by it in the

same manner, and never produce either good blossom or healthy wood."

Berkeley ^* has described the fungus causing this disease, and it has

been mentioned l)y Bennett and Murray ^"^ and many other English

writers. (Consult a popular article on Peach Blister, by W. G. Smith,

Gardmers- Chronicle^ Vol. IV, pp. 36, 37.)

'Sadebeck, Dr. R., see locations cited; also Einige neue Beobachtungen nnd krit-

ische Bemerkuiigen tiber die Exoascacete, Bot. Ges., 1895, Band XIII, Heft 6.

^Winter, Dr. Georg, Die durch Pilze verursacliten Krankheiten der Kulturge-

wiichse, Leipzig, 1878, p. 47; also Rab. Krypt. Flora, 1885, II, p. 6.

^De Bary, Prof. A., Comparative Morphology and Biology of the Fungi, Myceto-

zoa, and Bacteria, English edition, Oxford, 1887, p. 265; see also in the same volume

various other references to the arrangement and position of tlie Exoascus group.

*Tavel, Dr. F. von, Vergleichende Morphologie der Pilze, Jena, 1892, pp. 55,56.

^Hartig, Dr. Robert, Lehrbuch der Baumkrankheiten, Berlin, 1889, p. 118; also

the English edition. Text-book of the Diseases of Trees, London, 1894, p. 132.

^Zopf, Dr. AVilhelm, Die Pilze in morphologischer, physiologischer, biologischer,

und systematischer Beziehung, Breslau, 1890, pp. 236, 282.

"Tubeuf, Di-. Karl Freiheer von, Pflanzenkrankheiten durch kryptogame Para-

siten verursacht, Berlin, 1895, pp. 167-188.

*Ludwig, Dr. Friedrich, Lehrbuch der Niederen Kryptogamen, Stuttgart, 1892,

p. 205.

^Sorauer, Dr. Paul, Handbuch der Pflanzenkrankheiten, Zweiter Theil, Die para-

sitilren Krankheiten, Berlin, 1886, p. 278.

"Frank, Dr. A. B., Die Krankheiten der Pfianzen, Band II, Die Pilzparasitaren

Krankheiten, Breslau, 1896, pp. 249, 250. Edition of 1880-81, Vol. II, p. 526.

iiKirchner, Dr. Oskar, Die Krankheiten und Beschiidigungen unserer landwirt-

schaftlirhen Kulturpflanzen, Stuttgart, 1890, pp. 324, 407.

'^Fuckel, L., Symbote mycologicae, 1869, p. 252.

" See quotation in Report of Michigan Pomological Society for 1873, pp. 16, 17.

"Berkeley, M. J., Introduction to Cryptogamic Botany, 1857, p. 284, and Outlines

of British Fungology, London, 1860, pp. 376, 444, tab. 1, fig. 6.

15 Bennett, A. W., and Murray, George, A Handbook of Cryptogamic Botany,

London, 1889, p. 379.
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Tuliisne/ Prillicnix.- and others (Coins conipleto d'aoricuUmv, T.

XV, p. 25."), art. IVm-Ikt) have studied this disease more or h'ss eare-

fuUy in Fratiee. where it often develops in a sei-ious form. In Jinu',

ISIX), the M riter saw the peaeh trees near the Medit(M-ran(>an. particu-

hirly about Montpellier. in anything but a h(>althy condition. On tiie

8d of June leaf curl was bad, and the ends of braneiies were seen to

be dying in some eases. In Italy Briosi and Cavara,"' Berlcse/ and

Conies'^ are among those who have deseribed tiiis mahidy. Tin* dis-

ease varies in its prevalence through Italy in aeeordanee with its

haltits elsewhere. The trees of northern Italy app«Mir(Hl more In^alth-

ful than in the south of France during the \isit of the writer in 18"J0,

but considerable gmnmosis, perhaps due to the same cause, was

observed in both r(>gions. In western Sicily, near Palermo, leaf curl

was again encountered in severe form. The situation in Sv)ain and

Portugal is not known, l)ut in the more iuuuid coast regions it should

not l)e materially ditl'erent from the condition found in Italy. In

Greece, as stated ])v Prof. P. Genardius/' the disease rarely causes

any damage of importance, ])ecausc of the dr3Miess of the climate, and

for this reason, he states, no trcatuKMit has ])een tried. In Austria-

Hungary the situation respecting leaf curl is much the same as in

Italy. Dr. Johaim Polle, director of the Institute of ^Experimental

Agricultural Chemistry, at Gorizia, writing from the island of Cherso,

under date of October 25, 1897, states that in rainy weather

the disease appears some years with great intensity and causes great

damaoe. In Roumania the situation is much the same. Prof. Wilhelm

Knechtel, of the Agricultural School of Hcrcstrau, states in a letter

dated Buchiu-est, October 17, 1897, that in that country leaf curl of the

peach is also a troublesome and destructive disease to which the trees

are su])ject in many years. He states that Roumania has in the region

of the lower Danube almost a steppe climate—in smimier very hot

and dry, in winter cold, with very abrupt temperature changes, so

that the variations of temperature within twenty-four hours not infre-

quently amount to from 10° to 15° R. (22.50° to 33.75° F.). When
such changes of temperature occur in the spring at the time of leaf

development the disease is certain to appear. The growth of the

vegetation, which has been favored through the preceding warm days,

is checked during succeeding days of lowered temperature, when

^Tulasne, L. R., Ann. d. Sci. Nat., 1866, ser. 5, T. V, p. 128.

'

^Prillieux, Ed., Bull, de la Soc. Bot. de France, 1872, T. XIX, pp. 227-230; Compt.

Rend. 3; also Maladies des Plantes Agricoles, Paris, 1895, T. I, pp. 394-400.

^ Briosi, G., and Cavara, F., Fungi Parassiti d. Piante Coltiv. od Utili, essice., delin.

e descr., 1891, fasc. 5, No. 104.

'Berlese, A. N., I Parassiti Vegetali d. Piante Coltiv. o Utili, Milano, 1895, pp.

124-126.

^ Comes, O., Crittogamia Agraria, Napoli, 1891, pp. 163, 165-167, 549.

* Letter dated Athens, Sept. 12, 1895.
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the development of the fungus begins, so that in June all leaves at the

ends of the joung branches are curled and deformed and perhaps all

the blossom buds fall off. If the more developed leaves at the base of

the young shoots prove more resistant to the fungous action, then fresh

shoots are formed in June, even if not in normal condition, but yet

somewhat healthy, so that the tree remains intact. In the more pro-

tected hill regions of the vineyards, at the foothills of the Carpathian

Mountains, this disease is also troublesome, but less intense than in

other parts of the country.

Peach leaf curl exists in South Africa, and probably also throughout

Algeria and other peach-growing portions of the continent. Professor

MacOwan, of the department of agriculture of Cape Colon}", has

written of the disease in South Africa, giving his views as to the

proper manner of treating the same. ^ He also writes that it is "a
great plague at the Cape. " ^

A peach grower of Dr3^sdale, Frere, Natal, in writing to the Cape
Colon}" agricultural department under date of October 31, 1893, says

that he has a good many peach trees of the yellow, white, and St.

Helena varieties, and that they are all affected with the discolored and
curled-up leaves characteristic of this disease; that several of his neigh-

bors are complaining that their peach trees are suffering like his; and
that the disease seems to be spreading. The young trees were simi-

larly affected.
^

Perhaps no foreign country has suffered more from peach leaf curl

than New Zealand. Mr. W. ]\I. Maskell, of Wellington, writes as

follows :
* '• The curly blight has been for many years prevalent in this

country—so much so that whereas in the early days peaches were exceed-

ingly luxuriant and line, they have dwindled to comparatively very

small and poor trees and in many parts of the colony almost died out.

In the last two or three years the people have been advised to employ

remedies, and have done so to some extent, so that there is a marked
improvement in the peach orchards. * * " I can myself recollect,

early in the sixties, when the most splendid peaches used to grow
wild in the warm northern districts, where now scarcely a tree is

seen; and the curly blighthas been a dreadful curse all over the colony."

Australians report peach leaf curl among their serious plant dis-

eases. In South Australia it '"has been known quite twenty years,"'
"^

and probably longer, and occasions consideral)le losses in seasons

favoring it. The situation is much the same in New South Wales.

' MacOwaii, Prof. P., Agricultural Journal, published by the department of

agriculture of Cape Colony, 1892, Vol. V, pp. 252, 253.

- Letter dated Cape Town, Oct. 26, 1895.
•* Agricultural .Journal, Cape Colony, Vol. VI, No. 23, p. 451.

•* Letter dated Wellington, Xew Zealand, Deceml>er24, 1895.

^Observations of Mr. A. ^lolineux, general secretary for the agricultural bureau

of South Australia, letter dated Adelaide, February 11, 1895.



GEOGRAPHIC DISTKIHUTION. 17

Prof. N. A. Col)l),' p;itlu)lo«;ist for the iij^ricultunil dcpartnuMit of that

colony, has described the niuhidy (luite fully, and although he fails to

specify particular localities, it is probal)le that his descriptions arc

drawn from observations made in the colony for which he writes. He
says that in the most severe cases of the disease '* the fruit falls about

three weeks after setting, and not a peach is left to ripen. Tliis occurs

on trees on which the disease is chronic and severe. * * * Such

trees are worthless, nay, worse than wortiiless; they are a constant

menace to the peach trees in the neighl^orhood. The sooner they are

cut down and ])urned, and thus utterly destroyed, the Ijctter it will l)e

for the peach industry. * "'' * I have now described the disease in

its worst form, a form in which it is not conunon. The milder forms

of the disease are much more frequent."

Peach leaf curl also prevails in Victoria, where it has been placed,

according to Mr. D. McAlpine,' pathologist for Victoria, among the

specitied diseases in the vegetable diseases bill, recently passed in that

colony. Mr. McAlpine also says that according to Mr. George Neilson,

chief inspector under the vegetation diseases act, it has been known

in Victoria since 1850, and affected peach trees were just as ))ad

then as now. Mr. McAlpine adds: "The disease is distriimted all

over the colony. In the cooler districts it is generally more severe

than in the northern and warmer districts, and it is generally more

prevalent in a moist and cool spring than in a dry, warm one."

The situation in Japan has been learned through the obliging and

careful inc^uiries of Prof. K. Miyabe,^ of the Sapporo Agricultural

College. lie writes that Exoascus deforiaan>i is at present a serious

pest to the peach trees at Sapporo, north island, and states that his

attention Avas tirst called to its presence in that place some three or

four 3^ears since, but that there is no doubt of its existence from the

time of the first introduction of American peach trees, about twenty-

three years ago. The Japanese flowering (double red) peach trees and

nectarines were introduced at Sapporo by a florist about six or seven

years ago from Echigo Province in the northern part of the main

island or Honsiu. These varieties w^ere found to be attacked to some

extent during these few years. American varieties are now most seriously

affected, and many persons have been obliged to cut down their trees

on account of the disease. Respecting the distribution throughout

Japan, Professor Miyabe says: "As to the rest of Hokkaido [the

northern island] I found the fungus in 1890 at Mombetsu, a farming

village on Volcano Ba}", settled about twenty-seven years ago by the

people from Sendai. I could not tell w^hether the peach trees culti-

vated there were of American or Japanese origin. In Honsiu, or

iCobb, Prof. N. A., paper in the Agricultural Gazette, 1892, Vol. Ill, pp. 1001-1004.
"" Letters dated Melbourne, Australia, July 14, 1896, and Oct. 12, 1897.

^ lietter dated Sapporo, Hokkaido, Japan, Nov. 22, 1897.
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Main Island, the peach curl seems to be prevalent only in the northern

provinces. * * * i gent letters of inquiry relating- to this question

to the graduates of our college, who studied especially about the

parasitic fungi in our laboratory, and whose opinions I can trust.

From ]Mr. Y. Takahashi, at Morioka, in Rikuchu Province, I received

the following answer :
' Peach curl is very prevalent in this town.

Almost every tree is more or less attacked by the fungus. I saw some

trees entirelj^ attacked. At the end of summer [spring?] all the dis-

eased leaves fell to the ground and new leaves were produced.'"- In

the southern island, Kumamoto, a correspondent reported to Professor

Miyabe that the disease had not been seen there Ijy him. From Tokyo
Professor Shirai, of the College of Agriculture, reports that he has

not yet found the disease in that section of the main island.

In China, as the writer is informed, peach leaf curl prevails to a

very large extent, and the losses are probably considerable from this

cause. ^

ORIGIN OF THE DISEASE.

The countr}" of origin of peach leaf curl is not positively known.

It was hoped that the inquiry as to distribution would develop posi-

tive information respecting this point, but such has not been the case.

That seedling peaches are remarkably susceptible to the disease, and

that the Chinese Saucer peach is among those most subject to it,

appears to indicate that the home of the peach is the source of the

disease, and that the two may have come to us together from a com-

mon point of origin. Recent studies have been constanth^ tending

to reduce the number of species of plants once thought to be subject

to curl. At present it is believed that it is confined almost wholly to

the peach or its derivatives, as the nectarine and peach-almond. The

exceptions to this, where the disease has been noted on the plum,

almond, etc., are rare, and not sufficiently numerous or general to mate-

rially affect the evidence that the peach is the natural host of the fungus.

Thus far, however, it has been impossible to learn if the peach in the

interior of China, its supposed home, is affected by this trouble, though

in the coast regions it is said to prevail extensively. Such information

as has been obtained from Japan indicates the recent introduction of

the disease in that country, and that the United States is probabl}^ its

source rather than the near-by continental coast. In Australia, how-

ever, this may properly be questioned, for, as already mentioned, ]Mr.

^Letter from Augustus White, Esq., forwarded April 3, 1896, through the kindness

of Mr. Rufus S. Eastlack, then U. S. Deputy Consul-General at Shanghai, China.

Mr. White says, in concluding his statements, that the Chinese, ignorant of the ase

of the knife in pruning, trust solely to an annual inspection of the trees at the time

the blossoms set, Avhen they carefully pick off all excess of fruit, and with it all

diseased leaves, etc., l>ut allow these to fall to the ground and remain under the

trees to rot or reproduce the plague, as nature thinks best.
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Goorgo Ncilson, chief iiispoctor under the veootation disoasos act of

that colony, states that peach loaf curl has })cen known in Victoria since

1856. This dates the presence of the disease iii Australia back to a

time Avhen its importation from America to that country would he

doul)tful. Its European origin, however, may not be improl)al)le.

The severity of the disease in the gardens of China and the fact that

the peach proba])ly reached Europe and America from the East make

it still desirable to learn if the trouble is prevalent among the wild or

escaped peach trees in the interior of the Chinese Empire.

It mav be pertinent to state, in view of the fact that Darwin holds

the peach to be derived from the almond, that none of the many widely

cultivated varieties of the almond in California, either of local or for-

eign origin, are subject to peach leaf curl, even when growing ))eside

peach orchards denuded b}- it. Trees which are apparently the result

of almond and peach crosses are somewhat aii'ected, however, and sev-

eral of the nectarines, which arc derived from the peach, arc ((uite

subject to it. Seedling peaches, as stated, are very connnoidy attacked,

but of some forty to fifty varieties of seedling almonds examined by

the writer none has thus far shown the disease.

LOSSES FKOM THE DISEASE.

The direct annual losses to the peacii interests of the United States

from peach leaf curl are very large, and are usualh^ nuich greater

than is suspected by the growers themselves, as the nature and action

of the disease are misunderstood ])y them, and its effects frequently

attributed to other causes. In case an orchard is so aii'ected that it

fails to hold the crop, or sets I)ut a partial crop, the grower has but

little ground for an opinion as to what the yield would have been had

curl not prevailed, hence the estimates of losses made by growers are

frequently ver}' unsatisfactory. In case curl occurs after a severe

cold spell in spring, as is quite commonly the case, the orchardist is

apt to charge the loss of fruit to the low temperature rather than to

the disease. The preventive spray work conducted b}^ the Depart-

ment has shown, also, that the loss estimates are nearly always too

low.

By preventing the disease upon a portion of the trees of an orch-

ard the amount of injury sustained by the imtreated trees has l)een

determined most accurately by direct comparison. Such comparative

work has now been conducted for several years in many of the leading

peach-growing centers of the country, and these tests enable the

writer to state that the losses sustained by the peach industr}^ are

probably not overdrawn in the following estimates: Of a large num-
ber of peach growers who replied to a circular letter sent them in

1893, there were 251, living in 35 peach-growing States and Terri-

tories, who stated whether or not their orchards were affected by curl.
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Sixty-three per cent of these (158 growers) reported that their

orchards were affected, and 37 per cent (93 growers) reported that

their trees had not' been troubled by it. Of the 158 whose trees

were affected, Qid per cent (101 growers), or about 42 per cent of the

251 orchardists reporting on this disease, reported more or less loss.

The growers who reported loss were residents of 21 States, and were

scattered from the Atlantic to the Pacific. The losses sustained varied

from a small amount of fruit to the entire crop, and in some instances

many of the young trees were killed. Of the entire number of reports

received as to the presence or absence of curl in the orchard of the

grower, 93 came from States or sections of the countrj^ where little

leaf curl prevails, as Texas, Delaware, Florida, Kansas, etc., so that

the data should be strictly representative of the peach-growing coun-

try as a whole. The replies received were from Alabama, Arizona,

Arkansas, California, Colorado, Connecticut, Delaware, Florida, Geor-

gia, Idaho, Illinois, Indiana, Kansas, Kentucky, Louisiana, Maryland,

Massachusetts, Michigan, Mississippi, Missouri, Nebraska, New Jer-

sey, New Mexico, New York, North Carolina, Tennessee, Texas,

Virginia, Washington, and West Virginia.

The amount of loss sustained by the 12 per cent of the growers

reporting losses is given in the replies in various waj^s. Some

growers have reduced their loss to dollars and cents; others have indi-

cated the loss in percentage of crop; while still others have used some

term, such as "slight" loss, '" small" loss, etc., as a reply to the

inquiry. In estimating the true loss sustained by these growers a

uniform system has been adopted. Where the loss has been stated in

dollars the amount has been recorded as given. Where the loss is given

in percentage of crop the cash loss has been determined from the basis

used by the United States Census Bureau in determining the value of

peach crops for the Eleventh Census. A full peach crop was valued

at i>150 per acre, and all portions of a crop at the same rate. Where

the report of the grower was indefinite, the statement being that the

loss was small, it has been placed at $2.50 per acre, which amounts to

about 2i cents per tree as usually planted. It is probable that this

is much below the average loss in such cases, as a loss so small as

this would usually escape notice. In all the calculations in these esti-

mates an effort is made not to overrate the loss. These calculations

gave a loss to the growers averaging $10.95 per acre for the acreage

reported as suffering from the disease, or 12 per cent of the full area.

This IS equivalent to about ^.60 per acre for the entire acreage, or

about 1 cents per tree. At first thought this may seem high, but this

is more apparent than real. If one 10-acre orchard loses its crop from

curl, valued at $150 per acre, the loss amounts to $1,500. There may

be 32 other orchards of 10 acres each all alwut this orchard where not

a peach is lost, yet the average for such a district is the same as that

stated. This is perhaps a clearer manner of putting the matter than
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by [)l:icin<2; an iivtM-ajio loss for all orchards. 'Vho loss may ))o viowod

in still anothor inaniKM-. If an orchardist has o-ro\vn poaches for 82

years and lost only one crop during that time from leaf curl his loss

for the third of a century will average as high as here calculated.

There are large sections of the country where curl is scarcely known,

as in portions of Texas. For such regions the preceding estimates may
appear high. On the other hand, there are other prominent sections

of the country devoted to peach culture where these estimated losses

will cei-tainh' be far too low.

If the preceding calculations and statements are accepted as faii'ly

representing the situation throughout the country, the annual losses

fi'om curl in the United States may 1)0 approximated. The Eleventh

Census reports the orchards of peach trees in the United States at

that time (1889-90) as 507, 73t) acres, and from replies to our circular

we are led to believe that curl was present in 68 per cent of these

orchards and that 42 per cent sustained some loss from the disease.

Most of the orchards included in the 42 per cent sustained only a

slight loss, but a very small percentage sustained a heavy loss, some-

times amounting to the entire crop. The average loss for the 42 per

cent of the orchards is found to amount to $10.95 per acre, or about

10 cents per tree, averaging the trees at 108 per acre. '^Fhe total

acreage of the country ])eing 507,786, the loss should be calculated

upon 42 per cent of this, or 213,249 acres, which gives a total esti-

mated annual loss from peach leaf curl of $2,885,076. In this estimate

no account has been taken of the great injury to the growth of trees,

the injury to nursery stock, the death of young orchard trees, nor the

loss to succeeding crops from the reduced number or quality of fruit

buds on affected trees. There is also the loss arising from the culti-

vation and pruning of unproductive orchards, which, if it could be

determined, would probably bring the entire annual loss to the

country up to $3,000,000 or more.

Since 1893, when the investigation of this disease was undertaken

by the writer, a verj^ large amount of correspondence has been con-

ducted with peach growers in all parts of the Union who have sus-

tained losses from curl, and this correspondence has resulted in the

accumulation of a large number of facts respecting these losses.

These data, however, have not been drawn upon in the above esti-

mates, as it might be claimed that they were from growers only who
have suffered from the disease, and consequently would not fairly

represent the industry as a whole—a claim which can not be made
against the circular letter,- the basis of the estimates, which was

addressed to peach growers in general in all parts of the United

States. In fact there appears to have been a larger percentage of

replies received from sections of the country where curl is scarce

than from the more affected portions.



CHAPTER II.

NATURE OF PEACH LEAF CURL.

The study of the nature of plant diseases is intimately linked with

the study of plant physiology, and the true science of vegetable

pathology is largely, as Ward has defined it, the stud}^ of abnormal
physiology. (Introduction to Hartig's Text-book of the Diseases of-

Trees.) These facts become evident when studying the etioloo-y of

peach leaf curl and the conditions attendant upon its widespread

development. The direct cause of peach leaf curl has long been

known as a parasitic fungus, Exoascus deformcms (Berk.) Fuckel,

but it is evident from a careful stud}^ of the disease that the injurious

development of the fungus is distinctly correlated with special physi-

ological phenomena of the peach tree itself. These conditions of the

tree are in tiu-n dependent upon such external influences as tem-

perature, the humidity of the soil and atmosphere, and others. Such
facts were foreshadowed by the theories advanced by peach growers

as to the cause of the disease. Many growers have considered peach

leaf curl as the direct result of excessive moisture and low tem-

perature or sudden changes, and as these physical conditions cer-

tainly have an important bearing upon the injurious development of

the disease, they are considered together with the direct relations of

the parasite to its host. However, too much stress can not be placed

upon the fact that the fungus alone is responsible for the injur}^ to the

tree. Without the parasite not a leaf would curl nor a peach fall on

account of this malady—in fact, no such disease would exist. This is

shown by the work hereafter detailed. It is fortunate that the direct

cause of peach leaf curl is a parasitic fungus rather than unfavorable

atmospheric conditions, for the latter could not be controlled, while

the control of the fungus has been found practicable, simple, and inex-

pensive.

PHYSICAL CONDITIONS INFLUENCING THE DISEASE.

The influences of temperature, humidity, situation , soil, etc. , upon leaf

curl are often so well marked that the}' have frequentl}^ and in fact quite

generally been mistaken for the active cause of the disease. Indeed a

veiy large percentage of peach growers have maintained, to within the

past ten or fifteen years, that sudden changes of temperature occurring

in conjunction with wet weather are, the sole cause of the curling and
22
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loss of foliauo.. Notwithstiiiuliiig the nunibor of knowii fucts to the

contniry, there arc even now man}' grower.s who retain thi.s idea to the

utter and needless loss of their crops. The writer lias met men who so

flrml}' believe that leaf curl is due to uncontrolla])U' climatic influences

that they would not consider other explanations, Ix'ing- unwillino- to

visit the orchard, thoutih the crop was bcino- lost through curl and

by so doing future crops might have been saved.

To gather the ex])erience of peach growers in general respectijig the

conditions under which leaf curl devidojis most severely, a circular of

inquiry was addressed to several hundred orchardists in November,

1893. The replies to some of the questions are presented. Among
the inquiries the growers were requested to state if they had observed

the disease to be more prevalent after a cold spell in the spring. To
this question 97 replies were received, 89 affirmative, 6 negative, and

2 growers said they had observed no diti'ercMice, which shows that the

orchardists are almost unanimous in holding that a cold spell in the

spring favors the developnuMit of curl.

To the second (juestion, as to whether the trees were most all'ected by

curl in a wet or drj^ season, there were 104 replies. Of these, 78

stated that peach trees were most aftected in wet seasons, 8 that they

were most affected in dr}^ seasons, and 18 that there was no difference.

Here again is seen a marked agreement in the replies, a great majority

of the growers recognizing that wet vears favor the disease.

The above-considered conditions—a cold spell in the spring and wet

weather— maj^ be explained by stating that such conditions favor, on

the one hand, the serious development of the fungus causing the dis-

ease, and, on the other, they result in a much greater susceptibility of

the tissues of the peach leaves to the attacks of the parasite. Where
both cold and rain occur together in the spring, about the time the

leaves are pushing, the disease is liable to develop seriously and few

varieties can then resist it. The action of wet, cold weather upon the

tissues of the peach, making them much more subject to curl than they

otherwise would be, has been considered in relation to other plants in

a paper b}^ Prof. H.. Marshall Ward,^ who says that whe?i the combined

ejects of tlie physical environment are unfavorahle to the host, hut 7iotso

or are eveoifavorahle to theparasite, wejind the disease assuming a more

or less pi'onoimced epidemic character. He is not here speaking of curl,

but the statement holds perfectly true for that disease. A cold, wet

spell succeeding warm spring weather, has a tendency to saturate and

soften the tissues of the peach, as in the case of other plants. The
sudden checking of active transpiration, due to lowered temperature

and saturated atmosphere, soon results in the tissues of the plant lacing

suffused with water. "The stomata," as Ward puts it, "are nearly

^Ward, Prof. H. Marshall, The Relations between Host and Parasite in Certain

Diseases of Plants, Croonian Lecture, Proc. Roy. Soc, Vol. XLVII, No. 290.
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closed, the cell walls bounding the intercelkilur passages and the air

in the passages themselves are thoroughly saturated with water and

aqueous vapor, respectively, and the movements of gases must be

retarded accordingly; turgescence is promoted, and the water contents

accumulate to a maximum, owing to the disturbance of equilibrium

between the amounts absorbed by the active roots in the relatively

warm soil and those passing off into the cold, damp air; much more

water is absorbed by the roots in the relatively warm soil than passes

oft' as vapor in equal periods of time." Further than this, Ward states

that "the low temperature, feeble light, and partially blocked ven-

tilation system have for a consequence a depression of respiratory

activity and the absorption of oxygen generally." This must give a

lowered v itality and an accumulation of organic acids. The reduced

light also leads to a decided reduction in the assimilative power of the

leaves. "The turgid condition of the cells, and the diminished inten

sity of the light," Ward says, "will favor growth." If this takes

place, "the tendency will be for the very watery cell walls to become

relatively thinner than usual, as well as watery, because the ill-nourished

protoplasm does not add to the substance of the walls in proportion.

This being so, we have the case of thinner, more watery cell walls

acting as the only mechanical protection between a possible fungus and

the cell contents."

It is generally known that the conditions of moisture and shade,

which are above shown as making the tissues of a host plant more

tender and watery (more subject to fungous attacks), are also the

conditions most favorable to the development of fungi. This holds

equally as good for Exoascus deformans as for other forms. In speak-

ing of these conditions in relation to a fungus known as Botrytis^ Pro-

fessor Ward gives some generalizations equally applicable to Exoascus

deformans in its relation to curl. He says that just those external

climatic conditions which are disturbing the well-being of the green

host plant are either favorable to the fungi considered or, at any rate,

not in the least inimical to their development. "Thus," he says, "-the

oxygen respiration of the fungus goes on at all temperatures from 0° C.

to 30^ C. and higher, and although we still want information as to

details, experiments have shown that the mycelia flourish at tempera-

tures considerably below the optimum for higher plants. Moreover,

light, so indispensable for the carbon assimilation of the green host,

is absolutely unnecessary for the development of the fungus.
^

Then,

again, the dull, damp weather and saturated atmosphere, so injurious

to higher vegetation, if prolonged, because they entail interference

with the normal performance of various correlated functions, as we

have seen, and render the i^lant tender in all respects, are distinctly

favorable to the development of these fungi; consequently the very

set of external circumstances which make the host plant least able to
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withstand the entry and devastation of a parasitic funo-us like Botrijtls,

at the same time favor the deveh)pnient of the funo-us itself."

The writer thinks, as the result of observations in the tield, that

ExoaxcKi< deforiiianx is favored in l)oth its entrance and spread within

its host by the conditions which have just been considered. It is a

widely observed fact that leaf curl usually develops sparinj>ly in a

uniforndy warm and dry spring, and it is also noticed that where

infection has occurred a return of warm, dry wcMither, or e\-en the

occurrence of a hot, dry wind, will check the development of the

fundus within the tissues. An infected leaf mav fail to develop

the spores of the fungus under such circumstances. The thm, satu-

rated cell walls and the moist intercellular spaces thus appear to be

closely correlated with the active vegetation of the fungus. The

growth and consequent tenderness of the tissues is also important in

this connection. Where soil, elevation of orchard, and atmospheric

conditions are unfavora])le to a saturated condition of the plant paren-

chyma, the disease is not likely to run more than a short and feeble

course. Soil and elevation are here considered with atmospheric con-

ditions, for it is found that on the same farm a difference of elevation

or soil moisture may determine the degree of virulence of the disease.

The influence of elevation may ))e of only secondary nature—that of

maintaining a higher temperature—but its action on the disease is fre-

quently well marked. Of 92 orchardists who expressed their views

as to whether trees are affected by curl most on high or on low land,

48 say that trees suffer most on low land, 14 on high land, and 30

think there is no difference. While the majority claiming that trees

on low land are most affected is not as large as some of the majorities

obtained in replies to other questions, it represents over one-half

the replies received to the question under consideration and is more

than three times as great as the number who believe trees to be most

affected on high land, hence is sufficient to establish conffdence in its

reliability, even if it were not indorsed by many published statements

to the same effect.

Mr. Thomas A. Sharpe, superintendent of the experiment farm at

Agassiz, British Columbia, has made several comparative reports on

the action of peach leaf curl on trees planted in the valley and upon

the more elevated bench lands of the farm. A few brief statements

from these reports should be of value in connection with the above

statements.' In 1892, Mr. Sharpe says, the peach trees suffered from

a severe attack of leaf curl. "Only 5 varieties of those planted in

the valley escaped" the disease. "The trees planted on the bench

lands did not suffer so much, and appeared to recover much more

rapidly than those in the valley" (1. c, p. 278). In 1893, it is said.

1 See reports of experimental farms, Ottawa, Canada, for the years indicated.
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the curl leaf in the peach and nectarine trees was worse than it had

ever been before, the Malta being- the only variety that was entirely

healthy on level land. The varieties received from England and

planted on the level land were just as badly affected as the others.

The first and second l)ench orchards suffered alike with those on the

level ground, ])ut the orchard highest up, at an elevation of 800 feet,

had no curl in any case, and the trees appeared to have suffered less

from cold than those lower down (1. c, p. 342). Mr. Sharpe says

that in 1890, "as heretofore, the trees on the upper Ijenches, both

nectarine and peach, escaped the curl leaf entirely" (1. c, p. 449).

Again, it is said that "the peach crop on the level land this 3^ear [in

1898] was almost an entire failure. The curl leaf was very prevalent,

nearly every tree being seriously affected by it." Kelating to the

orchard on the bench lands, it is stated that "curl leaf did not affect

the foliage there; in fact, it has never injured the foliage on either

peach or nectarine trees on the benches over 300 feet above the

valley" (1. c, p. 403). These facts have an especial interest and

value in that they were recorded by a single observer on one farm

and during successive years and epidemics of curl, and they are in

perfect harmony with the experience of a majority of the growers

whose views are presented above.

The soil may exert its influence l)y abundantly or feebly supplying

the transpiration stream, in accordance with the degree of accessibility

of the moisture it contains, to the root hairs of the tree. It may be

said, however, that as leaf curl commonly develops at the beginning

of spring growth or at the close of the winter's rains, the soil will

rarely be found so deficient in moisture as to greatl}^ retard the devel-

opment of the disease where other conditions are faA'orable. It is prob-

ably equally true that the excess of water usually found in the soil

in the spring is favorable to the special development of the disease at

that season in its worst form.

Besides the influence of temporary excessive humidity of the atmos-

phere upon leaf curl, which has already been considered, there are

other atmospheric influences and relations of importance, which depend

upon the local or general geographic, topographic, and climatic fea-

tures of country. Some of these more prominent atmospheric

influences may here be briefly considered, together with their most

probable causes.

Proximity to large bodies of water, whether salt or fresh, greatly

favors the development of curl. The cause for this clearly rests in the

resulting greater humidity and lower temperature of the atmosphere.

Plants growing in a constantly humid atmosphere have normally more

succulent and tender tissues than those growing in a drier region. The

reasons for this have already been alluded to for special cases of

extreme atmospheric humidity and lowered temperature. Near large
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bodies of water .sprino- foj^s coiniiioiily oecur, and thesc^, lead to the

iiu'r(>ase of the atiuospherie humidity at a time when the foliao-e is

tender and growing- rapidly, thus stimuhiting a development of eurl

almost annually and over wide stretches of country. IndependiMit of

fogs, the atmosphcu-e about large bodies of water is also much more

humid than in an inland region. Instances of the inllucnct^ of large

bodies of water on the general prevalence and frequent occurrence of

curl in a region are found in western New York, near the shore of Lake

Ontario; in Ontario, Canada, near Lakes Erie and Ontario; in Michi-

gan along the shore of Lake Michigan; in California about the bay of

San Francisco and at other points along the Pacific coast; in Washing-

ton and British Columbia about Puget Sound; and in many similar

situations in all portions of the world where the peach is grown. The

writer believes, however, that the influence of large bodies of water

upon the development of curl depends in part upon the noiiual spring

temperature of the region, and likewise upon the source of the prevail-

ing winds. Where the prevailing spring winds are from a dry, inland

region instead of from the water, the atmospheric does not feel the

influences of the latter. Moreover, where thti spring temp(M-ature is

high, transpiration may proceed normall}^ even in the neighborhood of

large bodies of water, and cuirl may not commonly prevail.

In contrast to the influences of large . bodies of water are those of

neighboring dry and arid plains or desert regions. In the midst of

such influences peach leaf curl can rarely attain to an epiphytotic

development, and then only under special favoring seasonal condi-

tions. The atmosphere is normally too dry in such situations to exert

a predisposing action upon the host, and it certainly does not favor

the serious development of the parasite. Exemplifying these condi-

tions are large areas in Arizona, New Mexico, Nevada, Utah, Colorado,

Texas, Kansas, and California. Little or no curl is reported from the

more arid portions of these sections of the country, its absence being

due, at least in part, to the influences here considered.

Another of the broader influences aflecting the general and perma-

nent prevalence of curl over extensive regions is the normal annual

rainfall. Comparisons of this kind must be made, however, between

regions of approximately similar temperature. Under such condi-

tions it may be said that the general annual prevalence of leaf curl

increases with the increase of normal annual precipitation. Compari-

sons of this kind can hardly be justly drawn in the Mississippi Valley

or "on the Atlantic coast, as the temperature conditions vary too

greatly in those regions from north to south. On the Pacific coast,

however, owing to the modifying influence of the Pacific Ocean, the

temperature prevailing from Lower California to British Columbia,

a distance of about one thousand three hundred miles, presents no

such great variations as are found in a like distance from south to
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north on the Atlantic coast, so that the relations of annual rainfall to

the constant prevalence of curl may be more fairly decided.

In the following remarks on this subject I have left out of consid-

eration the temporary influence of exceptional seasons and, as far as

possible, the special influence of local features. The subject should

be viewed from the broad field above pointed out. In southern Cali-

fornia leaf curl is not recognized as a generally prevalent and serious

trouble, but there is evidence which shows that its prevalence increases

from San Diego northward to the San Bernardino Mountains. The

average annual rainfall varies from about 10 inches at the former place

to 16 inches at Los Angeles, which is not far from the mountains. In

the San Joaquin Valley the prevalence of curl increases as a whole from

the south central portion toward Sacramento and the north. The

average annual rainfall, which is 7 inches at Tulare, 9 inches at Fresno,

11 inches at Merced, and 14 inches at Stockton, reaches 20 inches at

Sacramento, about which center curl is quite prevalent. The average

rainfall at Oakland is 23 inches, and curl is quite troublesome there.

In the Sacramento Valley curl is frequently quite prevalent, and the

rainfall varies from 20 inches at Sacramento and Chico to 34 inches at

Redding. About Ashland, in southern Oregon, the rainfall is 23

inches, and the disease is about as in the Sacramento Valley. Farther

north in Oregon curl becomes decidedly more prevalent and injurious

at the west of the Cascade Mountains, and increases as Portland is.

approached. The rainfall is 35 inches at Roseburg, 46 inches at

Albany, and 49 inches at Portland. From Albany to Portland the

peach industry has been greatly injured by curl, and on its account

many growers in this region have considered peach culture a failure.

Curl, it seems, was introduced into the central part of the Willamette

Valley, Marion County, nearly half a century ago. Prior to that

time the peach was successfully grown in that region in spite of the

humidity of the climate. In the Patent Oflice Report for 1855, p.

298, there is a statement of the situation in Polk and Marion counties

from 1852 to 1855. This statement was from Mr. Amos Harry, of

Farm Valley, Polk County, Oreg., and is of special interest in this

connection. Mr. Harry says: "The peach in this county has been

afiected with a disease known as the 'curled leaf,' which threatens to

destroy the trees. It made its appearance at Mill Creek, in Marion

County, in 1852, and extended considerably on that side of the river

(Willamette River) in 1853, but had reached most parts of the valley

in 1854-55. Some trees seem to escape it much more than others, but

if the malady increases for two years to come as it has for two past, I

fear we shall come entirely short of this delicious fruit. Some think

it is owing to cold, wet weather, and recommend shortening all the

limbs as a remedy, and some experiments seem to favor this idea.

Others think it is produced by an insect, and that no remedy will save

the trees unless it can be applied to the whole surface of the leaves."
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The niiiiftiU at Portlund, jis already said, is 49 inches, and curl is coni-

nioidy i)rcvalcnt and severe. At Umatilla, east of the Cascade Moun-

tains, but al)out the same distance north as Portland, the rainfall is

onlv 10 inches, while on that side of the mountains the peach industry

is extensive and everywhere prosperous, leaf curl l)einj>- nuich less

prevalent and of secondary importance. This shows that it is not the

distance north and the consciiuent h)wer temperature which makes curl

more severe at Portland than at Los Angeles for instance, but that it is

the excess of rainfall, for at the east of the mountains, near Umatilla,

the temperature goes equally as low or lower than at Portland, and

curl is of little importance there. In the Puget Sound region peach

culture has never developed extensivelv, the general prevalence of curl

and its injurious action lieing one of the chief reasons. The rainfall

is 50 inches at Seattle and 56 inches at Olympia. It is only T iiu-hes

at Kennewick and inches at EUensburg, on the east side of the Cas-

cade Range. The peach orchards of North Yakima and neighboring

sections on the east side of the Cascades and near EUensburg, where

this rainfall is taken, are noted for their extent, thrift, and general

health, and curl is not a serious trouble. This case is paiallel with

that of Portland, already considered. The rainfall at the w(>st of the

mountains is 50 to 56 inches or more, while at the east it is only 7 to

9 inches. In the former region peach growing is not listed liy the

Washington Board of Horticulture as one of the horticultural indus-

tries, but in the latter region the peach is a leading fruit, being

extensive!}' and successfully grown. The winter temperature east of

the mountains should range fullv as low where the peaches are grown

as at the west of the range. The contrast in peach culture in the two

situations results from the difference of rainfall, and the heavy rain-

fall at the west of the Cascades results in a development of curl almost

prohibitive to peach growing.^

In reiDlying to a circular letter sent to the peach growers of Mary-

land, November, 1893, Mr. T. C. Stayton, of Queen Anne, makes some

statements which bear dircctlv on the matter here considered and are

of uuich interest as resulting from personal observation. After speak-

ing of the conditions in Maryland, Mr. Stayton says: "I was in

Washington State during the months of April, May, June, etc., this

year, and I find they can not grow peach trees west of the Cascade

Mountains or in western Washington, as that part of the State is

called, as that is a very wet part of our country." He adds that this

was especially true in 1893, and continues: "About all the 3'oung trees

that had been planted in that part of the State died from curl leaf, or

so nearly so that they were worthless, but over in eastern Washington

I did not notice any curl leaf, the climate being dry."

'For a full and accurate account of the rainfall conditions jirevailing on the

Pacific coast, see Report of the Rainfall on the Pacific Slope for from Two to Forty

Years, Washington, 1889; also other reports of the Weather Bureau.
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Fetich leaf curl appears to be more prevalent in late than in early

springs. This is probably due to the lower temperature and greater

rainfall usuall}^ accompanying the former. Of 80 growers who gave

their experience in relation to this matter, 43 stated that curl affects

trees most in late springs, 23 believed it affects them most in early

springs, and 14 had noticed no difference.

The question as to whether peach leaf curl affects trees most after a

cold or warm winter was submitted to the growers, and of the 67 who

replied, 27 stated that trees were most affected after a cold winter, 21

that they were most affected after a warm winter, and 19 growers had

observed no difference.

The question of the influence of heavy dews on curl was also sub-

mitted to the orchardists, and the views expressed in their replies

exhibit a remarkable agreement, 47 out of the 58 exi^ressions of

opinion received stating that the disease is no worse after a series of

heavy dews. To the writer it appears probable that these answers are

in perfect accord with the facts. Heavy dews can exert ]>ut slight

influence upon the tissues of the peach, as they occur at night, when

transpiration from the leaf is largely checked by the reduced light and

lowered temperature of the atmosphere, resulting in the stomata being

nearly closed. With the return of light and warmth the dew evajDO-

rates with the resumption of transpiration, and can have but little

influence upon the tissues of the leaf. It might seem that dew would

have a direct action on the germination of the spores of the fungus

and in that way lead to a serious development of the disease after one

or more heavy dews. This view, however, is not supported ])y observa-

tions either in the field or in the laboratory. In regions having little

cloudy weather, with exceptionally clear sky, as in many portions of

the Southwest, the heat of the soil radiates rapidly after sunset. In

such sections of the country the days are hot and the nights cool or

cold in comparison, the range of temperature between night and day

being often considerable. In such regions dew is conuuon and often

heavy, but it is here that least curl occurs.

Relative to the action of dew on the germination of the spores of

Exoascm deformans^ it may be said that something more than dew is

reciuired for such germination. The writer has tested this matter

most thoroughly, not only with dew, but with many forms of culture

media at various temperatures and with varying supplies of oxygen.

Brefeld has also shown that moisture alone is not suflicient for germi-

nation, behaving utterly failed to induce germination in a single instance

after months of work with culture media in liquid form. Budding of

the spores is easy to obtain in all liquids, and is more abundant and

continuous in suitable nourishing cultures than in dew or rain water.

Fifty-eight growers replied to an inquiry on this suliject, 47 stating

that the disease is no worse after a series of heavy dews, 7 that it

is worse, and 4 that no difference was observed.
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TlIK FUNGUS CALSINO THE J)1SEASK.

The fungus causinijf poach k^af curl, now known as E.i'o<i.snis (Icforinans

(U(>rk.) Fuckel, is a incnil)cr of tlie sul)faiuil3' of fungi known as

Ki-ixixouv. The ^i^Y>r^y6V'^^ are low or simple Aiicomi/cete-s^ov fungi l)ear-

ing their spores in cases or asci.

The classification of the Exoanceiv, which now lays greatest claim to

scientific permanence is that outlined in the recent writings of Sade-

beck, who has given careful study to these forms.'

Of the five genera which he recognizes, onlv the last directlv concerns

us at this time, as it is to this genus {Exoascus) that the peach curl

fungus belongs, as well as numerous other species injurious to horti-

culture. In considering this genus Sadebeck" has grouped thirty of

its species according to certain characters of development. He recog-

nizes the following characters of the genus:

Exoascus Fuckel.

A. The inycelimn is perennial in tlic inner tissues of the axial organs.

(t. Tlie development of the liynieniuni occurs only in the floral leaves of the

host plant. Eight species.

1). The development of the; hymenium occurs only in the f(»liagc, leaves of the

host plant. Seven species, including E. (h'formans.^

c. The development of the hymenium occurs upon tin- leaves as well as upon the

fruits. One specie's.

B. The mycelium is perennial in the buds of the host plant and develops only

subcuticularlv in the leaves.

^Sadebeck, Dr. R., Die parasitischen Exoasceen, Hamburg, 1893, p. 43.

Sadebeck recognizes five genera in the Exoascex, which he arranges and character-

izes in the following manner:

EXOASCEA'J : Ascomycetes whose asci are not united in a fruit body.

A. The asci arise as swellings at the end of the Ijranches of the mycelial

threads.

1. Endoinyces Tulasne. Four-spored asci, no conidia within the same; the sterile

threads develop chlamydospores and oidia.

2. MagnimcUa Sadebeck. Parasitic. Asci with more than four spores; usually

conidia formations in the ascus. Oi'dia and chlamydospores wanting.

B. The asci take their origin from a more or less loose hymenium.
3. Ascocorticium Bref. Saprophytic on bark. The ascus layers are arranged in a

loose hymenium upon the mycelium.

4. Taphriita Fries. Parasitic. Without perennial mycelium. In the formation

of the ascogenous cells differentiations of material occur. Forming leaf spots.'

5. Exonscvf^ Fuckel. Parasitic. With i)erennial mycelium. In the formation of

the asci no differentiations of material appear. The subcuticular mycelium changes

directly to ascogenous cells. Causing sprout deformations.

^Sadebeck, Dr. E.., Einige neue Beobachtungen und kritische Bemerkungen iiber

die Exoascacese, pp. 277,278, reprint from den Ber. d. deutsch. bot. Ges., 1895,

Bd. XIII.

^Dr. von Derschau has described the occasional fruiting of Exoaseus deformans in

the blossoms of the peach. The figures given by this author do not show the nor-

mal development of ascogenous cells in the blossoms which are so common in the

leaf blade of the j)each. His figures show the asci as arising from lateral branches

of a continuous mycelial hyplia, and this mycelium is situated beneath the epidermal

cells instead of between the cuticle and epidermis (Landw. Jahrb., Berlin, 1897, pj).

897-901, and Table XLI)

.
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a. The development of the hyineniuin occurs only in the floral leaves of the host

plant. Three species.

J>. The development of the hymenium occurs only upon the foliage leaves. Ten
species.

c. The resting mycelium extends intercellularly in the deformations of the leaves.

One species.

It nia}^ be seen under A h of this arrangement that Exoaseus defor-

mans is said to possess perennial mycelium, inhabiting- the inner tis-

sues of the axial organs, and that the development of the hymenium
occurs only in the foliage leaves of the host plant. As will be seen in

another part of this })ulletin, it is perhaps a perennial nature of the

mycelium of E. deformans which makes it difficult to thoroughly rid

an orchard of curl bv means of spra}^ treatment, but this matter

requires further careful consideration.

The synonym}^ of Exoascus deformans (Berk.) Fuckel has been

given b}^ numerous writers. Sadebeck^ gives it as follows:

Ascomyces deformans Berk. Intro, to Cryptogamic Botany, 1857, p. 284.

Ascosporium deformans Berk. Outlines, 1860, p. 449.

Taphrina deformans Tu\. Ann. Sci. Xat., 1866, Y. Ser., t. r>., p. 128.

Exoascus deformans Fucl^el. (o) Pers/ca' Fuck. Symbolaj Micolog., 1869, p. 252.

This fungus has been very commonly observed and frequently

described by botanists since Berkeley called attention to it in 1857.

It has thus been known as the cause of curl for a little less than half

a century. The peculiar behavior of peach foliage under its action

has been observed by horticulturists, however, for a much longer

time. The disease was well described in England in the earl}" part of

the present centur}'.

In spite of the ver}' common appearance of Exoascus deformans

upon peach foliage in peach-growing countries, the descriptive litera-

ture relating to its life history is not free from conflicting statements.

Several species of Exoascem have been confounded with this species

in some instances, and subsequent writers have perpetuated the

confusion.

Some earlier writers believed this species inhabits a considerable

number of host plants, thus resulting in the description and distribu-

tion of several distinct species as Exoascus deformans. To avoid such

confusion it would be best to confine remarks upon this species to the

fungus as it develops upon the peach {Prunus ]:>erslca L.), which if

not its only host, is certainly its most common one.

At least two modes of infection of the peach tree by Exoascus

deformans are said to exist—(1) by means of perennial mj^celium,

and (2) by means of the spores of the fungus.

Sadebeck^ is authority for the statement that the mycelium winters

over in the youngest portions of the one-j^ear-old branches of the host

'Sadelieck, Dr. R., Die parasitischen Exoasceen, Hamburg, 1893, p. 53.

'' Idem, 1. c.
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plant, and may be seen in the piiniarv cortex, in tlie medulla, and in

the nu'duUaiT rays of the first shoots of each period of vet^etation,

but ha«s not been ol)served in the soft bast. With the l)eginning of

the new season of growth the mycelium, according to Sadebeck,

extends into the leaves of the young shoots, penetrates first the inner

tissue of the leaves, and finally progresses to the development of the

subcuticular hymenium. From what foundation of experimentation

Sadebeck has arrived at these views respecting this jjarticular species,

I am unable to state, but he has given the outlines of his inxestigations

upon other species.'

The facts given by De Barv" can not be cited here, for this work

was done upon the Exoascus infesting the cherry tree, and which is

now considered to be distinct from E. deformans.

The general acceptance of the view that spring infection of the peach

foliage is largely due to the extension of the internal perennial myce-

lium into the new shoots and leaves from the shoots of the previous

sunnner, has ])roba)>lv considera])ly I'etarded the progress of prevent-

ive treatment. Pathologists have thought it improbable that an}'^

considerable amount of disease could be prevented after a tree was

once generally ati'ected, as the perennial mycelium, being internal,

could not be readily reached by external sprays. Prillieux,* writing

In 1872, advises the gathering of the diseased leaves and the cutting

away and burning of the diseased ))ranches. Frank * has made like

recommendations in both editions of his work on plant diseases.

Assuming the mycelium to be perennial, he says that the curing of the

disease might be aimed at through cutting back of the diseased branches

and the prevention through quick removal of the diseased leaves.

Winter' suggests a somewhat similar line of treatment, with the

additional recoumiendation that the trees be protected from rain

during the unfolding of the leaves. Dr. Cobb,® as late as 1892, after

speaking of the perennial' mycelium of this fungus, discusses pre-

ventive and curative measures, such as tbe destruction of diseased

leaves, prunings, etc., while in the more severe cases he says the

sooner the trees are cut down and burned the better it will be for the

peach industry.

^Sadebeck, Dr. R., Die parasitischen Exoasceen, Hamburg, 1893, pp. 24-28.—Das

perennirende Mycel der Exoascus-Arten.

''De Bary, A., Com. Mor. and Biol, of the Fungi, Mycetozoa, and Bacteria, Eng-

lish edition, 1887, p. 266.

=* Prillieux, Ed., Bui. de la soc. bot. de France, 1872, T. XIX, p. 2.30.

* Frank, Dr. A. B., Die Krankheiten der Pflanzen, Breslau, 1881, Part II,
i). 526;

second edition, 1896, Vol. II, p. 250.

^AVinter, Dr. Georg, Die durch Pilze verursachten Krankheiten der Kulturge-

wiichse, Leipzig, 1878, p. -17.

"Cobb, Dr. N. A., The Agricultural Gazette, Sydney, New Soutli Wales, 1892, Vol.

Ill, pp. 1001-1004.
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Relative to the use of fiingicides the same writer says: ''These

treatments are of doubtful value as far as the curl is concerned, and

were it not that they are useful in other ways I would not mention

them." It is evident that these views are the result of Dr. Cobb's

belief that the perennial mycelium is resppnsible for the major portion

of the spring infection of the tree. The writings of others to the

same effect could be cited, but the views of the workers already named

are sufficient to show that their recommendations for treatment have

been based upon the hypothesis that the spring infection could not be

prevented by treatment with fungicides, as it arose mainly from in-

ternal mycelium rather than from the germination of external spores.

That this view has held hack the preventive treatment of the disease,

as already claimed, can not be doubted, and that a perennial mycelium

is not responsible for more than a very small percentage of the spring

infections seems evident from the results of the present ex|3eri-

ments; in fact it may even be questioned if such infection takes place

except under exceptionally favorable conditions. Our experiments

have demonstrated that as high as 98 per cent of infections may be

prevented by a single thorough application of a suitable fungicide.

This is as high a percentage of control as is often obtained in the

treatment of fungous diseases where no perennial mycelium exists,

and it seems probable that the infections by this means may not com-

monly exceed 5 per cent of each spring's infections. Were this not

the case we would be forced to assume that the spray has a direct

effect upon the hibernating mycelium, which certainly would be

unusual and scarcely to be expected.

The second mode of spring infection—that by means of spores—is

probably much more general and important in this disease than has

been supposed. That 90 to 98 per cent of the infections of the tree

are prevented by a single spra3^ing suggests that at least such percent-

age of the infections is by means of spores.

The mycelium of Exoascus deformans as found in the peach, shows

great differences in the form and appearance of its hyphtv. These

differences depend upon the stage of development of the fungus and

the various functions of the mycelium. The writer recognizes three

types of hypha?, which ma}" be termed vegetative, distributi^'e, and

fruiting.

The vegetative hyphw are found most conmionly in the leaf paren-

chyma, but are also met with in the leaf stalk and cortical parenchyma

of badly diseased and distorted branches. These hyphie may be most

distinctly seen, and are most highly developed, in infested leaves which

have not j'^et formed the hymenium of ascogenous cells, but in which

the parasite has been present a sufficient time to entirely alter the

character of the palisade tissue and cause the loss of the chloroph}'!!.

In the leaf blade the palisade tissue first shows the serious action of
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DESCRIPTION OF PLATE II.

Mycelium of Exuuscus deformans (600/1) . Figs. 1 and 2, noiiual vegetative liyphse,

as found in the leaf parenehynia, showing eharacteristic sei)tati()n, modes of branch-

ing, etc. ; figs. 3, 4, and 5, usual type of distril>utive hyphie founil in swollen branches

in the cortical parenchyma and medulla; figs. 6, 7, 8, and 9, fruiting hyphse, show-

ing successive stages in the development of ascogenous cells from the subcuticular

mycelium (6) to the half-formed ascogenous cells (9). (See PI. Ill for further stages

in the development of the ascogenous cells and asci.)
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tho vegotative livphas which are usually found somowhat later among

the cells of the spongy parenchyma, ))el()W the vascular network. The

loss of chlorophyll from the two classes of leaf parenchyma connnonly

|)reserves the order here given. The form of the vegetative hyplue is

ver}' irregular, and their elements, or cell members, are often of dif-

ferent size, length, and shape. The cells vary greatly in diameter

from one end to the other, are frequently much curved and twisted,

and oftentimes appear triangular in cross section. The branches

nr.ay arise from greatly enlarged triangular ))ifurcations, or in other

instances directly from the sides of the cells. T'hese vegetative hj^phoe

are all intercellular so far as observed, but are commonly found adher-

ing closely to the cell walls of the host, frequently \vra[)ping about the

parenchyma cells. The walls of the hvphie are semitransparent but

tirm, commonly having a slight yellowish cast. The septa present

peculiar characters. Two adjoining cells of a hypha have the appear-

ance of being separately closed at the end and united with each other

by means of an intervening plate, which if it should he dissolved or

lost would leave the cells separated but closed. These peculiar septa are

remarkably refractive and characteristic. They ai"e well shown in the

drawings of Sadebeck (Die parasitischen Exoasceen, riam])urg, 1893,

Tal). II, tigs. 7, 8). The predominating characters of the vegetative

hypha? are shown in PI. II, tigs. 1 and 2, of this bulletin. The hyphae

there shown were carefully separated from the leaf parenc-hyma and

drawn under the camera. The vegetative hyphjB of the l)ranch are

much like those of the leaf, and have been seen most connnonly among
the looser parenchyma cells of the cortex just exterior to the bast fiber

bundles. Thus far they have never been found by the writer in the

cambial tissues. Sadebeck states that the m3'celium has been found in

the pith and medullary rays.

The distributive hyphfe are shown in PI. II, tigs. 3, 4, and 5.

They have been found by the writer in the tissue lying close beneath

the epidermal cells of diseased peach twigs, and in great a))undance in

the pith. They are occasionally found in groups of several hyphje but

slightly separated from each other and following a course parallel to

the longitudinal axis of the shoot. The cells composing these hyphse

are much longer than either the vegetative or the fruiting forms, while

they are nearly straight and of more uniform diameter. The septa

are characteristic of those found in the other forms of the mycelium

of this fungus. Such distributive hyphas have been followed for some

little distance in the swollen portions of the peach twig, and the name
has been given them from their apparent function of spreading the

fungus in the branch. Such hypha^ l)ranch by bifurcation, the branches

commonly assuming a course parallel to the parent hypha and the

direction of the peach limb.
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The fruiting hypha? have been seen to arise in Exoascus deformans

from the vegetative hyphse after the latter have become well developed

in the parenchvma of the leaf. Large, well-nourished vegetative

hyphse commonly develop just below the epidermal cells of the upper

leaf surface.^ From these hyphse arise branches which penetrate

between the cells of the epidermis, and press themselves between the

epidermis and the cuticle. Such hyphte may be seen both in section

and surface view. These subcuticular hyphte now branch freely, and

follow" with more or less regularity the triangular space formed b}^ the

juncture of two adjoining and somewhat rounded epidermal cells with

the cuticle. This is presumably the line of least resistance to the

advance of the hyphas. By opening and following these channels the

mycelium assumes the outlines of a quite uniform network beneath the

cuticle. While this manner of following the line of juncture of adjoin-

ing epidermal cells with the cuticle is common, it is not invariabh' the

practice of the fungus, cases occurring where apparently no such

agreement exists. Series of straight and parallel hyph^, at regular

distances apart, are sometimes met with beneath the cuticle as the

precursors of the hymenial layer. These send off lateral branches on

either side, which l)y enlarging, Ijranching, and curving eventuallj'^

occupy most of the surface of the epidermis between the main hyphse.

It is probable that the path followed by the first subcuticular hj-phse

depends largely upon the firmness with which the cuticle is attached

to the epidermal cells, and which may largely depend upon the amount

of water in the tissues and upon the age and rapidity of their growth.

With the leaf tissues full of water and making a rapid growth, the

hypha? could naturally pursue a more direct course beneath the cuti-

cle than under contrary conditions. After the establishment of a

much-])ranched filamentous network of subcuticular hypha?, the cells

of which are usually slender, of medium length, thin-walled, and of

comparatively uniform diameter (PI. II, fig. 6), these cells begin to

distend, and are shortened by the formation of new transverse septa

(PI. II, fig. 7, and PI. Ill, fig. 22). About this time all septa become
much more distinct. At a later stage the cells become still more
distended and subspherical (PI. II, fig. 8). As these enlarged cells

1 Miss E. L. Knowles (Bot. Gaz., Vol. XII, No. 9, p. 217) has called atten-

tion to the fact that Winter's statement that "the asci break through the lower

side of the leaf" does not hold good for the peach (Kryp. Flora, Asco., p. 6, and

Krank. Kultur-Gewachse, Leipzig, 1878, p. 47) . Winter is not alone in stating that

the asci of E. defonnans arise on the under surface of the leaves. Robinson says: "The
asci are borne on both sides of the leaf, but in greater numbers upon the lower sur-

face" (Robinson, B. L., Notes on the Genus Taphrina, Ann. Bot., Nov., 1887, Vol. I,

No. 11, p. 168) . Atkinson also says: "The asci are developed on both surfaces of the

leaf" (Atkinson, Geo. F., Leaf Curl and Plum Pockets, Cornell Agr. Exp. Sta. Bull.

No. 73, 1894, p. 325) . These and other like statements have probably arisen from a

study of other foliage than that of the peach, and of otlier species of Exoascus, and

qave been perpetuated through insufficient reference to nature.





DESCRIPTION OF PLATE III.

Fruiting stages of E.roascus deformans. Figs. 1 to 13 (600/1), various stages and

conditions of the asci and ascospores of the fungus. Fig. 14, section of iieach leaf,

showing subepidermal and subcuticular mycelium, the latter already jiartially dif-

ferentiated into ascogenous cells. Fig. 15, section of peach leaf showing three suc-

cessive stages in the formation of the asci from the ascogenous cells: a, the pushing

of the ascogenous cells; h, the ascus nearly full-formed, but with the contents still

connected with the ascogenous cell; c, the asci separated by a septum from the ascog-

enous cell, which now forms the stalk cell of the ascus. Figs. 16 to 20 (600/1) , the

first stages in the formation of the asci from the ascogenous cells, the latter being

ruptured above and the asci pushing upward. Fig. 21, the pushing of a forming

a.«cus through the leaf cuticle (600/1) . Figs. 22 to 27 (600/1) , various stages in the

formation of ascogenous cells from subcuticular mycelium. (For several early stages

in this process see PI. II, figs. 6 to 9). Figs. 28 to 30 (600/1) show fully developed

ascogenous cells as seen from above.
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sprnid out Ix-l wci'ii (lie cpidci'iiial cells ol" (lie leal' and {\\r ciiti-

flc tlii'y arc iiuich distorted, curved, and lohed, tlic lu'unches and

lol»os pvontuaily tillini;. in a (luite uiiiforni and continuous manner, the

entire space between the elevated cuticle and epidermis, so that a

more Ol" less pcrl'ect and continuous hymenial layer of ascoocnous

cells is formed (PI. II. ti^-. •>; 1>|. HI. ri«rs. 23, 24, 25, 2(), and 27). At

this time the cells become well rounded and heavy-walled, and they

may or may not become loosened and separated from each othiM*

(PI. 111. ti<js. 28-80). These are now the fully developed ascooe-

nous cells of the hymenium. and they are fully stored with nutritive

materials for the development of the asci. In their compact, continu-

ous, jind rounded condition they resemble, when viewed from the sur-

face, the stones in the pavement of an old Roman hiujiway.

The various phases of the development of the hymenium of ascog-

enous cells may often be observed at one time in a single infected

leaf. The center of a swollen spot frecpiently shows the fully devel-

oped hymenium, while at the margin of the spot the first filamentous

hyi)ha' are just spreading beneath the cuticle. In such instances

nearly all stages in the develo})ment of the ascogenous cells may be

studied in a single well-prepared specimen. The development of a

subcuticular hymenium has been observed in the petiole as well as in

the blade of the leaf.

The formation of the asci from the fully developed ascogenous cells

has been carefully followed in the stud}' of a large number of prepara-

tions. Thus far no sexual phenomena have been observed in connec-

tion with the formation of the ascogenous cells or with the develop-

ment of the asci. As already said, the walls of the ascogenous cells

are heavy. The early steps in the development of the asci from these

cells (the development of a papilla-like elevation on the upper surface

of the cells) cause the rupture or dissolution of the heavy wall where
the elevation occurs. The phenomenon is that of the germination of

a heavy-walled spore, or, perhaps, more properly, the outgrowth or

prolongation of an endospore through the rupture of the epispore

(PI. Ill, figs. IT, 18, etc.). The fact to be noted is the perfect rest-

ing condition into which the ascogenous cells may pass before the

development of the ascus, as shown by the marked delimitation between

the thin wall of the forming ascus and the heavy wall of the ascogenous

cell. The entire isolation of single ascogenous cells or groups of cells

from all sources of vegetative supply indicates that the ascus is

entirely dependent for its nourishment upon the stored materials of

the cell from which it arises. The pushing of the ascus after the com-

plete development of the ascogenous cell instead of in direct con-

tinuation of the development of the latter, also points to a proba})le

cessation and renewal of the reproductive activity of the ascogenous
cell.
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In view of these facts, it seems possible that the ascogenous cells

may be capable of enduring-, under especially favorable conditions, a

resting period of considerable time. Such resting ascogenous cells

have been sought for upon the swollen branches of the peach, how-

ever, without success. Further research along this line is desirable.

As the fungus is already known to fruit upon the blade and petiole

of the leaf and upon the blossom, and a vegetative mycelium is found

growing thriftily in the swollen branches, there seems to be no good

reason why the parasite may not fruit upon the infected twigs.

The perpendicular growth of the developing asci in the leaf soon rup-

tures or pierces the cuticle, and where large numbers of asci develop

at the same time the cuticle is lifted, torn, and lost, the asci forming

a more or less continuous plush-like surface growth. Isolated asci

press through the cuticle so as to form separate perforations (PL III,

fig. 21). The contents of the forming ascus are finely granular, and

as the ascus elongates these contents crowd into the upper portion and

a septum is formed across the basal part in such a manner as to cut off

the now emptied ascogenous cell as a stalk cell for the ascus (PI. Ill,

fig. 15), When fully developed the asci are usuall}^ broader at the top

than at the base, and often somewhat clavate in form. A series of asci

measured varied in length from 34 to 4-1 yw, the average being 38 f^ ; the

width of the asci ranged from 10 to 12 yu, and the height of the stalk

cells varied from 8 to 13 /<, the average being slightly over 10 ^ (PI.

Ill, figs. 1-13).

The formation of the ascospores in Exoaseus deformans has not been

carefully studied Ijy the writer. Sadebeck has shown, however, for E.

turgidus^ that mitotic nuclear division occurs in the ascus in connec-

tion with spore formation (Untersuch. tiber die Pilzgattung Exoas-

eus, Hamburg, 1884, PI. Ill, fig. 20). The ascospores developed in

the asci of E. deformans vary in number from 3 to 8, the latter being

the full and typical iumi])er. When mature they are surrounded by a

moderately firm cellulose wall, which is rather inconspicuous, owing

to its transparency. The spores are usually somewhat oval in form,

being longer than broad, but occasionally some are seen which appear

nearly or quite spherical. Fresh ascospores sometimes show distinct

nuclear phenomena. This has been oljserved with spores still within

the ascus, as well as in many which have escaped. The nucleated

appearance seems less common in budding or germinating ascospores

than in those in a resting condition (PI. IV, figs. 1, 2, 3, 4, and 10).

The average length of the ascospores measured was TyV /^,. the length

varying from 6 to 9 yu, and the average width was 6t\ a*, varying from

5 to 7 yw. The ascospores escape from the ascus through an apical rup-

ture of the latter.

Germination of the ascospores has been observed by the writer to

proceed in two ways: (1) By means of budding oi- conidia formation;

(2) by means of stocky germ tul)es, often one branched and resembling

promycelia.





DESCRIPTION OF PLATE IV.

Germination of the ascospores and conidia of Exoascus deformans. Figs. 1 to 12

(about 800/1) , ascospores, of which five show nuclear phenomena and several are

budding. Figs. 13 to 21 (800/1), thin-walled conidia, several of which are producing

buds ; the remaining spores, uinmndK'red, sliow various modes of promycelium

formation or mycelial germination.
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Huddiiiu- of the ascospori's i)cc-iirs citluM- lu'forc or tiftcr tlu> cscjipc

of the spores fioiu the useiis. In the fonnation of the hud eonidia the

process may take phice from the ascospore direct, one conidium after

another bein^- produced, oi' the contents of the ascospore mny pass into

a thin-walled conidium nearly or (piite ecjual in size to the ascospore,

this lai"ge conidium then assuming the function of l)ud production.

Ordinarily the ascospore huds at one point only, but l)ud formation at

two points has been seen. Buddino- occurs most conunonly at one end

of the ascospore, l)ut occasionally lateral buds are ol)served. In the

early stages of l)uddin(^ tiie ascospore sometimes shows a nii)ple-like

swellint^ at one end, reminding one of the germinating end of the

sporangium in the PeronoajMyi^ecB. The successive primary conidia bud-

ding from an ascospore may become loosened and turned to one side

by the following conidium, which swells from the same germ pore of

the ascospore. In other cases several conidia maj" remain united with

each other, but when this condition is observed it is frequently the

result of the secondary or tertiary budding of the primary conidium,

several orders or generations of buds remaining united. \Mien the

process of primary conidial ))udding can no longer take place the empty
ascospore may or may not become separated from the last primary

conidium. With the exception of the case above referred to, the dif-

ferent orders or series of conidia (primary, secondary, tertiary, etc.)

when grown in pure water, are each smaller than the preceding, and

the conidia are considera))ly elongated in form, sometimes almost

cylindrical. The walls of the conidia are mori^ delicate than those of

the parent spore. In a suital)le nourishing fluid, as the extract of malt,

the conidia take up nourishment and increase in size, thus enabling

them to continue the budding process for considerable periods of time,

as in the yeasts (Saccharomyces). Whether the conidia of Exomcm
defm'Tnans are able to induce an alcoholic fermentation through their

growth in saccharine culture media is not known, but Sadebeck states

that the conidia of other species of this genus certainly possess this

fermenting power.

The second method of germination of the ascospore of Exoascus

defm'mans, that is, the pushing of germ tubes, is rarel}^ met with

except upon the host plant itself. Such mode of germination is shown
in PI. IV. The germ tube produced from the ascospore is usually

much swollen near the spore and tapers considerably toward the

extremit}% though not infrequent!}^ considerable constrictions occur

at one or more points in its course. It seems probable that this tube is

in man}' cases capable of directly infecting the host, probably through
a stoma, as observed by Sadebeck in Exoascus tosquinetii, and that its

function is not wholly the abjointing of sporidia. Such separation of

sporidia, in fact, has not thus far f^een observ^ed. The germ tube,

or promycelium, is connected with the spore by a very narrow and
short tube, with straight and ])arallel walls. The same mode of con-

nection is also observafjle in the formation of the bud conidia, and
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reminds one of the sterio-mata bearing- the sporangia of Plujtojtlitlioi'n

h\f\xtan^.

Thus far efforts to induce filamentous germination of the budconidia

or of the aseospores of Exoascvs deformaw^ in culture media have

proved unsuccessful. Brefeld has worked with this problem for

months, and the writer has frequently attempted to obtain this form

of germination.' Budding occurs, as already indicated, quite readily

in various nutrient solutions, and short promycelia from the aseospores

have been found in some cultures. In nearly if not all cases, however,

the aseospores showing promycelia or short mj^celial germination have

shown that this germination occurred under natural conditions upon

the peach leaf, the germinated spores being transferred from the leaf

to the culture in preparing the latter. It may be added here that the

bud conidia are also formed in vast numbers upon the surface of the

infested leaf aftei- the maturing of the aseospores. It is largely these

conidia which give the infested leaf the marked white appearance

commonly observed at the height of the disease. The leaf appears as

if covered with flour or a heavy white bloom.

RELATIONS OF THE FUNGUS TO THE HOST.

Under a previous heading in this chapter the physical conditions

which influence the serious development of peach leaf curl have ])een

considered in accordance with the light which we now have relative to

such influences, and there remain to be taken up at this time the more

intimate and direct relations of the host and parasite. These relations

include the action of the fungus upon the cell contents, the cell walls,

and the cellular tissues of the host; the probable mode of infection and

the spread of the parasite within the tissues; the wintering of the

fungus upon the tree; etc.

'A very considerable number of cultural experiments liave been tried. The cul-

tures of aseospores and conidia have been subjected to temperatures innch below the

freezing point and to various degrees of heat in the thermostat. Sudden changes of

temperature have lieen tried. Increased and diminished amounts of oxygen, as con-

trasted with that of the normal atmosphere, have been tested. Even a chamber filled

with nearly pure oxygen has produced no apparent effect. Water from various

sources, such as rain water, dew, ice water, distilled water, tap water, etc. , has been

tested. Solutions of the various sugars, malt extract, sterilized beer, plum extract,

etc., were tried. Hanging drop cultures of various nutrient media and plate cultures

of potato-peptone-sugar gelatin have not shown germination. Drops of variou-s

nutrient solutions placed upon newly forming leaves dissected from unopened peacli

buds and these held in moist chambers have given only negative results. The same

is true for peach pits brought near to germination and the cotyledons treated with a

weak solution of diastase, the spores placed l)etween them and held at various tem-

peratures in moist chambers. Sections of such cotyledons with spores placed upon

them were also prepared in moist chambers. A brief treatment of the spores with

ether was tested without bringing about germination.

Prillieux states that attempts to artificially infect the leaves or shoots have not

thus far succeeded (Mai. d. Plantes Agr., Vol. I, p. 399).
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Asalroiidy iiidicatod, tlu> writer's work with spruyssooiiit'd toshow that

not more than a small porcciita.of of each year's intVctioiis ordinarily

arise from a perennial mycidiuni. In the Lovell orchai'd. wheie the

personally condiu-ted work was carried out, it would appear that not

to exceed '2 to 3 per cent of the infections could have arisen fi-om that

cause. On the other hand it would seem that at least 1)5 per cent of

the infections arose from spores, for, as already stated, i>5 to 98 per

cent of the spring infections could be prevented ])y a sinoflc spraying,

and this was actually accomi)lished where the spraying was done with

sufHcient thoroughness. It is believed by the writer, however, that

these percentages will vary within moderate limits in difl(>rent locali-

ties, with diti'erent varieties, and in ditferent seasons. The following

observations will explain these views.

The mycelium of diseased leaves is found to be connected thi-ough

the leaf petiole with the mycelium of the infected limb. From the

writings of Sadebeck and many others it might be sui)posed that the

leaves were infected from the perennial mycelium in a majority of

cases, and that the mycelium met with in the petiole of the leaf origi-

nated from the perennial mycelium of the ])ranch. That such spring

infection really occurs from thc^ wintering mycelium of th(> branch

should perhaps ])e admitted, but that such is the connnon mode of

infection of the leaves is certainly dou))tful. The writer's studies have

shown that the mycelium in the ])ranch close to a cluster of infected

leaves diminishes in amount as it passes upward or downward in the

branch from such leaves. This fact is as obvious from microscopic

studies of the infested tissues as from the external hypertrophies

observable to the eye. A macroscopic examination of diseased and

swollen branches will show that the enlarged parts may extend upward

or downward along the branch from the base of the petioles of the

leaves, which seem to represent the center of infection. In a majority

of cases these swollen ridges terminate before reaching another leaf

bud, though in some instances they are seen to extend along the branch

throughout the entire length of one or more internodes, and in such

cases it is fair to suppose that the mycelium may have infected the

young leaves of a second or third bud in its course. It should be

remembered, however, that this mycelium, in a great majority of

instances, indicates no connection with a previous year's mycelial

growth, but has evidently just entered the branch from one or more

infected leaves. The microscopic evidence supports these conclusions,

which are, to some extent, in harmony with Bt^nton's observations, to

be hereinafter considered, but the writer is scarcely prepared to admit

the large percentage of spring infections arising from new mycelium

entering the branch which the observations of that writer seem to

imply. ^ The microscope shows that the hyphiv which pass away from

' Pacific Rural Press, Aug. 2, 1890, p. 88.
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the base of the leaf petioU' gradually deercnise in numbers as they

recede from the leaves, and they appear to be wholly lost at a short

distance from the point of entrance into the shoot. As a rule, little or

no mycelium has been found extendino- more than 1 or 2 inches beyond

a point where external macroscopic evidence of disease exists.

The preceding- facts lead to the belief that where mycelial infection

of foliage takes place from the ])ranch it is usually done in the spring

from hyphffi arising from spore-infected leaves of the same season,

and that this occurs only in comparatively few instances or in bad

cases of disease. They also indicate that living perennial mycelium

which succeeds in accomplishing spring infection, is comparatively

rare. Badly infested and swollen l)ranches are apt to die and dry out,

thus affording no living tissue for the support of the infesting myce-

lium. Such branches, even if living until the following spring, are

not apt to produce much growth, and frequently produce none what-

ever. Furthermore, the badly swollen mycelium-infested branches

are comparatively few, and it is believed that the infested winter buds

of these branches very rarely exceed 2 to 3 per cent of the total num-

ber of buds upon the tree. Most branches appear to suffer from the

disease only in an indirect manner, that is, by the fall of affected

foliage. It seems probable to the writer, therefore, that the swollen

branches, in which the swelling is apparent to the eye, constitute the

true and almost exclusive home of the perennial mycelium, and there-

fore supply the only possible source of spring infection by the win-

tering hyphw, and consequently the only source of infection not

controllable by sprays. This is in harmony with the results of wide-

spread orchard treatment. All but 2 to 3 per cent of infections have

been prevented by a single spraying. (See the results of work on

half-sprayed trees.) That such spraying did not. prevent the spread

of the mycelium in the inner tissues of the host is shown by the fact

that when it is delayed until the leaves have fairly started and have

become infested, the treatment is ineffective and the disease will con-

tinue to develop and both foliage and crop may be lost. It is not the

checking of the spread of the mycelium from the branch to the new

leaves, therefore, that results from spraying, but the prevention of the

early spore infections from without; and as all but 2 to 3 per cent of

the year's infections may be thus prevented, all of such infections

must be considered as arising from spores.

The limitation of the perennial mycelium of Exoascm deformmu to

the swollen Ijranches or branch parts, as here held, is in harmony with

observed facts respecting other species of Exoascece. It is not under-

stood, for instance, that trees developing witches' brooms are infested

in all their branches, but that the branch-infesting mycelium is limited

in its distribution to those centers which develop the abnormal multi-

plication of shoots, the swellings and other external manifestations

of disease. (See Pis. I, V, and VI. and descriptions, in connection with





DESCRIPTION OF PLATE V.

Terminal peach twigs badly affected by curl. The mycelium of the fimgus has

entered the growing end of these shoot«, and the conditions Ijeing favorable, it has

developed to such an extent as to prevent further elongation of the twig, thus form-

ing a compact head, with greatly shortened intemodes. It is in shoots of this char-

acter that the mycelium is found, and its extent is nearly coincident, so far as

observed, with the swollen portions of the branch. Such swollen branches consti-

tute a striking feature of the disease, but rarely involve more than 2 to 3 per cent of

the buds of a tree. Specimens were collected at Santa Ana in the spring of 1899 and

photographed natural size. (Compare with Pis. I and VI.)



Bull 20, Div. Veg. Phys. & Path., U. S. Dept. of Agriculture. Plate V.

Peach Twigs and Leaves Affected by Curl.

.The distributive myeelium of the fungus is found in such swollen branches.







DESCRIPTION OF PLATE VT.

Sprayed and unsprayed branches of Lovell peach trees in the experiment block at

Biggs, as they appeared in 1895. The sprayed branches at the left show the large

amount of fruit and healthy foliage on the sprayed trees; the unsprayed branches

at the right have lost most of their foliage and all the fruit from curl. These

unsprayed branches show the typical and common effects of curl. Hypertrophy of

the branch is not shown, and it is probable that these branches carry little if any

perennial mycelium. Thorough winter treatment of such Ijranches with proper

fungicides will prevent 98 per cent of the spring infections and conduce to the

development of foliage and fruit, as shown on the branches at the left. All these

trees were equally infected by the fungus in 1893, when the orchard suffered severely

from curl, and had the branches at the left not been sprayed before the leaf buds

opened in the spring of 1895, they would have been in the same condition as those

at the right of the plate. (Compare with Pis. I, V, and VII.)



Bull. 20, Div. Veg. Phys. & Path., U. S. Dept. of Agriculture. Plate VI.

vt
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(lie |)i(>s(Mit remarks on infested uiul iioninfostod hraiu-lics.) It sccins

pi()l)ul)li', therefore, (1 ) that niostof the sprino- infeetionsof the peach

oeeiir from spores whieh have wintered on the tree and a))out tlie newly

formed Imds; (2) that most of the infected leav(\s fall off witiioiit

infecting the branch which bears them; (3) that the mycelium of badly

diseased leaves sometimes infects the branch through the h'af petiole;

(4) that such mycelium after entering the ])ranch may pass upward

or downward, and in some instances may follow the branch for the

length of one or at most a few internodes, and possibly infect one

or two adjoining buds; (5) that badly infested l)ranches usually die

durino- the vear, while in comparativ(>lv few instances they may suj)-

port a living mycelium capable of inducing spring infection of opening

budij; (0) that most infected branches show by external hypertrophy

the presence of the parasite, which may citnmioidy be removed by

pruning oti' the hypertrophied parts at a point a few inches l)elow

the swelling; (7) that seasons, atmospheric conditions, localities, and

varieties may have a limited bearing on the extension of the mycelium

in the branch and upon the amount of mycelium wintering in an

active state, although the results of spraying in many parts of the

country, contimied for several years, have shown the variation in

these respects to be confined within comparatively narrow limits.

The direct infection of the peach leaf by means of the spores of

Exoascm def<yrmans has not been seen. The eliorts made to observe

the germination and penetration of the fungus have already l)een

touched upon. One thing seems certain, viz, that under ordinary

conditions this form of infection occurs at a very early period in the

development of the leaf, but evidently not before the opening of the

leaf buds. Veiy voung leaves are found to be already infected, but

spraying just before the buds expand will prevent this infection, i. e.,

infection may be prevented by the treatment of closed Inids, which

would scarcely be true if a perennial mycelium were within. If we

may judge by analogy, the germ tube of the fungus enters the leaf

through a stoma. Sadebeck reports that such was his observation in

Exoascus tosquinetii^ in which species the germ tube creeps for a short

distance on the leaf surface, and then enters a stoma, much as in the

germination of the conidium of Phytophthora oinnivora.

The major portion of the spring infection of foliage occurs while

the latter is young and tender, but it is observed that new infections

may take place for a considerable time if the various influencing con-

ditions continue favorable to the fungus. These conditions act chiefly

in suddeidy retarding the transpiration of the host, and some of them

have already been discussed. On the other hand, a short period of

spore infection may be expected when external influences are such

that transpiration is rapid and normal. The longer or shorter course

of the disease in spring may be said to depend largely, therefore, upon

the greater or less susceptibility of the tissues of the host, mostly
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resiiltin<j;- from atmospheric influences. The injuiy which the fungus

may do after infection is also dependent, where development of the

fungus has not progressed too far, upon a v^ery nice balance of the

atmospheric conditions. Newly infected leaves ma}' be greatly

distorted and fall at an early date, or they may be only slightly

injured by the fungus, according to the atmospheric conditions prevail-

ing and their influence toward softening or hardening the tissues and

moistening the intercellular spaces of the host. A few days favorable

to the drying and toughening of the parenchyma of the infested Leaf

may entirely check the spread of the fungus. The action of the

mycelium of E. deformanH upon the tissues of the leaf and branch of

the peach has been widely remarked. The hypertrophies of peach

branches, due to this parasite, are as striking and characteristic as are

the witches' brooms caused on other hosts by various Exoascece. In

the case of the peach, however, there is rarely if ever any increase

noted in the number of shoots, as upon the cherry, the hypertrophy

manifesting itself in enlargements and twistings of the infested

branch. There is often a great reduction in the length of the infested

portion of the shoot and a shortening of the internodes, so that the

approximated and enlarged leaves give a tufted or plumed appearance

to the shoot. An examination of transverse sections of such enlarged

shoots shows that the enlargement is due to a great increase in the

number of cells of the cortical parenchyma, and frequenth^' an entire

separation of such cells into a network or series of chainlike cells.

The structure of the infested parenchyma is altered, the cells being

enlarged and much more angular than normally, while the thickness

of the tissue from the bast fibers to the epidermis is frequentl}^ eight

or ten times as great as usual. The parenchyma cells lose the chloro-

phyll and all matter which the eye can detect, becoming quite trans-

parent. The cell walls vary much more in thickness than normally,

some of them being heavier and others lighter than in healthy cells.

Transverse and longitudinal sections of swollen peach twigs show that

the pith cells are greatly injured along the course of the infesting

mycelium. The location of the mycelium may often be detected by

treating transverse sections with Bismark brown, the infested medul-

lary tissue taking less stain than that not harboring the fungus. The
walls of the healthy cells of the medulla become reddish brown, while

those of the infested tissue assume scarcely more than a light 3"ellow

or yellowish brown. The cells of the infested tissue are also much
more angular and irregular than those in which the mycelium does

not exist, while in some instances the cells collapse.

The action of E. deformans on the tissues of the peach leaf has been

considered by difierent writers, as Prillieux.^ Knowles,^ and others.

'Prillieux, Ed., Mai. d. Plantes Agr., Vol. II, pp. 394-400; also Bull, de la Soc.

Bot. de France, 1872, T. XIX, Comp. Rend. d'Sci., 3, pp. 227-230.
'

^Knowles, Etta L., Bot. Gaz., 1887, Vol. XII, pp. 216-218, with plavo
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Tho Inidlv infested leaves hei-oine y-reatlv increased in thickness and

breadth and the weight is often iiiucli increased above the normal, the

tissues become stiti'ened in a coriaceous or cartihiginous manner, the

cell walls become greatly thickened, and the cells become more com-

pressed. The cells of the palisade tissue are increased in size and

num})er, and suffer an entire loss of chlorophyll, as in the case of the

cortical parenchyma of the branch. The walls of the epidermal cells

become considerably thickened and the nuiltiplication of the paren-

chyma cells on either side of the midrib causes a pronounced gather-

ing and distortion of these tissues. As the midrib does not elongate

in proportion to the increased extent of the parenchyma, it acts as a

gathering string passing through the leaf from end to end, and the

parenchyma becomes folded upon itself. The increase in the number

of cells occurs more extensively among the palisade tissue of the upi)er

half of the leaf than among the cells of the spongy parenchyma of the

under leaf surface; hence the majority of badly diseased leaves are

convex above and concave below, though this appeaianc(> is often lost

sight of, owing to the number and variety of folds wliich the leaf bhide

assumes.



CHAPTER III.

HISTORY OF THE TREATMENT OF PEACH LEAF CURL.

THE EUROPEAN SITUATION.

That the present outline of the gradual development of methods for

the treatment of peach leaf curl in the United States ma}^ be properly

appreciated, it is desirable to first show the conditions prevailing in

Europe as presented bv some of the leading European writers on plant

diseases. Prillieux, in an interesting paper on peach leaf curl, pre-

pared in 18T2, describes the fungus Edcoascm deformaTis and its action

on the tissues of its host.' He states that the fruiting fungus should

be looked upon as the center of infection, and that it is desirable to

remove the diseased leaves as thoroughly as possible and to destroy

them. He also states that this work should be supplemented by the

cutting off and burning of diseased branches. In 1878 Winter- stated

that the only way to prevent this disease is to destroy the fungus by

carefully removing the affected leaves, and by protecting the trees from

rain during the unfolding of the leaves, as rain favors the spread of the

parasite. The same year Felix von Thiimen wrote of Exoascuspruni^

the fungus causing plum pockets and closely related to Exomcua defor-

mans of the peach, ^ but made no recommendations for its treatment. In

1885, however, he again spoke of the plum pocket disease and pointed

out that it can not be removed except by severe cutting back of the

new and old wood of the affected trees.* In 1880-81 Frank, in the

second volume of the first edition of his work on plant diseases, rec-

ommends the cutting back of the twigs as a cure for leaf curl, and the

quick removal of the diseased leaves for prevention."

In 1886 the well-known work of Sorauer on plant diseases^ appeared.

The treatment recommended by this author is somewhat similar to

that recommended by Frank. He says, in speaking in a general way

1 Prillieux, Ed., Bull, de la Soc. Bot. de France, 1872, T. XIX, pp. 227-230.

2 Winter, Dr. Georg, Krankheiten der Kulturgewachse, Leipzig, 1878, p. 47.

^Thiimen, Felix von. Die Pilze und Pocken auf Wein und Obst, Berlin, 1878, III,

Fungi Pomicoli, pp. 88, 89.

*Thunien, Felix von, Die bekampfung der Pilzkrankheiten unserer Kulturgewachse,

Vienna, 1886, p. 71.

* Frank, Dr. A. B., Die Krankheiten der Pflanzen, Breslau, 1880-81, Theil II,

p. .526.

fi Sorauer, Dr. Paul, Handbuch der Pflanzenkrankheiten, second edition, Theil II,

p. 281.
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of the Aj'x/.^ntr, thiit it hiis hi'cn proved that tlu- inyrcliuiii winters

over in the yoiiiio'est parts of the shoots and in the huds, and he

reooiiiinends the removal of isohited sligfhtlv diseased leaves soon after

the first appearanee of the l)lister-lik(> swellings. When through the

attaek of a majority of the lea v'es of a branch it is shown that the

mycelium is already present in the axial organs, it is advised that all

of the vouno- wf)od of the affected branches be cut off. Hartijjf de-

scribed peach leaf curl in 1S81),' and agaiji in th«^ English edition of

his work pu])lished in ISH-t," but he leaves the su))ject without making

any suggestions as to treatmcMit. In 181K) Dr. Kirchner pul)lished

a work on plant diseases,'' in which he reconunends the cutting off of

diseased branches for the control of the disease. In 1801. Dr. Comes,

in writing of this disease, states that no direct means for combating

the parasite exists. He discusses the gathering and burning of dis-

eased and fallen leaves, the cutting back of infected branches, and the

application of cultural methods it) tluMr influence on tlu^ disease,* A
most excellent work on plant diseases by Dr. Tubeuf appeared in

1895,^ This writer groups the diseases caused by the /u'<>t/sr,'(i> among
those maladies which should ))«> coml)ated by the removal of the

diseased living plants and plant parts (pp. 8(5, sT). The second edition

of Frank's work on plant diseases appeared in 18iM», fifteen years

after the publication of the first edition, but the same recommenda-

tions for the treatment of curl are again made, word foi' word.^ In

all the preceding works there is no recognition of the methods of treat-

ment ])eing adopted and discussed in the United States and in Aus-

tralia. The recommendations for cutting away the diseased branches

so generally presented are the same as advanced l)y EhrcMifels nearly

a century before for the control of mildew of the peach.'

It is hardly necessar}' to say here what most orchardists ha\'e learned

by experience, that is, that it is impossible to eliminate the disease by

ordinary cutting back of the branches, and that in the orchard it is

equally impracticable to prevent the disease by the early removal of

the diseased leaves.

About this time the work being done on this disease appears to have

attracted the attention of Europeans. In 1891, in his work on. vege-

table parasites, Berlese recommends for this disease in Italy the use

^ Hartig, Dr. Robert, Lehrbuch der Baumkrankheiten, Berlin, 1889, pp. 118,119.

-Idem, The Diseases of Trees, London, 1894, pp. 132, 1.33.

'Kirchner, Dr. Oscar, Die Krankheiten nnd Beschiidigungen unserer landwirt-

schaftlichen Kulturpflanzen, Stuttgart, 1890, p. 324.

* Comes, Dr. O., Crittogamia Agraria, Naples, 1891, Vol. I, pp. 167,168.

^Tubeuf, Dr. Karl Freiherr von, Pflanzenkrankheiten (lurch kryptoganie Para-

siten verursacht, Berlin, 1895, pp. 86, 87, and 184.

^ Frank, Dr. A. B., Die Krankheiten der Pflanzen, second edition, Breslau,

1896, Bd. II, pp. 249, 250.

'Ehrenfels, J. M. Ritter von, Ueber die Krankheiten und Verletzungen der

Frucht- oder Gartenbiiume, Breslau, 1795, p. 225.
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of Bordeaux mixture in the spring, although he adds, as if doubting

its utility, that the mycelium of the parasite winters over under the

cortex of the branches/

In France, in 1895, Prillieux published the first volume of a work

on plant diseases, devoting several pages to the consideration of peach

leaf curl.*^ In this work the recommendations for treatment appear-

ing in his paper in 1872 are not given, but instead it is stated that

treatments with the salts of copper seem sometimes to produce good

results in preventing the multiplication by spores; but, as in the case

of Berlese, he adds, as if in doubt of the value of such treatments,

that they are without effect upon the perennial mycelium hidden in the

tissues.

B}^ the year 1898 the true idea of the preventive treatment of curl

had been grasped in Germany. Professor Weisz, in his paper on

plant diseases,'' published that year, cites the present method of con-

trolling curl. After renewing the older recommendations to cut off

and burn the affected twigs, he says that the trees should be sprayed

with copper-soda or copper-lime solution (eau celeste or Bordeaux

mixture), the first time he/ore the buds open. That these recom-

mendations are not the results of work done by Weisz, however,

appears probable, for his description of the disease is evidently quoted,

as he falls into the error of Winter, Frank, Kirchner, and other

writers in stating that the bloom produced by the fruiting of the

fungus appears upon the under surface of the leaves. Had he worked

upon this disease in the field he would not have been apt to follow

the above authors in their erroneous description of the fruiting habits

of the parasite.

DEVELOPMENT OF THE PRESENT METHODS OF TREATMENT.

The successful treatment of peach leaf curl dates from the time

when fungicides were first applied to dormant peach trees. So far as

learned, this treatment was first practiced in California, being intro-

duced by the winter application of sprays for the destruction of the

San Jose scale {Aspidiotus pernidosus). This insect was first discov-

ered in the Santa Clara Valley about 1870, but some time had elapsed

between the date of its introduction and the use of the stronger winter

sprays for its control.

Caustic soda and potash were early tested against this insect, and

afterwards sulphur was added, the sulphides of potassium and sodium

being used by many growers. Somewhat later whale oil soap and sul-

1 Berlese, A. N., I Parassiti Vegetali delle Piante Coltivate o Utili, preface dated

1894, pp. 124-126.

-' Prillieux, Ed. , Mai. d. Plantes Agr. , Paris, 1895-97, pp. 394-400.

=> Weisz, J. E., Die schiidlichsten Krankheiten unserer Feld-, Obst-, Gemuse- und

Garten-Gewachse, Miinchen, 1898, p. 45.
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pluir wH'iv c(nnl)iiuKl by Woilinji-. iU'fl ^till lattT ;i raustic spniy ('(mtain-

ino- liin(> was tested. All the above eheniieals, even the milk of lime,

were applied to dormant trees, and they are all known to possess suffi-

cient t'ung'ieidal action to control peach leaf curl to a larj^e extent if

applied to the trees shortly before tiiey ])loom.

While many o^rowers were usiniif these caustic and sulphide sprays,

aiu)ther spray containing' nuich larger quantities of sulphur was l)eing

used, and proved of nuich greater power, ])()th as a fungicide and insecti-

cide. This was a spra}' containing sulphur and lime, or a suli)hide of

calcium, and the history of its introduction is of special interest and is

inseparal>le from the early history of the treatment of curl. Mr. Alex-

ander Craw, (piarantine officer of the California State Board of Horti-

culture, has pu])lished an account of the introduction of this spray in a

recent num})er of the Pacific Rural Press,' but the following facts

were P-leaned from those who were the first to use and introduce the

spray.' Mr. A. T. Covell, who first applied this spray to dormant

peach trees, near Fresno, Cal., does not supply exact dates relative

to the work, but Mr. N. W. Motheral, of Ilanford, and Mr. 1. II.

Thomas, of Visalia, agree in placing its tirst use as a sprsiy in the year

1880 or 1881. The writer is informed l)y Mr. Motheral that the lime,

sulphur, and salt solution was originallv used as a sheep dip in Aus-

tralia, where it was known as the ''Victoria lime-and-sulphur-dip" for

scab. He states that it was recommended l)y a Dr. Rowe, and offi-

cially indorsed for a sheep dip in that country. This dip, it is also said,

was introduced in California by Mr. Charles Ho))ler, of Hanford, and

Mr. Hobler claims to have tirst recommended it to Mr. Covell, then

living near Fresno, for the treatment of his infested peach trees. Mr.

Covell disputes this claim, Init holds that he (Covell) first used this

solution as a spray upon his trees with success in the control of the

San Jose scale. As soon as this spray was found to be a practical suc-

cess, Mr. Covell, Mr. Thomas, and Mr. Motheral worked for its gen-

eral adoption in the treatment of scale. Mr. Thomas states that he

sprayed his own orchard the winter after seeing the action of the spra}^

on Mr. Covell's trees, and about this time the facts were given to the

press. Mr. Thomas writes that this spray was in general use in and

about Visalia as early as 1883, 1881, and 1885, and in Mr. Motheral's

section, near Hanford, at the same time. It may here be stated,

however, that lime and sulphur had been united by boiling in water

and used as early as 1852, at least in hothouses, for controlling the dis-

eases of plants. (See Revue Horticole, 1852, p. 168, and Gardeners'

Chronicle, 1852, p. 419.)

1 Pacific Rural Press, July 29, 1899, p. 68.

2 Letters from I. H. Thomas, Visalia, Cal., Sept. 6, 1899; N. W. Motheral, Han-

ford, Cal., Sept. 6, 1899; and A. T. Covell, Woodbridge, Cal., Oct. 13, 1899.

19093—No. 20 4



50 PEACH LEAF CURL: ITS NATURE AND TREATMENT.

It will be seen by the preceding outline that strong fungicidal spra^^s

were in general winter use upon peach trees throughout much of Cali-

fornia in the j^ears 1880 to 1885, during which time the peach or-

chards of many portions of the State were badly affected Ijy curl. In a

report by Mr. W. G. Klee, who inspected the orchards in many counties

of California from July to September, 1886, it is stated that in Alameda
County the cultivation of peaches must be confined to such varieties as

are very little subject to leaf curl; in Santa Cruz County, that "peaches,

of course, are subject to curly leaf, and can not, as a general thing, be
considered profitable;" and that in the Santa Rosa Valley the peach is

"of course subject to curly leaf."^

As peach leaf curl was quite prevalent throughout California in

1880-85, and as a large number of peach growers treated their dor-

mant trees with fungicidal sprays during that period, it is not strange

that they soon learned that the winter sprays prevented curl. Mr. I. H.

Thomas, of Visalia, informed the writer' that it was about the year

1885 that he noticed that the orchards sprayed with the lime, sulphur,

and salt solution were entirely free from leaf curl, while orchards con-

tiguous were affected so badly that all the foliage fell off'.

In 1886 Mr. W. G. Klee said,'' when speaking of an inspection he

made of the orchard of Mr. A. Block, of Santa Clara, Cal. : "A treat-

ment of peaches affected with curly leaf attracted my attention. Trees

not subjected to this treatment were in very poor condition, while the

others, favored with it, were in fine, health}- bearing." Mr. Block saj's

respecting this work* that he was making experiments for the destruc-

tion of scale insects when he detected a perceptible- difference in the

amount of curl on the treated and the untreated trees. He thinks

this was one or two years before Mr. Klee had seen his trees in 1886.

After having noticed the action of the sprays applied for scale in the

prevention of curl, he went to work to ascertain what particular

ingredient caused the prevention of the fungous disease. These direct

experiments, Mr. Block states, were carried out on a row of 23 ti'ees

in his orchard. Among the chemicals tested were caustic soda, caustic

potash, carbolic acid, tobacco, and sal soda, all more or less combined
with whale oil. Among the numerous sprays used, Mr. Block thinks

that a strong solution of caustic soda gave the best results. All these

sprays were applied while the trees were dormant.^ The stronger

^Klee, W. G., Eeports and Papers by the Inspector of Fruit Pests, read at Sacra-

mento, November, 1886, Kept. Cal. State Bd. Hort., 1885-86, pp. 344, 347, 349, 350.

^Letter dated Yisalia, Cal., Sept. 6, 1899.

»L. c, p. 347.

* Letters dated Santa Clara, Cal., Sept. 1 and 10, 1899.

^ It may be noted that whale oil soaji was thus used Ijy 3Ir. Block with success

against curl in 1885 and 1886. Prof. L. R. Taft, in a letter dated Agricultural College,

Mich., Aug. 31, 1899, says that he had good results in the treatment of curl with

limewater, lye, and whale oil soap. (See also records of experiments by the writer

with milk of lime, etc.) Mr. F. M. Webster reports satisfactory results with whale
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cuustic s])ray reconiiiKMiclcd Ity Mr. Block coiisistod of 1 pound of {>8

por cont caustic soda to (> oi* 7 nallons of water. The same year, LS8(>,

Mr. Sol. Ruin'ou, of Coui'tlaud. Cal., reported that he had met with

success incontrollinii- a ••l)li<iht" of peach trees, the name of the dis-

ease not being- known to him. This l^licrht had previously caused all

the leaves to fall from every tive he had. especially thi^ youno- ones.

He used a caustic spray on the dormant tree, as did ^Ir. iilock, and

states that the trees which he treated were not afiected by the blioht

at all, while the untreated trees, right beside th«^ treated ones, were

badly affected.' There is little doubt that ^Nlr. Hunyon was treating

curl, as it is a very serious trou))l(> in that section of the State. After

the leaves had fallen in the autunm of 1886 and during the winter of

1886-87, Mr. Kunyon sprayed many of his peach trees with a spra}'

composed of 2 gallons iish oil, 10 pounds of caustic soda (98 pei' cent),

and 5 pounds of copper sulphate to 100 gallons of water. This spray,

as applied, was certainly a pi"ev(Mitiv(» of curl, and as a portion of his

peach trees were left imtreated the contrast should have been marked.

Unfortunately, however, I have ])een unable to get further details of

this early work with copper sidphate, as Mr. Runyon is no longer

living.^

In November, 1888, Mr. W. (t. Klee stated at the Chico meeting of

the California State Board of Horticulture, that an experienced and suc-

cessfid fruit grower in San Jose had used successfully for the purpose

of killing scale insects, the so-called sal soda and whale oil wash, and

that h(^ maintained that ever since he had been using that wash ho had

been free from leaf curl in his orchard.'' Mr. floseph Hale, of Stock-

ton, Cal. , reports * that he sprayed his peach trees, while dormant, in the

years 1888, 1889, and 1890, as well as in subsequent years, and that as

a result he sustained no loss from curl during these years. He used

the lime, sulphur, and salt spra}'. Mr. G. W. Ramsey, of Lotus,

Cal., states that he began spraying his orchard wnth . lime, sulphur,

and salt in 1890 or possibly in 1891. In 1895, in Avriting of his past

spray work, he states that his trees had not been affected in the least

by leaf curl since he had been using the above wash. He says: "It

completely exterminated the scale the lirst two years I used it, but I

continue to apply it to my trees once a 3^ear to prevent leaf curl," He
further states that this wash must be applied when the buds are dor-

mant, and that it is generally applied in February in his section.

oil soap (South Australian Journal of Agriculture, March, 1899, Vol.11, No. 8, p. 630)

;

see also the results reported by Henry Rofkar and W. V. Latham & Son, of Catawba
Island, Ohio, as reported by A. D. Selby, Bull. No. 104, pp. 208, 209, Ohio Agr. Exp.

Sta., March, 1899.

iRept. Cal. State Bd. Hort., 1885-86, p. 221,

-Ibid., 1887-88, p. 93.

''Rept. Cal. State Bd. Hort., 1889, p. 172.

Reply to circular letter of Nov. 25, 1893,
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As early as 1890 the etfectiveness of lime, .sulphur, and salt against

curl appears to have been observed in Oregon. Mr. J. D. Whitman,
of Medford, Oreg., who was horticultural commissioner for the third

district of that State, wrote under date of January 27, 1894, that four

years' observation as commissioner had demonstrated beyond a doul^t

that a spray of lime, sulphur, and salt is an effectual remedy for leaf

curl. He states that the application in every instance was made for

the purpose of destroying the San Jose or pernicious scale, and gener-

ally on only a portion of the orchard, the other portion showing the

curl as usual.

The first practical (experiments with copper sprays on dormant trees

for the control of curl, after the sprays applied by Mr. Sol. Runyon
in 1886 and 1887, were conducted, so far as learned, in the year 1890.

The sunnner use of these sprays had been tested in Australia, and

pr(>bal)ly elsewhere, for several years, but with slight success in the

control of curl.

About the 1st of December, 1889, Mr. L. E. Benton, then of Berke-

ley, Cal. , wrote to the United States Department of Agriculture for

information relative to the nature and treatment of curl. .These inqui-

ries were answered at length, the literature on Exoascus deformans

being quite fully cited. No method of controlling this disease was

then known at Washington, and as winter spraying had not yet reached

its present importance, the recommendations for treatment were nec-

essarily inadequate, and were based upon the then accepted views

respecting the strict perennial nature of the mycelium of the fungus,

and the consequent difficulty of controlling the parasite by sprays.

After gathering such information as he desired, Mr. Benton insti-

tuted a series of spraying experiments in the university orchard at

Berkeley in the spring of 1890. The work done by Mr. Benton,

although limited in extent, was of the utmost practical importance, as

well as of great theoretical interest. A summary of his results was

published in August,- 1890.^ Three copper sprays were tested, the

ammoniacal copper carbonate, basic copper acetate solution, and Bor-

deaux mixture. The ammoniacal copper carbonate was applied on

February 28, 1890, before the opening of the buds. All three of the

spra3^s mentioned were also tested soon after the leaves started. The

results demonstrated that winter treatment of the trees with the salts

of copper will effectivel}^ control the disease, but that summer treat-

ment will not control it, and also that infection of the spring growth

b}^ perennial mycelium was the exception and not the rule with this

disease—facts of the utmost practical importance for the orchardist.

Mr. Benton's studies likewise led him to the view that the mycelium,

passing from infected leaves to the stem, is able to infect new foliage

1 Pacific Rural Press, Aug. 2, 1890.
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l)y follow injf t-loso lu'liind the growinj;^ point of tlio .stem. His obsorva-

tion.s seemed to point to this young nn'celium, lesultinjjf from the tirst

spring infections, as the source of the hiter infections tlirough the

branches rather than the perennial mycelium of the previous year.

He says that not onl}- does the fungus live in the leaf of the peach, but

it at once pushes its way into th(> young growing stem, following the

growing point as fast as it lengthens and })assing into the leaves as fast

as they appear. On this account he concludes that no external appli-

cations can stop such a fiuigous growth, and spraying after the ])uds

burst and the fungus has become estal)lished will have little eftect. It

may be added that several j'^ears' observation in large blocks of trees

sprayed after the foliage had started has shown the writer that the dis-

ease can not thus be controlled, and that Mr. Benton's conclusions are

correct. Whether this failure is due to the causes pointed out by Mr.

Benton, however, or simply to the lack of the pi'evention of the infec-

tion by spores, or to both sources of infection, should be given further

study. Mr. Benton states that in the spring of 18iK), the time his

experiments were undertaken. " no remedy was known; since, some
practical growers have found successful means of combating it, and

these experiments now deserve no further credit than that they were
intentional and not a matter of chance." It is now known that curl

had been controlled by numerous growers in widely separated regions

in C'alifornia through the use of various sprays many years prior to

181MJ. Mr. Benton savs he was unaware of these facts when he beofan

his work, and his experiments are worthy of full credit, not alone for

the enterprise shown in undertaking them, but for the results of

unquestioned value to w hich they led.

In 1891 the copper treatment for peach leaf curl was independently

discovered and clearly demonstrated in Australlia. The successful

results of this work were observed in November and December, 1891,

and were published in the South Australian Register of March 30, 1892.

At a meeting of the Nuriootpa branch of the South Australian Agri-

cultural Bureau, held in Angaston during November, 1890, the sub-

ject of fungous diseases affecting fruit trees was discussed and the

appointment of a committee to conduct preventive experiments was
considered. At a subsequent meeting Messrs. F. C. Smith, W. Sage,

and A. B. Robin were selected for this work. During the interval

liefore spraying, Mr. Smith corresponded with those in charge of the

pathological departments in Australia, England, California, and Wash-
ington. The report in the South Australian Register says that among
the replies received was a series of valuable reports from Professor

Galloway, showing that up to 1889 modified eau celeste, ammoniacal
copper carbonate, and Bordeaux mixture had proved most successful

in the United States. ''These were therefore selected by the commit-
tee for their experiments." Mr. Smith, of this committee, informed
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the writer tluit their work was based hirgely upon that of Prof. E. S.

Goff on Fusicladiura.^

The spray work Avas begun in July, before the trees leafed out, the

main object being to control apple scab and the shot-hole fungus on

the apricot. The sprayed apricot trees belonged to Mr. Trescowthick,

and were treated with Bordeaux mixture. In the block was one

peach tree, which was spraj^ed when the apricots were treated. This

tree had suffered severeh^ from curl, so much so, in fact, that it had

not borne for four or five A^ears, but after spraying it yielded eight

cases of fruit of 50 pounds each, or 400 pounds, the curl being almost

entireh^ prevented. Mr. Smith writes, respecting this work, that

when apph^ng Bordeaux mixture from Juh^ to October, 1891, for the

various diseases with which they were coping he had not the slightest

idea that this or any of the fungicides would have any effect whatever

on curl leaf, and the members of the conmiittee were the more sur-

prised to see its marvelous effects in January and February. "It was

the mos-t conclusive of all our tests," it was stated.^

The work was continued the following season, and some contrasts

obtained on the place of Messrs. Sidnej' Smith & Son, of Yalumba, are

of interest in this connection. In an article published at that time it

is stated that the effects of spraying with Bordeaux mixture upon both

peaches and apricots were ver}^ noticeable. On one side of the fence

was seen a healthy set of trees, well clothed with fruit and dark green

foliage, and witii no curled leaves, while on the other side, where spray-

ing had not been done, was a block of apricots, among which were a

few peach trees very badly attacked by leaf curl. At this time the

orchard of Mr, A. B. Robin, of Nuriootpa, secretary of the conmiittee

for experiments, was inspected by Mr. Molineaux, general secretary

of the South Australia Agricultural Bureau, and by several prominent

horticulturists, and was found to have a splendid crop of fruit, nearly all

the apricot and peach trees having been sprayed. One peach tree had

been sprayed on only one side with the Bordeaux mixture, and on this

side the foliage was clean and healthy, while on the unsprayed side it

was curled. "Here again," says the reporter of this examination,

"was absolutelj^ conclusive evidence of the preventive effect of spray-

ing for curl leaf."

In the United States, in 1892, the use of both the sulphur and coppei-

sprays on dormant trees was much more common. The control of

curl was a new discovery to several growers who had not heard of

the published experiments. Mr. George Woolse}^ of lone, Cal., had

been considerably troubled by a shot-hole fungus affecting peach twigs

—

a common trouble in the northern portion of the State. A bundle of

the affected twigs was sent to Professor Woodworth, of Berkeley, who

^Letter dated An^ayton, South Australia, Feb. 11, 1895.

'^Letter dated Aiigaston, South Australia, Apr. 6, 1895.
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advised tho uso of B<)i'd«'iuix inixturo; but Jis this fundus is iiotivc in

the spiiiiji- before thi^ trees leaf out, Mr. Woolsey sprayed the trees while

dormant. He says, in rehition to his results, that he found Bordeaux

mixture corrected the trouble with the twigs, and at the same time acted

as a specific for the leaf curl. ' His work for the control of curl in the

following- year was strikingly conclusive as to the effectiveness of this

spray. Mr. 1). W. Sylvester, of Geyserville, Cal., conducted some

spraying experiments in 1892 with the direct object of controlling curl.

His spray was composed of 12 pounds of copper sulphate and 20 pounds

of lime to 100 gallons of water, and was applied to the dormant trees.

Mr. Sylvester states that having formed the opinion that the disease

was of fungous nature, and knowing of the value of copper sulphate as

a fungicide, he determined to test it against curl. He belie\t'd better

results would be obtained hy killing the ''germ" than by waiting until

the disease appeared, and this, he says, induced him to make the appli-

cation to the dormant trees. For the experiment he selected a row of

10 trees, spraying 5 and leaving 5 unsprayed for comparison. He
states that the 5 sprayed trees held their leaves and fruit and bore a

crop, but the others shed every leaf and every peach, and for more

than a month looked as if a fire had gone over them. In spite of this

experience, Mr. Sylvester neglected to spray in 1893, when, he states,

the trees shed all their leaves and nearly all their fruit through curl,
"^

and adds that the l)est time to spray is just as the })uds begin to swell.

A portion of the peach trees on the Rio Bonito ranch at Biggs, Cal.,

were sprayed with the lime, sulphur, and salt spray in 1892, the spray

being applied to the dormant trees as elsewhere. The contrast tTiat

season between the sprayed and unsprayed trees was well marked, the

unsprayed trees being much affected by curl, while those treated were

practically free from it. These observations were made at the time

by Mr. McDonald, the foreman, and by others on the ranch.

The preceding examples could be greatly extended if necessary, as

winter spraying was a common practice in California after 1885. By

1892 the San Jose scale had also become more widely distributed . in

Oregon, and was being quite generally treated by winter sprays in that

State. Mr. A. H. Carson, of Grants Pass, Oreg. , began spraying his

orchard about this time. In reply to a communication sent to him

November 25, 1893, Mr. Carson says that his knowledge as to the lime,

sulphur, and salt remedy for leaf curl was gained by observing that

trees on which this remed}^ was used to destroy the San Jose scale were

not affected by curl, although they were varieties much subject to the

disease. On the other hand, he states that unsprayed trees, with the

same conditions as to exposure, altitude, etc., were badly affected.

Mr. J. H. Stewart, of Medford, Oreg., writes that he sprayed his peach

1 Letter dated lone, Cal., Aug. 26, 1899.

^Letters dated Geyserville, Ca!., Nov., 1893, and Sept. 18, 1899.
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trees in 1892.' He says he used a spray in 1892, 1893, and 1894,

which was effectual against scale and most fungi. This spray was

composed of lime, sulphur, and sulphate of copper, and was applied

in the winter.

In the East, about this time, mildew, brown rot, black spot, rust, and

curl were attracting the attention of peach growers and causing

serious losses in some sections, and a good many growers were trying

summer sprays for the control of one or more of them. Mr. F. P.

Herr, of Ridgely, Md., writes^ that for three successive years prior

to 1895 he sprayed with limewater, Bordeaux mixture, and arsenical

mixtures, and that everything he used produced absolutely negative

results, except the arsenites, which injured both foliage and fruit. It

would appear probable from these results that the sprays were applied

too late to be effective against curl. Mr. L. B. Geiger, of Hoffman,

Pa., writes'^ that he was formerly troubled with leaf curl i-n his

orchard^ but has had very little of late years. The reason of this, he

thinks, is the fact that he has sprayed his peach trees with Bor-

deaux mixture several times each year since 1892. He states that at

least 75 per cent of the crop of one variety was thus saved. Whether

the spray work was done in the winter, or whether, owing to the

number of applications made, the summer spray persisted in its action

through the following winter, is not known.

It was in 1892 that Prof. L. R. Taft, of the Michigan Agricultural

Experiment Station, first obtained the idea that peach leaf curl could

be controlled by the application of winter sprays. This gentleman

has supplied the leading facts respecting his work.* He says: "In

1892 I was making a series of experiments with Bordeaux mixture

and solutions of copper sulphate to learn the strength that could be

used upon various plants and trees without injury. These materials

were applied at different times, the sprayings being at intervals of

about four weeks, from April to July, and while some trees received

but one application, others were sprayed two, three, and four times.

It was noticed, the trees sprayed in April with either copper sulphate

or Bordeaux mixture had no curled leaves, while unsprayed trees and

those that were not sprayed until June or July were seriously injured

by leaf curl.

"From the marked difference in the injury from the leaf curl to

the sprayed and unsprayed trees, 1 felt very confident that the disease

could be held in check to a large extent by the use of fungicides, and

in writing Bulletin 92, in December, 1892 (published in March, 1893),

I make the statement that ' it is quite certain that the disease can be,

to some extent, held in check by their use,' in referring to the effect

1 Letters dated Medford, Oreg., Dec. 14, 1894.

^Letter dated Ridgely, Md., Feb. 15, 1895.

=* Letter dated Hoffman, Pa., Mar. 18, 1895.

•'Letter dated Agricultural College, Mich., Aug. 31, 1899.
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of fiintj^it-idos in pivviMitino- tho dovolopniont of loaf curl on ix'iich

trees."

It would seem that tho work in Australia, as well as that of the pre-

cedinir ton years in California, had not come under tho notice of Pro-

fessor Taft at tho time of his observations in 181>2, and that thc^ same

was true at tho close of tho succeeding- year's cxporinionts. In his

article on curl, published in the American Agriculturist for February,

1894, he saj's,^ in speaking of the treatment of curl prior to his

work in 1893: '"Although there were some yague suggfostions as to

the possible v^aluo of some of the fungicides as remedies for this dis-

ease, nothing was really known until the past season."

May 20, 1893, while working on plant diseases at Yuba City, Cal.,

in company with Mr. R. C. Kells, then horticultural connuissioiuM- of

Sutter County, that gentleman told tho writer of a jx'ach orchard in

the yicinity where poach loaf curl had l)oen controlled by tho previous

winter's sprays. The orchard was that of Mr. W. II. Campbell, of

Yu))a City, and was at once examined by the writer in company with

Mr. Kells. The trees were of the Orange Cling variety, and had been

sprayed with lime, sulphur, and salt up to the base of the smaller

branches of the main lim])s, for the purpose of killing the San Jose

scale upon the older wood, the spraying of tho tops of the trees not

being necessary. The result of this treatment was to protect the

lower half of tho trees from tho attack of curl, while the tops wore

left unprotected. Curl developed seriously in the Sacramento Valley

that spring, and as a consequence those trees wore l)adly diseased and

stripped of foliage down to the line where the limbs had been sprayed

for San Jose scale. The resulting appearance was most striking, and

showed the advantages of spraying in a marked degree. The lower

half of the trees was well supplied with normal green foliage, while

the upper half was either bare or the leaves present were yellow and

badly curled. Photographs of these trees were taken on May 21, 1893.

May 22, 1893, the w^riter visited the Riviera orchard, at Live Oak,

Cal. This orchard is situated on the Feather River bottom and is

under the management of Mr. A. D. Cutts, of Live Oak, one of the

proprietors. In this orchard was found a most striking case of the pre-

vention of curl by the use of winter sprays. In the winter of 1892-93

one block of trees was thoroughly sprayed for San Jose scale with lime,

sulphur, and salt. After this work was completed the weather became

unfavorable for further spraying. The soil was so wet from rains that

a 40-acre block of Crawfords Late trees could not be sprayed, and it was

so late in the winter })efore the work could be done that Mr. Cutts

feared it might injure the fruit buds if he sprayed the trees entire.

He therefore had the trees in this block examined, and rags were

tied upon the limbs of those which appeared to most need a thorough

>The Curl of the Peach, American Agriculturist, Feb., 1894, pp. 71, 72.
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spraying for scale. These marked trees were scattered, here and there

one, throughout the entire 40-acre block. In February the marked

trees were very thoroughly sprayed over all parts, as much as two

gallons of spray being applied to each tree. After this work was

completed the entire block, with the exception of the trees already

treated, was sprayed as high as the forks of the main limbs, thus

avoiding any injury to swelling buds. As before stated, curl devel-

oped seriously in the Sacramento Valley in the spring of 1893, and

the result was that the unsprayed trees, as well as those sprayed

only on the main limbs, were nearly denuded by the disease, while

the scattered trees which had been sprayed throughout were in

full and vigorous foliage and growth. In the writer's notes upon the

examination of this orchard on May 22, 1893. it is stated that the

trees fully treated in this block were loaded with fruit and in full leaf,

while the trees sprayed only to the forks of the limbs were nearly bare

and alm'ost wholly destitute of fruit on the unsprayed parts. Such

fruit as was found on the unsprayed branches was inferior in size and

quality. It is further stated that the absence of fruit on the untreated

branches as compared with the aliundant yield of the treated branches

gives such a striking contrast as to be almost beyond belief.^

Mr. William N. Runyon, of Courtland, Cal., treated a large acreage of

peach trees with lime, sulphur, and salt in the winter of 1892-93. He

states that the trees sprayed once while dormant were practically free

from curl, while trees of the same variety not sprayed were badly

affected.'^ He also ^ives an observation of interest in connection

with the habits of the fungus, and one since indorsed by the writer,

that is, that the disease '' will not spread from an unsprayed to a sprayed

tree." In letters from Mr. Runyon^ relative to this work, he

remarks that although he had heard that a mixture of lime, sulphur,

and salt was beneficial in controlling curl, he had no idea that the result

would be so nearly a complete prevention. He says that it was only

when curl leaf had become quite prevalent on unsprayed trees that

he noticed its almost total absence on those that had been sprayed.

The most striking instance, he states, was where about 50 three year

old nectarine trees stood in rows adjoining about a dozen full-grown

trees of the same variety that had shown curl for years. The young

trees, hot having shown any scale, were left unsprayed, and were a

mass of curl, while the old trees, which were given the regular treat-

ment, were almost entirely free. In this orchard about 60 acres of

peach trees were also sprayed, the work being done about the 1st of

» F(jr further notes and tabulated records of some of this work of the spring of

1893 the reader is referred to Chapter YII under Notes on the Auxihary Experi-

ments in Cahfornia.

2 Answer to circular letter of Nov. 25, 1893.

3 Letters dated Courtland, Cal., Jan. 31, and Mar. 8, 1894.
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Foln-uary, and 4-0 acn^s of youn^- trees \rit unsprayed. In the Santa

Clai-a Valley the sulphur sprays were in general use Wy the leadino-

growers in 1893. Mr. A. B. Elder, of Santa Clara, writes, in reply

to a eireular letter of November 25 of that year, that this spray is

giving good satisfaction for the control of curl and '"is used ))y large

growers of peaches." Mr. John Rock, of Niles, Alameda County,

Cal., writes, under date of December 28, 1893. that a mixture of lime,

sulphur, and salt is a preventive of curl if applied before the flowei-

buds expand.

Bordeaux mixture was used in the winter of 1892-93, in the Carmel

Valley, near Old Monterey, with the express purpose of controlling

curl. Mr. Daniel Snively, of (nibserville, Cal., writes' that his

brother used Bordeaux mixture for the control of this disease, and

that its action is
'' so certain that any twig not touched is sure to

curl.'"' Mr. (ieorge Woolsey, of lone, Amador County, Cal., sprayed

his orchard with Bordeaux mixture in the winter of 1892-93, for the

express purpose of controlling curl, and as a result of his experiments

in the winter of 1891-92, to which reference has already been made.

Relative to his work in the spring of 1893, Mr. Woolsey says' that he

sprayed all of his apricot trees, but as time pressed he found that he

would not be a])le to spray all of his peach trees, so he sprayed the

most valuable portion, i. e., the young lower growth, and h^ft the top

unsprayed. He states that the season of 1893 was damp, and leaf curl

very prevalent in his neighbors' orchards, but on his place all the

trees and parts of trees sprayed were exempt, all the others being

badly affected by curl and the crop on them almost a failure. A
healthy growth on the lower sprayed part of the trees, and the In-anches

denuded of foliage on the upper unsprayed part, formed "a most

striking object lesson," and, Mr. AVoolsey adds, has made him ''an

enthusiast on Bordeaux mixture.'' A few demonstrations such as

he obtained in the season of 1893, he remarks, would convince the

growers of the profitableness of the work.

Many peach orchards were sprayed in Oregon in the winter of

1892-93. A favorite spray was a combination of the sulphur spray

with copper sulphate, although the former was used separately by

some growers. The object of the combined spray was to unite, as far

as possible, the insecticidal qualities of the sulphur spray with the

fungicidal qualities of the copper salts. =' The winter application of

ammoniacal copper carbonate was tested in Oregon also, by Mr. M. O.

Lownsdale, of Lafayette. In reply to the circular letter dated Nov-

ember 25, 1893, Mr. Lownsdale says he had fair success in prevent-

ing curl with lime, sulphur, and salt applied in the winter, followed

' Reply to circular letter of Nov. 25, 1893.

2 Letter dated lone, Cal., Mar. 26, 1894.

* See results of the tests of combined sprays made by the writer, pp. 84, 86, 117, 118.
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by three applications of amnioniac-al copper carl)onate after the appear-

ance of the foliage. He had ])etter success, however, from ainiuoniacal

copper carbonate applied in late winter, before the swellino- of the

buds, followed by three applications of a weaker solution upon the

foliage. "This."' he says, "was a complete success."

In Michigan the work in 1893 was very satisfactory. Mr. Charles

Youngreen, of AVhitehall. sprayed one row of peach trees before they

leafed out in the spring. He states^ that not one of the sprayed trees

showed curl, while the unsprayed trees were all affected. The follow-

ing year he sprayed the entire orchard and not a tree suffered from

the disease. At Shelby. Oceana County, several growers sprayed

with Bordeaux mixture with good success. Mr. R. Morrill, of Benton

Harbor, stated at a meeting of the Michigan Horticultural Society

held at Shelby. June 14 and 15, 1893, that he found there, in four or five

cases, that men had sprayed peach trees with Bordeaux mixture, and

the effect in decrease of leaf curl was plain to be seen.^ Mr. Morrill

fails to state, however, whether the first spraying was done while the

trees were dormant. The effects of curl at Shelby at that time were

marked, the same gentleman remarking that in one morning he had seen

enough damage done l)y it to pay for spraying all the orchards within

five miles.

Professor Taft reports his work in 1893 as follows :=' "In order to

secure definite knowledge upon' the subject [treatment of curl], I

arranged for a series of experiments, and in the fall of 1892 had a

number of peach trees sprayed with a solution of copper sulphate

(1 pound in 25 gallons), and in a similar experiment at South Haven

Bordeaux mixture was used as soon as the leaves dropped in Novem-

ber, 1892. During the first half of April. 1893, the same trees were

again sprayed with similar mixtures, and other trees were treated that

had not been sprayed in the fall of 1892. The result was that where

fully 50 per cent of the leaves and all of the fruit dropped from the

unsprayed trees, there was little injury to the same varieties that were

treated in both fall and spring or that were sprayed only once, in

April; but where they were not sprayed until after the leaves had

come out only a slight benefit was secured. The results were given

in Bulletins 103 and 104 of the Station. On June 14, 1893. I gave the

results, up to that time, at the meeting of the State Horticultural

Society."

The' orchards of the Michigan Agricultural Experiment Station at

South Haven, in charge of Mr. T. T. Lyon, had suffered severely from

curl in 1890, 1891, and 1892.^ Mr. Lyon says, respecting the spray

1 Letter dated Whitehall, Mich., Sept. 6, 1899.

2 Kept. Mich. State Hort. Soc, 189.3, p. 68.

3 Letter dated Agricultural College, Mich., Aug. 30, 1899.

*See Repts. Mich. Hort. Soc, 1890, p. 144; 1891, p. 228; 1892, pp. 160, 161.
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work doiu' in tho winter of 1S92-03,* that as the apparent result of

the fall and sprino- sprayin«-s, there was ahiiost a total absence of leaf

curl, althouoh it had usually been quite prevalent there in early spring-,

and was present in 181>3 in neiohl)()rino- orchards, causinor many of the

leaves and fruits to drop. He says" further, that to him ''the effect

of the spray upon leaf curl in particular was a revelation." The work

of Professor Taft in this orchard in 1893 was reported on several occa-

sions durino- 1S!)3 and 18'.»-i.''

The work of the writer began in Michigan by the publication, in

the fruit belt of that State, in the latter part of July, 1893, of notices

of the work done in California,* and of reipiests for the names of

peach growers who had sustained losses from this diseast*. In

August, plans for experiments at Shelby and Ludington were in

progress, and in November a circular letter, stating that leaf curl had

been successfully prevented in California, \vas addr(\ss(Hl to the ])each

growers of all the leading peach centers of the country. In this

circular it was stated thjit "It is proposed to carry on during the

coming season some work in ditlerent parts of the United States,"

The circular reached many of the leading peach growers of Michi-

gan. During the winter, that of 1893-94, plans for the testing of

winter sprays for the control of curl were undertiiken by growers, at

the request of this Department, at Whitehall, Albion. (langes, Beulah,

Riverside, Benton Harbor, St. Joseph, Kalamazoo, Covert, Hawk-

head, South Haven, Ludington, Shelby, Douglas, Millgrove, Custer,

Amber, Mears, Hart, Gobleville, Ortonville, Monterey, Fenville,

Saugatuck, Allegan, AVayland, Bradley, Peach Belt, etc. During the

winter of 1894-95 the above list was greatly extended. Within these

two years over 400 Michigan peach growers were sent full instruc-

tions for controlling curl. Each grower was requested to make his

tests according to an experiment sheet sent him, leaving unsprayed

trees for comparison. In this way many striking object lessons were

obtained, aiding materially in the early and widespread introduction

of the methods of treatment recommended. Reports of a few of these

experiments are given in a subsequent chapter.

The Department's tests in Ohio were instituted through a circular

letter in November, 1893, announcing to a large number of peach

growers in that State the successful treatment of curl in California,

and stating that experiments would be undertaken in the East. As a

result of replies to this circular, full instructions for controlling curl

iMich. Exp. Sta. Bull. No. 104, pub. Feb., 1894, pp. 64, 65.

2 Letter dated South Haven, Mich., Dec. 16, 1897.

=* Paper read at Shelby, June 14, 1893, Kept. Mich. Hort. Soc, 1893, pp. 66, 67, and

79; article in Allegan Gazette, July 1, 1893; Mich. Exp. Sta. Bull. No. 104, p. 64; pub.

Feb., 1894; American Agriculturist, Feb., 1894, pp. 71, 72.

* Ludington (Mich.) Appeal, issue of July 20, 1893, quoted by Shelby Sentinel, etc.
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were sent to a number of orchardists in the peach-growing centers

of Ohio in the winter of 1893-94. During this and the succeeding

winter over fifty orchardists, located in twenty-five difi'erent peach-

growing centers of the State, received carefully prepared instructions

for winter spraying for curl. The instructions for both winters were

planned, in the usual manner of experimental work, a number of

unsprayed or control trees being left for comparison with the trees to

be treated with each spray to be tested. The object in thus planning

the work was the same as for that in Michigan and elsewhere—that is,

to obtain such striking contrasts between sprayed and unsprayed trees

that they would form long-remembered object lessons for all who
should chance to see them.

The spray work of the Ohio Agricultural Experiment Station after

1890 was quite extensive; but the treatment of peach leaf curl is not

mentioned in the bulletins on orchard spraying published by that

station in December, 1891, and February, 1893,^ although in the

latter (Bui. No. 48, p. 12) the spraying of peach trees for other

diseases is considered. In the spring of 1893, however. Prof. W. J.

Green sprayed a considerable number of 3"oung peach trees, just

planted, the object being ""to deteiTnine the truthfulness of the

><tatements that had been made concerning the effect of spraying upon

peach trees." In relation to curl, Professor Green says that he "did

not see any effect until the season of 1894," during which and in 1895

''there was some effect noticeable." He says further, in this connec-

tion: "'I am aware that other work in this direction had been done

before 1 commenced, because I received my suggestions from some

other source, but I can not now recall the particular case." (Letter

dated September 30, 1899.)

Upon these results obtained by Professor Green, and supported by

the work of Benton in California and Taft in Michigan, were based

the subsequent experiments of Prof. A. D. Selby in the orchard of

William Miller, of Gypsum, Ohio.^ These experiments were begun,

according to Professor Selby, in April, 1895,^ but no results with

leaf curl were obtained until 1896,* as in 1895 there was no difference

between sprayed and unsprayed trees in the amount of curl developing,

it being so insignificant as to be without evident effect. The curl

which developed in 1896 enabled Mr. Selby to obtain some contrasts

between sprayed and unsprayed trees, but these contrasts were not as

1 Green, W. J., The Spraying of Orchards, Ohio Agr. Exp. Sta. Bui. No. 9, Dec,

1891, Vol. IV, second series; Bui. No. 48, Feb., 1893, p. 12; and a letter from Pro-

fessor Green, dated Wooster, Ohio, Sept. 30, 1899.

^Letter from Prof. A. D. Selby, dated Wooster, Ohio, Sept. 13, 1899.

'L. c; also Ohio Agr. Exp. Sta. Bui. No. 92, March, 1898, pp. 237-24.5.

Ohio Agr. Exp. Sta. Bui. No. 92, March, 1898 p. 245; also Thirtieth Ann. Rept.

Ohio State Hort. Soc, pp. 87,
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marked as they would have been had the disea.se developed seriously.'

As it was light in ISH;') uiul ls:»ti. no gain in fruit was shown by

sprayed over unsprayed trees these years. In 18J»7 the work was con-

tinued, and owing to the serious development of curl the desired

contrasts in foliage were obtained. Unfortunately, however, the fruit

buds had been killed by cold and no fruit rcM-ords were obtainable.

The first contrasts in fruit on sprayed and unsprayed trees in Mr.

Miller's orchard were reported to Mr. Selby in 18U8, and they are

both valuable and conclusive.'

The announcement of the Department's work on leaf cuil was sent

to the growers of peaches in Illinois, Indiana, and Pcimsylvania at the

same time that it was sent into Ohio and other States of the East, viz,

in November, 1898; and during the winters of 1893-94 and 1894-95,

leSo peach growers in Pennsylvania. 81 in Indiana, and 'Mi in Illinois

were re(iuested to spray for the control of curl and report to the

Department. A complete plan for these tests, control trees l)eing

provid(Hl for in every case, was sent to each of the growers. So far

as reported, where instructions were followed, the results of this work

were satisfactory in all cases where curl developed and where frost

did not prevent the obtaining of results.

Winter spraying for the control of curl began in New York, so far

as known to the writer, in the winter of 1898-!>4, during which and

the following winter over seventy peach growers of the State received

from the writer full instructions for the treatment. These instruc-

tions were sent out through personal correspondence with orcliardists

in over twenty of the peach-growing centers, and by means of care-

fully prepared circulars. Among others, Mr. W. T. Mann, of Barkers,

undertook spray Avork for the Department in the winter of 1893-94.

Carefully planned experiments were carried out by him in his young

orchard, the spraying being done on April i>, and before growth

started, and alternate rows being left untreated for comparison. Mr.

Mann reported the results of this work as satisfactory, and they are

elsewhere given in this bulletin. Mr. James A. Staples, of Marl-

boro, also conducted spray work for the Department in 1894, 1895,

and 1896, and where the instructions were carried out respiecting

the time of first spraying his results were fully satisfactory. Prof.

L. H. Bailey ^ reported the work of Mr. Henry Lutts, of Youngstown,

for the spring of 1894; and Mr. A. D. Tripp, of North Ridgeway,

reports excellent results from his work.

»Ohio Agr. Exp. Sta. Bull. No. 92, pp. 246,247.

•'Ohio Agr. Exp. Sta. Bull. No. 104, March, 1899, p. 210; also Rept. Ohio State

Hort. Soc, 1898, p. 13.

^Bailey, L. H., Impressions of the Peach Industry in Western New York, Cor-

nell Agr. Exp. Sta. Bull. No. 74, Oct., 1894, pp. 382,383.
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A bulletin of the Cornell Agricultural Experiment Station, by

George F. Atkinson/ which appeared in September, 1894, treats of leaf

curl and plum pockets. Respecting the treatment of leaf curl, Mr.

Atkinson says that some experiments had been made in various places

by spra3'ing the trees with Bordeaux mixture for the prevention of the

disease. Some of the experimenters regard it as certain, he states,

chat the disease can to some extent be checked by this method, and

adds: '' It is quite likely that, in some cases at least, another disease

is confused with leaf curl, and this fact might account in those instances

for the results claimed." The doubts here expressed as to the results

of the work in New York do not appear to have been supported by any

field work of the station , and may have arisen from Mr. Atkinson's under-

standing of the perennial habits of the fungus causing the disease.

There se^ms to have been no winter spraying for curl by the Cornell

Station before the spring of 1898, and the results then obtained are in

perfect accord with those obtained in 1894 by growers cooperating

with the Department. In the spring of 1898 scA'eral experiments were

instituted and carried out by B. M. Duggar and H. P. Gould. The
results of this work are given in a bulletin by Mr. Duggar, published

in February, 1899.'

The efforts to control peach leaf curl by winter sprays in Canada,

so far as concerns the work of the Canadian Government, appear t(

have begun nearly simultaneously in Ontario and British Columbia.

At the experiment farm at Agassiz, British Columbia, the peach

orchard had suffered severely from curl prior to the introduction of

winter spraying. The superintendent, Mr. Thomas A. Sharpe,

reported for 1892 that of the large number of peach varieties at that

time on the farm—about 116—only 5 escaped leaf curl, and the attack

was severe.^ In the report for 1893 it is said that leaf curl was worse

that 3^ear than ever before. Of about 129 varieties on the farm the

Malta was the only variety on the level land that was entirel}^ free.*

In the spring of 1894 the trees were sprayed with strong Bordeaux mix-

ture when the leaves were partly expanded, but no leaf curl developed

that year, even the unsprayed orchards not being troubled by it/

It should be stated here, however, that the work done was too late to

have given good results had curl developed, and that it did not properly

constitute a preventive spraying. Whether this late spraying was

owing to the nature of the season, or whether it was supposed that

such treatment would control the disease, is not known to the writer.

^Atkinson, Geo. F., Leaf Curl and Plum Pockets, Cornell Agr. Exp. Sta. Bull.

No. 73, Sept., 1894, pp. 324-326.

2 Duggar, B. M., Peach Leaf Curl, etc., Cornell Agr. Exp. .^u.. Bull. No. 164, Feb.,

1899, pp. 377-384.

8 Kept. Exp. Farms, 1892, p. 278.

* Kept. Exp. Farms, 1893, pp. 342, 343.

5 Kept. Exp. Farms, 1894, p. 404.
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In 1805 Mr. Sharpo reports that the peach trees at Agassiz were
sprayed with Bordeaux mixture before leafing- out, and again Avhen

the leaves were nearly full grown. He states that the sprayixl trees

had very little curl, and juade a very strong- and healthy growth, while

on a few unsprayed trees of several varieties the leaves were nearly

all destroyed by curl, and the trees themselves made a very feeble

growth.*

This treatment, so far as known, is the first successful experiment
for the control of curl by the Canadian Government. Leaving con-

trol trees for comparison added greatly to the value of the work,
which was also strengthened by the results at Agassiz the following

year, 1896.^ The writer regrets to add, however, that unfavorable

results attended the spray work at Agassiz in 1898.'* The reasons

for this failure are not apparent.

In Ontario the early r(\sults were not so satisfactory as at Agassiz,

owing to the nondevclopment of the disease in Ontario. Mr. John
Craig, horticulturist of the Central Experimental Farm, at Ottawa,

planned the Ontario work. He states that the work on peaches in

189-1 was planned to prevent the rotting of fruit and injury from
insects, and that the first spraying was not given until May 1.* Mr.
Craig's work on leaf curl began in 1895, l)y the application of winter

sprays,^ but owing to the absence of the disease that 3^ear no con-

clusive results were obtained. Later work, I am informed by Mr.
Craig, has given more conclusive and satisfactory results.® The vari-

able results reported in Bulletin No. 1, second series, leads the writer

to wonder, however, if the early spray work was done with suflicient

thoroughness. Mr. W. M. Orr, of Fruitland, Ontario, met with very

convincing and satisfactory^ results from winter spraying- in 1898.'

The same is true for the experiments of Mr. A. H. Pettit, of Grimsb}^,

Ontario, who carried on work in 1898 and 1899, the results of the latter

year, when one row of trees was left untreated for comparison, being

very striking.

The work of this Department in extending the use of sprays for

the control of curl on the Pacific coast began in the spring of 1893.

In the fall of that year a circular letter on the subject was addressed to

many Pacific coast growers, and this was closely followed by requests

that growers . undertake preventive spray work in the winter of

^ Kept. Exp. Farms, 1895, p. 396.

2 Kept. Exp. Farms, 1896, p. 449.

^'Rept. Exp. Farms, 1898, p. 403.

*Rept. Exp. Farms, 1894, pp. 110, 111.

^ Peach Culture in Canada, Bull. No. 1, second series, pp. 35-37; Central Exp.

Farm, Dept. of Agr., Ottawa, Canada, Sept., 1898.

6 Letter dated Ottawa, Oct. 7, 1897.

'Canadian Horticulturist, Jan., 1899, pp. 18-20.
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1803-94. During the winters of 1893-94 and 1894-95 the writer sent

full instructions for preventing- curl by winter sprays to over two
hundred and seventy California peach growers, and requests to carry

on spraying experiments, with similar instructions, to more than one

hundred growers in Oregon, and to many in Washington. In all of

this work for the extension of spraying an effort was made to intro-

duce it in as large a number of leading peach-growing centers as pos-

sible, especially in those sections of the coast where leaf curl had been

most prevalent. The results of some of these experiments are given

in Chapter VII, and the facts gathered and experiments conducted under

the direct charge of the writer in 1893, 1894, and 1895 are detailed in

full in other portions of this bulletin, and require no discussion here.



CHAPTKR IV.

PLAN OF PREVENTIVE SPRAY WORK CONDUCTED BY THE
DEPARTMENT.

PRELIMINARY PLANS FOR THE WORK.

The partial control of peach leaf curl in the sprinjjfof 185>8, in a few
orchards of the Sacramento Valley in which the trees had n'ccived a

winter spraying for the control of the San Joso scale {AxpidlotiiK per-

niciosuis)^ showed to the writer the importance of conducting careful

experiments for the prevention of curl. As a foundation for experi-

mental work a circular of inquiry was sent to some 1,500 peach growers
of the United States in the fall of 18J>8. The facts thus obtained were
of much value, but the general lack of accurate know ledge respecting

both the nature and control of the disease, as well as the heavy losses

reported from this cause in different sections of the country, strikingly

emphasized the need for widespread and thorough pre\'entive experi-

ments.

After careful consideration it was concluded to inaugurate two series

of experiments. The first, which had been planned before the sending
out of the circular, was to be conducted in California under the direct

supervision of the writer, and the second, planned somewhat similarly,

though on a more limited scale, was to be carried out by the growers
themselves in various peach-growing sections of the country. The
personally conducted work is described here, while the results of the

cooperative work are given farther on.

Observation and correspondence had already shown which sections

of California were most subject to frequent and serious recurrences of

the disease. Facts thus gathered led to the opening of correspondence
with Mr. George F. Ditzler, the manager of the Rio Bonito orchard,

situated in the Sacramento Valley, in the bottom lands of the Feather
River, near Biggs, Cal. This orchard is the property of the Hatch &
Rock Orchard Company, and comprises some 1,600 acres, several

hundred of which have as fine peach trees as any in the State. Among
the varieties of peaches in this orchard is a large acreage of Lovell
trees. The Lovell, it was learned, while presenting as thrifty growth
as any variety in the orchard during years when curl did not prevail,
had been especially subject to it in seasons favorable to its develop-
ment, the crop of this variety, which would amount to several

67



68 PEACH LEAF CURL*. ITS NATURE AND TREATMENT.

thousand dollars, having been largely lost in 1893. After a brief

correspondence Mr. Ditzler kindh^ offered to allow the Department to

select from the orchards of Lovell peaches a block of several hundred

trees of exceptionally uniform and vigorous growth and especially

suited to the purposes of the experiments planned, and no finer or

more uniform block of trees has ever been seen by the writer than

that eventually selected and assigned to this experimental work. It

consisted of nearly 600 trees at the southwest corner of a 40-acre block

of Lovells, and was nearly level. The soil was sandy loam—deep,

rich, and almost uniform in quality. The trees had been set in

orchard less than five years, were 25 feet apart each way, and had

grown so vigorously that before pruning the branches met between

the rows in many cases, thus presenting tops of exceptional size for

trees so young.

The- experiments planned included a rectangular block of the orchard,

20 trees wide from east to west by 29 trees long from north to south.

The tract selected was 500 feet east and west by 725 feet north and

south, or nearly 8i acres in extent. At the south of these Lovells is

an almond orchard of the same age; at the west a young apple orchard.

Through the center of the experiment tract, extending from south

to north, Avas planned a driveway, thus dividing the trees into two long

rectangular blocks, each block being 10 trees wide from east to west,

and 29 trees long from north to south. Each cross row of 10 trees was

numbered. The south 10 trees, forming the south east-and-west row

on the east side of the driveway, was designated 1; the second row

from the south, 2; the third row, 3; etc., the north row on the east

of the driveway being row 29. On the west of the driveway the

south row was 30, the second row 31, etc., the north row being 58.

This arrangement gave 580 trees, divided into 58 rows of 10 trees

each, one-half of these, rows 1 to 29, being east of the driveway and

the other half, rows 30 to 58, west of the same. This arrangement

may he fixed more clearly in the mind by the diagram on page 69.

This diagram, in addition to showing the arrangement of the rows,

as already described, is planned to represent and distinguish the

rows which were to be treated with sprays from those which were to

be left untreated as check or control trees in each experiment. The

trees of the rows to be treated are represented by a star (*) and the

trees to be left uusprayed are shown by a circle (°). with the exceptions

to be noted. It may thus ))e seen that each row of 10 trees intended

for treatment has at its side 10 untreated trees as a check or control

row. With the exception of rows 29 and 58 each control row serves

for comparison with two sprayed rows, one on either side. This

method of contrasting each control row with a sprayed row on either

side admitted of the planning of 38 experiments in the block of 58

rows, each experiment comprising 20 trees—10 sprayed and 10

unsprayed, in two.immediately adjoining and parallel rows.
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After locatino- and minilu'riiig each of the 38 exporiiiKMits to ho
tested the block was carefully examined to deteruiiiu- if aiiv of the
trees were missing or so injured as not to represent entire trees. The
results of this examination are also embodied in the plat. Where
trees were missing the fact is shown b}- a cipher (0) in the place of the

North.



70 PEACH LEAF CURL: ITS NATURE AND TREATMENT.

perfect, etc. As will be seen, however, there were very few imperfect

trees.

In all the following calculations of fruit, etc., these few discrepan-

cies in the number of trees are carefully taken into account in arriv-

ing at results intended for comparison with other rows. The amounts

produced by the trees of each row are first divided by the number of

trees actually in the row to obtain the average per tree, and this

amount is multiplied by 10 to obtain the amount a full row would

yield at the given average. By reference to the plat it may be seen

that the trees and parts of trees missing amount to but 5.8 equivalent

trees for the entire block, that 51 of the 58 rows have the whole com-

plement of 10 perfect trees, and that the missing trees or parts of

trees are divided among the remaining 7 rows.

SPRAT WORK CONDUCTED IN 1894.

The spray tests conducted in the Rio Bonito orchard in 1894

included the application of sprays prepared according to 38 different

formuke, making 38 distinct experiments. Each experiment included

two adjoining rows of 10 trees each, one sprayed and the other

unsprayed for comparison. Of these 38 experiments 11 involved two

sprayings of the trees treated and 27 a single treatment. All treat-

ments were made during the dormant period of the trees and varied

in date from February 1 to March 6. The consideration of the

preparation of sprays for this work will be discussed in a subsequent

chapter devoted to that subject, as will also the methods of applica-

tion, which will be given for use in both small and large orchards.

The table which follows is prepared to show as concisely as possible

the arrangements adopted for the experiments of 1894. The rows of

trees once treated and those twice treated are shown, the date or dates

of treatment and the formula or formuhie used in each case.

Table I.—Shoiving the formulae of the sprays applied in 1894, dates of applicaiion, and

rows treated.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

Row No.
Date of

spraying.

Feb. 20

Feb. 24
/Feb. 16
IFeb. 28

Feb.
Feb.

Feb. 23
/Feb. 20
l.Mar. 3

Feb. 24
Feb. 13

Feb. 13
/Feb. 26
\Mar. 6

Formulse for 45 gallons of spray.

15 lbs. sulphur, 30 lbs. lime, 10 lbs. salt.

Control row.
10 lbs. sulphur, 20 lbs. lime, 7 lbs. salt.

10 lbs. .sulphur, 20 lbs. lime, 7 lbs. salt.

5 lbs. sulphur. 10 lbs. lime, 3 lbs. salt.

Control row.
5 lbs. sulphur, 10 lbs. lime, 3 lbs. salt.

15 lbs. sulphur, 30 lbs. lime.
Control row.

10 lbs. sulphur, 20 lbs. lime.
10 lbs. sulphur, 20 lbs. lime.
5 lbs. sulphur^ 10 lbs. lime.

Control row.
5 lbs. sulphur, 10 lbs. lime.
20 lbs. lime, 20 lbs. salt.

Control row.
20 lbs. lime.
45 lbs. salt (hot)..

45 lbs. salt (hot).
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Tablk 1.

—

Shuwing the fonnuliv <>/ Ihe xprayn applied in 1S'J4, dates nf ap}>tlaUiini, mid
raws treated—ContimuHl.

17.

18.

19.

20.

21.

22.

23.

24.

25.
26.

27.

28.

29.

30.
31.

32.

33.

34.

36.

36.
37.
38.

39.

40.
41.

42.

43.

44.
45.

46.

47.

48.

49.
50.

51.

52.

53.

54.
55.

66.
67.
58.

Row No.
Date of
spraying.

Feb.
Feb.

Feb.
Feb.
Feb.

16
20
21

Formulae for 45 gallons of spray.

/Feb.
\Mar.
Feb.

/Feb.
\Mar.
Feb.

Feb.

Feb.
/...do.
\Mar.

Mar.
Feb.

Feb.
/Feb.
\Feb.

Feb.
/Feb.
JMar.

Feb.
Feb.

I
Feb.
iMar.
/Feb.
IMar.

Feb.
Mar.

/Feb.
IMar.
Feb.

Mar.
...do.

Control row.
3 lbs. copiR-r sulphate, 5 lbs. sulphur, 10 lbs. lime.
2 lbs. copper sulphate, 5 lbs. sulphur, 10 lbs. lime.

Control row.
5 lbs. eopper sulphate, 5 lbs. lime.
5 lbs. copper sulphate, ^t lbs. lime.
4 lbs. copper sulphate, 5 lbs. lime.

Control row.
4 lbs. copi>er sulphate, .'> lbs. lime.
:? lbs. coi>pcr sulphate. .'> lbs. lime.
3 lbs. copper sulphate, ."i lbs. lime.

Control row.
3 lbs. copper sulphate. 2 lbs. lime,
2 lbs. copper sulphate. '> lbs. lime.
2 lbs. coi>i)er sulphate, 5 lbs. lime.

Control row.
2 lbs. copper sulphate, 3 lbs. ammonia,

('ontrol row.
4 lbs. copi>i-r sulphate.
2 lbs. copper sulphate.
2 lbs. coi)per sulphate.

Control row.
4 lbs. copper sulphate, 5 lbs. sofla, 3 lbs. ammonia.
3 lbs, copper sulphate, 10 lbs. sulphur. 10 lbs. lime.

Control row.
5 oz. copper carbonate, 3 lb.s. ammonia.
5 oz. co[iper carbonate, 3 lbs. ammonia.
5 oz. copper ciirbonate. 3 lbs. ammonia.

Control row.
5 lbs. copper sulphate, 10 ll*. lime.
6 pints spray solution.
6 pints sjiray solution.

Control row.
(i lbs. copi>er sulphate, 1') lbs. lime.
3 lbs. copjier sulphate, 15 lbs. lime.

Control row.
8 pints spray solution.
H pints spray solution.
(« pints spray .solution, 3 lbs. lime.
6 pints spray solution, 10 lbs. lime.

Control row.
8 pints spray solution, 3 lbs. lime.
5 lbs. sulphiir, 5 lb.s. lime.

Control row.
10 lbs. spray solution, 1 lb. soap fhot),
H pints spray solution, 1 lb. soap (hot).

3 lbs. copper sulphate, 10 lbs. lime.
Control row.

8 pints spray solution, 2 lbs. eopper sulphate, 10 lbs. lime.

5 lbs. sulphur, 15 lbs. lime.
Control row.

The spray work outlined in the above table was fully completed before

the opening of many of the peach blossoms in the spring. Following

this work, plans were laid for the preservation of records of fruit

thinned from the trees, etc., should peach leaf curl develop. As the

spring advanced, however, it became evident that the disease would

not appear to any serious extent in that portion of the State that sea-

son, it not being sufficiently severe to produce a contrast either in

foliage or fruit between the sprayed and unsprayed trees, hence the

action of the sprays applied could not be determined. While this fail-

ure to arrive at the results hoped for in 1894 was much regretted, the

failure, nevertheless, led to the acquisition of certain facts at a later

date which are of prime importance to the orchardist wishing to com-

bat the disease with sprays. The treatment of the trees in 1894 made

it possible when the work was resumed in 1895 to ascertain if the
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effects of one year's treatment extended to the crop or foliage of the

second year.

AVhile peach leaf curl did not develop seriously in the Sacramento

Valley in 1894, it prevailed quite extensively in other portions of the

United States. This resulted in acquiring facts bearing on the experi-

ments for 1895 in the Rio Bonito orchard. The experiments planned

by the Department and carried out by growers in the East and in the

north Pacific States, where leaf curl developed, showed that one

thorough spraying during the dormant period of the tree was sufficient.

The experiments of 1895 were consequently modified from those of

1894 in respect to the number of applications made, as well as in other

respects found to be advisable.

SPRAT WORK CONDUCTED IN 1895.

In the spray work in the Rio Bonito orchard during the winter and

spring of 1895, the same block of Lovell peach trees was selected as

that treated the previous year, and in each case the same unsprayed or

control rows were left as in 1894. In 1895 the number of experiments

made in this block was 38, as in the previous year, but three of the 38

rows were not sprayed, being left without treatment for the purpose

of observing the action of sprays applied in 1894 upon the crop and

foliage of 1895. These three rows were numbers 4, 24, and 53, each

of which had received two treatments in 1894. The facts thus learned

are considered farther on. The spray work of 1895 included but a

single spraying of each row designed for treatment. As already indi-

cated, each experunent included one treated and one untreated row,

each row having 10 immediately adjoining trees. By treating one row

on either side of each control row the latter served as a contrast row

for both sprayed rows. By referring to the plat of the block, p. 69,

this arrangement may be seen. Row 1 is sprayed; row 2, unsprayed;

row 3, sprayed. These three rows make two experiments—rows 1

and 2 compared make the first experiment, while rows 3 and 2 com-

pared make the second experiment. In like manner rows 4 and 5 and

5 and 6 make two experiments. These illustrations will be sufficient,

as the entire block, with the exception of the three rows already

noted, was treated according to the same general plan.

In considering the application of sprays in the experiments of 1895,

the nature of the sprays used, the formulae according to which they

were prepared, the location of the rows treated, and the dates of appli-

cation, as well as the location of the control rows for comparison, are

set forth in the table which follows. That the reader may better grasp

the nature of all treatments which each row had received the previous

year, the formula for the sprays applied in 1894 are placed at the left

of the treatment given the same rows in 1895.
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The methods of i)i('puiiMM- and applyinjj^ the sprays used in 181>o are

considered in suhse(iiient chapters. In each case an etlort was made to

do thorough work in ai)i)lying- the sprays, hut, as is true with all such

work in the lield, more or less varia])le results ct)uld not he avoided

owing to the weather conditions and othei- intluences. The treatment

was given the 85 rows during the ten days immediately preceding the

general opening of the tlowers, that is, at the close of the dormant

period of the trees, or from February 2»> to Mar<h .">. In u few of

the more forward trees a small pcrci-ntage of the tlowers had opened

before the completion of the work.

GENERAr. rONSIDKKATION OF SPRAYS APPLIED.

Several distinct types of sprays were testt'd in t\\o preventive^ work

on curl in 189.5, and these were prepared in many forms and propor-

tions. The two fungicidal bases, copper and suli)hur. which are now

recoo"nized in all countries as most valuable for this class of work,

enter into the composition of a large proportion of the sprays used,

in on*' form or another.

In testing spravs considerable weight was given to the fact that

the peach tree is subject to the attacks of certain serious insect pests,

prominent among which is the San Jose scale, and that a spray com-

bining both fungicidal and insecticidal pro])erties would often prove

of greater value than oiu^ the action of wliidi was solely fungicidal.

Haviiiii* these facts in mind, and knowing the demonstrated value of

the sulphur, lime, and salt spray as an ettective remedy for the San

Jose scale, this spray, together with various modifications, was tested

and compared (rows 1. 8, and 6). Besides (luantitative modifications

of the spray, tests of its constituents were made to acciuii-e such facts

respecting their value as were obtainable. The sulphur and lime

united were tested in several proportions without salt (rows 7, 9, 10,

12, 16, 51, and 57). The lime and salt were tested together (row 13),

and the lime was tested separately (row 44). The trial of a strong

salt solution was made the previous year (row 16), but as it injured

the foliage somewhat it was omitted in 1895. Other modifications

of the sulphur spray were prepared by adding different fungicides,

with the hope of increasing its fungicidal action without detracting

from its effectiveness as an insecticide. Sulphate of copper was

added in different proportions (rows 18, 19, and 36), and the addition

of iron sulphate was also tried (row 56).

The copper sprays tested for leaf curl were numerous and were

variously prepared and combined. As already said, copper sulphate

was added to the sulphur sprays, but it was most extensively used in

the preparation of the Bordeaux mixture, in which form it was applied

in many experiments and of various strengths (rows 15, 21, 22, 25, 28,

33, 41, 45, and 54). Copper sulphate with ammonia (eau celeste) was
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tested (rows 27 and 30), as was the modified eau celeste, composed of

copper sulphate, sal soda, and ammonia (rows 35 and 39). Two experi-

ments were also conducted with ammoniacal copper carbonate (rows 32

and 38).

The action of sulpliide of potassium was tested (row 47), as well as

sulphide of potassium combined with milk of lime (rows 42 and 48).

Iron sulphate in connection with lime was applied in one experiment

(row 50), and, as already stated, was also used in connection with

sulphur and lime (row 56).

Of the three rows left unsprayed in 1895 (rows 4, 24, and 53), one

(row 4) had received two applications of the sulphur, lime, and

salt spray in 1894; another (row 24) had been twice sprayed in 1894

with Bordeaux mixture; and the third (row 53) had received two spray-

ings in 1894 with a hot saponified solution of sulphide of potassium.





Bull. 20, Div. Veg. Phys. & Path., U. S. Dept. of Agriculture. Plate VII.



DKSCIUITION OF I'LATK VII.

Sprayed and unsprayol Crawfords Lati' trees in tiie unliard of Mr. .\. I), f'utts,

Live Oak, Cal. The tree seen at the rii;ht wa.s sprayed with lime, sulphur, and salt

in February, IStW; that at the left was unsprayed and was denude<l of folia<j;e and

fruit by eurl. (See records of fruit of sprayed and unsprayed trees in this orehard,

p. 141.) The trees were photographed in May, after most of the curled leaves

had fallen from the unsprayed tree. (Compare with PI. XX.)





CHAPTER V.

INFLUENCE OF SPRAYS ON THE VEGETATION OF THE TREES.

SAVING or FOLlA(iE FROM INJURY BY CURL.

(PI. VII.)

The effectiveness of the winter sprays discussed in the previous chap-

ter in saving the foliage of peach trees from injury hy peach leaf curl

has been carefully considered. The relative importance of this matter

appears from the fact that it is the injury from the loss of foliage which

is responsilile for the ultimat(> loss of the fruit. The spray work

already mentioned was compii'ted, in 18!>5, about the close of the first

week in March. From this time on the flowers opened rapidly, and

they were soon followed by the pushing of the leaf buds and the com-

plete resumption of the vegetative growth of the year. By the mid-

dle of April the trees were well in foliage, while peach leaf curl was

nearing the height of its development. By the 22d of the month

the contrast between healthy and diseased foliage on the sprayed and

unsprayed trees had become so great that a careful estimate was made

of the percentage of the diseased leaves upon every tree in the block.

The first estimate of the condition of the foliage was made to deter-

mine the amount and percentage of disease present on sprayed and

unsprayed trees. The estimate of each tree was calculated upon the

basis that the foliage present represented 100 per cent, and the amount

of badly diseased leaves was taken as a certain per cent of the leaves

present at that date. Badly diseased leaves w;ere considered as those

seeming to have sufficient curl present to cause their premature fall

from the tree. The ultimate comparisons of sprayed with unsprayed

rows are not based upon this first estimate of foliage as the disease was

still progressing. The parasite was still in the vegetative state, few of

the swollen leaves as yet showing the fruit of the fungus, and still fewer

having- fallen from the trees. The trees spraved with the stronger

sulphur preparations were injured somewhat by the sprays, many of

the more tender twigs being killed. This delayed the leafing of these

trees, and resulted in their showing rather a smaller percentage of

diseased foliage at the time this estimate was made than would have

been the case had the leaves pushed earlier. These discrepancies

influence only a few of the sprayed rows. In other respects, it is

believed the numerous influencing conditions would apply, so far as

could be told, with equal force to all rows.
77
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In taking the percentage estimates of disease shown in the following

table, the trees were examined in north and south rows. This was

done so as to work across the lines of the experiment rows rather than

with them, and for the purpose of avoiding any influence which a

knowledge of the sprays used on the trees estimated might be thought

to exert.

Table 4.—Estimated percentage of diseased leaves on trees April 22 and 23, 1895.

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
2«.

Row No.

29
30
31

32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58

Percentage of diseased leaves estimated
Apr. 22 and 23, 1895, on tree No.—

1. 2.

10
90
30
70
80
40
20
75
30
30
80
25
40
80
5
16
SO
25
8

80

80
17
20
85
8

85
25
10
90
20
25
75
50
27
78
9
50
85
13
14
85
70
30
90
35
30
85
85
17

85
30
26
90

15
90
35
80
80
60
25
85
34
32
90
47
45
80
11
35
90
30
15
90
11
10
85
80
12
80
20
21
90
5
80
35
10
90
15
15
75
45
35
85
14

45
80
27
12
85

I

70
I 40
87
40
26
80
80
10
75
22
31
89

15
90
35
80
85
40
25
80
46
40
90
15
55
78
8
30
85
33
13
90
16
15
80
80
12
85
17
21
90
15
85
30
10
85
15
10
70
40
18
80
12
50
80
16
12
90
60
40
85
40
28
80
80
11

80
30
31
85

10
85
40
80
85
50
30
85
42
40
85
35
40
78
13
45
85
40
16
90
26
9
85
85
18
90
21

30
90
15
85
35
10
90
20
10
75
35

10
85
35
85
80
40
25
75
25
35
85
34
45
75
16
37
87
29
25
90
17
16
85
85
27
90
21
26
90
10
90
30
5
90
12
15
75
25

80
13
55
85
30
12
90
50
38
85
50
25
80
80
12
80
25
32 i

21

90
I

85

10
90
30
85
90
45
35
70
27
27
85
50
50
76
16
31
78
32
23
90
10
9

80
85
15
85
15
24
87
15
85
30
10
85
10
10
75
19
15
80
18
65
85
35
11

90
70
38
80
42
30
85
85
20
80
9

20
87

15
90
30
80
85
35
30
70
25
23
85
45
35
77
9
20
65
40
35
90
11

10
85
80
9

85
24
30
87
15
80
30
10
90
8
15
65
17

20
75
18

55
87
31

18
85
70
30
87
45
35
80
85
15
85
20
18

8. 9. 10

15
a5
30
80
90
40
30
75
29
30
80
50
50
80
12
20
80
31
20
90
10
10
80
85
11
85
26
31
90
15
85
35
10
90
15
20
60
25
15

80
23
60
85
2S
12
80
75
40
85
43
22
85
85
15
85
18
16
90

20
85
25
85
90
35
35
80
47
27
80
45
60
80
11
30
82
35
23
90
10
12
90
85
15
90
23
15
88
20
80
35
10
90
12
12
65
24
15
85
13
55
85
30
12
85
75
28
85
35
35
85
80
16
82
19
15
90

Average
per eent
of dis-

ea.sed

leaves
per

tree in
sprayed
rows.

Average
per cent
of dis-

eased
leaves
per

tree in
control
rows.

15

20
80
85
30
30
80
45
36
80
47
35
80
13
25
90
60
36
90
9
8

85
80
10
85
17
19
90
15
85
30
5
85
10
10
65
10
18
78
17
60
85
25
13
85
75
42
85
33
28
80
85
18
87
13
11
88

13.5

31.0
080.5

41.5
28.5

3.5.0

32.0

39.3
45.5

11.4
28.9

35.

5

21.4

12.7
10.7

a82.5
13.7

20.1
23.7

13.3

31.5
9.0

13.7
14.2

29.0
20.3

15.7
55.0

26.5
12.6

68.0
36.3

40.8
29.1

083.0
14.6

20.8
22.

1

87.5

85.0

77.5

84.0

78.4

82.

2

89.0

83.7

85.5

88.7

84.0

88.5

70.0

80.3

84.5

85.5

8.5.4

82.0

82.4

88.2

oRows sprayed in 1894. but left unsprayed in 1895.
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Genoral consideration of the above tal)lo develops some strikino-

eontrasts. By addint^ the ligures eorrespondinjr to the average per-

centage of diseased leaves on the trees of the control rows, and dividing

this amount by the num))er of rows, we find that in the entire l)lock,

containing 200 contiol trees, 83.(3 per cent of the leaves were ])adly

diseased at the date of this estimate. In contrast to this, the total of

the average percentages of disease shown by the trees of the sprayed

rows, divided by the num])er of sprayed rows in the l)lock, shows the

average amount of disease in the sprayed rows to have been 26.2 per

cent. Evidently this average is nuich above the percentage of disease

shown at that date ])y many separate rows, as it included the rows

treated with noneffective sprays as well as those giving the ])est

results. Adding the averages of rows 4, 24, and 53 and dividing the

amount })y 3 gives 82 per cent of disease as the average of the

three rows. As noted in the table, these rows were not sprayed in

1895, but were left in order to ascertain the effects of the sprays

applied to them in 1894, and the average of disease is seen to bo prac-

tically as great as upon rows never sprayed.

From the date of this first estimate the progress of the disease in

the orchard was verv marked. Within the next two weeks the fungrus

fruited (^uite generally upon the swollen leaves, and a large percentage

of the worst diseased leaves had fallen from the trees. By May 9

the contrast between sprayed and unsprayed trees had quite generally

reached its highest point, and any irregularities of special trees, etc.,

could no longer be considered. On May 9 a second careful estimate of

the foliage was made. In this work, however, it was impossible to

estimate the amount of disease on the trees as compared with the total

amount of foliage present, as had first been done, for much of the

diseased foliage had already fallen. To avoid this difficulty a new
method of estimating was adopted. From the entire ))lock of trees

were selected two rows, Nos. 21 and 22, which showed only from 4 to

6 per cent of disease, and were in other respects in perfect foliage. A
careful studv of these rows was made to gfet a clear idea of the con-

dition of a tree in full foliage at that date, and with these types in

mind each tree of the entire block was carefully examined. An esti-

mate was made for each tree, based on the twenty typical trees studied,

to determine the per cent of perfect foliage upon it, taking the amount
which should be upon the tree at that date, if no disease existed, as

100 per cent. The following table gives the results of this work. The
percentages in the last column represent the gain in leaves of spra^^ed

trees over the average of all control trees in the block. The manner
of obtaining these percentages is discussed on page 85.
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Table 5.

—

Estimated percentage of healthy foliage on the sprayed andunsprayed trees May
9, 1895, as compared with the amount a healthy tree should have at that date.

Row N&

1

2
3
4
5
6
7
8
9

10
11

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27,

28.

29,

30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47,

48,

49
50
51
52
53
54
55
56
57
58

Percentage of healthy foliage compared
with the amount the tree should have,
estimated May 9, 1895.

Tree No. —

93
10
85
8
12
65
85
IC
75
80
8
80
87
IC
89
65
11
85
85

10
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Tablk <i.

—

Comparative percentage of <llseuse(l foliage ou s/jraijed and unsprai/til Irees

April 22 and 23 and May 9, 1895.

Trees examined. Mnv 9,

1.S95.

Avcrnpp per cent of disenso on tlic trees of nil control rows
AvcniKc i>cr cent of disease on the trees of all sprayed rows
Average i)er cent of disease on the trees of the three rows sprayed in ISiM. but

left unsprayed in 1895 !

86.9
21.2

87.0

Those compaiMson.s show 3,8 per cent more di.seased foliage on the

control trees May '. than April ±2. The percentag^e of foliage of the

sprayed trees showino- disease had decreased, however, 5 per cent. Of
the total foliage of the trees sprayed in ISiH. ])ut left unsprayed in

1805, 5 per cent more was di.seascd at the second date than at the first.

Thesr figures indicate that the divergence in the percentage of di.sease

on spra3^ed and unsprayed trees was still iiurt^asing just prior to the

second estimate. The second estimate may thus be considered as taken

before any of the trees had b(>gun to recover from the effects of the

disease. The time of maximum contrast was the true time to make
the estimates, and it is believed tlu' date of this second estimate was
certainly not too late to fully comply witii this rec^uirement. This

belief was suhstantiated by a third ptirtial estimate made a week later,

which gave in general very simihir results to those obtained May 9.

It should also be said that the decrease in the percentage of disease on
the sprayed trees between the dates of the first and second estimates

did not indicate that the second estimate was made too late, or after

the trees had begun to recover, but merely that th(» leaf buds had not

fully pushed at the time of the first estimate. This is further shown
by the fact that the percentage of disease was still increasing on
unsprayed trees up to that time.

Before considering the action of individual sprays in saving the

foliage from curl, the following comparisons are given of the action

of the classes of sprays used:

Table 7.

—

Percentage of healihy foliage on trees differently sprayed.

60^ i
I'ercentagcs of healthy foliage shown by trees sprayed with

different classes of sprays. Estimated April 23 and May
9, 1895.

Average of 30 trees sprayed with sulphur, lime, and .salt

Average of 70 trees sprayed with sulphur and lime
Average of 100 trees sprayed with the two preceding sulphur
sprays

Average of 90 trees sprayed with Bordeaux mixture
Average of 20 trees sprayed with eau celeste
Average of 20 trees sprayed with modified eau celeste
Average of 130 trees sprayed with the three preceding copper
sprays

Average of 20 trees sprayed with ammonlacal copper car-
bonate

19093—No. 20 6
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Table 7.

—

Percentage of healthy foliage on trees differently sprayed—Continued.

Percentagesof healthv'foliage shown by trees sprayed with
different classes of sprays. Estimated April 23 and May
9, 1895.

(a)

10 trees sprayed with iron sulphate and lime.

10 trees sprayed with iron sulphate, sulphur, and

Average of 30 trees sprayed with copper sulphate, sulphur,

and lime
Average of
Average of

lime.
Average of
Average of
lime.

Average of
Average of

f 10 trees sprayed with sulphide of potassium
i 20 trees sprayed with sulphide of potassium and

10 trees sprayed with milk of lime
10 trees .sprayed with milk of lime and salt.

O lO

o o taoC
£* si cS

76.3
59.2

79.2
32.0

54.3
73.5
54.5

o .. _, .00

82.0
57.0

75.8
38.8

49.8
58.8
79.5

g3 u^^ *-• o

5.7

6.8

25.0

2.2

3.4

4.5
14.7

a Compare text.

The table shows the average of healthy foliage on the trees sprayed

with the sulphur sprays (sulphur, lime, and salt, 30 trees; sulphur and

lime, 70 trees) to have been 82.3 per cent May 9. The average on the

trees sprayed with the leading copper sprays (Bordeaux mixture, 90

trees; eau celeste, 20 trees; modified eau celeste, 20 trees) was 89.6

per cent. The average amount of healthy foliage saved on trees

sprayed with a combination of these two leading classes of sprays

(Bordeaux mixture added to the sulphur and lime sprays, 30 trees)

was no greater than the average saved by all sulphur and lime sprays

alone, being 82 per cent as against 82.3 per cent for the sulphur

sprays. This result was a surprise, but by carefully looking into the

reason it would seem that the low average in the case of the combined

sprays was due to the low average of the single row 36, while the high

average of the sulphur sprays arose from including in the average the

results of those sprays which contained much more sulphur than was

used in the combined sprays. Notes on the spray applied to row 36

show that considerable sulphur was precipitated in cooking, probably

through overheating, and for this reason it would be as well to omit

thisj-ow in determining the average saving of the combined sprays.

The two remaining rows, 18 and 19, sprayed with combined sprays,

showed 84. T and 83.2 per cent of healthy foliage, respectively—an

average of 83.9 per cent. The formula for each of these experiments

contained 5 pounds of sulphur. In the experiments with uncombined

sulphur sprays there were four formulae containing 5 pounds of sul-

phur each. The average per cent of saving of these four experiments

was 75.3. These facts show that when the amount of svilphur was

equal there was an average gain of 8.6 per cent in healthy foliage

resultmg from the addition of Bordeaux mixture to the sulphur

sprays.

The average percentage of foliage saved by the use of the ammo-

niacal copper carbonate (20 trees) was, May 9, 61.4. As the ammoniacal
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coppor carbon Jit o sprays used contaiiu'd much less })asic copper car-

bonate than the other copper sprays applied, their comparatively low

effectiveness aj^fainst curl is fully accounted for, and for this reason

they were not included when calculating the average action of the

copper sprays in jj^eneral. They were outclassed by the amount of

copper used in the other sprays.

The foliage saved by the use of iron sulphate and lime (lo trees)

was but 57 percent May !•. This shows a nuich less satisfactory action

than either the copper or the sulphur sprays. The iron sulphate com-

bined with the sulphur and lime sprays showed a saving of foliage

May J> of 75.8 per cent. While this is a good showing, the beneticial

action was evidently due to the sulphur of the spray and not to the

iron, and the result was even below the average obtained by th«' sidphur

sprays alone, or equal to those having the same amount of sulphur.

On<' experiment (lo trees) was mad(; with sulphide of potassium, but

the average percentage of foliagt' saved by this spray was. May '.», only

38.8. Sulphide of potassium combined with milk of liuie {'20 trees)

showed a greater saving of leaves, being 4i>.S per cent, but as the

sulphide alone gave a saving 11 jjer cent lower, and as milk of lime

saved as high as 58.8 per cent, it is questionable if the lime was not

the more active agent in the combination. As already stated, the

milk of lime applied as a spray (10 trees) showed a saving of 58.8

per cent of the leaves, which was (juite satisfactory for a spray con-

taining none of the standard fungicides. The spray pr(»par(»d from

lime and salt (10 trees) gave a high record, the healthy foliage May 1>

being 7l».5 per cent. While it is possible that the fungicidal action of

this spray may be somewhat higher than that of milk of lime alone,

it is perhaps more probable that the results noted arose from another

influence. It was learned in the previous year's work that a solution

of salt injured the new growth and tender leaves, and it is thought

likely that in the present case the earliest growth and that which first

showed disease was destroyed by the spray, and that the foliage

estimated was a new and somewhat later growth, showing nmch less

disease than the first foliage would have shown. It would be well,

however, to repeat this test.

Some interesting facts are brought out b}" the preceding table in

relation to the. continued action of the fungicides used. By comparing

the first column, the percentages of healthy foliage taken April 22

and 23, with the second column, the percentages taken May 9, it will

be seen that the percentage of healthy foliage on all trees sprayed

with the sulphur or copper sprays increased decidedly between the

two dates of estimate, as shown in the third column. On the other

hand, the action of the weaker sprays was overcome b}" the disease,

and the percentage of healthy foliage May 9 was much less than April

23, as shown in the fourth column. These weaker sprays checked the
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action of the fungus at first, but were not sufficient!}^ active or per-

sistent to prevent its gradual increase upon the trees. An apparent

exception to this in the case of the sulphide of potassium appears to

arise from the fact that the disease was never greatlv checked by this

fungicide, the amount of healthy foliage being onl}" 3jJ per cent April

23. Another and more marked exception is seen in the trees sprayed

with lime and salt in solution. It is thought, however, that the true

explanation of this exception is that given in the preceding paragraph.

What has been stated will be sufficient to indicate the comparative

value of the main classes of sprays used in these experiments. It is

shown that the highest degree of effectiveness in saving foliage is

possessed by the copper sprays, that the sulphur sprays also possess a

high degree of fungicidal activity, and that where Bordeaux mixture

is added to the sulphur sprays the effectiveness of the latter is some-

what increased. It is also made clear that sulphide of potassium,

sulphate of iron, and several other sprays, as tested, are of secondary

value in this work. It should be noted that the average saving-

obtained from the use of the sulphui- sprays is sufficiently high to well

warrant the use of these sprays, either in coml)ination with Bordeaux

mixture or alone, in cases where it is desired to use a spray having

both fungicidal and insecticidal qualities.

It will now be advantageous to briefly consider the leading indi-

vidual sprays composing the classes of sprays already discussed, in

respect to their action on peach foliage and peach leaf curl. The fol-

lowing table gives a compact presentation of the number and nature

of these sprays, as well as their action in controlling curl:

Table S.—Nature and composnlion of sprays applied.

1

3
6

7

9

10
16
57
12
51

36
18
19

15

Sulphur, lime, and salt

:

15 lbs. sulphur. 30 lbs. lime, 10 lbs. salt

10 lbs. sulphur, 20 lbs. lime, 5 lbs. salt

5 lbs. sulphur, 10 lbs. lime, 3 lbs. salt

Sulphur and lime

:

15 lbs. sulphur, 30 lbs. lime
10 lbs. sulphur, 20 lbs. lime
10 lbs. sulphur, 8 lbs. lime
6 lbs. sulphur, 4 'bs. lime
5 lbs. sulphur, 15 lbs. lime
5 lbs. sulphur, 10 lljs. lime
5 lbs. .sulphur, 5 lbs. lime

Bordeaux mi.xture and sulphur .spravs combined :

3 lbs. copper sulphate, 10 lbs. sulphur, 20 lbs. lime
3 lbs copper sulphate, 5 lbs. sulphur, 10 lbs. lime
2 lbs. copper sulphate, 5 lbs. sulphur, 10 lbs. lime

Bordeaux mixture :

6 lbs. copper sulphate, 15 lbs. lime

92.

H.
76.

85.

83.

85.

82.

74.

81.

68.

78.

84.

83.

90.0

607
549
488

554
536
554
528
473
520
424

499
549
637

589

80
60
60

60
60
60
80
60
60
60

70
80

100
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Taule S.—^l^Uurc uiul cuiaposUiun iij Hpray.t applini— (
'( ml iiiiic.l.

Row
No.

33
41

45
54
21
22
25
28

27
30

35
39

38
32

50

56

47

48
42

13

44

Classes ami formula; of sprays applied.

- eS

Z Of
S3

ft-

o *^ -

3 Ib.s. copper sulphate, l'> lbs. lime
5 lbs. copper suljihate, 10 lbs. lime
3 lbs. copper sulphate, 10 lbs. lime
3 lbs. copper suliibate, 10 lbs. lime
6 lbs. copper sulphate, .'> lbs. lime
4 lbs. copper sulphate, .'i lbs. lime
3 lbs. coi)per sulphate, ."S lbs. lime
2 lbs. copper sulphate, 5 lbs. lime

fiUiu celeste

:

4 lbs. copper sulphate,:; pints ammonia
2 lbs. copper sulphate, 3 pints ammonia

Modified eau celeste

:

4 lbs. copper sul[>hate,5 lbs. sal soda, 3 ])intsamnionirt.

2 lbs. copper sulphate, 3 lbs. sal .soda, 2 pint.s ammonia.
Ammoniacal copi>er carbonate

:

5ounce.s copper carbonate. 3 pints ammonia
3 ounces copjier carbonate, 2 pints ammonia

Iron sulphate and lime :

6 ll)s. iron sulphate, 10 lbs. lime
Iron sul[.hale, sulphur, and lime :

5 lbs. iron sulpliate, .'i lbs. suliihur, 10 lbs. lime
Pota.ssiuni sulphide .solution :

8 pints potassium suliihicle solutioJi

Potassium sulphidi' solution and lime:
12 pints potassium sulphide solution, 10 lbs. lime

8 pints potassium sulphide .solution, 5 lbs. lime

Lime and salt

:

20 lbs. ,ime,20 1bs. salt

Lime:
20 lbs. lime

*91.9
87.0
85.7
82.2
95.9
94.5
89.8
89.3

91.2

t92.2

91.8
83.4

70.3
52.5

57.0

75.8

38.8

58.0
41.6

79.5

58.8

O Hi o
>SOSP c

V o) « <

So XlftS ft^

.Sj; Mi:

^ o >:

2;
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average amount of healthy foliage of the control trees. The fifth sub-

ject, thriftiness of leaves, is discussed in the next general head of this

chapter.

In considering the saving of foliage induced through the use of the

sulphur, lime, and salt sprays (rows 1, 3, and 6) in comparison with

the average saving of sprays containing an equal amount of sulphur

but no salt (rows 7, 9, 10, 16, 57, 12, and 51), there appears to be a

slight gain in favor of the former sprays. The average saving from

both classes, taken together or separately, is in proportion to the

amount of sulphur contained in the spray. With 15 pounds of sul-

phur the average net gain in healthy foliage was 580 per cent; with

10 pounds, 547 per cent; with 6 pounds, 528 per cent; and with 5

pounds, 480 per cent.

In considering the combined sulphur and copper sprays (rows 18,

19, and 36), it is well to omit comparisons of row 36, on account of

the injury caused to the effectiveness of the spray applied to it through

the precipitation of a portion of the sulphur in boiling, as has already

been noted. Rows 18 and 19, containing 3 pounds and 2 pounds of

copper sulphate, respectively, and each containing 5 pounds of sulphur

and 10 pounds of lime, show a gain in healthy foliage of 549 per cent

and 537 per cent, or an average gain of 543 per cent. The average

gain from the sulphur sprays, which contained the same amount of

sulphur but no copper, was, as already stated, 480 per cent. This

shows the advantage of adding the copper to the sulphur sprays.

In the table the experiments with the Bordeaux mixture are

arranged according to the amount of copper and lime used in each.

The results obtained in the 9 experiments bring out some valuable

facts respecting the most desirable proportions of copper and lime to

be used. Of the 9 experiments with Bordeaux mixture, 2 formulae

contained 15 pounds of lime each, 3 formuL-e 10 pounds each, and 4

formida? 5 pounds each.

By comparing rows 15 (6 pounds copper sulphate, 15 pounds lime),

41 (5 pounds copper sulphate, 10 pounds lime), and 21 (5 pounds cop-

per sulphate, 5 pounds lime), it will be seen that there was a gain in

healthy foliage of 589 per cent, 566 per cent, and 634 per cent, respec-

•tively. Dividing these gains by the number of pounds of copper in

the respective formulae, which may be fairly done, owing to the nearly

equal amounts of copper contained in each, the following results will

be obtained:
Per cent.

Row 15 (6 pounds copper sulphate, 15 pounds lime= l pound copper to 2.5

pounds lime) shows a gain of foliage per pound of copper sulphate of 98

Row 41 (5 pounds copper sulphate, 10 pounds lime= 1 pound copper to 2

pounds lime) shows a gain of foliage per pound of copper sulphate of 113

Row 21 (5 pounds copper sulphate, 5 pounds lime= 1 pound copper to 1 pound

lime) shows a gain of foliage per pound of copper sulphate of 127
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Those coniptirisons iiulicate a decided increase in activity of the

sprays as the percentai;e of lime is lessened—the total amount of cop-

per remaining tlie same, at least to that point wliere the number of

pounds of copp«>r sulphate and lime are (Hpial. The fornuihe contain-

injjf H pounds of copper sulphat*^ can not all he compared as justly as

the above formulie have been, owing to a difference in the make of

copper sulphate used on row H3. However, rows 45 and 54, each hav-

ing been sprayed with a formula containing 8 pounds copper sulpliate

and 10 pounds lime, may be compared with row 25, which was treated

with 8 pounds of copper sulphat«^ and 5 pounds of lime. The average

saving of foliage per pound of copper sulphate in the formei' two

experiments (10 pounds lime) was l.so per cent. The sa\Ing per pound

of copper sulphate in the latter experiment (5 pounds lime) was I!M;

per cent. These comparisons also show most gain in foliage per pound

of copper sulphate where least lime was u.sed.

That no misconception may be fornu'd from the preceding com-

parisons, it is well to consider that the sprays were applied in these

cases innnediately before the opening of the buds, so that prompt action

of the coppcM" was of greater importance than the enduring <pialities

of the s})rays. As will be elsewhere shown, however, the I'ndurance of

sprays upon the trees is largely increased with the increase of the

amount of lime they contain. A large increase of lime above the

absolute requirements for the Bordeaux mixture is not necessary when
the spray is applied so near the date of the opening of the buds that

its action can not be delayed without loss in eli'ectiveness. On the

other hand, if the spray is applied at an earlier date, so that it is

req^uired to withstand weathering for a longer period, a considerable

increase in the amount of lime may be an advantage in increasing its

enduring quality.

The amount of copper sulphate used in the preparation of the Bor-

deaux mixture varied from 2 to 6 pounds for 45 gallons of spray. Of
the nine formulie tested, that containing 5 pounds of copper sulphate

and 5 pounds of lime (row 21) gave the highest gain in foliage over

the average healthy foliage of the control trees, or 634 per cent.

There was an actual average saving of 95.9 per cent of the spring

foliage of the 10 trees sprayed, consequently the average loss of foliage

in this experiment was only 4. 1 per cent. The next best results were

obtained with the spray containing 4 pounds copper sulphate and 5

pounds lime (row 22). This spray gave a gain in foliage above the

average produced by the control rows of 624 per cent. The average

amount of foliage saved on the 10 trees was 94.5 per cent, showing

that all but 5.5 per cent of disease had been prevented. While row 33

shows the next highest saving in foliage, these results, as already

indicated, are exceptional, as shown by comparison. The yield of

fruit which this row produced also shows the foliage records to be

exceptional, and they may properl}' be omitted in these comparisons.
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The results obtained by the use of eau celeste and modified eau

celeste were very satisfactory, but in no case was as high a percentage

of foliage saved by them as in the better tests with Bordeaux mixture.

The exceptionally high percentage of foliage saved on row 30 with but

2 pounds of copper sulphate may be in part due to the fact that the

row was an exterior one of the block and next to a driveway, where

the trees may have been better nourished than those of interior rows.

By comparing the formula used on row 27 with that used on row 35

(each containing i pounds of copper sulphate) it will be seen that the

saving of foliage was about equal with eau celeste and modified eau.

celeste. Comparison of these results with those shown by row 22,

which was sprayed with Bordeaux mixture containing the same amount

of copper, will show that the latter saved the highest percentage of

foliage.

Ammoniacal coppei carbonate gave less satisfactory results than the

preceding sprays, probably owing to insufficient copper. The various

results given by the other sprays tabulated require no special comment.

Another fact is made evident ))y the preceding table. Of two

formuhe of the same class, as the Bordeaux mixtures, one containing

more of the fungicide than the other, the percentage of foliage saved

for each pound of fungicide will be the greater in the weaker spray.

Each of the Bordeaux mixtures used in spraying rows 21, 22, 25, and

28 contained 5 pounds of lime, but the amounts of copper sulphate

used were 5, 4, 3, and 2 pounds, respectively. The total net amount

of foliage saved bv these sprays and the net saving per pound of copper

sulphate each contained may be thus shown.

Row 21: 5-pound formula, 634 per cent saved; per pound of copper sulphate, 127

per cent.

Row 22: 4-pound formula, 624 per cent saved; per pound of copper sulphate, 156

per cent.

Row 25: 3-pound formula, 588 per cent saved; per pound of copper sulphate, 196

per cent.

Row 28: 2-pound formula, 584 per cent saved; per pound of copper sulphate, 292

per cent.

These figures shoAV a gradual decrease of the total per cent of foliage

saved as the amount of the fungicide is decreased, but a decided incx'ease

in the percentage of foliage saved per pound of fungicide.

COMPARISONS OF WEIGHT AND COLOR OF FOLIAGE FROM SPRAYED AND
UNSPRAYED TREES.

Besides the direct loss of leaves through infection by Exoascus defor-

mans^ there is an indirect loss through the retarding of growth of such

foliage as has not been directly infected by the fungus. A limited

examination of this matter was made May 17 and 18, 1895. Two
typical trees were selected in adjoining rows, one of which had been
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DESCRTPTrON: OF PLATE VTTT.

Experiments at Biggs, Cal. (rnsprayed.) Looking norjh through the Lovell

trees from row 2<S of tlie experiment l)loek, sliowiiig the unsprayed trees f)n both

sides as they appearetl ^hiy !'), 1S95, in the tiiisprayeil onlianl. Tiiese sliould be

contrasted with the two sprayed rows, 21 and 22, shown in PI. IX.
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DESCRIPTION OF PLATE IX.

Experiments at Bigg8, Cal. (Bordeaux mixture.) Looking east between rowH 21

and 22, ]\Iay 15, 1895. Row 21 wan treated iK'fore l)l()()iiung with 5 pouiidH copper

sulphate, 5 pounds lime, and 45 gallons of water, and row 22 with 4 pounds copper
sulphate, 5 pounds lime, and 45 gallons of water. Row 21 matured 4,448 pounds of

fruit, and row 22, 4,421 pounds, while row 20, unsi)rayed, just south of row 21,

matured only (348 pounds, and row 23, unsprayed, just north of row 22, matured
only 712 pounds. Row 21 set 22,164 peaches, and row 22 set 21,478, while row 20

set only 1,911, and row 23 (mly 2,127; or, in other words, row 21 set eleven times as

many peaches as row 20, and row 22 ten times as many as row 2.3 (p. 111). (Com-
pare with PI. VUI.)
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spi-ayed uiid the other not. These were trees No. 10 of rows 20 and

21. Tree No. 10 of row 21 was sprayed the lii-st week in Mareh, 1S!»5,

with Bordeaux mixture (5 pounds copper sulphate, 5 pounds lime).

Tree No. 10 of row 20 had not been sprayed. From each of these trees

was gathered 2 pounds of healthy foliage. Careful measurements*

were made of the length of the branches of 1894 growth necessary to

yield this weight of healthy leaves, and it was found that on the

unsprayed tree it required 180 feet 2 inches, while on the sprayed tree

it requii-«>d only 49 feet 4 inches. The work was done as similarly as

possible on both trees. The 2 pounds of foliage from the sprayed

tree contained 2,428 leaves, and the 2 pounds from the unsprayed tree

2,546. In other words, 118 more healthy leaves were required from

the unsprayed tree than from the sprayed tree to equal 2 pounds in

weight, or 59 more leaves per pound. This result is due to the indi-

rect rather than the direct action of the disease. The leaves from the

unsprayed trees, being healthy, should average as great in weight as

those from the sprayed trees, were it not for the retarding and

impoverishing action of the disease upon the general growth of the

tree. In comparing diseased with healthy leaves, however, this ratio

would be reversed. The number of diseased leaves required for a

given weight would be nuit-h less than the number of healthy leaves

required. The diseased leaves are greatly curled and distorted through

the irritation or stimulative action of the fungus present in the tissues,

and in many instances they also become enormously increased in width,

thickness, and weight.

The contrast observed in the color and general appearance of the

leaves of the sprayed and unsprayed trees was very marked. The

foliage of the trees treated with the stronger copper sprays, especially

the Bordeaux mixtures, presented the finest appearance. On May 8,

1895, two months after the spray work was completed, and at the

height of the disease, the foliage on trees thus sprayed presented the

greatest perfection. It was so abundant and so dense as to throw

very dark shadows beneath the trees, making it difficult to obtain

good photographs among them. This dense foliage existed upon both

the lower and the upper branches. The leaves were of a very dark

and rich green color, long, soft, and beautiful. Upon the unsprayed

trees comparatively few leaves presented the appearance of full

health, and much of the diseased foliage had already fallen, leaving

many trees nearly bare. The color of much of the remaining foli-

age was yellow and sickly. Many of the uncurled leaves were small

and light colored on both the lower and the upper limbs. What
growth these trees had made up to that date was largely terminal, very

little healthy or comparatively healthy growth being apparent from

lateral buds. (Compare Pis. VIII and IX.)
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The influence of the various .sprays on the thriftiness of the leaves

was especially examined. This examination was confined to such foliage

as was free from infection by the fungus, but was extended to sprayed

and unsprayed trees alike, and to all rows of the block. In recording

the comparative thrift of uninfected foliage, attention was given to the

depth of the green color, to the softness of texture, and to the size of

the leaves. These features of the foliage were considered collectively

and recorded on the scale of 100; for instance, the most thrifty foliage

was recorded at 100 per cent of thrift, and the less thrifty at a lower

percentage. This method enables one to distinguish at a glance those

sprays giving the best results in color, texture, and size of leaves—in

other words, in functional ability. The records for each row and

formula are given in the general table under the preceding head of this

chapter, to which the reader is referred. It will there be seen that the

trees of 5 rows produced foliage of the highest quality in spite of the

presence of disease. These rows were all sprayed with the copper

sprays, and all but one with Bordeaux mixture. Owing to the fact

that row 30, showing first-quality foliage, was an outside row, it

may be well to omit it in comparisons. The remaining 1 rows, Nos.

15, 41, 21, and 22, were all sprayed with Bordeaux mixture, containing

6 pounds, 5 pounds, 5 pounds, and 4 pounds of copper sulphate,

respectively. Smaller amounts of copper sulphate did not give equally

high results.

The average results shown by the different classes of sprays are as

follows:
Per cent.

Sulphur, lime, and salt (3 rows) ^7

Sulphur and lime (7 rows) .' 63

Bordeaux, sulphur, and lime combined (3 rows) 77

Bordeaux (9 rows) 9f*

Bordeaux, 4, 5, and 6 pound formuke (4 rows) 100

Eau celeste (2 rows) 90

Modified eau celeste (2 rows) 80

Ammoniacal copper carbonate (2 rows) 70

Iron sulphate and lime (1 row) 40

Iron sulphate, sulphur, and lime (1 row) 40

Potassium sulphide (1 row) 40

Potassium sulphide and lime (2 rows) 45

Lime and salt (1 row) 60

Lime (1 row) 50

Trees sprayed in 1894, but not in 1895 (3 rows) 20

Control trees (19 rows) 20 ^

The Bordeaux mixture is here shown to give the best average results

as to thrift of foliage. The excellence of texture, color, and size of

the leaves on rows sprayed with the stronger Bordeaux mixtures

would be hard to surpass.

^ First leaves probably injured by spray.

2 One exceptional row, showing 40 per cent, omitted; perhaps benefited by wind-

borne spray.
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GROWTH OK HKANCHES AND LKAF lU'DS ON SI'UAVKI) AND UNSPKAYKD

TKEEiS.

Besides knowing the action of the disease and of the sprays upon

foliage, it is desirable to ascertain their action on leaf buds and the

g-rowth of branches. Two months after orowth started - from Mav
10-14, 1S95—a study was made of the orowth of 20 trees in the experi-

ment block, 10 sprayed and 10 uiisprayed. The rows seh'cted for this

work were Nos. 20 (unsprayed) and 21 (sprayed). These rows were

types of the injurious action of the disease and of the beneficial action

of the spray applied, which was 5 pounds of copper sulphate and 5

pounds of lime. Much time was given to making measurements of the

new growth and recording the results, the time being equally divichnl

between the 10 sprayed and tiic 1<» unsprayed trees. Typical limbs

were measured upon J)oth the lower and upper portions of the trees,

and the length and comparative health of the new growth was recorded.

The leniJfth of IS!) 1 growth and that which was older was first ascer-

tained, and was followed by careful measurements of all spring growth

of 1895 arising from wood of 1894 or from that which was older. The
results of this work are shown in the following table:

Table 9.

—

Records of vieaaurernenf.'^ of Iwaltln/ ami diseased, wood on unsprayed and
spraijed trees, taken May 10-14, 1895.
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On the unsprayed trees, prior to the middle of May, the total amount

of new growth on 16,188 inches of 1891: wood, including the older wood

from which this arose, was 10,599 inches. On the sprayed trees the

new growth amounted to 17,045 inches during the same time (two

months) on 8,260 inches of 1894 growth, including the older growth

from which the latter arose. This was a net gain of 215 per cent,

length of old wood considered, over the growth produced by the

unsprayed trees. Otherwise stated, the unsprayed trees had averaged

a new spring growth of 7.85 inches per running foot of 1894 wood and

older, while the sprayed trees had produced a growth of 24.75 inches

per foot of 1894 Avood and older during the same time. This shows

a gain in growth on the sprayed trees during these two months of

16.90 inches per foot of old wood. The importance of this matter

will appear to all growers who have peach orchards situated where the

spring growth represents the major part of that of the season, as is

true in many peach-growing regions. In such orchards this would

frequently represent a reduction of 25 per cent in the annual growth.

In the peach, the growing wood of one year is the bearing wood of

the next, hence the amount of wood produced would have added sig-

nificance.

Considering the total growth of the spring of 1895 from wood grown

prior to 1894—the pushing of dormant or quiescent buds—an analysis

of the table shows a net gain by the old wood of sprayed trees of 173

per cent above the growth produced from like wood of unsprayed

trees. This action of spray enables the grower to renew bearing wood

on the lower portions of his trees, which is an advantage where trees

are old or close set and tending to grow upward, or where curl or other

causes have tended to denude the lower limbs of young and productive

wood. This tendency of Bordeaux mixture to aid in the forcing and

active growth of dormant Ixids was especially well marked in the case

of a tree sprayed very thoroughly on one side (6 pounds copper sul

phate, 4 pounds quicklime, 45 gallons of water) and left unsprayed on

the other. From the base of the main limbs on the sprayed side there

arose 13 shoots from dormant buds during the first two months of

spring growth, while the unsprayed limbs produced practically none.

The 13 shoots on the sprayed side had made the following growth to

May 17, growth beginning about the close of the first week in March:

Shoots.
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or uii av(M-!ii,a' of over ;>:'. iiiohos for tho V\ shoots. That this astonish-

ing- pushing of now basal buds was not duo to injury of tho top ])v the

spray was shown ])y tho inuuonso amount of dark groen foliage tho

sprayed half of the tree produced and from tho amount and perfec-

tion of the fruit it bore. It was evidently an aided or stinuilatod basal

growth. In ta))le 1) is shown the comparative health or disease of

the spring wood measured. Where shoots had suttered from disease

to such an extent that they wore enlarged, crooked, or otherwise dis-

torted or injured ])y the disease, they were classed as diseased; when

not so injured, they were classed as healthy. In respect to this classi-

fication the table gives the following facts: On the unsprayed trees the

new shoots measured on growth of 18!>4 or older amounted to 10,599

inches, of which 6.703 inches was of healthy wood and 3,896 inches

of diseased wood, or, in other words, 63 per cent of the wood was

healthy and 37 per cent diseased. On tlie spiayed trees the total

length of new shoots measured on 1S'.I4 growth or older was 17,045

inches; of this, 16,988 inches was of healthy wood and only 47 inches

of diseased wood, or Wi per cent was lu'althy and ^ per cent diseased.^

^lany peach orchards are cultivated under conditions of moisture and

nourishment that enable the trees to grow throughout the entire sum-

mer. In such situations trees badly diseased in the spring are apt to

so far recover before frost that there is little apparent difierence between

them and the trees saved from curl by the use of sprays. That this

recovery is not entire, however, is shown by actual comparisons. In the

Riviera orchard. Live Oak, Cal. , were obtained the following records, in

February, 1894, fron 10 sprayed and 10 unsprayed Crawfords Late peach

trees. The trees are fully described under the following heading of this

' These comparative records of the length of healthy and di.sea.sed branches upon

sprayed and unsprayed trees fully serve the i)urpose of comparison for which they

are here intended. There is another pha.«e of the matter, however, which .should

not be overlooked or misunderstood at this time. A branch classed as diseased does

not mean that it was disea.sed or swollen throughout its entire length, but that

external signs of a diseased or injured condition were noted at some point in its

course. If it be supposed that one-third of the injuries noted were dead ends or

other imperfections not due to the infecting of the branch by the fungus, but indi-

rect injuries arising from the loss of foliage, there remain two-thirds of the injuries

which may be properly assumed to be due to the infection of branches by means of

mycelium coming from diseased leaves. There would then appear to be 25 per cent

of the cases which might be classed as diseased from mycelium infection. As already

indicated, however, this does not mean that these branches are infected throughout

their entire length, but show one or more points of infection at the buds. It is

thought by the writer that not more than 1 bud in 10 is actually infected in these

diseavsed branches. If this estimate is approximately correct, the number of infected

buds on the unsprayed trees would be represented by one-tenth of 25 per cent, or 2.5

per cent of the buds on the tree. In brief, it is believed that it is rare for more than

3 per cent of the buds of a badly diseased tree to become infected by the mycelium

from diseased leaves—in other words, that rarely more than this percentage of buds

of one year carry a perennial mycelium to the next spring.
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chapter, and it will here be sufficient to state that the growth on the

sprayed and unspra3^ed trees could be fairly compared. The sprayed

trees were treated with the sulphur, lime, and salt spray in the winter of

1892-93. Leaf curl developed seriously in the orchard in the spring of

1893. The sprayed trees saved their foliage and bore a full crop of fruit

in 1893, while the unsprayed trees, everywhere surrounding those that

were sprayed, lost the spring foliage and most of the fruit. All trees

stood upon moist, deep, rich river bottom land, where growth could

continue throughout the season. In the fall of 1893 the unsprayed

trees had apparently largelv overtaken the sprayed trees in growth, as

the former had carried little crop, while those that were sprayed had

matured a full crop. That the unsprayed trees were not, however,

fully abreast of the sprayed trees when growth ceased in 1893, is

shown by the measurements recorded in February, 1891: (table 11).

These measurements were made on various sides of each tree, and on

lower and upper limbs, and as a week was devoted to the work, the

measurements are believed to be sufficiently extensive to give reliable

results.

Table 10.

—

Gain in number of lateral shoots and spurs from old wood on sprayed trees.

Records.
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Tlio miinlHM- of leaf ])iids producod on tho sprayed and unsprayed

trees per lineal inch or foot of old wood did not j>:reatly differ. There

was, however, a gain of 1 per cent in favor of the sprayed trees, as

shown below:

Taui.k 12.

—

Gain in number of leaf Inids in farm- of .sprayed trees.

Records.

Length of ohl wood, raeasurcrl in inches, on sprayed and unsprayed trees

Number of leaf Imds
Average unniber of leaf buds to inch of wood
Gain in favor of spniyed trees pcr cent.

.

Trees.

The tendency of the new orowtli to send out lateral ])ranches and

spurs was much more marked upon the sprayed than upon the

unsprayed trees, the gain in this case being lOl) per cent. This is a

decided advantage, for the tree is thus enabled to bear a heavier and

more eijually distributed crop than where such laterals are few.

Table IS.—Gain in number of lateral ahoola ami spitrxfrom new vjood on sprayed trees.

Reeonls.

Length of new wood, measured in inches, on sprayed and unsprayed trees...

Number of lateral shoots and spurs from new wooil

Number of lateral shoots and spurs per inch of new wood
Gain in favor of sprayed trees per cent..

Trees.

Sprayed. Unsprayed.

18,174
640

0.0352
109

16,390
276

0.016S

A complete tabular presentation of the data from w hich the four

preceding tables have been drawn will be found under the following

heading.

THE DEVELOPMENT OF NE^V FRUIT BUDS AND FRUIT SPURS FOR THE

YEAR FOLLOWING AN ATTACK OF CURL.

In February, 181)1, while the action of the sulphur sprays was being

considered in the Riviera orchard, the question arose as to the rela-

tive al)ility of sprayed and unsprayed trees to produce fruit buds and

fruit spurs for the year following a severe attack of curl. Many trees

in this orchard had been sprayed with the sulphur sprays in the

winter of 1892-93 for the destruction of the San Jose scale {Aspidio-

tm perniciosus). The manner in which this work was done furnished

an excellent opportunity to ascertain the facts desired respecting the

development offruit l)uds. It was noted during the early part of the

winter that individual trees, scattered through a 10-acre block of 4-year-

old Crawfords Late, had become infested with San Jose scale. A
careful examination of this part of the orchard was then made, and

each tree found to be infested with the scale was marked for spraying.
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Later in the winter Mr. A. D. Cutts, one of the proprietors and the

superintendent of the orchard, had these marked trees thoroughly-

sprayed with sulphur, lime, and salt, the formula used being as fol-

lows: Sulphur 15 pounds, lime 30 pounds, salt 10 pounds, water 60

gallons.

While this spray was known to be effective against San Jose scale,

it also proved very effective against curl, which developed seriously

in the orchard in the spring of 1893. The result of the spraying was

to produce a most striking effect. When the disease developed, the

unsprayed trees, which represented the major portion of this 40-acre

orchard, were almost wholly denuded of foliage and largely of fruit,

while the sprayed trees, scattered through the block, were in full foliage

and fruit. This orchard was selected as a very suitable place in which

to study the relative thrift and number of fruit buds and spurs pro-

duced on sprayed and unsprayed trees for the year following, and for

this purpose 20 trees were selected from this block in February, ISQtt.

Ten of these trees had been sprayed in the winter of 1892-93, and had

thus escaped serious injury from curl in the spring of 1893, while 10

of them had not been sprayed and had suffered considerably^ from the

disease. These 20 trees were all Crawfords Late, 5 years old in the

winter of 1893-91, and similar in other respects, the soil, situation,

etc. , being the same.

The work of counting and grading buds upon these sprayed and

unsprayed trees was begun about the middle of February, 1894, and

continued for a week, an equal amount of time being given to each tree.

To make all records as representative as possible of all portions of the

trees studied, the limbs were measured and the buds counted and classi-

fied upon different sides of each tree and upon both lower and upper

limbs. In the selection and measurement of limbs, as well as in the

counting and classification of the buds, an effort was made to correctly

represent the conditions existing in all parts of each tree, and of all

trees alike. After the selection of a limb for study, all wood grown

prior to 1893 was measured and the length recorded. Following this

all the shoots and spurs of 1893 growth, and arising from the old

wood measured, were counted and the number set down. All these

new shoots, with the exception of fruit spurs 4 inches or less in length,

were then measured. Records were kept of the length of the new
shoots, the number of well-developed fruit buds, the number of poorly

developed fruit buds, and the number of leaf buds they bore. A
record of the number of lateral shoots and fruit spurs from the growth

of 1893 was also preserved. The results of this work are brought

together in the two tables which follow:
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In the preceding tables, the num])er of shoots and spurs of IS93,

which arose from wood of 1892 or earlier (old wood), as well as the

length of the old wood itself, are classed under the general head of

new growth from old wood. The measurements of the growth of

1893, and the luunber of lateral shoots and fruit spurs, as well as the

number of fruit and leaf buds the new growth produced, are classed

under the head of new wood. The buds were counted in a uniform

manner upon all growth measured, except the buds borne by fruit

spurs, which are estimated at 3 l)uds per spur in the taliulated calcula-

tions whicli follow. The fruit buds have been divided into two classes

—

well developed and poorh' developed.

In considering the information given in the preceding tables, only

those facts having a direct bearing on the fruit buds of the sprayed

and unsprayed trees will be taken up under this heading. Those

relating to length of new growth, iumi])er of new shoots, and number

of leaf buds have already been considered under the preceding head-

ing of this chapter.

The following digest from the general tal)les shows that 23,879 fruit

buds of all kinds were produced ])y the new growth arising from 8,255

linear inches of old wood on 10 sprayed trees in 1893—an average of

2.892 buds per inch of old wood. The average number of buds per

inch of old wood on the 10 unsprayed trees, obtained in a similar man-

ner, was 2.686. These figures show that the sprayed trees produced

7f per cent more fruit buds of all kinds in the sunuuer of 1893 than

were produced by the unsprayed trees. These were fruit buds for

the crop of 1894, and upon trees bearing a full crop in 1893, while the

contrasted unsprayed trees bore very little.

Table 16.

—

Gain in total number of fruit buds on sprayed trees.

Records.

Length of old wood, measured in inches, on sprayed and unsprayed trees . .

.

Total number of fruit buds of all kinds
Average number of same to inch
Gain in favor of sprayed trees per cent.

Trees.

Sprayed.
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Table 17.

—

Excess of imperfectly developed fruit bads on unsprayed trees.

Records.

Length of old •wood, measured in inches, on sprayed and unsprayed trees.

.

Number of imperfectly developed fruit buds
Average number of imperfectly developed fruit buds to inch of wood
In favor of unsprayed trees -- percent

7,363
9,200
1.249

32

In comparing the number of well-developed fruit buds which were

produced in 1893 by the sprayed and unsprayed trees, independent of

the number of spur buds, it was learned that the number upon the

sprayed trees was 20 per cent greater, as shown in the following table,

than the number produced by the unsprayed trees.

Table 18.

—

Gain in well-developed fruit buds, exclusive of spurs, on sprayed over

unsjirayed trees:

Records.
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ducing- those fruit spurs for the followino- year, while the unsprayed

trees had ])()riie but few peaches. The facts here discussed are shown

in the table that follows.

Table 20.

—

Gain in number of spur buds on sprayed over unsprayed trees.

Trees.

Records.

Length of old wood, mea.snred in inches, on sprayed and unsprayed trees.

.

Total number of sp\irs

Number of spur buds, estimated at 3 buds per spur
Average number of spurs per inch
Average number of spur buds per inch
Gain in favor of sprayed trees percent

Besides comparing the number of fruit buds produced in 1893 by

the sprayed and unsprayed trees, it is desirable to contrast the bud-

producing- al)ilities of the upper and lower portions of these trees.

It is generally conceded as desirable that the crop of a peach tree should

be borna as largely as possible upon the lower limbs, and anything

tendino- to this result may prove of value. Peach leaf curl, ])eing due

to a fungous parasite, has a tendency to do more injury to the lower

than to the upper portions of the trees aflected. The atmospheric con-

ditions are more favorable for the germination of spores and to fungous

growth in the lower and more shaded portions of the tree, and the

lower branches accumulate greater numbers of fungous spores than the

upper branches. In the following table it is shown that the total number

of fruit buds produced b}^ the lower limbs of the sprayed trees was 7

per cent greater than the number produced by the upper limbs, com-

paring equal lengths of new wood in each case. On the unsprayed

trees, however, the upper limbs produced 5 per cent more fruit buds

per linear unit of new wood than the lower limbs. This shows a

difference of 12 per cent in favor of the sprayed trees. The tabulated

figures are as follows:

Table 21.

—

Gain in total number offruit buds on lower limbs of sprayed trees over those

of unsprayed trees, as compared with upper limbs of each, respectively.
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By contrasting only the well-developed and spur fruit buds it is

learned that there was 14 per cent in the number of buds in favor of

the lower limbs on the sprayed trees and 4 per cent in favor of the

upper limbs on the unsprayed trees. This showed a difference of 18

per cent in favor of the lower limbs of the sprayed trees. The entire

comparison is given in the table which follows:

Table 22.— Gain in mmiher of well-developed and spur fruit buds on the lower limhs of

sprayed over unsprayed trees, as compared with uj)per limbs of each, respectively.

Records.

Length of new wood, measured in inches, on upper limbs .

Length of spurs, estimated at 2 inches per spur

Total length of new wood on upper limbs.

Length of new wood, measured in inches, on lower limbs .

Length of spurs, estimated at 2 inches per spur

Total length of new wood on lower limbs .

Number of well-developed and spur fruit buds on upper limbs

Number of same on lower limbs
Average number of same per inch on upper limbs

Average number of same per inch on lower limbs

Gain in favor of lower limbs on sprayed trees per cent.

Gain in favor of upper limbs on unsprayed trees do. .

.

Difference ir favor of sprayed trees do...

Trees.

Sprayed.

10,964
1,358

12, 322

7,210
1,.334

8,544

8,975
7,112
0.728
0. 832

14

18

Unsprayed.

9,770
554

10, 324

6,620
546

7,166

6,340
4,237
0.614
0.591



CTTAPTEIJ VI.

INFLUENCE OF SPRAYS ON THE FRUITING OF THE TREES.

THINNING TTTE FItUTT OF SPRAYED TUEKS.

Thocrononil discussion of the spray work conductod in the Kio Ronito

orchard will he found in Chapter IV, and it is therefore not necessary

to review these matters here. As soon as j>rowth was well startled

in this orchard in the sprin*^ of 18!)5, it became evident that the fruit

would have to he thinned on a portion of the Lovcll trees comprisinjif

the experiment block. The peaches were settiiiij;- thickly on both

spra^'ed and unsprayed trees, but as leaf curl developed, the youn^-

fruit upon the control trees beo^an to fall, while that upon the sprayed

trees remained firmly attached and t»'rew rapidly.

When the younj*' peaches had reached the size of hickory nuts, and

the pits Avere forming-, the danger of dropping from curl had ])assed,

and the thinning of fruit on overloaded trees was then undertaken.

To enable the writer to make just comparisons of the merits of the

various sprays in saving fruit, it became necessary to carefully record

the amount and number of peaches thinned from all trees in the experi-

ment block. Thinning fruit is an eciualizing process, and to equalize

the crop upon sprayed and unsprayed trees or upon trees treated with

different sprays, would be to destro}' the contrast in the amount of

fruit arising from the use of different formube. This would result in

the loss of the very facts which it was hoped to obtain from the experi-

ments, unless records of the fruit thinned off' were preserved. For

the preservation of such records the following plan was adopted:

Canvas sheets of large size, commonly used in the harvest of the almond
crop in the same orchard, were spread ])eneath the trees to be thinned.

The young peaches were allowed to fall upon the canvas as picked, and
the canvas was moved as necessary. The fruit thus thinned was
poured from the canvas into picking boxes beneath the tree from which

it was thinned. By this plan the fruit thinned from each tree ' was
kept by itself. After an experiment row of 10 trees had been thinned,

the fruit picked from each tree was separately weighed and the weight

recorded. From 3 trees of the row sufficient fruit was now taken to

amount to 25 pounds. The peaches in this 25 pounds were then

counted, the number entered with the other records of the row, and

on this basis the average number of small peaches per pound for the

row was determined. By multiplying the number of pounds of young
peaches thinned from each tree by the average number of peaches

per pound, as above obtained, the writer was able to determine quite

accurately the number of peaches thiimed from each tree of the row.

103
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When the work on one experiment row was completed, the fruit from

a second row of 10 trees was gathered, weighed, and counted in like

manner, and this process was followed for each row of the block which

required thinning.

From the field records thus gathered two tables have been carefully

compiled, the first showing the actual weight of young peaches picked

from each tree thinned in the l)lock, and the second the computed

number of peaches which these weights represent, as determined by

the above-described method.

Table 2S.— Weight of peaches thinned from the sprayed Lovell peach trees in the experi-

ment block of the Rio Bonito orchard in the spring of 1895. (a)

Row No.
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By roforring to the above tal)le it will be seen that only those rows

which were sprayed in the spring- of 1895 were thinned, and that a

portion of these required but little thinning. The reasons for this lie

in the severe action of the disease upon the unsprayed rows and those

sprayed with weak or unsatisfactory sprays, in which cases the fruit

fell from disease. The table shows the weight of thinned peaches per

tree, the totjil weight of peaches thinned from the row, the number

of peaches contained in 25 pounds, the average number of peaches per

pound, and the total number of peaches thinned from the row.

In the tal)le which follows the pounds have 1)een reduced to show

the num])er of peaches, the reduction being made according to the

method already described. Comparison of the total number of peaches

thinned from the separate rows, as given in the two tables, will show

slight variations in the units column in several cases. These varia-

tions arise from iie gain or loss in fractions resulting from the use

of the difi'erent methods which it was necessary to employ in ol)tain-

ino" the titrures shown in the two tables.

Table 2A.—Number of peaches thinned from the sprayed Lovell peach trees in the experi-

ment block of the Bio Bonito orchard in the spring of 1895. (a)

Row
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Table 24.

—

Number of peaches thinned from the sprayed Lovell j)each trees in the experi-

ment block of the Rio Bonito orchard in the spring of ^555—Continued.

Row-
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DESCRIPTION OF PLATE X.

Experiments at Biggs, Cal. (Bordeaux mixture.) Fruit gathered from row 15 of

the experiment block of the Rio Bonito orchard in thesummerof 1895. The forniiila

for the spray used on this row was pounds copper sulphate, 15 pounds (luickHine,

45 gallons of water. The 10 trees of the row matured 4,851 pounds of tine pea(-hes,

which are shown in the picking boxes. The trees of the adjoining unsprayed row,

No. 14, l)ore only 928 pounds. The value of the fruit matured on row 15 was $60.02;

on row 14 it was $13.24, a net gain from spraying 10 trees of $4(5 aftei- allowing for

the cost of spraying. This gain resulted after more than one-third of the i)eaches

had been thinned from the sprayed row, while none had been thinned from row 14.

The total number of peaches set by the trees of row 15 was 21,272, by those of row

14 it was 2,855. The comparative average net gain shown by the spray used on row

15 was 619 per cent.
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on either side wore 10 trees lonj^ from east to west. One picker was

assigned to each tree of the row across the block, thus making ten

pickers on each side of the drive, or twenty in all, and an extra man was

assigned as superintendent of the twent}' pickers, to see that all instruc-

tions were carefully carried out. Every man was instructed to leave

all fruit he picked l)eneath the tree from which it w^as gathered, pick-

ing boxes having Ix^en previously distril)uted for this purpose.

The work of picking began at the south end of the experiment

block. When the fruit which was sufficiently matured had been

gathered and placed in the boxes beneath a tree, the picker proceeded

to the next tree north, thus following the same north-and-south row

until he had passed entirely through the block, and when each man

had thus completed his north-and-south row the entire })lock had })een

picked over, the fruit l^eing beneath the trees from which it came.

The first and second pickings were conducted in this manner, but the

second was not begun until after the first was completed and the

gathered fruit had lieen removed from beneath the trees.

The process of collecting the fruit of the first picking began as soon

as the pickers had completed an east-and-west row and had proceeded

to the next row toward the north. Four men were employed to collect

and weigh the peaches—two to collect the fruit in the orchard and

two to weigh, count, and keep the records. The fruit was brought

from the east and from the west to the central driveway on a low plat-

form wagon drawn by one horse. The boxes of fruit gathered from

the 10 trees of each experiment row were piled at the side of the

driveway, close to the last tree of the row. The boxes of fruit from

each tree were also distinguished by means of cards bearing the

number of the tree from under which the boxes were taken (PI. X).

The weighing began as soon as the fruit fi'om the 10 trees of an

experiment row had been piled at the side of the central drive. Plat-

form scales were placed on a level base close to the fruit boxes, and

the fruit from each tree of the row was weighed separately. The gross

weight was recorded for each tree, as well as the number of picking

boxes. The average weight of the picking boxes used was afterwards

carefully determined, and from these data the net weight of fruit was

ascertained and tabulated for each tree of each row of the block.

After the weight of fruit for each tree of an experiment row was thus

learned, 100 pounds of peaches were weighed out from typical ])oxes

of several tress of the row. The number of peaches in this 100 pounds

of fruit was then ascertained by counting, the number being recorded

with the other data for the row. The fruit of all the experiment rows

was weighed and the average size of the peaches determined b}^ count-

ing, as here indicated.

Following close after the weighers came five or six sorters. These

men graded the fruit, according to the requirements already outlined,

into three classes—one for an Oakland cannerv, one for a Chico can-

nery, and a third class for drying. These three classes constituted
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real!}' but two qualities of fruit—a first quality for cauning, and a

second quality for drying. After the fruit of a row was graded a

careful count of the number of picking boxes of each class of fruit

was made, and the numbers recorded. From these figures were deter-

mined the proportions of the total yield of the row which belonged to

the different classes of fruit. The same process of picking, collecting,

weighing, counting, grading, and recording was followed for the

second picking as for the first.

In the following table are shown the net weights of fruit gathered

at the first picking from each tree of the entire block of 58 experi-

ment rows, with the total weight for each row.

Table 26.— Weight of peaches of first picking from the Lovell trees of the experiment

block oftJie Rio Bonito orchard, gathered in the fall of 1895.

Row No.
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At the side of tho total column in the preccdino- tjiblo is (jfivon u col-

umn showing tho number of trees in each row. The total amount of

fruit gathered at the tirst picking from each row has been divided by

the number of trees in the row, giving the average amount of fruit

picked per tree for each row of the block. This average is shown in

the right-hand column.

In the table which follows is given the net weight of fruit gathered

at the second picking from each tree of the block not picked clean at

the tirst picking.

Table 26.— Weight of peaches of second picking from the Lovell trees of the experiment

block of the Rio Bonito orchard, gathered in the fall of 1895.

1..

2..

3..
4..

5..

6..
7..

8..
9..

10..
11..
12..
13..
14..

15..
16..
17..
18..
19..
20..
21..
22..
23..
24..
25..
26..
27..
28..
29..
30..
31..
32..
33..
34..
35..
36..
37..
38..

39..
4cr.
41..
42..
43..
44..
45..
46..
47..
48..
49..
50..
51..
52..
53..
54..

55..
56..

57..
58..

Row No.

Weight of fruit, in pounds, gathered at second
picicing from trees Nos.

—

54
25
79
12

49
60
11
31
29
7

11
2?
19
33
20
11
23
10
7

12
11
6
6
23
5

270
40
200
113
8
89
6

12
23
26
15
47
21
. 7
16
19
3
10
11
5
4
12

I

19

121
6

124

8
9
10
16
10
5
12
13
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The total jaeld of the trees and rows of the experiment block is

shown in the following table, which was compiled from the preceding

records of fruit gathered at the first and second pickings.

Table 27.

—

Total weight of ]>eaclies of first and second pickmgs gaiJicrcd from the Lovell

trees of the experiment block of the Rio Bonito orchard in the fall of 1895. [a)

Row No.



GATHERING FRUIT OK SPRAYED AND UNSI'KAYED TREES. Ill

infrs ami for the spniyod iiiid iiiispi-ayod rows. Where k'ss than 1»»()

pounds of fruit was oathered the number of peach(\s per 100 pounds

was deterniiiuHl by counting a less weight of fruit, usually 50 pounds.

The following table gives the results of this work for ))oth first and

second pickings:

Table 28.—Number of peaches per 100 pouiuh; weight of fruit gathered; and number of

peaches thinned, gathered, and set by the trees of each row in the experiment block of Ihr Rio

Bonito orchard in 1895. (u)

Number of
peaches in 100

pounds.

ho
a

259
295
285
300
303
27K
280
282
288
282
292
283
293
306
309
294
2%
300
289
290
308
320
296
292
284
280
276
291
277
292
304
294
291
290
325
285
282
282
289
300
284
303
293
309
309
303
289
308
292
287
299
303
300
306
295
293
298
282

bo
a
3
o

a
o
u
CO

288
317
310
335
323
324
326
322
323
313
316
321
312

b 324
362
317

6 327
6 339
6 340
6 332
6 314
6 362
6 344
6 356
6 368
6 354
6 360
6 370
6 360
313
326
311
335
330
345
332
330
330
328
312
339
335

6 304
337
346

6 330
356

6 324
6 312
6 366
6 356
6 336
6 325
6 352
6 334
6 384
6 370
6 360

Pounds of
fruit

—

bo
a
M
o

1,570
1,007
1,687

741

810
1,813
1,708
568

2,101
2, 553

833
1,957
1,676
844

4,227
2,348

715

2, 609
2, 594

574
4,307
4,275

672
547

3,771
658

3,116
4, 126

576

2, 615
1,552
2, 282
3,189
1,102
4,034
2,681
1,125
2, 452

2, 804
936

3,464
1,924
655

1,742
3,288

727
1,572
1,347

695
2,114
2,641
1,067

753
3,797
1,024
3,298
3,412

859

bo
a

o

a
o
o

1,242
343

1,109
255
236
452
517
107
357
415
136
146
\U
84
124
152
43
91

118
74
136
146
40
52

217
14
100
137
26

2, 526
786

1,136
1,082
222
840
393
245
424
439
173
566
198
84

265
203
47
102
92
61

55
91
64
47
266
75
92
91
43

Number of
peaches gath-

ered at

—

bo
a
M
O

2

4,066
2,971
4,808
2,223
2,454
5,040
4,782
1,602
6, 051

7,199
2,432
5,538
4,911
2,583
13,061
6,903
2,116
7, 827
7,496
1,665

13, 266
13, 680
1,989
1,597

10,710
1,M2
8,600
12,006
l,5fi6

7,m
4,718
6,709
9,280
3,196
13,111
7,641
3,173
6,915
8,104
2,808
9,838
5,830
1,919
5,383

10, 160
2,203
4,543
4,149
2,029
6,067
7,897
3,233
2,259
11,619
3,021
9,663

10, 168
2,422

bo
a
M
u
'E

a
o
u
Hi
CO

3, 577
1,087
3,438
R54
762

1,4(H
1,68.'

3^15

1,153
1,299
430
469
674
272
449
482
140
308
401
24(;

427
.529

138
185
799
50
360
507
94

7,906
2, .562

3,533
3,625

733
2, 898
1,305
809

1,399
1,440

540
1,919

663
255
893
702
155
363
298
190
201
324
215
1.53

936
2.50

3.53

337
155

Number of
peaches

—

>.

<- o

a"

7,643
4,0.58

8,246
3,077
3,216
6, .501

6, 467
1,9-17

7,204
8,498
2,862
6,007
5, 485
2, «,5.5

13, .510

7,385
2, 2.56

8, 135
7,897
1,911
13,693
14,209
2, 127
1,782

11, .509

1,892
8,960

12, .513

1,690
15, 542
7,280

10, 242
12, 905
3, 929

16, 009
8,946
3,982
8,314
9,544
3, 348

11,7.57

6,493
2,174
6,276

10, 862
2,358
4,906
4,447
2, 219
6,268
8,221
3,448
2,412

12, .5.55

3,271
10,016
10, .505

2,577

a .

On
a 4)

SI J
H

5,442

'4,'829

2, 352

2,265

3,863
4, 3.52

2, 730
l,fMl

7,762
2, 401

3, 024
3,616

8,470
7, 269

5,747

5,128
5,742

10, 208

3,269
7,360

9,730
4,8%

3,318
5,821

5,9.53

773
3,951

675

2,985

5,568

5, 6.59

5, 251

SI

aj o

o o

3 ^

o

13, 085
4,058
13,075
3,077
3, 216
8,a56
8,732
1,947

11,067
12, 8.50

2, 862
8,737
7, 326
2, 8.55

21,272
9,786
2,256

11,1.59

11, .513

1,911

22, 163
21,478
2, 127

1,782
17,2.56

1,892
14,088
18. 2.55

1,690
25, 7,50

7,280
13,51]

20, 26.^

3,929
25, 739

13, 842

3, 982
11,632
15, 365
3,348

17, 710
6,493
2,174
7,049

14, 813
2,358
4,906
5,122
2,219
6,268
11,206
3, 448
2,412

18, 123

3, 271

15, 675
15. 7.56

2,577

0)

a
3

10
9.5
10
9.8
10
10
10
10
10
10
10
9.4
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
9.8
10
8.6
10
10
10
8

10
10
10
10
10
10
10
10
10
10
10
10

10
9.6
10
10
9.5
10
10

Average
number of
peaches set
per tree.

1,308

886
873

1,107
l,2a5

929
733

2,'i27

979

1,116
1, 151

2,216
2,148

1,726

1,409
1,825

2, 575

1,351
2,068

2,993
1,384

1,163
1,921

1,771
649

705
1,481

491
512

627
1,120

1,812

1,6.50

1,.576

•o

a

427

314
322

195

'286

285

226

191

213
178

189

169

'728

393

398

'334

'2i7

'236

'222

345
251

327

'258

a For plat of orchard see p. 69; for sprays applied see p. 73.

6 Number calculated from a less weight than 100 pounds, usually from 50 pounds
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Following the figures in the above table which .show the number of

peaches in 100 pounds of fruit are those giving the number of pounds

of fruit gathered at the first and second pickings. From these four

columns of figures has been calculated the number of peaches gathered

from the trees of each row of the block for both the first and second

pickings. By adding these numbers the total number of peaches

matured by the trees of each row was quite accurately determined.

To this amount is now added the number of peaches thinned from the

trees, where thinning was required, the grand total representing the

number of peaches firmly set by the trees of each row. By dividing

this grand total by the number of trees in a row it has been possible

to show the average number of peaches set per tree on both sprayed

and unsprayed trees, and for every row in the experiment block.

COMPARATIVE QUANTITY, QUALITY, AND CASH VALUE OF FRUIT FROM
SPRAYED AND UNSPRAYED TREES.

(Pis. XI and XII.)

The actual yield in pounds of peaches, the quality, and the cash

value of the fruit produced by the sprayed and unsprayed trees of the

experiment rows of the Rio Bonito orchard in the season of 1895 are

fuU}^ and accurately shown in the table which follows. This table

gives a full record of the yield as it was taken in the orchard, and the

results are of the greatest value from a practical standpoint, convey-

ing an accurate idea of the cash gain resulting from this spra}^ work.

If the reader will compare the average value of the fruit produced by

the sprayed trees of row 21, for example, with that of the fruit pro-

duced by the unsprayed trees of row 20, some conception of the

possible gains resulting from thorough spraying ma}^ be obtained. In

studying this table, it should be remembered that the results shown

were obtained from the use of 35 different formul?e and sprays. Some

of the sprays were of little value, others of medium value, etc., hence

the gains shown for the entire block are far below what they would

have been had the trees of each of the rows been sprayed with such

sprays as those used upon rows 21, 22, or others of the better-yielding

rows of the block.





DESCRIPTION OF PLATE XI.

Experiments at Biggs, Cal. (Sulphur, lime, and salt.) Looking west between rows

2 and 3, May 14, 1895. R(jw 2 was unsprayed, row 3 was sprayed before blooming

Avith 15 pounds sulphur, 20 pounds lime, 5 pounds salt, and 45 gallons of water.

The average value of fruit matured per tree in row 2 was $1.96 and in row 3 §3.90.

The spray used showed a net gain from the treatment, as determined by the compar-

ative value of the peaches set by the trees of both rows, of 216 per cent {p. 117)

.



Bull. 20, Div. Veg. Pnyi. 8c Path., U. S. Dept. of Agricultuie. Plate XI.

5S
c

c

i d

?
-

w m
~ X
_ rn

^ i
r" m
v. z
•r H
.5 CD
^' r
:i. O
. o
2. •'^

~ CD

= O
r. en

O
>







DESCRIPTION OF PLATE XII.

Experiments at Biggs, Cal. (Sulphur ami lime.)' Looking west between rows 9

and 10, May 14, 1895. Both rows were sprayed before blooming. Row 9 was treated

witli 10 poimds sulphur, 20 pounds lime, and 45 gallons of water, and row 10 with

10 pounds sulphur, 8 pounds lime, and 45 gallons of water. Row 8, adjoining row 9

at the south, and row 11, adjoining row 10 at the north, were mitreated. The aver-

age value of fruit matured per tree on row 9 was $3.35, and on row 8 only 91 cents.

The average value of fruit matured per tree on row 10 was $3.90, and on row 11, $1.35.

As determined by the comparative value of the peaches set by the trees, the spray

used on row 9 showed a net gain over row 8 of 457 per cent, and that used on row

10 showed a net gain over row 11 of 337 per cent (p. 117) . It may be seen that the

lower limbs are not as thickly covered with foliage where the sulphur sprays are

used as where the copper sprays are used. This is especially true wherti the former

is applied too late or too strong. (See PI. XL)



Bull. 20, Div. Veg. Phys & Path . U. S. Dept. of Agriculture. Plate XII.
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COMPAKATIVE QUANTITY, QUALITY, AND VALUE OF FRUIT. 113
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Bull. 20, Div. Veg. Phys. & Path., U. S. Dept. of Agriculture. Plate XIII.



DESCRIPTION OF PLATE XI IT.

Experiments at Bigjrs, Cal. (Bordeaux mixture.) Looking,' west between rows
20 and 21, May 11, 1895. Row 20 wa.s unspravcd; row 21 was sprayed before bloom-
ing with 5 pounds copper sulphate, 5 jjounds Hme, and 45 gallons of water. The
average value of fruit matured per tree in row 20 was 90 cents; in row^ 21, $6.19. The
spray used on row 21 showed a net gain over row 20, as determined by the com-
parative value of the peaches set by the trees of both rows, of 1,028 per cent (p. 117)

.







B'jil. 20, Div. Veg. Phys. & Path., U. S. Dept. of Agriculture. Plate XIV.
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DESCRimON OF PLATE XIV.

Experiments at Biggs, Cal. (Eau celeste.) Ix)oking west l)etween rows 2(5 and 27,

May 11, 1895. Row 20 unsprayed; row 27 sprayed before })looming witli 4 \u muds cop-

per siilpliate, 3 pints ammonia, and 45 gallons of water. Average value of fruit

matured i)er tree in row 26 was 90 cent.^;; in row 27, $4.32. The spray used on row
27 showed a net gain over row 26, as determined by the comparative value of the
peaches set by the trees of both rows, of 662 per cent (p. 117)

.







Bull. 20, Div. Veg. Phys. & Path,, U. S. Dept. of Agncultuie. Plate XV.



DESCRIPTION OF PLATE XV.

Experiments at Biggs, Cul. (Modified eavi celeste.) Looking east between rows

34 and 35, May 14, 1895. Row 34 unsprayed; row 35 sprayed before ])lo()niing

with 4 pounds copper sulpliate, 5 pounds sal soda, 3 pints ammonia, and 45 gallons

of water. The average value of fruit matured jxt tree in row 34 was $1 .S4; in row 35,

$8.05. The spray used on row 35 showed a net gain over row 34, as determined by
the comparative value of the peaches set by the trees of both rows, of 608 per cent

(p. 118).
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COMrAKATIVE VALUE i)F 81'UAVS IN ItELA'IlON To KKIII.

(Pl«. XIII, XIV, und XV.)

A review of tlic preceding table will .show that no account ha.s been

taken there of the peaches thinned from the trees, and for this reason

the results given in dollars and cents for the ditt'erent rows can not be

taken as representing the full coniiMU'ative value of the sprays us(^d.

The value of a spray in controlling curl, so far as (juantity of fruit is

concerned, should be l)ased upon its power to prevent the fall <jr loss

of fruit from th(! disease. A spray may enable a tree to set more
fruit than it can carr}'^ to maturity in a favorable season, but the value

of the spray should not be decided from the amount of the crop aft<^r

(binning. This will be evident from a consideration of the fact that

in many years the trees may not set more [x-aches than can be propyrly

matured without thinr)ing. In such cases it would be the .spray that

enabled the trees to set and hold the greatest number of peaches in

the i>resence of curl which would jjrove of the highest value to the

grower. A le.ss effective spray W(jul(l not enable the trees to set and
hold a full crop. It is thus seen that the comparative value of .several

sprays rests in th(Mr power to prevent the fall of the greatest num-
ber of peaches from di.sea.se, this being, of course, where other influ-

ences of th(^ spiays are equal. Thinning is nece.s.sary only when the

trees can not carry all the fruit .set, or when it is desired to improve the

size and quality of the fruit, and it bears no direct relation to the

value of a .spray in preventing curl.

In view of the preceding facts, a table has been prepared embodying
tho.se features of the fruit records by which the comparative value (;f all

the sprays used may be determined.

To show the full comparative value of all influences of each .spray

upon the fruit, it has also been necessary to consider the quality as

well as the number of peaches and weight of Same. To obtain the

ultimate comparative value of the sprays the writer has been obliged

to treat the thinned peaches as if matured, a.ssigning them the .same

value, in proportion to number, as the matured fruit. There is also

one other calculation in the table which requires explanation. A con-

siderable percentage of the better (piality of fruit was picked while
.still immature. This fruit is tabulated as that for the Oakland can-

nery. It was noce.s.sary to gather this fruit while still hard so that it

would arrive at the Oakland cannery in good condition. By weighing
a large number of matured peaches and an equal number of peaches
as picked for the Oakland cannery it was learned that the Oakland
fruit should be increased by 11 per cent to make it equal in weight to

mature fruit. This has been done, so that the quantity, quality, and
full comparative value of all fruit considered could be accurately
determined.
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It has been possible in the manner just outlined to calculate the

total comparative value of all fruit set by the trees of each row, as

determined by the actual cash value of fruit of equal quality when

matured. By dividing this sum by the number of trees in the row

the average comparative value per tree of all fruit set is shown, both

for sprayed and unsprayed rows. While these average values do not

represent the money actually obtained, as in the case of the preceding

table, they accurately show the average values for comparison of all

fruit set by the trees, as determined b}^ the market price of that fruit

which the trees were able to bring to maturity. For these reasons

the figures for the different rows may be rightly compared, and the}^

fairly determine the comparative values of the 35 sprays tested in the

block, so far as those values relate to the quantity and quality of the

fruit.

To further facilitate the comparison of the values of the spraj^s in

increasing the quantity and quality of fruit, as determined by the cash

value of such fruit when matured, the results have been reduced to

average net gain per cent of the sprayed trees of each treated row over

those of the adjoining unsprayed row. For illustration, it may be seen

that in row 30. sprayed, the average calculated value of all fruit set

per tree would have been when matured ^12.62; in row 31, unsprayed,

$3.13. Deducting the calculated average value of the fruit set on the

trees of row 31 from that set on the trees of row 30, there is shown an

excess of $9.19 in favor of the trees of the sprayed row, and by divid-

ing this excess by $3.13, the calculated average value of fruit set by

the trees of the unspraj^ed row, there is shown to be a net gain of 268

per cent resulting from the use of the spray applied to the trees of

row 30. The gain per cent has in this manner been calculated for

every spray tested in the block, and it ma}' be seen that on row 21 the

spray gave a net gain of 1,028 per cent.
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INFLUENCE OF SPRAYS ON THE FRUITING OF THE TREES. 119

COMPARATIVE SIZE OF FRUIT ON SPRAYED AND UNSPRAYED TREES.

Owing to the fullness of the records obtained relative to the weight

and numl)er of peaches gathered from the sprayed and iinsprayed

trees in the preseat experiments, it is possible to learn the compara-

tive average weight of the fruit produced on treated and untreated

trees. It might seem that the unsprayed trees, having to mature on

an average 2'.>l.3 peaches per tree, would yield larger fruit than tiie

sprayed tr(>es, which had to maturi^ 1>4J>.2 peaches per tree; in other

words, that the increased number of peaches upon sprayed over

unsprayed trees would, to a considerable extent, Ije counterbalanced

by an increase in the size of the fruit on the lightly loaded unsprayed

trees. It has l)een found, however, that where the conditions for vig-

orous growth of a tree are present, and where the fruit upon a tree is

so thinned that the tree is not overloaded, the peaches of the full-

bearing tree are practically as large when mature as arc those of the

tree which has lost much of the ci-op from curl. The following tal)le

has been compiled from the facts in hand upon this matter. It is

shown in this table that the fruit from the sprayed trees averaged

for the whole ])lock (345.3 trees) 299.0344 peaches per 100 pounds, and

the fruit from the unspraj'^ed trees averaged for the whole block

(228.9 trees) 299.0312 peaches per 100 pounds. This shows that the

gain in size of peaches on unsprayed trees over those on sprayed trees,

as determined by the average munber of peaches to lOO pounds, is

roWoTF pel" cent, or only about ^oVo f^^^' i percent. This aaiouuts to

nothing from a practical standpoint.

Table 31.

—

Size of fruit on sprayed and unsprayed trees as determined by the average

number of peaches per 100 pounds.

Sprayed ...

Unsprayed.

Nnm-
ber
of

trees
in

block

345.

3

•228.

9

Fruit
produced
by all trees
of block.

First
pick-
ing.

Lbs.
95,t)94

19,035

Sec-
ond
I)ick-

ing.

Lbs.
14,504

3,257

Average
production
per tree.

First
pick-
ing.

Lbs.
275.4

83.2

Sec-
ond
pick-
ing.

Average number of
peaches

—

Per
100 pounds.

First
pick-
ing.

Lbs.
42 293.

2

14.2 293.6

Sec-
ond
pick-
ing.

337.4

330.8

Per tree.

First
pick-
ing.

807.5

244.3

Sec-
ond
pick-
ing.

Proportion-
ate

percentage
yield

of trees.

141.7

47

First
pick-
ing.

86.8

85.4

Sec-
ond
pick-
ing.

13.2

14.6

Aver-
age
num-
ber of
peaches
per 100
pounds
per
tree

299. 0344

299.0312

Average
per-

centage
of gain
in size

of fruit
on un-
sprayed
trees over
that of
sprayed
trees.

106

100000
per cent,
or about

1

1000
ofl per
cent.

It should not be understood by the above that a crop of 950 peaches

draws no more heavily upon a tree than a crop of 300 peaches when
other conditions are equal. All observation tends to show that such

is not the case. A tree too heavily loaded will often produce
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much smaller fruit than a properly thinned tree, even upon exceed-

ingly rich soil. The facts given in both the preceding text and table

show clearly, however, that the severe attack of curl in the spring of

1895 drew upon the vitality of the unsprayed trees as heavily as did

the excess of 650 peaches each on the sprayed trees.- Otherwise stated,

the trees averaging 300 peaches were drawn upon as heavily by the

attack of curl, combined with the maturing of 300 peaches, as were

the sprayed trees in maturing 950 peaches. If this had not been the

case, the unsprayed trees would have better nourished their crop, and

would have produced larger and heavier fruit than those which were

sprayed. These facts should receive the attention of all thoughtful

growers, as no one can afford to have his trees drawn upon to the

extent of two-thirds of a crop of peaches without return, even when

frost or other causes would not have allowed him a crop on sprayed

trees. To permit trees thus to suffer from curl even in such a year

would be equivalent to draining them of much vitality, even though

they failed to show this drain in the reduction of wood or fruit buds

for the ensuing year. But it has already been shown that a marked

reduction in the number and quality of fruit l)uds is a result of a

spring attack of curl. The soil is also certain to sustain an unnec-

essary drain upon its resources.

Another phase of this subject is made clearer by the above table.

There are very many varieties of peaches so resistant to leaf curl that

the fruit does not drop, even when a large percentage of the leaves

are lost. Many growers leave such varieties unsprayed, thinking that

the saving of the fruit is the all-important point, and that the loss of

the spring foliage alone does not warrant the spraying of such varie-

ties. The above facts will show the error of such deductions. When

the loss of the foliage upon the Lovell is equal to the drain upon the

tree brought about in maturing two-thirds of a crop, the loss of the

foliage upon a semiresistant variety must be approximately the same.

This drain will be apt to show also in the size and weight of the fruit,

if not in the number of peaches. Certainly no grower is warranted

in leaving any variety unsprayed simply because that variety holds its

fruit in spite of the loss of foliage. The trees have suffered in such

a case, and the orchardist can scarcely avoid feeling the loss in the

reduced vigor of his trees, the reduced weight and size of his fruit,

and the added drain upon his soil.

COLOR OF SPRAYED AND UNSPRAYED FRUIT.

The Lovell peach is normally a fruit of line color, Init under the

action of certain of the sprays used its color was greatly heightened.

In observing this action of the sprays no color scale was used, but the

marked brightening on certain sprayed rows was too distinct to be

mistaken by the most careless observer. This heightening of color
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was not due to excess or lack of crop, for it was distinct on Iwth

heavily and liohtl}^ loaded trees; where the fruit was of medium size

and where it was exceptionally large, Init was due to the use of the

copper sprays, especially of the stronger Bordeaux mixtures applied.

Here is another advantage in the use of the copper salts. This increase

in color would certainly mean dollars to the grower where the fruit

was placed on the market in competition with unsprayed fruit, even

of the same variety. The writer regrets that a color scale could not

have been used in this connection, so that the true heightening of

color could l)e stated, but the contrast between sprayed and unsprayed

fruit, where the spraying was done with the Bordeaux mixture, was

observed and discussed by many who had this fruit to handle.

METHOD OF THINNING AND COST OF PICKING PEACHES.

THINNING BY HAND AND BY CURL.

An argument advanced by certain peach growers and requiring con-

sideration is that a moderate spraying under ordinary conditions is

sufficient. By avoiding too thorough work enough curl is allowed to

develop to cause the dropping of one-fourth to one-half of the peaches

being set by the tree. If soil conditions are favorable it is thought

the trees will still retain a sufficient crop, and the expense of thinning

will be avoided.

At first thought the plan here suggested might seem the easiest and

cheapest way of thinning fruit. A consideration of all points involved

will show, however, the faults of this method. To do effective pre

ventive spraying against curl the spray must be applied to the dormant

tree, and to judge of the severity of a coming attack of curl before

growth begins is too uncertain a method to warrant the indorsement of

practical growers. All influencing conditions may appear to favor a

light attack of curl till after the spraying is completed, when a sudden

change of temperature or a cold rain may develop a severe attack

within the course of a few days. Under such conditions, incomplete

or light spray work may cost the grower the major portion of his

crop.

In case the severity of curl is about as presupposed, the number

of peaches remaining on the tree being about what the tree should

carry, it is still very probable that the grower has sustained a loss in

the stoppage of growth of wood and fruit and in the fall of foliage

equal to or al)ove the expense of thinning. There is also a difference

between hand-thinned trees and those thimied by curl. This disease

is local in its action, not general. If one liranch in the midst of dis-

eased branches is thoroughly sprayed it will hold its fruit, while the

peaches will fall from those not sprayed. This will show that the

peaches of a diseased tree are not thinned evenly, as the disease is fre-

quently not uniformly distrilnited over all branches of the tree. Then
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the fruit is for the most part nourished by the foliage of the branch

which bears it, and hence if the disease is not equally distributed the

foliage will be unequally distributed and the fruit unequally nourished.

One portion of a tree may have an excess of fruit, even to the break-

ing of liml)s, while another portion shows a deficiency. Besides the

unequal thinning of fruit on different portions of a tree, arising from

the unequal action of curl over the tree as a whole, there will also

appear an unequal thinning of the fruit of individual branches. In

this respect, one of the prime objects of hand thijining, the equalizing of

the fruit distribution upon the branches, is lost when the thinning is

caused by curl. Such fruit as remains upon the curl-thinned ])ranches

is apt to be largely toward the ends of the limbs.

The statements here made respecting the local action of the disease

and the local nourishing of the fruit upon a limb or portion of a tree,

are known to be correct, and have been established by a series of care-

fully conducted experiments on sprayed halves of trees. The details and

results of this work are given in the concluding section of this chapter.

COST OP PICKING PEACHES.

When considering the picking and sorting of peaches from sprayed

and unsprayed trees a marked difference is noted in cost in favor of

those sprayed. In the Rio Bonito orchard, where our experimental

work was prosecuted, it has cost the proprietors $1 per ton to pick

fruit from fully loaded sprayed trees. In contrast to this the cost

of picking and sorting the fruit of the unsprayed trees just north of

the experiment block, in the summer of 1895, was $3 per ton. This

was on account of the scattered condition of the fruit on these trees,

which were affected by curl in the spring like the control trees of the

experiment block. This cost per ton was calculated with wages at ^1

per day, the men boarding themselves, and where one sorter to five

pickers was employed. We have here a difference of $3 per ton in the

cost of picking and sorting fruit from sprayed and unsprayed trees.

This added expense on unsprayed trees arises, of course, through the

necessity of picking over a greater expanse of tree and orchard surface

to obtain a given amount of fruit. It is believed that in this single

item of picking the fruit enough is saved to more than cover the expense

of spraying the trees and thinning the fruit.

THE LOCAL ACTION OF CURL ON FOLIAGE AND FRUIT.

RECORDS OP TREES SPRAYED ON ONE SIDE.

The study of the habits of Exoascus deformans and its influence upon

its host led to the following investigation into the localization of the

parasite upon the tree and its local rather than general effects.
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DESCRIPTTOX OF PLATE XVT.

Fig. 1 shows the con(litif)n of the trees sprayed on one side (considered in the text,

p. 123). The right side of the tree shown was sprayed with Bordeaux mixture, the

left side was imsprayed. (Compare with Pis. XVII, XVIII, and XIX.)
Fig. 2 shows the condition of the tree sprayed on one side after curl had largely

denuded the unsprayed half at the left.
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Just north of the experiment block, in the continuation of the same

orchard, was selected a row of > trees for treatment on one side. The

spray used on half of each of the first three trees from the ea . was the

standard Bordeaux mixture reconunended by tiie Department, viz, 6

pounds copper sulphate, 4: pounds (piicklime, and 45 o-alloiis of water.

The spray used on the following- three trees was lime and sulphur, con-

sistino- of 10 pounds sulphur, 20 pounds lime, and 45 gallons of water.

In doing this spraying an effort was made to treat only one -half of

each tree. Each tree was first examined, and, in some instances at least,

a large canvas stretched through it in such a manner as to divide it as

nearly as possible into two equal parts. All the branches on ono side

were thoroughly sprayed, the canvas prc^venting any of the si)ray

reachincr the limbs of the other half. In this wav the half of each of

three trees was sprayed with each of the above-mcntionel sprays,

A photograph showing the appearance of one of these trees shortly

after treatment is shown in PI. XVI.

May 10 and 18, 1895, when curl had reached its highest development,

careful estimates of the loss of foliage were made for the sprayed and

unsprayed sides of the 6 trees used in the experiment. The following

table shows the results of these estimates:

Table 32.

—

Foliage lostfrom sprayed and unsprayed halves of trees.

Percentage of leaves which foil from—
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What little growth there is which is thus far free from curl is termi-

nal—very little healthy or comparatively healthy growth is seen from

lateral buds. As to fruit, I may say that much is dropping from the

curled side and little from the other." (Pis. XVI and XVII.)

The work of thinning the fruit from the sprayed halves of these

trees was not conducted at the time the sprayed trees of the general

experiment block were thinned. The writer believes that the records

of the fruit thinned from these trees were not kept except for one tree

sprayed on one side with Bordeaux mixture. The fruit on the sprayed

half of this tree was thinned May 8, 1895, and amounted to 1,145

peaches, which weighed 23 pounds, or very nearly 50 peaches to the

pound. These peaches were very uniform in size and stuck tightly to

the limbs. If they could have grown to the usual size when picked

in the fall they would have given 381 pounds of fruit. No peaches

were thinned from the unsprayed half of this tree.

The yield of the 6 trees was carefully determined by weighing and

counting the fruit from the sprayed and unsprayed sides of each tree

separately. The results of this work are shown in the following table:

Table 33.— Yield of sprayed and unsprayed halves of trees.





DESCRIPTION OF PLATE XVII.

Thi.'j plate jshows tlic condition of one of the trees sprayed on one side iit the time

of picking the fruit. The leaves have heen cut away with pruning shears. to enal)le

the photograph to show the fruit upon the sprayed half (right side) of the tree, and

the absence of fruit upon the unsprayed half (left side) . The sprayed half matured

2S4.8 i)Ounds of the finest peaches; the unsprayed half matured only 1-1.3 pounds.

Over 1,100 peaches were thinned from the sprayed half of this tree to enable the

limbs to bear the crop, wdiile tlie unsprayed half was unthinned except by curl.

(For records of this and other trees sprayed on one side see Chapter VI, also compare

with Pis. XVI, XVIII, and XIX.)
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DESCRIPTION OF PLATE XVIII.

Peaches gathered from the tree sprayed on one side shown in the preceding plate.

The fruit shown on the two drying trays at the left, together with that in the lower

compartment of the tray at the right, was gathered from the sprayed half of this tree.

The peaches shown in the upper right-hand compartment were all that matured on

the unsprayed half of the same tree. The sprayed half bore 718 peaches, weighing

284.8 pounds; the unsprayed half bore only 40 peaches, weighing 14.3 poimds.

(Compare with Pis. XVI, XVII, and XIX.)
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DESCRIPTION OF PLATE XTX.

This is a photograph of a limb of the sprayed hah' of the tree shown in Pis. XVI
and XVII, after the removal of the leaves with pruning shears. A good idea <jf the

size and perfection of this fruit may be obtained from the plate. The color was
strikingly high and rich. The size of the fruit is further shown by the fact that the

peaches averaged 252 per 100 pounds. (See note on this work at the close of Chap-

ter VI, p. 122; also refer to Pl.«. XVI, XVII, and XVIII.)
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seen in the condition of the foliage and crop on the sprayed and

unsprayed sides of the other trees inchided in these experiments.

It even appears likely, both from observation of the trees and from

the general laws of use and disuse and supply and growth, that the

influence of the sprayed upon the unsprayed portions of the tree, in

the presence of an attack of curl, is detrimental rather than beneficial.

It is probable that the half of the tree in full foliage, instead of lend-

ing material aid to the defoliated side, tends to further rob that side,

at least of the crude sap coming from the roots.

For the purpose of showing the reader the striking results ol^tained

from these trees, several photographs were made at the time the crop

was matured. In order that the fruit might be seen upon the tree

the foliage was carefully cut away and a screen placed ])ehind the

tree (PI. XVII). A single limb was also photographed, as shown in

PI. XIX. The fruit gathered from the sprayed and unsprayed halves

of tree 1 is likewise shown in PI. XVIII. The unusual size and

brightness of color of the fruit from the sprayed half of this tree was

ver}' marked. The peaches averaged 252 per 100 pounds. The aver-

age of peaches for the large experiment block was, as before stated,

299 per 100 pounds. There was thus a gain of 18.66 per cent in size

of fruit on the sprayed half of this tree over the average for the block.



CHAPTER VII.

PREVENTIVE SPRAY WORK CONDUCTED BY ORCHARDISTS.

GENERAL CONSIDERATION OF THE AUXILIARY WORK.

While planning the experiments already detailed it seemed desirable

to set on foot a similar line of work among peach orchardists in gen-

eral. It was thought that several advantages could be attained from

such auxiliar}^ and coincident work: (1) It would indicate the effective

ness or noneffectiveness of the sprays recommended, in controlling curl

under the various conditions of variety, situation, soil, temperature,

atmospheric humidity, seasonal variations, etc. , existing in the many
peach-growing sections of the country. (2) It would eliminate the

personal element of the other experiments being conducted, and

would introduce various new conditions of orchard work, thus point-

ing out the efficiency or needs of the general grower and indicating

what features of the work should receive special attention in offering-

final recommendations. (3) It would introduce the methods of treat-

ment in many peach-growing centers, and by means of the object'

lessons thus set up, it would effect a much more rapid and general

adoption of such spraying methods than could be hoped for otherwise.

In advance of the inauguration of this work, which was begun in

the fall of 1893, correspondence was opened with over 1,600 peach

growers in all peach-growing centers of the United States. To each

of these growers was sent a circular describing the nature and cause

of peach leaf curl, outlining a series of spraying tests which it was

desirable to have conducted for its prevention, and supplying the

spray formula? known to have given good results in California. Each

grower was given the facts necessary to enable him to carry out the

work, and was requested to furnish the Department with the results of

his experiments.

A very large number of growers expressed their willingness and

desire to assist in conducting these experiments, and a very consider-

able number have done so in many of the peach-growing centers. It

may also be said that the number of growers who have adopted annual

spraying methods as a result of this introductory experimental work

is large and is constantly increasing. In fact, the spraying of peach

trees for curl has become very general in many of the peach-growing

centers of the United States where the disease prevails.

126
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Of the reports wliii-h hiivr ln'cn it'coivod ol" work (.•onducted by tlio

growers, it i.s thou^fht best to include a few from those reoions where

curl is most couunon. The reports given are of nmch value, and in

numerous cases the}'' show that the experiments were carefully carried

out. Representative reports will be given from the lake shore fruit

belt of jSIichigan, from the Willamette Valley, Oregon, where peach

culture has been greatly checked by curl, and from several growers in

California and (dscwhere. An effort has been made to present these

reports, which iia\'e been carefully tabulated, in as compact form as

possible.

NOTES ON THE AUXILIARY EXPERIMENTS IN- MICHIGAN.

A very considerable luunbcr of peach growers in the more northern

portion of the Michigan fruit belt received from the Department a

request to undertake spraying experiments in the winter of 1893-94

for the prevention of peach leaf curl. Among these orchardists was

Mr. Smith Hawlev, of Ludington. This gentleman, as well as several

other growers of Mason and Oceana counties, entered heartily into

the work, the result being that at present a very large number of

orchardists are annually spraying for curl in that region. The work
conducted ))y Mr. Hawlev involved the testing of a number of sprays

in early and late winter with one and two applications. It was very

carefull}' carried out, and as the disease developed quite seriously in

that region in the spring of 1894 his results are most interesting and
valuable. The data supplied by his report are presented in the fol-

lowing table and notes:
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Tho prec'odint( t!il>lo c^ivo.s the details of eit^ht of Mr. Ilawley's

experiments. The experiments arc distinguished bj' numbers (1-8),

and the formula? used by letters (A, B, and C). Mr. llawley's notes

on these experiments were written chiefly on two dates, the first

immediately after the estimates of foliage were made and the second

shortly after the fruit was gathered. His statements in general are

given in the following notes:

Experiment I:

June 23, 1894.—This experiment was made under rather unfavoralile oireum-

staucef, a.M the wind came up quite strong after I had c()mmenee<l, and consequently

I could not do the work a.s thoronglily a.s I wished, but the results now promise to

be entirely satisfactory. The foliage is perfectly fresh and green, and apparently the

peaches are going to hang on. Another thing that now appears to be well estab-

lished is that the earlier spraying is the tetter. [See notes under experiment 2.]

There is now quite a perceptible difference to be noticed between early and late

spraying as regards the foliage.

October 1, 1894.—This experiment has demonstrated the effectiveness of the spray

used. While the crop was not large, owing to the unhealthy state of the trees

from leaf curl last year, yet it was about three times as large on the spraye<l as on

the unsprayed trees. The frviit was much nicer. I could easily pick out the baskets

of fruit from the sprayed trees.

Experiment 2:

June 23, 1894.—This experiment has given entire satisfaction so far, as the foliage

of the trees is perfect and the fruit is hanging on well. This experiment, taken in

connection with the others, indicates that the blue vitriol solution, C, acts quicker

than the sulphur solution. The winter sjjrayinga seem fully as effective with the sul-

phur solution as with the blue vitriol, but the spring spraying is not quite as good.

October 1, 1894.—While the difference in the amount of fruit gathered from the

sprayed and unsprayed trees is not as great as in some of the other experiments, yet

the effect is fully as apparent, for these trees were not nearly as badly affected last

year as some others, and consequently they all had a fair load of fruit. Tliere was £l

far greater difference noted in the foliage than in the fruit.

Ex/perimeM 3:

The first spraying of this experiment was on January 19, and was followed by a

heavy rain storm," which lasted twenty-four hours, and will undoubtedly prevent the

full benefit of the work from being realized, but the work was very thoroughly done

and may be effective.

June 23, 1894.—The second spraying was well done, and at this date the effect

seems to show (1) that formula B is not strong enough to have the desired effect;

and (2) that two sprayings are not much better than one, provided the work is

thoroughly done with one spraying, and provided, also, the spraying is followed by

good weather.

October 1, 1894.—This experiment has given greater satisfaction than anticipated.

The proportion of sprayed to unsprayed fruit is better than expected at the time of

the estimate on the loss of foliage.

Experiment 4-

June 23, 1894.—The contrast between the sprayed and unsprayed trees at this date

is very decided in this experiment. The first spraying was on the same date as

experiment 3, and followed by rain. The last was done April 12 with formula C,

and was well done, and the trees now look fine.

19093—No. 20 9
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October 1, 1894.—The results of this experiment are rather disappointing, as I was

led to believe when I made the estimate of the loss of foliage in Jmie that the results

would be more satisfactory than with experiment 3. Whether the solutions used

had the effect of neutralizing each other, or whether formula B, having been first

applied, prevented any benefit from formula C, I can not tell.

Exper'mient 5:

June 23, 189-4.—The first spraying of this lot was followed by ten hours' rain, the last

spraying by good weather. The treated trees present a fine appearance, but the con-

trast is not so great as in some other experiments, for the control trees are an outside

row and apparently not as badly affected as those farther in the orchard. I do not

anticipate a very large difference in the fruit yield.

October 1, 1894.—This experiment has turned out just as I thought it would. The

difference in the amount of fruit from the sprayed and misprayed trees is not great,

yet it is quite satisfactory considering the conditions.

Experiment S.-

June 23, 1894.—This experiment was thoroughly made, but was imfortunately

followed by twenty-four hours of warm rain, commencing ten hours after the spray-

ing, sothat the result is not as satisfactory as desired, but the effect is so noticeable

that the difference can be seen half a mile away.

October 1, 1894.—The results of this experiment are entirely satisfactory. In spite

of the fact that the spraying was followed by rain and then by very cold weather,

the yield of fruit was one-third more on the treated trees than on the untreated trees,

but what pleases me most is the very great difference in appearance of the trees now.

Those that were treated have made double the groM'th this season that the untreated

rrees have. They are holding their leaves late and have twice the buds set for another

year, and are fresher and healthier in every way.

Experiment 7:

June 23, 1894.—The result of this experiment thus far seems to show that the

formula used is not strong enough to accomplish the work desired. There is at this

date les i difference to be noted between the treated and untreated trees than in any

other experiment.

October 1, 1894.—This exi>eriment has resulted about as I thought it would, from

the appearance of the trees in June. I do not think formula B is strong enougli.

Experiment 8:

June 23, 1894.—I regard this as one of the most valuable experiments in the series.

It has so far shown the best results. The imtreated trees look as though a blight had

struck them, appearing at this date as if they were going to die, while the sprayed

trees look as fresh and healthy as young trees that never had any disease. One

curious thing I have noticed is in relation to a branch from one of the untreated trees

which reaches across to one of the treated ones. This branch, of course, got sprayed

w'hen the tree was sprayed with which it mingles, and it is as full of leaves and fruit

as the treated tree, while the balance of the tree to which it belongs is bare of leaves

and fruit.

October 1, 1894.—The final results of this experiment have proved what I expected.

There is a greater difference in yield than in any other experiment, while the differ-

ence in appearance between the treated and untreated trees is yet very marked. The

treated trees look as fresh and healthy as young trees, while the others still look

very bad. These trees have always been very heavy bearers, and consequently have

not attained a very large size. They were never very badly affected by leaf curl till

this year.
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III th«> cij^ht (^xperiiiuMits doscribod ))y Mr. Hsiwlcy the perccntac^es

of iH't train in fruit of the spra3^ed trees over the unsprayed wore as

follows

:

Table 35.

—

Percentages of net gain in fruit shoion in eight spraying ejcpcrimrnla conducted
by Mr. Smith Ilawley, of Ludington, Mich.
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Table 36.

—

Experiment No. 9, conducted by Mr. Smith Hawley.

Row
No.
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have insccticidal properties much t^upcrior to those of the copper

sprays.

The Department woi-k conducted by Mr. Hawley seems to have clearly

demonstrated the possibility of controlling- the most severe attacks of

curl in the lake shore region of Michigan with a single spraying, when
this is done thoroughly and at the proper time. In experiment cS the

untreated trees were so l)a(lly atlected tiiat, as already stated. i>() per

cent of the foliage and all l)ut 8.7 pounds of the fruitfell from the trees,

but })y spraying similar trees Mr. Hawley saved all l»ut 8 per cent of the

leaves—a gain of 2,900 per cent of foliage—l)esides increasing the yield

of fruit 1,424 per cent. In other words, the sprayed trees held 30

times as much spring foliage and over 15 times as nmch fruit as the

unsprayed trees at their side, all l)eing of the same variety.

In the southern portion of the Michigan fruit belt a number of

growers assisted the Department in conducting experiments. Among
the reports received from that section is on(> by Mr. (leorge Lannin,

of South Haven. Mr. Lannin's work is summarized in the foUowinp'

table

:

Table 37.

—

Experimental work conducted hy Mr. George Lanniri, of South Haven, Mich.,
in the spring and summer of 1S95.

[Nature of soil, sandy.]

H
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to advantage. The value of all the sprays used is shown, however,

by the gain in fruit obtained. The percentage of net gain in fruit

was 44, 116, 158, and 157 per cent, respectively. These figures show
that the eau celeste (Formula F) and the ammoniacal copper carbonate

(Formula G) gave satisfactory results. The action of the disease on

the foliage of the trees of experiment 3 was more severe than it was on

the foliage of the trees of experiment 4. The uusprayed trees of the

former experiment lost 10 per cent more of their leaves than the trees

of the latter. The percentage of gain in fruit from the sprayed trees

of experiment 3 was, however, fully as great as that from the sprayed

trees of experiment 4. This shows that the eau celeste (Formula F)

was more effective in combating the disease than the ammoniacal copper

carbonate, which was applied in experiment 4.

Mr. F. N. Chesebro, of South Haven, sprayed 19 Crawfords Late

and 19 Oldmixon trees in the spring of 1894, leaving 19 trees of each

variety for comparison. The formula used was 15 pounds of sulphur.

30 pounds of lime, and 10 pounds of salt to 60 gallons of water. Mr.

Chesebro did not report the exact yield of his trees, but stated that

the sprayed trees lost 20 per cent of their foliage and the un.sprayed

trees 80 per cent—a saving of 60 per cent of the foliage by a single

spraying. His report is as follows:

Table 38.

—

Experimental work conducted by Mr. F. N. Chesebro, of South Haven, Mich.

,

in the spring of 1894-

[Variety of trees, Crawfords Late and Oldmixon Cling; nature of soil, sandy loam.]
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old, and of the following varieties: St. John, Barnards Early, IlinTuan, Switzerland,

Gold Droj), and Early Freestone. Some of these varieties curled very badly last

year, especially Early Freestone. The soil is quite uniformly a gravelly loam, with

clay subsoil under all varieties. I matle only one application with each ftirmula. I

think two applications woidd have been l)etter. I sprayed 50 trees and then onutted

50 in each plat, or with each formula. I think Formula C gave as good results as

any of them.*

After the trees were in full l(!af I invited neighboring fruit men to go through the

orchard and note the conditions of the trees sprayed and unsjirayed. They found

the foliage of trees that had l)een sprayed almost free from curl, while the unsprayed

trees were badly curled. * * * The unsprayed trees had a larger percentage

of small dead limbs through the top than those that were sprayed, and the prospect

for future crops is therefore better where the trees were sprayed. * * * I hope to

follow the work up more extensively next spring, and will begin the work earlier in

the season, if necessary. If Formula C will continue to give an good results as it did

last spring, I prefer to use it.

Mr. S. I. Bates, of Shelby, Mich., sprayed a few Stump the World

trees in the spring of 18U4, leaving an equal nuuil)er unsprayed for

comparison. The crop from the sprayed trees was double tliat from

the unsprayed trees at their side, and a large percentage of the foliage

was also saved. Mr. Bates states that the spray seems to put new life

and vigor into the trees, especially young trees. With respect to the

action of curl on old trees, he writes that there is an old orchard just

across the road from his own whiih has had curl until the trees have

no bearing wood left except at the extreme tops, and the owner "does

nothing to prevent the disease and gets but little fruit. "
^

NOTES ON THE AUXILIARY EXPERIMENTS IN OREGON.

The climatic conditions under which peach culture is pursued in Ore-

gon and Washington vary greatly. At the east of the Cascade

Mountains the conditions approximate in many districts those pre-

vailing in much of California. At the west of this range local

influences determine the greater or less adaptation of each valley or

region to the cultivation of the peach. Generally speaking, however,

the humidity of the atmosphere for a major portion of the year is

much in excess of that prevailing generally at the east of the Cas-

cades or in California. In this respect also this northwest region

is quite distinct from the conditions met with in most of the peach-

growing regions of the East. In fact the climate of western Oregon

and Washington is such as to call for separate consideration in connec-

tion with our present work. For this reason special effort has been

*This is the same formula that was found very satisfactory by Mr. Smith Hawley,

at Ludington, Mich., and by the writer in the Sacramento Valley.

^ There are thousands of such peach orchards in the peach districts of the United

States. To those who are interested in the renewal of young and Ijearing wood upon

lower limbs and upon old trees, the writer would refer to the data presented in Chap-

ter V of this bulletin, where the influence of sprays on the vegetation of trees has

been quite fully considered.
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made to cari\y out spraying experiments in western Oregon, so that

the needs of the growers west of the Cascades could be supplied.

The great rainfall which annually occurs on the west side of the

Cascade Mountains makes the vegetation of that region especially

liable to fungous diseases, and the peach is no exception to this rule.

In the Willamette Valley, Oregon, along the lower Columbia, and in

the basin of Puget Sound in Washington, peach leaf curl has become

a great hindrance to extensive peach culture. In view of these facts,

many peach growers of Oregon and Washington were requested by

the Department to conduct experiments for the control of the disease,

and it was taken up by a number in 1894 and again in 1895. Several

of the gentlemen who conducted such work prepared reports of the

same, which should prove of much interest and value to the peach

growers of both States.

Among those who entered heartily into the work was Mr. M. O.

Lownsdale, of Lafayette, Oreg. This gentleman conducted very

extensive spraying tests according to plans supplied by the Depart-

ment, both in 1894 and 1895, using in his work as many as 30 acres of

young peach trees in 1894. At the close of his experimental spray

work Mr. Lownsdale gave the following general facts respecting the

situation in the Willamette Valley, in which Lafayette is situated,

being the center of an extensive fruit-growing region of Yamhill

County:

I hand j^ou herewith my report of experiments for the prevention of peach leaf

curl for the season of 1895, to which I desire to add a few words upon the status of

the peach industry in the Northwest.

Peach growing has been abandoned to a great extent in the Willamette Valley

because of the attacks of the shot-hole fungus and leaf curl. Growers have not

understood the causes of their troubles, and have attributed them to peculiar climatic

conditions, or have grouped them under tlie indefinite term blight; but now that the

nature of these fimgous troubles is better understood, and the remedies suggested

have proved so efficacious, it seems that the abandonment of the industry may have

been premature. The success of the preHminary experiments has restored the con-

fidence of orchardists in a great measure, and as it becomes widely known that our

fungous troubles can be controlled, increased attention will be given to peach

growing.

Experiments through a series of four years on a block of 6 acres of Early Char-

lotte peaclies indicate that it may be possible to prevent these destructive fungi

from getting a foothold in an orchard. This block of trees, which was planted in

dormant bud, has received an annual treatment in October and two treatments each

spring with the ammoniacal copper carbonate, with the exception of the spring of

1895, when your modified Bordeaux was applied. Neither leaf curl nor shot-hole

fungus has developed in this block. A fair crop of fruit was harvested this summer—

the fourth from the Ijud—and the trees are healthy and have grown luxuriantly. If

intending planters would select perfectly healthy trees—either yearling or (Ljrmant

buds—and would give them one treatment in autumn, as the Department has sug-

gested, in addition to the spring treatment for leaf curl, it is probable that peach

growing would again become profitalile in the Willamette Valley. I am convinced

that if the efficacy of the modified Bordeaux mixture for the control of leaf curl

hid been known five years ago the industry would have been flourishing to-day, for
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with tlio treattnent for leaf curl, whicli adds so much vi^or and sturdiness to the tree,

ay iiuUeated )>y the put^hiiig out i)f dormant l)uds on lower hranclies, the liahiUty to

attacks t)f other fungi would have been lessened, and it would then have been ditii-

cult for the great shot-hole wave to sweep over our orchards as it did in 1893 and

1894.

The quality of peaches grown in the Willamette Valley is unsurpassed. No

locality in the United States can produce more delicious fruit. It seems judicious,

then, to attempt to save this industry and render it i>rorital)le ajjjain. To this end it

is to ])e hoped that the Department's methods for the iirevention of these fimgous

attacks will !«? widely adopted.

The spray work conducted b}' Mr. Lownsdale in the spring of 1894

involved the spraying of some 1,700 young trees and the testing of

10 spray formuhe. With each of the 10 experiments was included

a considerable number of unsprayed trees left for comparison, these

control trees being of the same variety as the trees sprayed in the

same experiment, and in each case they were so located at the sides or

among the sprayed trees as to admit of just comparison. Mr. Lowns-

dale's report upon this extensive work is given below. All the spray

formuliv prepared by him were for 45 gallons of water:

Thirty acres of peach trees were devoted to experimental work under your direc-

tion. These trees were Crawfords Early and Early Charlotte (a seedling from the

Crawfords Early) . In addition to these tests 10 acres were left wholly untreated

as a block check against the main experiments. All these trees were 3 years old,

and had curled so badly in 1893 that they had twisted into shapeless masses, though

they had partially recovered later m the season. The general plan of work was to

treat a block of at least 100 trees with each formula, leaving intervening check rows

untreated. In some instances check rows were interspersed through the treated

block, it being desirable to have all conditions as nearly alike as possible.

Fornuila A (10 pounds sulphur, 20 pounds lime, 10 pounds salt) was applied March

21, 1894, to 264 trees in 8 rows, with 2 control rows on each side of the block. Curl

appeared in about 3 per cent of the foliage jf the sprayed trees, while 60 per cent of

the foliage of the untreated controls Avas affected.

Formula B (5 pounds sulphur, 10 pounds lime, 5 pounds salt) was applied March

23 to 204 trees in 4 rows, with 2 check rows on each side of block. About 3 per

cent of foliage was affected, while untreated check rows curled very badly.

Formula C (5 pounds sulphur, 10 poimds lime) was applied to 166 trees on March

22 in a block 4 rows wide, with the customary 2 check rows. Curl developed on

about 10 per cent of the foliage of the treated trees, and upon about 60 per cent of

that of the controls.

Formula G (6 pounds copper sulphate, 10 pounds lime) was applied to 42 trees

on March 17. About 5 per cent of foliage was affected on the sprayed trees, but the

controls were so badly affected that they scarcely siu-vived the summer.

Formula H (3 pounds copper sulphate, 5 pounds lime) was appUed March 20 to

186 trees in a block 6 rows wide. About 8 per cent of the foliage of the sprayed

trees was affected, while the controls were as under Formula G.

Formula I (2 pounds copper sulphate, 3 pints 26° ammonia) was applied March 20

to 26 trees with 26 check trees. About 5 per cent of curl developed on treated trees,

while the check row was very badly injured.

Formula J (4 pounds copper sulphate, 5 pounds sal soda, 3 pints 26° ammonia) was

applied March 20 to 26 trees, with 2 check rows of 26 trees. Curl developed on 3

per cent of the foliage of the treated trees, but the controls were almost destroyed.
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Formula K (5 poionds sulphur, 15 pounds lime) was applied March 19 to 278 trees

in a block 10 rows wide, with control rows of 69 trees each on each side. Curl

appeared on about 2 per cent of the foliage of the treated trees, while the check rows

were, as in the previous year, a mass of curled leaves and twisted branches. Formula

K was also applied to 25 Salway trees and to 15 Alexanders, which had curled very

badly for many years, the Salways always being defoliated completely. These trees

were 8 years old. No curl appeared on either variety.

Formula L (5 pounds copper sulphate, 15 pounds lime) was apphed March 13 and

again March 21 to 262 trees, with 7 check rows interspersed through the lilock. Less

than one-fourth of 1 per cent of curl appeared on the treated trees of this test, while

the check rows were almost destroyed by the disease. The greater portion of these

vmtreated trees have been dug up and replaced (February 13, 1895). Treated trees

in this block made an excellent growth, though cultivated only moderately, and a

great majority were absolutely free from curl.

The ammoniacal copper carbonate. Formula M (5 oimces copper carbonate, 3 pints

26° ammonia) , was applied March 22 to 210 trees, 2 check rows of 69 trees being left

alongside. Less than 3 per cent of curl appeared on the block, while 65 per cent of

the foliage of the control trees was curled. This formula was also apislied twice, at

intervals of two weeks, upon 5 acres of trees upon which no curl could be found.

This experiment, though remarkably successful, was not as conclusive as desired, as

no control trees were left. This was upon a block of thrifty trees, of which I did

not care to sacrifice any portion to an experiment. The same treatment had pre-

served them the previous year, and I feared a change.

All my treated trees have grown satisfactorily this year, but the 10-acre check

block of untreated trees was so nearly destroyed by curl that all the trees will be

dug up. Several limidred are dead, and of the remainder I think no tree has had a

growth of 12 inches.

It will be seen from Mr. Lownsdale's report of the work in 1894

that several of the sprays used gave most excellent results. On May
18 of that year he wrote:

Curl has developed moderately, and everywhere the better condition of treated

over untreated trees is apparent. The trees treated with 5 pounds of copper sul-

pha.te and 15 pounds of lime may be said to be absolutely free from the curl and the

experiment a success. This block was sprayed twice in March. The check rows in

this block and alongside are curled as badly as any trees except seedlings.

The modified eau celeste (Formula J) is also giving good results, as is the 5 pounds

of sulphur and 15 pounds of lime; but I l)elieve the copper sulphate, 5-pomid for-

mula, is in the lead. This may be attributed to more thorough work, as most of the

other sprays were only applied once.

Owing to the fact that no fruit records could be obtained from Mr.

Lownsdale's experiments in 1891, as the trees were yet too small,

arrangements were made for the testing of some of the more valuable

sprays in the spring of 1895. The experiments of 1895 show the gain

in both foliage and fruit, though the yield was low, resulting from the

use of 5 sprays—1 sulphur and 1 copper. The experiments were con-

fined to the Crawfords Earl)^ variety, and in each experiment the trees

received two sprayings in March. All trees were 1 vears old, but

rather small. Mr. Lownsdale's data on this work are- presented in

the following table:
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T.\BLK 39.

—

Experimentnl vnrk comlucted hi/ Mr. M. O. Loumsdale, of Lafayette, Oreg.,

in the fipriiKj and Hiunmer of 1S95.
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unsprayed trees 90 per cent was lost, leaving the trees nearly bare.

Unfortunately, frost killed the buds, and no comparison of fruit was

possible, but it is safe to say that the fall of 90 per cent of the leaves

would have caused the loss of the crop, while 10 per cent loss would

have occasioned little, if any, falling of fruit. Mr. Meissner writes

respecting his work that the- copper sulphate spray "has given far

better results than the sulphur, lime, and salt," and that "the trees

sprayed with the bluestone mixture look the best of any in the

orchard."

Mr. Bennett used the 5-pound formula for the Bordeaux mixture

as given for Mr. Meissner. He sprayed but once, on March 11, 1895.

The 29 trees sprayed averaged 44 pounds of fruit per tree, while the

single control tree yielded but 9 pounds, or a net gain in fruit of 388

per cent. The fact of most interest in connection with this work is,

however, that the variety treated was the Elberta, which is probably

more universally susceptible to leaf curl than any other variety now

grown in the United States. The control of curl on this variety was

almost absolute, as will be seen from the following letter from Mr.

Bennett:

I send you to-day a report of the spraying for leaf curl. The experiment was an

honest trial, and I feel very jubilant over the success. I have reported only the

Elberta variety, as it was one of that kind which I left unsprayed. I am more than

pleased with the results, and can say that a good trial is all that any man needs who

has the welfare of his orchard at heart (his pocketbook as well) .
The peaches from •

the sprayed trees were first-class, clean, and sold at the highest market price. I

notice a very marked difference in the general health of the trees in favor of those

sprayed. The leaves lost by the sprayed trees were, perhaps, one-half of 1 per cent.

The unsprayed tree was a little above an average tree in the spring. There were 29

sprayed trees, which yielded an average of 44 pounds of choice fruit to the tree,

nearly half of which packed 56 peaches to the box. I sprayed 75 Wheatland trees

with the same success as far as leaf curl is concerned. They are fine, healthy trees

now, and bore a good crop this season. They have been bad about curling, but I

left an Elberta because that variety is the worst to curl, and if spraying did them no

good I intended to grub them out.

Mr. P. W. Olwell, of Centralpoint, Oreg., applied the sulphur

spray to 400 Muir trees in his orchard, leaving 25 trees unsprayed for

comparison . The fornmla used by Mr. Olwell was 15 pounds of sulphur,

30 pounds of lime, and 10 pounds of salt to 60 gallons of water. His

trees were 5 years old, growing in black, loamy soil. They were

sprayed March 10. The sprayed trees did not lose any foliage from

disease, while the control trees lost 25 per cent. The fruit records

were not reported.

NOTES ON THE AUXILIARY EXPERIMENTS IN CALIFORNIA.

Besides the experimental work conducted by the writer in the Sac-

ramento Valley in the years. 1894 and 1895, a considerable number of

growers assisted in carrying on experiments in different portions of
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Californiji. Reports have been received from several of these jjrowers,

and while in some instances they are not as complete as desired, the

results shown are amply sufficient to determine the practical value of

the work undertaken.

Amono- the more complete and carefullv prepared reports is one

from Mr. A. D. Cutts, of Live Oak, Sutter County. The work was

cari-ied out in the wnnter of 18!>2-i>H, and was one of the experiments

which led to the writer's detailed series of experiments outlined in the

present bulletin. In this orchard the spray was not used in 1893 for the

control of leaf curl, but was applied for the purpose of destroying the

San Jose scale, which was gaining- a foothold in the orchard. The

trees infested by scale were scattered through a 40-acre block of the

Crawfords Late variet3^ These trees had been marked, and in Febru-

ary, 1893, were thoroughly sprayed with the sulphur spray, consist-

ing of 15 pounds sulphur, 30 pounds lime, 10 pounds salt, and 60 gal-

lons water. Only a few of the trees were entirely sprayed. As curl

developed seriously in that region in the spring of 1893, the contrast

between the scattered sprayed trees and the remainder of the block

was very striking, and Mr. Cutts kindly consented to preserve the

records of yield of a few of the sprayed and unsprayed trees for use

in this connection. In the table which follows is shown the amount

of fruit produced by each of the 9 sprayed trees included in Mr.

Cutts's records, as well as the weight and number of first, second, and

third quality peaches. The same facts are given for an equal num-

ber of neighboring unsprayed trees for comparison.

Table 40.

—

Experimental work conducted hy Mr. A. D. Cutis, of Live Oak, Cat., in the

spring and summer of 1893.
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sprayed trees above the yield of the unsprayed trees of 24.8 times the

yield of the latter. In other words, there was a gain in yield of 2,481

per cent from spraying. Much valuable information was also supplied

by Mr. Ciitts in relation to the preparation and application of sprays,

and the writer has considered these subjects in other portions of the

bulletin. Some of the more striking photographs of sprayed and

unsprayed trees have also been obtained from Mr. Cutts's orchard,

as well as the records of fruit buds elsewhere discussed (Pis. VII

and XX).
The report of a test of the Bordeaux mixture (5 pounds copper

sulphate, 10 pounds lime, and 45 gallons water) was furnished by Mr.

H. B. Gaylord, of Auburn, Placer County. This experiment was

made in the spring of 1896. Mr. Gaylord sprayed 10 Heaths Cling

peach trees and 4 nectarine trees, the variety of which was not stated.

The spraying was done February 16. Mr. Gaylord states that the

unsprayed nectarines curled so badly that they bore no fruit at all,

while the 4 sprayed trees yielded 320 pounds. He says that every

alternate tree was sprayed in a row of nectarines, and that the sprayed

peach trees were in the worst places in the orchard. Respecting the

result of the work Mr. Gaylord writes, in part:

I herewith send you a partial report on the experiment for leaf curl. I used only-

one formula. The result is perfectly satisfactory. I sprayed some peach and some

nectarine trees, both with good results. One nectarine tree sprayed has not a curled

leaf, while one of the same kind, about 15 feet from it, which was not sprayed, has

lost nearly all its leaves. The contrast is so great that it would be worth while to

have them photographed. A neighbor, Mr. G. P. Dixon, used formula 3 (2 pounds

copper sulphate, 3 pints ammonia, and 45 gallons water) with the same results, so

that I am satisfied that the copper sulphate is what does the work.

Mr. Gaylord also states that no leaves were lost from the peach trees

sprayed, while all of the leaves curled on the unsprayed trees of the

remainder of the orchard.

In Amador County an extensive experiment was made in the spring

of 1895, by Mr. George Woolsey, of lone. Mr. Woolsey sprayed some

2,600 trees of various varieties of peach and nectarine with 6 pounds of

copper sulphate, 10 pounds of lime, and 45 gallons of water, and left

720 trees unsprayed for comparison. The spraying was done from

February 20 to March 10. Most of the sprayed trees lost no foliage,

but a few in a wet situation lost not to exceed 25 per cent, while the

unsprayed trees lost not less than 50 per cent of the leaves and a large

amount of fruit.

Mr. Woolsey gives some notes respecting the work in the spring of

1895, as follows:

A block of about 200 trees, Salways 12 to 15 years old, on well-drained soil, and

500 Salways 4 years old, adjoining, I did not spray, thinking they were curl proof.

I regret I did not spray them. * * * The leaves are dropping, as well as a large

percentage of the fruit. I shall certainly spray them in the future. * * * The





DESCRIPTION OF PLATE XX.

Sprayed and unsprayed Crawfords Late trees in the orchard of Mr. A. D. CuttH,

Live Oak. The tree at the right was sprayed in Fehruary, 1893,' with lime, sulphur,

and salt; the trees at the left were untreated. See "Notes on auxiliary experi-

ments in California," for a full account of the work at Liveoak. (Photographed

in May, 1893, after most of the diseased leaves had fallen from the unsprayed trees.

Compare with PI. VII.)
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apparent result of spraying, one ai)plication, is as follows: Four control trees of Early

Rivers, adj6ining trees sprayed IMarch 2, are badly curled, leaves dropjnng, and also

the greater portion of the fruit. The adjoining sprayed trees of this tender variety

are all right (no eurl) and make quite a marked contrast, liesides these, 4 white

nectarines and 4 Bilyeau peachi-s, left at the same time, show curl and loss of fruit,

although not as badly as the Early Rivers. The surrounding sprayed trees look

vigorous and healthy, with no curl.

Mr. Woolsej^ was among- the first peacTi growers to adopt the copper

spnivs for the control of curl. His first experimonts were made in

1S\)'2, and they proved so satisfactory that he sprayed quite extensiyel}^

in 181>8 and again in 1894. The work in 1803 was of special interest,

as the following- extract from acomnmnication received from him will

show:

I sprayed nearly all my peach and apricot trees. I say nearly all; for, time press-

ing, I found I would not get over all the peaches, so to save what I considered the

most valuable portion, viz, the young lower growth, I had that sprayed and left the

tops unsprayed. The season was a damp one and leaf curl was very prevalent with

my neighbors. On my place all trees sprayed were exempt, all others badly affected

and crops on them almost a failure. On the ones partly sprayed there was a healthy

growth on the lower part of the trees, while they were denuded of f(jliage above.

Mr. Woolsey's work in 1894 was negative, owing to the nondevelop-

ment of the disease that season.

Two peach growers of Eldorado Count}*, Mr. John M. Day, of

Placerville, and Mr. A. L. Kramp, of Diamond Spring, furnished the

writer with reports of their experiments conducted in the spring and

summer of 1895. Mr. Day tried 4 formuhe, each sliowing a decided

saving of foliage, but the fruit was lost from frost. The spi'ay used

by Mr. Kramp was composed of 10 pounds sidphur, 20 pounds lime, 5

pounds salt, and 45 gallons of water. He sprayed 600 trees, 3 years old,

of the Hales Early, Briggs Early, and Wilcox Cling varieties, and 3,000

unsprayed trees were left for comparison. The sprayed trees lost no

foliage and yielded 48,000 pounds of peaches, while the unsprayed

trees lost not less than 50 per cent of their leaves and yielded 60,000

pounds. The average yield of the sj)rayed trees was thus 80 pounds

per tree, while the average yield of the unsprayed trees was but 20

pounds, a net gain of 300 per cent.

Gen. N. P. Chipman, of Red Bluff, has been using for at least two

years a formula for Bordeaux mixture which gave the writer exceed-

ingly good results at Biggs (see row 21 of the writer's experiments,

p. 117). Mr. Chipman writes that his experiments were upon several

varieties of peach trees and that excellent results were obtained. He
further says: "1 used equal parts, or 5 pounds bluestone, 5 pounds

quicklime, and 45 gallons water. I believe you have found an infalli-

ble remedy. I have used this spray two years with good effect." Mr.

Chipman first observed the effects of this spray in the experiment

block at the Rio Bonito orchard, in the summer of 1895.
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NOTES ON THE AUXILIARY EXPERIMENTS IN NEW YORK, INDIANA, AND
OTHER PEACH-GROWING STATES.

Much experimental work for the control of leaf curl has been under-

taken at the suggestion of the Department by the peach growers of

New York, Indiana, Illinois, Ohio, Kentucky, Mar3'land, Pennsj'lva-

nia, Georgia, Tennessee, North Carolina, Arkansas, IMissouri, Kansas,

and other peach-growing States not already considered in this bulletin.

For instance, 80 prominent peach growers of various peach-growing

centers of New York were giyen full instructions for the control of

curl in the winters of 1893-94 and 1891r-95, and requested to report their

work, which in a number of instances was carefully done. The same

is true of 54 growers in Ohio, 135 in Pennsylyania, etc., and in each

case where the work was properly conducted the results were in har-

mony with those already discussed in this chapter. For this reason,

as well as from the fact that the work already considered has been

selected from those sections of the country which are fully represen-

tative of the different climatic conditions, it is not thought necessary

or desirable to enter much further into the details of the work. One
or two experiments may be mentioned, however, before closing the

consideration of this phase of the subject.

Mr. Joseph M. Cravens, of Madison, Ind., reported almost absolute

success in the control of curl in his orchard. The spra3"ed trees of

the 4 experiments made in no case showed more than 3 per cent of

curled leaves, while the amount of curl on the foliage of the unsprayed

trees ranged from 25 to 45 per cent. Mr. Cravens states in a letter

accompanying his report that he sprayed separate rows through his

orchard which were sufficiently far apart not to have the spray affect

the intervening rows even if the wind blew at the time of application,

and further that he is satisfied that two of the spraj^s used would have

given absolute results had they been applied to every portion of every

twig.

Mr. W. T. Mann, of Barkers, N. Y., sprayed 25 trees with the lime,

sulphur, and salt spray April 9, 1894, and left 25 trees at their side

without spraying for comparsion. On jSIay 28 only 42 diseased leaves

were found on the 25 sprayed trees, while as high as 40 per cent of

curled foliage was present on some of the unsprayed trees. On the

same date as the other spraying was done 25 trees were spraj^ed with

Bordeaux mixture, while 21 were left for comparison. By May 28

only 59 curled leaves had developed on the entire 25 sprayed trees,

while of the 21 unsprayed trees several had as high as 30 to 35 per cent

of curled leaves. jSIr. Mann says that from the fact that among the

50 trees treated not one showed an appreciable amount of disease,

while all throuefh the orchard trees were badlv affected, was to him

very satisfactory evidence of the value of the treatment, especially as
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ho did not undortako the ^vol•k with 11113^ great degree of contidencc as

to .siu'c'ossful results.

Mr. James A. Staples, of Marlboro, N. Y., states that in the sea-

sons of 1894, 1895, and 1896 he made the spray tests on peach trees

for leaf curl which had been suggested by the writer, and says he

i.s w^ell satisfied that the disease can be controlled by proper spraying.

He .states that th(> winter treatment gave him the best results.

Mr. A. D. Tripp, of North Ridgeway, N. Y., states in his report of

spray work for curl that he treated 208 trees and left 320 trees

uiispra3'ed. From the sprayed trees he gathered '"SOO baskets of as fine

fruit as ever went to market." The baskets were one-third of a bushel,

and the peaches averaged 56 to the basket. From the untreated trees

only 15 baskets were gathered, and a portion of this fruit was imper-

fect. The variety was the Elberta.

19093—No. 20 10



CHAPTER VIII.

PREPARATION, COMPOSITION, AND GENERAL CHARACTERS OF
THE SPRAYS USED.

PREPARATION OF THE COPPER SPRAYS.

It is not the intention to consider in this place the many forms of

copper sprays which have been used at one time or another in the

treatment of fungous diseases, but to confine the discussion to those

forms tested in the present work.

Most of the formula for those copper sprays which have been tested

in the treatment of peach leaf curl have been personally prepared at

one time or another and the results they gave have been carefully

studied. Several other formula have been recommended by the writer,

but these were prepared and applied by the growers themselves, so

that for the results of this work their reports have been consulted.

There are still a few other formula for copper sprays which have

been reported upon, but these are the suggestions of others or were

chosen ])y the growers themselves.

The different copper sprays which have been tested in separate form

(not in union with other fimgicides) are shown in the following list.

This list includes 22 distinct formula. Each formula is that used with

45 gallons of water, except the first for Bordeaux mixture, which was

with 48 gallons;

Table 41.

—

Copper sprays applied for the control ofpeach leaf curl.

Copper sulphate solution:

* 4 pounds copper sulphate, 45 gallons water.

* 2 pounds copper sulphate, 45 gallons water.

Bordeaux mixture:

t24 pounds copper sulphate, 45 pounds lime.

"^ * 6 pounds copper sulphate, 15 pounds lime.

j 5 pounds copper sulphate, 15 pounds lime.

*3 pounds copper sulphate, 15 pounds lime.

X 6 pomids copper sulphate, 10 pounds lime.

* 5 pounds copper sulphate, 10 pomads lime.

* 3 pounds copper sulphate, 10 pounds lime.

*5 pounds copper sulphate, 5 pounds lime.

* 4 pounds copper sulphate, 5 pounds lime.

* 3 pounds copper sulphate, 5 poimds lime.
«

* Prepared and tested by the writer, and in many cases also tested by growers.

t Chosen and tested by grower.

t Recommended by the writer, Ijut tested by the growers.

146
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Bordeaux mixture—Continued
*2 pounds copper yidphate, 5 pounds lime.

*6 pounds copper sulphate, 4 pounds lime.

*6 pounds co]iper sul]ihate, 'A pounds lime.

*3 pounds copper sulphate, 2 pounds lime.

Eau celexfe:

*i jiounds copper sulphate, 3 pints ammonia (2t>°).

*2 pomids copjxM- sulphate, 3 pints ammonia (26°).

Modified eau celeste:

*4 pounds copper sulphate, 5 pounds sal soda, 3 pints ammonia (26°).

*2 pounds copper sulphate, 3 pounds sal soda, 2 pints annnonia (26°).

Ammoniacal copper carhunate:

*5 ounces copper carbonate, 3 pints annnonia (26°).

*3 oimces copper carbonate, 2 pints ammonia (26°).

* Prepared and tested by the writer, and in many cases also tested by growers.

Tho propjiratioii of the copper sprsiys eoDtiiiiiiiio- diffei-ent chemical

constituents will be considered In the order in which they appear in

the preceding list.

COPPER SULFIIATK SOLUTION.

Copper sulphate (CuSO^.oHoO), commonly caHed blue vitriol or

bluestone, forms, when dissolved in water, one of the most active

fungicides known. This chemical, the composition, maiuifacture, and

sources of supply of which will bo more fully consid(>red in a follow-

ing chapter, dissolves in cold water, but somewhat more readily in

hot water. As usually sold, the crystals are large, but a tine form
may also be had in the market. If the large crystals are purchased

and it is desired to dissolve them rapidly, they may be ground in a

bone or shell mill before placing in the water. This has frequentl}'^

been done by the writer when quick work was necessar3^

Copper sulphate ma}' be manufactured by dissolving the black oxide

of copper in sulphuric acid, or by the various modifications of this

process hereinafter discussed. A watery solution of this chemical is

strongly acid, and for this reason a simple solution of copper sulphate

is very corrosive and injurious to tender plant tissues, as foliage and
opening buds. To avoid this injurious action, efforts have been made
to obtain from the copper sulphate solution a spray retaining the

fungicidal action of the copper, but by the addition of other chemicals

to neutralize or largely remove its acid reaction and consequent cor-

rosive effects upon plants. As a result there are a very considerable

number of copper sprays, representing various modifications of the

simple solution of copper sulphate.

Owing to the acidity of a solution of copper sulphate, the sulphate

should not be dissolved or handled in metal dishes of any kind, espe-

cially those of iron. The copper will often go to the metal, thus

injuring the effectiveness of the spray, and the acid may also injure

or destroy the dishes. The most suitable vessels for dissolving copper
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sulphate for work such as here discussed are those composed wholly

of wood, preferably of oak, and may be in the form of barrels, casks,

vats, or tanks, of a capacity corresponding to the respective needs of

the growers. For small orchards a few good oak barrels of 45 or 60

gallons capacity are very suitable. As concentrated solutions of cop-

per suli^hate can be made, enough of the sulphate can be easily dis-

solved in a 60-gallon barrel to serve for 300 or even 1,200 gallons of

spray when properly reduced. It is well, when possible, to use 2

gallons of water to each pound of sulphate when dissolving the latter,

but stock solutions may be of two to four times this strength. A
solution of copper sulphate is heavier than water, so that it is an

advantage in hastening the dissolving process to retain the chemical

near the top of the water. If this can be done, the heavier copper

solution will settle to the bottom of the barrel, leaving the purer

water to continue the dissolving action upon the sulphate. The

placing of the copper in a gunny sack and suspending the latter in

the water has been recommended, but it is thought that other means

more suitable may be found. The use of sacks or other cloths about

the spray tanks is hardly advisable, as the freer the tanks are kept

from lint, strings, fibers, etc., arising from straining cloths, sacks,

frayed staves, and stirring sticks, the less trouble the sprayer will

have with his nozzles in the orchard, and the better, quicker, and

cheaper can the spray work be done.

Instead of a sack, a clean willow or hard-wood splint basket may be

used for suspending the chemicals. A box may also be easily made

for the purpose. It should have a diameter, when about 1 foot

deep, sufficient to hold the copper sulphate to be dissolved, and it

should be open at the top, with strong 1-inch slats across the bottom,

the latter to be set one-fourth inch apart. If the box be fitted with

a strong hoop bail it may be suspended in the barrel by placing a stick

through the bail and across the top of the barrel. As a rule, how-

ever, the writer has found it sufficient to place the copper sulphate

directly in the bottom of a good oak barrel, filling the latter one-third

to one-half full of water, and stirring and crushing the crystals with a

clean hard-wood pounder. A half hour's work is sufficient to dissolve

many pounds of copper sulphate in this manner. With three or four

good barrels one man can thus keep a large spraying gang supplied

with material, if the water be convenient. It is always an advantage

to place the copper in water in the barrels over night, when possible,

as sufficient material is thus easily made ready in the morning for a

half day's spraying. It is an advantage to strain all water before the

copper sulphate is added, as afterwards ordinary strainers are liable

to be injured by the acid, and, as before stated, the use of cloth

strainers is not advisable.

The eyes and hands should be protected as much as possible from
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injiny b}' this .spray (p. 171). Tho unaltorod solution of the ooppor
sulpiiatc is not only iinploasant to handle and apply, and injurious to

tender vegetaljle tissues, but it is quite injurious to all metallic parts

of pumps, hose, extension rods, and nozzles, nozzles being- eaten out

very rapidly by it. For these various reasons the solution of

copper sulphate is rarely used as a spray in an unmoditied form. In

most cases its coiTosive action is more or less altered or neutralized

through the addition of some modifying agent. In other words, the

copper sulphate solution is used as a base or stock solution for the

preparation of several more or less noninjurious and ecpially effective

sprays, as the Bordeaux mixture, the eau celeste, the modified eau

celeste, the ammoniacal copper car})<)nate, etc. For this purpose it

may be prepared in a concentrated solution, to be used as a stock

solution for the preparation of any of the modified sprays mentioned,

as already pointed out.

A convenient strength for stock solutions is 1 pound of copper sul-

phate to 1 or 2 gallons of water. In using stock solutions, two matters

should always be considered: (1) The pails, barrels, or tanks used

should be carefully gauged and marked, so that thii number of gallons

of water or of the solution they contain may be known and not guessed

at.^ (2) Before dipping from a stock solution an}' required number
of gallons, the solution should ])o, thoroughly stirred, otherwise the

last dipped out will be very much stronger than that coming from the

top, and consequently the work will be inaccurate and often very

unsatisfactor}' ; moreover, neglect of this precaution might, in many
cases, lead to the injury or even to the destruction of the plants

treated. It may also be said that the copper sulphate solution should

be cold when used in th(», preparation of Bordeaux mixture, eau celeste,

modified eau celeste, or ammoniacal copper carbonate.

BORDEAUX MIXTURE.

Bordeaux mixture is prepared by uniting the milk of lime with a

solution of copper sidphate. The reaction which takes place when
the two solutions are united as well as the other chemical phases

' The following rules for measuring square and round tanks and casks may prove
of value in this connection:

Circular cisterns.—Multiply the square of the diameter in feet by the depth in feet

and the product by 5| for the contents in gallons.

Circular casks or barrels.—Multiply the square of the average diameter in inches by
34, and that by the height in incites, and point off four figures. The result will be
the contents in gallons and decimals of a gallon. The average diameter of a barrel

may usually be obtained by adding the greatest diameter to the least diameter and
dividing by 2.

Square tanks.—Multiply the width in feet by the length in feet, and that by the

depth in feet, and that again by Tj^o; which will give the contents i^i gallons.

Another and simple method is to multiply the length, width, and depth in inches,

and divide by 231, which will also give the contents in gallons.
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of the subject, have formed the base for much discussion and investi-

gation, which it is not necessary to consider here, especially as these

chemical changes are variously interpreted by different writers.

Those interested in the history and chemistry of Bordeaux mixture

may learn of the extensive literature upon these subjects by referring

to the writings of Lodeman,^ Fairchild,^ and others.

In the union of the milk of lime with a solution of copper sulphate

there is produced a mixture having great value as a general fungicide,

and, as already shown, of especial value for the treatment of peach

leaf curl. The mixture possesses several advantages for orchard work
over a simple solution of copper sulphate: (1) The addition of suffi-

cient milk of lime to a simple solution of copper sulphate neutralizes

the acids of the latter to such an extent that the resulting mixture is

practically noninjurious to foliage and buds, while still retaining the

fungicidal qualities of the simple sulphate solution. (2) The corrosive

action of Bordeaux mixture upon pumps, pipes, nozzles, etc., is com-

paratively slight. This is of great advantage in doing uniform and

thorough work. (3) The lime of Bordeaux mixture causes the spray

to become visible upon the trees sprayed, and while this is not

desirable in the spraying of maturing fruits, and is avoided by adopt-

ing other sprays, it is of very great value in the treatment of bare

dormant trees, as it enables the workman to distinguish the sprayed

from the unsprayed portions of the tree, and thus to complete his

work more thoroughly than could otherwise be done. In case of the

employment of hired help for applying sprays, as is usually done, the

superintendent or owner of the orchard may know beyond question

by the appearance of the trees whether or not his men are doing satis-

factory work. As thoroughness is a matter of prime importance in

the treatment of peach leaf curl, too much stress can hardly be placed

upon this advantage of Bordeaux mixture over several other sprays.

(4) The adhesive qualities of Bordeaux mixture are very great,

and therefore it is even more desirable for a winter than for a

summer spray. This is especially so in portions of the country where

the summers are dry, as on the Pacific coast. (5) The whitening of

the trees by the use of Bordeaux mixture, provided the spraying

is done somewhat early in the winter, is claimed to retard the develop-

ment of the buds. The unsprayed trees absorb more heat, which

causes the buds to swell during warm days in winter, thus making

them liable to injury from subsequent cold.^

The methods of preparing Bordeaux mixture for large and small

orchards may vary according to the requirements and facilities of the

^Lodeman, E. G., The Spraying of Plants, Macmillan & Co., 1896.

'Fairchild, D. G., Bordeaux Mixture as a Fungicide, Bull. No. 6, Division of Vege-

table Pathology, U. S. Dept. of Agr.
» Written, J. C, Winter Protection of the Peach, Mo. Agr. Exp. Sta. Bull. No. 38.

Some of the conclusions from the work of Mr. Whitten are: Whitening the twigs and

buds by spraying them with whitewash is tlie most promising method of winter pro-

tection tried at the Missouri Station; whitened buds remained practically dormant
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growers, but the ofeneral principles involved remain the same. As a

common example, the manner of preparinj^- the o-pound formula \vill

be described: In a -15 or 6<> gallon })arrel place 5 pounds of copper sul-

phate and add 10 or 12 gallons of water. Pound and stir the copper

suipliate until wholly dissolved. In a half barrid slake 5 pounds of

quicklime and reduce with 10 or 12 gallons of water. Strain the milk

of lime into the copper solution, stir thoroughly, and add suJlicient

water to make 45 gallons in all. The copper and lime solutions should

both bo cold when united. When the water is added and the whole is

well stirred the spray is ready to be applied.

For the manner of preparing the stock solution of copper sidphate to

be used for Bordeaux mixture the reader is referred to pages 148 and

149, where full instructions will ]»e found. In respect to the addition of

lime to the copper solution, it may be said that tli(> milk of lime result-

ing from the slaking of 2 pounds of good quicklime in (j or 8 gallons

of water is sufficient to neutralize a solution of 3 pounds of copper
sulphate. Larger amounts of copper should receive larger amounts
of lime in proportion. In case foliage is to be treated, however, it is

well before using the mixture to test it according to one of the methods
given, ^ or to bring the weight of quicklime used to three-fourths,

until April, when unprotected buds swelled perceptibly during warm days late in

February and early in March; whitened buds blossomed three to six days later than
unprotected buds; 80 per cent of whitened buds passed the winter safely, and only
20 per cent of unwhitened buds passed the winter unharmed. These facts point to

those sprays having large amounts of lime as most valuable in protecting buds, and
they should be considered in those sections of the coimtry where the buds are liable

to winter injury. A fall spraying may also be a decided advantage in such situations

in addition to the early spring spraying for curl.

See also on this subject the January niunber of the Canadian Horticulturist, 1899,

pp. 18-20.

^ There are at present several convenient methods practiced in making Bordeaux
mixture to determine if enough lime has been added to the copper sulphate solution

to prevent injury when the mixture is applied to foliage. We adapt the following
two tests from Farmers' Bulletin No. 38 of this Department, p. 7: (a) After the
milk of lime and copper sulphate solutions have been united and thoroughly stirred,

hold the blade of a penknife in the mixture for at least a minute. If metallic copper
forms on the blade or the polished steel surface assumes the color of copper plate,

the mixture is still corrosive and should receive more milk of lime. If the blade
remains michanged, the mixture may be safely applied to most foliage under favor-

able weather conditions, (b) Pour some of the mixture into a saucer, hold between
the eyes and the light, and breathe gently upon it for at least half a minute. If the
mixture is properly made, a thin pellicle, looking like oil on water, will begin to
form on the surface. If no pellicle forms, more milk of lime should be added. A third
test (c) may be made with a 20 per cent solution of ferrocyanide of potassium : After
the milk of lime is added to the copper sulphate solution, and the whole is thoroughly
stirred, dip up a coffee cup full and add to this a few drops of the ferrocyanide of potas-
sium solution. Allow the cup to stand a few minutes and then pour off the mixture
carefully. If a red precij^itate is found at the liottom of the cup, the mixture requires

more milk of lime, which should be added until no such red precipitate is formed
when the test is repeated.
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four-fifths, or five-sixths of the weight of the copper sulphate used.

With the present experiments it has been unnecessary to take this

matter into consideration, for the spray was applied to dormant trees,

not likely to be injured by any moderate spray. In nearly all the for-

mulae tested for curl the pounds of lime employed were equal or

greater than the number of pounds of copper sulphate used.

The lime used in preparing Bordeaux mixture should be unslaked

lime or quicklime of the best qualit}'. There is no economy in using

poor lime, and air-slaked lime should never be used. The use of poor

or air-slaked lime is apt to result in an imperfecth^ neutralized, and

very granular, unsatisfactory spray. While the slaking of lime and

the preparation of a milk of lime is a very simple matter, it is one

which few people not accustomed to the process will do well the first

time. If not properly slaked, there are apt to be hard particles in the

spray, causing trouble mth the nozzles. In slaking lime, water should

be added to the lime onh^ fast enough to keep it from overheating,

adding a little more each time as the heat increases. With some lime

the use of a little hot water to start the slaking will hasten the pro-

cess. With a little practice this work can be done so as to result in a

perfect putty or cream of lime. When the thick, creamy consistency

is obtained, it is well to allow the mixture to stand for half an hour,

if possible, while hot, being sure that enough water is present to pre-

vent drying out. If the Bordeaux mixture is then to be made, cold

water should be added to the lime putty, or cream, and the whole

stirred until it becomes a milk of lime and is cool. About 3 gallons

of water should l)e added for each pound of lime. This cool or cold

milk of lime should now be strained through a wire sieve or strainer

into the copper sulphate solution, previously prepared, and the whole

thoroughlv stirred.

The solution of copper sulphate should also be cold when the milk

of lime is added. After the two solutions are thoroughly united the

mixture may be reduced to the required amount with cold water, when
the spray is ready for use. The liuie and copper solutions should

never be united more than a few hours before the spray is to be applied.

When making Bordeaux mixture wooden vessels should be used, as

barrels, half barrels, tanks, etc.

For peach leaf curl the amount of copper sulphate and lime to be

used to 45 gallons of water will vary according to the views of the

grower, after making a stud}^ of the results obtained from the difi'erent

formulse tested in the present series of experiments.

EAU CELESTE.

The preparation of eau celeste is very simple. To each 2 pounds

of copper sulphate dissolved in 6 or 8 gallons of water add 3 pints of

strong ammonia, stir thoroughly, and dilute to 45 gallons. The stock
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solution of copper sulphate may be used in preparing this spray.

Four pounds of copper to 3 pints of ammonia for 45 gallons of water

has also proved an effective winter spray.

For dormant trees this spray is safe, but for the treatment of foliage

it is too corrosive and burning. Tt is also quite corroding to nozzles and

other metallic portions of the spraying outfit.

MODIFIKI) EAir CELESTE.

The modified eau celeste is less injurious to foliage than the eau

celeste, but is more liable to injure tender leaves and l)udsthan is well-

made Bordeaux mixture. Its preparation is nearly as simple as that

of the eau celeste. To 4 pounds of copper sulphate dissolved in 10 or

1:^ gallons of water add 3 pints of strong ammonia, dilute with water

to 45 gallons, and stir in this mixture 5 pounds of sal soda (common

washing soda) until dissolved. In preparing this spray of different

strengths the same proportions of the chemicals may ha maintained.

AMMONIACAL COPPER CARBONATE.

The ammoniacal copper carbonate spray is one of great usefulness

in the treatment of fruits for fungous diseases, espc^-ially where the

spotting of fruits by the ase of lime is to l)e avoided. The fungicidal

value of this spray is, however, far inferior to the ordinary Bordeaux

mixture. In the treatment of peach leaf curl it has proved less satis-

factory than several of the other copper sprays.

The manner of preparing this spray is simple. Place 5 ounces of

copper carbonate in the bottom of a 3-gallon crock. From a 2-gallon

vessel full of water pour about one-half pint of water upon the copper

carbonate and stir the latter until it becomes like paste. Now add the

remainder of the 2 gallons of water, stir again, and then pour into

the mixture 3 pints of 26'^ ammonia. After this has been thoroughly

stirred, it should ]>e covered and allowed to stand for half an hour,

when the whole should be added to a barrel containing 43 gallons of

water. When well mixed this spray is ready to be applied.

A concentrated solution of copper carbonate in strong ammonia may

be made as above described, using but one-half of the amount of water.

If such a solution is very tightly stoppered in a large demijohn or jug

it may be kept as a stock solution, ready for use at any time. By
knowing the amount of copper carbonate in each quart of such a stock

solution enough may he measured out at any time to prepare a given

number of gallons of spray of any desired strength.

The copper carbonate used in the preparation of the present spray

is frequently not obtainable in quantity at the drug stores in smaller

towns. It is also frequently the case that druggists in such places

charge two or three and sometimes four or five times as much as it is

worth, making the ultimate cost of the spray beyond the reach of the
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grower. For this reason the writer gives, on page 183 of this bulletin,

a simple way of preparing the copper carbonate on the farm at a

minimum figure.^

PREPARATION OF THE SULPHUR SPRAYS.

While the use of copper sulphate as a base for sprays intended for

the control of fungous diseases is very general, there are special dis-

eases or combinations of diseases which may be more cheaph'^, and

often more successfully, treated with sulphur in the form of powder

or spray. The world-wide use of sulphur for the control of powdery

mildew of the grape is a well-known example. It is also known that

sulphur possesses valuable insecticidal qualities, and many of the scale

insects and mite diseases of our fruit trees may be readily controlled

by the use of sulphur so combined and prepared as to be applicable

as a spray. For many years the most successful and almost the only

treatment of the San Jose scale on the Pacific coast has been by sulphur

sprays. This scale is very injurious to peach trees, and the time for

the application of sulphur for its treatment is during the winter, at the

time of treatment for peach leaf curl, when the tree is dormant. It

has already been shown in this bulletin that such a winter treatment

of the peach tree with sulphur sprays will also control peach leaf curl.

For this reason, and the fact that the San Jose scale is constantly

spreading throughout the East, much attention is here given to the

presentation of this form of spray, one application of which may con-

trol two serious diseases. Experiments conducted by the writer have

shown that the pear leaf mite may be controlled by the winter use of

sulphur sprays, and it is thought probable that their use will also con-

trol the oyster-shell bark louse of the apple, which has become almost

a scourge over much of the East and in the Pacific Northwest.

As in the case of copper sulphate spraj's, it has also been found

that the sulphur sprays may be most satisfactorily prepared by com-

' In view of the work of ]Mr. C. L. Penny, published in Bulletin 22 of the Delaware

Agr. Exp. Sta., 1893, the amount of water recommended to he added before the strong

ammonia water is poured upon the carbonate of copper is nmch greater than formerly

used by the Department. Mr. Penny conducted a somewhat extended series of

experiments to ascertain the solubility of copper carbonate in ammonia gas as it is

contained in ammonia water of different strengths. He found that a given amount

of ammonia gas in a weak solution of ammonia water dissolves more copper than the

same amount of gas in a strong solution. A given weight of ammonia gas in a 2 to 4

per cent solution of ammonia water dissolves more copper carbonate than an equal

weight of gas in either a weaker or stronger solution. The gas in a 2 to 4 per cent

ammonia water will dissolve its own weight or more of copper carbonate. On the

other hand, the ammonia gas in a 10 per cent solution of ammonia water will dis-

solve but 60 per cent of its weight of copper carbonate, and ammonia gas in a 20 per

cent solution dissolves only about 35 per cent of its weight of copper. Furthermore,

the ammonia gas contained in ammonia water of less than 2 per cent strength rapidly

loses its power to dissolve copper carbonate as the solution is weakened.
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billing sulphur with lime. Salt has also been used in connectioii with

these sprays in several formulie.

In the following tal)le are shown the various formulae for sulphur

spravs which luive been tested for the control of peach loaf curl. All

forniuhe are for 45 gallons of water, except where otherwise stated.

Tabi-e 42.

—

Sulphur sprays applied for the control of peach leaf curl.

* 15 pounds sulphur, 30 pounds lime, 10 pounds salt, 60 gallons water.

*10 pounds sulphur, 20 pounds lime, 10 pounds salt, 60 gallons water.

1 15 pounds sulphur, 30 pounds lime, 10 pounds salt.

* 10 pounds sulphur, 20 pounds lime, 10 pounils siilt.

1 10 pounds sulphur, 20 pounds lime, 5 pounds siilt.

*5 pounds sulphur, 10 pjunds lime, 5 pounds salt.

1 5 pounds sulphur, 10 i)Ounds lime, 3 pounds salt.

1 15 pounds sulphur, 30 pounds lime.

1 10 pounds sulphur, 20 pounds lime.

1 10 pounds sulphur, 8 pounds lime.

t6 pounds sulphur, 4 pounds lime.

t5 pounds sulphur, 15 pounds lime.

1 5 poxmds sulphur, 10 pomids lime.

t5 pounds sulphur, 5 pounds lime.

* Recommended by the writer, but tested by the growers.

t Prepared and tested by the writer, and in numerous cases also tested by growers.

It takes longer and is more difficult to prepare the sulphur than the

copper sprays; but where the sulphur may be obtained at liberal whole-

sale rates the expense of the two classes does not vary greath^ For

facts respecting the sources of sulphur, etc. , the reader is referred to

page 190.

The sulphur sprays are prepared by boiling the ingredients (sul-

phur, lime, and salt, or sulphur and lime) in water for not less than

two hours. So far as the writer's experiments are concerned, there

has resulted no apparent advantage in the treatment of curl by the

addition of salt to these sprays. The usual method which growers

having small orchards follow in preparing sulphur sprays is to slake

one-third to one-half of the lime required, in the vessel in which the

boiling is to be done. When slaked to a thin cream the sulphur is

stirred in, all lumps of sulphur having been first pulverized. Boiling

water is noM^ added to make one-half to two-thirds the amount required

by the formula. This mixture is boiled for not less than one and one-

half hours, only boiling water being added if it becomes necessary" to

reduce the mixture. If the boiling is done in a kettle or iron pan, great

care is necessary to prevent the caking and burning of the materials.

When the mixture has boiled for the time stated or longer, the remainder

of the lime is slaked and the salt is added to it and well stirred in. This

lime and salt mixture is now added to that which has been boiled and the

boiling is continued for at least one-half hour longer. The boiled
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spray should now be strained through a fine wire strainer into the

spray tank or barrel, and enough boiling water added to make up the

full amount of spray required by the formula. The spray may be

boiled to advantage longer than two hours, but should never be boiled

for a less time if the best results would be obtained. The sprays should

be applied to the trees as hot as possible. The spray is more effective

and easier to apply when hot, and contact with the air cools it suffi-

ciently so that twigs of dormant trees are not injured by the heat.

The method of preparing the sulphur sprays here outlined is prac-

tically that which has been followed in California for many years.

In the series of experiments here described, however, an effort has

been made to ascertain if salt is necessary in this spray, and also

whether there is any disadvantage in uniting all of the lime and sul-

phui" at first. Aftei" a comparison of the results obtained from sprays

with and without salt and of those in which the lime was added in two
portions and at different times with those prepared by adding all of

the lime and sulphur at first, it has not been possible to detect any

advantage from the salt nor from the more complex method of pre-

paring. This relates, of course, to the use of these sprays for the con-

trol of curl, but it is believed that the same will hold true in their use

for the control of insect pests. The writer has personally prepared

and tested a very large number of these sprays, and recommends the

omission of salt, and further, that all of the lime and sulphur be united

and reduced with boiling water before the cooking begins in all cases

where the spray is to be applied either as a fungicide or insecticide,

and where the method of boiling below described is followed. This

will both cheapen and simplify the process.

While many growers may feel obliged to prepare the sulphur sprays

in kettles or iron pans, experience has shown that they may be boiled

much more uniformly, more easily, and oftentimes better in barrels or

wooden tanks by using live steam as the source of heat. These facts

are widely recognized on the Pacific coast, and the knowledge is put

into practice by some of the leading fruit growers, many of whom
have established special steam cooking plants for preparing and hand-

ling the sulphur sprays. Some of these spray-cooking appliances are

on quite an extensive scale and others more limited, being adapted to

the needs or facilities of the growers. As the sulphur sprays have

been widely used in California and Oregon, and are likely to become

much more generally used throughout the East, especially as they are

particularl}' intended for winter application to all deciduous trees and

are known to be of marked value both as insecticides and fungicides, the

more improved methods of preparing them will be of general interest

to orchardists, and several are here given. Three types of cooking

plants are described: (1) One adapted to the needs of an orchard of 10

acres, (2) one suited to the needs of an orchard of 100 acres, and (3)
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one of sufficient capacity to picpaie .sprays for the treatment of 500 to

1,000 acres of trees.

For small orchards sulphur sprays may be prepared in barrels by

the use of steam. Upon a solid plank platform 3 feet wide, 12 feet

long, and raised 18 inches aliove the ground, place three oak barrels

holding ()0 gallons each. Each barrel should have a bunghole through

one side a))out 1 inch above the bottom, which is stopped with a long

wooden plug while the spray is boiling in the l)arrel. The upper

heads of the barrels should be removed, and each nuwbe nailed in two

parts to serve as a cover for the barrel M'hile the spray is being boiled.

Near one end of the row of barrels is set the boiler in which steam is

to be generated. From the dome of this boiler a steam pipe should

extend horizontally over the row of barrels, and not less than 2 feet

above them. The farther end extends downward at a right angle, by

means of an elbow, to within 6 inches of the bottom of the last barrel.

Where the pipe i)asses over the iirst and second Vmrrels, downward-

extending pipes are coimected by means of proper couplings, and

extend to within 6 inches of the jjottoms of the respective barrels

into which they reach. In each of the downward-extending pipes is

htted a valve about 18 inches above the barrels, by means of which the

inflow of steam may be controlled for each barrel separately. The

lower end of each of the pipes leading into the barrels is left open

for the escape of steam. With a sufficient head of steam a barrel of

water may be brought to the boiling point with such an appliance in

about five minutes. By having three barrels, as here suggested, two

may be kept almost constantly filled with boiling sprays, while the third

is filled with boiling water for use in slaking lime, filling the })arrels

after the sulphur is added, and reducing the spray to the required

amount in the spray tank. With such an appliance for boiling, pro-

vided the two barrels for spray are charged alternately one hour apart,

60 gallons of well-made spray maj^ be sent to the orchard about once an

hour, after allowing each lot two hours of constant boiling. In pre-

paring the spray for boiling, the lime is first slaked to a cream of lime

in the bottom of the barrel, the pulverized sulphur is stirred in, the

barrel is filled two-thirds full of boiling water, a top is placed over

the barrel, and the steam is turned on by opening the valve above the

barrel. Within a very few minutes the steam will bring the contents

to a seething boil, and this can be maintained for the two hours

required without danger of overheating and with little care, except of

course that required to maintain and regulate the steam supply. The

steam stirs the spray sufficiently when boiling. When thoroughly

boiled the bunghole near the bottom of the barrel is opened by remov-

ing the long plug, and the spray is drawn off into pails and strained

into the spray tank through a fine wire strainer. When the barrel is

nearly empty enough boiling water is added to make up the amount of
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spray required bj- the formula, and this is then drawn oil'. Before a

new charge of spray materials is placed in the barrel, the latter should

be removed from beneath the steam pipe and cleaned. Convenient

boilers suited to boiling one or more barrels of spray are shown in the

illustrations given. (PI. XXI.)
For orchards of 100 acres the boiling of sprays in barrels is too

slow. The plan adopted by Mr. A. D. Cutts, at the Riviera Orchard,

will here be given as admirably answering the purpose for such

orchards. In this spray-boiling plant the live steam is obtained from
the dome of the boiler of a 20-horsepower thrashing engine, and
while cooking sprays from 60 to 80 pounds steam pressure is main-

tained. The spray is boiled in two rectangular vats or tanks, built of

2-inch dressed sugar pine. The inside measure of these tanks is,

length 5 feet, breadth 3 feet, depth 30 inches. These tanks have the

ends mortised into the side and bottom planks from one-fourth to

three-eighths of an inch. Two long bolts run diagonally across at each

end to hold the head in place, and in addition the planks are nailed

together with 10"^ cut nails. Each of these tanks will hold approxi

mately 280 gallons of spray. They are raised 4 feet above the ground
upon a strong and well-braced framework. They stand side by side

with a platform between about -1 feet wide, on which a man maj' stand

to attend to the spray while boiling. One end of each tank is toward

the boiler, and the other, which is supplied with a faucet or sirup

gate for drawing off the spray, extends to the side of a driveway.

The steam is supplied to each of the tanks directly from the dome of

the boiler. From the steam dome a 1^-inch pipe leads to near the

ends of the tanks. This is connected with a transverse 1-inch horizontal

pipe extending laterally to a point opposite the center of each tank and

level with the tops of the tanks. The ends of this 1-inch pipe now turn

at a right angle and extend to the center of the top of the ends of the

tanks, turn down on the inside of the tanks to the bottom of the same,

and then extend along the center of the bottom to near the farther end,

where they are closed by having an iron cap screwed over the end.

Through each side of that portion of the 1-inch pipe which extends

along the inside of the bottom of each tank are drilled 6 small holes

for the escape of the steam into the tanks. In the pipe leading to

each tank is placed a globe valve for separatel}" controlling or prevent-

ing the flow of steam to each of the tanks. When a tank of spray is

ready to go to the orchard, the spray is run into another tank situated

on a low truck wagon, the truck being first driven under the end of

the boiling tank which is to be emptied. The low truck with the

spray is then driven to the spray tanks in the orchard, and the spray

is pumped from the truck tank to the spray tank, without delaying

the work of the spraj^ers. The spray is strained twice, fii'stwhen drawn
off from the boiling vats through the faucet, and second when it is





DESCRIPTION OF PLATE XXI.

Steam spray-cooking appliances for small orchards. Figs. 1 and .3 show }:)oilers suited

to cooking sjirays in 1 to 3 barrel lots; fig. 2 shows a boiler connected with a tank in

whiili larger quantities of spray may be boiled at one time. These cooking appli-

ances are well adapted to use in ten-acre orchards (p. 157) . (Compare with PI.

XXII.)
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puiiipod from the truck tank into the spray tank in the orchard. 'I'he

brass strainer cloth employed by tinners in makinjr strainer pails is used

for this purpose. It is very necessary to strain well, as in the unstrained

spray there are always dregs that fill the nozzle and delay work. Mr.

Cutts says that in tanks of this kind it is necessary to stir the spray

frequently while boiling to thoroughly mix the different ingrcnlients.

Three hours' boiling is ])etter than two. He also says that one man, at

$3 per day, will tend the boiler and prepare from 1,500 to 2,000 gallons

of spray per day, and that it will require about one-half cord of

4-foot wood to generate the steam in such a boiler as he uses.

In preparing the sulphur sprays for orchards containing 500 to

1,000 acres of trees it is desirable to have tanks of larger size than

those used by Mr. Cutts and to avoid as much pumping and trans-

ferring of the sprays as possible. One of the most convenient and

complete spray-cooking plants for orchards of large size which has

thus far been seen by the writer will here be described. This plant is

at the Rio Bonito orchard. The water for preparing sprays at this

orchard is. obtained from a well and is forced by means of a rotary

force pump run by steam power into a large storage tank elevated

upon a heavy framework some 30 feet above the ground. About

10 feet above the ground and at one corner of the open framework of

the tank house is placed a circular tank holding about 300 gallons.

This is a storage tank to receive the spray when prepared for the

orchard. The bottom of this circular tank is supplied with steam

pipes, so that the contents may be kept hot and ready for use. From

the outer side of this storage tank, near the bottom, is a discharge

pipe with valve and hose attached, through which the spray may be

run by gravity into the tops of the 300-gallon spray tanks on wagons

which are used in the orchard. These wagons are driven to the side of

the storage tank and filled with boiling spray in a few minutes, much

as street-sprinkling tanks are driven under the elevated hydrants and

filled. The boiling tank proper is built of 2-inch surfaced pine plank

within a firm framework, properly bolted, and rests firmly upon the

ground. It is situated within the heavy framework of the water tank

house. This boiling tank is approximately 18 feet long, 3 feet wide, and

3 feet deep, and its full, capacity is 1,200 gallons. In the center of the

tank house is a water pipe connected with the large water tank above.

Near the bottom of this standpipe are hydrants for the attachment of

hose, thus allowing of water being drawn directly from the water supply

above into the boiling tank by opening a hydrant. An unlimited supply

of cold water is thus always at hand without the necessity of lifting

a pailful by hand. The steam pipe for heating the sprays in the boil-

ing tank extends from end to end along the bottom within the wooden

tank, and every 2 or 3 feet along this pipe are cross pipes leading toward

each side of the tank. The ends of the central pipe and its branches
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are closed. Along both sides of this main pipe and its lateral

branches are drilled small holes for the escape of steam into the tank.

The flow of steam to the tank is controlled by means of a globe valve

in the steam supply pipe, the valve being conveniently placed for the

workman at the tank. Broad board covers are made for covering the

whole tank when the boiling is in progress. As in the case of the

spraj^-boiling plant of Mr. Cutts, the main steam pipe leads from the

tank directly to the steam dome of the boiler. The spray is prepared

in the boiling tank of double strength, and when sufficiently boiled is

elevated to the storage tank above by means of an appliance planned

like an injector of a boiler. An iron pipe about 2 inches in diameter

leads from the boiling tank upward and over the top of the storage

tank described. In this pipe is placed the injector, which is supplied

with two lateral connections. One of these connections is with the

cold-water supply pipe, and the other is with the main steam supply

pipe. In each of the pipes connected with the injector are placed

globe valves for the control of the inflow of water, steam, and hot

spray. When it is desired to fill the storage tank above with hot

spray from the boiling tank below, the valve opening into the

steam pipe leading from the injector to the steam dome is opened.

The live steam at once escapes through the injector into the pipe

leading to the storage tank and then out of the end of the pipe.

The valves leading to the boiling tank and the cold-water supply are

now opened in such a manner that about equal parts of cold water and

hot spray are admitted to the injector, and the escaping steam, by

means of its tendency to form a vacuum, soon causes a combined

stream of hot spray and cold water to follow up the pipe and escape

into the storage tank above. There is thus established a kind of steam

siphon, which soon carries up 150 gallons of boiled spray and an

equal amount of cold water, filling the 300-gallon storage tank with

spray of the required strength, the strength of the spray in the boil-

ing tank being double that required. This work is accomplished by a

careful adjustment of the inflow of steam, spray, and water to the

injector, the storage tank being filled without the necessity of lifting

a pound of spray by hand. The combining of the cold water with the

hot spray in the injector is found to be necessary to the proper working

of the latter as the temperature of the injector would otherwise become

too high for efficient work. When the storage tank is full, steam is

turned into the pipes situated at its bottom, and the spray is again

heated to the boiling point and kept very hot until drawn off into .a

spray tank and taken to the orchard. The facility with which a plant

of this description may be operated will depend to quite an extent upon

the nature and capacitj^ of the holier used for generating steam. The
more easily steam can be generated and the greater capacity for steam

which the boiler possesses the better for the work.
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Steam Spray-cooking Appliances for Large Orchards.



DESCRIPTION OF PLATE XXII.

Fig. 1 shows sulphur, Unie, and salt spray-cooking appliances used on the Rio Bonito

Rancho. The heavy framework at the left supports a large water tank not shown

in the photograpli. Tlii.« tank is filled from a well by means of a steam rotary force

punij), and !<upplics all water reiiuired in cooking and reducing sprays. On the

ground, at tlie farther side of tlu' framework of tlic tank, is shown a long wooden

vat from which steam is issuing. Tiiis rectangular vat, describe<l on page 159, is capa-

ble of cooking about 900 gallons of suli)lmr sjiray of double strength, and is seen in

full operation in the illustration, the heat being ai)plied by means of steam pipes at

the bottom. The steam pipe is shown leading from the dome of the boiler in the

shed at the right and in the backgroun<l of the photograph. The roun<l tank shown

above the right eml of the cooking vat hol<ls oOO gallons of spray, ready for appli-

cation to the trees. This tank is filled from the cooking vat by means of a steam

injector, described on page 160, and the spray is maintained at a high temperature

by means of steam pipes in the l)ottom, as in case of the cooking vat proper.

Fig. 2 should be considered in connection with fig. 1. The large, round tank,

standing above the barrels, is the storage tank for sulphur spray after it has been

prepared in the long vat ])el(jw. This tank holds 300 gallons—sufficient spray to fill

the tank seen on the wagon. The wagon tank is filled l)y gravity, the spray flowing

into it through hose running directly from a spout at the bottom of the storage

tank. A valve in this spout regulates or stops this flow of spray as desired. On© of

the spray wagons used in this large orchard is shown. The pump stands crosswise

behind the corner stakes at the back of the wagon. These stakes serve to prevent

the hose from falling Ijeneath the wheels, as all lines of hose extend from the rear of

the wagon when in use in the orchard.
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Hy referring to PI. XXII and the descriptions of figures the

reader may obtain a good idea of the arrangement of this extensive

spray cooking plant, as well as of the boiler supplying steam.

PREPAIIATION OF COMBINED COPPER AND SULPHUR SPRAYS AND NOTES ON

OTHER SPRAYS TESTED.

For many years the use of combmed copper and sulphur sprays has

been practiced ))y peach growers in Oregon, and as they have reported

good results th(^ writer prepared the following four fornudtc of this

character for the control of curl.

BORDEAUX MIXTURE AND SULPHUR SPRAYS COMBINED.

The formulai of the combined Bordeaux mixture and sulphur

sprays tested are given in the following list:

List of sulphur sprays combined with Bordeaiuc mixture.

3 pounds copper sulphate, 10 pounds sulphur, 20 pounds limo.

3 pounds copper sulphate, 10 pounds sulphur, 10 pounds lime.

3 pounds copper sulphate, 5 pounds sulphur, 10 pounds lime.

2 pounds copper sulphate, 5 pounds snli)hur, 10 pounds lime.

In preparing these combined sprats, which were found somewhat

more effective in the control of peach leaf curl than the sulphur sprays

alone, the Bordeaux mixture was added to the fully prepared sulphur

spray. A portion of the lime given in the fornuda was reserved for

making the Bordeaux mixture, Avhile the remainder of the lime w^as

combined and Ijoiled with the sulphur in the manner already described.

When the sulphur spray had been placed in the spray tank, the Bor-

deaux mixture, which had been freshly prepared from the copper

sulphate and the remainder of the lime, was added, and after thorough

mixing was at once applied to the trees. The union of the yellow

sulphur spray with the blue Bordeaux mixture forms a spray of a

distinct green color. The application of this spray is similar to that

of the sulphur spray, requiring the same class (^f nozzles.

MISCELLANEOUS SPRAYS.

A large number of sprays not included in the preceding descrip-

tions have been prepared and tested for peach leaf curl, and some of

them have been discussed in other portions of this bulletin. Several

of them were tested for the purpose of learning the value of the

separate ingredients of the leading sprays, as salt, lime, etc. Among
these were lime, applied as a simple milk of lime; salt, applied in

solutions of different strengths; and lime and salt combined, applied as

a whitewash. Sulphur was tested in the form of sulphide of potassium,

applied in various strengths in liquid form, and the union of this sul-

phide of potassium with milk of lime was also tested. Iron sulphate,

19093—No. 20 11
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sulphur, and lime were tested in combination by adding to the sulphur

spray a mixture prepared by uniting the milk of lime with a solution

of iron sulphate. The union of the milk of lime with the iron sulphate

solution produced a lead-colored mixture resembling Bordeaux mix-

ture in consistency, and when united with the sulphur solution the

color was dark green or approaching black. Iron sulphate and lime

were also tested separately.

While some of these sprays gave evidence of considerable fungi-

cidal action, none of them gave results which would warrant their

substitution for the sprays already considered in previous chapters,

and hence it is unnecessary to enter further into details respecting

their preparation. The results of their use may be learned in the

chapters of this bulletin which relate to the action of the sprays on

the foliage and the fruit.

GENERAL CHARACTERS OF THE SPRATS TESTED.

There are certain general characters of sprays adapting them or

makiner them unsuitable for various classes of work, and to these it

may be well to allude.

THE ENDURING QUALITIES OF THE SPRAYS.

In the worK here described careful notes were made on the enduring

or weathering qualities of the sprays tested.

During the last week in April and first week in March, 1895, 35

sprays, of different formula, were applied in the experimental block

in the Rio Bonito orchard, most of them to 10 large trees, as has

heretofore l)een shown. On August 10, or five months after the

spraying was completed, the trees of each experiment row were

examined to ascertain as far as possible the enduring or weathering

qualities of the sprays, and according to the notes made at that time

the appearance of the sprays upon the trees, after five months' weather-

ing, may be grouped under the following four heads or classes:

(1) Sprays showing quite distinctly upon the trees on August 10.

(2) Sprays moderately evident on August 10.

(3) Sprays little evident on August 10.

(4) Sprays not observable on August 10.

The sprays classed under the first head, were those applied to rows 1,

3, T, 9, 13, 15, 18, 19, 21, 22, 25, 33, 36, 41, 44, 45, 50, 54, 56, and 57;

under the second head, those applied to rows 6, 10, 12, 16, 28, 42, 48,

and 51; under the third head, those applied to rows 27 and 35; and

under the fourth head, those applied to rows 30, 32, 38, 39, and 47.

By referring to page 73 the reader will find a table giving the formula

for sprays applied to each of the rows named, and an examination of

these formulae will bring out the following facts: All the sprays
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included under the first twi) headings contain lime, while those under

headinos 8 and 4 contain none; all formuke containing 15, 20, or 30

pounds of lime to 45 gallons of water fall under the lirst head. Of the

18 sprays containing 4, 5, 8, and 10 pounds of lime, 10 fall under the

lirst heading and 8 under the second; copper sulphate enters into the

composition of 8 of the 10 sprays falling under the tirst head, while

the remaniing 2 contain iron sulphate; of the 8 sprays which fall under

the second heading, only 1 contains copper sulphate, and that l)ut 2

pounds, while 5 are sulphur spra\'s.

These facts seem to show that the union of copper sulphate and lime

produces a spray possessing decidedly greater weathering qualities

than the union of sulphur and lime.

In the following list are shown the pounds of lime contained in the

various sprays tested; the numbers of the rows of trees to which each

amount of lime was applied; the position of each spray as grouped

according to its apparent weathering qualities into classes 1, 2, 8, or

4; and references showing the nature^ of all the sprays containing lime:

Weather-remtlng f/iialities of sprays.

30 pounds lime in formula, class 1 , rows 1 t and Tf-

20 pounds lime in formula, class 1, rows Sf, Of, 13t, 36t*, and 44°.

I.'? pdiinds lime in formula, class 1, rows 15*, 33*, and 571.

10 ])<)un(ls lime in formula, class 1, rows IHf*, 19t*, 41*, 4")*, 5()tt, 54* and SHttt;

class 2, rows ()t, 12t, and 48t°.

8 pounds lime in formula, class 2, row lOf.

5 pounds lime in formula, class 1, rows 21*, 22*, 25*; class 2, rows 28*, 42t°, and

51t.

4 pounds lime in formula, class 2, row lOf.

No lime in formula, cla^s 3, rows 27 and 35; class 4, rows 30, 32, 38, 39 and 47.

t Sulphur and lime, or sulphur, lime, and salt.

t* Copper sulphate, sulphur, and lime.

° Lime.
* Copper sulphate and lime.

tt Iron sulphate and lime.

ttt Iron sulphate, sulphur, atid lime.

t° Potassium sulphide and lime.

It may be well to state in connection with the above list that while

all the sprays not containing lime are classed under the third and
fourth heads, this arrangement may not correctly represent their

respective enduring qualities. As they are without lime, the eye can

not detect their presence in many cases where it is possible the chemi-

cals may really be present in effective quantity, and it is therefore

apparent that the value of such a list is largely of a comparative

nature among those sprays containing more or less lime in various

combinations.

The general facts appear to be, as already indicated, that the copper
sprays are more enduring than the sulphur sprays, considering pound
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for pound of lime in their composition, and also that the amount of

lime may be much less in the copper than in the sulphur sprays and

still maintain the enduring qualities. It is likewise the opinion of the

writer that where a winter spray of copper and lime has proved of

poorer weathering quality than is desirable in a given climate, the cop-

per should be increased as well as the lime when greater resistance to

weathering is sought. In other words, while the increase of lime

enhances the weathering qualities of the spray, it also has a tendency

to retard or obscure the action of the copper it contains, unless the

latter is increased somewhat in proportion to the increase of lime.

THE CORROSIVE ACTION OF THE SPRAYS.

As the present use of sprays has been limited to their winter appli-

cation, the notes on their corrosive action relate largely to the action

upon dormant trees or upon the vegetation immediately following

the commencement of spring growth. In each case these remarks

relate to the use of sprays upon peach trees, which are known to be

among the most tender deciduous fruit trees commonly grown in the

temperate zone.

The sulphur sprays of the greater strengths used in these experi-

ments caused in many cases the loss of some of the tiner and weaker inner

growth of the trees. This is more apt to be the case, it is believed,

when the spray is applied shortly before growth begins in the spring.

Where very strong sprays of this class are to be used, it is well to

apply them comparatively early in the dormant period, say four weeks

earlier than the copper sprays. Sprays having not more than 10 pounds

of sulphur to 45 gallons of spray may be used with little danger up
to within four weeks of the swelling of the buds.

There is no danger of injuring twigs or buds with the copper sprays if

properly prepared and applied before the buds have opened. Well-

made Bordeaux mixture may be used even as late as the opening of the

firstblossom buds. The ammoniacal copper carbonatemay also be safely

used to a late date, and both may be again applied, if desired, after the

trees have passed out of bloom. The simple solution of copper sul-

phate and the eau celeste may be safely used to within a week of the

opening of peach buds, but they should never be used upon the foliage

of the tree. Modified eau celeste is less corrosive than the eau celeste,

and may be used until the first buds begin to open, but from observa-

tion in other classes of spray work it is believed to be unsafe to apply

this spray to the leaves of the peach.

The injurious action of the sulphur sprays when combined with Bor-

deaux mixture is fairly to be compared with the action of the sulphur

sprays alone when. containing equal amounts of sulphur.

The spray composed of iron sulphate and lime is more apt to injure

tender shoots and buds than the Bordeaux mixture, and such a spray

can not be recommended for use upon foliage.
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Milk of lime appears to ])C practically harmless when applied to

dormant trees or to trees in leaf; hence any injurious action resulting

from the use of sprays containint;- lime should he charged to the other

ingredients or to the lime as altered or moditied through combination

with such other constituents.

ADVANTAGES OP DISCERNIBLE AND INDISCERNIBLE SPRAYS.

Reference has been made in a brief way to the advantages possessed

by certain sprays in forming a visible deposit upon the surfaces

sprayed. While sprays forming such a visible deposit are decidedly

advantageous for all winter work, those leaving no such distinct deposit

are most desirable for the treatment of fruit, especially when approach-

ing nraturity. The advantages of white sprats in the winter treat-

ment of deciduous trees are obvious, it being possible with such sprays

to clearly see what portions of the plant have been thoroughly and

properly covered. This advantage may even make the difference

between success and failure in the work.

Some recent experiments in applying whitewash or sprays contain-

ing large amounts of lime have tended to show that th(> opening of the

buds may be somewhat retarded by such winter treatment. The theory

is that whitening the trees prevents, to some extent, their absorption

of heat from the sun's rays, and tliat this aids in keeping the trees in

a dormant condition somewhat later than would otherwise be the case.

Whether this will prove of enough importance to warrant the outlay

for spraying remains to be shown. An illustrated article on this sub-

ject appeared in the Canadian Horticulturist for January, 1890.^

All spra3''s, both copper and sulphur, which contain lime are adapted

to the purposes here considered. The Bordeaux mLxtures and sulphur

spra3^s used in the work described are distinctly observable upon the

trees when applied, and after drying for a ver}^ short time the treated

trees become decidedly white. The greater the amount of lime the

whiter the trees. (PI. XXIII.)

In the summer treatment of trees and plants having fruit approach-

ing maturity, the use of clear sprays is often most to be recommended.

The spray now best adapted for this purpose is the ammoniacal

copper carbonate. A stronger spray, though making less showing

than Bordeaux mixture, is the modilied eau celeste. As this is apt

to cause injury in some cases, it is desirable to use Bordeaux mixture

for summer work up to a date when the fruit is approaching maturity,

and then to adopt the ammoniacal copper carbonate. The time at

which the summer use of Bordeaux mixture should be discarded for the

ammoniacal copper carbonate will depend largely upon the amount

of summer rams in the locality where used. In New York State, for

instance, where summer showers are frequent, the lime-containing

^Orr, W. M., 1. c, pp. 18-20. See further remarks on this subject on p. 150.
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Bordeaux mixture could be used upon fruit until a later date in the

summer than it could in California, where almost no summer showers

occur, and where the lime would remain upon the fruit until the latter

was mature. This matter leads us naturally to the consideration of

sprays adapted for wet and for dry localities.

SPEAYS ADAPTED TO USE IN WET AND IN DRY LOCALITIES.

Little can be said on this subject that has not been previously

touched upon in this bulletin. A few general remarks, however,

may be of advantage to the grower. The enduring qualities of sprays

containing lime increase where the ratio of the other ingredients is

maintained, very largely in proportion to the increase of the lime

which the formula? contain. For instance, the relative proportions of

copper sulphate and lime being maintained, a Bordeaux mixture

which contains 10 pounds of lime to 45 gallons of spray will obviously

endure much longer upon the trees in a wet climate than a Bordeaux

mixture containing but 5 pounds of lime to the same amount of spray.

To avoid the loss in activity and effectiveness of a spray containing a

large amount of lime, the fungicide, be it copper or sulphur, should

be increased so as to maintain the same or nearly the same ratio

between the copper and lime which exists in the spray containing less

lime. It is advised, therefore, that sprays to be used in a wet climate,

especially those intended for winter application, should be made

stronger, both in lime and in the essential fungicide they contain,

than is found necessary in a dry climate. If two sprayings are neces-

sary, both should be given the dormant trees.

In wet climates the conditions favorable to the development of curl

and other fungous diseases are increased. This supplies a further

reason for using sprays containing increased amounts of fungicide and

having greater enduring qualities than sprays used in dry localities.

The soil conditions in wet situations are apt to delay spray work till the

last moment compatible with effective work. In such cases the amount

of copper should be sufficient, if this class of sprays be used, to act

promptly. If the Bordeaux mixture be applied under such circum-

stances, it will not be found desirable to reduce the copper below the

equivalent of 1 pound of copper for each pound of lime, and a higher

proportion may often be used to advantange on dormant trees.



CHAPTER IX.

THE APPLICATION OF SPRAYS.

GENERAL ACCESSORIES FOR WINTER SPRAYING.

To those who have sprayed for years and have learned by experience

the most suitable appliances for such work the present remarks ma}'

not prove of direct valu(>. They are especially intended, however, for

those undertaking such work for the tirst time.

NOZZLES SUITKl) TO WINTKK WORK.

The past few years have seen in tlie United States a very great

increas-e in the styles and places of manufacture of nozzles and other

spraying appliances. At the present time the num])er of styles and

makes of nozzles often leads to confusion in the mind of the prospective

sprayer. In fact, however, there are but few essential features to a good

nozzle. The form of greatest im])()rt:ince for most classes of woi-k is

that \7hich gives to the discharged spray a rotary or cyclone motion.

This movement is given in a very simple manner by admitting the

stream at an angle into a circular chamber in the nozzle, so that it lirst

strikes the curving side of the chamber, and is thus forced to assume

a circular or rotar}' motion. The revolving stream then passes through

the small central opening of the discharge plate and widens into a cone-

shaped spray, which gives to this nozzle certain advantages not enjoyed

by several other types now on the market. Spraj" from such a nozzle

covers a greater area without moving the nozzle than is covered with

most other types. There are nozzles, however, capable of throwing

spray to greater heights. The rotary motion assumed by the spray in

the cyclone or Vermorel nozzles is a dissipation of force, at least in

most forms of these nozzles, so far as concerns the throwing of sprays

to a great distance. A type of nozzle first used near San Jose, Cal.,

and now bearing the name of that town, is perhaps better adapted to

long-distance spraying, and has been extensively used on the Pacific

coast. The spray is formed by the fluid passing, under high pressure,

through a narrow slit in a rubber or metallic plate. Where the rubber

plate is used the escape of small particles may take place through the

temporary expansion of the opening in the plate.

The cyclone nozzles are now made by many manufacturers in different

portions of the country, and may be obtained through any first-class

167
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Fig. 1.—Cytliine nozzle,

with, direct disc-harge

and degurger, for thin

sprays.

hardware dealci- in the United States. The San Jose nozzle is also

obtainable through hardware dealers generally.

There are many types and stjdes of cyclone nozzles. Some are planned

to throw the spray away from the workman, with direct or forward

discharge (fig. 1). Others are so constructed that the

spray is discharged laterally or at a more or less

acute angle (figs. 2 and 3). In using these nozzles

for winter work on deciduous trees it has been found

that most thorough and most satisfactory work can

be done with less waste of spray when nozzles having

a lateral discharge are employed. The reasons for

this are evident. Dormant deciduous trees are but

a skeleton or framework, presenting to the sprayer

but a limited surface for stopping a direct spray.

For this reason, where a nozzle hay-

ing a direct discharge is employed, a

large portion of the spray will of

necessity pass through the limbs of the tree and fall upon

the ground, while at best it will pass through the tree but

once. By using the cyclone nozzle with lateral discharge,

however, the cone of spray may he directed upward

through the whole top, and in falling back it-passes through

the tree a second time. Here is a decided gain in the

linil) surface which will be reached by the use of a given

amount of spray. The nozzle having lateral discharge

can also be handled to much greater advantage than the

nozzle with direct discharge. By turning the extension

pipe which bears the nozzle, the cone of spray may be

directed upward, downward, or laterally upon

the limbs as desired. This has proven of great

advantage in doing thorough work.

The ordinary lateral discharge cyclone nozzles

lire suitable for use with most of the copper

sprays. For use with the sulphur sprays or

Bordeaux mixture containing a large amount of

lime, the common Vermorel or cyclone nozzle is

rather too light and the opening too small. In

California a special form of nozzle is in use for

the application of such sprays (fig. 3). This nozzle

is mamifacturcd in San Francisco, and may be

obtained from the leading hardware firms of that

city. The nozzle is of the cyclone pattern, but is much larger, heavier,

and stronger than the ordinary type of cyclone or Vermorel. The dis-

charge opening is of sufficient size to allow of the use of thick sprays,

and the discharge plate is heavy enough to withstand much wear from

corrosive fluids. A fact of prime importance, however, for the work

Fig. 2.—Cyclone

nozzle, with
lateral dis-

charge, .for
thin sprays.

Fig. 3.—Heavy cyclone noz-

zle,with oblique discharge,

for thick sprays.
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being considered, is that the nozzle discharges the spray at an angle

of about 4:5^ with a line leading directly from the sprayer. I'his

gives the nozzle the advantages of both the lateral and direct dis-

charge. The work of either of these types (figs. 1, 2, and 3) may be

accomplished with this angular discharge.

Makers of cyclone nozzles of all kinds are usually able to supply

the discharge plates of the nozzles separately, and this is convenient

for the grower, where the original discharge plates have been worn

out. The separate discharge plates usually sell at 25 cents each.

HOSE AND EXTENSION PIPES.

Vk. 4.—Wire-cxUii(k>l

hose.

MlrtioU

Rubber hose of good ((uality is most satisfactory for ail kinds of

sprav work. The strongest and best hose will usually prove cheapest

if properly cared for. All hose should be

thorouffhlv washed, both inside

and outside, at the close of each

day's work, and it should be

well scrubbed, washed, and dried

when the spray work is com-

pleted, and stored in a uniformly

cool, dark, and medium dry place.

Practice varies somewhat as to the internal diameter of

hose used. One-half inch is perhaps the most common size.

The external diameter of the hose should not be so small

nor its flexibility so great that it will easily kink and twist

upon itself. Hose which does this is a constant source of

annoyance, causing loss of time and often endangering itself.

Where possible, it is best to have all lines of discharge hose

leading from the pump pass from the back end of the wagon,

between two short stakes, one at each corner. With such

an arrangement there is little danger of its being caught in

the wheels or run over by them. Many lines of hose are

injured or destroyed in this way. The stakes at the back

corners of the wagon also serve as a means of winding up

the hose preparatory to going to or from the orchard.

Couplings for connecting 1, 2, 3, or 4 lines of hose with

the pump may usually be obtained from responsible hard-

ware firms, or through them from the manufacturers of the

pumps used. The more common hose couplings are nearly

always in stock at such hardware houses.

For most pumps it is well to supply wire-extended suc-

tion hose (fig. 4). Some styles have the spiral wire coil

within the interior; others have it embedded in the rubber.

When the metallic spiral is exposed to the spray in the interior of

the hose it should be of brass, if possible, to enable it to withstand

the corrosive action of the sprays.
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Brass suction pipe strainers for attachment to the end of the pipe

ma}^ be had of different forms. The}'^ are necessary when the end of

the suction pipe is simpl}^ lowered into the spray tank or when it rests

upon the bottom of the tank.

The extension pipes used by different growers var}'. Some adopt

common three-eighths or one-fourth inch iron tubing, while others

obtain the bamboo-covered extensions, which latter contain one-fourth

inch pipe. The essentials of an extension pipe are a brass coupling for

connecting the hose, a good brass stopcock for controlling the flow of

spray, a metallic pipe of sufficient length (which should ])e determined

by the height of the trees to be sprayed), and upon the end of the pipe

a thread and shoulder for the attachment of the nozzle and the recep-

tion of a washer. The ordinary length of extension pipes is 8 or 10 feet,

but where trees are large a 12-foot pipe may be needed. Either of

these lengths are now obtainable from dealers in spraying supplies

in the form of bamboo extensions (fig. 5). There are advantages in

the bamboo extension pipes over uncovered iron tubing. Where hot

sulphur sprays are used the bamboo cover prevents the hands from

feeling the heat, and where cold sprays are applied in very cold weather

the bare, wet pipe is liable to chill or even freeze to the hand. The
greater size of the extension pipe which is covered by bamboo also

adds to the ease with which the pipe may be held and turned in the

hands.

PROTECTION OF THE SPRAYER.

The nature of spray work makes it unpleasant for the workman, but

much of this inconvenience arises from an incomplete or improper

preparation for the work. Men who would not care to work in a

rain storm without suitable covering are often improperly protected

against the similar or worse conditions prevailing when they are spray-

ing. In the spraying of large orchards it has been learned that one of

the most suitable coverings for men who are applying spraj^s is a sail-

or's oilskin suit and sou'wester. This covering is light, impervious to

wind and water, and is not as liable to crack as rubber clothing. What-

ever form of head covering maj'^ be chosen it should be soft, so as not

to be interfered with by limbs, and it should extend in front to pro-

tect the eyes and behind to protect the neck. It is always desirable to

protect the hands with long rubber gloves, and these can usually be

obtained from or through druggists. In selecting such goods, how-

ever, it is well to learn how long they have been held in stock by the

dealer, and if they have been kept for more than a year it is best to

order new ones from the manufacturer, as such goods soon rot when

held in stock. Besides, new stock is no more expensive than old, and

it will frequently endure twice as much use. Numbers 11 or 12 are

usually about the right sizes for ordinar}^ hands. Most wear can be
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obtained from jtIoyos which arc laro-o for tho hands, and in siu-h the

hands aro not as apt to perspire. Where riil)l)er olovesare notol)tain-

a))le the hands may he greatly protected and kept soft by rubbing them

thoroughly, as often as necessary, with a piece of beef suet.

If corrosive sprays are to be applied, such as the simple solution of

copper sulphate, eau celeste, etc. , it may be found necessary to protect

the eyes. For this purpose ordinary clear glass goggles may be used,

or the sprayer may provide himself with mica goggles of large size,

such as are worn in some portions of the country by men (>mployed

about thrashing machines. Both the glass and the mica goggles may

be usually purchased through druggists.

PUMPS FOR YAKIOUS SIZED OUCHAllDS.

The selection of a good spray pump is advisaldc. The difference

between the first cost of a poor pump and that of a good one is little,

while the difference in the ex-

pense of spraying an orchard

with a poor and a good pump is

apt to T)e considera))le.

There are some features which

every spray pump should possess.

It should be furnished with an air

chamber for the regulation of the

flow, and the wearing parts should

be of brass or brass lined. It

should be strong and work easily,

be supplied with means for firm

attachment, and have capacity

sufficient to maintain the required

pressure without undue rapidity

of stroke.

Pumps for small orchards

should be capable of throwing

two good sprays. Such pumps,

suited for attachment to the top

or side of barrels, or to other raised tanks or foundations, are shown

in figs. 6 and 7. These pumps are supplied with air chambers and are

of sufficient capacity for ordinary orchard spraying. Each has a' con-

nection for a small pipe leading down from the discharge pipe to the

bottom of the barrel or tank. By opening a stopcock in the pipe a

stream may be forced back into the tank close to the end of the suction

pipe, thus serving to free the suction from deposit and to agitate the

spray. These pumps can be obtained with brass-lined cylinders.

The stroke is upward and downward. (See also PI. XXVI.)

Fig. 6.—Spray pump fur use on barrol or tank.
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For orchards of inediuiu to largo size it is better to obtain more

powerful pumps—those capable of throwing- four strong sprays. The

pimips shown in figs. 8, 9, and 10 are admirably suited for this class

of work. Pumps of the type shown in fig. 8 are used in the 1,600-

acre Rio Bonito orchard. In this orchard one man pumps for four

men spraying (Pis. XXVII and XXVIII). In many portions of

California the pneumatic pump, shown in fig. 10, is a favorite. It has

been used extensively in the spraying of orange groves where the

trees are large and where high pressure is necessary to throw the

spray to their tops. The pumps shown in figs. 8 and 9 have perpen-

FiG. 7.—Spray pump for iise on barrel or tank.

dicular levers, thus avoiding the bending or stooping motion of the

operator. The levers of each of the three stj^les shown are long, and

both the strength and capacity of the pump is sufficient. The style

of pimips, both for small and large orchards, to which attention is here

called, will be found figured and listed in catalogues usually to be

found in the hands of leading hardware dealers.

Within the past few years leading orchardists and others have

tested, with varying success, the application of different motive

powers to the operation of spray pumps. Steam and gasoline engines

have received most attention for this purpose. Many of the power



SPRAY PUMPS. 173

sprayers as now constructed are heavj^ cumbersome affairs, which

could never be of practical value in everyday orchard work. Of the

machines or descriptions of the same which have come to the writer's

attention, none have thus far appeared better adapted to practical and

continuous orchard work than one in use at San Diego. This machine

was planned and constructed for Mr. H. R. Gunnis, of San Diego,

and has seen practical service .for several years. It has ])een more

or less changed and perfected from time to time, such improvements

being made as have seemed best from experience gained in actual and

extensive orchard work. This machine, as iirst called to the attention

of the writer by Mr. Gunnis in the early part of July, 1805, is illus-

trated in PI. XXIX. The

photograph from which this

plate was made was taken

while the machine was being

used in spraying a young

orchard near Santa Barbara.

In reference to the changes

made since this photograph

was taken, Mr. Gunnis writes:

"The chanoes made in the

machine since I corresponded

with 3^ou regarding it in 1895

consist in the addition of a

rotary supply pump and the

use of a tender cart for haul-

ing the material to the machine

instead of having to shut down

and go to the material every

time the tank is emptied."

Mr. Gunnis further says,

under date of March 10,

1899: "The machine is still

in constant use, and I can still say, as I wrote you over three years

ago, that it has developed no defects whatever. Some of the parts

wore out from actual service and have been replaced, but no changes

have been made in its construction. * * * The use of the supply

pump and tender increases the capacity of the outfit 25 or 30 per cent,

especially in large orchards. In very small places it can also be used

economically by two men, both spraying, as a good, steady team can

soon be taught to move and stop at the word. In this case it is not

necessary to use the tender."

While it is believed that the machine which Mr. Gunnis has built

and operated is superior to any other of its class, I am informed that

the gentleman contemplates still further improvements. In regard

Fig. 8.—Spray ptimp for general orchard work, upright

lever.
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to these changes Mr. Gunnis says that he is now building from nis

own designs, and has almost completed, a small gasoline engine of 3 to

4 horsepower, weighing less than 200 pounds. This engine is intended

for use with a spraying machine embodying all the features of his old

apparatus, but lighter and more compact. He also has plans under

way for a self-propelling machine, in ^vhich the extra power required

will not cost half of what it does to feed a team, and which can be

much more easily controlled.

Fig. 9.—Spray pump for general orchard work, upright lever.

PI. XXX shows the right and left sides of Mr. Gunnis s sprayer

as it appeared after the addition of the rotary pump for filling the

spray tank. A detailed description of this machine was prepared by

Mr. Gunnis and published in the Yearbook of the Department for

1896 (pages 73 and 74), in an article by L. O. Howard, on the use of

steam apparatus for spraying. Those wishing more complete details

may refer to Mr. Gunnis direct, to whom the writer is indebted for

the illustrations and facts here given.
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SPRAYINC} TANKS.

A oTout varietN' of forms and sizes of spray tanks arc in use. For
small orchards, scarcely anything- better could be desired than large

oak ]>arrels holding (50 to 80 gallons. These ma}' bo swung upon

wheels separated}' if desired, but the most convenient way is to place

them lirmly in a one or two horse wagon. Large tanks, well hooped,

are also very suitable for large orchards. Casks of this kind, holding

300 gallons, may easily be placed in the bottom of a two-horse wagon,

leaving abundant room for placing and operating the heavy hand

pump. Such casks are shown in Pis. XXVII and XXVI II. The
manner of securing the tank hy placing sid(^ timbers inside of the

wagon bolsters is shoMn in PL XXII,
as is also the stirring stick which

projects from a square hole in the

top of the cask.

KiH'tangular plank tanks are used

by some, l)ut it is generally foiuid

more ditiicult to keep th(>m from

leaking than in the case of casks,

where the hoops luay be tightened

at will. Numerous spray carts, ])ar-

rel attachments, etc., are illustrated

in E. G. Lodeman's work on The
Spra3'ing of Plants.

The use of iron tanks is rare, and

is hardly to be advised for general

spray work, owing to the corrosive

action of many sprays. For special

sprays, as the kerosene emulsion,

such tanks may, however, be safely

employed.

All spray tanks should be arranged

in such a manner as to be easily

cleaned, especially where Bordeaux mixture or the sulphur spra3^s are

to be used, and they should be provided with some means for stirring

or agitating the spray. The entrance to all suction pipes should be

guarded with iine brass wire screen. It is well to wanh. the tanks out

thoroughl}" at least once a day.

Fig 10.—^Pneumatic pump for general

spraying.

APPLYING WINTER SPRAYS FOR CURL.

A study of the many experiments conducted by the growers and
described in this bulletin will give much information relative to the

proper time for applying sprays for the control of curl. A presenta

tion of a few general principles involved may, however, be properly

made in this place.
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THE TIME FOR WINTER SPRAYING.

The proper time for the application of winter sprays for the control

of peach leaf curl depends ver}^ largely upon the conditions of climate,

season, and situation of the orchard. The object to be attained is to

prevent the fungus from infecting the tirst growth of spring. It has

become apparent from the many and widely separated experiments

which are here described that nearly if not all this infection result,

from the spores of the fungus, which are present upon the tree and

not, as formerly supposed, from a perennial mj^celium, and it natui

all}' follows that these spores are to be destroyed or their germination

prevented if the new growth is to be kept exempt from curl. When
a spore is about to germinate or has just begun to germinate, its mem-
branes are most tender and susceptible to fungicides. That most of

the spores of Exoascus deformans enter upon the stage of germina-

tion at or about the time of the pushing of the first leaf buds in the

spring admits of little doubt. That is the time when the tissues of the

peach leaf are most tender, and when their infection by curl is actually

known to take place.

The preceding facts indicate that the time when the fungicide is apt

to do the greatest good is just before or at the time of the earliest push-

ing of the peach leaf buds. The spray should, be everywhere present

upon the trees just prior to the beginning of growth. To obtain this

object it should be applied from one to three weeks before growth

begins. This time may usually be determined b}' carefully watch-

ing the fruit buds, which show signs of swelling some time before

they open. When they first begin to swell, the spray may be at once

applied (Pis. XXIII, XXIV, and XXV).
This plan relates to regions of moderate rainfall, where a single

thorough spraying, with sprays sufficiently strong and active, will

prove sufiicient. In regions of heavy precipitation more spray should

be applied to the trees. It should be stronger and have greater adher-

ing qualities, or else more than one spraying during the winter will be

required to give the best results. If two sprayings are given, it is

better to apply both to the dormant tree than to delay the second

treatment till the leaf buds have opened The first spraying may be

given in the fall or a few weeks before the second.

THE MANNER OP APPLYING WINTER SPRAYS.

The source of infection of the spring foliag of the peach by the

fungus of leaf curl is local—i. e. , it is to be found upon ever}' portion

of the tree. This fact is sufficient to shov that any portions of the

tree not reached by the spray will be as subjec to the disease as if no

spraying had been done. It thus becomes apparent that very thorough

work is essential to the general control of the disease upon the tree.





DESCRIPTION OF PLATE XXIII.

This plate shows the condition of the trees in the experiment block of the Rio
Bonito orchard at the close of the spray work in the spring of 1895. The row of
trees at the left has been sprayed; that at the right has been left unsprayed for com-
parison. The first 10 trees on the left have been treated with a spray containing a
moderate amount of lime; the second 10 in the same row were treated with a spray
containing more lime, and they are much whiter than those in the foreground.
Each row of 10 sprayed trees on the left and the cijrresponding row of 10 unsprayed
trees on the right constituted an experiment. The uniformity in the size of the trees

in these experiments is here shown to advantage. It should be noted that the buds
are still closed, while the spraying is completed.



Bull. 20, Div. Veg. Phys. & Path., U. S. Dept. of Agriculture. Plate XXIII.







DESCRIPTION OF PLATE XXIV.

A portion of the Lovell trees in the Rio Bonito orchard left unpruned until too

late to spray, many of the floAvers being already open. This plate should be com-

pared with PL XXV, which shows how the orchard should be prmied before spray-

ing, and also with PI. XXIII, which shows how far bud development may ordinarily

be allowed to advance in the spring up to the time the sjiray work is completed.



Bull. 20, Div. Veg. Phys. & Path., U. S Dept. of Agriculture. Plate XXIV.

cr?







DESCRIPTION OF PLATE XXV.

A properly pruned portion of the Rio Bonito orchard, which has developed too

far for the be.st results of spraying. Spraying should l)e completed by the time the

buds have developed as far as those shown in PI. XXIII.



Bull. 20. Div. Veg. Phys. & Path., U. S. Dept. of Agriculture. Plate XXV.
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Thorough spi-:iy work reiiuirt's thiit the .sprays l)oap})liecl in as calui

weather as possihU', AViiul o-reatly retards and lowers the class of

work done. Spra3's should likewise not be applied when the twigs or

limbs of the trees are covered l)y frost, snow, or sleet, or hy the water

of rains, dew, or hea\y fogs. To avoid the presence of hanging drops

of dew upon the limbs, it is frequently necessary to delay spraying

until late in the morning. Such delay is prefera])le to the application

of spray to the dripping trees. When the twigs are dry the spra}'

dries where it strikes, and succeeding dews or showers, if the latter

arc not too heavy, will not Avash oif the spray to a very injurious

extent.

If the sprayer is provided with suital)le extension pipe and nozzle

with lateral discharge, the work of spraying peach trees of ordinary

size ma}^ be rapidly and easily done. T'he cone of spra}'^ is tirst turned

upward under the base of one of the main limbs of the tree and the

pipe, moved so that the spray passes outward toward the end of the

limb, spraying the entir(^ under surface of the limb from l)ase to tip.

The sides and top of the limb are now sprayed, togetinu" with all of

its terminal branches and twigs. PLach main limb of the tree is treated

in like maimer, the sprayer passing about the tree as the work is com-

pleted. The habit of actively moving the nozzle back and forth while

at work will soon l)e acquired by the workman desirous of doing good

work, and by this means the most uniform spraying is accomplished.

SPRAYING WHERE OTHER DISEASES ARE PRESENT WITH CURL.

There are many peach diseases which may coexist upon the tree

with curl. jNIany of these are amenable, in whole or in part, to treat-

ment adapted to the control of curl, but in some cases where two or

more are present it may be advisable to make slight alterations in the

treatment. The following notes on some of the more common dis-

eases may prove of value.

PRUNE RUST ON THE PEACH (Puccinia pruni FeTS.) .

It is a fact which does not appear to be generally known that prune

rust infests the tender branches of the peach as well as its leaves.

This has been found especially true in young trees. Spore clusters are

found upon the 3'oung shoots before growth begins in the spring,

showing that the disease winters over by means of spores produced

upon and remaining attached to the branches, as well as by the spores

produced upon the leaves and scattered over the tree. Where the

trees are suffering from rust it is therefore apparent that a thorough

winter treatment is required to clean the tree and prevent the spring

infection, hence such spraying is recommended for the control of both

curl and rust, though the full control of the latter disease is very
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difficult and will, at best, be necessarily followed by several summer
treatments. There can be little doubt, however, that a thorough

winter spraying- will prevent a greater portion of the injury from rust

than an}^ single spraying applied at a later date, as it gives a practi-

cally clean tree at the opening of the season of growth. Winter

sprays for the control of rust must be strong; but summer sprays if

strong should be positively neutral and noncorrosive, as peach foliage

is exceedingly tender.

MILDEW OP THE PEACH (Podosphacra oxyacanthsB De H.)

.

Peach mildew is widely distributed in the United States and in

Europe. The fungus causing it attacks the leaves, fruit, and tender

branches in the early part of the summer. The branches serve for

the wintering over of the spores, thus aiding in supplying the source

of spring infection. Winter treatment of the trees, with either the

copper or sulphur sprays, will largely limit this spring infection,

but later treatment with weak sprays will often be necessary for full

control.

BROWN ROT OF THE PEACH {MonUiafructigena'PeTS.).

Brown rot of the peach has become one of the worst fungous dis-

eases of the peach over large portions of the United States. It is

quite general throughout most peach-growing sections of the East,

and has become well established in the Pacific Northwest. It has been

shown bv Erwin F. Smith that the fungus winters over in the diseased

branches and in the dried fruit adhering to the tree. These facts

point to a thorough winter spraying with active fungicides as one of

the first steps required in its treatment. Summer spraj^ings will also

be required, and even when thoroughly followed up, the disease will

prove hard to control. Too much stress can not be laid, however,

upon the necessity of disinfecting the dormant tree as perfectl}^ as

possible by thorough winter treatment.

BLACK SPOT OF THE PEACH {Cladosporium carpophilum Thum. J

.

This disease, which produces black spots upon the peach, is well

known in many portions of the United States and in Europe, and in

the East and South, especially in Texas, it has become quite trouble-

some. In some parts of Europe it has been known as a true epiphy-

totic. Whether this Cladosporium infests the branches the writer

can not say, but it appears not improbable that such is true, or in any

case that the spores probably find winter lodgment upon the tree itself.

Black spot has been controlled in Texas by the use of the copper

sprays, and there seems no reason to doubt that the winter treatment

of the infected trees would largely tend to disinfect them and materi-

all}' reduce the summer development of the disease.
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WINTKK ULIGIIT OF TlIK I'KACH AND OTHER SPOT AND SHOT-HOLE DISEASES, SUCH AS

Phi/llosticta circumscism berk., Cercospora circnmscissa sacc, etc.

In the Northwest, on the I'tieitie coa.st, there are several diseases of

the peach not generally known throughout the East, and also several

other diseases conmion to both sections of the country. These troul)les

are generally known as leaf spot or shot-hole diseases. One very
widely distri))iited disease is that produced })y CercoNjjora ciraumsclxsa

Sacc, but one of the most trou])lesonie diseases of this class that

occurs in California and Oregon, is induced by a fungus not yet fully

studied, which infests the tender and bearing ])ranches and appears to

begin its vegetative activity some time prior to the ])looming of the

tree in the spring. On account of the hal)it of the fungus to grow in

the dormant or semidormant branches of the tree, the disease is termed
by the writer the whiter Might of the peach. It is one of those dis-

eases which destroys the most valuable young growth of the tree, i. e.,

the shoots which are low and suited to the production of the finest

fruit. This disease, in common with another quite prevalent on the

Pacific coast and which is prol)ably induced hy a Conjnetun^ does
most damage in the more humid localities. Both do their more serious

work so early, as is also true of p(>a<li leaf curl, that summer spraying
would have but little eti'ect toward their control. Both induce o-mu-

mosis of the affected branches, as is true of the action of manv fungi,

and is a well-marked result of the presence of Coryneitm hyerlnck'd

Ond. Winter blight has already been successfully treated with the
winter sprays, and it is believed that such spraying is sufficient for its

control, provided the work be done thoroughly and repeated each year.
There is no doubt that the winter treatment of the peach for curl is

properly and essentially the first step for the control of any of the
above-mentioned diseases. Too much can not be said in favor of this

treatment, which disinfects the trees before vegetative growth begins.
The striking thoroughness of such disinfection work may be seen
from the records given below.

SOOTY MOLD OP THE PEACH.

When the Department spraying experiments began in the Rio
Bonito orchard, there w^as everywhere present on the trunks, inner
limbs, and older bark of the experiment trees a fungous "smut," or
"sooty mold,'? giving the bark a black appearance when closely
examined. Of the 58 rows included in this block, 35 were sprayed,
as before stated, prior to March 10, and 23 left unsprayed for com-
parison. On August 10, 5 months after the spraying was completed,
all but 4 rows were examined for the presence of sooty mold, with the
following result:

Sprayed rows showing no sooty mold August 10: Nos. 1, 3, 6, 7, 10,
12, 13, 15, 16, 18, 19, 21, 22, 25, 27^ 28, 33, 35, 36, 38, 39, 41, 45, 47, 48,.50,

51, 54, 56, and 57—total, 30 rows.
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Spraj^ed rows showinji' a trace of sooty mold: Nos. J:2 and 44 (sul-

phide of potassium Avas applied to row 4!^ and simple milk of lime to

row -44)—total, 2 rows.

Unspra^^ed rows showing- the presence of sooty mold upon the trees

August lb: Nos. 2, 5, 8, 11, 14, 17, 20, 23, 26, 29, 34, 37, 40, 43, 46,

49, 52, 55, and 58—total, 19 rows.

Unsprayed trees showing no sooty mold, none.

Rows sprayed in 1894, but not sprayed in 1895: No. 4. no mold

apparent; No. 24, some mold present; No. 53, a little mold present

—

total, 3 rows.

Rows for which no notes on sooty mold were obtained: Nos. 9, 30,

31, and 32—total. 4 rows.

The aboye notes show that records of the sooty mold were obtained

from 32 rows of sprayed trees 5 months after treatment. Of these,

30 rows showed no soot}' mold, while 2 showed a yery little. Neither

of these exceptional I'ows was spra3'ed with a generally recognized

fungicide. On the other hand, of the 19 unsprayed rows examined,

all showed sooty mold. The record for rows sprayed in 1894 but left

unsprayed in 1895, shows that the trees had but little mold upon them

17 months after spraying.

The preceding facts show the disinfecting value of a single winter

spraying, even where the whole tree surface is covered with fungous

mAX'elium and spores.

ANIMAL PARASITES OF THE PEACH TREE.

Among the insect pests of the peach tree now prevalent in many
parts of the United States, the San Jose scale {Asjndiotus j:>erit/c/'(Mus

Com.) is probaljly the most injurious. This pest, as is already well

known on the Pacitic coast, can be controlled by winter spraying with

the sulphur sprays considered in this bulletin. Where the insect is

known to be present, the strongest of these sprays described should be

used, and it would be well to apply it somewhat earlier in the spring

than where weaker sprays are used.

All leaf-eating insects depositing winter eggs upon the .tree may
be largeh' controlled by the winter use of sulphur sprays. There

is also a mite {Phytoptus sp. ?) infesting the peach leaves in Califor-

nia, which the writer believes may be destro3'ed in this manner,

from the fact that experiments conducted in 1895 in the Sacramento

Valle}^ showed that the same line of treatment is effective in the

destruction of a related mite {Phytoptus 2>y'i^'^ Sor.) upon the pear.

Mr. William N. Runyon, of Courtland. Cal., makes the following

statement respecting the peach moth, which may also prove of value

to growers suffering from this pest^ "Incidentally I would state that

experience shows that peach trees spra^^ed with lime, sulphur, and

salt are not subject to the attacks of the larva of the peach moth.

Some growers claim a saving of 90 per c("nt of affected fruit.'"'



CHAPTER X.

NATURE AND SOURCE OF THE SPRAYING MATERIALS USED.

The following notes on the ehemicals for sprays arc presented for

the general information of the fruit grower. The facts given are

those which every sprayer should understand.

Spraying is frequently retarded or prevented owing to a want of

information relative to the nature, sources of supply, or true value of

the chemicals required. A grower uninformed upon the last-named

point is often at the mercy of local druggists or other dealers. For
examph^, copper carbonate can l)e made by the grower himself at from
13 to 14 cents per pound, and ammonia of 20° strength may be pur-

chased at about 60 cents per gallon, while local prices have been

knoMii to range as high as !!^l per pound for copper carbonate and

$1.50 per gallon for ammonia, which makes it impossil)le to undertake

spray work. The writer has found the same conditions prevailing in

respect to prices for sulphur, which is used very largeh in the sulphur

sprays and for the treatment of nuldew. In some cases tlie prices

asked by dealers in the East have been 100 or 500 per cent higher

than growers have for years been pa3nng in California. It can

not be expected that the sulphur sprays will be generally used in the

East under such conditions.

COPPER stTLPHATE (formula CuSO^SHaO).

Of all fungicides thus far known, copper sulphate is the most
important. It is counuonly known as blue vitriol or bluestone in the

United States. Its foreign names are largely equivalents of these

terms, although the Germans also apph' the name of copper vitriol

{Knpfervitriol).

When pure, copper sulphate crystallizes in large, blue, triclinic

prisms. It contains about 25.3 per cent of copper, and dissolves in

four parts of cold water and two parts of boiling water.

The presence of iron is indicated by a greenish color of the crystals

or at the surface of a watery solution when exposed to the air. A
solution of pure copper sulphate should be blue. The presence of a

small amount of iron, which commonly occurs when copper sulphate

is manufactured as a b3^-product in modern smelting works, does not

necessarily detract from its value as a fungicide, while this b3^-product
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may often be purchased at a somewhat lower figure than a purer

article. Spraying tests have been made by the writer for the com-

parison of pure commercial bluestone with that obtained asji by-prod-

uct of smelting works, and which contained a considerable amount of

iron, and the results showed that the latter article contained fully as

great fungicidal value as the former.

The manufacture of copper sulphate is carried on at a considerable

number of establishments in the United States, and various processes

are followed. A large amount of this chemical is also imported,

chiefly from England.

Bluestone is prepared by dissolving cupric oxide in sulphuric acid,

or by oxidizing the sulphide of copper, the latter being the cheaper

process. Mr. Alfred Rapp, a gentleman who has enjoyed a wide

experience, has kindly supplied the following facts respecting the

manufacture' of copper sulphate by a leading smelting firm of the

Pacific coast. He states that the copper is mainly derived from mattes

produced in the blast furnaces, and, secondly, from an acid solution

of sulphate of copper resulting from the precipitation of silver by

metallic copper out of a sulphate solution. To bring the copper in the

different mattes in solution they are first crushed and pulverized to

about one-thirty-second of an inch or finer, and subjected to a roasting

process by which the sulphur is nearly all oxidized. The roasted

matte contains the copper as oxide and partly as sulphate, with a small

amount still as sulphide. This material is pulverized once more and

fed into lead-lined leaching tanks, where the acid copper sulphate

solution is added, and, if necessary, sulphuric acid. The whole mass

is heated by steam running through lead pipes. The copper oxide

and the copper sulphate in the roast is thus brought in solution as a

sulphate. About 8() per cent of the copper contained in the mattes is

thus leached out. The resulting solution, of course, is not a neutral

one, but still contains an excess of free sulphuric acid. This solution

is transferred to other lead-lined tanks, containing, suspended from

wooden sticks, strips of lead about 3 inches wide, the central portion

of which is bent downward between the sticks so as to form a loop,

which is held by the ends of the lead strips being bent over the sticks.

The copper sulphate when run down to these crystallizing tanks is

about 36^ to i-i'^ B. During the cooling process, which takes about

four to seven days, the copper sulphate, or rather part of it, separates

out of the solution as blue crystals, which are deposited upon the

strips of lead. These crystals are dried and packed in barrels ready

for the market. This, Mr. Rapp adds, is the general way in which

bluestone is made the world over, except that they have at the works

considered, in addition to the copper in the mattes, the acid copper

sulphate solution from a silver refinery.
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Water dniining- from copper mines sometimes carries copper sulphate

in solution, in which case the crystals are procured by evaporating- the

excess of water. Barrels of copper sulphate weigh from 300 to 600

poiuids.

The manufacturer's price of copper sulphate will depend largely

upon the price of copper and sulphuric acid—two leading constituents,

as they are sold in the market—and upon supply and demand. The
cost to the manufacturer will not, however, necessarily depend upon

the market \alue of copper and acid, for one or both may be obtained

])y him as by-products in other regular and profitable lines of manu-

facture, such as the smelting of gold and silver ores, etc.^

COPPER CARBONATE.

Copper carbonate as usually prepared shows the following formula:

CuCOj. CuHjOo. It is widely used in the preparation of ammonl-

acal copper carbonate sprays, and is especially well adapted to the

treatment of maturing fruit where subject to fungous diseases. As
commonly sold on the market, the carbonate of copper is green and

finely granular or powdery. It contains about 57.4 per cent of cop-

per. Native minerals of similar composition occur, such as malachite

and azurite.

Copper carbonate is manufactured by a number of firms in the

United States, but much less extensively than the sulphate. In most

cases it is prepared by adding to a solution of copper sulphate an

excess of sodium carbonate (sal soda) in solution. This gives a floc-

culent mixture of pale blue color, afterwards changing to green.

Heating makes the precipitate more granular.

Owing to the difficulty of obtaining carbonate of copper in smaller

towns, as well as the high price usually charged for it, the Depart-

ment has usually recommended that the fruit growers prepare it.

The following instructions for this work were published by the writer

in a circular sent to the peach growers of the country in 1894—95: In

a barrel dissolve 6 pounds of copper sulphate in 4 gallons of hot

^ Owing to the somewhat enhanced value of copper at this time (March, 1899) , the

wholesale price of copper sulphate has advanced. San Francisco producers quote copper

sulphate in barrels, f. o. b., at 5} cents, and carload lots at 5 cents per pound; Omaha
quotations are, by the ton or carload, 5j cents; one New York firm quotes 5| cents

by the barrel or ton and 5j cents by the carload, and a second firm quotes 6 cents by
the barrel, 5^^ cents by the ton, and 5f cents by the carload; Denver quotations are

6 cents by the barrel, 5| cents by the ton, and 5^ cents by the carload; Cleveland

quotes 6 cents per pound in any quantity; one Philadelphia firm quotes 6 cents by

the barrel, 5| cents by the ton, and 5| cents by the carload, and a second firm quotes

5| cents by the barrel, 5J cents by the ton, and 5^ cents by the carload; Baltimore

quotes 5| cents by the barrel, 5h cents by the ton, and 5} cents by the carload; Great

Falls, Mont., quotes 4| cents per pound in carload lots and 5 cents per pound for less

than carload lots, etc.
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water. In another wooden vessel dissolve 7 pounds of washing

or sal soda, in 2 gallons of hot water. The soda should be clear

(translucent), and not white and powdery, as it appears when air slaked.

When cool, pour the soda solution slowly into the copper solution.

As soon as })ul)bles cease to rise fill the barrel with water, stir thor-

oughly, and allow the mixture to stand over night to settle. The

next day siphon off all the clear liquid from the top with a piece of

hose, fill the barrel with water, stir thoroughly, and allow it to stand a

second night. Siphon off' the clear liquid the second day, fill the bar-

rel with water, stir, and siphon off' the clear liquid once more the

third day. Now pour the wet sediment from the barrel into a crock

or other earthen dish, strain out the excess of water through a cloth,

and dry slowly in an open oven, stirring occasionally, if necessary, to

prevent overheating. Prepared in this manner there should be

obtained, if none of the sediment in the barrel be lost, about 2.65

pounds of carbonate of copper.

Owing most probably to the comparatively limited sale of carbonate

of copper, the market price has been and still remains too high. It

can rarely be obtained for less than 30 to 40 cents per pound, which is

from two to three times the cost to the grower whi^n it is prepared at

home. This condition reacts upon the manufacturer by causing

the grower to make his own carbonate, the mai'ket never feeling his

demand. With fungicides which the grower i^ unable to prepare the

conditions are different. His needs increase the demand in the market,

and increased demand tends ultimately to lower prices.

The cost of copper car])onate when prepared by the grower will

depend upon the cost of copper sulphate and sal soda. Quotations of

March and April, 1899, placed copper sulphate at 5 cents per pound

by the barrel and sal soda at j% of a cent per pound in like quan-

tity. At these rates the grower should be able to i)repare the car-

bonate of copper at about 12.3 cents per pound. Quotations on larger

lots of sal soda and copper sulphate placed the price at y*^ of a cent

and 4f cents per pound, respective!}'. At these prices the raw mate-

rials for a pound of copper carbonate would cost about 11.8 cents.

These facts show that wholesale druggists and manufacturing chemists

could place the carbonate upon the mari^et at 15 or 20 cents per pound
and still make a good profit, even when liuying their sodium carbonate

and copper sulphate in the open market. If we go a step farther

back, however, we may see that the first cost of copper carbonate can

be greatly reduced below any figures here given. Ten-elevenths of

the cost is seen to depend upon the price of copper sulphate, and the

first cost of this I'atter depends upon the cost to the manufacturer of

sulphuric acid and copper. Both of these articles may be produced

as by-products of modern smelting processes. A firm at Blacksburg,

S. C, informs the writer that they employ gold-bearing pyrites for

the manufacture of sulphuric acid, the sulphur fumes being driven
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oti' with lioat :iiid cuiidciist'd in lead fhaniber.s in the usual wav. The

acid, tho tirni states, pays tlie expenses, hence the ^old coHeeted is a

l)\ -j)roduet with tlieni. For the same purpose suli)hur nia\ Ix' obtained

hv heat from several kinds of pyrites—that is, from the sulphides of

copper and iron. As already showji in the notes on copijei' sulphate,

copper for the i)rodu('tion of this chemical may be derived largely

from the mattes of silver smeltinj>- works. In view of the fact that

both the copper and sulphur of copper sulphate may be obtained as

bv-i)r()ducts in the extensive gold and silver smelting works, the lirst

cost of this chemiial can certaiidy be placed at a figure admitting o"f

the manufacture of copper carlK)nate at a wvy low cost. It could

proltably be |)laced on the market to-day by thi' leading smelting

companies at 15 cents per pound and still leave a liberal i)rotit on

first cost. It is to be hoped that this matter will be looked into by

some of the larger smelting firms, and that the carbonate of copper

may soon be had on the mark(>t at prices which are not ])r<)hibitive to

its pui'chase ])y the horticulturists of the country.'

AMMONIA {fornmla NH^).

! Ammonia is of gaseous natui'e and strongly alkaline in reaction.

It is re:idily taken up or dissolved in water, in which form it is used in

preparing the ammoniacal copper carbonate, eau celeste, and modified

eau celeste—three of the more important copper sprays. A strong

solution of ammonia may be commonly had on the market or from the

manufacturers. Such a solution contains, by weight, about 28 per

cent of ammonia gas, and is sold as 26^ ammonia, as shown by Baume's

hydrometer test. A Aveaker solution is often prepared by druggists

and is sold as annnonia water, or aqua ammonia. This often contains

no more than 10 per cent of ammonia gas, and is oljtained by reducing

the stronger article with water. It is scarcely necessary to add that

there is no economy in buying this dilute liquid. The price is apt to

be out of proportion to the strength, and if quantities are to be shipped

long distances there is a needless increase of freight, owing to the

iThe following quotations on copper carbonate were received March, 1899: St.

Louis quotes 10-pound lots at 27* cents per pound, 100-pound lots at 25 cents per

pound, and 1,000-pound lots at 23 cents per pound, f. o. 1). ; one Philadelphia tirm

(juotes 10-pound k)ts at 23 cents per pound, 100-pound lots at 22 cents per pound,

1,000-pound lots at 21 cents per pound, f. o. b. , and a second house quotes 28 cents per

pound for ordinary quantities and 21 cents per pound l)y the barrel; New York

quotes 10-pound lots at 35 cents per pound, 100-pound lots at 28 cents per pound, and

l,000-poun(l lots at 22 cents per pound f. o. b. ; Boston quotes 10-i)ound lots at 20 cents

per pound, 100-pound lots at IS'cents per pound, and 1,000-pound lots at 16 cents per

pound.

The writer invites attention to the great variation in quotations from different

centers of trade. It is satisfactory to note that quotations just received from Boston

indorse the view alreadj' expressed, that carljonate of copper can lie placed upon the

market at about 15 cents per pound and leave a sutRcient profit to the manufacturer.
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added percentage of water. It is always desirable to specify the

strength of the ammonia solution when obtaining quotations.

Plants and animals furnish the main sources of commercial ammonia.

In each case the ammonia is obtained through the decomposition or

destructive distillation of the organic matter. Mr. Mallinckrodt, of

the Mallinckrodt Chemical Works, of St. Louis, and president of the

Pacific Ammonia and Chemical Company, states that there are, as

already indicated, but two prime sources from which aqua ammonia is

obtained, viz, "bone liquor," obtained as a by-product in the manu-

facture of bone coal, and "gas liquor," obtained from the scrubbing

of gas in works for the manufacture of coal gas. A similar source is

also found in the making of coke. It is further stated that ammonia

is obtained from bone liquor almost exclusively in the form of sulphate

of ammonia, often of crude quality, which is used in the manufacture

of fertilizers. Gas liquor is partly worked, into a sulphate of superior

quality, but mostly into aqua ammonia, by what is called the direct

process. It is redistilled and aqua ammonia made therefrom. Aqua

ammonia obtained from this source is largely used in the manufacture

of ice and for other technical purposes. Obtained in this way, it is

said to be the cheapest article of good quality that can be supplied.

A crude concentrated ammoniacal liquor is also largely made by

concentrating gas liquor without puritication. This concentration is

carried on mainly at smaller works for the purpose of transporting the

liquors in a more concentrated form, to save the expense of freight, to

works where crude liquor is redistilled and manufactured into pure

aqua ammonia. The concentrated liquor is, however, also largely used

in the preparation of nitrate of ammonia, which is used in the manu-

facture of powder, but most largely in the manufacture of soda ash.

This crude liquor contains, besides a small amount of free anmionia

(NHg), a considerable amount of carbonate, sulphide, cyanides, and

other ammonia salts, together with tarry and empyreumatic matter

resulting from the destructive distillation of coal. The strength of

this liquor can not be made greater than 15 to 20 per cent, and it is

doubtful if it could be advantageously used as a substitute for aqua

ammonia in the preparation of sprays. The ammoniacal liquors obtained

in the manufacture of coal gas are entirely a by-product.

As the gas works of the United States have been largely supplanting

coal gas with water gas, in the manufacture of which ammonia is not

obtained, the quantity of ammonia produced in the country has been

steadily decreasing, and the demand is being supplied principally from

England. Both aqua ammonia and anhydrous ammonia are made

largely from imported sulphate of ammonia, and very large quantities

of the imported article are also consumed in the manufacture of

fertilizers.^

^San Francisco's quotation on ammonia water of 26° hydrometer test, in drmns of

about 750 pounds, f. o. b., is 7J cents per pound.
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SODIUM CARBONATE {formvla NagCOs-lOHgO).

Sodium carbonate, sal soda, or washing; soda is nsod in making car-

bonate of copper from the sulphate of copper and in preparing the

modified eau celeste. As obtained in the market it is in colorless,

monodinic crystals, showing a strongh' alkaline reaction to litmus

paper. When exposed to the air much of the water of crvstallization

is lost from the crystals, which rapidly eifloresco or slake to a white

powder. When perfect, nearly two-thirds of the crystals, by weight,

is water.

Carbonate of soda dissolves in 1.6 parts of water at 59° F. and in

0.2 part of boiling water. When a solution of sal soda is added to

the solution of copper sulphate in making copper carbonate, or to an}^

other acid solution, a decided eft'ervescence takes place, so that in

making the copper carbonate the two solutions used should be united

slowly or they may overflow the containing vessels. The more com-

mon impurities found in sodium carbonate are sodium chloride

(common salt) and sodium sulphate (Glauber's salt). These impurities

are due to the source and manner of manufacture of the sal soda, but

are not usually present in the latter in suthcient amount to require

attention in the spray work Ix'ing considered.

The sources of sodium carbonate are somewhat numerous, but the

commercial supply of to-day is derived mainly from common salt or

from natural deposits of the carbonate. In nearly all arid countries

carbonate of soda is frequently found in the soil in such quantities as

to be injurious to vegetation. West of the Missouri River large accumu-

lations of the different soluble salts of the soil arc frequently met

w^ith. In the East such accumulations are prevented by the greater

rainfall, the salts being eventually washed from the soil and carried to

the sea, but in the West they often coat the ground, appearing white

or black, and are known as " alkali beds," owing to the frequent pres-

ence of stronolv alkaline salts, such as sal soda. The most abundant

constituents of these deposits are sodium sulphate, sodium chloride,

and sodium carbonate. The sodium chloride and sodium carbonate are,

when in excess, so injurious to vegetation as to constitute a leading

Imne of the horticulturist of the western half of the United States. In

the great plateau region between the Rocky Mountains and the Sieirra

Nevada and Cascade ranges are vast stretches of alkaline soils, the

soluble salts of which accumulate in lakes and along water courses

through the drainage of the winter rains. During the long, dry sum-

mer these waters evaporate to a considerable extent, leaving the salts

deposited along the margins of the lakes and rivers.^ In some cases

these deposits of alkali are composed largely of sodium carbonate, and

in several instances, after passing through a simple purifying process.

^These deposits are very well shown in the illustrations of Bull. No. 14, Division

of Soils, U. S. Dept. of Agr.
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this .salt i.s obtained in a quite pure state, the original deposits contain-

ing as high as 90 per cent of sal soda. This latter is obtained from

the soda lakes of South America, Egypt, etc., as well as from those of

the United States. There are several such soda lakes in Wyoming,

Nevada, and California. Large amounts of sal soda are cr.ystallized

from crude carbonate of soda obtained from Soda Lake, near Ragtown,

Nev. This lake is known as Big Soda Lake, to distinguish it from a

smaller soda lake near by. The lake is a beautiful sheet of water, lying

in a depression of the desert, the water being about 150 feet in depth at

the deepest point. It is very close to the old emigrant road running

from the sink of the Humboldt River to Carson River. The separa-

tion of carbonate of soda from the waters of this lake is largely by

solar evaporation. In the fall the salts deposited are taken up, washed,

passed through a furnace, and shipped in sacks to San Francisco, where

the soda is relined and bleached for various uses. The principal uses

on the Pacific coast are in glass-making and borax-making. It is

stated that sal soda obtained as here described is practically a pure

article, though the natural color is somewhat yellow or lu'ownish. It

is generally useful, except as a fancy article for the retail trade. For

such purposes it must be bleached with chloride of lime, after which

it presents beautiful crystals.

There is also a large plant in operation at Owens Lake, Cal. , get-

ting out carbonate of soda from the waters for the Pacific market.

This product, with that above described, is nearly equal in strength

and purity to the eastern and the imported product, so much so that

consumers are safe in using the western product, if desired. All or

most sodas (carbonates) found on the Pacific coast proper are in the

form of sesquicarbonates, and are often so much contaminated with

sulphates and chlorides that much expense is entailed in their separa-

tion, and they are therefore of little value as sources^of supply.

The second great commercial source of sal soda is common salt.

The salt deposits of the country are vastand inexhaustible in quantity.

The Onondaga Salt Group of the Upper Silurian alone underlies

much of the large extent of country, as well as the Great Lakes, situ-

ated ])etween Salina, N. Y., and Green Bay, Wis. At certain points

the salt deposits of this group are known to exceed 100 feet in thick-

ness. The deposit is tapped ])y wells at Warsaw, N. Y., in western

Ontario, in eastern and in western Michigan, and elsewhere. The rock

salt of western Michigan is 20 to 30 feet in thickness, and is reached at

a depth of 1,800 to 2,200 feet. Other large salt deposits are found in

Kansas and in numerous other portions of the country.

Sal soda is manufactured from salt on a commercial scale according

to two leading processes. The older of these is known as the Leblanc

process, and has been extensively employed in England and through-

out Europe. It involves two steps in the manufacture, (1) the conver-
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sioii of stilt into sodium sulpluite, and (2) tiio decomposition of sodimn

sulphate and its conversion into sodium carbonate. The first opera-

tion is known as the '"salt-cake'' process, and the second as the "soda-

ash" process. The first step is carried out by the application of sul-

phuric acid to the salt and the decomposition of both in a furnace, the

doul)le decomposition resulting" in the formation of hydrochloric acid

and sodium suli)hate. The hydrochloric acid is condensed and \)ro-

served, while the salt is converted by heat into a hard cake of acid

sodium sulphate. There is usually in this cake, however, more or less

unaltered sodium chloride. In the second step the salt cake is pul-

verized and mixed with an equal weight of pulverized limestone or

chalk and half its weig-ht of tine coal. This mixture is heated to

fusion in a furnace, being constantly stirred or revolved. The com-

bustion of the coal under the heat which is maintained seems to con-

vert the sodium sulphate into sodium sulphide, and the decomposition

of the sodium sulphide and limestone, with the intiMchange of ele-

ments, produces calcium sulphide and sodium carbonate. The ivsulting

mass is cooled in ii'on receivers, broken up finely, and digested in tepid

water. The alkali dissolves and leaves the insolul)le impurities. The

sodimn solution is evaporated, and when dry the mass is calcined with

one-fourth its weight of sawdust, to more fully convert the alkali into

carbonate. This pi-oduct—the soda ash of commerce—is again dis-

solved in hot water, and the solution filtered and allowed to cool. As

the solution cools the carbonate of soda is deposited in large, trans-

parent crystals, such as are supplied to the trade. Soda ash was

formerly largely imported from England, but in the last few years has

been made in the United States to a vgyx large extent. The dissolv-

ing of the soda ash and the crystallizing of the sal soda is carried on

extensively by firms not manufacturers of the ash. A St. Louis firm

states that thej^ crystallize the solution of soda ash in tanks holding about

8,000 pounds each. After the cr3^stallization has progressed sufficiently,

which takes from ten to fourteen days, according to the temperature of

the weather, the mother Ive, which contains all the impurities, is

drawn off and the sal soda is then broken, dried, and packed in barrels.

It is stated that a newer process is to crystallize the solution in small

tanks, holding perhaps 200 pounds. In this small quantity the liquid

crystallizes in a very short time, say over night, but does not give any

mother lye, and consequently no impurities are removed.

A system entirely different from the Leblanc process is in use in the

United States in some of the leading salt regions and has come very

largely into use in Europe. It is known as the ammonia soda process,

. or the Solvay process. It consists in decomposing a solution of com-

mon salt with ammonium bicarbonate, whereby the greater part of

the sodium is precipitated as l)icarbonate, while the anmionia remains

in solution as ammonium chloride. This latter salt is heated with
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lime to liberate ammonia, which is then reconverted into bicarbonate

by the carbonic acid evolved in the conversion of the sodium bicar-

bonate into monocarbonate by heat. The ammonium bicarbonate thus

reproduced is employed to decompose fresh portions of sodium chlo-

ride, so that the process is made continuous. ^

SULPHUR {symbol S).

The value of sulphur as a fungicide, insecticide, and germicide nas

been known for many years. Its use in a powdered state has been

long followed in hothouses and vineyards, and its application in the

treatment of parasitic skin diseases of man and the lower animals, and

in the control of fermentation in fruits and wines is equally well

known. In connection with potash and soda it has been applied to

the treatment of fungous diseases in the form of sulphides of these

bases.

The recent marked use of sulphur in preparing sulphide of lime for

the spraying of trees is believed to have been lirst suggested in Cali-

fornia, the idea coming, it is thought, from the use of sulphur in a

similar form as a dip to kill scab mites on sheep. The spraying of

trees infested by scale insects was a natural application of its known

insecticidal qualities to the needs of the orchard. In combination with

lime and salt it is now very widely used on the Pacific coast. These

chemicals are boiled together for a considerable time, and result in the

formation of one or more of the sulphides of calcium in liquid form.

While the value of this spray is well established in regions west of the

Rock}^ Mountains, its introduction in the East has been slow, though

it is almost certain to have a wide application in that section in coming

years, when the full importance of winter spraying for the control of

insect pests and fungous diseases is more full}" appreciated. This is

more especially true where both of these classes of diseases occur at

one time on the same host plant.

Sulphur is obtainable in the market in several forms and degrees of

purity. The forms most common are known as brimstone, the flour

of sulphur, and flowers of sulphur. Brimstone is sulphur in the solid

form, flour of sulphur is ground brimstone, and flowers of sulphur is

sulphur which has been sublimed. Common brimstone is the cheapest

form on the market, flour of sulphur stands next in price, while

flowers of sulphur comes still higher. The purity of any of these

^Quotations on sal soda were received as follows during March and April, 1899:

San Francisco quotes 50-sack lots at 60 cents per 100 pounds, 10-barrel lots at

70 cents per 100 pounds, and smaller quantities at 75 cents per 100 pounds; Los

Angeles quotes by the barrel §1.25 per 100 pounds, and by the car in sacks $1 per

100 pounds; St. Louis quotes by the car load in barrels 55 cents per 100 pounds;

New York quotes, f. o. b. Syracuse, in jobbing lots, barrels of 375 pounds, 40 centa

per 100 pounds; Fairport, N. Y., quotes 50 cents per 100 pounds, f. o. b.
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forms i.s usually suthciently high for the use of the horticulturist.

Brimstone and tlour of sulphur are usually about 98 per cent pure,

while flowers of sulphur is almost entirely pure. Brimstone weighs

most, flour of sulphur less, and flowers of sulphur least for a like

bulk.

The horticulturist uses sulphur in all the above-named forms, brim-

stone being employed for bleaching fruit, nuts, etc., while flour and

flowers of sulphur arc used in held work for the control of insect and

fungous pests. A simple mode by which one may test the purity of

sulphur is to weigh out any desired amount and then dr}^ and l)urn

it; the weight of the remaining incombustible portion, added to the

amount of weight lost in drying, determines the amount of impurities.

The sources of the sulphur supply of the United States are numer-

ous and varied. A large amount of crude sulphur is imported,

although nmch of the sulphur now used in the production of copper

sulphate, sulphuric acid, and various other chemicals is obtained in

the United States through the decomposition of s(>V(n-al native metallic

sulphides, such as the sulphides of iron and copper, which are known

as iron and copper pyrites. It has been estimated that the amount of

sulphur consumed in the United States in 1892 was 248,154 tons. The

sources of this sulphur were as follows:

From 100,721 tons of imported brimstone (98 per cent) 98,707 tons.

From 1,825 tons of domestic brimstone (98 per cent) 1,787 tons.

From 210,000 tonn of imported pyrites (43 per cent) 90,300 tons.

From 119,000 ton.s of domestic pyrites (44 per cent) 52,360 tons.

At the present time the amount used is probably much greater than in

18112.

Great deposits of native sulphur are found in many foreign coun-

tries and in various portions of the United States. Most of the

natural deposits occur in past or present mountain regions, and are

of volcanic origin. "The exhalations of volcanoes include, as a rule,

sulphurous acid (SO.,) and sulphureted hydrogen (H^S), which two

gases, if -moist, readily decompose each other into water and sulphur,

a circumstance which accounts for the constant occurrence of sulphur

in all volcanic districts.^' It is estimated that 5,000,000 tons of sulphur

exist in one deposit in Japan. The deposits of Sicily are famed the

world over, and 400 distinct workings are said to exist in that island.

In central Sicily, at Assoro, Imera, Villa^rosa, and elsewhere, large

amounts of brimstone, in the form of short truncated pyramids, are

commonly seen piled near the railroad stations, as wood is piled in the

United States. These large blocks, probably weighing 100 pounds each,

are brought to the railroad on the backs of donkeys driven down from

the mines in the mountains in long trains. Large refineries, devoted

to the refining of such brimstone, are located at Catania. The annual

output of sulphur in Sicily is said to exceed 300,000 tons, and the present
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importation of the United States from Sicily is slbout 120,000 tons.

The richer sulphur ores of Sicih^ run from 30 to 10 per cent of sul-

phur. A considerable quantity is also imported from Japan.

The leading native sulphur deposits of the United States are located

in Nevada, Utah, California. A^"yoming^ and Louisiana. While the

amount of sulphur ore in the country is inexhaustible, the writer is

informed by a New York dealer that not to exceed 3,000 tons are

mined here annually, which, of course, does not include the amount
extracted from pyrites. Respecting the Utah sulphur mines, which

are located in the foothills of the Wasatch Moimtains and in Beaver

County, about 200 miles from Salt Lake City, the writer has received

the following interesting data from Mr. C. F. G. Meyer, of St. Louis:

The sulphur suppl}^ at these Utah mines is practically unlimited, and

the price of the product is governed entirely by foreign markets.

The sulphur is found in an immense bed, the ore beginning at the sur-

face of the earth and extending down to unknown depths. This ore is

of a ver}^ soft character, containing sand, gypsum, and gravel, and

has from 15 to 95 per cent sulphur. The prolitable ore is mined

through open cuts and hauled on a tramwa}- to smelters. The smelters

are cast-iron retorts and hold a ton of ore. Each charge is her-

metically sealed and the retort is subjected to 10 atmospheres of steam

pressure. Under this heat the sulphur percolates, in the shape of

liquid sulphur, through the foreign matter into a pot below, from which

it is drawn off and passes into a distilling vat for the purpose of per-

mitting all foreign substance to settle to the liottom of the tank; thence

it is drawn oft' into wooden molds, holding about 200 pounds, and

allowed to cool, after which it is passed through a grinding process

in an attrition mill. The product obtained by the above process is about

99 per cent pure, and forms the flour of sulphur, which is extensively

used, as already indicated. For obtaining what is commonl}^ known
as flowers of sulphur, which is chemically pure, the ground sulphur is

passed through a resubliming vapor process.

Respecting any possible advantage to the horticulturist by purchas-

ing sulphur refined in Europe in preference to that refined in the

United States, a prominent sulphur refiner of San Francisco has kindly

supplied the following facts:

The sulphur refined is mosth^ from imported Sicilian and Japanese

products. While there exists the remnant of a former prejudice

against California sulphur, it should be of interest and value to know
that there is absolute!}" no difference between that manufactured here

and that manufactured in France, Italy, Denmark, and other European

countries. Both start with the same raw material coming from Sicih^,

the same apparatus is employed, and even experienced foreigners are

hired to refine the brimstone in the identical manner in which it is

treated in the al)ove places. There comes to the horticulturist no
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advantasfo, therefore, to offset the present duty of ^S per ton levied on

the refined imported sulphur, and our aoricultural population, it is

claimed, is duped wlien demaiidinu" French, Italian, or other European

refined sulphur. The same mamifacturer further states that Sicily

sulphur of 08 per cent purity is at present admitted to the United

States dutyfree, and that it can be ground or sublimed in this country

and sold jit a price below the cost of the imported foreioii-refined sul-

phur. It is also said, as to the comparative value to the horticulturist

'of ground (floui-) and of sublimed sulphur (flowers), that for ordinary

purposes domestic ground or powdered sulphur, which averages less

than 1 per cent of impurities, will answer all re<iuirements in a wash,

being finer than the imi)()rted, the onW impurity being a neutral,

inert volcanic ash. The sublimed sulphur, as l)efore stated, is identical

with the imported and contains little, if any, trace of anything but

elementary sulphur. It is lighter in bulk and more stringy than

ground sulphur (if examined under the microscope), but is not usually

enough better for agriciiltuial purposes to otl'set the difference in

price. In other words, the difference in purity percentage between

ground sulphur and sublimed suljjhur is not in any way commensu-
rate with the difi'erence in price, and a great saving could be effected

by substituting the former for the latter in ninety-nine cases out of a

hundred.

To these views the writer would add that the flour of sulphur is cer-

tainly what should be used in the preparation of sprays. As to the rela-

tive value of flour of sulphur and flowers of sulphur for powdering vines

for mildew, there is a difi'erence of opinion among vine growers, the

ease with which the fumes are gi\"en ofi" being considered of prime
importance in the treatment of this disease.^

1 Quotations on sulphur in March, 1899, were as follows: New York quotes flour

of sulphur in 250 pound barrel lots at $2.20 per 100 poimds, 100 pound sacks at $2. 15

per 100 pounds, and car loads in barrels at $1.80 per 100 pounds, and in sacks at $1.75

per 100 pounds, all f . o. b. A second New York firm quotes roll brimstone at $2 per 100

pounds; flour of sulphur, heavyj at ;i;2.20, and light at $2.25 per 100 pounds by the

barrel; sublimed flowers of sulphur at $2.S7^ per 100 pounds, in carload lots, f. o. b.

;

roll brimstone, $1.70 per 100 pounds; flour of sulphur, heavy, 100 pound l)ags, $1.,75;

250 pound barrels, $1.80 per 100 pounds; light, 175 pound barrels, $1.85 per 100

]50unds; flowers of sulphur, sublimed, $2 per 100 pounds. San Francisco quotes

powdered sulphur, sacks or barrels, by the car load at $1.50 per 100 pounds, less

quantity at $1.60 per 100 pounds; sublimed (flowers of sulphur), sacks or barrels,

car load lots, $1.75 per 100 pounds, less quantity, $1.85 per 100 pounds; roll, barrels

only, $1.85 per 100 pounds; refined, barrels only (quality same as roll), $1.75 per 100

pounds; crude, sacks, $1.40 per 100 pounds.

19093—No. 20 13



CHAPTER XI.

PEACH VARIETIES AND NURSERY STOCK IN RELATION TO CURL.

COaiPARISOX OF PEACH VARIETIES.

It is a well-known fact that certain peach varieties are less suscep

tible to curl than others. When planting, many growers strive to

select varieties which are known to be comparatively resistant. This

has led nurserymen to select and grow as hardy varieties as possible,

and such selection has resulted in cultivated varieties becomino- to

some extent more hardy than the majority of seedlings. Of 97 peach

growers who have stated whether, in their opinion, seedling or budded
trees are most affected by curl, 50 say that seedlings are most affected,

19 think budded trees are affected most, and 28 growers have observed

no difference between budded and seedling trees in this respect.

In spite of the fact that some varieties of budded peaches are quite

hardy, many of the finest peaches grown are much subject to curl.

There are also varieties which are hardy in one locality and become
very subject to the disease when grown under different conditions.

There are, in fact, so many influences, such as season, soil, situation,

etc. . that it has been diflicult to decide, except in a few cases, whether

a variety may be fairly classed as hardy or susceptible. It is found

by wide inquiry that a peach which is considered hardy in one portion

of the country is not resistant to curl in another. The views of peach

growers vary so wideh^ respecting the hardiness of varieties that it has

been thought best to give the results as obtained, rather than strive to

draw from them anv final conclusions. Of a large number of g-rowers

who have been asked whether earlv or late-blooming varieties are
» CD

most affected, 70 have expressed their views. A majority, or 42 of

these growers, think there is no difference between early and late

blooming varieties, 23 believe early blooming varieties most subject

to the disease, and only 5 believe the late bloomers most affected. It

would seem that the late blooming varieties may be less liable to

injure", owing to the increased warmth when they push in the spring,

but the difference is certainly not well marked. Respecting the hardi-

ness of early or late maturing \arieties. there appears to be little dif-

ference from the replies to the circular letter. Among 79 peach

growers who have expressed their views, 22 think early varieties most

subject to the disease, 16 believe the late varieties most subject to it,

and 41 think there is no difference.

194
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Besides the facts respecting the luirdiness of varieties gathered by a

circular letter addressed to the peach growers of the country in 18J>8,

the following list contains such information on this subject as it has

been possible to glean from the publications accessible to the writer.

In this list are tabulated 191 peach varieties and a few nectarines in

relation to their resistance to curl. So far as possible the form of the

glands, the season of ripening, and the adhesion of pit is shown. ^ The
susceptibility to curl is shown in three colunnis—little susceptible,

medium susceptible, and very susceptible. Ever}' record for or against

a variety has been obtained from a distinct source from all other

records for that variety, and the list includes over 1,000 records. As
a record under medium suscepti])le or very susceptible is against the

variety, showing that it is subject to the disease, these two columns
are added and the sum carried to a final column. This final column
may thus be fairly contrasted with the first column, which gives the

records of varieties little susceptible to curl. The entire list goes far

to show that few varieties are practically free from curl in all locali-

ties, and that some of the finest varieties are very susceptible to it.

(See for example the records under Crawfords Late, Crawfords Early,

Elberta, Heath Cling, Lovell, etc.)

Table 43.

—

Relations ofpeach varieties to peach leaf curl, with records of glands, time of
ripening, and adhesion of pit.

No.
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Table 43.

—

Relations ofpeach varieties to peach leaf curl, with records of glands, time of
ripening, and adhesion ofpit—Continued.

No.

25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
U
45
46
47
48
49
50
51
52
53
54
55
56
57
68
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
:«2

183

84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99

Peach varieties.

Charlotte
Chinese (cling)
Clemence
Coliunbia
Comet
Cooledge (favorite) .

.

Cots (cling)

Cranes Early Yellow.
Crawfords Early
Crawfords Late
Crimson Beaiitv
Croeketts White
Crosby
Doctor Hogg
Downing
Dumont
Early Albert
Early June
Early May
Early (red) Rareripe.
Early Rivers
Early Rose
Earlv Slocumb
Elberta
Ellison
Florin.
Fords Late White
Foster ,

Fox (seedling) '.

General Bidwell
George the Fourth
Georges Late
Globe
Gold Dust
Golden Cling
Golden Drop
Governor Briggs
Governor Garland
Governor Wood
Grave Cling
Grosse Mignonne
Grover Cleveland
Hales Early
Hales Late
Hardy White Tuscany
Hardy Yellow Tuscany
Heath Cling
Heath Free
Henrietta, Lerjys Late
Hilte Chile
Honest Abe
Honey Cling
Hood Cling
Imperial (early)
Indian Blood ( cling)
Ingles (seedling)
Ironclad
Jacques Rareripe
Japan Blood
Jenny Worrell
Jenny Worthen
Jones (seedling)
Kalamazoo
Kennedy (cling)
Keyport White
Kites Honey
Lady Palmerston
La Fleur
La Grange
Large Early York, Honest John .

Large White Cling
Large Yellow
Late Admirable
Late Barnard
Late October
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Table A^.-^Relal'icms ofpeach varieties to peach leaf curl, with rectirdx of glands, time of
ripening, and adhesion of pit—Continued.

No.

100
lui
102
103
104
105
lot;

107
108
109
110
111
112
113
111
115
IIU
117
118
119
120
121

122
123
124
125
12G
127
128
129

130
131

132
133
134
135
130
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
15G
157
158
159
100
161
162
163
164
165
166
167
168
169
170
171
172
173
174

Peach varieties.

Late Rareripe
Lemon Cliiife'

Lemon Free
Lewis Seedling..
Lewis Stanley
Lola (Miss)
Lord Palmerston.
Lovell
Lovetts White ...

Lovetts Wonder .

Lyons.
Marys Choice.
MeClish
MeCollister
MeCow^an (eling).
MeDevitts (eling)
MeKevitts (cling)
Millers (seedling)
Moore
Morris White
Mother Porter
Mountain Rose...
Muir
Newhall
Nichols Orange...
Noblesse
Oldmixon Cling ..

Oldmixon Free . .

.

Onderdonk
( )range Cling
(Jregon
Pallas.
Peen-To, South China Saucer
Perkins
Picquets Late
Plummer
Pratt
President
Red Ceylon
Red Cheek
Red Madeline
Reeds Craw'ford
Reeds Early Golden
Reeves Favorite
Reeves Golden Yellow
Reine de vergers, Orchard Queen.
Richmond
Roseville (cling)
Royal George
Runyons Orange
Sallie Worrell
Salway
Schumacher
Sellers Cling
Sellers Free
Sener
Shinns Rareripe
Shipleys (late red)
Silver Twig .' ".

Smocks Free, St. George
Smocks Late
Snow
Snows Orange
St. John . »

Steadly
Stevens Rareripe
Stilsons .

Strawberry Cling
Stump the World, Jeraeij Stump .

.

Sturtevant
Summer Snow
Susquehanna
Susquehanna No. 2
Switzerland
Tillotson (early)
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Table 43.

—

Relations of peach varieties to peach leaf curl, with records of (/lands, time of
ripening, and adhesion of pit—Continued.

No.

175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191

192
193
194
195
196
197

Peach varieties.

Thissells White
Troths (early)
Tuskena, Tuscan Cling.
Ulatis
Wager
Wards Late Free
Waterloo
Wheatland (early)
White English
White Melocoton
Wilcox Cling
Wiley
Wilkins Cling
Willow (peach)
Winters
Wonderful
Yellow Rareripe

NECTARINES.

Boston
Early Kewington
Hardwicks Seedling

.

Lord Napier ,

Rivers Orange
Victoria
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A digest of 98 reports" on peach varieties in respect to the form of

glands, earliness or lateness of ripening, and adhesion or nonadhesion

of the pits, as these characters may or may not be related to suscepti-

bility to curl, is given in the following table.

Table 44.

—

Comparaiive susceptibility of 98 peach varieties in relation to form of glands,

earliness or lateness of ripening, and adhesion or nonadhesion of pit.

Character of glands.

Reniform, 50 varieties

Globose, 42 varieties..

Serrate, 6 varieties

Period of ripening
and adhesion of
pit.

(Early.
I Late.,
irree..
ICling

.

(Early.
I Late..
IFree..
ICling

.

fEarly.

I
Late..

iFree..
[Cling

.

Number of varie-
ties

—

Very
suscepti-

ble.

16
20
4
9
12
19
2

Little
suscepti-

ble.

12
14
23
3
12
9

18
3

5
1

4
2

Total varieties

—

Very
suscepti-

! ble.

4

21

f

Little
suscepti-

ble.

26

21

In the above table a most striking correlation appears between

peach varieties with serrate leaves and susceptibility to curl. All

the six varieties for which full information, could be obtained are

little susceptible, which is all the more interesting from the fact that

the varieties with serrate leaves have long been known to be very



PEACH VARIETIKS IN IIELATION TO (TKL. 1*)^.)

subject to iniklew. A list of scvon such varii'tics for which tho chiir-

actors of the h>!ives have boiMi o])taina))le is h(>re o-iviMi in contrast to

the above.

Taiu,k 45.

—

LIxt nf pritch'iK subject to mildew.

Name;
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The preceding records, showing the comparative susceptibility to curl

of nearly 200 varieties of peaches, will enable the grower who contem-

plates setting an orchard to make his choice of varieties advisedly.

As already said, however, many superior varieties are very subject to

curl, hence the practical methods of preventing it as detailed in this bul-

letin make it possible to successfully grow the most susceptible varie-

ties in the most unfavorable situations, so far as this disease is concerned.

Such varieties are in fact saved to the peach industry of lai'ge sections

of the country b}^ means of this preventive treatment. The Elberta,

a favorite in both the East and the West, and the Lovell, a favorite in

California, may now be cultivated to any desired extent in regions

from which they have heretofore been practically excluded by curl-
advantages that are certainly not the least of those arising from the

recent work in the treatment of that disease.

As a striking illustration of what has just been said, the following,

contained in a letter recently received by the writer from a gentleman

in northern California, is given: He states that the Lovell variety

will curl in his locality so as to be of little use, if not spraj^ed. One of

his neighljors, who had a small orchard of that variet}^, stated that he

intended grafting the trees to some other peach, as they did so badl}^

on account of curl, but our correspondent advised the winter use of

Bordeaux mixture, cautioning the grower to spray his trees thor-

oughly. This was done, and the trees bore a fine crop of fruit. The
work was so satisfactory that instead of grafting over the Lovell

variety a block of Fosters was grafted to the Lovell, the variet}^ with

which the detailed experiments of the writer were conducted in the

Sacramento Valley in 1894: and 1895.

TREATMENT OF NURSERY STOCK.

The nurseiy is not onl}" the source of the orchard, but also very

largely the source of orchard diseases, and its health is . therefore of

common interest to the orchardist and nurseryman. Could a nursery

be freed from curl, many orchards planted from it would not suffer

from the disease for years, especiall}^ if isolated. There is little doubt
that curl has been largely disseminated throughout the world by
means of nursery trees.

It has been supposed that the main source of spring infection of

trees was from the perennial mycelium already in the buds, and were
this hj'pothesis true nurserymen could scarcely hope to procure buds
for their seedlings which were free from this disease. The spray
work upon curl has shown, however, that the single external applica-

tion of a fungicide is sufficient to prevent 96 to 98 per cent of curl

when the treatment has been thoroughly made. This appears to

indorse the view that at least 98 per cent of the spring infections are,

as elsewhere claimed in this bulletin, from spores upon the tree, prob-

ably largely resting upon or within, the bud scales themselves.
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The facts given aro sufficient to warrant sonic general considera-

tions and recommendations:

(1) The trees from which buds are to be selected should be tht)roughly

sprayed with strong copper sprat's before the buds are remoxed. (2)

Where the last year's branches ai'e removed as a whole, the buds to be

cut out while ])udding is in progress in the nursery, the bud-bearing

shoots should be thoroughly dipped once or twice in a well-mad(^ Bor-

deaux mixture before being taken to the nursery.^ (3) After the nurs-

ery trees are budded they should be spraj'ed with Bordeaux mix-

ture, no portion of the tree or newly inserted bud lieing omitted. This

treatment should ])e repeated as often as found advisable, and the more
thorough the better, especially after the removal of the seedling top.

The writer feels that these recommendations are for the best inter-

ests of the nurseryman, as well as the prospective purchaser. The
Bordeaux mixture will not only prevent the injurious action of the

disease, but will increase the diameter and height of the trees more
than sufficient to warrant the outlay, and will make them in every way
more valuable to the nurseryman and orchardist.'

Messrs. Dressel Bros., proprietors of the Hart Nurseries, Hart,

Mich., sprayed their peach nursery in the spring of 181>4 with Bor-

deaux mixture. They reported good success from this work in the

control of curl. In the spring of 18i)5 they undertook an experiment

with the use of 5 pounds of copper sulphate, 10 pounds of lime, and 45

gallons of water, this experiment including 110,000 nursery peach trees

one year old and of several varieties. The spra3'ed trees were treated

twice, the first spraying being done April 1 and the second April 16.

On July 21 the foliage of sprayed and unsprayed trees was estimated,

and it was found that while none of the leaves had fallen from the

sprayed trees, 15 per cent had fallen from those unspraj^ed. There

were 100,000 sprayed trees and 10,000 unsprayed trees in this

experiment.

Dressel Bros, state respecting this experiment that they considered

the work very successful, that their nursery stock showed good
results, and that the work would be continued. The spra3^ed stock

showed an increase in height. In 1897 they again treated their trees,

^This is a matter calling for careful and detailed experiments. It should be com-
paratively easy'to dip such shoots one, two, three, or four times, and to have the

buds from such shoots inserted in seedling trees of separate nursery rows. By such

method a record could be kept of the number of trees showmg curl upon the push-

ing of the first leaves. In this manner much could be learned about the disease, and
a standard could be determined for the treatment of the shoots to be used as the

source of buds.

^In relation to the added size and wei'ghtof sprayed over imsprayjed nursery trees,

the reader is referred to Bull. No. 7, Division of Vegetable Pathology, U. S. Dept. of

Agr., 1894. This bulletin relates to the effect of spraying with fungicides on the

growth of nursery stock.
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leaving- unsprayed trees for comparison. The trees of the sprayedT^lock,

it is stated, were very nice and straight and made a good growth, and

there was no curl, it being hard to find a leaf affected, while growth

started well and continued thrifty throughout the season. The

unsprayed trees on the other hand curled so badly that many were

crooked and stunted, not attaining the height of the sprayed trees

within a foot, and a good many were worthless. The treated trees

were sprayed twice in the month of March, 1897. They note that

Bordeaux mixture, to do its work properly, should be on the trees

for seven or eight days without rain.

SUMMARY.

(1) Peach leaf curl haG a world-wide distribution, occurring in every

region in which the peach is grown. In humid localities it is a leading

hindrance to peach culture, and in portions of the Pacific coast States

it has greatly limited the extent of the industry.

(2) The orchard losses from peach leaf curl vary from a small amount

of fruit to the entire crop, while in many instances young trees are

killed. The national losses from this disease will amount to $3,000,000

annually.

(3) Curl is caused by a parasitic fungus known as ^a?(>«.sc?<.s^^/(?rm-fm«,

the ravages of which are largely dependent upon the atmospheric con-

ditions prevailing while the trees are leafing out. Rains and cold

weather at that time tend to increase the severity of the trouble by

favoring the growth of the parasite and interfering with the proper

functions of the host. For these reasons orchards near large bodies of

water and in low or damp situations are more subject to curl than

those in dry regions or in elevated situations.

(4) Most of the spring infections of peach leaves are due to the

spores of the fungus and not to a perennial mycelium, as formerly

held, hence the efficacy of sprays.

(5) Curl was first successfully treated in California during the period

from 1880 to 1885, the success depending upon the application of

fungicides to the dormant trees. The disease was not successfully

treated in Europe for ten years after its prevention in the United

States.

(6) The copper sprays are now found to be more effective than the

sulphur or other sprays first used. Of the various sprays experi-

mented with, Bordeaux mixture, in the proportion of 5 pounds copper

sulphate, 5 pounds lime, and 45 gallons of water, gave the best results,

the equal weights of the copper sulphate and lime being most effective

when the mixture is applied shortly before the opening of the blossom

buds. When it is desired to increase the durability of a spray by

increasing the proportion of lime, the application should be made

earlier or equal proportions of copper and lime should be maintained.
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The total saving of foliage iiu-reasos with the increase of copper sul-

phato Avhoii the aiiioiiiit <>t" limo nMiiaiii.^ constant, hut the average

saving per pound of copper sulpiiut<> decreases with the incnnise of

copper used.

(7) In the treatment of peach leaf curl, from 95 to 98 per cent of the

spring foliage was saved by spraying. A net gain of GOO per cent in

foliage over that retained by adjoining unsprayed trees resulted in the

case of several different sprays. Bordeaux mixture when applied to

the dormant tree increased the weight and starch-producing power
of the leaves, and the sprayed trees showed a great gain over the

unsprayed in the num])er and ([uality of the fruit buds they produced
for the following year, tlie gain in the luimber of spur ])uds being over

100 per cent in some cases. Tiie lower limbs of sprayed trees showed
a marked gain over those of unsprayed trees as compared with the

upper limbs in both the number of fruit buds and lateral shoots they

produced.

(8) The average value of the fruit per tree in rows treated with the

most effective Bordeaux mixture ranged as high as i^G.:20 above that per

tree in adjoining untreated rows, or the equivalent of a net gain of

$427.80 per acre where trees are planted 2.5 b}^ 25 feet. Over 1,000 per
cent net gain in the fruit set has resulted in the use of some of the

more effective sprays.

(9) The trees should be spraj'cd each season, as the experiments
proved that treatment one season will not prevent the disease the

following year. Spraying should also be done even though the trees

may not be expected to bear, as the loss of the crop of leaves is shown
to result in as great a drain upon the trees as does the maturing of

one-half to two-thirds of a crop of fruit.

(10) The work demonstrates that peach leaf curl may be cheaply
and easily prevented in California, in w^estern Oregon and Washington,
and along the east shore of Lake Michigan, where curl causes great

loss, as well as in all other peach-growing sections of the United States.

(11) The copper and lime sprays are less injurious to the trees than
those composed of sulphur and lime. The use of lime in winter sprays

has proven an advantage in enabling the workmen to see their work
and complete it with greater thoroughness than would otherwise be
possible. A proportional increase of both lime and copper sulphate

is recommended for wet regions, and for very wet localities a second
winter spraying is advised.

(12) Cyclone nozzles with lateral or diagonal discharge are best

adapted to the work.

(13) The proper time for winter spraying and the number of appli-

cations depend to some extent on the locality, season, etc., but active

sprays are likely to do most good if applied from one to three weeks
before the opening of the blossoms in spring. The proper time to
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apply sprays for the prevention of curl is in dry, calm weather, and

during- the middle of the day, in order to avoid dew or frost upon the

limbs as much as possible.

(14) Of nearly 200 peach and nectarine varieties considered with a

view of determining their comparative susceptibility to curl, it was

found that very few were wholly free from the disease and that some

were ver}^ subject to it. Some of the choicest v arieties, as the Elberta

and Lovell, are seriously affected, but it has been demonstrated that a

single winter treatment will prevent the disease upon even these varie-

ties. It ma}^ be thus fairly claimed that the spraying methods recom-

mended will save to the peach industry some of its finest varieties, as

well as result in the saving of foliage and crops already indicated.

o





DESCRIPTION OF PLATE XXVI.

A suitable outfit for spraying small orchards. One horse, two men, and a boy
spray t\\\) trees at a time. This scene represents the experimental spraying outfit

used bv the writer in the Rio Bonito orchard.



Bull. 20, Div. Veg. Phys. & Path., U. S. Dept. of Agriculture. Plate XXVI.







DESCRIPTION OF PLATE XXVII.

Spraying 4 trees at a time, with 5 men and 2 horses. Thei-e is here used a 300-

gallon spray tank and long-lever (Gould), brass-lined i)istun pump, which has

sufficient capacity to supply 4 npzzles, 1 man pumping. The horses are protected

by means of gunny sack covers. The Chinese liats in use furnish good protection

to the eyes and neck, l)ut are too stiff for the most convenient work under limbs.



Bull. 20, Div. Veg. Pnys. & Path., U. S. Dept. of Agriculture. Plate XXVIl.
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DESCRIPTION OF PLATE XXVIII.

Regular winter spray work in the Rio Bonito orchard. Eight trees are here

being sprayed at one time, with 10 men and 4 liorses. The trees l^eing treated are

well advanced, the buds being much swollen, although not y(*t open. If work is

thoroughly done at this stage of bud development the results will commonly prove

satisfactory; but an active spray should be used, such as the eau celeste, or Bordeaux

mixture with a low percentage of lime and high percentage of copper sulphate.

Such sprays should not be applied, however, after the opening of the blossoms.

Earlier spraying is better, the chemicals in such cases doing less harm to the tree and

having a longer time to reach all spores that endanger the new growth.



Bull. 20, Div. Veg. Phys. & Path , U. S Dept of Agriculture. Plate XXVIII,
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DESCRIPTION OF PLATE XXIX.

A power sprayer in use in a young orcdiard at Santa Barbara, Oal. This sprayer

was built by the Union Gas Engine Company, San Francisco.



Bull. 20, Div. Veg. Phys. & Path., U S. Dept. of Agriculture. Plate XXIX.
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DESCRIPTION OF PLATE XXX.

Views of the right and left sides of the Gunnis power sprayer of San Diego, Cal.

This sprayer is one of the Hghtest, most compact, and most practical power sprayers

in use for general orchard work. It supplies 2 or 4 lines of hose, as may be desired.

A tender is commonly used to carry the spraying materials to the orchard, where an

extra rotary pump, worked by the same power as tlie spray pump, rapidly transfers

the spray to tlie tank of the spray wagon. Such an outfit is adajjted to extensive

orchard work. Mr. II. R. Gunnis, San Diego, Cal., is the owner and operator of this

machine.



Bull. 20, Div. Veg. Phys. & Patn,, U. S. Dept. of Agriculture. Plate XXX.

Right and Left Views of Power Sprayer, San Diego, Cal.
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LOTER OF TRAXSMriTAL.

U. S. Department of Agriculture.
Division of Vegetable Physiology and Pathology,

^Vashingtm, D. C, Aj?ril 6, 1900.

Sir: I respectfulh' transmit herewith a paper on two diseases of
red cedar, giving the results of investigations by Dr. Herniaini von
Schrenk, of the Shaw School of Botany, St. Louis, Mo., and special

agent of this Division. The growing interest in forestry and forestry

problems has brought about a demand for more information on the

many diseases to which timber is subject. In order to obtain a better

understanding of the diseases Dr. von Schrenk was engaged the 1st

of July last to extend a series of investigations which had been inau-

gurated at the Shaw School of Botany. Through the kindness of Dr.
William Trelease, director of the school named, a plan of cooperation
has been effected, which it is believed will result in much benelit to

the Department.

This paper is the first of a number on timber diseases that we hope
to issue, and I respectfully recommend that it be published as Bulletin

,No. 21 of this Division.

Respectfully, B. T. Galloway,

Hon. James Wilson,

Sea'etary of Agriculture.

Chief of Dimsimi.
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TWO DISEASES OF RED CEDAR. CAUSED BY POLYPORUS

JUNIPERIXUS N. Sp. AXD POLYPORUS CARXEUS XEES.—

A PRELIMIXARY REPORT.

INTRODUCTION.

Of the eicrht or more species of Juniperusin the United States, only

two, the red cedar {'/xn/jh/'i/^t virghuana) and Southern red cedar {J.

harhadeni<i)<), are of general commercial importance. The former is

of quite general distribution throughout the northeastern United

States,^ its habitat extending from southern Nova Scotia and Xew
Brunswick south to Florida, and west to the Dakotas, central Nebraska,

Kansas, and Oklahoma. The Southern .species occurs in the South
Atlantic and Gulf Coast regions, extending southward through

Florida.

Red cedar has long' been valued because of its beautiful, aromatic,

and durable wood. It is used to a considerable extent for interior

finishing of houses, for sills, in the manufacture of lead pencils, and
for cabinetwork, and is admirably adapted for chests and wardrobes.

The wood is very resistant to the ordinary agents of decay, and on this

account is much used for fence posts, and for other purposes where
wood which is durable is desirable. The trees are slow growers and
do not live to be ver}' old. They are liable to be attacked by fungi

after they have reached the age of fifty to sevent3^-iive j^ears, and
these weaken the trunk and destroy the wood.

An investigation of the nature of the diseases of forest trees must
necessarily extend through many years, for, to establish the absolute

connection between one of the higher fungi and the effects which its

mycelium produces in a tree, it is imperative that the disease be first

produced in a healthy tree. This requires a long period, owing to the

slow growth of the fungi, and for this reason, therefore, the investi-

gations from a pathological standpoint are as yet far from complete.

The following data are drawn largely from observations, and, owing to

the conditions under which the work was necessarily carried on, many

^Bull. No. 17, Division of Forestry, U. S. Dept. of Agr., and Sargent, C. S., North
American Silva, 1896, Vol. X, p. 9-i.
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of the observations are also incomplete. Owing to the large area over

which the trees grow, the conditions are very varied. Moreover,

the opportunities for obtaining material are restricted to localities

where the timber is cut for commercial purposes, and these localities

and the manner in which the trees are cut are often unfavorable to

research.

The writer is under obligations to Mr. W. B. Earthman, of ]Mur-

freesboro, Tenn., and Mr. Fred Heim, of St. Louis, for courtesies

which the}' extended to him while pursuing his studies in their locali-

ties, and also to Dr. W. G. Farlow and Prof. L. M. Underwood for

their courtesy- in allowing him to examine their herbaria of Polypori.

WOOD OF THE RED CEDAR.

The wood of red cedar is rather light and soft and its tensile strength

is not great. The heartwood is a deep red; the sapwood is very narrow

and very white, contrasting markedly with the dark heartwood: the

annual rings are very narrow, owing to the slow growth of the tree

(the trunk shown in PI. Ill has 65 rings, of which 16 belong to the sap-

wood). There are no resin ducts, as in the wood of the pine, but

numerous isolated resin cells are scattered throughout the annual rings,

and in the heartwood these are generally filled with a hardened resin.

GENERAL REMARKS ON THE DISEASES OF THE RED CEDAR.

Comparatively few diseases of the red cedar have heretofore been

described. The most important fungi attacking this tree cause the

so-called cedar apples, these being due to species of Gymnosporangium.

The mycelia of these fungi flourish in the wood of the youngest

branches and stimulate the cambial cells, causing them to grow very

rapidly and form swellings or tumors,^ and in one case they have

been known to cause a witches' ])room. The influence of these fungi

on their host is not marked. They deform a few branches, but unless

very plentiful do but little damage.

The m3^celia of two fungi grow in the heartwood of many of these

trees and bring about characteristic changes which render the wood

unfit for lumber. In some cases entire car loads of cedar posts shipped

from Tennessee and Missouri have been found to be so badly rotted

by one or the other of these forms as to be of little value. One dealer

in cedar lumber estimates that at least 60 per cent of the trees in his

locality are defective owing to these fungi. A careful study of the

trees in the neighborhood of Murfreesl)oro, in central Tennessee, and

also of those in southern Missouri showed that both forms of decay

were present in each region. Very few insects bore into the heart-

'Wornle, Paul, Anatomische Untersuchung der durch Gymuosporangiuiu-Arten

hervorgerufeneu missbildungen (For!?t. Naturwiss. Zeitsch.. 189-4, Vol. Ill, p. 68).
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wood, the onh' one found in the investigations here described being a

hirge carpenter bee, which made long tunnels through the entire length

of the trunk. Here and there a few borers

get in after

V and VI.

the tree dies, as shown in Pis

WHITE ROT OF THE RED CEDAR (POLYPORUS

JUNIPERINUS N. SP.).

..--4
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Of the two forms of fungi attacking the

red cedar the most striking is the one which

ultimately causes long holes in the heartwood.

These holes often unite and thus make a

tube through the entire trunk. The trees

attacked In- this disease are seldom less than

25 years old and generally are much older.

When a diseased tree is cut down several

holes are found in the heartwood, the size

of these varying according to the stage of

decay. (Fig. 1 and PI. HI.) At first the

holes are separated by long stretches of wood,

which is apparently unchanged. A close

examination, however, shows that this wood

is not as deep a red as is the sound wood,

but has become somewhat of a red brown.

The holes themselves are coated with a bril-

liant white lining (PI. II), which presents

a striking contrast to the deep red of the

heartwood. The layer of sound wood imme-

diately outside the white lining has the same

red brown color as the wood between the

holes, and the successive rings outward from

the hole show all shades of color from the

red brown to the pure red of the sound

wood. The holes are from 3 to 6 inches

long and of variable width. They are par-

tially filled with a velvety mass of reddish

yellow mycelium, which glistens with many
drops of a colorless liquid, apparenth' exuded

by the hj'phfe, and with masses of wood
fibers of a reddish brown color in the last

stages of disintegration. From the ends of

the holes long, glistening white fibers project into the cavity, and on

the longitudinal walls these fibers extend from end to end. (PI. II.)

The fibers consist of almost pure cellulose of the original wood ele-

ments, the encrusting lignin substances having been removed. In

\

\k INCHES

Fig. 1.—Longitudinal section of a

• cedar log showing position of

holes caused by Polyporus juni-

perinus.



10

large holes the amount of wood fiber which has been reduced to cel-

lulose is very considerable (often as much as 300 grams of this

cellulose is present). The masses of cellulose consist of individual

wood cells, which can be pulled out with a needle. The whole mass

is very soft and can be squeezed between the fingers much like the

wood pulp in a paper mill after treatment with zinc chloride. In

older holes the white lining is almost absent (see largest hole, PI. Ill),

the walls being covered with a felt of soft brown mycelium, which

often assumes very fantastic shapes. This is especially true where

the proximal end of a branch projects into a hole, the wood of the

trunk surrounding the branch having been destroyed and the more

resinous end piece of the branch resisting the attacks of the fungus.

Around this end piece the mycelium forms spherical masses of the

size of a small marble. These felts are dry and elastic, and sometimes

there are 20 or 30 of them together.

The holes are generally in the center of the trunk and extend lon-

gitudinally through it, one above the other, with partitions of sound

wood between. (Fig. 1.) In the larger trees there are frequently

several holes in the same cross section. (PI. III.)

These holes may ultimately join here and there by the absorption of

the intervening walls. They are largest at the base of the trunk, the

size diminishing from the base upward, as shown in tig. 1. The

distance between the holes varies from 6 inches to 3 feet.

CHANGES WHICH THE FUNGUS CAUSES IX THE WOOD.

The chanofes which occur in the wood after the entrance of the

mycelium are of two kinds. In the first kind the original red color

fades somewhat, the change being barely noticeable when the light is

reflected at an angle. Very soon, however, the wood fibers in a given

region turn white, showing that the lignin is being destroyed. Such

a staoe is shown in PI. I. In this case the wood fibers of about eight

annual rings are affected, the change being almost uniform through-

out the whole mass. With the increased growth of the mycelium the

wood fibers of the adjoining annual rings are attacked and are changed

to cellulose. At a later stage the central mass is entirely absorbed

and leaves a small hole, which gradually increases in size until it

becomes 6 to 8 inches long and 2 to 3 inches wide. (PI. II.) Around

this cavity wood fibers in various stages of decomposition occur,

some just beginning to change and others entirely reduced to cellulose.

In the second form of decay the red color disappears very slowly

and the wood fibers gradually become brittle and finally fall apart in

tangential layers. In PL II a wide ribbon of such wood fibers is shown

extending from the left of the white area downward. The cavity is

partially filled with wood fibers such as these, together with the

mvcelium. The cellulose fibers are never found loose in the cavity,
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being- invariably attached to the margins of the hole. The red of the

heartwood, the white of the cellulose libers, and the intermediate color

stages, together with the red brown of some of the fibers and the yel-

lowish tint of the mycelium, make a com])ination of color rarely

equaled. Unfortunately much of the brilliancy of the original is lost

in the photograph.

The destruction of the wood tibers laterally takes place within well-

deiined limits, as i.-^ well shown in PI. 11. The disintegration has

taken place up to one annual ring, everything toward the middle of

the trunk being changed and every part outside of this one ring

remaining unchanged, which indicates that the agent which brings

about the change in the wood tibers permeates one ring and changes

it before attacking another.

The upper and lower ends of the hole are by no moans as sharply

bounded. The penetration of the destroj'ing agent seems to take

place unevenly, eating more rapidly at some points than at others.

This localized disintegration shows that the ferment, for such the

active agent probably is, is able to pass longitudinally along the annual

rings more readilv than across them.

The first form of fZ^fft^. ^Structural changes in the wood tibers

become visible shortly after the hyphje have entered their lumen.

In this form of decay ^ the primary lamella liegins to have a granu-

lar appearance and very soon after is dissolved. At the same time the

color of the secondary lamella becomes lighter, and then perfectly

white. With chlor-iodide of zinc these lamellaj give the characteristic

blue color, indicating that they are cellulose. After the solution of

the primary lamella the individual cells fall apart. The cellulose

fibers are perfecth' smooth and there are regular perforations on their

radial walls, indicating the former position of the bordered pits. (PI.

VII. fig. 5.) This mode of delignification agrees with that described

by Hartig ' for wood of the pine delignified by mvcelium of Trauietes

pini. The character of the resulting cellulose fiber is very different

from that of Pimcs echinata or P. palustru when delignified liy

Trametes pini. The change in the red cedar from wood substance to

cellulose is very complete and takes place over large areas.

The chemical nature of wood substance is as y&t a matter of much
discussion. Substances called lignin compounds, coniferin, etc., to

which the characteristic properties of wood were attributed, have been

isolated from wood fiber. Czapek-^ has recenth' announced the dis-

covery of a compound, which he calls ''hadromal," that is supposed to

^ The word decay is used to indicate changes in which substances that are not

normal wood are formed.

^Hartig, R., Zersetzungserscheinungen des Holzes, p. 36.

^Czapek, Fr., tJber die sogenannten Ligninreactionen des Holzes (Hoppe Seyler's

Zeitschr. f. Phys. Chem., 1899, Vol. XXVII, p. 141).
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give the reactions so characteristic for wood liber—that is. red colora-

tion with phloroglucin and hydrochloric acid, and has also obtained

an enzym' from the mycelium of 3/eruh'us lacJirymans, which acts on
wood fiber, destroying the hadromal and leaving pure cellulose fiber.

Czapek obtained this enz3^m by grinding the mjxelium with emery
powder and making an aqueous extract, precipitating the enzj^m with

excess of alcohol. He was able to demonstrate the gradual destruc-

tion of the hadromal, beginning with the tenth day. Owing to lack of

fresh material no attempt has so far been made to obtain such an

enzym from cedar wood. The enzym, however, has been extracted

by the writer from the mycelium of Polyporus suhacidus growing in

spruce wood. If it be assumed that such an enzym brings about the

above-described changes in the cedar wood, it must necessarih" be

regarded as very potent.

The formation of the diastase ferment b}" the mycelium of wood-
destroying fungi is very insignificant when compared with this lignin-

siDlitting enzym, which in a single cavity mav convert several hundred
grams of wood into cellulose. It is hoped that the enzym itself will

be obtained before long.

The second fo7'm of decay.—The second and less common form of

disintegration begins after much of the wood has been changed to

cellulose, but as to whether it has any connection with the first form
it is impossible to say as j^et. It is \q,yj much like the transformation

of cypress wood, where it is the common form of decay, while the

reduction to cellulose is the second or exceptional form. The first

noticeable symptom of the second form of decay is the failure of the

inner portion of the thickened ring of the bordered pits to stain as

deep a red as in sound wood. Soon after this the edges of the small

circle of the pit appear to be corroded and the size of the hole increases.

A tangential section through the pits shows that the secondary lamella

is being gradually dissolved, thus increasing the size of the cavity. The
tertiary lamella and the torus are as yet unafi'ected. The latter is

sometimes torn awa}' by the knife and may be seen hanging out on one

side. At this stage a thin, veil-like membrane, consisting of the ter-

tiary lamella, may be seen extending into the larger circle of the pit.

PI. VII, fig. 4, shows the same in dotted lines. Finally this membrane
is entirely absorbed, leaving a clear, round hole, as large as the original

pit (PI. VII, fig. 7). The torus likewise disappears, and the solution

of the secondary lamella has progressed. PI. VII, fig. -i, shows a radial

view of several tracheids. A stage with the round holes is shown in

PL VII, fig. 2, and fig. 3 represents a piece of wood at a later stage

which has become detached and is lying free in one of the cavities.

The solution of the primary lamella causes adjoining tracheids to

^Czapek, Fr., Zur Biologie der holzbewohuendeu Pilze (Ber. d. Deut. Bot. Ges.,

1899, Vol. XVII, p. 166).
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sepavrtto, except here and there where small portions of the undis-

solved primary lamella still unite them. In the illustrations (PL VII,

fig. 3) these parts are black. When they disappear the halves become

free—the stage shown in PI. VII, fig. 4. The dotted lines in this figure

represent in perspective the margins of the hole, and two large holes

in the tangential wall, where some of the hyphte had passed through,

are also shown. The holes are exceedingly numerous, puncturing the

cell in all directions.

In the first stages of corrosion of the pits a change in the medullarv

rays l)ecomes evident. The walls are very rapidly disintegrated, and

even before there is much indication of change in the tracheids the

medullary rays have disappeared entirely, leaving long holes, which

extend in all directions from the original center of attack (PI. VII,

fig. 1). By the time the pits of the tracheids are gone the piece of

wood has turned yellowish brown and has become very ])rittle. The

numerous holes made by the hyph<\3 and the absence of the medullary

rays and the primary lamella readily explain why such wood crumbles

into a fine powder at the slightest touch. The parts that exist longest

are held together by only the infinite number of fine hyphfe which

surround them. In certain portions of the wood there are holes

which show no disintegration whatever into cellulose. The small hole

shown at the bottom of PI. Ill is one of this kind.

,
THE MYCELUM.

The mycelium of the fungus is found in the wood between the holes,

as well as in the sound ( ?) wood around the cavities. In the newly

invaded portions of the trunk it is almost colorless. The hyphtv are

of various sizes, and the larger ones extend longitudinally vfithin the

tracheids, giving ofi' branches which penetrate the walls in all direc-

tions. The hyphse never fill a tracheid completely. Within the holes

the mycelium forms large sheets and webs, the latter looking very

much like ground spiders' webs. When first found in the holes, the

mycelium of the sheets is composed of thick-walled hyphiv of a tawny

yellow color. During the later stages of decomposition the tangential

plates above referred to are found completely interwoven with the

hyphw. These plates hold the ultimate pieces of the wood fibers in

position, surrounding them on all sides, and finally absorb them entirely.

PROGRESS OF THE DISEASE.

The condition in which the holes are found makes it possible to

describe their formation. The fungus apparently enters the trunk

through a dead branch, and when the hyphse reach the heartwood

they grow both upward and downward. What factors determine the

spot where disintegration of the wood begins is as yet unknown.

At one point, generally a distance from the place of entrance, some
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of the darkened fibers change in color and very soon have a snoxv-

white appearance. At first this point is a mere spot, but it gradually

expands and in a short time attains a length of several inches (PL I),

the longitudinal growth being more rapid than the lateral. Around
this point an area of several inches of wood is changed to cellulose,

and now the total absorption of some of this cellulose begins and a

small cavit}' starts and gradually increases in size. About this time

white spots, similar to the first one, appear in the heartwood at a

point from 3 to 5 feet on either side of the first hole—that is, the

mj'celium of the fungus has grown longitudinally and set up two new
centers of destruction. A vigorous growth of the hyphte takes place

at these centers, and this growth invades the wood in all directions and
brings about the characteristic changes very rapidly. In due time

other centers arise farther up and down the trunk. The older holes

continue to increase in size until they attain their greatest proportions,

reaching the lateral limit ver^^ soon, as the}' are rarely more than 2 to

3 inches wide. The cavities extend up and down and frequently

unite. The absorption of the cellulose goes on until none is left.

The walls of the cavities then become coated with the brown felt of

h3'pha3 before mentioned, or the second form of decay may have set

in, leaving fine plates of wood hanging from the surfaces.

The setting up of these centers at which the destruction of the wood
takes place is very difficult to account for, and at this time no expla-

nation can be^-iven of the singular mode of action. It was at first

thought that the centers might be due to separate infections, but it

was soon proved that this was not the case, as the hypha3 were absent

from the outer laA'crs of wood. A case which to some extent resembles

the one under consideration is that of a recenth" described disease of

Taxodium,^ in which there is similar local action of the m\'celium.

The cavities in this case are ver}- close to each other, and it seems
probable that a product formed from the wood b}' the fungus might

play an active role in limiting the growth of the mycelium to certain

areas. Further work on this part of the subject is in progress.

THE FRUITING BODY.

After decomposition has advanced sufliciently the fruiting bod}"

forms on the outside of the trunk. This body does not appear to be

common, for as far as known it has been collected only twice, once in

1895, by Miss Sadie F. Price, at Bowling Green, Ky., this specimen

being now in Prof. L. M. Underwood's herbarium, and once by the

writer near Murfreesboro, Tenn.^ Nothing is known of its develop-

^von Schrenk, H., A disease of Taxodium disiichuin known as peckiness, etc.

(Eleventh Annual Report Missouri Botanical Garden, 1899)

.

-The description here given is based on these two specimens and may have to be
modifieil when more specimens are studied.
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ment. The specimen found at ]\Iurfreesboro grew about 40 feet

from the ground, and proved to be one of the Basidiomycetes belong-

ing to the g^^nus Polyporus. The mycelium had grown out through

the wood of a dead l)ranch, as shown in tig. 2 and PI. IV, and had

spread around this l)ranch, forming a more or less hoof-shaped sporo-

phore. The latter was several years old when examined, as shown by

successive layers, which are plainly visible in the tigure referred to.

It is very hard and woody, and its upper surface is rough, irregular,

and ytdlow brown at the margin (which is the youngest layer), soon

becoming deeper brown, and linally nmch cracked and overgrown with

mosses so that no color is distinguishable. The hymen ial layer is

almost horizontal, and is yellow brown in color, the yellow predomi-

nating. It extends to the very edge of the pileus and even somewhat

over the edsfe. Each vear when a new laver is added several rows of

'-':,
-
..-'

- /

Fig. l.—l'(iujiiiiia!-jnitip(.riiiut< growing out from cedar trunk (xf).

tubes of the hymenium may be seen on the edge of the ridge, indicating

where the edge of last year's pileus was. This feature is very character-

istic, being well marked in both specimens mentioned, and readily dis-

tinguishes this form irom. PoJyporiis foinentarim and P. Igniarliis, its

nearest allies. The pores of the hymenium are small and very numer-

ous. Man}^ of them are irregular, but the majority are quite round.

The hymenium is almost smooth, for there are no hairs and the blunt

cystidia project but little over the surface. The basidia are numerous,

and each has four short sterigmata bearing four red-brown spores,

which are more or less flat on one side. (PI. VII, fig. 2.)

This Polyporus is one of the fomentarius type, differing from that

species (a typical form of which occurs on birches in New England)

in being flatter, in the character of its pores, in the color of its hyme-
nium, and in its physiological behavior. It differs still more from

P. igniarius, and for this reason it is proposed to call the species Poly-

poriisj\miperinus n. sp., to be characterized as follows: A Polyporus
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of the fomentarius type, flat, hoof-shaped, very hard, upper surface

at first yellow brown, then becoming fissured and black; hymenium

yellow brown, with numerous small, round pores, which extend out

over the edge and partially onto the top of the pileus; found on Junip-

enis virginuina in Kentucky and Tennessee.^ A study of other spec-

imens, only two of this Polyporus having yet been seen, may prove

that these characters are not constant, in which case the form should

be considered a form of Polyporus fome7itarlus.

RED ROT, OR PECKY CEDAR {Polyponis cameus).

General characteristics.—This disease is perhaps more common than

the white rot. It has been found in Missouri, Arkansas, Kentucky,

Tennessee, Virginia, and Kew York; has been reported from Missis-

sippi; and has been received from Bermuda on the wood of Juniperus

lermudiana, which shows the disease in marked form. It doubtless

exists in other States in which the cedar grows in quantity. The

wood of arbor vit« {TJiuya occklentalis) found in Maine by the writer

often had the characteristic ])rown pockets. Wood afiected with this

disease is full of pockets. (PI. V.) In the early stages these are free

from one another and are more or less filled with a brown metamor-

phosed wood substance which has cracked so as to form small cubes

adhering to the walls of the pockets. The pockets are of difierent

sizes, varying in length from 1 inch to several feet. In cross section

they are nearly circular when small, but become very irregular when

old. (PI. VI.) Frequently a number join and make large, irregular

holes, full of the brown wood. The latter has the appearance and

properties of brown charcoal. It is very brittle and can be ground

into an impalpable powder in a mortar. When boiled in water it

acquires the consistency of cheese and can be cut with ease and readily

compressed into a small volume. A mass of wood thus changed has

the appearance of clay suddenly dried, which has split in the center

and laterally into more or less regular pieces. The line of demarcation

between the brown wood and the normal heartwood is very sharp. If

the brittle wood is broken away the remnants of it can be scraped oflf,

so as to leave the surface perfectly smooth. A very slight downward

pressure on one of the cubical pieces will cause it to break ofl' entirely.

The specific gravity of the material is very much less than that of the

cedar wood, and it absorbs water with great ease.

CHAN-GES WHICH THE FUNGVS CAUSES IN THE WOOD.

The structural changes caused by the fungus in the wood are but

slight, but the chemical changes are very great. When cut into sec-

1 A fungus has been reported from the Devonshire swamp, Bermuda, which may

prove to be this form on /. bermudiana.
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tion.s the wall.s of the wood cells arc foiind to be very nuu-h thinner.

They are badly curved and twisted l)y the knife and have lost all stiff-

ness and elastieit}'. A thin section can be pushed about with a needle

as if the cells were made of pieces of flexible wire jointed at the points

of union. Here and there the Avails are perforated, showing where
the hj^pha? of the fungus passed through. The t-heniical l)ehavior of

the walls shows that the cellulose has been removed almost entirely.

When dilute KOH is added they swell to several times their normal

size and dissolve in part. Acids precipitate a ])rown flocculent sub-

stance from such a solution, hot nitric acid dissolves the wood i-om-

pletely, and the addition of excess of water produces a deep orange

precipitate, all of which reactions indicate great chemical changes.

The three lamelUe of the cell wall may be seen, but they have shrunk,

and the pits in the tracheids show four cracks, about 45 degrees apart,

apparently brought about by shrinkage due to drying. Cellulose

stains do not react even after treatment Avith KOIT. "With phloroglu-

cin and HCl the wood turns red, and Avith thallin yellow. In certain

cells red broAvn masses of a substance are found which are unafl'ected by

acids or alkalies. They turn black Avith osmic acid or iron salts, indi-

cating that they are prol^ably one of the tannins. As these cells cor-

respond somewhat Avith the position of the resin cells, it is possible

that the brown substance is a derivative of the resin.

Continuous extraction of tineh' rasped cedar Avood was made Avith

absolute alcohol for six hours, using a Soxhlet's extractor, and finely

powdered charred Avood Avas similarly treated. The resulting yelloAv

liquid Avas distilled until a sirupy liquid was obtained, and from this

the alcohol was allowed to eA'aporate slowly. The substance that

remained was red brown and could be readily broken into small pieces

with bright fracture. It was insoluble in water, readily soluble in

alcohol, and with phloroglucin and hA'drochloric acid gaA'e a red color

identical with that obtained when wood fiber is treated with these

reagents. The quantities of this substance obtained from charred

wood and from normal wood were about equal. It was belicA^ed that

the substance obtained Avas probabh" the bearer of the properties Avhich

had heretofore been A^aguely regarded as lignin substance, but it

proved to be identical Avith Czapek's hadromal.^ Czapek obtained the

same b}^ boiling with zinc chloride and extracting the wood liber thus

treated with benzol. In the experiments here discussed the alcohol

extraction proved sufficient.

It is evident that if the hadromal be the substance which gives the

wood character to cellulose fiber, all fungi attacking wood do not

destroy this compound, for in the brown disease of the cedar the

hadromal is as abundant as in the normal wood. The same may be

^ Czapek, 1. c;.

25257—No. 21 2
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said of the charred wood of Libocedrus decurrem^'^ recemtly described.

So little is known of the chemical nature of the wood fiber that it

would be hazardous to attempt any discussion as to the role of any of

the compounds found in decomposition processes. Charred wood,

such as above referred to, is composed of a very small quantity of

hadromal and a large part of some substance that is not cellulose, but

possibly a derivative of it.

In view of the fact that for some wood the changes induced by

fungi have been found to be due to enzyms secreted by their mycelia,

it seems probable that the change in the wood of the cedar is brought

about by an enzym. This enzym is probably distinct from any yet

found, because of the very different products found as a result of its

action. Many attempts have been made to secure it, but so far these

have failed because of the very small quantity of mycelium which it

was possible to get.

An aqueous extract of the charred wood when treated with an

excess of alcohol gives a gray flocculent precipitate, which is soluble

in water. Wood fibers have been inmiersed in such a solution, but

they did not, even after standing several months, show any change.

As in the case of white rot, little is known of the life history of the

fungus causing red rot. The changes which it induces have been

studied in many trees, and were as follows: The first symptom noted

in the heartwood was a slight change from red to brown over a con-

siderable area. As the brown deepened, fissures began to appear and

soon became very numerous. The wood shrank until pockets, such as

above described, were formed. These pockets are most common near

the base of the trees, where they become very large. They occur one

above another, and often two unite. After a certain period no further

increase in the number of pockets takes place, and the cessation of

growth, as shown by this fact, is one of the problems which remains

for solution, as does also the question why all growth of the mycelium

should cease in the heartwood of a tree after it dies or is cut

down. It seems to be a fact that many dead cedar trees are found

which are partially decayed, and apparently have been in such a condi-

tion for many years. In southwestern Missouri, where the cedar

grows on the rocky hillsides, many trees die after they have reached a

certain age, apparently because of lack of food and water supply.

Many of these trees are full of brown pockets, especially near the base.

THE MYCELIUM.

The mycelium of this fungus is very scanty, being found in quan-

tity only here and there. The younger hyphje. are pale and have

numerous clamps. They extend horizontally through the tracheids

lyon Sohrenk, H., A disease of Taxodium distichwn known as peckiness; also a

similar one of Libocedrus decurrens.
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and give oflf lateral branches. No mycelium is found in the sapwood.

The wood between the pockets has many hypha?, which pass from one

pocket to another.

The brown humous compound found in Taxodium^ is entirely absent

in the tracheids of this intermediate wood. In Taxodium this sub-

stance was supposed to be active in restricting the growth of the myce-

lium to certain areas,

protecting, as it were,

the wood in which it was

contained. As a result

holes were formed which

rarely joined. In the

cedar the holes join as

a rule, forming very

large, irregular cavities,

and this would seem to

bear out what has been

claimed for Taxodium.

There being no restrain-

ing factor, the enzym

of the fungus acted in the

surrounding wood, mak-

ing the cavities larger

and larger. There is

practically no limit to

the carbonization of the

wood (PI. VI), for very

old trees may be almost

hollow at the base, and

it is no uncommon thing

for such trees to be

blown over when the

hollow becomes so great

that the sapwood is not

strong enough to keep

them standing.

THE FRUITING BODY.

. . Fig. 3.—Trunk of a red cedar showing hole under an old

The fruiting body of branch.

the fungus, which was

long sought for, forms in the holes so common on the trunk of the

cedar and which are brought about by the manner in which the dead

branches seem to recede into the trunk (fig. 3). The cedar belongs to

that class of trees in which the base of a dead branch does not grow

^ von Schreuk, 1. c, p. 14.
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after the branch has fallen away. In many trees, such as spruce, fir,

and some pines, several inches of the base of a branch remain alive and

are supplied with nutriment by the parent branch. These keep pace

with the increase in the diameter of the trunk until they are healed

over. In other trees the pressure of the callus causes the branches to

break off, and the wound is soon healed. A dead cedar branch remains

visible on the outside for many years. The addition of annual la3'ers

of wood on both sides of a branch is such that after some j-ears the

stump lies in a hole which has a lens-shaped opening- toward the out-

side, and it is in these holes that the fruiting bod}' of the fungus is

found.

The sporophores are often small and are difficult to remove, the

shredded bark hiding them. The form of the hole determines the

shape of the pileus, the latter being sessile, wedge-shaped, and from

i to li inches long and about i an inch in width (PL VII, Hg. 8). If

there is sufficient room in the hole the upper part of the pileus is

arched forward, so as to form a distinct bracket. The h^^menium

is flesh-colored and has numerous very minute spores. Sometimes

the fruitinor oro-ans form in the holes within the tree when the holes

become exposed to the air. They are then very irregular in shape,

adjusting themselves to the form of the hole. In PI. VII, fig. 9, one of

the largest found is shown, as are also a number of smaller ones.

In two cases the fungus was found fruiting in holes in logs which had

been cut and piled.

The mature spores have not been found, and therefore the systematic

position of this form is somewhat in doubt. On account of its flesh-

colored hymenium it is regarded as a form of Polyporus carneus

Nees—a form found on dead cedar wood, as well as on spruce and fir,

in which cases, however, it never brings about the brown rot. Its

deformed nature is undoubtedly due to its method of growth, which is

not of sufficient value as a distinct specific character, and it is therefore

proposed to consider this fungus as a form of Polyporus carneus.

GENERAL CONSIDERATIONS.

The funo-i causino- the two diseases described mav be considered

wound parasites, which grow in the heartwood of the living trees and

thus render the wood unfit for commercial purposes. Frequently the

diseased trees are cut and sold for use as an inferior grade of fence

posts, although they apparently last almost as long as the sound posts.

The natural supply of red cedar still available is very small, hence

any remedies which might be suggested in connection with the two

diseases must be applicable to trees growing under modern methods

of forestry for lumber or for ornament. After a tree has once become

affected with either disease, remedies will not avail.
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As infection occurs through the entrance of the spores into exposed
places in the heartwood of a tree, where thej' germinate and bring

about the changes described, the treatment should be preventive,

not curative. All sporophores which form on the trees should be
destroyed and diseased trees should be removed, as they may give

rise to sporophores which may escape notice. The retention of such
diseased trees as seed bearers does not seem desirable in the case of

the red cedar, as there are so many healthy trees which could serve

the same purpose. It is also advisable to cut trees after thev have
reached a certain age, as old trees are more liable to attack than
younger ones, the liability increasing Avith age. The best age for

cutting varies with localit3\ In very favorable situations, where the

trees grow very rapidly, theV may be cut with profit when but half

the age at which it would be best to cut trees growing on mountains
or in exposed situations, where growth is ver}' slow. A good age at

which to cut the trees in Tennessee is from 65 to 70 3'ears—in other
words, when the trunk is about 1 foot in diameter.



EXPLANATION OF PLATES.

Plate I.—A slab of red cedar, showing the first stage of decay induced by Polypo-

rus juniperinus. The white spot shows the cellulose fibers (x |)

.

Plate II.—A piece of the trunk of red cedar split open to show large hole caused

by Polypoms juniperinus. The white masses are cellulose fibers, the flocculent gray

masses in the hole are disintegrated wood fibers, while above and below the ends of

branches are seen (x i).

Plate III.—Cross section of a red cedar trunk, showing five holes caused by Poly-

porus jimiperin us. Two of these are early stages and show the white lining of cellulose

fibers. The cracks in the block were made when the trunk was split (x ^)

.

Plate IV.—Polyporus juniperinus growing on Juniperus virginiana, showing how
the pileus forms around a dead branch (x I).

Plate V.—Upper figure, radial view of a block of red cedar, shows the early stages

of decay (pecky cedar) due to Polyporus carneus; lower figure shows end view of

several pockets uniting to form a larger area. The change from sound wood to

brown wood is very abrupt.

Plate VI.—A cedar log showing large pocket, filled with brown wood, formed by

Polyporus carneus (x \)

.

Plate VII.—Fig. 1, tangential view of wood from a large cavity caused by Polyporus

juniperinus, showing how the medullary rays are first absorbed. The small holes in the

cell walls show where hyphfe have bored through (x — ). Fig. 2, tangential view of

walls from same wood at a later stage. The torus is shown at t. The primary lamella

and part of the secondary lamellae have been dissolved. In two bordered pits the

torus is still in position. Fig. S, another wall, taken from sprmg wood, the stage of

decomposition being the same as in fig. 2. Fig. 4, radial view of several tracheids

from the same wood as shown in fig. 3: o, bordered pits, showing the initial stage of

decay, the central opening widening; h, c, and d, tracheids in various stages of disso-

lution. The dotted lines indicate the margins of thin membranes of the tertiary

lamella. Fig. 5, a single wood cell as it appears when changed to cellulose, from a

cavity such as shown in PI. II. Fig. 6, a stage in wood destruction later than that

shown in figs. 2 and 3 of this plate. The dotted lines indicate the deeper margins of

the holes. Fig. 7, a piece of badly decomposed wood lying free in a large cavity

(PL II), the bordered pits having been entirely destroyed. Fig. 8, sporophore of

Polyporus carneus Nees: a, lateral view; b, top view. The triangular shape shows

how it has adapted itself to the shape of the hole in the cedar trunk. Figs. 9 and

10, sporophores growing in holes within the trunk. Fig. 11, spores of Polyporus

juniperinus n. sp.

o
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A RED CEDAR SLAB SHOWING THE FIRST STAGE OF POLYPORUS JUNIPERINUS.
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A PIECE OF THE TRUNK OF A RED CEDAR, SPLIT OPEN TO SHOW LARGE HOLE CAUSED

BY POLYPORUS JUNIPERINUS.
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Cross section of a red cedar trunk showing holes caused by

polyporus juniperinus.
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POLYPORUS JUNIFERINUS. V. SCHRENK ON JUNIPERUS VIRGINIANA.
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Upper figure shows radial view of block of cedar in early stages of decay;

LOWER FIGURE SHOWS END VIEW OF SEVERAL POCKETS UNITING
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Cedar log showing large pocket, filled with brown wood, formed by

polyporus carneus.
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Different stages of destruction of cedar wood.
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XENIA, OR THE IMMEDIATE EFFECT OF POLLEN, IN

MAIZE.

INTIIODUCTION,

The supposed immediate or direct effect of ]iollen on the character

of seeds and fruits, which was termed xenia ))y Focke,' is a phenom-

enon which for ycavH has puzzled botanists and plant breeders. Until

recently no satisfactory theory had been advanced to explain how

the influence of hybridization could pass outside of the fecundated

embryo and cause changes in other portions of the seed or fruit.

However, in a recent preliminary article " On the hybrid fecundation

of the albumen," De Vries"^ calls attention to the discovery of double

fecundation as probably furnishing an explanation of the phenomenon

of xenia. Almost simultaneously with the appearance of De Vries's

paper, Correns^ published a summary of his studies on xenia in maize

in which the same conclusion is reached.

In discussing the bearing of double fecfindation on the problems of

hybridization with Prof. De Vries in July, 1899, this prolmble explana-

tion of xenia occurred to the writer independently, and during that

summer quite a number of experiments were conducted with a view

to obtaining evidence on this question. These experiments, while not

complete, have already yielded suggestive results, and it is thought

best to publish them now while the matter is under discussion rather

than to wait until the completion of the work.

Double fecundation was first observed in Lilium ma/rtagon and Fri-

tillaria tenella by Nawaschin* and reported at the meeting of the

Botanical Section of the Russian Society of Naturalists, August 24, 1898.

1 Focke, W. O. Die Pflanzen-Mischlinge, p. 511. 1881.

''De Vries, Hugo. Sur la fecondation hybride de ralbumen. Comptes rendus d.

seances d. I'Acad. d. Sci.,T. 129, pp. 973-975. 4 Dec, 1899.

* Correns, C. Untersuchungen iiber die Xenien bei Zea Mays. Berichte d. Deut.

Bot. Gesellsch., Bd. 17, pp. 410-417. December, 1899.

*Nawaschin, S. Resultate einer Revision des Befruchtungsvorgangs bei Lilium

Martagon und Fritillaria tenella. Bui. d. I'Acad. Imp. d. Sciences de St. Peters-

bourg, T. 9, No. 4, 1898. Also Botanisches Ceutralblatt, Bd. 77, p. 62, 1899.

7
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Shortly after this Guignard^ described the same phenomenon more in

detail. Previous to the.^* discoveries it had been supposed that in

fecundation onlv one of the two generative nuclei which are formed

in the pollen tube of seed plants passed over into the embryo sac and

united with the egg cell proper. Nawaschin tuid Guignard have

shown, however, that both of the nuclei enter the embryo sac, one

fusing with the nucleus of the egg cell and the other with the two

polar nuclei to form the embrj^o sac nucleas, the division of which

gives rise to the endosperm. If this double fecundation occurs in

hybridization, it will be seen that the endosperm developed from the

nucleus of the embryo'sac must be of hybrid origin. Guignard also

called attention to the more or less spiral form of the male generative

nuclei and designated them antherozoids. This form of the nucleus

which is suggested as being similar to the motile male cells of the

higher cryptogams and cj^cads is very peculiar and suggestive.

No ver}^ recent researches on the embryology of corn or any of the

cereals or grasses have been made, and no direct observations are thus

extant to show that double fecundation takes place here. In 1893,

Golinski,^ in an article on the development of the androecium and

gynoecium in grasses, described the elongated spiral form of the gen-

erative nuclei in wheat and rj^e. In this case the two nuclei are

formed in the pollen grain before its germination. Golinski describes

them as not unlike the antherozoids of the 0/uiracecB and ferns. In a

recent article MerrelP describes the occurrence of similar elongated

spiral nuclei in the case of Silphium^ where also thej^ are formed in

the pollen grain before germination. This form of the male gener-

ative cell probably is not correlated with double fecundation; but, in

the present state of our knowledge, it is at least suggestive, as this is

the peculiar form of the generative nuclei in LiHuiii and other plants

where double fecundation has been o])served. Since the publication

of Guignard's paper the spiral antherozoids of LiUmii martagon and

the union of one of them with the embryo sac nucleus have also been

observed by other investigators.* Last summer Dr. Scott, Director

of the Jodrell Laboratory, Kew, England, kindly showed the writer

slides prepared by Miss Sargant, plainly illustrating this phenomenon,

and later the wn-iter also had the pleasure of examining the prepara-

tions of Guignard which very plainly showed the stages which the

latter figured. It would seem thus that double fecundation undoubt-

' Guignard, L. Sur les antherozoides et la double t-opulation sexuelle t-hez les

vegetaux angiospermes. Rev. gener. d. Bot., T. 11, pp. 129-135, 1899, and Comptes

renduj? d. seances d. I'Acad. d. Sci., T. 128, p. 869, 4 avril, 1899.

2 Golinski, St. J. Ein Beitrag zur Entvvicklungsgeschichte des Androeceums und

des Gynoeceums der Griiser.
,
Bot. Centralblatt, Bd. 55, Nos. 1-6. 1893.

^Merrell, William Dayton. A Contribution to the Life History of Silphinm.

Botanical Gazette, Vol. 29, p. 113. Fel)., 1900.

^Sargant, Ethel. Proceedings Royal Soc, Vol. 65, p. 163. 1899.
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odly occurs, in sonio plants at Icasi. no matter wliat its interpretation

may 1)(\

While it has ])een chiimed that xenia is a somewhat common phe-

nomenon in many phmts, there are very few cases on record that are

not open to sonu^ (lou})t; but in no phmt is its occurrence so well sub-

stantiated as in maize. Indeed, the entire belief in the existence of

xenia may be said to depend upon its occurring in this plant. That

corn crosses readily in the field and shows the eftect the first year

is a o-enerally recognized fact among agriculturists in this country.

The majority of the cases reported, however, arc open to the criti-

cism that the seed planted was not definitely known to be pure, and

thus the supposed immediate efiect of crossing might be explained as

due to hybridization which occurred the previous year, or might pos-

si])ly be interpreted as cases of reversion.

As earl}^ as 172-4 Dudlej-' said:

Inrliau corn is of several colours, a.s blue, white, red, and yellow; if these sorts are

planted ])y themselves, .«o that no other sort he near them, they will keep to their

own colour, i. e., the blue will produce blue, the white, white, etc. But if in the

same field you plant blue corn in one row of hills (as we term them) and the white,

or j'elli)\v, in the next row, they will mix and interchange theircolours; that is, some

of the ears of corn in the blue-corn rows shall be white, or yellow; and some in the

white or yellow rows shall be of tlie })lue colour.

In iSlC) Dr. Savi, according to Darwin,' ".sowed yellow and black

seeded maize together, and on the same ears some of the grains were

yellow, some l)lack, and some mottled, the differently^ colored seeds

beino- arrano-ed irre<;ularlv or in rows." Probablv the most convinc-

ing series of experiments which have been carried out were those con-

ducted in 186«), by the famous French plant l)reeder, the late Henry L.

de Vilmorin.^ In the spring of that year he planted a dozen varieties

of maize from 1.000 to 1.300 feet apart, which distance had been

found sufficient to prevent intercrossing by wind-blown pollen. The
ears to be crossed were enveloped in thin flannel, which excluded

pollen perfectl}'. Such ears, unless artificially pollinated, never

yielded a single kernel. To have a standard for comparison an

inclosed ear from each sort was artificially pollinated with pollen

from the same sort. The ears thus obtained were imperfectly filled,

but the kernels were all true to the type of the race. On the other

hand, when inclosed ears were artificially crossed "with pollen from

another sort * * * the ears often, but not alwa3's, contained ker-

nels showing the characters of their male parent. The proportion of

'Dudley, P. An Observation on Indian Corn. Philosophical Transactions,

Ar)ridgement. Vol. 6, pt. 2, pp. 204,205. Oct., 1724.

''Darwin, Chas. Animals and Plants under Domestication. Vol. 1. Second edi-

tion, pp. 4.30,431.

•' Vilmorin, Henry L. de. Bui. de la. iSoc. Bot. de France, T. 14, p. 24t>, Seance du 29

Nov., 1867.
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such grains when the}' existed avus ven' inconstant, being liable to

vary from 1 to 60 per cent.-' The effect was limited to changes in

color of the kernels, in most cases the pollen used being from a black

corn in which this color existed in the substance of the kernel. No

conclusions were drawn except from experiments upon plats of maize

which when left exposed or fertilized with their own pollen repro-

duced the sort planted without change, thus showing the purity of the

races used. In 1867 Hildebrandt gave the results of an experiment

in crossing corn, using a 3'ellow race for the female and a dark brown

race as the male. In order to prove that the plants of the yellow

race, which he used as the female, had not been affected by previous

crossings, he pollinated some of the plants with their own pollen and

obtained ears on which all of the kernels were exactly like the mother

sort. Two ears which he obtained by fertilizing the yellow race with

pollen of the dark brown sort "had about half the kernels like those

of the mother sort or a little lighter, while the other half, scattered

about among them, were a dirty violet color. On these latter, there-

fore, the pollen of the brown-kerneled sort had exercised a direct

transforming inffuence." In 1872 Professor Kornicke,' in describing

his experiments, came to the conclusion that xenia is .shown in those

varieties of maize in which the color is in the aleurone layer of the

endosperm, and that the influence of xenia does not pass out of the

endosperm and show in any other part of the seed.

In 1870 Kornicke grew a bed of Early Yellow Baden corn which

came entirely true to seed. In 1871 two beds of this seed were sown.

One bed was left open, to be pollinated by its own pollen, and all of

the ears of this came true to seed. In the second bed some of the

ears were pollinated with pollen of a reddish-black maize, the color of

which was in the pericarp and in the aleurone layer. The cross-polli-

nated ears developed yellowish-red and dark-red kernels, and also

kernels like those of the mother race. All of the ears of the red sort

from which the pollen was taken bore seed typical of the race, thus

demonstrating its purity. Kornicke criticised Hildebrandt's work,

above referred to, stating that the color in the variety which he used

was in the pericarp and thus could not be shown as xenia. He also

claimed that the seed used by Hildebrandt must have been impure,

and the results therefore faulty.

Many American investigators have given some attention to the

immediate effect of pollen in corn; but few of the experiments are con-

clusive, as in most cases no attention was given to the purity of the

seed planted, so that the results may have been due to previous cross-

ings or to reversion. Sturtevant observed the occurrence of xenia

1 Kornicke, Friedr. Vorliiufige Mittheilungen liber den Mais. Sitzungsberichte d.

niederrheinischeu Gessells. f. Nat. u. Heilkunde in Bonn, 1872, pp. 63-76.
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at the Now York ExporinuMit Station in ISSH, and Burrill reported

instances of this intliience in 18S7; Tracv in 1887; Kellerinan and

Swino-l(> in 1888; and Hays in 1889. In i^\)'2 MoCluer published tiie

results of experiments conducted at the Illinois Experiment Station,

witli photojiiaphic ])lates showinjr the extraordinary effect which

Black Mexican sweet corn used as the pollen parent exerted on kernels

of a white dent race.

\VhiU> many of the experiments are faulty on account of doul)t as

to the purity of the seed used, it will he seen from the above review

that in the experiments of Vilmorin, Kornicke, and possibly Hilde-

brandt, careful attentioii was oiven to such features, and the work of

these experimenters is thus not open to this ol)jection. While the

majority or all of the American experiments are open to this criticism,

3'et the fact that an innnediate influence does seem to occur has been

observed so often and so widelv in America that, even considmMngf the

possi])ility of error in some instances, it is nevertheless probal)le that

in many cases the efi'ect observed must have })een due to xenia. With
all this weight of evidence favorin^if the occurrence of xenia, it was,

nevertheless, doul)ted In' very many botanists because of its apparent

contradiction of well-established laws of reproduction and embryology

and ])ecause of the great possibility of error in experiments of this kind.

Under these conditions it was highly desiral)le that some interpreta-

tion of the phenomenon ])c ol)tained, and happih^ the discovery of

double fecundation seems to furnish a reasonable explanation of a

majority or possi})ly all of the cases in which xenia has been proved

to occur.

In the preliminar}' note by Prof. De Vries, above referred to, he

describes an experiment conducted in the summers of 1898 and 1899 in

crossing a pure race of sugar corn known as " Blanche" with an ordinary

starch corn. The tassels of the majority of the plants of the sweet

corn were removed, and the ears were then dusted from time to time

with pollen from a variety of starch corn. In this way De Vries

obtained ten mixed ears bearing grains ridged and furrowed, resem-

bling pure sweet corn, together with others which were smooth and

filled with starch, like the kernels of the male parent. These kernels

resemljliug the male parent were cultivated in the summer of 1899 and

found to be true hybrids. The sweet corn which was used in this exper-

iment as the mother parent was found to remain pure and true to

seed in the summers of both 1898 and 1899. In such cases where the

direct influence of the pollen occurs, De Vries concludes that the

change is simply a case of the development of a hybrid endosperm,

and that we have here an experimental proof in favor of the occur-

rence of double fecundation, as described by Nawaschin and Guignard

in Lilium and Fritillaria.

Shortly after the appearance of De Vries's paper, Correns's artiole
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was pul)lished, which reforred to the saino phononienon. In this very

inttM'cstino- jviid suggestive article a nuinl)er of premises or propositions

regarding the immediate influence of pollen in maize were given, but

without an account of the experimental evidence on which they were

based. From his experience Correns concludes that almost all races

of Zea mays are capable of being modified in at least one character by

fecundation with pollen from another race, and conversely that almost

all races are in condition to lie directly modified by at least one other

race in at least one character. The most important features of

Correns's conclusions are the following:

1. The influence of the foreign pollen exhibits itself only in the endosperm, all

partf: which are outside of this remaining entirely uninfluenced.

2. The influence extends only to the color of the endosperm and the chemical

composition of the reserve materials—the starch or dextrin therein. In all cases

the size and form of the kernels remain unchanged.

Previous to the discover}^ of the process of double fectindation by

Nawaschin and Guignard, Correns came to the conclusion that either

the secondary nucleus of the embryo sac must fuse with one of the

generative nuclei from the pollen tube or that the effect was due to an

enzymatic influence from the h3^])rid embryo. The former view, he

decides, is proved to be correct by the actual discovery of double

fecundation.

The supposed immediate effect of pollen in other plants than maize

has been frequently reported, the influence extending not only to the

endosperm, Init apparently to the seed coats and pericarp. The effect

of foreign pollen on the color of the seed coats of peas was inferred

as early as 1729 and repeatedly since then, being reported b}^ such

experimenters as Gaertner and Berkeley. Laxton stated that he had

observed an effect of foreign pollen not only on the color of the seed

coats, but also on the pod in some instances, and his observations were

confirmed b}^ Darwin so far as tho color of the seed coats was con-

cerned. In 180;^ Dr. Giltay^ published an account of the results

obtained ])v him from quite immerous experiments in crossing differ-

ent varieties of peas which had been selected particularly to demon-

strate whether xenia occurs in these plants. He made crosses of

fifteen different com])inations, obtaining from ten to twentj^-five seeds

of each, and also grew lumierous control plants to demonstrate that

the seed used was pure. From his experiments he concludes that

the influence of the pollen is not shown outside of the embryo. The

influence of the cross, however, was plainly manifested in the color

of the cotyledons, which in numerous instances showed very plainly

through the colorless coats of the seed, so that unless carefully

examined it might be assumed that the seed coats themselves were

^Giltay, E. Ueber den directen Einfluss des Pollens auf Frucht und Samenbil-

dung. Jahrb. f. wissensch. Bot.,Bd. 25, p. 489. 1893.
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inHuoiu'cd. Giltiiy also l)rt)u*>lit forward very satisfactory ovidonco

of the iiiinicdiatc otl'ect of forei*jfii pollen on the color of the kernels

of rj'c, in which case the color caused by xenia was found to he in

the aleurono layer of the endosjierui.

A phenonien<Mi <|uite similar to xenia in its results, thouiili prohably

due to verv ditierent causes, occasionally occurs in the animal kin<jf-

dom. In a review of Professor Ewart's Penycuik Kxperiments, in

Popular Science Monthly/ it is stated that "A hen which has been

crossed with a cock of another breed often lays eggs whose shell is no

longer like that of its own breed, but in color, and frequently in

texture, resembles that of the breed with which it has i)een crossed."

When we recall that the shell is deposited by a special shell gland

which is in no way connected w ith the ovary, but is a j)art of the quite

distinct oviduct, and that the change in the color of the eo-oshell

nuist be caused l)y some change In'ought about in this gland ))y the

cross fertilization, we see that in some ways the phenomenon closely

resembles that of xenia in plants.

METHODS AND RACES USED.

The experiments on which this article is based were conducted in

Washington, D. C, and at the Ne})raska Agricultural Experiment

Station. In 1898, plants of Hickory King, Oilman Flint, Learning

Yellow, and Peruvian, or Cuzco, were grown in the greenhouse at

Washington for the purpose of crossing the tirst three with the Cuzco.

The seed of the latter was imported from Peru, and being a subtropical

race, was grown in the greenhouse because the season at Washington
is not long enough to permit the plants to mature. Ears of each of

the varieties used in these experiments were also inbred to determine

whether they were true to seed. In the summer of 1899 the hybrids

obtained in 1898, together with inbred ears of the other varieties

grown that season, and twelve other sorts, Avere grown under the

writer's direction at the Nebraska Experiment Station. In the experi-

ments described below the crosses made in 1898 are so indicated and
the resulting hybrids grown in 1899 are described. The majority of

the experiments were made in 1899, however, and in these cases no
statement is made as to when and where the cross was made. , In these

instances it is to be understood that the crosses were made with plants

grown at Lincoln, Nebr., in the summer of 1899.

The work done at Lincoln was in cooperation with the Agricultural

Experiment Station, and the writer is greatly indebted to Professor

Emerson, Mr. Benedict, and others at that institution for their kindness

in furnishing facilities for the work and for aid in the course of the

experiments. In all the crossing and inbreeding experiments very
careful methods were used. The ears operated upon were inclosed in

1 Vol. 57, p. 134. June, 1900.
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manila paper hags before an}^ of the silks hiid appeared, and were

opened and pollinated four or five da3'S later, when the pistils had

matured. After pollination they were immediateh' rebagged, the

bags not being linall}' removed until some ten or fifteen days later,

when all the silks were dried up. The pollen in every case was collected

l)}'^ inclosing the tassel in a large paper sack, which was removed after

the pollen had been discharged. It was found in the course of the

work that the pollen retained its vitalit}' for at least two weeks, but
no experiments were made to determine the length of time it could be
retained in good condition. As an indication of the thoroughness of

the methods used, the fact may be cited that in at least seven or eight

instances, where ears were bagged and not hand pollinated, no kernels

set, showing that impurity is not likelj'^ to result from other i^ollen

accidentally getting in when ears were bagged.

The following is a list of the varieties grown, with notes on their

characters, etc.

:

Cuzco OR Pkruvian No. 759.—A soft com {Zea amylacea Sturt.) imported directly

from Peru by the Section of Seed and Plant Introduction of this Department. The
seeds for the writer's experiments were kindly placed at his disposal by Mr. D. G.
Fairchild, special agent, then in charge of that Section. As obtained from Peru, the
kernels were of mixed colors, apparently belonging to the same but very unstable
and variable race. The majority were dark bluish-black or plumbeous (PI. I, tigs. 3-4),

while some were mottled with dark purple and white (PI. I, fig. 5), and others
mottled in the same way and with a fuscous or ferruginous pericarp. (PI. I, fig. 6.)

Cuzco No. 760.—In the Cuzco as imported from Peru there were many opaque
white or whitish-yellow grains mixed with the plumbeous and variegated kernels
described under the pret-eding number, and these, as they appeared to be distinct

from the others, were selected out and given the number 760, under which they were
distributed by the Section of Seed and Plant Introduction. (PI. I, figs. 7-8.)

A plant from one of these kernels, inbred as described in the following immber, gave
variously colored grains, showing that Cuzco No. 759 and 760 are apparently simply
different-colored kernels of the same variable race.

Cuzco 7a.—One ear of Cuzco No. 760 was inbred in the greenhouse at Washing-
ton, D. C, in the summer of 1898 (Experiment 7a), and matured thirty-five good
kernels, of which eighteen were pure yellowish-white, the saqae as the original

kernel planted (PI. I, figs. 7-8), and seventeen purplish, most of them being dark
purple. These seeds were planted at Lincoln, Nebr., in 1899, and the pollen from
some of them was used in crossing experiments that year. Such plants are distin-

guished in the writer's notes and in this paper as Cuzco 7a.

Hickory King (Zea inderdata Sturt.).—A white dent race with very broad, deep
kernels and a small white cob. It is the largest-kerneled race commonly grown
in the United States (PI. I, figs. 1-2). The seeds were purchased from Wood & Co.,

of Virginia, and were supposed to have been produced under control conditions.

One ear was carefully inbred in the greenhouse in 1898 and came true to the type
of the race. The seed of this inbred ear was grown at Lincoln in 1899, and one
car again inbred, which came true to type. In neither of the inbred ears was
there any suggestion of impurity, and in none of the ears pollinated naturally in the
field was any effect visible suggesting previous crossing with a plumbeous-kerneled
race like the Cuzco. This peculiar color is shown as xenia on Hickory King (growTi

from this seed), X Cuzco No. 759, in the writer's experiments, la and lb, 10a, etc.

Some seed of Hickory King purchased from Burpee & Co., of Pennsylvania, and
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claimed to have ])oeii lued true to type, wa.s als^o grown at Lincoln, Nebr., in the

smniner of 1899 and u^ie<l in a few of the crossing experiments. Two ears carefully

inhred produced fair-sized ears which were apparently true to the type.

Oilman Flint {Zca imliimtd Pturt.).—A light orange-yellow flint race with white

cob. The seed was obtained through the Seed Laboratory of this Dei)artment anil

it is believed was pure. One ear of this race inbred at Washington in 1898 repro-

duced the parent true, and the seed of this inbred ear was planted at Lincoln in

1899. One ear inbred in 1899 again reproduced true to typo, and the majority of

the ears from the plat of this race showed no effect of any mi.Kture except in two

ears, one of which showed wrinkled kernels like sweet corn, evidently being a case

of xenia due to crossing with sweet corn pollen, and the other a few blue-black

kernels, evidently l)eing due to xenia from crossing with pollen from Black Mexican

9w-eet corn which grew in an adjoining row.

Leaming Yellow (Zen indentata Sturt.).—An orange-yellow dent with long, rather

slender kernels and red cob. The seed was obtained through the Seed Laboratory

of this Department and it is believed was pure. None of tlie plants of this race were

inbred, but the ears produi-ed on the plants grown and naturally fertilized gave indi-

cation of being from a pure race, showing no evidence of mixed origin other than

the xenia shown in a few ears from crossing with a white race grown next to it in

the field.

Champion AVhite Peakl (Zea indentata Sturt.).—A white dent race with white

cob. The seed was grown by Mr. J. C. Suffern, of Voorhees, 111., and was claimed

to have been carefully bred under control conditions. One ear inbred in 1899 came

true to type.

Boone County "White {Zea indentata Sturt.).—A white dent race with white cob.

The seed was grown under careful control conditions l)y Mr. James Riley, of Thorn-

town, Ind., the originator of the race. One ear inbred in 1899 came true to type.

Burr's White (Zea indentata Sturt.).—A white dent race with white cob. The

seed was grown under careful control conditions by Mr. F. E. Burr, of Philo., 111.,

the originator of the race. Two ears carefully inbred in 1899 came entirely true to

type.

Whitecap Dent {Zea indentata Sturt.).—A race of dent corn with comparatively

small yellow-ish kernels with white apexes. The seed was grown by Burpee & Co.,

and was claimed to have been produced under control conditions. One ear carefully

inbred in 1899 came true to type.

Pedrkk's Perfected Golden Beauty {Zea indentata Sturt.).—An orange yellow

dent with red cob and broad kernels. The seed was grown by Burpee & Co. under

control conditions. One ear carefully in1)red in 1899 came true to type.

Iowa Kinc; {Zea indentata Sturt.).-A white <lent race with long kernels and white

cob. The seed was furnished by the Seed Laboratory of this Department.

Stowell's Evergreen {Zea saccharata Sturt.).—A clear white race of sw-eet corn

with long wrinkled kernels and white cob. The seed was grown by Burpee & Co.

under control conditions. One ear inbred in 1899 came true to type.

Black Mexican {Zea saccharata Sturt.).—A race of sweet corn with blue-black

more or less wrinkled kernels and white cob. The seed was furnished by the Seed

Laboratory of this Department. It is believed to have been bred under control con-

ditions.

RECORD OF EXPERIMENTS AND RESULTS.

DENT CORN CROSSED WITH SOFT CORN.

Experiment la^^ Hickory King 9 X Cuzco No. 759 $

.

—The cross

was made on plants grown at Washington in 1898. A small ear

'The numbers given here are those originally used in the writer's experiments.

All of the experiments of a certain combination will be series 1 or series 2, etc., and
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yielding ninety-nine kernels resulted, only lour of wliieh showed an}'

indications of xenia. The other kernels were wliite, exaeth' like the

ordinary Hickor}- King. (PI. I, ligs. 1^^ and 14.) On the four kernels

which showed xenia the change consisted siui]jly in irregulur spots of

the characteristic dark plumbeous color of the Cuzco. Sonic of the

kernels showing this effect are illustratc^d in PI. 1, figs. '.)-12. It will

be seen by comparing these figures with the plumbeous-colored ker-

nels, typical of the Cuzco (PI. I, hgs. 3 and -t), that the dark-colored

spots in the kernels resulting from the cross show this color practically

the same as in the Cuzco.

In the summer of 1899 the ninety-nine kernels resulting from this

cross were planted at Lincoln, Nebr., one kernel in a hill, and pro-

duced seventy-four plants. Forty-four of these, judging from their

characters, proved to be true hybrids, while thirty were either hybrids

entirely resembling the mother plant or the results of accidental self-

fertilization. The original cross was made in the greenhouse, but
while the ear which was crossed was carefully inclosed, as in all other

experiments, before the silk had pushed out considerable pollen had
already fallen on the bracts of the ear, and this, in spite of the pre-

cautions taken, would render possible the introduction of foreign

pollen ; so that it is quite probable that some of the grains were self-

pollinated. The forty-four which the writer takes to be true hj^brids

were very markedly influenced by the male parent, so that there can

be no doubt of their being genuine hybrids. Indeed, the characters

of the male parent seemed to predominate. Hickory King, the mother
parent, has normally a rather slender stalk which is light green in

color and has ver}" few anchor or brace roots, Avhich do not appear
much above the surface of the soil, and very broad leaves. The
hvbrids differ from the typical Hickory King in having narrow leaves

and much taller and thicker stems, which are purplish, particularly^ at

the base, and fade to green above. They also have several circles of

anchor roots, usually 3 to 6, which are very prominent, as in the Cuzco,
and extend as high as '2 or 3 feet above the ground. The fort3^-four

true hybrids ranged in height between 8 feet and 12 feet -4 inches,

averaging 9 feet 7 inches; while the thirty plants showing no signs of

having been hybridized ranged between 7 feet and 9 feet 3 inches in

height, averaging 7 feet 10 inches. A number of plants of the typical

Cuzco grown in the same patch averaged about 8 feet in height, while

the Hickory King, grown under exacth^ the same conditions, averaged

the individual crosses under a series are referred to by letter as la, lb, etc., or 2a,

2b, etc. In numbering the experiments when they were made there was no effort

to group related crosses together and number them in sequence, and thus, when
the crosses of dent corn with soft corn, etc., are grouped together as in this paj^er, the

numbers of the experiments are not in sequence. The hybrids when grown are

numbered in sequence from No. 1 upward, the same numljer never being given to

more than one hybrid.
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jilM)ut S t\'('t <) iiu'lii's. It should \)v stiiU'd. li()\V('\n-, tluit tlu' Cuzco

^Tovvii iind used for comparison, owing* to tlic long season rtM|uinHl

for its devolopiiu'nt, was planted in the greenhouse earlier than tlu^,

other races and transplanted to the field when the other eoi-n was

planted. It appeared to have been stunted somewhat in this process

of transplanting and probabl}- did not grow as large as it otherwise,

would have done. It will l)e seen from these figures that the hybrids

greatly exceeded either parent in size and vigor, l)eing taller than

either parent ))y an average of a))out 1^ feet.

An exceedingly interesting feature of the hybrids was their Ijite-

ness. Those wdiich resembled the female ])arent, Hickory King,

entirely, and were probably the results of accidental self-fertilization

and not true hj^brids, pushed out their silks ready for pollination the

latter part of Julv and tirst of August. Quite a number of these were

inbred, the work ))eing done between August 1 and 15. Of those

inbred seventeen matured, and the ears, while in some cases small

and poorly tilled, in all cases resembled typical Hickory King, and

the writer thinks it can be detiniteh' concluded that the}' were the

results of self-fertilized kernels. The true hy])rids were verj- late in

showing their silks, the great majority of them not being ready for

crossing before the 1st of September. The first of these to be ready

for crossing were inbred August 14. (^uite a luunber were inbred,

but only a very few matured seed.

The following are notes on the individual hvbrids which were inbred

and produced ears. The number of the hybrid in each case is the

number given to it in my series of experiments.

No. 5: Plant grown from one of the four kei"nels which showed

xenia in the plumbeous-colored spots derived froni the male parent.

(PI. I, fig. 9.) Ear inclosed August 12, 1899; in})red August 21, 1899,

with pollen of another hybrid of the same c-haracter and parentage.

Plants robust, 10 feet high, with several whorls of anchor roots; stem

purplish. The small ear which matured contained only sixty kernels.

Cob pinkish or fuscous. Kernels between coral red and rufous (PL

I, figs. 1.5 and 10), about half of them being variously mottled or varie-

gated with irregular dark-brown or plumbeous spots. The coloring

matter forming these spots was limited to the aleurone cells of the

endosperm, showing through t\w translucent coral-red pericarp. The

color of the spots is the typical plumbeous of the endosperm of the

Cuzco, which was the male parent, and is the same as the xenia spots

shown in the original seed planted. The coral-red or rufous color is

in the pericarp and was apparently derived from the Cuzco, some of

the kernels of which show this peculiar color. (PI. I, fig. fi.) It

seems to be a color limited entirely to the pericarp, and in no instance

of the writer's crosses with the Cuzco has it been shown as xenia.

25268—No. 22 2
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No. 23: GroAvii from kcrnol showing no indication of xonia. Plant

quite similar to Hickoiy King, 10 feet 2 inches high, with two whorls

of anchor roots, onh* slightly purplish. Two ears were inbred, being-

inclosed August 8, and inl)red August 14, 1899. Each of these

matured only a small number of kernels. One of the ears, which had

a light pinkish colored cob, matured about 300 kernels, all having a

peculiar ferruginous color which was limited to the pericarp, and

which resembled the color of the pericarp in the preceding hybrid,

though somewhat lighter. (PI. I, figs. 17 and 18.) The color was most

dense at the apex, and faded to yellowish-white below at the base of

the grain. In none of the kernels was there an}^ trace of the plumbe-

ous color commonly occurring in the aleurone layer of the male

parent. The other ear, which had a nearly white cob, matured about

sixtj'-seven kernels, all uniformly colored about the same as in the

preceding ear. Here also there was no indication of color in the

aleurone la^'er.

No. 39: Grown from kernel showing no indication of xenia. Plant

9 feet in height; purplish green at base and with four circles of

anchor roots, in these characters plainly showing the effect of the

male parent. The ear was inclosed August 10, and inbred August 29,

1899, with pollen of a different h3'brid, but of the same parentage and

characters. Only a yery few kernels developed on a small whitish

cob, all haA'ing the pericarp ferruginous colored on the sides and

becoming whitish at the apexes. One of the kernels had a few irregu-

lar plumbeous-colored spots due to color in the aleurone layer.

No. 46: Grown from a kernel which showed no evidence of xenia.

Plant 9 feet high; base purplish green, with three circles of anchor

roots. The ear was inclosed August 10, and inl)red August 14, 1899,

with pollen of the same stalk. Only five kernels matured on a small

white cob, all being ferruginous or fuscous, as in the preceding hybrid,

with color limited to the pericarp. No plumbeous or other colored

spots showed in the endosperm.

No. 68: Grown from a kernel which showed no xenia. Stalk 10

feet 4 inches in height; robust, purplish green at base with six circles

of anchor roots and slender tassel similar to Cuzco. The ear was
inclosed August 16, and inbred August 22, 1899, with pollen from the

same stalk. Nineteen kernels matured on a small white cob. All

were ferruginous or fuscous, fading into white at apex as in the pre-

ceding, the color })eing limited to the pericarp. No plumbeous-
colored spots showed in the endosperm.

In the above experiment the seed of the Hickory King, used as

the mother parent, had not been cultivated by the writer previous to

the experiment and may not have been pure, though plants from the

same batch of seed showed no impurity the same season or the fol-

lowing year. The plumbeous color of the Cuzco 759, Ayhich was
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shown us xoiiiu in spots on four of tho kernels, is an luu-oninion color

in corn, iind the Cuzco is not grown in the I'liited Stiites; so thiit it is

hiirdly prol)al)U' that the color here could have been due to the use of

ini])ure seed. Again the fact that the four kernels which exhibited

these spots proved to be undoubted hybrids, showing plainly their

Cuzco parentage, seems to the writer to prove conclusively that this

is a true case of xenia. It is also interesting to note that of the

forty-foui- true hy])rids only four of the original crossed kernels

showed xenia, so that in this case absence of xenia could not be taken

as an indication that the kernels had not been hybridized.

Ex2>erimen.t Ic^ Hickory Kiiuj 9 X Ouzt'o 750 S .—The cross was

made on plants grown at Washington in 1898. One small ear was

harvested December 3, 1898. None of the kernels showed any indi-

cation of xenia, being pure wdiite like the mother parent. These

kernels were planted in the summer of 1899, but only one plant devel-

oped. This showed the characters of Cuzco, the male parent, in being

very robust, reaching a height of 11 feet -t inches, and having a pur-

plish green stem with three circles of anchor roots. The ear on this

plant was in))red August 19, 1899, but did not mature seed.

Experiment Id, lliclory King 9 X Cuzco 759 $ .—The plants used

in this experiment were grown at Washington in 1898. The small ear

which matured was harvested December ?>, 18!>8. Only twenty kernels

resulted, of which four were heliotrope-purple (PI. I, tigs. 19 and 20), and

three had pui-plish-black spots similar to the kernels of experiment la,

figured in PI. I, iigs, 9-12. All of the other kernels were pure white.

No examination was made of the colored and spotted kernels to deter-

mine where the color was located. The plumbeous color of the Cuzco,

however, is located in the aleurone layer of the endosperm, and in

these cases also it was probably limited to that portion of the endo-

sperm. There would seem to be no doubt that the coloration in this

instance, as in the variegated kernels described under la, is a true case

of xenia or the immediate efiect of pollen.

In 1899, 20 seeds resulting from this cross were planted at Lincoln,

Nebr., and produced eighteen plants, all of which were shown to be true

hybrids from their characters: (1) from the color of the stem, which

was purplish-green similar to the father parent, instead of green like

the Hickor}^ Khig; (2) from the larger number of whorls of anchor

roots, which varied from three to six in the hybrids, the peculiarity,

characteristic of the Cuzco, of producing numerous anchor roots being

accentuated in the hybrids; (3) in the lateness of the flowering and

maturing; (4) in the increased size due to the hybridization. (PL III,

figs. 1 and 2.)

All of the eighteen true hybrids resulting from this series of experi-

ments, when compared with the sixteen varieties grown in the same
experimental field and with sorts grown in adjoining fields, were of very
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large size. The shortest wiis 11 feet in height, while the tallest was

13 feet 4 inches, the average height being 12 feet -1 inches. The average

height of Hickory King grown in an adjoining row was al)out 8 feet 6

inches, while the average height of the Cuzco in the same field was

about 8 feet. Thus the hybrids on an aA'erage exceeded the female

parent in height by about 3 feet 10 inches and the male parent by 4

feet 4 inches. As stated under la, however, the Cuzco plants used for

this comparison were probabl}' somewhat below normal height, as the

result of their having been grown in pots in the greenhouses for a

time and then transplanted. Some of the hybrids of this series were

inbred about the 1st of September, when the first silks appeared, but

in all cases were too late to mature. The h3^brids in most cases started

to develop three to four ears, and these in all instances were very

high, the lowest on the several stalks varying from 7i to 8i feet from

the ground.

In this experiment, as in experiment la, the Hickory King used as

the mother parent had not been cultivated previously under the

writer's direction, and was not definitely known to be pure, but as in

that case, and for the reason there given, the writer thinks there can

be no doubt that the four purplish kernels and the three kernels with

purplish-black spots produced on the original crossed ear, and which

were shown to be hybrid kernels by growing them the next j^ear,

must be interpreted as cases of undoubted xenia. In this experiment

also, as in la, many pure white kernels showing no indication of xenia

proved to be hybrids.

Exj>erirne7it lOa^ lUch/ry King 9 X Cuzco No. 759 $ . —The plant of

Cuzco No. 759 froui which the pollen was taken was grown from a

dark plumbeous- colored kernel like that shown in PI. I, figs. 3 and 4.

A small well-tilled ear resulted, the kernels of which almost all showed

xenia in the plumbeous or heliotrope-purple color imparted to the

seeds, the color being limited to the aleurone layer of the endosperm,

as in PL I, fig. 32. The color varied greatly in density and distribu-

tion in the different kernels. Some were dark plumbeous or helio-

trope-purple at the apex and extending down to the middle of the

sides, but fading to nearly white below. Others were nearly white at

the apex, but plumbeous below on the sides. A very few^ were white

throughout like the mother parent. The character of the starchy

endosperm was also much modified, xenia showing as plainly in this

reward as in the color. Such kernels contained nuu-h more of the

soft, opaque, white, starchy matter, and less of the hard, horny, trans-

lucent matter, or corneous endosperm, than the typical kernels of

Hickory King, this character being clearly derived from the male

parent, the Cuzco, in which the endosperm is almost entirely lacking

in hard corneous matter. A fibrous, striped surface-appearance is

shown in many of the kernels, a character which, so far as the writer

is informed, is not shown by either of the parent races. (PI. 1, fig.
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22.) This was found to bo a eharactiM- of tho poricarp, for whon tlio

latter is puilod oti' from such kernels and held up to the liyht it is

seen to be marked with alternate opaijue and hyaline stripes which arc

irregular and run longitudinalh'. In this experiment, made at Lin-

coln, Nebr., in the sunmier of 18m>, the seed of Hickory King used

as the female parent was from an ear inbred by the writer the ].re-

vious season, and known to be pure.

Experiment l<Sa, 18h, and 18c, three earn of Learning Yelhm ^ X

Cnzco 7a $ .—(The plant of Cuzco Ta furnishing the pollen in ihose

three experiments was from a yellowish-whit(> kernel j)ro(lu..-c(l I)}'

inbreeding C'uzco No. 7<)0 the preceding year. See description., \). 14.)

Three poorly tilled ears resulted, which were apparently unifoi-m in all

important characters. The kernels were yellow'ish on the sides like

typical Learning Yellow, l)ut with w hitish apexes. This must proba-

bly be considered as a result of xenia, as the white color pr()])ably pre-

dominated in the male parent, though known to be of a Aariabl(> rac(\

A comparison of the endosperm of the kernels of the crossed ear with

those of typical Learning Yellow show^ed very little, if any, reduction

of the corneous matter, which was very marked in expei'iment lOa.

E^perimenU 19a and lOh^firo eai-s of Learn ln<j Yelhm 9 X Ckizco No.

755,?.—Only a few^ kernels developed on each ear, all resem))ling

Learning Yellow, no xenia being apparent.

Experiment Wa, Fedrich^H Perfected. Oolden Beauti/ 9 X Casco

7a S

.

—(The plant of Cuzco Ta furnishing the pollen in this experi-

ment was from one of the dark purplish kernels produced by inl)reed-

ing Cuzco No. 760 the preceding year. See description, p. 14.) A
small well-tilled ear containing something over 300 kernels resulted.

None of these were like the normal Pedrick. The great majority were

of a heliotrope-purple or plumbeous color at the apex or various com-

binations of these two colors, gradually fading on the sides to yellow-

ish-white. The base and lower half of the kernels in most cases were

yellowish-white or yellow, suggesting the color of the female parent,

but not so deep an orange. Some few kernels were whitish or yellow-

ish-white thioughout, there being three or four of this sort. Two

kernels were curiously marked, being half white and half heliotrope-

purple, exhibiting a sharp line of demarcation between them. (PI. I,

tig. 24.) In these cases when the pericarp was pulled ofi' over the line

of demarcation the color was found to be entirely in the aleurone

layer. In quite a number of the dark-colored kernels also, which

were examined, the color was found to be limited to the aleurone

layer. Practically every kernel of this ear showed xenia very plainly.

The seeds of the female parent, while not bred under the writer's

direction, were grown by a careful seedsman under control conditions,

and were probably free from impurity. Furthermore, the plants

from this seed which were inbred came perfectly true to type, and the

ears which were developed in the plat without inbreeding and without
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artificial crossing showed no indication of the plumbeous or heliotrope-

purple color shown in the crossed ear. This color is rare in races com-
monly cultivated and is not commonly a source of impuritj^ so that the

writer is convinced that the effect here is due to xenia.

Exjyerinients 26c and 26(1., two ears of Burr's White 9 X Cuzco 7a$ .—
(The plant of Cuzco Ta furnishing the pollen in these experiments was
from a yellowish-white kernel produc-cd l)y inbreeding Cuzco No.

700 the preceding year.) Two fairly well-tilled ears developed, all

the kernels of which were pure white, apparently the same iis the

type of the female parent used. The corneous endosperm also

appeared to ])e apparently the same as in the t\'pical Burr's White,

no effect l)eing visible here either. The fact that the Cuzco used in

this experiment grew from a yellowish-white kernel similar to the

color and appearance of Burr's White probably prevents the recog-

nition of any characters due to xenia.

JExperiment 33h^ Chamjyion White Pearl 9 X Cuzco 7a $.—(Plant of

Ta grown from a yellowish-white kernel, as in the preceding experi-

ment.) A partly-tilled ear resulted, all the kernels of which were

white and similar to the typical Champion White Pearl, showing no

xenia.

Expefriment 35a^ ChanipionWhite Pearl 9 X Cuzco No. 759 $ .—(The

plant of Cuzco No. 759 furnishing the pollen in this experiment was

from a plumbeous-colored kernel similar to those shown in PI. I, figs.

3 and 4.) The pollen used in this experiment was somewhat wet and

only a few kernels matured. Some of these were plumbeous in color,

similar to the color of the male parent, the color here again being

limited to the endosperm and doubtless due to xenia. The seed sown,

however, was not definiteh" known to be pure.

ExjJeriment Jf-la^ Learning Yellmo $ X Cuzco No. 759 $

.

—(Cross

made under the writer's direction by Mr. E. C. Rittue, at Washington,

in the summer of 1899.) A well-filled ear resulted, on which the

great majority of the kernels resembled typical Learning Yellow,

showing no indication of xenia. Three kernels, however, exhibited a

very peculiar purplish color, which apparently was derived from the

male parent. These three kernels, furthermore, showed the effect of

the cross ver}" distinctly in having a much larger quantity of soft,

starchy material in the endosperm, and consequently a smaller amount

of corneous endosperm. The other kernels on the ear were appar-

ently like the tj'pical Leaming Yellow in this regard, the structure of

the endosperm showing no effect of xenia. The seed of Leaming Yel-

low used was not definitel}' known to be pure.

DENT CORN CROSSED WITH SWEET CORN.

Experiment 11a, Hickoi^y King 9 X StmveWs Evergreen S .—A small

ear developed, the kernels of which were all apparently pure Hickory

King, showing no indication of xenia.
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E'.tperhncvt 10(1, Lvamhuj YeJhnr 9 x StrnvelPfi Evergre&ii $ .—

A

fairly woU-tillod oar nuitured, all kornels of which were apparently

true Learning Yellow, .showing no visible signs of xenia.

ExperlmenU 31a and Slh^ Chaiapion WAlte Pearl 9 X StoweWs

Evergreen. $

.

—^Two comparatively small ears developed, the kernels

of which were all similar to the typical Champion White Pearl, show-

ing no appearance of xenia.

The writer has frequently made examinations of sweet corn and

dent corn grown in adjoining fields, and from observations made in

such cases it Avould seem that the characters of sweet corn do not

conmionly show as xenia in dent races. Last 3'^ear the writer had the

opportiniity to examine a field where about an acre of common sweet

corn was growing in the corner of a comparatively large field of a

pure yellow dent race. A careful examination was made of the

adjoining, row^s of dent corn, and not a single instance was found

where any influence of the sweet corn pollen could be observed,

although lumierous crosses proba1)ly existed. In the sweet corn patch,

however, the effect of pollen from the dent race could be abundantly

found, as will be explained later. In Kellerman and Swingle's' ex-

periments also tAvo instances of a dent race crossed with sweet corn

failed to give any indication of xenia. These results would seem to

correspond with the conclusions reached by Correns,^ who says in his

proposition 14 that xenia results in that a '"more complicated chem-

ical compound (starch) is laid down instead of a less complex one

('Schleim,' dextrin), never the opposite, whereby * * * a sim-

pler substance is laid down instead of a more complex one." Correns,

laowever, did not give an account of the experiments on which this

conclusion was based.

SWEET CORN CROSSED WITH DENT CORN.

Ea^eriments 13a and 13h^ tico ears of StmoeWs Evergreen 9 X with

Learning YeUrnn $ .—The seed did not set well, and the kernels were

pressed out of normal shape owing to the comparatively small number

developed. They, however, clearly showed the effect of the cross,

in ever}' case being yellowish and smooth with a starchy endosperm

similar to that of the male parent. The yellow color was here again

limited to the endosperm, the pericarp being entirely hyaline. None

of the kernels showed any indication of the typical wrinkling of the

sweet corn. Xenia was thus shown here both in the color and com-

position of the endosperm, and it is further noteworthy that all of

the kernels developed were plainly affected.

^Kellerman, W. A., and Swingle, W. T. Experiments in the cross-fertilization of

corn. First An. Rept. Kansas Agr. Exp. Sta., 1888, pp. 316-337.
^ Correns, 1. c.

, p. 413.
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The above are the onl}" hand-pollinated ears on which the writer

has obtained the effect of dent pollen on a sweet corn race, l)ut several

very convincing instances have come under his observation. The

case referred to above, under experiments 31a and 31b, of a patch of

sweet corn grown by J. C. Bradt, of Marcellus, Mich., is verj^

interesting and instructive. Here a patch of sweet corn of about

an acre in extent produced from seed which had been grown for sev-

eral years in an isolated locality and known to be pure, was phmted

in th corner of a large field of a yellow dent race. An examination

of the sweet corn grown under these conditions and fertilized naturally

showed a large numl)er of mixed ears. In the rows which were

inmiediatcdy adjoining the rows of dent corn almost e^'ery ear con-

tained many kernels which were smooth and yellowish like the dent

corn, an effect doubtless due to xenia. ' (PI. II, figs. 1^-18, and PI.

IV, fig. 2.) In some instances the kernels showing xenia largely pre-

dominated so that a particular plant of sweet corn would be producing

an ear composed largely of yellow dent kernels. In this instance,

furthermore, the writer was able to notice the distance to which the

pollen was carried, although this feature is of course governed by the

prevailing winds, etc. Passing away from the dent corn farther and

farther into the patch of sweet corn the number of ears showing xenia

greatly diminished, until on the opposite side of the small patch of

sweet corn, only about 200 feet from the dent corn, very few ears

could be found showing kernels crossed with dent pollen.

The article by Professor De Vries above referred to, calling atten-

tion to double fecundation as being a probable explanation of xenia,

is based on an experiment where sweet corn was crossed with pollen

of a dent race and showed xenia the same as in the cases described

here. In Kellerman and Swingle's' experiments two ears of Corj^

Sweet, a reddish sort, were crossed with Plxtra Early Adams Table, a

white dent. One of the resulting ears clearly showed xenia in having

smooth kernels mixed with the wrinkled ones, while the other, which

matured but few kernels, gave no visible indication of having been

crossed.
DENT CORN CROSSED WITH DENT CORN.

Experiment ^«, Learning Yellow 9 X ILlckory King $ .—The plants

were grown and crossed at Washington in 1898. A small ear de-

veloped which matured only forty -six kernels, none of which showed

any indication of xenia, being like the seed planted so far as could be

o1)served.

These forty -six kernels were planted at Lincoln, Ne])r., in the sum-

mer of 1890, and almost all of the plants grown from them proved to

be true hybrids about intermediate between the two parents. Ears

^Kellerman and Swintrle, 1. r., \i 33.'i.
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on s(n(Mi diffrrcMit plants were carefully inl)n'(l with their own pollen

and all of these, as well as some thirty ears (l«>veh)p(xl without inhreed-

ino-, showed the same intermediate cliaracters. The cobs w(>re white,

like Hickory Kino-, the male parent, but internu'diate in number of

rows, liavint;- from twelve to fourteen, while the mother parent has

ordinarily from twenty-four to twenty-six and the father parent from

eioht to ten rows. Some kernels were j'ellowish throughout and al)out

an equal numl)er white throughout, while some were yellowish on the

sides with white apexes. The difl'erent colored kernels were irreo^u-

larly mixed tot^ether on the same cob.

Ki-]X'riii)('iit3J^(U Champion Wliitc Pcnii 9 X Iflchiry Kiii</ i . -V\\o,

ear which resulted was twelve-rowed, with a white cob. No effect of

xenia was visible unless the rather shorter and broader kernels were

caused by the pollen parent. This is doubtful, however, as the ear

was smaller than normal.

Kxpci'niiciif Jy2((^ Learning YelUnr 9 X Cliaiiipion White Pearl $ .

—

The ear which r(>sulted Avas eighteen-rowed, with a red cob. About

half of the kernels are yellowish throuji'liout. as in the normal Leaminj^

Yellow (PI. I, figs. 80 and 31), and the others are yellowish on the sides,

with white apexes. This would seem to l)e a case of xenia, as both the

orange yellow color of the mother parent and the opaque white of

the father parent are in the endosperm, the pericarp and testa being

hyaline. There is a possibility that the seed of the Learning Yellow

used in this experiment mav have been iini)ure, but some of the

same seed grown at Washington in 1898 and in I81>t) came true,

though this is not positive evidence of the purity of the individual

kernels sown at Lincoln. The writer's experiments have not been

sufficiently extended in crossing the races of dent corn to determine

how generally xenia is shown. In the experiments conducted by Kel-

lerman and Swingle^ at the Kansas Experiment Station nineteen ears

of various white dent races were crossed with pollen of yellow dent

races. Of these, ten ears showed xenia b}- a change of color on some

of the kernels, while nine ears remained unafi'ected. Seventeen ears

of 3'ellow dent races were crossed with pollen of w^hite dent races,

and of these twelve ears showed xenia by a change in the color of

some of the kernels, while five ears remained unaffected. In these

experiments the seed of the various races used was not positively

known to be pure, and it is assumable that in some instances the

results obtained may have been due to previous crossing. It is

hardly probable, however, that all of the cases were due to this

cause. The mixing of white and j^ellow races of dent corn when they

are grown in adjoining fields is a matter of common observation with

^ Kellerman and Swingle, Experiments in cross fertilization of corn. 1. c, and

Experiments in crossing varieties of corn. Second An. Rep. Kansas Agr. Exp. Sta.,

1889, pp. 288-346.
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corn gTovvers. In the oxperinunitsil plats iit Lincoln, Nebr., whoro a,

number of races were grown from seed obtained from careful seeds-

men (see histor}^ of sorts grown, pp. 14, 15), several marked instances

of change in color were noted which must probabl}^ be attributed to

xenia. Hickory King, Champion White Pearl, Boone County White,

and Burr's White, all pure white races, showed many yellow kernels,

evidently from crossing with pollen of yellow races. Pedrick's Per-

fected Golden Beauty and Leaming Yellow, pure orange-yellow races,

lioth produced many kernels having white apexes evidently from cross-

ing with white sorts. It would seem to be a very common thing in

crossing yellow and white dent races for the apexes of the kernels to l)e

changed in color while the sides and bases of the kernels remain the

same, or nearly the same, as in the mother parent. Whitecap Dent

showed many kernels with orange or yelhnv apexes or caps instead of

white as in the parent race, an effect probably due to crossing Avith a

yellow dent pollen.

In all of the dent races considered above in this section (Dent X Dent)

the color is in the endosperm, the pericarp and the testa being hyaline.

The color, therefore, we should expect to be shown as xenia if the

endosperm is developed from a hybrid nucleus, as would be the case

if corn has double fecundation the same as the lily. What occurs in

the case of those races, however, like the red dent, where the color is

in the pericarp? The writer has made no experiments with races of

this sort, and thus can not answer the question. Kellerman and Swin-

gle in their experiments above referred to used a red dent in a number

of combinations, and while no statement is made as to the location of

the color in the race which they used, it was doubtless located in the

pericarp, as this is the case with all red dent sorts which have come

under the writer's observation. Nine ears of yellow dent races which

they crossed with pollen of red dent showed no indication of xenia so

far as color was concerned. Of ten ears of white dent crossed with

pollen of red dent nine ears showed no indication of xenia in the trans-

mission of color, while one case, that of Shannon's Big Tennessee White

9 X red dent ^ , is recorded as showing evidence of the cross in the

color of the kernels. Whether this is a true case of xenia or due to

impurity of seed or other cause can not be determined. It should be

noted that the ear resulting from the cross is described as "not suffi-

ciently matured for complete description and comparison. " Some races

of white dent even when, comparatively speaking, of perfectl}' pure

strains show a tendency to exhibit a red or scarlet flush when they dr}-

up before maturity and become somewhat moldy. Kellerman and

Swingle also describe a case where red dent 9 X Riley's Favorite S
,

a yellow dent, produced light-yellow grains like the male parent. As

in the last-mentioned case, it can not be determined whether this is a

case of true xenia or due to other causes. In none of these experi-

ments so far as recorded was the seed grown previously and proved to
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bo puvo. The nuiulx'r of rases in which tlio red dont was usod and

oavo no indication of the red color as xonia strongly suggests that the

other cases were errors or due to other causes, and that the rule that

no character outside of the endosperm can be shown as xenia holds

here as in other cases. Further evidence on this point is furnished by

the experiments of McCluer, where Cranberry corn, in which the

color is in the pericarp, was used in crossing with other varieties.

He sunnnarizes his results as follows:

Color, wliere it is ti character of the kernel and not of the seed coat, tends very

stronirly to i>ass from one variety to another. The j)ecnliar color of the Cranberry

dill not seem tu affect the other white varieties to which the pollen was applied.

The ('ranl)erry owes its color to the seed coat entirely; the kernel is white, and the

variety is classiMl as a white corn.'

SWEET COKN CROSSED WITIt SWEET CORN.

Experiment loh. StoweWs Evergreen 9 X Blaeh Mexican $ .—A small,

poorly tilled ear resulted, on which about two-thirds of the kernels

were bluish black like the male parent, the color being limited to the

aleurone layer, and the pericarp in both races being uncolored and

hyaline. The kernels developed were rounded and quite different

from the normal StowelFs Evergreen, but this was doubtless due to

the few whicli matured on the ear. (PI. II, tigs. 10 and 11.) The color

imparted to the kernels in this case is pro])ahly due to xenia, though

the seed of the moth(M- parent had not been previously grown under

the writer's control, and so can not definitely be claimed to have been

pure. Dark blue-black corn is not commonh^ grown, however, and

is not very liable to be found as an impurity in the common races sold

by seedsmen in the United States.

Experiment 36a, Black Mexican 9 X StoweWs Evergreen $ .—A small

ear resulted, on which almost all of the kernels were apparently typ-

ical Black Mexican. Eight kernels were whitish, as if possibly affected

by the cross, the bluish-black or plumbeous color of the endosperm

being absent. Whether this can be considered as a case of xenia can

not be told without further experiments.

DENT CORN CROSSED WITH FLINT CORN.

Experiment 37a^ Iowa King 9 X Gilrnan Flint $

.

—A fair sized

ear developed with yellowish- white kernels having a large proportion

of ver}^ hard corneous endosperm similar to the Flint parent. All of

these kernels seem to clearly show xenia, but the purity of the female

parent was not definitely known.

In Kellerman and Swingle's experiments four ears of white dent

races were crossed with pollen of yellow or brown races of flint. Two
ears showed xenia in producing yellow kernels and two remained

unaffected.

1. McCluer, Corn crossing. 111. Agr. Exp. Sta. Bui. 21 (1892), p. 84.
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FLINT CORN CROSSED WITH DENT CORN.

Experiment Ji/:i, Oilman Flint 9 X Learning Yellov) $ .—The plants

were grown and crossed at Washington in the summer and fall of

1898. A small ear resulted, all of the kernels of which resem])led the

seed of the mother parent, showing no indication of xenia.

In the smnmer of 1899 these were grown at Lincoln, and the major-

ity, if not all of them, proved to be true hybrids. The plants were
intermediate in size between the two parents, in general being larger

and less inclined to stool and branch than the Oilman Flint. In all

ears the kernels w^ere yellow, but varied somewhat in the intensit}" of

the color, some being light-yellow and others orange-yellow\ Some
kernels showed a slight dent at the apex wdiile others were lilled out

like the mother parent. The majority had an opa(|ue, starchy area at

the apex, evidently derived from the male parent. In an examination

of a numl)or of ears of this hy))rid it was found that amono- those ears

which had kernels resembling mainly the flint parent, but more orange

yellow, there were 11 ears with red cobs and 5 ears with white cobs.

Among those ears which had kernels more plainly dented and did not

show the flint characters so plainly, there were 9 ears with red cobs

and 3 ears with white cobs. The red cob thus predominated in the

hybrids, though the mother parent had a white cob.

Experiment 5a ^ Gilman Flint 9 X Hickory King $ .—The plants

were grown and crossed at Washington, D. C, in the summer of 1898.

Only eight kernels matured, all of which were pure orange yellow

like the seed of the mother parent, showing no signs of xenia.

In the season of 1899 these eight kernels were grown and all proved
to be true hybrids. The hybrid plants were intermediate in size

between the two parents and stooled from the base considerably, as in

the mother parent (PI. Ill, fig. 1), three or four stalks developing from
each kernel. These grew much taller and less bushy than the Gilman
Flint. The ears, of which six were inbred, matured considerably

earlier than Hickory King, but not so earl}' as the Gilman Flint. The
cobs of all the ears examined were white. The kernels Avere all slightly

dented, smaller than in the Hickor}' King, and more flinty and hard,

with a much larger proportion of clear, horny, or corneous endosperm.
In color they were yellow or white, kernels of the same color being

irregularly mixed in the same ear.

In neither of the above cases was any indication of xenia shown, but

the races used in experiment 4a w^ere unfavorable for the recognition

of any effect of this sort, and in experiment 5a only eight kernels were
developed. In Kellerman and Swingle's experiments five ears of j^el-

low or ])rownish races of flint crossed with white dent gfave no indi-

cation of xenia, while one ear of a white flint crossed with yellow dent

showed xenia in the production of yellow kernels.
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KI.1NT COKX (.KOSSKl) WITH SWKIOT COKN.

Experiment 30a, GUmnn Flint '^ X Blueh Jlc.rlam S .- Only a few

koniols set, and these showed no indication of xenia. No other artili-

cial pollinations of this combination were made, but some of tiie ears

of Gihnan Flint grown at Lincoln \n 18!>9, and naturally fertilized,

showed wrinkled kernels resemblintr sweet corn (PI. II, tig. T) mixed

on the same ear with the normal kernels (PI. IV, tig. 8). The seed of

the Gilman Flint planted had been inbred artitieially the previous

season and had shown no sign of im])urity, so that the writer thinks this

to be an undoubted case of xenia. A row of Stowell's Evergreen was

growing near the (lilmun Flint, about lOO feet away, and the two races

were in bloom at the same time. It is interesting to note that the

wrinkled kernels of the Gilman P'ilnt showing xenia were yellow like

the normal Gilman Flint instead of white and hyaline like the Stowell's

Evergreen. So far as the writer is informed no race of yellow sweet

corn was grown near b}' from which the pollen could have come. The

wrinkled kernels were more translucent than the normal kernels, in

this regard resembling the sweet corn. In a munber of the kernels

which were wrinkled like sweet corn the effect seemed to be limited to

certain portions of the kernel, half of the kernel being smooth like

normal Hint and half wrinkled like the sweet corn parent. This may

be similar to the occurrence of color in spots in the endosperm, when

shown as xenia, as in several cases cited above. These differences in

composition in different portions of the endosj^jerm, however, are not

so easily recognizable as in the case of color differences and not so

marked when observed.

SWEET COKX CKOSSEI) WlTir FLINT COKN.

No experiments were made with this combination, but an interest-

ing case of apparent xenia occurred in the Black Mexican sweet corn

which was grown at Lincoln in the writer's experimental tield. On
two ears of the Black Mexican over half of the kernels were smooth

instead of wrinkled, resembling in shape the kernels of Gilman Flint

which was growing in the next row" 6 feet away. They were, how-

ever, dark blue-black in color like the typical Black Mexican. The

smooth kernels, while hard and containing an abundance of c6riieous

matter, nevertheless contained in the interior much more white, starchy

matter than- the typical kernels of the Black Mexican. Aside from

the blue-black coloration, the endosperm Avas very markedly similar

throughout to that of the Gilman Flint. While it can not be positively

affirmed that this change in the characters of the kernels is due to

xenia, because the seed used was not definitely known to be pure, yet

the evidence is in favor of this interpretation of the phenomenon.

In Kellerman and Swingle's experiments above referred to, three

ears of different sweet corn races crossed with flint corn pollen showed
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xcnia plainly in producinir smooth kernels like the male parent, and

in being changed in color.

DISCUSSION OF RESULTS.

The experiments of the writer are in many cases open to the com-

mon criticism that the seed used Avas not known to l)e pure. In a

num))er of instances, howeyer, practically all of the possibilities of

error were eliminated. In experiment 10a, where marked xenia

occurred in the color of the aleurone layer, the seed from which the

mother plant grew was from an ear of a pure race artificially inbred

the previous year and thus known to be true to type. The year in

which the cross was made, furthermore, no variation from the t3'pe

was observed in inbred ears, but some kernels on ears open to cross-

fertilization with adjoining races showed xenia, as would be expected.

In the case of Hickory King 9 X Cuzco 759 $ (experiments la, lb, and

Ic), where xenia was shown in the color of the aleurone layer, the seed

used, while not previously cultivated by the Avriter, was produced b}-

a careful seedsman who is known generally to use considerable care

to grow pure seed. Inbred ears the same season showed no variation,

and all of the kernels which showed xenia were found to be true

hybrids, so that the possibility of error in this case is reduced to a

minimum. The production of kernels resembling svreet corn on ears

of Gilinan Flint, produced from seed which had been inbred the pre-

vious year and thus known to be pure, is also considered by the writer

to be an undoubted case of xenia. (See p. 291.) The same is true of

the crosses of sweet corn with dent corn occurring in a field of sweet

corn grown from seed of known purity by Mr. J. C. Bradt and

examined by the writer. (See p. 241.) The other cases in which xenia

has apparentl}^ occurred in the experiments of the writer, while open

to some doubt, are, it is thought, more reasonabl}^ to be explained as

caused by xenia than in any other way. The conclusion has, there-

fore, been reached by the writer that xenia does occur in maize, what-

ever its interpretation ma}^ be.

In all of the cases observed b}' the writer no exception has been

found to the rule first asserted by Koruicke, that xenia is shown only

in the endosperm, the portions of the kernel outside of the endosperm

remaining unaffected. "Nach meinen Beobachtungen haltc ich es

aber gleichwohl fiir wahrscheinlich, dass der Mais, welcher einen

gefarbten Inhalt der Kleberzellen hat, sich theilweis direct vererbt,

aber auch nur dieser.''^ Color in the endosperm is frequently trans-

mitted as xenia, but color in the pericarp apparently can not be thus

'Kornicke, 1. c, p. 70: "According "to my observations I consider it, however, to

be probable that only in that maize in which the contents of the cells of the aleurone

layer are colored is there an immediate effect of pollen."
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shown, as red dent corn, where the color is in the pericurp, does not

appear to cause xenia. (See p. 2<U.)

In the writer's experiments it Avas found that the phnn))eous or

bhiish-black coh)r of the aleurone layer of the endosperm in the Cuzco

and l^lack Mexican races was apparcnth' shown in almost all cases as

xenia when these races were used as the pollen parents in crossing

with white or yellow races of dent, flint, or sweet corn. Where, how-

ever, the race having the dark-colored aleurone layer is used as the

female parent and is crossed with pollen of yellow and white races it

would seem that xenia is not so lialile to show, but the writer's experi-

ments have not been sufficiently extended to demonstrate this conchi-

siveh'. According to one of Correns's^ propositions it is impossible

for xenia to show as change of color when a race with a y(^llow endo-

sperm and blue violet aleurone Vdyev is crossed with a race in which

the endosperm and aleurone layer are white or colorless. If the writer's

hj^Dothesis in regard to the formation of mosaic or variegated kernels

by xenia, discussed in detail later on, is true, it would seem probable

that races with dark-colored aleurone layers could, at least in some

cases, be influenced In- crossing with races with colorless aleurone

layers. This question, however, can not be settled without further

experiments.

The chemical composition of the endosperm has been found to be

greath" changed as a result of xenia. Sweet corn crossed with pollen

of dent or flint races produces smooth kernels with starchy endosperm

like the male parent, this feature being very noticeable. In this case

the sweet corn, if a dark-colored race like the Black Mexican, may
produce the smooth, starch}^ kernels of the male parent, but retain its

original color unchanged, as in the case of Black Mexican X Gihnan

Flint (see p. 291). If, however, the race of sweet corn used is hyaline,

the color as well as the chemical composition may be changed as in the

case of Stoweirs Evergreen X 3^ellow dent (experiments 13a and 13b,

p. 23) or white dent (PI. II, fig. 4). Dent races, however, in which the

endosperm is starchy, do not seem to show xenia by changing to the

sweet corn type of endosperm (experiments 11a, 16a, 31a, and 31b, etc.).

Flint races crossed with sweet corn may show xenia in the wrinkled

t3^pe of sweet-corn endosperm produced as in the case cited of Gilman

Flint X Stowell's Evergreen (p. 21); also PI. IV, fig. 3). In this case

the kernels, while showing the wrinkled character of the male parent,

retained the yellow color of the mother parent. This instance of the

effect of pollen from a race with sugary endosperm on a race with

starchy endosperm in producing wrinkled kernels apparently with

sugary endosperms forms an exception to Correns's proposition 14, that

xenia may result in that " a more complicated chemical compound

^Correii!:?, 1. c, Propositions 1, 2, and 14.
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(starch) is laid down instead of a less complex compound ('Schleim,'

dextrin?); never the opposite, whereby * * * a simpler substance

is laid down instead of a more complicated one.''' B}^ crossing a

white dent race with pollen of Black Mexican, a race of sweet corn,

McCluer- obtained ears showing xenia in having manj-of the kernels

bluish-black and wrinkled like the male parent. The wrinkling of the

kernels here would indicate that the starchy endosperm of the Dent
race had been modified and become similar to the sugary endosperm
of the sweet corn. In describing the xenia produced in this case,

McCluer says:

Ears produced b\' crossing a White Dent with pollen of Black jNIexican ha<l ker-

nels varying in color from white to black. More than half the kerhels were wrinkled
and had the taste characteristic of sweet corn, while the rest, though showing the

black color as much as the wrinkled or sweet kernels, were only less dented than is

characteristic of the variety. The taste was not modified.

In the writer's experiments, however, particularly in the case of

dent races with starch}^ endosperm crossed with sweet corn with

sugary endosperm, there has been no indication of a modification of

the chemical constitution, and while it seems probable that there may
be exceptions to Correns's proposition, it would nevertheless seem to

hold true in the great majority of cases.

The experiments and observations of the writer all favor the theory

that xenia in maize is caused bj' the fecundation of the emMyo sac

nucleus b}^ one of the male nuclei, as suggested by De Vries and
Correns, and the evidence now available would seem to indicate that

those cases of supposed xenia where the pericarp is influenced must be

due to other causes or be explained as errors of observation. Gilta3"'s^

work has done much to clear up this matter, as cited in the introduc-

tion, because in no case other than corn was the occurrence of xenia

supposed to be so thoroughly established as in peas. In his exten.sive

experiments, however, Gilta\^ secured no instance where the effect of

the cross showed in the portions of the seed outside of the embryo,
and the influence on the em})ryo itself is of course readily understood.

The changes in the color of the embryo were visible through the

h^^aliiie seed coats, and unless closely examined the color might be

interpreted as being in the seed coats. It must be remembered, how-
ever, that both Gaertner * and Berkeley,^ in describing instances of

xenia in peas which the}- had observed, distinctlv stated that the color

is in the seed coats, and it is yet too early to conclude that cases may
not occur where the influence is shown outside of the endosperm.

^ Correns, 1. c, p. 413.

^McCluer, Corn Crossing. I.e., p. 84.

^ Giltay, 1. c.

* Gaertner, Versuche vmd Beobachtungen iiber die Bastarderzeugung im Pflanzen-

reich, pp. 81 and 499. 1848.

5 Berkeley, Card. Chron., 1854, p. 404.
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The fact that the embryo itself may be ohano-ed in color bv cross

;

fertilization, as observed b}- Gaertner, Laxton, Darwin. Giltay, and
others, favors the conclusion that the color in the endosperm of corn

may be due to the fecundation of the embryo sac nucleus. If the

embrj^o, the immediate result of the union of the male and female

pronuclei, can show the effect of changed color in the seed, it favors

the interpretation that the endosperm, the immediate result of the

union of the endosperm nucleus with one of the male nuclei, would
probably be able to show similar changes of color.

In the writer's experiments all kernels showing xenia, which have

been grown, have proved to be true hybrids, and there can be l)ut

little doubt that this is usually if not always the case. Correns makes
the definite statement that "the plant growing from a kernel showing"

xenia is always a h3'brid." In races which show xenia on crossing

the change may be used as a hand}- index to demonstrate that a cer-

tain kernel has been hybridized and is thus a convenient check in

practical hybridization work. The converse of this proposition, how-
ever, that all seeds which have been hybridized show xenia, is not

true, even in cases where xenia conmionly occurs. In quite a number
of instances of crosses of different races which commonly show xenia,

no evidence of the cross was visible, the kernels remaining the same
as those of the mother parent. This was very noticeably the case in

experiments la, lb, and Ic, where some of the kernels showed xenia,

but where fifty-one which showed no indication of xenia proved to be
undoubted hybrids. It would »eem probable that in these cases the

embryo sac nucleus was not fecundated, but developed without fecun-

dation taking place. So little is known about double fecundation that,

while it seems undoubtedly to occur in some plants, we do not know
whether it is a process necessary to development. While the egg cell,

which is the important organ, must in almost all cases be fecundated,

a few truly parthenogenetic cases are known where the egg cell develops

without fecundation having taken place. It would thus not be sur-

prising if the embryo sac nucleus should be capable of functioning

even if it were not fertilized. The evidence from the non-appearance
of xenia in so many instances of true hybrids of varieties where xenia
may occur favors this interpretation.

The peculiar feature of xenia showing in spots on the kernels, as in

Hickory King X Cuzco (experiment la, PI. I, figs. 9-12), and occasion-

ally on one-half of a kernel, as in Pedrick's Perfected Golden Beauty
X Cuzco (experiment 20a, PL I, fig. 24), and Gilman Flint X Stowell's
Evergreen (p. 29), is interesting in this connection. A hypothesis
has occurred to the writer which may explain such phenomena, but
the evidence in its favor is yet very incomplete. As stated above, in

very many cases of true hybrids of parents capable of showing xenia
25258—No. 22 3
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no effect is produced, and in such cases the fecundation of the embryo-

sac nucleus probal^ly did not take place.

It is not improbable that in some cases the second sperm nucleus

enters the embryo sac, but fails to unite with the two polar nuclei. In

such cases it may be able to form a spindle and divide separately, the

unfecundated embryo sac nucleus formed by the union of the two polar

nuclei also dividing separately. If this occurs, there would then be

formed, in the protoplasm of the embryo sac, nuclei of two distinct

characters, one group from the division of the embryo sac nucleus and

the other from the division of the sperm nucleus.

The nuclei which form the endosperm reproduce free in the cyto-

plasm of the embryo sac, the cell walls which delimit them not form-

ing for some time, probably not until nearly the ultimate number of

nuclei have been formed. Before a very large number is formed they

move out from the center of the embryo sac and usually come to lie

near the wall, where the nuclear reproduction continues. In the

delimitation of the nuclei later b}' the formation of walls about them

the process of wall formation begins at the periphery of the embryo

sac and gradually extends inward. This process of endosperm forma-

tion, which is common in seed plants and is known to occur in wheat,

is doubtless the process occurring in corn. If. then, the union of the

second sperm cell with the embryo sac nucleus fails to take place and

they both divide separately, when the nuclei formed by their divi-

sion move out to the surface of the embryo sac the nuclei of male and

female origin would probably become more or less interspersed. In

their further division we would then have groups of cells of male

origin here and there, interspersed between those of female origin. It

is probable that when the nuclei become dispersed around the outer

portion of the embryo sac they largely retain their individual location

and sphere of influence, so that the nuclei resulting from the division

of one nucleus after it has assumed a location at the surface remain

near together and, ultimately, when delimited by walls, form a

group of ceUs derived from the same nucleus. If this is the case,

wherever a nucleus derived from the division of the second sperm

nucleus is located, after migration to the periphery of the embryo sac,

there would be formed ultimately an island of tissue which, being

derived entirely from the male parent so far as the nucleus is con-

cerned, would probably exhibit almost entirely the characters of the

male parent. This hypothesis would account for the occurrence of

such variegated kernels as were produced in experiment la (PI. I,

figs. 9-12).

When the migration of the nuclei from the center of the embryo

sac to the periphery occurs, if the nuclei derived from the male nucleus

have remained grouped together, as would probably occur, while those

derived from the division of the embrvo sac nucleus have remained
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grouped together in a similar manner, it is probable that in their migra-

tion to positions near the periphery' of the eml)ryo sac those from one

group would come to occupy mainly one portion of the embryo sac,

while the others would occupy the other portion. This would lead to

the production of kernels where approximately half of the endosperm

resembles one parent and the other half the other parent, as was the case

in some kernels produced in Pedrick's Perfected Golden Beauty 9 X

Cuzco 7a $ (p. 21, PI. I, tig. 2-i) and Gilman Flint X StowelFs Ever-

green (p. 29).

As bearing on this hypothesis it should be remembered that it is

well known that in the e.gg cell proper of both plants and animals the

male and female pronuclei do not fuse together intimately, but remain

more or less distinct until the reorganization of the .daughter nuclei

after the first division, and among certain animals the maternal and

paternal elements have been traced through several cell generations.

Hacker ^ first found that in Ckjclops drenmis the two pronuclei do not

fuse, but give rise to two separate groups of chromosomes, which lie

side by side at the equator of the tirst cleavage spindle, and in the

dauo"hter cells resultino- from this division each nucleus consisted of

two distinct lobes, which Hacker thought to represent the maternal and

paternal elements. The truth of this was later demonstrated by Riick-

ert," who was able to trace the distinct groups of chromosomes derived

from each parent, from the bi-lobed nuclei of the two-celled stage

through the second cleavage, and in mau}^ instances distinctly recog-

nized the double character of the nuclei in a much later stage, when

the germ layers were being formed. In the division of the bi-lobed

nuclei of the two-celled stage a double spirem and double group of

chromosomes are formed, the spindles being almost entirely distinct

and resulting in the formation of bi-lobed nuclei. In Ascaris also,

the maternal and paternal chromosomes remain distinct for some time,

according to Herla,^ who was able to distinguish them perfectly as

far as the twelve-cell stage. The male nucleus, furthermore, has been

found by a number of investigators to be capable of independent

division. This was shown in the now classical researches of Boveri* in

fertilizing enucleated fragments of the eggs of sea urchins. Boveri

showed that spermatozoa will enter enucleated fragments of eggs and

that such fragments divide and give rise to dwarf larvae, diliering

only from the normal in size and in containing only half the ordinary

^Hiicker. Die Eibildung bei Cyclops und Canthoeamptus. Zool. Jahrb. V., 1892.

^ Riickert. Ueber das Selbstiindigbleibeii der viiterlichen und miitterlichen Kern-

substanz wahrend der ersten Entwicklung des befruchteten Cyclops-Eies. Archiv.

f. mikroscop. Anatomie, XLV, 3. 1895.

^'Herla. Etude des variations de la mitose chez I'ascaride megalocephale. Arch-

ives de Biologie, XIII. 1893.

* Boveri. tJber die Befruchtungs und Entwickelungsfiihigkeit kernloser Seeigel-

Eier, etc. Archiv. f. Entwickelungsmechanik, II, 3. 1895.
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number of chromosomes, Boveri's results, so far as the division of

the enucleated fragments of eggs when fertilized is concerned, have

been confirmed by several investigators, and there would seem to be

no doubt of the correctness of the observation.

The facts thus established that in some cases among animals the male

and female elements remain separate and almost entirely distinct

through several divisions, and that the male pronucleus ma}^ in some

cases form a spindle and divide alone without fusing with the female

pronucleus, would seem to strengthen the probability that the second

male nucleus which enters the embr3''o sac in maize may divide without

uniting with the embryo sac nucleus, and thus give rise to the varie-

gated or mosaic endosperm, as suggested by the writer. Again, the

very recent observations of Guignard ^ on double fecundation are sug-

gestive in connection with this hypothesis, as in Endymion he finds

that the two polar nuclei, the union of which produces the nucleus of

the embryo sac, approach and touch each other long before the pene-

tration of the pollen tube into the ovule. But, although flattened at

the point of contact, they do not fuse, their contours remaining quite

distinct. It would seem quite probable that in some plants these two
nuclei may fuse, or even divide, before the male nuclei enter the

embryo sac, or be so far advanced that the male nucleus would not

fuse with them, and thus result in its remaining isolated and dividing

without fusing with a nucleus of female origin. It is of course cer-

tain that the fecundation of the embryo sac nucleus is not necessary

to the formation of the endosperm in all cases, as in some plants the

endosperm is known to form before fecundation takes place. So far

as the writer is informed it is not known when the polar nuclei in corn

fuse, but it is interesting to note that in Triticum, a related plant,

Koernicke found that the polar nuclei approach each other and appar-

ently become thoroughly fused together before fecundation takes

place. Koernicke wrote:

Wir erinnern uns, dass vor der Befruchtung die beiden Polkerne des Embryo-
sacks sich zum sekundiiren Embryosackkern vereinigt haben. Dieser Doppelkern

l)eginnt nach einiger Zeit, wobei man noch immer einen zarten Streifeu bemerken
kaiin, der auf seine Entstehung durch Yerschmelzmig eweier Kerne hindeutet, sich

zu theilen. Die erste Theilung tritt gewobnlich schon dann ebi, wenn der PoUen-

schlauch im Embryosack angekommen ist und sich an die Eizelle angelegt hat.

Nachdem die Befruchtmig durch die Vereinigung des Spermakerns mit dem Eikerne

vollzogen ist, hat der Endospermkern sich schon mehrfach getheilt.^

^ Guignard. In report of the March 12, 1900, meeting of the Paris Academy of

Sciences. Nature, Vol. 61, p. 507. 22 March, 1900.

^ Koernicke, Max. Untersuchung iiber die Entstehung und Entwicklung der Sex-

ualorgane von Triticum. Verhand. d. naturhist. Ver. d. preuss. Rheinlande Westf . u.

d. Regierungsbezirks Osnabriick, Bd. 53, Jahrgangl896, p. 174. "We must remem-
ber that before fecundation the two polar nuclei of the embryo sac have united to

form the secondary embryo sac nucleus. This double nucleus begins to divide after
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A second hypothesis which has some evidence in its support, and

which should be considered in the investig-ation of the pro))leni. is the

possibility that the second sperm nuch^us fuses with one of the pohir

nuclei and that after their fusion takes place the other nucleus is

repelled and develops independently. This would give rise to two

groups of cells, as in the tirst hypothesis, one froni the division of the

fecundated nucleus and containing both maternal and paternal ele-

ments, and the other from the division of the unfecundated polar

nucleus containing only maternal matter. If this process of fusion

and cleavage took place, the ultimate distribution of the two groups of

nuclei at the periphery of the em))ryo sac and the formation of islands

of tissue of different origin and characters would probably occur as

suggested in the discussion of the tirst hypothesis.

The further investigation of the fecundation of the endosperm

nucleus will doubtless throw light on many questions now in doubt,

and the above hypotheses are suggested to direct the attention of

investigators to the desirability of obtaining evidence supporting or

contradicting them.

Note.—Since the above bulletin went to press a second important

paper b3' Prof. Hugo de Vries has appeared, entitled "Sur la fecon-

dation hybride de Fendosperme chez le mais" (Rev. generale de Bot,

Vol. 12, pp. 129-137, 15 avril, 1900). The experiments described in

his preliminary paper above referred to (p. 7) are described more

in detail and with illustrations; and the connection of double fecunda-

tion with the production of xenia is more fulh' discussed. No impor-

tant new features are given, however, which were not mentioned in

lis preliminary paper, so that no further discussion of the article is

lecessary in connection with the features brought out in this bulletin.

a time, during which a delicate line can always be observed, indicating its origin

through the fusing of two nuclei. The first division is usually already beginning

when the pollen tube reaches the embryo sac and applies itself to the egg cell. By
the time fecundation is effected through the union of the sperm nucleus with the egg

nucleus the endosperm nucleus has already divided many times."
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DESCRIPTION OF PLATE I.

[Figs. 1-31, iiiitural size; fig. 32, x 200 diam.]

Figs. 1 and 2.—Hickory King: Anterior and posterior view of kernel.

Figs. 3 and 4.—Cuzco 759: Anterior and posterior view of plumbeous-colored

kernel.

Fig. 5.—Cuzco 759: Posterior view of a mottled kernel, the color of which is all

in the aleurone layer of the endosperm.

Fig. 6.—Cuzco 759: Posterior view of a mottled kernel, the dark blotches being

due to color in the aleurone layer of the endosperm, and the reddish ferruginous

flush tx) color in the pericarp.

Figs. 7 and 8.—Cuzco 760: Two kernels showing anterior and posterior views.

(The kernels of Cuzco figured in 3-8 are all simply the different colored kernels

of a single very mixed race.

)

Figs. 9-12.—Kernels of la (Hickory King 9 X Cuzco 759 $ ), showing xenia, the

dark plumbeous color of the male parent appearing in irregular blotches.

Figs. 13 and 14.—Kernels of la (Hickory King 9 X Cuzco $), showing no
indication of xenia.

Figs. 15 and 16.—Two kernels of first generation hybrid No. 5 from experiment la

(Hickory King 9 X Cuzco 759 $ ). The general coral red or rufus color is limited

to the pericarp, as in the Cuzco kernel shown in fig. 6, while the dark blotches

shown in fig. 16 are caused by color in the aleurone layer of the endosperm, as in the

case of the kernel in fig. 9, showing xenia, which is a painting of the original kernel

from which hybrid No. 5 grew.

Figs. 17 and 18.—Two kernels of first generation hybrid No. 23 from experiment
la (Hickory King 9 X Cuzco 759 $ ). The ferruginous or fuscous color here is in

the pericarp and is evidently derived from the male parent, being similar to that of

the Cuzco kernel shown in fig. 6.

Figs. 19 and 20.—Kernels of Id (Hickory King 9 X Cuzco 759 $ ), showing xenia,

the plumbeous or heliotrope-purple color, which is limited to the aleurone layer,

coming from the male parent.

Figs. 21 and 22.—Kernels of 10a (Hickory King 9 X Cuzco 759 J* ), showing xenia,

the heliotrope-purple color derived from the male parent being located in the aleurone

layer. (Compare cross section of one of these kernels, fig. 32.)

Figs. 23, 24, and 25.—Kernels of 20a (Pedrick's Perfected Golden Beauty 9 X
Cuzco 7a (J ), showing xenia, the plumbeous or heliotrope-purple color derived from
the male parent being located in the aleurone layer. ( Kernels of typical mother
parent used in this experiment are shown in figs. 26 and 27, and those of father

parent in figs. 3, 4, 5, and 6, as Cuzco 7a is simply seed from an inbred ear of the

typical Cuzco.)

Figs. 26 and 27.—Kernels of typical Pedrick's Perfected Golden Beauty, which was
used as the mother parent in experiment 20a. (Compare figs. 23, 24, and 25.)

Figs. 28 and 29.—Kernels of 41a (Leaming Yellow 9 X Cuzco 759 $ ), showing
xenia, the dark plumbeous color derived from the male parent being limited to the

aleurone layer. (Typical kernels of the mother parent are shown in figs. 30 and 31.

)

Figs. 30 and 31.—Kernels of Leaming Yellow, which was used as the mother
parent in experiment 41a. (Compare figs. 28 and 29.

)

Figs. 32.—Cross section of kernel of 10a (Hickory King 9 X Cuzco 759 $ ), show-
ing xenia, the heliotrope-purple color derived from the male parent being limited to

the aleurone layer: p. pericarp; t, testa; n, nucellus; a, aleurone layer of endosperm;

s, starchy endosperm.
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DESCRIPTION OF PLATE II.

[Figures all natural size.l

Fig. 1.—Learning Yellow: Anterior and posterior views of kernels.

Fig. 2.—Champion "White Pearl: Anterior and posterior views of kernels.

Fig. 3.—Stowell's Evergreen: Anterior and posterior views of kernels.

Fig. 4.—Kernels of Stowell's Evergreen, showing xenia from crossing with pollen

of Champion "White Pearl. (Comjiare with male parent, fig. 2, and female parent,

fig. 3.)

Fig. 5.—Kernels of Stowell's Evergreen, showing xenia from crossing with pollen

of Learning Yellow. (Compare with male parent, fig. 1, and female parent, fig. 3.)

Fig. 6.—Gilman Flint: Anterior and posterior views of kernels.

Fig. 7.—Kernels of Gilman Flint, showing xenia from crossing with pollen of

Stowell's Evergreen. (Compare with male parent, fig. 3, and female parent, fig. 6.)

Fig. 8.—Black Mexican: Anterior and posterior views of kernels.

Fig. 9.—Kernels of Black Mexican, showing xenia from crossing with pollen of

Gilman Flint. ( Compare male parent, fig. 6, and female parent, fig. 8.

)

Fig. 10.—Kernels of Stowell's Evergreen 9 X Black Mexican $ (experiment

15b), which are white and transparent, resembling the mother parent.

Fig. 11.—Kernels of Stowell's Evergreen 9 X Black Mexican $ (experiment
15b), showing xenia in the blue-black color impai-ted to the aleurone layer of the

endosperm. (Compare unaffected kernels from same ear, which are shown in fig.

10, and also male parent, fig. 8, and female parent, fig. 3.

)

Figs. 12 and 13.—Kernels from an ear of a pure race of white sw'eet corn, some
of which show xenia from crossing with pollen of a yellow dent race. Those of fig.

12 are normal, evidently having been self-fertilized, while those shown in fig. 13

show xenia.
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DESCRIPTION OF PLATE III.

Fig. 1.—Hybrids of Hickory King 9 xCuzco 759 ^ (first-generation hybrid from

experiment Id ) , showing increased vigor. In order to show the size as compared with

the parents the attendant held a stalk of Hickory King in his left hand and one of

Cuzco in his right hand.

Fig. 2.—Central stalk a hybrid of Hickory King 9 X Cuzco 759,?; stalk on left

Hickory King, the mother parent; stalk on right Cuzco, the father parent. (Stalks

in each case of maximum size, the largest that could be selected from the experi-

mental plats.)
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DESCRIPTION OF PLATE IV.

Fig. 1.—Hybrid and parents: Hill in center, a first generation hybrid of GiLman

Flint 9 X Hickory King $ ,
grown from one kernel (experiment 5a); hill on right,

Gilman Flint, the mother parent; hill on left, Hickory King, the father parent.

Fig. 2.—Ear of sweet corn, the smooth kernels of which show xenia from crossing

with pollen of a yellow dent race. Natural size. (See p. 24.

)

Fig. 3.—Ear of Gilman Flint, the wrinkled kernels of which show xenia from

crossing with Stowell's Evergreen. Natural size. (See p. 29.)
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