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HE law creating the lowa Geological Survey provides for 

the publication of Bulletins on subjects of economic inter- 
est relating to the Natural History of the State. It is with 

sincere pleasure that the Survey now presents to the people 

of Iowa, Bulletin Number 1. This volume treats of the Grasses 

of Iowa, a subject of p imary importance to the rapidly devel- 

oping agricultural interests of the state. The preparation of 

_ the volume involved an immense amount of careful and con- 

scientious work, but it was all done as a labor of love on the 

part of the authors. The work is submitted in the confident 

belief that it will be of the highest value to the great industry © 
that so conspicuously transcends all other industries in our 

magnificent state. 

SAMUEL CALVIN, 

State Geologist. 
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GRASSES OF IOWA. 

PART I. 





INTRODUCTION. 

No apology is needed for a work describing the grasses of 

Iowa. The importance of Iowa as an agricultural state depends 
largely on the value of products derived from members of the 

grass family, such as corn, oats, blue grass, wheat, etc. Jowa’s 

wealth depends largely on the produce derived from the grasses 
and cereals. 

The work on grasses may be divided into two parts: First, 

economic considerations on cereals and grasses, especially 

with reference to general structure, the seed and its germina- 

tion and vitality, the cereal production of the state as com- 
pared with other parts of the world, climatology of some of 

our most important cereals, grasses in medicines, pastures and 

meadows of Iowa, their chemical composition, the fungus dis- 

eases of our cereals and grasses, and means of prevention. It 
is only in a few instances that we are provided with precise 

knowledge of the changes that occur in grasses during their 

development. This is an important subject and can only be 

solved through a series of continued investigations. 

So far as possible the grasses have all been figured. One- 
third have been drawn expressly for this work by Miss Char- 
lotte M. King. Some have been photographed by Dr. S. W. 

Beyer. F. D. Coburn and Mr. Charles N. Page also supplied 
a few cuts, and we are especially indebted to the United States 
Department of Agriculture. The descriptive part is supplied 
mostly by F. Lamson-Scribner. He has also kindly examined 

all the grasses in the collection and those of the State Uni- 

versity of lowa. The economic, ecological notes and accounts 

of diseases, as well as the original chemical matter, should be 

attributed to the senior authors. Thanks are due to the fol- 

lowing persons who have contributed specimens: Mr. E. W. 
D. Holway, Decorah, Iowa; Prof. P. H. Rolfs, Clemson Col- 

lege, S. C.; Prof. H. W. Norris, Grinnell, Iowa; Prof. B. Fink, 

Fayette; Prof. A. S. Hitchcock, Manhattan, Kan.; Dr. M. Rey- 

nolds, Minneapolis, Minn.; F’. C. Stewart, Geneva, N. Y.; F. 
3 



4 INTRODUCTORY. 

A. Sirrine, Jamaica, N. Y.; Prof. E. E, Kaufman, Fargo, N. 

D.; Prof. G. W. Carver, Tuskeegee, Ala.; F. Reppert, Musca- 

tine; Prof. C. E. Bessey, Lincoln, Neb.; Bandusia Wakefield, 

Sioux City; A. A. Miller, Davenport; W. D. Barnes, Blue 

Grass; C. A. Wilson, J. I. Schulte, C. R. Ball, W. E. Gossard, 

C. O. Pool, W. Newell, Charles Le Buhn, A. F. Sample, J. H. 

Rolfs, Emma Sirrine, C. B. Weaver, B. H. Hibbard, H. C. Tay- 

lor, A. P. Whitmore, W. H. Warden, C. E. Eckles, Miss A. 

Estella Paddock, H. H. Hume, C. A. Battles, H. A. Crawford, 

W. D. Fitzwater, H. O. Sampson, Geo. F. Sokol, E. R. Hodson, 

L. R. Walker and other students of the Agricultural College. 

Specimens sent from F. Reppert of Muscatine, W. D. Barnes 

of Blue Grass, A. A. Miller of Davenport, J. H. Mills of Mount 

Pleasant, R. I. Cratty of Armstrong, and B. Fink of Fayette, 

are especially worthy of mention. Several local species are 
found in the vicinity of Muscatine and Davenport which do 

not occur elsewhere in the state. We wish also to express our 

special thanks to Prof. T. H. Macbride and B. Shimek of the 
State University of Iowa. The latter hag not only favored us 

with specimens, but has gone through the entire collection of 

the State University and listed such as were determined by 

Professor Lamson-Scribner. We wish also to express thanks 

for uniform courtesy shown us by the Division of Agrostology 

of the United States Department of Agriculture. We are also 

indebted to Dr. William Trelease of the Missouri Botanical 

Garden for the use of books, to Dr. Robinson of Gray Herbar- 

ium of Harvard University for having kindly looked up the 

specimens referred to in Gray’s Manual, sixth edition; to Dr. 

Harshberger of the University of Pennsylvania for the speci- 

mens of Zea canina and its hybrids with Luchlaena; Prof. G. W. 

Carver for help on fungus diseases of grasses, and Dr. H. Fos- 

ter Bain and Dr. Calvin, who encouraged the work in every 

way. We wish also to express our thanks to the agricultural 

press of this state, which has kindly assisted us in every way 

possible in making a complete collection of our grasses. 

Special mention should be made of the volunteer observers of 

the Iowa State Weather Service, who have in every way assisted 

us. Their notes and specimens have been of much value to us. 

Special thanks are also due to Miss Emma Sirrine, Dr. H. Fos- 

ter Bain, Dr. S. Calvin; to C. R. Ball, and R. Combs, who assisted 

in preparing the bibliography; to Dr. S. W. Beyer, who made 

most of the photographs; C. B. Weaver and several students, 
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who made some of the drawings representing anatomy of 

leaves, and Miss Charlotte M. King, for faithful drawings. 

Thanks are due also to Mrs. M. S. Schoonover, Miss Nellie 

Newman and Miss Loughran for clerical help. 
The names of collectors and of localities will be found in 

their appropriate connection. We trust that this volume, a pre- 
liminary one of the botanical series, will meet with the 
approval of botanists as well as the people of the state. 

The chemical analyses of the grasses, presented in this 

work, were made by the chemical section of the Experiment 

Station, and the faithful service of Messrs. Mead and Gretten- 

burg have added largely to the completeness of the work. 

L. H. PAMMEL, 

J. B. WEEMS. 
Ames, Iowa, November 1, 1899. 
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GRASSES OF IOWA. 7 

GRASSES—GRAMINEZ. 

General Description. 

Characters of the Order.—F ibrous-rooted, annual or perennial, 

herbaceous plants (among our species Arundinaria alone is 
woody), with usually hollow, cylindrical (rarely flattened) and 
jointed stems (culms) whose internodes for more or less of 
their length are completely enveloped by the sheath-like basal 

portion of the two-ranked and usually linear, parallel-veined 
leaves. 

Flowers without any distinct perianth, hermaphrodite or 

rarely unisexual, solitary or several together, in spikelets, 

these disposed in panicles, racemes or spikes, and consisting 

of a shortened axis (the rachilla) and two or more chaff-like, 
distichous bracts (glumes), of which the first two, rarely one 

or none or more than two, are empty (empty glumes); in the 
axil of each of the succeeding bracts (except sometimes the 

uppermost) is borne a flower (hence these are named flowering 

glumes). Opposed to each flowering glume, with its back 

turned toward the rachilla, is (usually) a two-nerved, two- 

keeled bract or prophyllum (the palea), which frequently envel- 
ops the flower by its enfolded edges. This bract is the pro- 

phyllum of the extremely short axis or branch which supports 

the flower; its absence indicates that the flower is strictly ses- 

sile or inserted directly on the rachilla; the rachilla or axis of 

the spikelet may or may not be produced beyond the palea. 

At the base of the flower, between it and its glume, are usually 

two very small hyaline scales (lodicules); rarely there is a 

third lodicule between the flower and the palea. Stamens, 
usually three (rarely two or one, or more than three), with very 

slender filaments and two-celled, usually versatile anthers. 

Pistil with a one-celled, one-ovuled ovary, and one to three, 

usually two, styles, with variously-branched, most frequently 

plumose, stigmas. Fruit, a true caryopsis, rich in albumen. 

(In Sporobolus and Eleusine the fruit is a utricle, the seed 

being loose within the thin pericarp.) Embryo small, lying at 
the front and base of the seed, covered only by the thin pericarp. 
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The organs or parts of grasses, as in other plants, are those 

of vegetation and those of reproduction; to the first belong the 

root, stem or culm, and leaves; to the second the stamens and 

pistils. 
Roots. 

Gross characters.—Grass roots are always fibrous. The more 

or less strong underground rhizomes are often called roots; 
they are not true roots, but are specially modified stems. 

Minute anatomy.—The purpose or func- 

| tion of the roots is to obtain nutrient mater- 

ial from the soil and conduct these matters 
through certain channels. . It is important, 
therefore, to consider the structure of the 

roots from an anatomical standpoint. One 

PS = 

OS at 

—~ 
iF 

Fig. 2. Blue grass and its system of 
roots. (King.) 

illustration will serve to show the struc- 

ture, and for that purpose the corn plant 

may be taken as a type.* 
The first root is early formed by the plant; 

it exists in the seed. When appropriate 

material, moisture, warmth and oxygen is 

*For literaturesee: J. W. Harshberger. Maize; A Botan- 
ical and Economic Study. Contr. Bot. Lab. Uni. Penn. 1: 

75-202, 1893. Strasburger, Noll, Schenck and Schimper 

Lehrbuch der Botanik. 558, 1894. J.Sach’s Lecture on the 

Physiology of Plants; English translation by H. Marshall 

Ward. A Text-book of Botany. 858: 461f. G. Haberlandt. 

ee Physiologische Pflanzenanatomie. 550: 235 f. De Bary, Oom- 

Fig.1. Brace rootsof parative Anatomy of the Vegetative Organs of the Phane- 

Mexican corn grown on rogams and Ferns; English translation by F. O. Bower 

college farm. (King.) and D. H. Scott. 659: 247 f. 
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furnished to the seed the root pushes through the covering of 

the seed and enters the soil. Atthis early stage it is easy 

to make out a conical tip known as the root-cap. This 
consists of loosely arranged parenchyma cells. These Gells 

are not alike, but differ in size andshape. Itis easy to observe 
that the cells at a point back of the tip converge; they are des- 

tined for a different purpose from the cells above and below. 

This point isknown as the growing point 

or punctum vegetationis. All other cells 
are derived from the growing point. 
Below, the cells of the root-cap are 
formed. These are continually being 

removed as the roots push through the 
soil. The root-cap is purely protective 

in its function. In the center occurs 

what is known as the central cylinder 

Fig. 3. Roots of Foxtail (plerome). On either side occurs the 

Ue ata ee cortex (periblem). The outer layer is 

the epidermis (dermatogen). These cell walls are more or less 

mucilaginous. All of these young cells contain an abundance 
of protoplasm and a distinct nucleus. Ata little distance back 
of the tip, the epidermal eells form root hairs. These are at 
first straight and have delicate walls, but as they increase in 

length they become tortuous and insinuate themselves among 

soil particles, the grains of sand adhering owing to the muci- 
laginous character of the cell walls. Owing to their intimate 

contact with the same, it is difficult to remove the soil. The 

older root hairs are continually being re- 87 

placed as the root increases in length. A f 4 

cross section through an older root shows 

that itis made up of three parts: the outer 
epidermis; the central axis or cylinder, con- 
taining the fibro-vascular elements; and be- 

tween the two, the parenchymatous tissue. 
The central cylinder is bounded by the 

endodermis and a peripheral layer. The 
cells of the endodermis are without inter- 
cellular spaces, and are more or less plicate. te 
In secondary roots the rear walls are thick- yo 4 sectionot 
ened somewhat like a crescent. The bun- Maize seed. ce, en- 

osperm; pl, plum- 
: * = ule; sc, scutellum; c, dles are arranged in a radial manner, the Buniielsers pELnaey 

root; h; hilum; rs, woody elements (xylem) occupy the center fori tth. (King) 
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and alternate with the soft tissue (phloem). The woody ele- 

ments consist of scalariform ducts, spiral tracheids and an 

annular duct. 

The primary or seminal root is of short duration, and is soon 
replaced by the secondary, or as they are commonly called, 

“brace roots.’’ These roots show conspicuous large bundles 

2a 
= S 

Fe 
[esi 

) 

L Tay yj Been 

Bae 

[Sales] 
L] 

Fal — a 

aS =p 

LoS 

ef sae 
@ 4 eee oar Sg a 

i 8 oO) hetecrul ne ae =a 

ees 5 bTe 

aa 
HTT | aa 

| 
P43 . om, 
| Hoa 

3 
“Ics 

eauane 
TT] aan aie co ey {Ty an SO Le NI 

ae: ie irs 
Gt 

fig. 5. Root of Maize. a, root-cap of loose cells; s, growing point; e, epidermis; v, thick 
oe m, g, f, plerome, central cylinder; g, a vessel; f, wood; m, pith; x, r, cortex 
(Sachs ) 

in which occur spiral tracheids, annular and scalariform 

ducts. The secondary roots arise from the nodes, and ordi- 

narily are aerial, though some are formed soon after the seed 

germinates. These appear as swellings, the continued growth 

within causing the stem to become ruptured, and allowing the 
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Ee tip to emerge. It points 

downward and hence is pos- 

—_——— — itively geotropic. 
Sa wie Harshberger* notes that Geae@ ~~... before entering thesoil, gum 

_— wue~me, 1S formed on the tip. We 

(ge AMGS have often noticed this, but 
SS aaa - 

botanical authors have not 
ig. 5a. Cross-section through tip of F . . 

ees eank showing spidermal cells; to the generally noted this inter- 
left before the addition of water; to the : : 
right after the addition of water, theouter e@Sting phenomena. This 

Bae hetving Sxpnndes: thick gum is brought about 
by the swelling and later breaking down of the epidermal 

cellwalls. This substance in water takes the form of mucilage, 

undoubtedly for the purpose of assisting the root to hold itself 
to the soil. The method of formation of roots has been studied 

by Harshberger. The developing secondary root shows before 
the point breaks the epidermis and hypodermis. ‘‘ Three sup- 
erimposed hollow cones are found immediately beneath the two 
outer protective layers, the outer and middle cones being 
separated by a cushion of parenchyma. ‘The outer cone is 

composed of actively growing cells with the nucleus and 

nucleolus plainly visible. It corresponds evidently to the 

calyptrogen layer of Janczewski. The inner cones corre- 

spond to the periblem and plerome cylinders with the outer 
layer of the periblem as the dermatogen or proto-epidermis. 

The cells of the plerome, destined to form the central vascular 

system, are much longer than broad, the long axis anticlinal.’’+ 

Distribution of roots.—It is well known that roots have an 

important relation to the development of corn, especially in 

the manner of occurrence. The habit of the roots largely 

influences the amount of growth the plant can make provided 

other factors, sunshine and warmth are favorable. 

The development of roots is largely governed by external 

factors, especially amount of rainfall and moisture in the soil. 

In a paper read before the biological section of the American 

Association for the Advancement of Science, the following 

summary was made by the writer: 

‘‘It has been stated that not more than 10 per cent of the 
roots of corn enter the subsoil. Sturtevant{ estimates as a 

* Maize, l. c. 81. 
tl.c. 81. 

* Conn. Board of Agriculture. 1882: 70. 
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Fig. 6. Cross-section of root of corn germinated in moist chamber, showing ro 

hairs, 

Fig.7. The distribution of maize roots inthe soil. 4a, general distrioution; 

b, root magnified. 
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result of some work carried on with Gilbert that only one one- 

thousandth of the roots of corn enter the subsoil. Armsby 
also observes that in a stiff clay soil few of the roots of corn 

enter the subsoil. Thiel also observes that in our cultivated 
plants most of the fine roots which supply the plant with min- 

eral matter occur in the upper strata. Hunt,* in commenting 

on some experiments made in Illinois, says: ‘Two-thirds of 
the roots would have been broken by root pruning four inches 

deep; more than two-fifths would have been broken at three 
inches deep; and one-seventh at two inches deep.’ Newmant 
observes that most of the roots are within four inches of the 

surface; these roots severed from the plant will deprive it of 
three-fourths of its nourishment. ”’ 

Hays{ says: ‘‘ Returning to the direction or spread of the 
roots in the soil, those of the first whorls, say the five lower 

ones, start out nearly horizontally. This is in accordance with 

certain facts, viz: at this season of the year surface soil is 

warm, while the subsoil is yet cold; the upper soil is also 
richer in plant food and usually contains at this season an 

abundance of moisture. We see at 1, 2 and 3, plate I, that all 

the roots go nearly horizontally, and a cultivator running four 

to six inches deep, and the same distance from the hill, would 

sever most of these roots. After about the fourth week we 

find these primary roots changing their course, however, for 

having heretofore pushed outward they now grow downward, 

soon taking a nearly vertical direction. Not alone the roots 

which first grew outward, but all those now starting from the 

nodes above as well, take this downward course from the very 
beginning. ’’ 

Armsby§ states as the result of some work carried on under 

his direction by Hickman: ‘‘Concerning the direction of the 

growth, a few words may be written, although the plan of the 

experiment did not include accurate observations and meas- 
urements upon this point. It was observed that the nodal 

roots, and especially those later formed, branched out hori- 

zontally from the stem for a considerable distance, and then 

turned downward quite rapidly. In the stiff soil in which the 

plants were grown, few of the roots appeared to enter far into 

the subsoil, which is a very stiff clay, so that in this situation 

*Bull. University of Ill. Agrl. Exp. Station. 18: 427, 1891. 

+Bull. Alabama Agrl. Exp. Station. 4: 1887. 

*Prairie Farmer 1887: 373. 631; Bull. Minn. Agrl. Exp. Sta., 5: 

§Ann. Rep. Penn. State Coll. 1886: 97. 
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the corn seems to be a shallow-rooted plant, as much by 

reason of the obstacles which the roots encountered in grow- 

ing downward, as by any habit characteristic of the plant. 

Other observations, to which attention will be called later, 

indicate that in looser soils corn roots grow to a much greater 

depth than was observed in this locality.’’ 

Since this above was written, King* has made a careful 

study of the root development of corn, from which it appears 

that forty-two days after planting the roots had penetrated a 

depth of eighteen inches. The surface roots sloped gently 

downward toward the center of the row, where those nearest 

the surface were some inches deep. When corn was three 

feet high the roots occupied the entire soil down to a depth of 
two feet. 

‘‘Here the roots are seen to occupy the entire soil down to a 
depth of two feet, which is the height of the cage. At this 

stage the surface leaders descend in a gentle curve toward the 

center of the row where they pass each other and lie only six 
inches deep. 

‘Just as the corn is coming into full tassel a third sample 

was taken which is represented in figure 10, and here it will 
be seen the roots have fully occupied the upper three feet of 

soil in the entire field. In the center of the row, too, the sur- 

face leaders have risen still higher, and a few of them are now 

scarcely five inches deep, though the great bulk of them are 

still six inches or more below the surface at the center.’’ 

Concerning the distribution of ths roots of our forage 

grasses very little definite is known, since few experiments 

have been made. The roots of blue grass during the spring 

and early summer are more or less horizontal and these 

spread obliquely downward in the soil. The grass makes 
little growth during dry weather for the reason that the 

majority of the roots occur in the surface soil. The well 

developed rhizomes maintain its vitality. The roots of annual 

grasses like Setaria, Panicum capillare, and P. sanguinale are 

developed in a manner similar to corn. 

The Stem. 

Gross character.—Grass stems are always branched at the 

base, and occasionally in their upper portions. If the branches 

are all apparently at the root, the culms are said to be simple, 

* Annual Rep. Wis. Agrl. Exp. Sta. 9: 113. 
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the visible portion above ground being unbranched. Some- 

times the stems or branches stand vertically upright, when 

they are termed erect; they may spread a little at first, and 

then assume an erect position, the lowermost joints being bent 

or kneed; such culms are said to be geniculateat the base. The 

Ps 

x . 
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— 

Fig. 8. Mexican corn. Showing method of growth on grounds Iowa Agricultural 

college. 

basal branches may lie flat upon the ground and spread more 
or less extensively, taking root at the usually numerous joints, 

and at definite points sending up erect flowering«branches, 

or branches bearing leaves only; such grasses are said to have 

a creeping habit, or ara stoloniferous. Again one or more of 

the lowermost branches may not come to the surface at all, or 
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only after it hasextended through the soil for a greater or less 
distance. These form the ‘‘creeping roots’’ (rhizomes) of 

grasses, but they are true stems or branches, for they are always 

distinctly jointed, and at the joints there are scale-like leaves— 

characters never found in true roots. The joints of these 

Fig. 9. Japan millet (Panicum crus-galli), showing method of forming stools. 

underground stems may be very short, and from each node 

may spring a flowering branch. So condensed may this 

growth be that the rhizome is entirely concealed, but in peren- 

nial grasses it is always present, and in the best turf or sward- 

forming grasses it is sufficiently manifest. In couch-grass, 

and especially in Johnson grass and cord grass, these rhizomes 
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are greatly developed, penetrating the soil in all directions, 

forming a sward that is exceedingly difficult to break. 

Grass stems are usually round or cylindrical, rarely 

flattened, and generally hollow between the joints or nodes 

(solid or with pith in the Andropogons, Indian corn, sorghum 

and afew other grasses). The nodes, familiarly termed the 

joints, are the points on the culm or its branches from which the 

Fig. 11. Rhizomes. 1. Rootstock of slough-grass (Spartina cynosuroides). 2. Quack- 
grass (Agropyon repens). (King.) 

leaves originate; they are usually somewhat swollen, the enlarge- 

ment being either in the culm or, as is very often the case, in 

the basal part of the leaf-sheath. The space between two 
nodes is the internode. All branches, excepting those of the 

general inflorescence, originate in the leaf-axils, that is, 

within and at the base of the leaf-sheaths, and between the 

branch and the main axis or stem there always is a longer or 

shorter two-keeled prophyllm with its back tnruned towards 

2 
-~ 
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the main axis. The presence of this prophyllum always indi- 

cates the presence of a branch, although the branch may be 

very much shortened, as in the case of the true floral axis 
where this prophyllum is the palea. 

Minute anatomy of stem.—A cross section of 

a culm from which the leaf sheath has been 
removed will show first an epidermal layer com- 

posed of thick walled cells, isodiametric in 

Zizania aquatica, but longer than wide in Bromus 

mollis. Variations occur in other genera. Ina 

longitudinal section the epidermal cells are 

longer than broad. The epidermis is unbroken 

except for the stomata, which are not as fre- 

quent as in the leaf and sheath. The stomata 

connect with the loose spoogy parenchyma. In 

Zizania and Bromus; Zea and other grasses the 

Fig 12. Section epidermis is followed by sclerenchyma sheath. 
of culm of Wild 

Rice (Zizaniaaqu- This sheath varies in thickness in different 
atica L.) showing 

fibro-vascular grasses, being particularly well developed in 

Crambered pith. Zizania and Zea. In some grasses like Zizania 
aquatica there are two sclerenchyma sheaths, 

one immediately under the epidermis, a second layer below 
the spongy parenchyma. Sclerenchyma is also found in con- 

nection with the bundles. 

The fibro-vascular bundle is especially prominent. In pith- 

less culms the fibro-vascular bundles are arranged, usually, in 

two circles; one occurs on the inside of the sclerenchyma 

ring, the other on the outside of it. 

In species with pith, like Zizania, a first row of bundles 
occurs on the outer edge of the second sclerenchyma sheath. 

A second row of bundles occurs just underneath or a little 

below the sclerenchyma sheath. Th? remaining bundles are 

arravged in indistinct circles. Hackel says: ‘: The fibro-vas- 

cular bundles run parallel in the internodes; the superficial 
ones join those of the lower internodes directly, the others 

take the form of a shallow arch bending towards the center 

(in culms with pith), where they pass through several inter- 

nodes, and finally bend outwards to join the supericial ones. 

In the nodes the bundles cross and interlace and by means of 

small and short cross-bundles, which pass from the axillary 

shoots or buds towards the center. In this way arise the dia- 
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phragms or plates of tissue which separate the pith cavities cf 
the internodes. ”’ 

The function of the sclerenchyma is to give the plant firm- 

Fig. 13. Oross-section bundle of maize stem. 2x, xylem or wood; 8, p, pr, p, phloem 
or soft bast; 8, p. sieve tubes; pr, p, companion celis; ss, sclerids, the mechanical ele- 
ments; a, ringed vessels; d, duct; par, parenchyma; is, intercellularspace. (CGombs.) 
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by having the sclerenchyma in close proximity to the epi- 
dermis. The peripheral bundles, including the sheath, con- 

stitute a system of compound pillars indispensable to maintain 

a plant in an erect position. 

The fibro-vascular bundles, in addition to the thickened lig- 

nified elements may be divided into two parts: the soft bast or 

Oe Of oe 
00 as 

oe 
© 

Fig.13 A. Oross section of corn. To the right general arrangement of bundles. 
a, leaf sheath; 8, where leaf originates. To the left bundles more magnified. 

phloem which consists of the sieve tubes and the companion 

cells; second, the xylem which consists of several pitted ves- 

sels and a spiral duct towards the center and below an inter- 

cellular passage; this has resulted from the breaking down of 
an old ringed vessel. 

Theodore Holm, in an interesting review of an extended 

paper on structure of rhizomes states that, ‘‘Although the 

function of the stolons in the Graminez is nearly the same, 

being at once reservoirs of nutritive matters and for the serv- 

ice of the vegetable propagation, some differences have also 

been observed in the interior structure. ”’ 

It has been shown from the numerous intergradations 

between the underground stolons and the shoots above ground, 

that the organizations of the stolon depend upon a modification 
of the above-ground shoot. The structure of the shoot above 

ground is well marked by the position of the mechanical tissue, 

which is either truly sub-epidermal or more or less distinctly 

sub-cortical, the bark being as a rule not very strongly devel- 

oped. But there is a large series of modifications between the 

form and those derived from such shoots as show a tendency 

to replace the stolons. 
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The Leaves. 
Grosscharacter.—The leaves of grasses have two distinct 

parts: the sheath and the blade. The sheath, or basal portion, 
usually closely surrounds the stem, and is split or open upon 

the side opposite the blade, or is entire, then forming a closed 
cylindrical sheath (vagina) about the stem. When split, the 

free edges usually overlap each other. At the top of the leaf- 

sheath, at the point where the blade originates, there is upon 

the inside usually a thin and delicate prolongation, often very 

short, called the ligule. Sometimes the ligule takes the form 

of a fringe of hairs. The leaf-blade is generally narrow, usu- 

ally many times longer than broad, with nearly parallel edges. 

Such leaves are called linear. From this form the leaves may 

vary to lanceolate or ovate in outline. Sometimes the narrow 

leaves have their edges rolled inward, when they are said to 

be involute. Occasionally the leaf-blade is very short, and 

sometimes it is wanting altogether, the sheath alone remain- 

ing. As to the surfaces of the leaves and sheaths, they may 

be smooth or rough, or more or less hairy. The terms used 

here are those of general application. 
The position of the leaves on the stem is to be noted as 

affording a ready character for distinguishing grasses from the 

nearly allied grass-like sedges. Starting with any leaf on the 

stem of a grass, the next leaf above will be exactly on the 

opposite side of the stem; while the next or second leaf above 
will stand directly over the starting point. Such an arrange- 

ment is called distichous or two-ranked; i. e., in counting two 

leaves from the first we pass completely around the stem. In 

sedges the leaf arrangement is three-ranked; it is the third 

leaf from the first which stands directly above the first. 

The mature blades often show torsion, being either twisted 

to the left, right, or in both directions; being twisted in one 

direction above and the other below. Certain grasses are 

turned 180 degrees at the base so that the upper and lower 
sides are reversed. In this case the stomata occur on the 

original upper side. This is true of grasses growing in the 

woods and is brought about through the influence of light. 

Minute anatomy.—The fibro-vascular bundles are separate or 

they unite to form a strong mid-rib as in corn. The fibro-vas- 

cular bundles of the leaf consist of the soft bast phloem and 

woody elements, the xylem. The bundle is protected on each 

side by sclerenchyma, true at least of the primary veins; this 
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gives the leaf additional strength. The number and character 

of the bundles varies in different species of grasses. In Spo- 

robolus heterolepis, Miss Emma Sirrine and Mrs. Hansen found 

that the mid-rib consists of a single mestome bundle.* 

This bundle is surrounded on the upper side by chlorophyll 

bearing parenchyma, while the lower side contains stereome. 

The mestome bundles to the right and left of the mid-nerve 

are entirely closed, that is entirely surrounded by chlorophyll 

bearing parenchyma. There are three types of mestome 

bundles in this species as follows, the mid-nerve with stereome 

on the lower side which is in contact with leptome or the 

second with stereome on lower and upper sides in contact with 

leptome, and third, entirely closed. These alternate with 

those having stereome on upper and lower surfaces. The 

leaves terminate with one closed mestome bundle. The 

uncolored parenchyma of the leaf is in immediate contact with 

the stereome. This is most conspicuous near the mid-nerve. 
The chlorophyll parenchyma may be divided into two parts, 

first, large parenchyma cells, which surround the bundles, 
and, second, to the outside of these, elongated cells in one or 

more rows. This species represents a type intermediate 
between plants adapted to very dry climates and one adapted 
to somewhat moister conditions. Mrs. Hansea has described 

the structure of a typical xerophytic plant, Festucu tenella. 
In this species the mestome bundles number twelve and are of 

three types. First, primary, open both on inferior and 
superior surfaces of leaf, 7. e., those which have hadrome and 

leptome respectively in contact with stereome, either in 

direct contact or are separated from it by several rows of thin- 

walled parenchyma cells. Second, the secondary type. These 

are entirely surrounded by chlorophyll-bearing parenchyma. 

Third, intermediate type. These open inferiorly. Only one 

bundle of primary type occurs and this is in the mid-nerve. 
The leptome and hadrome are in direct contact with each 

other. The leptome is separated from the stereome by thin- 
walled parenchyma cells. A considerable development of 

thin-walled parenchyma cells occurs above the mestome 

*Some anatomical studies of leaves of Sporobolus and Panicum. Proc. Ia. Acad. 
ae Des Moines. 3: 151. pl. 6. f. 1-3. 1896. Contr. Bot. Dapt. Ia. St. Coll. Agrl. Mechanic 

rts. 1. 

+ A comparative study of tha leaves of Lolium, Festuca. and Bromus. Proc. la. 
mee Sci., Des Moines. 4: 127. 1897. Contr. Bot. Dept. Ia. St. Ooll. Agrl. and Mechanic 
Arts. 4. 
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Fig. 16. Section of 

leaf of Festuca tenella 

Willd. Car, mida- 
nerve; CBP, chloro- 

phyll bearing paren- 

chyma; M, mestome 

bundle; EC, epider- 

mal cells; Ste, stere- 

ome; Tri, trichome; 

L, leptome; H, had- 

rome. (Hansen and 

King.) 

Fig. 17. Section of leaf of Eragrostis major Host. Sup, superior surface; Inf, infer- 

or surface; B, bulliform cells; CBP, chlorophyll bearing parenchyma _ (Ball.) 

Fig. 18. Section 

of leaf of Bromus 

mollis. B, bulli- 

form cells; CBP, 

chlorophyll bear- 

ing parenchyma; 

Car, mid-nerve; 

Tri, trichome; L, 

leptome; H, had- 

rome; EC, epider- 

mal eels; i, 

mestome bundle; 

Ste, stereome. 

(Sirrine and 

King.) 
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Fig. 19. a. Section of leaf of Festuca elatior var. pratensis Hackel* Car, mid-nerve; 

CBP, chlorophyll-bearing parenchyma; B, bulliform cells; M, mestome bundle;L, 

leptome; H, hadrome;. Ste, stereome; HC, epidermal cells. (Pammel and King.) 

Fig. 20. 
ome. (Pammeland King.) 

c. Cross section. From leaf of 
Pleuropogon californicum. MS, mes- 

tome sheath; CBP, chlorophyll bear- 

ing parenchyma. (From Holm.) 

b. Section of leaf of Plewropogon 

californicum Nees... St, stereome. 

(From Holm.) 

Section of leat of Festuca elatior var. pratensis Hackel. L, leptome; H, hadrome; Ste, stere- 
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bundles of the mid-nerve. Two bundles of the third type 
occur near the margin of the leaf. The cells separating the 
leptome from the stereome are in this case somewhat thicker- 
walled than those in the mid-nerve. 

The mestome bundles of second type are of two sizes, the 

largest ones having leptome and hadrome poorly developed, 

and the smallest having no thick-walled cells. 

oo 

\ Ne oieea 

Fig. 22. Section of leaf of Leersia oryzoides Schwartz. BC, bulliform cells; portion 
of mid-rib in section; MS, mestome sheath; P, parenchyma; S, sclerotic cells. (Holm.) 

The thin-walled parenchyma, with its inner closed sheath 

does not differ from that of Festuca pratensis and Lolium perenne. 

Stereome seems to be more strongly developed in this species 

than in Festuca elatior, var. pratensis and Lolium perenne. It 
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occurs on the margin of the leaf, and also on inferior surfaces of 

all bundles of the first and third types, and on inferior surfaces 

of alllarge bundles of the secondary type. Mesophyll occu- 

pies a small area in this species since the mestome bundles 
are close together. 

(Sirrine and King,) 

Section of leaf of Festuca tenella Willd. L, leptome; H, hadrome; CB, chlorophyll bearing paren- stereome; HOC, epidermal cells; C, cuticle, 

Fig. 23. 

chyma; Ste, 

Mr. Theo. Holm has described the anatomical characters 
of Distichlis spicatat a grass adapted to halophytic conditions, 

+ A study of some Anatomical Oharacters of North American Graminez III. Bot. 
Gazette. 16: 275. pl 23. f. 1-3. 1891. Miss E. L. Ogden has likewise studied the leaf 
peracture Gr Jouves and of Eragrostis obtusifora. Bull Div, Agros. U. 8. Dept. Agrl. 

: 12-20. pl. 9. 
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and in many respects similar to the species described above. 
The stereome of the superior face is widely separated from 
the mestome bundles by the parenchyma. In Plewropogon cali- 

fornicum there is a distinct mestome sheath surrounding the 

bundles and the walls are thick. The leptome and hadrome 

are separated from each other by two layers of thick-walled 

(Sirrine and King.) 

tome; H, hadrome; B, bulliform cells; 

Fig. 24. Section of leaf of ;Bromus mollis. Car, mid-nerve; L, lep 

Ste, stereome; GB, chlorophyll bearing parenchyma; EO, epidermal cells; Tri, trichone. 

parenchyma cells. In the large bundles stereome occurs 

above and below. They are separated from the parenchyma 

sheath by a few colorless cells. It may be interesting to 

compare the leaf structure of xerophytic and mesophytic 
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Fig. 25. Section of leaf of Andropogon nutans. 
ored parenchyma; B, bulliform cells; Ste, stereome; EC, epidermal cells; CP, conical 
point. (Weaver and King ) 

Car. mid-nerve; Unc. Par, uncol- 

plants, belonging to the same genus. Miss Ogden} describes 

the anatomical character of the Eragrostis obtusijlora thus: 

Pol Cr 1%. 
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} ) 

SE PIROK 
OLS . ee 

Fig. 26. Section of leaf of Eragrostis 
_purshiiSchrad. sup, superior surface; 

nf. inferior surface; Car, mid-nerve; 
L, leptome; H, hadrome; St. sterome; Fig. 27. Distichlis maritima Raf; MS, mestome sheath; 
MS, mestome sheath; Tr, trichome; B, St, stereome; E. Ex epidermal expansions. (Holm.) 
bulliform cells; Mes. mesophyll; EC, Section of bindle shown below MS, mestome sheath; 
epidermal cells; C.B. P. chlorophyll St, stereome; C. B. P., chlorophyll baaring parenchyma. 
bearing parenchyma. (Ball.) (Holm.) 

‘‘The secondary bundles differ in the marked line between 

xylem and phloem and also in the nature of the sheath. This 

consist of a single row of cells. Below and above the bundles 

these have relatively smaller cavities and thicker walls than 

the corresponding cells of Jouvea pilosa, but frequently on 

either side of the bundle there occurs one cell much larger 

than the others, of more angular shape, and in almost any sec- 

tion taken at random a transverse pitted wall is conspicuous. 

The two uppermost cells of the inner chlorophyll-bearing ring 

are at least twice as large as the other cells of the ring, and 

are usually wedge-shaped with the narrow end turned towards 

the bundle. ”’ 

Mr. C. R. Ball, || in an interesting study of the leaves of sev- 

eral species of Eragrostis, well describes the mestome bundles 

of Eragrostis purshii, which number twenty-one. Sixteen belong 

pan apaLomycel study of the eaves of Eragrostis. Proc. Ia. Acad. Sci., 4: 140-141, 
eet p 7. f.2,3and4; pl.9. f.12. Contr. Bot. Dept. [a. St. Coll. Agrl. and Mechanic 
Arts, 4. 
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to the secondary and five areintermediate. ‘‘In the secondary 

bundles (veins 3) the chlorophyll-bearing parenchyma sheath 
is nearly round in outline and composed of seven or eight sub- 

circular cells. Hadrome, leptome and thick-walled paren- 
chyma are not so well developed as in the preceding species. 

The intermediate bundles (mid-nerve and veins 2), five in num- 
ber, are open below. Hadrome, leptome, and thick-walled 

parenchyma are well developed, the latter especially so. The 

chlorophyll-bearing parenchyma sheath is composed of from 

ten to fifteen cells. The mestome sheath is continuous above 

and sometimes below the secondary bundles, but is interrupted 

by sterome above the intermediate type. The mid-nerve is but 

little enlarged and not easily distinguished from vein 2 except 

by its position. Stereome is present in quantities both above 

and below the intermediate bundles and occurs in small groups 

of three or four cells in the secondary bundles. The meso- 

phyll passes beneath some of the secondary bundles as a sin- 

gle layer of cells.’’ 
In Mr. Ball’s study of Eragrostis pectinacea, which is xero- 

phytic in its nature, a very striking chlorophyll parenchyma 

sheath occurs near the secondary bundles. ‘‘It is distinctly 

triangular in outline, with the apex directed towards the supe- 

rior surface. The lateral cells are elongated transversely to 

the section, and the inferior cr basal cells are small and nearly 

round. Hadrome and leptome and thick-walled parenchyma 

are well developed.’’ 
We find a well marked type of bundle structure of leaf in 

some of the mesophytic grasses represented by Festuca elatior 

which has been described by Mrs. Hansen.* ‘‘The number of 

mestome bundles in a single cross-section in middle of leaf is 

twenty-four, and are not so close as in Lolium. There are 

three types: First, primary type, open on inferior and supe- 

rior sides. Second, secondary type, those that are entirely 
closed, and these are most numerous. Third, the intermediate 

typ2, which are open only on superior side. The bundles of 
secondary type are most numerous. Three of the closed bun- 
dles occur near the margin of leaf. One bundle of the pri- 

mary type is found next to the closed bundles. The third type 

is found to the left of mestome bundle of mid-nerve, and to the 

right of mid-nerve is found a mestome bundle of second type. 

One primary mestome bundle occurs in mid-nerve. In the 

 #1c,128: pl. 9, f. 1. pl. 11, 7.9. 
3 



34 GRASSES OF JOWA. 

mid-nerve, leptome and hadrome are well developed. The 
pitted vessels are large. Stereome is well developed on infe- 
rior and superior surfaces of the bundles. In the mid-nerve, 

leptome and hadrome are separated from each other by thick- 

walled cells. Thecells in leptome are somewhat more thick- 

walled than in hadrome. ”’ 

Mr. C. B. Weaver’s study* of Andropogon provincialis shows 

the presence of four types of bundles, viz.: first, mid-nerve; sec- 

ond, entirely closed; third, open, and fourth, larger secondary 

bundles with stereome both above and below. 

‘‘The mid-nerve consists of three large bundles open above 
and below. The central bundle is but little larger than the 

secondary bundles. In the hadrome occur the conspicuous 
pitted and spiral ducts. The chlorophyll-bearing parenchyma 

cells surrounding the larger bundles are not as conspicuous as 

those of the smaller mestome bundles. The stereome above the 

mid-nerve is well developed and is wider than the middle larger 
bundle; while opposite on the lower side of the leaf occur but 

few stereome cells, and these latter are in direct contact with 

the epidermal cells. The cells composing the leptome portion 

of the mid-nerve bundle are uniform in size. The uncolored 

parenchyma cells which occur below and to the side of the 
mid-nerve bundle, are large. These cells are in contact with 

the three large bundles of mid-nerve. The smaller mestome 

bundles on either side of the mid-nerve occur close together. 

The chlorophyll-bearing parenchyma cells surrounding these 

are conspicuous. ‘These bundles are not uniform in number on 

both sides the mid-rib, which goes to show that the development 

of the leaf is unequal. On each side of the mid-nerve occur 

four of the larger secondary bundles. The edges of the leaf 

are provided with stereome. The stereome about the cells varies 

in the number of cells. The cells of the mesophyll occur as 
dense masses with numerous intercellular spaces. They vary 

in shape from elongated to spherical. An occasional small 

trichome may be seen.’’ 

It may be interesting to compare the above structure with 

that of a typical woodland grass, and for that purpose we may 

take Bromus breviaristatus. According to the researches of 

Miss Emma Sirrine,+t the mestone bundles number forty-one. 

*An anatomical study of the leaves of some spccies of the genus Andropogon. 
Proc. [a. Acad. Sci, Des Moines. 4: 132, 1897. Contr. Bot. Dept. Ia. St. Coll. Agrl. and 
Mechanic Arts, 4 

+A study of the leaf anatomy of some pee of the genus Bromus. Proc. la. 
Acad. Sci, Des Moines. 4: 125. pl. 4, f.1; pl. 7, f. 1397. Contr. Bot. Dept., la. St. 
Coll. Agrl. and Mechanic Arts, 4. 



_Fig. 28. Trichomes of grasses. 
under surface of: leaf; 4, Eragrostis major, f'om ligule; 5, Panicum capillare L , from sheath; 6, Panicum 
sanguinale, from sheath; 7, Spartina cynosuroides, from edge of leaf; 8, Poa pratensix, from flower; 9, Bro- 
mus asper, from under surface of leaf; 10, Bromus ciliatus, from sheath; 11, B. mollis, from under surface 

1, Leersia lenticularis, from palet; 2, 3, Andropogon scoparius, from 

of leaf; 12, Andropogon provincialis, from rachis; 13, Boutelowa racemosa Lag, from leaf-blad2. (King ) 
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The primary bundles open on both inferior and superior sur- 
faces. Leptome is in direct contact with stereome. The had- 

rome is separated from it by corlorless parenchyma. Mid- 

nerve consists of only one bundle, and with the exception 
of size, the large amount of stereome and colorless parenchyma 
is the same as that of species adapted to open ground. 

The colorless parenchyma occurs beneath all primary 

bundles, while a sheath encloses all the bundles. Stereome is 

abundant on both inferior and superior surfaces of the interme- 

diate bundles. Mesophyll surrounds all the secondary bundles 

and occurs between the other two types, and on the inferior por- 

tion of the intermediate type.* In maize, according to Combs, 

the sheath in cross section shows, beginning at the upper 
surface, the epidermis of large, thin-walled cells, immediately 

inside of which is stereome in patches, which are located oppo- 
site the large bundles on the outer side. Then comes the 

inner area of the sheath, made up of large, polygonal, color- 

less, thin-walled parenchyma cells. 
The outer or lower surface of the sheath presents an entirly 

different aspect and varies greatly with the variety of corn. 

Generally speaking, it is more or less ribbed, caused by the 

Jarge fibro-vascular bundles. The creases have colorless 

unicellular hairs which are usually not developed on the epi- 
dermis over the bundles. The epidermal cells are small 

and thick-walled, and protect the p'ant against drouth and 

other injuries. Beneath the outer epidermis occur the bundles 
referred to above, usually with intervening smaller ones, but 

this varies with different corns. For example, a Mexican 

corn, number 1, shows two sizes of bundles not connected with 

each other, forming no external ridges, and the epidermis 

shows only a few very short spur-like hairs, while a form from 

South America shows heavy ridges, many hairs, and only one 

kind of bundle. 
In all cases there exists an area of stereome between the 

bundles and the outer epidermis. 

The only chlorophyll in the sheath is located in the chloro- 

phyll parenchyma sheath which surrounds the bundles, 

except a portion on the outer side which is occupied by 

stereome. 

The anatomy of the spzcies thus far considered here, are 

*Proc. Ia. Acad. Scl., 5: 204, Oontr. Bot. Dept. Ia. Stats College of Agr. and Mech. 

Arts. 10: 6. 
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such as belong to the types of plants kaown as halophytic, 

xerophytic, and mesophytic. Of the fourth type, hydrophytic, 

the genus Leersia is good representative, especially Leersia 

oryzoides which has been well described by Mr. Holm.* In 

this species the mestome bundles are of three types. A thick- 

walled mestome sheath, in connection with a layer of thick- 

walled parenchyma, separate the leptome from the hadrome. 

Leptome and hadrome are well developed. The largest 

bundles are not so numerous as the smaller ones of the second 

degree; in the latter a distinct mestome sheath occurs inside 

of the colorless parenchyma. The thick-walled parenchyma 

between leptome and hadrome is absent. The smaller type of 
bundles contain only leptome with a distinct mestome sheath. 

Mr. Holm further remarks that in addition to these forms 

of bundles, which lie in the same plain, there are fromone to 

three very small ones which belong to the upper face of the 

mid-nerve and this is peculiar to the genus Leersia. 
Epidermis.—The epidermal cells are quite irregular, vary- 

ing greatly in siza. For the purpose of this description it 

will be convenient to take up the epidermal cells under two 
headings. First, the general character of cell. Secondly, 

the bulliform. We mvy obtain an idea of the diversity of the 

structure by a coasideration of some of the different species. 
One type is very well represented in Bromus inermis. + 

Here the epidermal cells are large, regular and well-devel- 

oped, with a thick cuticle. The cuticle is thicker below and 

above the mestome bundles than elsewhere. Trichomes are 

absent. Stomata occur on both surfaces of the leaf, but 

especially between the bulliform cells. 

In Festuca tenella, according to Mrs. Hansen,{ the epidermal 

cells covering the stereome are thick-walled and not as large as 

the other epidermal cells. In Andropogon nutans§ the epi- 

dermal cells are very large, and nearly equal in diameter. 

The cuticle is strongly developed with hair-like projections, 
more abundant on the lower than on the upper surface. 

Mr. C. R. Ball has described the epidermal cells of Lra- 

grostis pectinacea, aS having thicker-walled cells thanin Fra - 

grostis purshii|| the latter being a species adapted to a dry and 

* A study of some anatomical characters of North American Graminez. LY. Bot. 
Gazette. 17: 358. pl. 21. 

+ Emma Sirrine, 1. c. 122. 

+Emma Pammel, l.c. 129. pl. 9. f. 2. pl. 10,f.5and 6. 

$0. B. Weaver, l. c. 133. pl. 12. f.1 and 5. pl. 15 f. 14. 

It. c. 141. pl. 16. f. 2. pl. 18. f. 15-16, 
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p, outer epidermis, cross-section of stoma to 
nion cells; cps, chlorophyll-bearing paren- 
ellular space; ss, st, stereome; iep, inner epi- 

phloem and compa 
d, duct; a, ringed vessel; is, interc 

dermis. (OCombs.) 

Fig. 29. Cross-section leaf of maize. e 
soft bast or the left; p, 

chyma; 
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sandy soil. Thecells of Eragrostis purshit vary considerably 

in size, being smaller above or below the bundles than those 

adjacent to the mesophyll. 

In Sporobolus cryptandrus* the cells have a particularly well 

developed cuticle. MissOgden describes a most peculiar kind of 
epidermal cells in Lragrostis obtusiflora with curved, beak-like 
expansions that project from the stomata; the cells are very 
unevenly thickened. 

Scent glands.—Another most interesting feature to be added 

to the epidermal layer is the peculiar glands which grow on 

certain grasses. One of the best known illustrations of glan- 

dular trichomes in grasses occurs in the common stink grass 

(Eragrostis major). These glands were first studied by Pro- 

fessor Trelease. t 

The somewhat similar glands of Sporobolus heterolepeis had 

previously been studied by C. E. Bessey. { 

Recently Mr. C. R. Ball has studied the glands of Fragrostis 
major. The following is condensed from papers by Mr. Ball 

and Professor Trelease. The small projections, or scent 
glands as they are known, are epidermal structures consisting 

of the single layer of cells. Those at the center are consider- 

ably elongated and the parenchyma cells are provided with 

thick-pitted walls. Those in the center are much thinner- 
walled. As compared with the unmodified epidermal cells, 
these elongated glandular cells are also thin-walled at top, 

where, in common with the other elements of the epidermis, 
they are invested with a rather heavy cuticle. In some cases 

this membrane is seen to be free from the crater of the gland 

in the form of a blister, while in others it has been ruptured, 

so that only fragments are present. Miss Ogden describes 
glandular bodies as occurring in Eragrostis obtusijlora. In her 

description it is stated that these glands are provided with a 

narrow neck and a capitate exodermal portion. 

Fig. 30. Scent glands of one grass (Eragrostis major). Figure to right, surface 
view; sett view in section, (Ball.) 

*Kmma Sirrine and Emma Pammel, l. c. 153. 

tThe glands of Eragrostis major Host. Proc. Soc. Proc. Agrl. Sci., 10: 70. 1889. 

+Glands on agrass. Am. Nat., 18: 420, f. 7. 1884. 



40 GRASSES OF IOWA. 

Bulliform cells.—Between the nerves occur peculiar epidermal 

cells which are wedge-shaped; these are known as bulliform 

cells. Hackel* says these are arranged in the form of a fan 

whose growth and expansion causes the blades to open out; in 

those leaves which are rolled in the bud these cells are only 

found on each side of the mid-rib. Excellent bulliform cells 

occur in orchard grass, Spartina, etc. In some species of 

Sporobolus, the leaves are rolled up much of the time. Where 
the leaves open the bulliform cells are large and penetrate 

deeply. Ina Festuca tenella and some other species of the genus 

the leaves do not open and | ence bulliform cells are absent, or, 

but slightly developed. Thisis also true of Stipa and Nardus, 

It is owing to this peculiar cell development that the leaves of 

Sporobolus roll up so easily when they become dry. Itrequires 

excessive moisture to open them. Excessive transpiration dur- 
ing dry weather causes the leaf blades to roll up because they 

have lost their turgescence, but when the atmosphere is moist 

they flatten out. The bulliform cells afford protection to our 
wild prairie grasses, and thus they pass the hot, dry winds 
unharmed while many cultivated grasses are injured. The 

lower side of the leaf is protected by the strongly developed 

cuticle which preveats transpiration. 

Professor Beal, who has madea study of the bulliform cells of 

many leaves, says as follows: ‘‘The leaves of Poa have two 

bands, one on each side of the middle. Andropogon squarrosus 

has one band on each: side of the middle and a small one at 

each edge. The leaf of the Phlewm pratense has one band of 

several shallow cells on each side of the middle and others 

between the veins. The leaves of Zea mays have a band 

between each two primary bundles and above each third class 

bundle. The leaves of the Leersia oryzoides have numerous 

bands on the upper surface on each side of the middle, and 
on each side of the keel on the lower side. The leaf Amphicar- 

pum purshii has opposite bands of bulliform cells on both sur- 

faces. Those above are most prominent. In case of the 

leaves of Panicum plicatum the bands of bulliform cells are first 

on the upper side then on the lower, and are found in grooves. 

The leaves of Andropogon prinoides have large epidermal cells of 

nearly uniform size, distributed along the surface, excepting 

over the veins.’’ 

*True grasses, English translation, Lamson, Scribner, and Southworth. 9. 
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From studies made in the botanical laboratory of the Lowa 

Agricultural College, the bulliform c2lls of different species of 
grass are sufficiently diagnostic in grasses occurring under 

different climatic and soil conditions, to warrant a study of 

them. These differences may best be considered by taking 

some of the different species. Mr. Ball* found that the bulli- 
form cells of Eragrostis are two or three in number, and in 

some cases not easily distinguishable from the epidermal 

cells. 
Mr. Theo. Holmt says of Leersia oryzoides: ‘‘The bulliform 

cells form grooves between all of the mestom3 bundles and 

are of unequal lengths, the middle cells being the largest, with 

a narrowing towards the surface, thus being nearly triangular 

in cross sections, the cells on the sides gradually becoming 

smaller.’’ Both of these species are adapted to hydrophytic 

conditions and hence the bulliform cells need not be nearly so 

well developed as in species adapted to dry weather conditions. 
This is also true to some extent of Panicum proliferum, in which 

. the bulliform cells vary from two to five, usually consisting of 

one large or two large central cells. In Sporobolus cryptandrus 

and S. heterolepis the bulliform cells are very nicely developed. 

According to Miss Emma Sirrine and Mrs. Hansen,{ the bulli- 

form cells of S. hetrolepis occur in four or five rows, a large 

central cell and three or four smaller cells on each side. In 

S. cryptandrus they are somewhat larger than those in S. hetero- 

lepis. In the latter there are usually two or three quite large 

cells and twosmaller on each side. One or two groups of bulli- 
form cells occur between a large mestom? bundle, and, as in S. 

heterolepis, these do not occur between the last two bundles. In 

Andropogon scoparius the bulliform cells occur as a continuous 

row, excepting over the secondary bundles. In Johnson grass 

the bulliform cells gradually merge into the epidermal cells. 

The bulliform cells of sugar cane§, which is adapted to the 

hydrophytic conditions, consist of three or sometimes more 

rows quite strongly marked. In fact these cells are very much 

larger than the remaining epidermal cells. 
It may be interesting here to briefly give the structure of 

the bulliform cells of the various varieties of corn. These 

have been studied by Mr. Combs. 

#NEC: 

tIV Bot. Gazette, 17: 359. 

#1. c. 151. 

$Wm.C. Stubbs. Sugar Oane, /. 20. f. 6. 8. 
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The bulliform areas are composed of from three to seven 

rows of polygonal cells with thin walls. They are arranged 

longitudinally with the leaf and are cccasionally interrupted 

by or grade intd the exserted cells about the base of the large 

hairs. These areas usually consist of about fourteen rows of 

epidermal cells. They are located alternately with the veins. 

The epidermis of the lower or outer face is much the same as 

above, except that the bulliform cells, hairs, and spur-like 
hairs or tubercles are wanting, and the walls are thicker. 

Stomata.—The stomata occur in longitudinal rows; the two 

narrow guardian cells containing chlorophyll are surrounded 

by two large secondary cells. <A thin cross-section of leaf of 

Sporobolus heterolepis shows a nearly continuous row of rec- 

tangular epidermal cells, troken only by the stomata. 

The ecological parts of the grass leaf are rather instructive. 
The cuticle and ceil walls are strongly developed in the corn. 

The same is true of many other dry climate grasses. In 

grass¢s like barnyard grass, the epidermal cells are larger and 

the cell walls and cuticle less developed, as they grow in 

places where moisture is obtained easier and transpiration is 

not so excessive. The chlorophyll-bearing parenchyma sur- 

rounds the bundles and differs somewhat in different genera. 

In Sporobolus heterolepis large parenchyma cells surround the 

bundles. These are joined by one or more rows of smaller 

cells to the outside. In this arrangement there is economy, 

since the plant can carry away the elaborated food materials. 

The blades as well as sheath are frequently provided with tri- 

chomes, abundantly produced in Bromus mollis, Leersia oryzoides, 

Zea (Mexican corn). Those interested in a further study of 

the anatomy of leaves should consult specially the works of 

Hackel, Holm, Miss Emma Sirrine, Miss Emma Pammel, 

Duval Jouve, Ball, Combs and others. These studies are of 

value from a systematic standpoint, as has been abundantly 

shown by Holm, Jouve, Ball and others. The character of 

bundles, sclerenchyma, bulliform cells vary in different genera 

and species, and often may be used to determine the species 

and help to separate them, but we should not lose sight of the 

fact that allied species present somewhat similar characters 

and usually have a similar structure. 
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Fig. 32. Stomata of grasses. a, wheat; b, Panicum crus-galli; c, Bromus inermis; d, 

Poa pratensis; chl, chlorophyll grains; g, guardian cells; l, leucoplastids; r, rift; 7, 

nucleus; 7’, nucleolus. (King.) 

Fig. 33. Stomataof maize leaf. b, bulliform cells, upper surface; ep, epidermal 

cells with irregular walls; sto, stoma. (Combs.) 
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The Flower. 

Parts of the jlower.—The flowers of grasses possess only the 

essential organs—the stamens and pistils. The bracts enclos- 

ing these are modified leaves or leaf sheaths and prophylla. 
Sometimes the stamens and pistils are separated, when the 
flowers are either male or staminate (containing stamens only), 

or female or pistillate (containing pistils only). These stami- 
nate and pistillate flowers may occupy different parts of the 
same plant or (more rarely) entirely distinct plants. F.owers 

having both stamens and pistils are termed hermaphrodite. 

In each flower there are usually three stamens. These 

have slender fi'aments, and usually versatile, sometimes basi- 

fixed, two-celled anthers, which are pale yellow, sometimes 

nearly white, or purple, or some shade of red. The pistil 

consists of the ovary and usually two feathery or plumose 

stigmas, which may be sessile or raised on short or long and 

more or less divided styles. 

The fruit or ripened ovary constitutes the ‘‘grain.’’ This 

is a true caryopis, i, ¢., a dry one-seeded fruit in which the 
outer covering or pericarp is closely adherent to the seed. 
The ‘‘grass seed” of commerce consists of the grain 

enveloped usually in more or less ‘‘chaff’? (glumes and 

paleas). 

Arrangement of the flowers.—The arrangement of the flowers 

in grasses is peculiar. They are situated in what are termed 
spikelets, either solitary (one flowered spikelets) or two 

or more together (two to several or many-flowered spikelets). 

Each flower is located in the axil of a chaff-like bract or glume 

called the flowering glume (really a leaf-sheath). At the base 

of the spikelet there are usually two bracts or glumes having 

no flowers in their axils; these are the outer or empty glumes. 

Hackel, in his work on grasses, says: ‘‘The palea, which, 

with its enclosed flower, stands opposite the flowering glume, 
does not belong to the main axis of the spikelet, but to the 

branch which bears the flower. That this relation of parts 

may be gradually obliterated in the one-flowered grasses, and 

that the palea may be moved back upon the main axis, has 
been explained above. As long as an axis or a rudiment of 
one, at least in its earlier stage, is visible beyond the palea, 

this latter possesses (like the prophylla of the culm branches) 
two keels, or at least two lateral nerves, without a mid-rib; 
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Fig. 34. Spike 

of Setaria glauca. 

(King.) 

Fig. 35. Inflorescence of Koeleria cristata Pers. Eatonia 

obtusata Gray. Eatonia pennsylvanica Gray. 

Fig. 36. Spikelets of grasses. 

1, Poa pratensis, spikelet four- 

flowered, the two lower scales 

the sterile glumes; the flower- 

ing glume of others only show; 

2, Setaria glauca; 3, Spikelet of 

Calamagrostis canadensis, the 

two sterile glumes, flowering 

ylumes and palet; 4, Setaria 

verticillata. 
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Fig. 37. Pollination of Maiz3.™ A, young ear with stigmas; B, to the right, pistil- late flower with scales and chaff; B, above staminate flower; J, pistil; J, G, ovule. (Details after Nees, Hackel.) 

only when all trace of the axis is absent does the palea become 
from one to many nerved (with a mid-rib) or nerveless. It is 
almost always of a more delicate texture than the flowering 
glume, its edges are usually turned in, and it has a furrow 
instead of a mid-rib. The prophyllum of the culm branches 
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has no blade, and the palea resembles it in being almost always 
(excepting Amphipogon) awnless; and as the former is some- 

times split in two parts (Cynodon), so the palea is often split 
at the time the fruit is mature (many Sporoboli and Triticum 

monococcum L.). This state has been understood by some 

authors as originally bifoliate, and false genera have been 

established upon it by some (Diachyrium Griseb, etc.). The 

palea is completely aborted in many Andropogonez and species 
of Agrostis.”’ 

The axis to which these 

glumes are attached is 

termed the rachilla, and 

between each flower and 

this rachilla there is usual- 

ly a two-nerved bract, the 

palea, the prophyllum to the 
floral branch. In one-flow- 

ered spikelets where there 

is no extension or prolonga- 

tion of the rachilla, this 

palea is apparently oppo- 

site the flowering glume. 

The lower pair of glumes— 
the empty ones—often differ 

from each other in size or 

length, and sometimes, 

though rarely, one or both 

are absent. In others they 

occur as rudiments, as in 

Leersia. In a few cases it Fig. 38. Hragrostis trichodes. Loose paniculate 

consists of but a few scales, ‘"°Tescenc® 

Fig. 39. Showing lodicules below stamens 1, Panicum miliaceum; 2, Avena sativa; 
3, Melica nutans. (After Nees, Hackel ) 
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generally two, rarely more than two. In this case they are 

generally described as sterile flowers as in such genera, 

Panicum and Andropo- 

\ gon. This question is 
discussed more at length 

by Hackel and _ Scrib- 

The glumes may be 

awned or ‘bearded,’ or 

awnless; they may be 

sharp-pointed, obtuse or 
toothed at the apex; they 

may be nerveless or one 

to many-nerved. As to 

p | 

Lk 

Fig. 39 B. Zea mays a single 
spikelet with staemens. 

other variations it is 

necessary to refer the 

reader to the larger de- 

scriptive works on bot- 
any. 

Opposite the palea and 
above the flowering 

glume occurs two small 

de‘icate scales known as 

the lodicules. Sometimes 
Fig. 39 A. Zea mays. To the left, pistil; ; 

Ovary; s, stigma; to the right, f, flowers; ch there ane more than two, 

staemens. sometimes they are want- 

ing. These lodicules stand close together. In the front they are 

*English translation True Grasses, from Die Natuerlichen Pflanzenfamilien. See 
also Bentham, Notes on Gramineae. Linnean Soc, Jour. Bot., 19: 22. 
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close together. Various views have been held in regard to these 

lodicules. The question has been discussed by Bentham, who 

states: ‘It might therefore be suggested that the palea and 

lodicules of Graminez represent perianth-segments of an 

outer and inner series, although ‘I by no means pretend to 

assert it as a proved fact.’’ Hackel* in an early paper dis- 
cussed the original homology of these organs. In his own 

words in a later paper, ‘‘The author has endeavored to prove 

that the anterior scales represent the halves of a leaf which 

sometimes (Melica, Fig. 81, f.) remains undivided, and can be 

regarded as a second, and the posterior: scale as a third, palea. 

The anomalous condition of these paleas (in respect to the 
ordinary palea) is explained by their biological properties. 
The rapid swelling of the bases at least, causes the separation 

of the flowering glume and palea, and consequently the open- 

ing of the flower. In grasses where they swell only a little 
the spikelets open but slightly, and where the lodicules are 

membranous or entirely lacking, the spikelet remains entirely 

closed at the sides, and the reproductive organ protrudes only 

at the apex (compare Anthoxanthum, Alopecurus, etc.). The 

absence of the lodicules is not necessarily a case of abortion: 
for if they are bractlets, a decrease in their number (as in the 
Juncaceze) is not very remarkable. Their large number 
(eight or more) and apparent spiral arrangement is striking in 
Ochlandra; here their relations have, however, still to be 
studied in living material.” 

The subject of lodicules again finds discussion in a recent 
paper by W. W. Rowlee.t 

Arrangement of the flowers.—The arrangement of the spikelets 
upo1 the stem constitutes what is termed the inflorescence, or 
what we often hear erroneously called the ‘‘head.” If that 
portion of the main axis -r stem which bears the spikelets is 
unbranched so that these are sessile (7. e., without pedicels), 
the inflorescence is a spike, as in wheat or rye grass: when 
the main axis is branched, each branch forming a pedicel to a 
single spikelet, the inflorescence is a raceme. This form is 
notcommon. Usually the primary branches branch again and 
again, resulting in the formation of a panicle. The panicle 
may be open or widely spreading, as in oats or in Kentucky 
blue-grass; or, if the branches are very short, it may be narrow 

* Engler’s bot. Jahrbuecher. 1: 33. 

The morphological significance of grasses. Bot. Gaz 25: 199. 
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and spike-like, as in timothy or in meadow foxtail. All gra- 
dations of form between these two extremes occur. 

Pollination and fertilization.—Grasses are mostly anaemophi- 
lous, that is, pollinated by the wind. Fiowers, as stated above, 

are mostly hermaphrodite; some are mon ecious and a few 

dioecious. In monoecious grasses like Zea the staminate 

flowers form the so-called tassel. Each staminate flower con- 

tains three stamens; when mature they hang loosely from the 

flower. The pollen consists of small round grains easily 

shaken out of he versatile anthers. The slightest breeze suf- 

fices to set the anthers in motion, causing them to shed ‘‘loads 

of pollen.” Since the pollen is light it may be easily carried 

by the wind. The pistillate flowers occur in the axils of the 
leaves and constitute tne so-called cob. Each ovule has com- 

ing from it a long, slender filiform thread, the stigma, provided 

with plumose hairs. These p umose hairs are readily made 

out with the naked eye and are for the purpose of holding the 
pollen grains. The moist surface of the stigma causes the 

pollen grain to germinate. It sends a slend:r tube down the 
s'yle to the ovule where the genera ive nucleus unites with the 
egg cell of the ovule,and as are sult f this fertilization the kernel 

develops into a seed. Corn produces an erormous amount of 

pollen. Much of this is of course wasted. The staminate 
flowers are visited by honey bees and other insects chiefly for 

the pollen. Corn, when in flower, has a decided odor. 
Bulbilis dactyloides is said to be dioecious. Mr. Plank* made 

some observations which led him t» believe that the grass was 

not dioecious but monoecicus, and Professor Hitchcock, t in 

order to verify ihis statement, conducted the following experi- 

ments. A few seeds of the speces were germinated. A sin- 

gle stolon was transferred to an out-door plat. This produced 

numerous stolons gradually spreading over the ground. The 

second season witnessed no flowers, but the third season both 

staminate and pistillate fl wers were produced, the staminate 

preponderating. The flowers made their appearance mostly 
at the nodes, so that in reality they started as independent 

plants. 
In Distichlis spicata and occasionally Poa arachnifera the 

plants are dioecious. In these cases the pollen must come 

from other plants. 

*Buchloe dactyloides Englm. not a dioecious grass. Bul. Torr. 19: 303. 1892. 

+Note on buffalo grass. Bot. Gazette. 20: 464. 
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Fig. 40. Plumose stigmas of maize. (Pam- 
mel and King.) 

ae
 

SE
E 

grains of maize 
(Pammel and King.) 

Pollen Fig. 41. 
mounted in water. 

wer, ovules develop- Pistillate flo Fig. 42. 
ing. st, styles. (King.) 

Arrhenatherum avenaceum has hermaphrodite flowers as well 
The least 

jar or the slightest breeze will cause a shower of pollen to issue 

The anthers are long and pendulous. as staminate. 

from the anthers; the very plumose stigmas are exposed and 
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readily receive the pollen. Self-pollination can occur in many 

grasses as stamens and pistils mature at the same time, but 

this is prevented in tall meadow oat 'grass and others by the 

difference in time in which stamens and pistils mature. In 

this grass the pistil matures first and is therefore protero- 
gynous. When the pollen is mature and is shed, the stigmas 

have wilted and are no longer in a raceptive cndition. In 
most grasses stamens mature first and the flowers are pro- 

terandous. 

The flowers of our Andropogon provincialis with digitate 

spikes are gently blown by the wind. When they come in 

contact with a neighboring plant they are sure to leave some 

of the pollen on the receptive stigma. The long, purple plu- 

mose stigma is proterogynous, and therefore not ready to 

receive the pollen when the stamens dehisce. The flowers 

open during the early morning (5 A. M.), when there is consid- 

erable dew on the ground. 

Professor Hitchcock* has described quite interestingly the 

Fig. 43. The opening of grass-flowers. Beginning to the left: Tall Meadow Oat grass, Arrhen- 
atherum avenaceum; Meadow Fox-tail, Alopecurus pratensis; Hungarian Brome, Bromus inermis; Rye, 
Secale cereale; Meadow Fescue, Festuca pratensis. 

*Report on a Ce ecee of plants quate by C. H. Thompson in southwestern Kansas 
in 1893. Oontr. U.S. Nat. Herb., 
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manner in which grama grass, Boutelowa oligostachya is pol- 

linated. 

The plants grow closely intermingled, forming a dense, soft 

mat afew inches in height. The flowers are arranged in one- 

sided spikes, of which there are usually two or three. The 
two stigmas protrude from the base of the partially opened 
glumes and recurve towards the main rachis. The anthers, as 
is usual in grasses, hang on slender filaments, easily shaken 

by the slightest breeze. The spikes are so arranged that 

when acted upon by the wind they turn like vanes. This 
brings all the spikes in a direction nearly parallel to the wind, 

the stigmas being to the windward and the anthers to the lee- 

ward; thus the stigmas necessarily receive pollen from a dif- 

ferent plant. The same adaptation is seen in other species of 
Bouteloua and in some other grasses. 

Many of the flowers of grasses have a pair of small scales, 

physiologically of great importance, as they assist in the 

pollination of grasses. The bases of these lodicules are 
grown together. The rapid swelling of the bases at least 

causes the separation of the flowering glume and palet, and 
hence the opening of the flower. These turgid scales may 

be seen at the time of flowering in many grasses. They are 

very evident in Poa arachnifera, Panicum miliaceum, Avena 
sativa, Bromus mollis and Festuca elatior. In grasses where 

these scales swell but little, the flowers do not open very far. 
Where they are absent the spikelets are closed at the sides 

and the stamens and pistil only protrude at the apex. The 

time of opening of grasses in different genera varies greatly. 

It is well known that temperature and moisture greatly influ- 

ence the opening of flowers. Rain and low temperature may 

retard the opening, not only hours but days. Dry air anda 
high temperature also retard opening. The flowers of grasses 
Open, as a rule, early in the morning, usually when there is 

some dew. Jfestuca pratensis opens before 7 A.M. Mr. F. A. 

Sirrine found that about Ames the flowers of grasses usually 

open between 5 and 9 a. M. Some, however, open between 5 

and 7p.M. Kerner von Marilaun* states 4to 5 a. M. for Poa 

and Koeleria; 5 to 6 a. M. for Brazia media, Aira cespitosa, 

wheat and barley. Rye,9A.M. This is, however, not always 

the case in cereals, as they may open at any time of the day. 

; * Pflanzenleben. 2: 139, 
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Hays and Boss* state that the flowers of wheat open at 40 
minutes past 4 and closed at 18 minutes past 5 A. M., in Minne- 

sota. Flowers of oats and timothy open between7 an A.M. 
1 

Fig. 44. Pollination of tall meadow oat grass (A’rhenatherum avenaceum.) 1, 

Stamens before pollen is discharged; 2, Pollen discharged from anther; 3, Pollen dis- 

charged; 4, Pollen in the act of discharging. (After Kerner von Marilaun.) 

Agrostis, 11 A. M.; Elymus, between 

12 andip.m. Agropyron at 4; Holcus 

opens its flowers twice during the day, 

at 8 A. M. and at 7 P. M., provided 

atmospheric conditions are favorable; 

when the temperature is not below 

57° Fahrenheit. 

Beal says, in regard to the length 

of time a grass remains in flower: 

‘‘As arule, acertain specified flower 

of a grass remains open only for a 

short time, but different flowers of a 

with Stamens and pistil, (atree plant may appear at successive 
esses periods extending over eight days, 
is re varieties. breeding, cultivation. Bull. Univ. of Minn. Agrl. Exp. Sta. 
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more or less, in Indian corn; seven days, more or less, 

in timothy, several days in oats and wheat, and for a much 

longer period in branching grasses like Eragostis and Muhlen- 

bergia.’’ Several grasses produce what are known as cleistog- 

amous flowers. <Amphi- 
3 carpum purshii, indigen- 

_N ous to New Jersey and 
\ southward, produces two 

kinds of flowers. Those 

with open flowers sterile, 

while those borne on the 

small runners at the base 

of the culms are abund- 

antly fertile. Leersia 

oryzoides produces cleitso- 
gamous flowers. 

Cross-fertilization.— 

Hackel has shown that 

cross-fertilization is much 

more rare and difficult in 

barley, and in certain 

races like the six-ranked, 

the short spiked two- 

ranked and the peacock 

barley, the flower of the 
grasses, especially in 

some climates, never 

open and consequently 

cross-fertilization is im- 

possible. Wheat is also 

pollinated in the bud dur- 

Fig. 44.A. Spikelet of wheatshowingglumes, ing cloudy and_ rainy 
palet, stamens and pistil. (After Saunders.) we ather. In rye, on the 

other hand, the rule is to have the flowers cross-pol!inated. 

They have in fact lost the power of self pollination. Cross-ferti- 

lization takes place readily in nature as shown in numerous 

forms of corn, such as sweet, pop, dent and flint. Corn is 

remarkable in showing the immediate effect of cross-fertiliza- 

tion or xenia the first season, though it is also evident* in 

succeeding generations. 

* Just as | am reading proof there has come to hand a valuable paper on Xenia, by 
Webber. Bull. U.S. Deps. of Agr. Div. of Veg. Path. and Veg. Phys. 22: 1900. 
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In wheat, according to Hays and Boss,* unusual variation 

may occur. They state that the fife and blue stem parents 
only had very short awns, while in the 

progeny there are several types with awns 

of various lengths. Several of the plants 
had dark-brown chaff, others chaff with a 

light metallic tinge. Some of these varie- 
ties may be due to previous crosses, and the 

tendency of the plants to vary. The two 
varieties crossed are not closely related, 

one parent having hairy chaff and the other 

smooth. 

Hybrids. 

; Hybrids have been produced in grasses 

Gigeena ean clean eae but they are rather difficult to work with, 

baba ave sKUI es mk: owing to the delicacy of the flower. 
The remarkable wheat and rye hybrids of Bliss Carman in 

which fertile offspring took place in two distinct genera, 

Triticum and Secale, are worthy of notice. 

Focket+ in his work on plant bybrids notes a number of 

hybrid grasses. Thus he records a hybrid between the Avena 

sativa and A. orientalis. There are also several hybrids between 

species of the genera Poa and Calamagrostis and Alopecurus 
and Bromus. He also records a hybrid between Aegilops and 
Triticum. According to this it is stated that after several 

years of culture a variety with constant characters is produced 
which was called Aegilops blé by Fabre. It seems extremely 

doubtful whether Fabre had a genuine hybrid in this instance. 

Wilson{ seems to have produced a fertile hybrid between 

Triticum and Secale, and they have even reported bigeneric 

bybrids between Agropyron and Elymus. 

Immediate and secondary influence.—It is well known that in 

some cases pollen has an immediate influence on the fruit or 
seed. This has long been known to be the case in corn. As 

long ago as 1758§ it was observed that when differently colored 
varieties grew near each other they affected each other’s seed. 

Later experiments were made by Dr. Savi and Professor Hil- 
* Wheat: varieties, breeding, cultivation. Bull. Minn. Agr. Exp. Sta. 62: 460 

This valuable bulletin gives a great deal of valuable information on the subject. 
t Die Pflanzen mischlinge ein Peltrag zur Biologie der Gewiichse. 407. 
+, +.Trans. Bot. Soc. Edinb. 12: 28 
$ Darwin: Animals and plants nage domestication, 1: 430. 



Fig. 45. A. No. 50, Pride of the North crossed with Champion White Pearl. 
No. 60, Self-husking crossed with Early Hathaway. No. 61, Self-husking crossed with 
Woodworth’s Yellow. No 66, King Philip crossed with Leaming. No. 151, Yellow Mam- 
moth crossed with Maryland White Dent. No. 164, Mason’s Flour corn crossed with 
Conscience. After Kelierman Swingle. 



Fig. 45A. Changes in form and color of kernels of corn produced by xenia. 1. Leaming Yellow, 

anterior and posterior views of kernels. 2. Champion White Pearl; two views. 3. Stowell’s 

Evergreen, two views. 4. Stowell’s Evergreen, showing xenia from crossing with pollen of Champion 

White Pearl. 5. Stowell,s Evergreen, showing xenia from crossing with pollen of Leaming Yellow. 

6. Gilman Flint, showing xenia from crossing with pollen of Stowell’s Evergreen. 8. Black Mexican. 

9. Black Mexican, showing xenia from crossing with pollen of Gilman Flint. 10 Stowell’s Evergreen, 

female, X Black Mexican male; kernels are white and transparent resembling the mother parent. 11. 

Stowell’s Evergreen female, X Black Mexican male, showing xenia in blue-black color imparted to 

the aleurone layer of the endosperm. 12-13. Kernels from an ear of a pure race of white sweet 

corn, some of which show xenia from crossing with pollen of a yellow Dent race. Those of figure 

12 are normal, evidently having been self-fertilized, while those shown in figure 13 show xenia. 

After Webber, U. 8. Dept. of Agr. 
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Fig. 45B. 1-2. First generation Hybrids of Hickory King corn, female, X Cuzco corn, 
male, and types of parent stalks for comparison. 

1. Hybrids of Hickory King female, x Cuzco 759, male, (first generation hybrid) 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 Ouzco in his right hand. 

2. Central stalk a hybrid of Hickory King female X Cuzco 759 male; stalk on left. Hickory 
King, the mother parent; stalk on right Cuzco, the father parent. (Stalks in each case of 
maximum size). After Webber, U.S. Dept. of Agrl. 
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Fig. 45C. Oomparison of h ybrid of Gilman Flint corn female x Hickory King corn male with parents, and ears showin g change caused by xenia in composition of kernels 
1. Hybrid and parents: Hillin center, a first generation hybrid of Gilman Flint female xX Hickory King male, grown from one kernel; hill on right, Gilman Flint, the mother parent; hill onleft, Hickory King, the father parent. 

Ear of sweet corn, the smooth kernels of which show xenla from crossing with the 
pollen of a yellow Dent race. Natural size. 

3. Kars of Gilman Flint, the wrinkled kernels of 
Stowell's Evergreen. Natural size. 

€ 
“~ 

which show xenia from crossing with 
After Webber, U.S. Dept. of Agrl. 



Fig 45F, Method of selecting stock. Twotypes of plants. The plant at the right 
has culm:, very uneven in length, therefore undesirable, while that at the left has no 
very tall culms, but many of nearly the same height (After Hays, Minn. Agrl. Exp. 
Sta.) 
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Fig. 45G. In the upper row the right hand spike is the Blue Stem parent, the 
left hand one the Fife parent, and the central spike is the average spike of the plant 
of the first generation Thespikes in the middle and lower rows are forms which 
appear in the one hundred plants of the second generation, all of which came from 
seeds from the single plant of the previous year. (After Hays, Mion. Agr. Exp. Sta.) 
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debrand. Both havecometothesameconclusion. P. Dudley* 

writes as follows: ‘‘Indian corn is of several colors, as blue, 

white, red and yellow. If these sorts are planted by them- 

selves, so that no other be near them, they will produce their 

own color; but if you plant the blue corn in one row of hills, 

as we term them, and the white or yellow in the next row, 

they will mix and interchange color.’> Dr. Sturtevantt says: 

‘“Corn, the maize plant, shows in its kernels the influence of 
cross-fertilization of the same year. Some varieties seem to 

possess the power of resisting either cross-fertilization or the 

changes induced thereby.’’ Professor Crozier{ writes (Cross 

between Stowell’s Evergreen and Yellow Hathaway): ‘‘These 
observations show that foreign pollen affects the appearance 
of the crossed kernels the first season, but also that an unusual 

appearance may be due to a cross of the previous year.” Pro- 

fessor Beal§ says: ‘‘During the past year I planted near 

each other three hills of the following kinds of corn, well 

mixed together, viz: Waukashum, White Flint, Black Pop 

Corn, Early Minnesota Sweet, King Philip and Black Sugar. 

Every ear showed a mixture produced by pollen from one or 

more of the varieties except those of the King Philip variety.”’ 

But Flint corn did not show the effect of pollen from Dent 

corn in the first year. Kellerman and Swingle,|| who crossed 

a large number of varieties, have come to the same conclusions 

that other observers have, namely: that the so-called varieties 

of maize cross more or less freely, and the effects may or may 

not be visible the first year. As aresultof some work done on 

the college grounds Professors Crozier and Rolfs*| write con- 

cerning the immediate influence of cross-fertilization upon the 

fruit: ‘‘In all cases some, and in some cases all of the ears 

changed in appearance in the direction of the variety furnish- 

ing the pollen.” A practical gardener, Mr. F. S. White,* 

writes as follows: ‘‘The past season I had sixteen varieties 

of white sweet corn and also a small lot of Black Mexican. 

When I came to save my seed corn I found grains of this black 

corn stuck in every variety.’’ 

*Philosophical Transactions Abridgment, vol. 62: 204-205. Kellerman and Swingle. 

Annual Rep. Kansas Agrl, Exp. Sta. 2: 346, 1889. 

t+Ann. Rep. New York Agrl. Exp. Sta. 2: 37-56. 

*Proc. Soc. Prom. Agrl. Sci. 1887: 1. 

_ §Rep. State Board of Agrl. Mich. 1878: 450. 

iAnn. Rep. Kan. Agrl. Coll. Exp. Sta. 2: 288, 1889. 

Agr. Sci., 4: 28. 

llowa State Register, Dec. 11. 1891. 
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Walter T. Swingle and Herbert J. Webber, in a paper on 
Hybrids and their utilization in Plant Breeding, say as follows*: 

The most convincing series of experiments was carried out 

by the famous French plant breeder, Henry L. de Vilmorin, in 

1866. In the spring of that year he planted a dozen varieties 
of maize from 1,000 to 1,300 feet apart, which distance was 

found sufficient to prevent spontaneous inter-crossing by wind- 

blown pollen. The ears to be crossed were enveloped in thin 

flannel, which excluded pollen perfectly, for such ears, if not 

artificially pollinated, never gave a single kernel. To have a 

standard for comparison, an inclosed ear of each sort was arti- 

ficially pollinated from the same sort. The ears thus obtained 

were imperfectly filled, but the kernels reproduced all the 

characters of the seed planted. On the other hand, when 

inclosed ears were artificially crossed ‘with pollen from 

another sort, * * * the ears often, but not always, 

contained kernels showing the characteristics of their male 

pareat. The proportion of such grains, when they existed, 

was very inconstant, being liable to vary from 1 to 60 per 

cent.’ The effect was limited to changes in the color of the 

kernels. In most cases the pollen of a black corn was used in 
crossing, and this color exists in the substance of the kernel. 

No conclusions were drawn except from plats of maize, the 
ears of which, when left exposed or fertilized with their own 
pollen, reproduced without change the sort planted. 

‘‘In 1867 Hildebrand reported an experiment in crossing 
corn, using a yellow sort for the female and a dark brown sort 

for the male. Realizing that the older experiments had been 
faulty, since no proof was given that the sort used as the 

female parent was pure and might not be showing the effects 

of a previous cross, he pollinated some of the plants of the 
yellow sort with their own pollen and obtained ears, all the 

kernels of which were exactly like the mother grains. On the 

other hand, two ears obtained by fertilizing the yellow sort 

with pollen of the dark brown sort had about half of the ker- 

nels 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, therefore, the pollen of the brown-ker- 
neled sort had exercised a direct transforming influence.” 

Numerous other experiments have been made in this couns 

try on the subject of the immediate influence of foreign pollen 

«Year book U.S. Dept. of Agr. 1897: 404-405. 
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Pig. 451. Composite cross, showing samples of the last cross. (Redrawn from Trans. Highl. 

and Agric. Soc. of Scotland. Oarlton, Div. Veg. Path. and Phys.) 
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on the kernels. The literature is given quite fully by Keller- 

man and Swingle.* 
Webbert says: ‘‘In the writer’s experiments it was found 

that the plumbeous or blueish-black color of the aleurone 
layer of the endosperm in the cuzco and Black Mexican races 

was apparently 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. In all of the 

cases observed by the writer no exception has been found to 

the rule first asserted by Koernicke, that xenia is shown only 

in the endosperm, the portions of the kernel outside of the 
endosperm remaining unaffected. ’’ 

Fig. 46. Maize caryopsis; a, epi- 

dermal cell of caryopsis; c, cary- 

opsis below testa; a, aleurone layer; 

8s, starch layer. (Pammel and 

King.) 

Fig. 47. Caryopsis of Mexican corn, 
popcorn type; a, epidermal! cells of cap- 
sule; c, capsule; t, testa; d, aleurone 
cells; s, starch layer. (Pammel and 
King.) 

*Experiments in Orossing Varieties of Corn. ‘Bull. Kan. State Coll. Agr. Exp. Sta., 
17: 151-174. pl. 3, and Ann. Rep. Kan. Agrl. Coll. Exp. Sta. 2: 

+ For literature, see valuable paper by Webber. Bull. U. S. Dept. Agrl. Div. Veg 
Path. and Phys. 22: 1900. 
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Caryopsis or fruit.—The fruit in grasses is called a caryopsis. 
The thin pericarp or capsule is closely connected with the 

seed. Physiologically the pericarp takes the place of the 

testa, being well and strongly developed, while the testa is 

only feebly so. In general the structure is as follows: The 

epidermal layers, thinner walled parenchyma and a delicate 

fibro-vascular bundles. Bran consists of the testa and capsule 
with the adjacent layer, the nucellus when present and the 

endosperm. It should also be observed that the pericarp 
often unites with the bracts, especially palet, but seldom to 

the flowering glume as in barley. 

Dr. Rodney True* summarizes his work on development of 

cereals as follows: 

I. Incorn, wheat and oats, at the time of fertilization the 

single ovule is furnished with two integuments which are 

more or less complete. As development proceeds (1) the 

outer integument soon disappears; (2) the inner cells of the 

wall of the ovary are absorbed, in varying proportions; (3) the 

tissue of the nucellus is absorbed, with local exceptions. 

II. At maturity these remain as seed covering: (1) The 
external portion of the wall of the ovary in varying propor- 

tions, forming the pericarp; (2) the inner integument persist- 

ing in a state of compression. The epidermis of the nucellus 

also persists, though much compressed. 

III. Late in the development of the fruit, the remaining 
(inner) integument becomes soldered to the adjacent inner 
cells of the pericarp, forming the fruit correctly described by 

Mirbel under the name of ‘‘cerium’’ and rechristened by 

Richard the ‘‘caryopsis.”’ 
Zea mays L. In another connection one of us has discussed 

the structure of Zea.+ The pericarp consists of thick-walled epi- 
dermal cells followed by a layer of variable thicknesses, the 

walls of which are greatly thickened, with radiating pore 

canals. The testa is insignificant, the walls are thinner than 

in pericarp. Remmants of the nucellus may be distinguished 

in some parts of the seed. This is followed by the endosperm. 
The aleurone cells are smaller, very different from those 

underlying it. The starch cells following the aleurone are 

closely packed and filled with angular starch grains. 

Avena sativa L. In common oats the caryopsis is slightly 

*Bot. Gazette, 18: 214 pl. 24-26. 

*Proc. Ia. Acad. of Sci. 5: 199. 
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Fig 48 I. Za Mays: nucellus asingle row of cells, pericarp much more developed than the testa. 
Il. Aordum jubatum: thick-walled sclerotic cells of glume with short trichomes above the caryopsis; 
¢ remnantof nucellus III. Sorghum vulgare var. communis (Andropogon. Sorghum var.): small aleurone 
cells; simple spherical or elliotical starch grains. LV. Secale cereale: large spherical or somewhat 
elliptical starcL grains; nuc+llus a single row of cells; p porous thickened walls of pericarp. V. 
Euchlena mexicana: starch grains solidly packed together. VI. Avena sativa: pericarp with irregular 
cells on surface; the minute “down” of seed; a single row of ceils to aleurone layer; in VII same, 
showing more than one row; starch grains compound. VIIL. Arrhenatherwm avenaceum: aleurone layer 
of tworows of cells; starch grains compound [X. Phlewm pratense: lower figure, general view cross 
section of seed with embryo in position. X, Poa pratensis: large compound starch grains in endosperm. 

5 
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hairy. The large epidermal cells are thick-walled, slightly 

irregular on the surface, followed by several rows of thick- 

walled cells in a general way much like the epidermal cells. 

The testa consists of a much compressed layer mostly of two 

rows of thick-walled cells; remnants of the nucellus evident. 

The aleurone layer of the endosperm consists of one or two 

rows of cells; the outer portion of the starch cells contains less 

starch than the inner. The starch consists of large com- 

pound grains, the component parts five to six-sided. 

Secale cereale L. An excellent account of the structure of 

this fruit will be found in the works of Harz, Tschirch & 

Oesterle, Tietschert, Gregory and other writers on economic 

food products. Literature of the whole subject is given fully 

in a paper by Pammel.* 
The pericarp consists of tangentially elongated epidermal 

cells with large cavities. The outer wall is thickened as 

well as the inner, the lateral walls thinner. Harz states that 

there is an important distinction between Secale and Triticum; 

a somewhat analogous structure, however, occurs in the spelts 

The epidermal layer is followed by smaller thin-walled 

parenchyma cells. The layer next to these parenchyma 

cells is frequently composed of thick-walled porous cells with 

pore canals. These cells not evident except in mature fruits. 
The testa is but slightly developed and consists cf compara- 
tively small cells frequently colored brown. ‘The nucellus 

occurs as a remnant especially in the groove, where the cells 

are thick-walled and somewhat gelatinous. The endosperm 

resembles that of wheat. The aleurone layer consists of a 

single layer of cells. The exterior walls are greatly thick- 

ened. The cells of the starch layer large, containing a large 

number of round or elliptical starch grains, extremely vari- 

able in size. The starch grains on the whole are larger than 

those of the genus Triticum. 

The adhering palet consists of several rows of thick-walled 

cells. The epidermal cells are longer and somewhat thicker- 

walled. The cells below are also thick-walled, provided with 
pore canals. In places the epidermal cells develop into a 

short trichome. Underneath the thick-walled cells occur sey- 

eral rows of thin-walled irregular parenchyma cells. The 

*Pammel. Histology of the Oaryopsis and Endosperm of some grasses. Trans. 

Acad. Sci. of St. Louis. 8: 199. pl.17—19. Proc. la. Acad Sci., 5: 199, 1897. Oontr. 

Bot. Dept. Ia. St. Coll. Agr. and Mech. Arts, 10, 1, 1898. Hays and Boss, Minn. Agr. 

Exp. Sta. Bull. 62: 418. Bolley, Bull. N. D. Agr. Exp. Sta, 9: 1. 
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pericarp follows. It consists of several rows of thick-walled 
translucent cells, the cavity being very much reduced. The 

testa is colored brown. The cells are tangentially elongated 

and the cell-walls are thinner. The nucellus is very much 

reduced excepting in the groove, where it occurs as thick- 

walled cells. The endosperm differs in a very marked degree 

from either that of Triticum or Secale, especially the aleurone, 

which consists of three to four or exceptionally more rows of 

cells. The starch cells are much larger and contain large 

spherical or elliptical starch grains, accompanied by numerous 

smaller ones. Small protein grains are abundant. 

Structurally there are wide differences between the tribes 

of the order, very marked in some c'osely allied genera. The 

pericarp is well developed in such genera as Zea, Arundinaria, 
and fairly well in Triticum, Secale, Hordeum and Avena. The 

testa is but slightly developed in most cases, notably so in 

Festuca, Panicum glabrum, Aristida and Oryza sativa, the pro- 

tective features being provided for by the glumes surrounding 

the fruit, or the wall of the ovary. The nucellus is never 

entirely absent, especially in the groove. It is usually much 

compressed. In the genera Festuca and Bromus, the cells are 
large, thick-walled and mucilaginous, and no doubt act as 

reserve food. The aleurone layer is variable. It is never 

absent. Of one row of cells in Triticum, Zea, Zizania. The 

cells are very small in Panicum crus-galli, Aristida, Setaria 

italica. Of more than one row of cells in Avena, Arrhena- 

therum, Festuca, and Hordewm vulgare. Thestarch cells differ in 

size and contain small spherical or elliptical grains in Sorghum 
vulgare and Cenchrus tribuloides. Large spherical or some- 

what elliptical grains occur in Triticum and Hordeum, accom- 

panied by numerous smaller ones. Small five or six sided 

grains in Panicum crus-galli, Zea mays, Euchlaena mexicana. 

This applies in general to the tribe Maydeae and Paniceae. 
Cenchrus is, however, an exception to the rule. Compound 
starch grains occur in Zizania, Oryza, Avena, Arrhenatherum, 

Glyceria, Poa, Phalaris and Arundinaria; most grasses appear 

to have compound grains. The endosperm always contains 
protein, though much reduced in the starch cells, except in the 

aleurone layer, where no starch occurs. The starch cells next 

to the endosperm contain more protein than the interior of the 
endosperm. Fat is also present in small amounts. The com- 
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pound starch grains of Nardus in the tribe Hordeae are some- 
what anomalous. 

Specisic gravity.—Little work has been done in this country 

on the specific weights of our seeds. Such studies have been 

made of European wheat by Harz, Nobbe, Koernicke and Wer- 

ner and others. Several yearsago Pammel and Stewart made 

some determinations indicating the difference in wheat in this 

respect and that a study of the specific gravity and number of 

seed per pound and bushel of considerable interest and com- 
mercial importance. 

Wolfenstein gives the following figures with reference to 

wheat: 
Summer wheat, Halle; Germany... 35-2. sa cjstes.- cy 1.3884 

Hnglish wheat, Mngland’. ccc. is . +26 es0,5.0) aie sglis! st ini s,s.0'm oy eerie 

Purple straw wheat, Australia... .. 2.0... 560g. ose. ous) dee 
Tuscan wheat, Australia: oo.4 {esis cretosid = ae eels erecarrerer 1.4156 

Siberian wheat, Siberia. . TR arale disdhc swycutaa te (5 drene ease tec eee era 

Michigan Amber, Miehioan. x 1.4292 

Climate and soil both eee modity, fae iy Cl chanes 

ter of the seed. This variation is also great in different 

varieties. To compare the results obtained from these studies 

a few figures are taken from Harz. One hundred seeds of the 

following varieties weighed as follows: Prince Albert, 5.102 

grams; Archer’s Prolific, 4.298 grams; Hunters wheat, 3.714 

grams; Mediterranean wheat, 4.532; White Genesee wheat, 

4.403 grams. 

Some tests made by Pammel and Stewart* with wheat from 

various localities in the United States gave the following 

results: World’s Fair, Seneca Falls, N. Y., 1.146296; Winter 

Fife, La Crosse, Wis., 1.44578; Martin Amber, La Crosse, 

Wis., 1.35054; Golden Cross No. 2, 1.47524; Bissell, Manhat- 

tan, Kan., 1.4765; Turkey Red, Manhattan, Kan., 1.441; Mis- 

sogen, Berkley, Cal., 1.480; Carter’s Hundredfold, Berkley, 

Cal,, 1.518; Fultz, Raleigh, N. C., 1.489; Red May, Raleigh, 

N. C., 1.454; Turkey Red, Iowa, 1.48727. According to Wolf- 

enstein, as quoted by Nobbe, the lowest specific gravity out of 

the thirty samples, occurs in white wheat (Saxony), 1.3766. 

An averuge sample of Bohemian wheat from the market, con- 
sisting of three varieties had a specific gravity of 1.4208. 

The highest specific gravity recorded is 1.4396, Ohio Red. 

* Bull. Ia, Agrl. Exp. Sta. 25: 26. 
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It is interesting to compare the specific gravity of wheat 

with that of a few other seeds obtained in Europe. An 
average sample of corn has a specific gravity of 1.147; Castor 

Oil bean, .908; Buckwheat, 1.104; Field pea, 1.355; White 

clover, 1.41; Kale, 1.35; Rutabaga, 1.38. 

Schulte and Wright in the botanical laboratory, lowa State 

College of Agriculture and Mechanic Arts, determined as 

fo lows concerning the weights and specific gravity of several 

cereals. Corn: Giant White Dent, 1.2547; Hickory King, 

1.2932; King of Earliest Dent, 1.3284; South Dakota Flint, 

1.3367; Mastodon, 1.2712; Jumbo, 1.2852; Chester County Yel- 

low, 1.2753; Common Yellow Fieid, lowa grown, 1.2826; Com- 

mon White Field, lowa grown, 1.3627; Golden Cable, Missouri, 

1.2821; Pride of the North, 1.2766; Iowa Gold Mine, 1.2836; 

Longfellow Flint, 1.3044; Iowa Beauty, 1.2816; White’s Mam- 

moth Red, 1.2511; Monarch Rice popcorn, Iowa, 1 3550; Red 

Beauty popcorn, 1.3738; Hickory King, Alabama, 1.3088; Pride 

of the Farm, 1 3306; Alabama Yellow, 1.2022; Hickory King, 

Kansas, 1.2555; Improved Leaming, Kansas, 1.2945. Wheat: 

Turkey Red, Iowa, 1894, 1.8290; 1895, 1.8065; Fife, 1894, 1.4177; 

Red Clawson. Missouri, 1894, 1.3594; O’Kangan Valley Velvet 

Chaff, 1.5197; Wisconsin Triumph, 1.4077; Turkey Red, Kan- 

sas, 1894, 1.3659; Turkey Red, lowa, 1.4137. Oats: Nameless 

Beauty, Wisconsin, 1.34382; Giant Yellow, Wisconsin, 1.3178; 

White Bonanza, Wisconsin, 1.3290; Red Rust Proof, Kansas, 

1.2550; Full Moon, fowa, 1.2302; New Salt Lake, Iowa, 1. 

Clover: lIowa, 1.2121; White Superior Scotch, 1 2334; Black 

Mammo h Cluster, Wisconsin, 1.1257; Wide Awake, Wiscon- 

sin, 1.1892. 

Mr. J. U. Loyd,* who has made an exhaustive study of the 

grain weight, records the following densities: Duluth Hard 

Springs, 1.394; India, No. i Club Bombay, 1.385; Manitoba 
Spring Hard, 1.388; Ohio White Winter, 1.387; Black Sea, 

Azima, Russia, 1.383; Patagonia, South America, 1.3880; Wis- 

consin Spring, 1.377; Australia, 1.377; Ghirka, Fine Russia, 

1.364; California No. 1, 1.858; River Plat e, South America, 

1.357; England White, 1 346; New Zealand White, 1 346; Odessa, 

Russia, 1.348; Chili, 1,332; England Red, 1,337; Washington 

State, 1.327. 

According to the same investigator 100 grains of wheat of 

the following varieties weigh as follows: New Zealand White, 

*The Grain Weight: A study of wheat. Oincinnati. 16. 
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77.9; England Red, 77.4; No. 1 Club Bombay, 84.2; Baltic, Rus 

sia, 56.6; Ghirka, Fine Russia, 49.3; Chili, South America, 77.9; 

Ohio White Winter, 51.4; Wisconsin Spring, 47.4; Duluth Hard 

Spring, 46.7; River Platte, South America, 46.1; California 

Choice, 74.4; Manitoba Hard Spring, 43.9. 

Messrs. Schulte and Wright determined as follows concern- 

ing the number of grains in a gramme: Corn: Giant White 

Dent, 3.4; Hickory King, Wisconsin, 2.0; Common White field, 

Iowa, 3.5; Eclipse, Wisconsin, 3.2; lowa Gold Mine, 2.9; Hick- 

ory King, lowa, 2.1; Improved Leaming, lowa, 2.9; White’s 

Mammoth Red, 2.9; Red Beauty popcorn, 8.38; Monarch Rice, 

11.6; Hickory King, Alabama, 1.9; Alabama Yellow, 1.8; 

Stowell’s Evergreen, Iowa, 4.1. Wheat: Turkey Red, lowa, 

40; Red Clawson, Missouri, 23; Fultz, Missouri, 29; Wisconsin 

Triumph, 39; Turkey Red, Kansas, 32; Currell, Kansas, 35. 

Oats: Giant Yellow, Wisconsin, 27; Red Rust Proof, Kansas, 

35; New Salt Lake, iowa, 45; Black Mammoth Cluster, Mis- 

souri, 39; White’s Superior Scotch, Iowa, 33; Lincoln, Iowa, 40. 

In i893 wheat, obtained from various sources, gave the fol- 

lowing results: New York, La Crosse, Wis., Jones’ Winter 

Fife, 37.8; Wisconsin Triumph, 33.5; lowa Turkey Red, 35.92; 

New York, Red Clawson, 22.77; World’s Fair, 26.92; Golden 

Cross No. 2, 24.077; Bissell, Kansas, 28.77; McPherson, 33; 

Turkey Red, Kansas, 33.77; Missogen, California, 18; Carter’s 

Hundredfold, 23.233; Fultz, North Carolina, 34.9383; Harly Red 

Clawson, 31.28; Amber, 28.6. 

One hundred seeds of Michigan Amber weighed 3 5134 

grammes. Purple straw, 6.864; English wheat, 3.7798; Sum- 

mer wheat, Halle, 2.8654. 
Schertlen gives the following specific gravity of some grass 

seeds: Muhlenbergia mexicana, 1.100; Arrhenantherum elatius, 

with chaff; 0.600; Avena sativa, 1.345; A. orientalis, 1.021; Bromus 

inermis, 0.746; Holcus lanatus, with chaff removed, 0.301; Hordewm 

vulgare, with chaff, 1.851; Panicum miliaceum, 1.179; Zea mays, 

1.147. 
Dissemination.—An important step in the life of every plant 

is the dissemination of its seed, since without this the species 

has little chance to perpetuate itself. 

Grasses are disseminated by wind, animals, hygroscopic 

movements, water and man. 

Speaking of dissemination Hackel says: ‘‘In all wild 

grasses certain parts of the spikelet or of the entire inflor- 
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escence fall off with the fruit. If the spikelet is many- 
flowered and every flower ripens its fruit, then its axis breaks 
into as many pieces as there are fruits, and every piece carries 

a floral glume and palea. If the spikelet is one-flowered, the 

axis of the spikelet may separate above the empty glume, so 

that the floral glume and the palea fall off with the fruit 
(Agrostez); or it may divide below the empty glume, and the 

spikelet fall off as a whole (Panicezee, Andropogonee, etc.). If 

the spikelets form a spike or a raceme, it frequently happens 
that the latter divides so that one spikelet falls off with each 

joint (many Andropogoneze and Hordez); short spkes (Triti- 
cum ovatum Godr.) fall from the culm as a whole. All these 

arrangements are necessary for the distribution of the seed; 

they are lacking (with two exceptions) in all cultivated cer- 

eals, but are present, on the contrary, in all native races of 

the same species, so far as these are known. Since these 
arrangements are very disadvantageous for the complete gath- 

ering of the fruit, varieties whose axes are less or not at all 

articulated will be preferred in culture, and will be finally 

fixed by natural selection.’’ 

Seeds to be disseminated by the wind must be sufficiently 

light. Surrounding the fruit are bracts, which diminishes the 

specific gravity. Hordeum jubatum, and Agrostis are carried by 

wind because of their lightness. In many grasses copious hairs 
are developed either as parts of the sterile glume or parts of 
the axis. In Andropogon the rachis or both rachis and the 

sterile flowers are provided with long hairs. In Phragmites 

the base of the flowers are silky villous and with a conspicuous 

silky-bearded rachis. 

In Calamagrostis the callus of the flowering glume is pro- 

vided with short or long hairs. In Poa the principal veins 

of the flowering glume are cobwebby (figure 36). The seeds 

readily adhere to woolly objects, or they may be carried by 

the wind. 
The beautiful European Stipa pennata, and our variety, neo- 

mexicana, are well adapted for wind dissemination. Its long 

plume makes it easy for the wind to carry. 

The wind, however, acts in other ways. The Australian 

Rolling Spinifex forms a largeround head. This breaks away 

and rolls over the dry sands of Australia until it is carried to a 

dry place, when it expands and soon takes root. In tickle 

grass (Panicum capillare) the whole inflorescence breaks away 



Fig.49 Dissemination of grasses. 1, Stipa spartea, twisted awn and hairs, self- 
burying ‘‘seed;” 2, S.comata; 3, 8 viridula; 4, Zizania aquatica, a floating ‘‘seed;’’ Cen- 
chrus tribuloides, with a bur for attaching itself; 6, S. pennata; 7, Hordeum jubatum, ani- 
mal dissemination; 8, Avena fatua, a “seed” with hygroscopic characters. (King ) 
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and is either bodily carried up in the air or rolls along the 

ground. Many of our native grasses like Eragrostis are carried 

ina similar way. To be sure, many of the seeds fall long 

before they separate from the plant. And yet dozens of fruits 

may be counted on a single panicle. The wind may also carry 

the seed over the snow during winter. 

Animals and hygroscopic movements.—Animals are most effi- 

cient in conveying the seed of many grasses. The stiff, sharp 

spines of the involucre in Sand Bur (Cenchrus tribuloides) are 

most efficient in piercing the skins of animals. Indeed it 

sometimes causes considerable annoyance to animals and man. 

In Streptochaeta, says Hackel, ‘‘The ripe fruit hangs from 

delicate spiral threads (the awns) which are fastened together 

at the end of the spike; they are free below, and their soft- 
pointed bracts, bent outward, act like fish-hooks by catching 

into the fur of any animal that touches them in passing.’’ 
Our common Squirrel-tail grass (Hordewm jubatum) is most 

efficiently carried by animals. The.spikes, when mature, break 
up into joints, and although the joints are not sharp-pointed 

they readily cling to the fleeces of animals. So, too, do the 

broken points of Sitanion cling to animals. 

Fig. 50. 1, Foxtail (Setaria viridis); 2, Setaria glauca; 3, Setaria verticillata. The seeds 

of all three species carried by animals, especially sheep and cattle. 4, Panicum san- 

guinale; 5, P. crus-galli. The seeds of these are carried by birds, used as food. 
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A most interesting case of animal dissemination is afforded 

by a native species of Stipa spartea. The cylindrical grain is 

provided with a sharp-pointed cullus which makes it easy to 

penetrate clothing, the skins of animals and soil. The grain 

is enclosed by the hard, persistent, flowering glume which sur- 

rounds the palet. The lower portion of the coriaceous flower- 

ing glumg, as well as the pedicel, are covered with stiff hairs 
that point upwardly in an oblique direction. The flowering 

glume bears a strong awn twisted like a rope. This awn is 

very sensitive. The coils unroll or unwind when damp, and 

=! PIL, Mig e+ Deval 
Peal jet pac tats CA Priel 

Inge, teal OH Ralf 

Fig. 51. Dissemination of Aristida. Aristida tuberculosa, awned flower, lower detail; 

Aristida purpurea, awned flower, detail at the right; Aristida oligantha, awned flower, 

detail at top. 

when dry they return to their former condition. Whenever 

this drying-out takes place the points of the flowering glume 

are rotated with lateral variations. The upper half of the awn 
remains straight and soon becomes bent at nearly aright angle 

to the twisted part. This portion of the awn is of very mate- 

rial assistance when it comes in contact with surrounding 

objects. The bristles at the lower end prevent the seed from 
being pulled out. ‘This rotation and nutation, together with 

the action of the bristles, soon causes the bract surrounding 
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the fruit to bore deeply into the ground.” This boring into 

the soil takes place in a short time. Beal says, in speaking of 
the Feather grass (Stipa pennata): ‘‘Francis Darwin found 

that the rate increases up to the fifth revolution, and then 

diminished quickly. In three wettings and three dryings, a 

little over an inch was buried in dry sand. A rise of tempera- 
ture affects the awns in the same way as increased moisture; a 

fall of temperature acts like dryness. Mr. Darwin found that 

minute strips of the awn, consisting even of two long cells, 

twisted just as well as the entire awn. He thinks that the 

torsion is produced by the striation or stratification of the cell 
walls. These area series of parallel lines, alternately light 

and dark, traversing the surface of the cell. Very frequently 

the two systems wind spirally round the axis in opposite direc- 

tions. When the tissue expands during the absorption of 

water, it is due mainly to the swelling of the less dense striz. 

This is thought to be the cause of torsion in cotton wool. Soon 

after being buried, where the soil is moist, the awn breaks off 

at a joint from the apex of the grain.”’ 

Mr. R. M. Christy states that a large number of the seeds 
are often found beneath the skin of sheep, especially about the 
shoulders. Dr. M. Stalker states that in many of the north- 

western counties of Iowa they occasion much annoyance to 
sheep, and, in some instances, cause the death of animals. 

They penetrate and bury themselves in the flesh. Dogs, and 

even persons, are also affected. I’. H. King says that he was 

much annoyed by the fruit of this grass. Stipa capillata of 

southern Russia, Aristida hygrometrica of Queensland and Heter- 

opogon contortus of New Caledonia inflict similar injuries. 

The beautiful south European grass (Stipa pennata) also 

buries itself in the soil. The long, feathery awn enables the 

wind to carry it away. The ‘‘seed’’ is small, the flowering 

glume has a pointed callus and above it obliquely pointed stiff 

hairs. As in the other species it is provided with strong, 

twisted awns that end in a long, beautiful feather. As the 

seeds are carried by the wind they eventually fall, with the 

‘‘seed’”’ end to the ground, as it is heavier at the lower end. 

The ‘‘seeds ” remain in this position as long as dry, but when 

moist the spirally twisted awn unwinds the plume and helps to 

hold it in the soil; thus, finally, the ‘‘seed’’ is buried in the 

ground. 
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Several species of Avena, A. barbatum and A. fatua, our wild 

oats, are similarly provided with twisted awns that help to 
bury the seed. Several species of Aristida also bury them- 
selves, as do members of the genus Danthonia. In TZriticwm 

ovatum the entire spike falls off. It possesses a very pointed 

base, and the numerous rough awns pointed outward, thereby 

movements of the wind exert a pressure upon the point which 

drives it into the ground. 

The peculiar use of the awns of Avena sterilis are described 

by Hackel as follows: ‘‘Two strongly awned fruit-bracts fall 

off, fastened together; in moist surroundings the twisted awns 

begin to rotate their diverging upper halves, consequently they 

cross and press against each other until the bracts are forcibly 

separated, thus giving the fruit an impetus which throws it 

off for some distance. 

In many cases seeds of grasses are distributed by birds and 

animals which feed upon them but do not digest them. Birds 

of various kinds freely feed upon Setaria glauca, S. viridis, Pan- 

icum miliaceum, often carrying them great distances. Many 

herbivorous animals also help to carry seeds in this way, as is 
evidenced by seeds of many grasses that come up from excreta. 

This manner of distribution for most seeds is a most precari- 

ous one, as the ‘‘seeds’’ pass through the digestive canal, 

germination is hastened, and thus they may be destroyed. 

But the fleshy berries of many Bambusez are especially 

adapted to animals which do not destroy or digest the seeds. 

Many animals, especially wading birds and others, carry seed 

of grasses in the mud that clings to their feet. 

The light specific gravity of many grass fruits make them 
especially susceptible to dissemination by water. The chaff, 

in many cases, remains persistent, and so constructed that the 

whole floats readily. Thus rice and wild rice will float for a 

time until they are soaked with water. Water, however, adds 

mostly in a mechanical way, currents of water carrying away 

large quantities of earth with which are mixed seeds of grasses. 

Neighboring farms have frequently been sown with seeds of 

wild oats in this way, as has been witnessed in many cases 

along the bluffs of the Mississippi in Wisconsin and Minnesota. 
Certain fruits of grasses are thrown out by expulsion. Pro- 

fessor Beal says of Sporobolus: ‘‘The ovary of Sporobolus is 

very thin and tender. Free seeds may often be seen still 

adhering to various portions of the glumes and branches of the 
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panicle. Oneof my special students, at my suggestion, has 

made a few experiments to determine the mode in which the 
seed escapes. Inside the ovary and about the seed there is a 
gummy secretion. When about ready to escape or at a certain 
stage of maturity, if water be applied to the panicle, in a short 

time the seeds come forth. A part of the panicle was wet and 

in thirty minutes twenty-seven seeds escaped. Inanother case 

the seed began to escape in ten minutes after the water was 

applied. Afier drying six days in a room seeds started out in 

twenty minutes after wetting. In other cases seeds have been 

seen to escape in six minutes and in one case in four and one- 

half minutes. If the ovary is carefully removed from the 

floral glume and palea and water is applied, the seeds usually 

escape a little quicker than when left in the fioret.’’ 

‘‘On applying water the ovary may be seen to slowly enlarge, 

till it bursts and the seed pops out in a hurry. If a little 

water is applied, it moves more slowly, and if the glumes are 
still near the ovary the seed moves upward and usually 

adheres to some part of the panicle. A slight sprinkling ora 

heavy dew would bring the seeds out, but a heavy rain would 

wash them down at a time when the condition would be favor- 

able for germination. Several other species, as I judge from 

herbarium specimens, expel and hold their seed in a similar 

manner. The action of the water on the ovary seems to be 

purely mechanical and is explained in well known works on 

physics. The water enters the ovary faster than the gum can 

escape. The ovary is flattened and splits on the side next the 

palea.’’ The gum spoken of by Beal is a mucilage and resides 

in the outer walls of the cells of the capsules that swell on the 

addition of water. 

Man, too, is an agent in the scattering of the seeds of 

grasses and the introduction of new seeds. Certain grasses 

most commonly follow the culture of certain grains, as chess 

and its occurrence in wheat fields. 

It is a well known fact that chess is more abundant where 

wheat is extensively cultivated, and there is no question that 

this weed was introduced by the wheat seed brought from 

Europe Darlington* observes, ‘‘This foreigner is a well 

known pest among our fields of wheat and rye and occasion- 

ally appears in the same field for a year or two after the grain 

crop. Years ago it was observed that this weed was common 

*American Weeds and Useful Plants. Revised by George Thurber. New York. 386. 
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along the roadside, the seed of this weed having been scat- 

tered from the farmers’ grain wagons.’’ Loliwm temulentum 

is another well known illustration where man has acted as a 

disseminator. This weed was well known to the ancients as a 

serious pest in grain fields. This weed seldom occurs in this 

state now. Formerly it was much more common, when Iowa 

was a wheat-growing state. 

The sand-bur affords another excellent illustration of man 

as an agent in scattering seeds. During the early days, sand- 

bur was common along the sandy embankments of streams; 

now it has become common throughout the state of Iowa, and 

largely because the sand used for building purposes is obtained 

from the river bottoms. Then, too, it has been scattered far 

and wide by the railroads who use the gravel as ballast. 

Setaria verticillata has fol'owed and occupied the waste places 

in many parts of this state, especially in the southern tiers of 

couaties. It was largely introduced with foreign seed, or as a 

ballast weed in seaport towns. The common finger-grass 
(Panicum sanguinale) and pigeon-grass or fox-tail are largely 

disseminated through the use of clover and other agricultural 

seeds. Mr F. C. Stewart, some years ago, determined that it 

was the principal impurity in fifteen samples of red clover 
grown in various parts of this country. He says of it as fol- 

lows: ‘‘The weed seed most commonly found in clover seed 

is Setaria viridis. This species appeared in fifty samples, 

Setaria glauca appearing but thirty-one times, Panicum glabrum 

twenty-four, and Panicum sanguinale three times.’’ O. Burch- 

ard* reports that orchard grass in North America contains 
Panicum capillare, Phlieuwm pratense, Poa pratensis, Arrhenatherum 

elatius, Bromus erectus, Festuca pratensis, Holcus lanatus, Loliwm 

perenneand Poa trivialis. Burchardt further states that ‘‘almost 

every lot of red clover seed from the United States is found to 

contain, even when thoroughly purified, varying quantities of 

the following seeds: Panicum crus-galli, Panicum jiliforme, P. 

sanguinale, Panicum capillare, Phleum pratense, Setaria glauca, 

and S viridis.”» Weshould observe, however, that some of the 

plants mentioned by this writer do not occur in clover seed, 

as, for instance, Panicum filiforme. Bromus mollis, a worthless 

forage plant, has been widely distributed as a weed, not only 

*Oontributions from botanical laboratory and seed-control station of Hamburg. 

3: 1893. Abst. Exp. Sta. Rec. U.S. Dept. of Agrl. 5: 333. 

+The objects and methods of seed investigation and the establishment of seed-con- 

trol stations. Exp. Sta. Rec. U. 8. Dept. Agrl. 4: 891. 
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because of its admixture in other more valuable forage plants, 

but its direct introduction as a forage plant. Johnson grass 
(Andropogon sorghum var. halapensis), has been widely distrib- 

uted in the southern states since its introduction as a forage 
plant in South Carolina, about 18380, by Governor Means. Ten 

years later it was introduced into Alabama by Captain William 
Johnson. Since then it has been widely distributed throughout 

the south, where in some places it has become an execrable 

weed. It has advanced as far north as central Missouri, where 

it was introduced with seeds in part grown as a forage plant. 
Another grass that has been distributed largely by human 

agencies is the Bermuda grass, introduced in this country first 
as ballast, from southern Europe. It has now spread over the 
entire southern states, and although a most valuable grass, is 

a dangerous weed when grown where not wanted. A few 

years ago we found, on the college grounds, the Bromus tecto- 

rum, the seed of which came with some packing material. 

Instances of this kind might be given much more extended 

notice in this connection. One other case is worthy of men- 

tion; Wild oats (Avena fatwa), which has become widely distrib- 

uted in Iowa, Wisconsin and Minnesota, occurring commonly 
as a weed in oat and wheat fields, but generally in oat fields. 

It is impossible to remove the seed of this species from oats. 

In the Rocky Mountain districts, wild oats is extremely com- 
mon and this species was introduced in the same way. In 

California there are several pernicious species of Avena that 

were introduced with grain seed. 

GERMINATION. 

Structure of the enbryo.—After the seed has been distributed, 

the next important step is germination. The small embryo is 

usually straight, rarely slightly bent with the radicle turned 

downwards. The following is taken from Hackel’s excellent 

account: ‘Its most striking portion is the scutellum, which 

is regarded as the cotyledon. Itisa flat but somewhat thick 

body, roundish to elongated oval in circumference, lying close 

on its inner side to the albumen, with the plumule and radicle 

surrounded by the coleorhiza situated in its somewhat shallow 

exterior. The plumule lies free upon the scutellum, but below 

the plumule the axis of the embryo is united with it. This is 
the point of insertion of the scutellum beyond which it pro- 
jects downward and outward as far as the point of the coleo- 
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rhiza. This descending point of the scutellum is grown for a 
longer or shorter distance to the posterior part of the co'eo- 

rhiza, so that they entirely unite in front or leave only a small 

cleft. If this is the case it is only in germination that the side 

portions are pushed back and the enlire embryo becomes 
visible.” 

The scutellum has a most 

interesting epidermal layer, 

the so called cylinder epi- 
thelium. These palisade- 

like cylindrical cells are thin 

walled and physiologically 

of great importance to the 

germinating plant. It is 
the function of these cells 

to absorb the dissolved, 

starchy substance of the 

ee endosperm. This cylinder 
Fig. 51 A. Cross-section embryo of corn epithelium is nicely shown 

The cylinder epithelium above and large , 4 3 C 
parenchyma cells below. (Pammel.) in the germinating wheat. 

During germination the scutellum remains within the pericarp. 

‘‘In many grasses there is in front of the embryo and oppo- 

site the scutellum a small, scale-like appendage, the epiblast. 
It is especially clear in Stipa, and yet better developed in 

Zizania (where it is as long as the plumule), but it is entirely 

lacking in many grasses (rye, maize and barley); generally itis 

Fig. 52. Maize germinating. Scutellum in front; 7, primary root. In lower left 

hand corner, the plumule showing also second seminal roots from first node. (King.) 
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a delicate formation consisting 

of parenchyma withou i fibro-vas- 

cular bundles, and its morpho- 

logical nature is still doubtful. 

Yet the view that it is the rudi- 

mentiry second cotyledon is the 

mostreasonable, for among o'her 

things this makes comprehensi- 

ble the surprising position of the 
first leaf of the plumule of the 
embryo, consisting of a very 

short, often indistinct internode 

of the axis (epicotyl), and of two. 

to four leaves, and according to 

the development of the former 
the plumule issessile or petioled. 

The first leaf, the germ-sheath, 

surrounds the others like a closed 

tube, which breaks through the 

ground with its hard point at the 
time of germination, and opens: 

at its apex after a time to allow 

the exit of the second leaf. It is 

colorless or pale green or fre- 

quently reddish. Many authors. 

consider it a part of the cotyle- 

don, a view which is certainly in- 

Fig. 53. Squirrel-tail grass germi- correct, for in many grasses it is. 

ee eaeia Gis te ual, separated from the scutellum at 
the time of germination by a distinct internode, which is often 

much elongated. In others this epicotyl is very short or 

entirely lacking, so that the back of the sheath may even be 

grown to the scutellum. 

“The majority of grasses have only one radicle, and grow 

therefore with a primary root; in addition to which, especially 

from the epicotyl, new roots soon arise which finally exceed 

the main root in growth. In several grasses, especially in the 

cereals, and also in Coix lachryma and others, the foundation 

of these secondary roots is already laid before germination, 

usually in the hypocotyl (the axis below the insertion of the 

scutellum); seldom and only to a rudimentary degree, in the 

epicotyl. The planes of these secondary roots are parallel to 

6 
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that of the scutellum; they can therefore be seen only in tan- 

gential and not in radial section of the seed. In germination, 
each rootlet independently breaks through the coleorhiza, 

which surrounds each with a sma!l sheath. Before the roots 

break through, the elongating coleorhiza ruptures the pericarp 

and sends numerous hairs from its epidermis, thus fastening 

the somewhat superficially placed seed to the ground. 

Physiology of germination.—It may be interesting now to dis- 

cuss the physiological process of the germination of grass 
seeds. The food material made by the leaves is deposited in 
the seeds in the form of reserve material, consisting of two 

classes of substances, the albuminoids and carbohydrates. 

The amounts of these vary in different species. The manner 

in which the albuminoids are deposited varies, but they occur 
largely in the form of proteids, deposited in the form of 

aleurone grains. 

The carbohydrates occur largely in the form of starch, 

though in some few cases reserve cellulose occurs, as in the 

perisperm of the seed of Bromus and allied grasses. Anexam- 
ination of the endosperm of grass seeds indicate that the outer 

layer of the endosperm consists of cells that differ in a marked 
way from the remaining cells. The researches of Haberlandt 

and several other writers have shown beyond a doubt, that 

this layer is a secreting organ in which ferments are produced 
which are transferred to the remainder of the endosperm, 

where the starch is converted to a sugar where it is taken up 

by the cylinder absorption epithelium, the outer row of cells of 

the scutellum. 

The wide and universal distribution of the aleurone layer 

would appear to indicate some physiological purpose. Its 

function has been nicely demonstrated by Haberlandt and 

other writers. 
Brown and Morris,* who have studied the germination of 

barley and a few other grasses, differ in regard to the digestive 

action of the aleurone cells. Haberlandt’s work was carried 

out with rye, and as stated above indicate that the aleurone 

layer is a diastatic secreting tissue and that the aleurone layer 

does not entirely belong to the reserve food system. Haber- 

landt found the corrosion of starch grains first took place 

between the scutellum and the aleurone layer on the ventral 

side and this corrosion rapidly extended to the starch grains 

*Jour. Ohem. Soc. London. 57: 458. 



GRASSES OF IOWA. 83 

on the dorsal side of the scutellum. It was also found that 
this corrosion of starch took place last of all in the groove. 
Haberlandt therefore concludes that the scutellum as well as 

the aleurone layer are secreting organs. To test this work, 

Haberlandt removed portions of the testa, including the aleu- 

rone layer, which had germinated to a certain degree. The 

second was washed with a brush containing one to two per 
cent sugar solution, placed upon moist filter paper with the 

aleurone layer upward. Upon the aleurone layer was placed 

a small quantity of moistened rye meal. The whole was then 

kept moist at a temperature of 18 to 20C. In a couple of 
hours a corrosion of the starch grains had taken place. These 

sections were compared with others not so treated. In order 

to demonstrate this, Haberlandt cut around the edge of the 

scutellum and found that notwithstanding the break in the 

continuity of the aleurone layer and its complete separation 

from the embryo, it did not prevent the spread of the diastatic 
action, when these were later germinated. The inactive aleu- 

rone cell, according to the same investigator, contains no 

appreciable amount of diastase. 

Brown and Morris, who_investigated this question, state 

that they were at first inclined to believe as Haberlandt does, 

that the progressive action of the corroded starch grains were 

due to the special action of the aleurone cells. They further 
stated that the true explanation is due to the solution of the 
cell walls of the starch containing endosperm, but that this is 

a necessary preliminary to the dissolving action of the starch. 

J. Gruss,* from a series of experiments on corn and several 
other plants, concludes that there exists in the germinated 

seed a soluble diastase which is capable of diffusion through 
the cell wall in the same way that sugar does. The removal 

of the cotyledons diminishes the amount of diastase in the 

stem. Brown and Morris state they found that the mother 

substance of the diastase secretion is probably derived from 
the endosperm. The form in which reserve starch enters the 

growing embryo has been found to be mostly invert-sugar, but 

there is also a considerable amount of cane sugar, as Kuhne- 

mannt has shown. Later Kjeldahlt found that cane-sugar is 

*Pringsheim Jahrb. f. wiss. Bot. 26: 379-437. pl. 2. 1894; Ber. Deutsch. Bot. Gesell. 13: 

2-18. pl. 1. 1895. 

+Ber. Chem. Gesell. 8: 202-387. 

+Résumé du Compt rend des travaux du Laboratoire de Carlsberg. 1881: 189. 
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present in barley and malt. The amount of cane-sugar in bar- 
ley is given by O'Sullivan as follows: 

Cane-SUgal........6.s00c0sse0e+0s--200 per cent to 6.0 per cent 
INTAILOSE:.....2s' shee coeeoten cs Gttyaatetes Let A nea ee 
ISXUPOSCi6 2s cdaaoks oa ing ad ae ae oe eg oe tor 

TGS VULOSE Lo. otanid oe cereein eh om pte OU a) do er 

O’Sullivan concluded that the maltose was derived from the 

starch. 

It may be interesting here to compare the percentage found 

by Brown and Morris. 

BARLEY AFTER STEEPING IN | BARLEY AFTER GERMINA- 

WATER FOR 48 HOURS. TION FOR 10 DAYS. 

o oy 
: : : 
2 x O a Bo oa 
me =| >a =| 
Bs os 5 3 os 

9 oo g Q o& a 
<3) = = & 

Cane-sugar.. 0.0204 0.0338 0.3430 0.1787 
Invert-sugar 0.0070 0.0227 0.0174 0.1790 
Ma lLOSOW fos\|i cctcssicesi oe see mee eear cleetioen ee cc 0.3640 

Total... 0.0274 0.0565 0.3604 | 0.7217 

BARLEY AFTER STEEPING IN | BARLEY AFTER GERMINA- 

WATER FOR 48 HOURS TION FOR 10 DAYS. 

a nD 

a aye -4 Spe mM ies 53 23 B38 ee 
55 os 5% Sk 
ga Be 5a 5 a 
ea) ie) & ica] 

Cane-sugar . 5.4 0.3 24.2 2.2 
Invert-sugar 1.8 0.2 1.2 2.2 
MES GORGE as reel | esl savashea cee otek wae | crenetcnke ceo ecco ll oiohate rane ces cree 4.5 

Total... 12 0.5 25.4 8.9 

These writers also conclude that the transformed starch is 
abs .lved from the endosperm by the columnar epithelium of 
the embryo in the form of maltose, and then is rapidly con- 

verted into cane-sugar. The main point of difference between 

the conclusions arrived at by Haberlandt and Brown and Mor- 

ris are that the former believes that aleurone layer is largely 

a secreting organ. Brown and Morris say that the absorptive 
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epithelium columnar cells is a secretory tissue, and that there 
is no doubt that one of the special functions of these cells is 

the secretion of enzymes. 

It was Sachs who first stated that the columnar epithelium 

was an absorptive layer, and most writers agree that this is 

one of its many functions, but Brown and Morris say that the 

absorptive function is secondary in its importance. Accord- 

ing to these writers, when they had removed the columnar epi- 

thelium, the embryo developed when it was placed upon a cul- 

ture medium containing a readily assimilable carbohydrate, such 

as cane-sugar or dextrose, just as it would have done in its 

unmutilated state, and when such a mutilated embryo is placed 
upon a starch gelatin mixture it entirely lost its power of cor- 

roding and dissolving starch granules. The secretion of dias- 

tase appears to be increased by the presence of the small quan- 

tity of acid, and its secretion is stimulated by the presence of 

digestible material, ‘‘ that the flow of amylohydrolytic enzyme 

from the glandular cells of the scutellar epithelium might be 

influenced by the presence of starch, either in the granular 

form or as soluble starch.’’ Starch does not stimulate the epi- 
thelium cells to increased secretion. It has been known for 

some time that the cell-walls of the endosperm end of a date 

seed become dissolved and is used for the nourishing of grow- 

ing plantlets. This was shown very nicely by Sachs.* 

This has also been abundantly proven for other seeds in 

which the reserve material is cellulose. Mr. J. R. Greene, 

who made a glycerine extract of the cotyledons of the date 

seed, concluded that the glycerine extract contained a trace of 

enzyme capable of converting cellulose into sugar. Brown and 

Morris have shown that during the early stages of germination 

the cell walls of the endosperm are disintegrated, and that the 

disappearance of the cell walls always precedes the attack 

upon the starch granules. That malt of barley contains an 

enzyme, to which they have given the name of cytohydrolytic 

as well as amylo-hydrolytic enzyme. The former when 

slightly assimilated and allowed to act upon wheat or barley, 

causes disintegratio?. As no other malt extract was used itis 

evident that this ferment has a decided soluble action upon the 

endosperm-cellulose of Bromus mollis, where the cell wells are 

considerably thickened, and also on the cell walls of other 

grass seeds. It is also interesting to note here that heating the 

*Bot. Zeit. 20: 242, 249. pl. 9. 1862. 
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enzymes totally destroys the activity as a cellulose dissolving 
agent, and that it does not pre-exist in the resting seeds, but it 

is a product of germination. * 

The reserve foods, as indicated, consist of two general 

classes, the carbo-hydrates occuring under three forms: sugar, 

starch and cellulose, and the albuminoids occurring in the 

form of albumoses and the vegetable globulins. Of course 

these are very concentrated. In the aleurone cells the album- 

inoids have received special names in different seeds. 

The outer row of cells of the embryo make up what is known 

as the cylinder epithelium, or referred to as the epithelium. 

(Fig. 51 A.) Theembryo contains very little starch or none. Now 

the dissolved material of endosperm is transferred through the 

absorptive epithelium by diffusion and transferred to the grow- 

ing embryo within a few hours after the moistened corn is put 

under favorable conditions for germination. The protoplasm 

of the epithelial cells becomes coarser in structure, and the 
granules increase in size. The contents of the cells and 

nucleus are less distinct; they reach their maximum change in 

from 24 to 86 hours. At this stage the epithelium ceases to 

produce its secretory enzymes. The protoplasm loses its large 

granules and contains small refractive granules. The cell 

contents become hyaline. The contents of the endosperm 

become gradually absorbed, the cells having become greatly 

elongated. The first action of the endosperm is a dissolution 

of the cellulose and the appearance of transitory starch in the 

scutellum or cellulose, and therefore acts first in supplying the 

growing embryo with food. ‘‘In the first place the cellwall 

swells up slightly, and its stratification becomes much more 

apparent, owing to a partial separation of its constituent lamel- 

lae. These are gradually disintegrated, but the middle lamella 

appears to offer a somewhat greater amount of resistance than 

the other. Ultimately the whole of the cellwall is broken 

down into very minute spindle-shaped fragments, with their | 

long dimensions arranged tangential to the original cell-wall. 

Owing to this arrangement, these minute fragments, when 

viewed with low powers, gives the appearance of ghost-like 

cellwalls for some time after the wall has really ceased to be 

continuous. Ultimately, as the action continues, the residual 

fragments also disappear, and there is no visible sign of sepa- 

*These writers, Research of the germination, etc. Jour. Chem. Soc. 57: 465., give an 

account of obtaining these enzymes. 
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ration between the contents of contiguous cells. In the case. 

of starch grains, minute pitted furrows occur. These increase 

in number until the grains become very irregular, showing 

large radial clefts. It may be stated in this connection that 
the embryo acts like a parasite. It is well known that the 

embryo can very readily be removed from the endosperm. 

Sachs* points out that the embryos of normal plants are of a 
parasitic nature, and it has been shown by several investi- 

gators that it is possible to excise the embryo of various seeds 

and germinate plaats. Thus Van Tieghemt, who discussed 

the dependence of various parts of the embryo and the amount 

of dependence of the embryo upon its endosperm. In this 
work the writer experimented with both albuminous and ex-al- 

buminous seeds. Among the former corn was used. Van 

Tieghem reached the important conclusion that the young 

plant can develop without the aid of endosperm, up to a cer- 

tain stage. That the nutritive matter of the endosperm can 

be replaced, up to a certain point, by a paste formed of its own 

substance, or by the paste containing the predominating sub. 

stance of albumen. Furiher experiments were made by 

Blociszweski, { who demonstrated that the embryo seeds sepa- 
rated, wholly or in part, from their endosperm or cotyledons, 
could grow without the aid of the stored-up material of the 

endosperm or cotyledons, and that assimilation begins, pro- 

viding that the plumule has the necessary amount of light. 

Now, Brown and Morris succeeded in growing the embryo of 

barley seeds, when grafted upon the endosperm of other bar- 

ley se:ds; that these embryos grew as well as others depen- 

dent on its own endosperm. The foreign endosperm under- 

wentall the usual changes. They succeeded likewise in obtaining 

a growth of barley germs upon wheat. They concluded that 

the starch-containing portion of the endosperm is simply a 
storehouse of dead reserve material, and that it is not vital in 

any sense of the word. 

Time required for germination.—We may next inquire what 

time is required for germination. Nobbe,§ in his admirable 

work on seeds, states that seeds of cereals and clovers in gen- 

eral require 10 days. WMelilotus alba, Avena, beets, Cucurbi- 

tacez, grasses (excepting Phleum, which germinates in ten 

*Physiology of Plants. 373. 

t+tAnn. des Sci. Nat. V. 17: 205. 

*+Landw. Jahrb. 5: 14. Abst. Jahr. d. Agr. Chem. 1875: 232. 
$Handbuch der Samenkunde, 511. 
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days), need fourteen days, and Abietinez, twenty-one days. 

Gilbert H. Hicks* gives the germinative energy for cereals, 

clovers, peas, vetches, flat peas, flax, dodder, poppy, Brassica, 

Lepidium, radish, spurry and chicory at three days. For 
ordinary field conditions this is somewhat too short a period. 
In laboratory and greenhouse our tests show that corn requires 
five or six days as an average. 

The time required for germination varies greatly. This 

depends largely upon external conditions. Sachs has given 

us the following temperature required for germination: 

OPTIMUM. MAXIMUM. MINIMUM. 

MORIN S(COLD) 5:6) ois ois) a0." 33C 46c 920 

Triticum vulgare (wheat)... 29 42 5 

Hordeum vulgare (barley).. 29 38 5 

Haberlandt gives as the maximum temperature of germina- 

tion of cereals the following: Wheat, 31-37 C; rye, 31-37 C; 

barley, 31-83 C; oats, 31-37 C; corn, 44-50 C; millet, 44-50 C. 

He has determined the minimum temperature and rapidity 

of germination as follows: Time of counting when caulicle 

appeared: 

4:75 C.. 10.5 C. -15:6°C: 18san@s 

Winter wheat..... backs oareia, ae) 3 2 1.5 
WHERCOR PVG. oe! ace crs 6 cles 4 2.5 if 1 
BaPlOye cas oe nes ntek eee 3) 2 1.75 

ROG SC LTN Aes tees ott See eat ete hoteune kee 3.25 3 

English rye grass ......... 10 5.5 3.75 3 

EU ETAORD EN Anbiee Witte sec ets oe meee ames | THORD 3.25 3 

O. Burchard has made the following determination of grass 

seed and temperature: 

CONSTANT TEMPERATURE, CONSTANT TEMPERATURE, 
68° F. 86° F, 

Germination after 
ays 7 14 28 5 7 14 21 28 

Poa pratensis, per 
eentiy i ok. dee 5.06 | 12.89 | 24.39 | 25.72 6.45 |} 10.11] 12 28] 12.61 12.61 

Poa trivialis, per 
CONnt.». peisciate 16.17 | 39 67 | 69.33 | 71.33] 19.83 | 31.83] 33.25] 39.17 40.0 

Poa nemoralis, per 
cent. .. 8.75 | 18.58 | 26.33 | 27 12 7.0 13.5 17.42 | 17.59 17.59 

Poa annua, perct.. 549 76.33 | 74.83 | .75.17 | 56.83] 68.0 72.83 | 73.67 73.67 
Poa COmDEeRes: per 

cent . 0.0 017 0.5 0.67 0.0 1 67 3.33 3.33 3.33 
Agrostis stolonife- 

Ta, per cent. 59.5 63.92 | 64.59 | 64.75 | 78.17] 83.33 | 84.59] 85.0 85.0 
Alopecurus praten-| 

sis, per cent 9.75 30.67 64.5 71.92 8.08 | 30.84 59.75 64.34 65.15 

*Year Book. U.S. Dept. of Agrl. 1894: 399. 
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CHANGEABLE TEMPERATURE. 

Poa trivialis, percent .... .......... Seb aea eosin Ae yaleetieiers 35.33 | 62.0 73.67 75.33 
Poa nemMoraliswper COMtisas. sacicish aos. ae cas wees poise ae cbrectas 18.0 43.5 56.17 57.67 
ROS aM A EpORICOND) soot ts cers a ciate occa iciacis tuacisiasisdescieis 7217 | 82.33} 84 67 84.67 
‘Poacompressa, POriCent: -...52c.. ccclees cocwe iad Leas asta 0.0 18.17 | 52.17 54.5 
PGa pPRALOnsis speriCONt: Sos jencie sce cisco isin «ame eins ao RP Bie i, 45.08 49 84 
Agrostis stolonifera, per CeOnti...5..cccccs.cses Woman. 90.34 | 96.0 96 42 96.42 
Alopecurus pratensis. per cent . ioe, 145 46 67! 72.34 74.42 

Vitality.—When the necessary conditions are present—a fav- 

orable tempera'ure and moisture—the process begins. The 

first step is absorption of moisture. Whenthis has proceeded 

far enough, and with the required amount of heat, the radicle 

breaks through the coleorhiza or root sheath. The first leaf 

surrounds the other leaves in the form of a tube, and pushes 

through the ground; later it opens out. In some cases a single 

strong primary root appears, but in others a number may even 

break through the root sheath. The scutellum remains within 

the pericarp The young plant is nourished by the material 

stored away in the endosperm. Itis transferred to the embryo 

by a row of palisade cells that occur on the outside of the scu- 

tellum. The walls are delicate, and du-ing their activity are 

made up of granular cytoplasm. During the process of germi- 

nation, the protoplasm does not only become active, but is 

changed in its structure, as will presently be shown. Now, as 

a further evidence of germination, it is well known that dur- 

ing the process, evolution of heat takes place. This is due to 

oxidation. This process has also been called respiration. The 
carbohydrates are consumed and CO, is given off. This 
may easily be shown by germinating corn or rye or oats ina 

close atmosphere in a vessel which does not permit the pro- 
duced gastoescape. Thisgas may afterwards 

be collecied in the well known respiration 

apparatus of Sachs’. The activity of respira- 

tion, that is, the carbon dioxide, given off by 

a given plant, will vary according to thestate “/ 

of development of the seed. At first little /, 
will be given off, and as the process of germi- \ 

nation increases, more will be given off; as 

the material is consumed more and more, the 

process diminishes and the activity of res- 

piration ceases. 

It has also been shown that plants, during 

germination, do not lose any nitrogenous Fig.56 A. Germination 
of wheat. (King ) 
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substances, nor do they form nitrogen gas. T. H. Schloesing, 

Jr.,* who experimented with lupines, concludes that the seeds 

of plants do not lose any of their nitrogenous substance in the 

form of gas during germination. Soon after germination is 

under way the primary root produces lateral rootlets; these as 

well as the main root form root hairs that serve to bring nour- 

ishing material from the soil as well as to anchor the plant. 

The following table by Nobbe is interesting as showing the 

germination of grasses compared with other plants. 

Bes 
=| | : 
n° ea 3 
[as] 4 (3) 

= = = 

Agrostis stolonifera......:....5....00: RAR Cairo ca eric At 55 it 28 
Pinus strobus. ..<u.:....2-- BAO SAT LD OS HOG BOO OLE 15 10 13 
Allium cepa..... eee fey o's: e1eteiainrss choxsjc%orslele ae eterele olamicteteee seenee 93 47 63 
ANOPECUTUS PLratenSIsS 2.2 .ete cee losses eee ees cee eres 28 1 9 
Arrhenatherumiav.enaceums..,. 2. acct wicioste ate len ctelerc ie ale 84 26 55 
WAV ON ANS CLV Ais cn care so.ors. 5 shevokot eee eee lene ob rencceta ae oreo eaien cies 98 97 98 
ehilewim pravenge ss: othe sce es ne ee ee creaiete le Rothakae oe 99 62 86 
LCAHMBYBE% store steieiin eis. es SEES Shieh love kes stone alata hee ole 98 18 87 
IBPaSsiCa OlETACC as das oes aes cicero Oe ees el ea oe 97 JL 47 
IDAUCUS! CALOUS st. cke cere re hie oe ree einer ot eter eee: 87 10 58 
ANIM UST ba tis Sir UI ass src ers cicrondotere teeter els eieiane Bia reece 99 82 89 
IMG CICA PO'SREL VAs! «cine o(etoicse a0 cra ele eisioe tree ae eee ss retell Woo “42 86 
Prifolium*pratensGsaccimeeuice cekie ce eet Leese eee 98 39 87 
VR CTUCAS RAUL VB lets 1s afeierele aiateicrortis Warde uctoe tne aierstors Sve Sales 63 14 37 
MG ROOW, BEASHOS' s sie o:c'saioyere 4\o.015 site alesse c's 014210158 018 sin.0 b Slorets 49.8) 6.4] 27.4 
COLES eXry FR ec cee a iehuetic ake ele ities is rhs Aik See ha Ppa 95 45 81.5 
(OLAS O =) 7: BR Saniora coor ren iar Sie REE CL RIS Ring) tee te 98 §2.5 87 
WiC ie bite svete eee eee ete cerns eran GR 91 39 74 

Temperature and germination.—It is a well known fact that 

temperature is an important factor in the germination of seeds. 

Nobbe thas given us an instructive table, from which the fol- 

lowing is taken: 

16° ©. 25° o. SL20; 87.5° ©. 44° ©, 
60 5° F. 77° BF. 88° FB. 100° F. 111° ¥F. 

iu 53 Po u B SEED. a1 ele el Se 
n m a 2 nD a D te n u 
id 3 ‘] 3 Sc 3 S 5 S = 
s tS) o 3 g 3 2 ° 8 ) 
mn ea n ea mn 28) nD jas mM jes 

BarlOyi. cose. tecesoncseun ces’ 100 92 92 72 a is (Ye eres Asoo eal lecaodn|toenoc 
Oabbage. early small.......... 100 56 | 100 32 | 100 QBul Fao Sale rerereittewveteve.e)| wetatnrete 
FROG CIO VOR: « o50s.0500 weiasesestoee 100 32 | 100 24) 100 24 | 100 pt Wee sacl boocce 
ODM tteicctscaicticns  sideen 80 44 68 56 | 100 48 | 100 48 12 80: 

WLOX espe wen csc w-aneatecdsoreden es 100 32 100 23 100 47 
ORG oar eces cere Voce bot 100 80 100 48 1 80 100 48 36 96, 
TN OGY Seccuisec cis see Scam nes 6 168 100 44 88 0 te seed bal lpodod! ade.co| Hisooe 
WHORG est rhe cee sch acecanes 100 56 1 32 100 48 Si ihes ciel ater epielhd Palelsecieuls 

*OComt. rend. 120: 1278. Abst. Cent. Agrikulturch. 25: 787. 

t+Handbuch der Samenkunde. 226. Landw. Versuchs. Stat. 117: 74. 1874. 
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The minimum degree of temperature for corn is 49.9 F., 

maximum 134.8 F., optimum 91.4 F. To this table may be 
appended the results obtained for a few cereals in our labora- 
tory, greenhouse (were germinated in sand) and field. The 
temperature of the laboratory was not kept. The seeds of the 
laboratory were germinated in porous clay trays.* 

LABORATORY AND GREENHOUSE TEST. 

GREENHOUSE. LABORATORY. 

rae Pre ee z E 
5 - 5 i g ee Se 

VARIETY. 2 £ P Ra! Re 
3 a as es » Si Ss BE uo: Bo =9 = ° ° 
oz oF oF KSe=| [oho : : 
a. a. a. ale calle 5 > 
BS ae | ee | Bo) BS |e 5 
or on om se 5a oO oO 

H a = ee) en Au Au 

moles Gen Cie ccisestscees 89.29 | 67.13 | 86.21 | 37.86] 82.36 16 3314 
AAC COCOCOOLUDOOE 88.89 82 33 83.56 72 13% 

White GONG asec cosets 87 5 75.38 | 9028] 38.88 | 80.25 100 85 
pet mote Saisie fr eievers aie real (882% 73 88.9 39.1 81.1 12 6624 

WONG econ eccisisescces woes 85.77 | 62.92 | 77.15 | 42.77 | 86.92 76 80 
Mills Co. white dent.. &2 62.8 83 38.3 81.1 100 100 
Striped corn.. .. 85.83 | 74.5 89.83 | 43 Hae ie 96 100 
Early Minnesota Sweet | 82 62.8 83 38.3 81.1 96 76 
IPOpICORN ea sassee cee ee 82.59 | 62.29 | 81.86] 38 82.29 100 100 
Feeder’s Favorite....... 80.89 | 60 82.383 | 35 83.56 66 7 
ie Be ae hhc cate mem oleae 78 6624 69.2 52 2 92 100 90 

oc cons idee Reb bo needed 70.8 6624 69.2 52.2 92 100 100 
Posies INOW A185. 2-6% 70.8 6624 69.2 52 2 92 100 100 
Bloody Butcher......... 70.8 6624 69.2 52.2 92 98 8314 
Iowa Silver Mine. ..... 70.8 6624 69 2 52 2 92 100 100 

According to Sempolowski, the percentage of germination 

in grasses is as follows: 

Pe & & 
3 — > 

= < 

PMoLOstIs SLOLONITOTA, 2... cscs sc. wecs cso ceesscs sesecsee 59 8 28 
/ AEROS Clap ewarep ne bo Se BuO S BAe HOC AB UO ODO aro oOe 21 18 19 
PMI AECREB PULOSEL oy cicceye aysis ay =scvereiorrs cashes ccoucusy fish oasicVorsbey stole o16/-¥e,~ 9 2 6 
Aira flexuosa....... A oiler Peed cen, it aoe AINE, CARE rar gee 50 19 D 
PMIODECUEUS PALO BIS aes icinic aicaeretatare oie ale aielelctslerm eteveie’s 9 1 5 
Anthoxanthum: Odoratumiac <<. 6s ccc cncces nese, selves 42 10 23 
ATTHNEnAtNErUM AVENACCUM |<. << acs «0 «0 osieic-siecleisie es 55 25 44 
Arrhonatherim flavesCensiccc ).cccs cared ccmetew cece 28x ihecetee 14 
FESEOTUT Su ITO LTS Peers os ois crac ats tens taie aun recete tle oat byeraistiale. s oveiase leis 96 45 72 
WYNOSULUSTCPISCALUS? ss ony. cloieis cieiesel set <[opcvelsve isisiaieie sole of» sles 55 4 23- 
WM AChy Mis oLOMERRtA iy. cists eisleteiec ciety clcinisre ele cicerel= Sip ec efole + © 84 10 58 
RIDER OR RITE U8 AE Ae Rigi Sei Sa ann aia as Aenean aero oe rte 68 14 48 
IRIESHUGAEDLALCUSISU te sere celeste s caiser a cass alee siereis shereie r= 75 35 54 
RIGS HIT CAMI NOM icchabeyers yaloreteiaeGelclreaiee ie coitnctclearerers serene colerenor eval 70 21 39 
TRIOS LAM ee ie Bid A ee ee Se IO Cu GOeooe 39 16 27 
NAOMI ERIC Urge ees te ko hd weiss setae ee elates 87 25 62 
ILayhirneay NVR II Gane San onemboooemeOn HOt epaoe mac oo dots 92 57 75 
AN AlATigva run Gina CCM cic ceria sincscle cinm so io.8 siete eisieieler 12 8 10 
POU PFAbCHhG vies) cee kere ccicles sees eels poco tes eo ewes 96 82 90 
eR RLEVSIG. oleic 5 oy, foci Sieveiers' ste ia hier slvyayeya Glare Heyes Hoes Be 25 1 9 
HZ OSBTH EIT OL A Bic rercts, cer neat cuareeeeg accin sehen oreo oie asa ale iaya werarete 6 a 3 
ZOU MEPIVA GEIB nee srieted es cteroteceterere mistone Siete celeste ae ew sel 7 2 7 

*A fuller account of these studies is given by Pammel. Proc. Soc. Prom. Agrl. 

Sci. 1898: 194. Oontr. Bot. Dept. Iowa St. Coll. Agrl. and Mechanic Arts. 12. 
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On the general subject of climate and its influence on the 

germination of seeds, little that is positive can be said. In 
some of our own experiments the California seeds germinated 

better, and the plants were more vigorous than those of Iowa, 

but it should be taken into consideration that the California 

wheats are soft and that it is not improbable that the reserve 

food substances were brought into a state of solution sooner 

than in the hard wheats. The very striking differences 

reported by Professor Bailey in corn do not occur in wheat. 

The cross-bred wheats and other varieties grown in the 

state of New York and the East, seems to have germinated 

slower than those from the Mississippi Valley states, especially 

so when compared with the wheats of Kansas, lowa and Wis- 

consin. As stated in a previous paragraph, the California 

wheats were especially characterized by the high per cent of 
germination and the vigor of the young plants. It may be 

stated that the test made with these plants occurred several 

months la’er than those made with the other wheats. Yet a 

second trial gave us nearly the same results. 

In the second trial the plants were all grown at the same 

time. The Early May of Kansas was comparable with the 

Patati, only somewhat stouter. The Bissell and Andrews 

were smaller than the Early May. The Turkey Red, Kansas, 

was smaller than the Bissell. The cross-bred wheats lacked 

vigor, and were extremely slow in coming up. The Canada 

Hybrid, in this experiment, came up rather slowly, although 

finally it grew quite vigorously. 

The following table shows the influence that latitude has on 

the germination of a single variety of wheat tested at Ames. 

GERMINATION AFTER DAYS, 

VARIETY AND SOURCES. PLANTED 1 INCH DEEP. 

Turkey Red, Atlantic, lowa (Franklin)..... 13 } 38) 42.) : 059 43n pee ee 
Turkey Red, Manhattan, Kans............ 6 | 20 | 31 | 33 | 40 | 42] 43 
Turkey Red, Iowa Experiment Station. ...]....; 2 | 4] 12] 15 | 22] 36 
Turkey Red, Des Moines, Ia. (Ia. Seed Co.)| 5 | 21 | 31 | 36 | 44 | 43 | 44 

It may be of interest to briefly compare the germination of 

the different varieties of wheat from different states grown 

under the same conditions. This work was carried out several 

years ago by Pammel and Stewart. 

Early May, from Kansas, total percentage of germination, 

88. All of the seed practically germinated in eight days; one- 
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half in four days. Martin Amber, La Crosse, Wis., only seven 

seeds germinated in four days; 78 per cent in thirty-nine days. 

Red Clawson, N. Y., two seeds germinated in six days; six 
seeds in eight days; after the twelve days seventeen had germ - 

inated or 38 per cent. Missogen, Cal., none had germinated in 

the four days; on the fifth day forty-five seeds had germinated; 

on the sixth day seventy-seven seeds; on the seventh day ninety- 

six seeds. 
The lowest temperature at which maize will germinate 

according to Sturtevant is 43.7 F., for all the varieties. It is 

probable that further trial will place the lowest temperature 
at 42 or below, but the difficulty of keeping an unquestioned 

record between close limits for a long periodis very great. In 

Experiment 4, Sturtevant succeeded for twenty-nine and one- 

half days, when repairs to the water service necessitated its 

conclusion. 
An extended series of tests made at the college the past 

season from seed collected about Ames, and quite a number of 

seed sent from other sources, show the following instructive 

results. 

GERMINATION OF CORN WHEN KEPT UNDER DIFFERENT CONDITIONS. 

se] 
a 

AGE 8 

VARIETY. WHERE KEPT. ag 

35 
95 | 796 | BO “ A, 

NielloOwadenttiinc) assis e. Open crib college barn.......... Dialeateral Moot 
CAN COGENT. «cies oie 201s Seed of 1895, closed crib.......... Pia | eer lita By5 
egal tenders. .)6. 0506.0. De ysOOUIA ae epeicce here cle: clstercel etae 2) 4.1 100 
[EMO Ww; CE Mtbis, oie r0y-s0ig chow ystete-« Shock). 3.)... Bie canes ae vct sys Gicnredsisuctonsy ol apeleks 1} 663% 
(CRYIN CaS Regt ete ee @penkenilot ecwesc aoa cers sciciela\s Diet| OO 
CANCOTCOPM Gee has ae se Loft above a chicken coop.......|}. 2 RTOS 
SSWGCHI CORI... <, cra ieroty/<¥e1o1s,0p 250 Seed of 1896, shock............. vases [fede ek OO 
White rice pop... .......| In paper packages..... Monee aie soloed state 1 | 100 
Iowa silver mine......... Coliemeiseed room. Asso. cia stalt- ale « 1 | 100 
Stowell’s evergreen...... College-seed rOOM a. ~ .)5<) 609 ecole le aims Less 

This table certainly shows that when the corn is kept prop- 
erly there is little danger from deterioration. It is impossible 

to judge the quality of corn by germinating early in the season 

when the atmosphere is humid and cold. Seeds kept in damp 

places when brought into the laboratory frequently germinate 

well. On drying, however, these seeds soon lose their vital- 
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ity ina few months. In our experiments the seeds were kept 

in a dry room and kept under the same conditions. 

A number of experiment stations have tested the vitality of 

corn seed and from the results the following is gleaned. 

Saunders* states that out of eleven tests the highest percent- 

age was 100, the average 76 down to 63. Corn tested, two 
varieties, maximum 77, minimum 70, average vitality 73.5. <A. 

J. Pieterst states that in Egyptian sweet corn the germination 

was 76 whereas it should have been 92.5. 

A. Burgerstein{ who conducted some experiments testing 

the 10 years old seed of cereal arrives at the following con- 

clusions. Barley retains its vitality better than other seeds. 

Seeds of this cereal 8 to 10 years old are not especially 
different than that of from 2 to 7 yearsold. Oats are nearly as 
good. In the case of wheat 90 to 100 per cent germinated in 

from 1 to 4 years; in 5 to 7 years, 85 to 87 per cent; 8 to 10 

years, 70 to 80 per cent. The number of wheat seeds capable 
of germinating diminished 20 to 30 per cent in a single decade. 

In the case of rye the percentage of germination in 5 years 

dropped to 65 percent; 7 years, 36 per cent; 9 years, 13 per 

cent; 10 years, 1 to 2 per cent. Rye had practically lost its 

germination in ten years. 

The results of some experiments made with wheat at the 

Iowa experiment station$ indicate that some of the cross-bred 
wheats s on lose their vitality. 

Regermination.—It has been a common belief among many 

farmers, as well as others, that certain seeds were capable of 

germinating more than once. Mr. C. H. Andric|| states that 

he observed the regermination of wheat. This fact has been 

likewise observed for corn, oats and rye. The question is 

therefore of general interest; we have in this connection sum- 

marized the work of several experimenters as well as some 

original work done at this station several years ago. Professor 

Goff has done some rather interesting work in connection 

with corn. He sprouted the seeds in apparatus and then 

removed to a warm dry place where they were allowed to 

*Oanada Experimental Farms. Appendix to the Report of the Minister of Agrl. 

1892: 40-42. 
+Year Book U.S. Depart. Agrl. 1895: 176. 

+Naturw. Rundschau. 1896: 23. Verhandl. geo. bot. Gesells. Wien. 45: 414. Abst. 

Biedermann’s Cent. Bl. Agrikulturch. 25: 637. 

$Pammel. Proc. Soc. Prom. Agrl. Sci. 1898: 194. 

| Wallace’s Farmer and Dairyman. 1897: 150. 

Ann. Rep. of the Board of Control, N. Y. Exp. Sta. 2: 65. 1883. 
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remain seven days and then germinated. The following table 
shows the result of his work: 

WAUSHAKUM FLINT CORN. 

1st Test. 2d Test. 3d Test. 4th Test. 5th Test. 6th Test. 

100. 97. 97. 65. 20. 0. 

Total number of days dried, 47. 

WHITE RICE POPCORN 

ist Germ. 2d Germ. 3d Germ. 4th Germ. 

100. 96. 29, 44, 

Total number of days drying, 28. 

BLOUNT’S PROLIFIC DENT. 

lst Germ. | 2d Germ. 3d Germ. | 4th Germ. | 5th Germ. | 6th Germ. 

96. 83. 14, 0. 2: 0. 

Tctal number of days dried, 28. 

Beal, of the Michigan Agricultural college,* did some work 

along the same line with wheat. Later Ten Eyck,+ made some 

experiments at Madison, Wis., from which it appears that corn, 
‘*Pride of the North,”’ first germinated 100 per cent., 500 seeds 

being used in this test. Second, 285 seeds tested 97.54 per 

cent. Third test 213, 23 per cent. Fourth test 48 seeds used, 

11.68 per cent. Fifth test, 5 seeds, no germination. Total 

number of days dried, 21. In the second trial the same variety 

of corn was used. First germination, 500 seeds used, per cent 

of germination, 99.82; second germination, 276 seeds used, per 

cent of germination, 77.90; third te-t, 196 seeds used, per cent 

of germination, 66 33; fourth germination, 77 seeds used, per 

cent of germination, 64.94; fifth test, 23 seeds used, per cent of 

germination, 52.17; sixth germination, 12 seeds used, per cent 

of germination, 16.67; seventh test, 2 seeds used, per cent of 

germination, 0. To’al number of days dried, 42. 

One of us and Mr. F.C. Stewart, some years ago, made reger- 

mination tests, but the work was not entirely completed, owing 

*Rep. Mich. St. Board Agrl. 1881-1882: 123. 

tAgrl. Sci, 6: 454. 1892. 



96 GRASSES OF IOWA. 

to an interruption in the planof the experiments, but the results 

made were interesting and instructive. The results of the work 

ind cated that seeds which were soaked for a considerable period 
of time and then allowed to dry, failed to show as good germi- 

nating plants as those not soaked. The per cent of germina- 

tion being in some cases lower and on the whole the germina- 

tion proceeding more rapidly when the seeds had been moist- 

ened. The germinated plants from seeds moistened for a con- 

siderable period were easily subject to the attacks of sapro- 

phytic fungi, and heace made a very feeble growth. 

Rambousek* states t!at experiments with rye, wheat and 

barley have shown that such seeds in which the radicle only 

is injured may continue to germinate, and that in this respect 

wheat and rye are much more resistant than barley. 

THE PURITY AND VITALITY OF GRASS SHED. 

CARLETON R. BALL. 

In the following pages have been brought together most of 

the available facts pertaining to this subject which seem 

important in determining the status of our grass seeds 
with reference to their purity and vitality. Reference has 

been made to only such works as gave the results of a consider- 

able number of tests and the subject is further confined to our 

own country. For four of our common species the results 
obtained from miscellaneous sources have been summarized by 

the author under the heading ‘‘various other tests, *’ aud all the 

data are presented in tabular form for better comparison. 

A study of the tables will show beyond doubt that the 

quality of commercial grass seed has improved considerably in 

the last fifteen years. It will also show as conclusively that 

further improvement is not only necessary in the interest of 

good pastures and clean farms, but is also easily possible. 

Tables Nos. V, VI and VII give both purity and vitality of a 

large number of species of grasses. 

PURITY. 

Since the ’60’s, when Nobbe made his classic disclosures of 

the deplorable state of affairs which then existed in Europe, 

*Prager. landw. Wochenblatt. 1895: 393, Centr. Agrikulturch. 24: 393. 
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the fact that the commercial seed of grasses and forage plants 
contain relatively large amounts of impurities has been quite 

generally appreciated. Itis true that the quality hasimproved 

considerably since that time. This is due largely to the 

establishment and operation of numerous seed-control stations 

and the prosecution of similar work by many of our American 
’ experiment stations. Good descriptions and illustrations of 
grasses have become more available for popular use and thus 
a discriminative knowledge of them more widely diffused. 

A discussion of the impurities of grass seeds may be taken 

up under two heads as follows: 
a. Intentional adulteration. 

b. Na ural or accidental impurities. 

Intentional adulteration.—The substances principally used 

to adulterate the seeds of grasses are fine sand and the seeds 

of cheaper and often very inferior grasses. Neither of these 

can be detected except by a careful examination. In fact it 

is almost impossible for the average consumer to detect the 

.presence of a foreign grass seed in his package because the 

seeds of some species resemble each other so closely as to 
render it difficult for the specialist to distinguish them. MRolfs 

reports* finding sand in some quantity in the seeds of fiorin or 

bent grass (Agrostis alba) and sweet vernal grass (Anthoxan- 

thum odoratum). McCarthy+ states that sand and crushed 

quartz rock have been detected in samples of timothy. 

The seed of English or perennial rye or ray grass (Lolium 

perenne) is commonly used to adulterate the seeds of other 

grasses, partly because it is very cheap and partly because it 

resembles them closely. It is frequently found in the seeds of 

such grasses as tall fescue and meadow fescue (Festuca elatior 

and F. elatior pratensis), Italian ray grass (Loliwm italicum) a 

dearer and better grass, and in orchard grass. MRolfs found 41 

per cent of it ina pound of the Italian ray grass and 11 per 

cent in water fescue. The amount in orchard grass is dis- 

cussed under that species. Sheep’s fescue is sometimes used 

in seeds of crested dog’s tail and is sometimes sold as red 

fescue. Seeds of several species of worthless Poas are used 

with the seeds of rough-stalked meadow grass (Poa trivialis) an 
imported grass. Several other grasses are less frequently used. 

*Preliminary report on the examination of some seeds. Bull. Iowa Agr. Exp. 
Station 13: 75-86. 

tSeed testing: Its uses and methods. Bull. N. O. Agr. Exp. Station. 108: 349-415. 

1894. See 382-391. (Also Bull. 73: 73-78: 1889). 

7 
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Natural or accidental impurities.—Under this head must be 

placed the varying amounts of dirt, sand, sticks, deid seed and 

chaff resulting from improper cleaning, and also the seeds of 

weeds and weedy grasses which grow naturally, or through 

introduction, with tnevaluable grasses. Of the first series 

there will always be a small amount in the best cleaned seed. 

The amount of weed se ds can, however, be easily reduced to 

practically nothing by pulling up the weeds before the grass 

seed is harvested. The desirability of any sample of seed is 

not always fairly indica ed by the percentage of weed seed it 

contains, for it is readily seen that a small per cent of a very 
bad weed would be more dangerous than a much larger per 
cent of a comparatively harmless weed. 

One of the most commoa weeds whose seeds are found in 

grass seed is plantain (Plantago major). The lance-leaved plan- 

tain or rib grass (P. lanceolata) is being rapidly scattered over 

this country by means of imported grass seed. Other common 

weeds are sheep sorrel (Rumex acetosella), dock: (Rumex crispus 

et al), shepherd’s purse (Capsella bursa—pastoris), May weed’ 
(Anthemis cotula), pigweed (Amarantus sp.), lamb’s quarter 

(Chenopodium album), mallow (Malva sylvestris), buttercup (Ran- 

unculus sp.), and occasionally Canada thistle (Cnicus arvensis), 
and ox-eye daisy (Chrysanthemum leucanthemum). 

Among the weedy grasses whose seeds are troublesome may 

be mentioned the pigeon grasses or foxtails (Chaetochloa viridis 

and C. glauca). These are especially common i clover seed, 

hence are apt to get into grass fie ds. Some European seeds 

contain the seeds of blue pearl gras~- (Molinia caerulea) and dar- 
nel (Lolium temulentum), two dangerous grasses. Chess or 

cheat (Bromus secalinus), wild oats (Avena fatua), and sand bur 

(Cenchrus tribuloides) are also met with. Seeds of many other 
less harmfal or of valuable species are fou d mixed with what 

should be pure seed of one species. Gilbert H. Hicks* says: 

‘Very few kinds of grass are raised for seed purp ses alone; 
hence most grass seed is obtained from meadows or places 

where different species are found growing together.’’ 

The following tables set forth some comparative facts con- 

cerning the purity of the seeds of four of our common grasses. 

The first column shows the number of samples of which tests 
were made. The last three columns show the minimum, aver- 

age and maximum percentages of pure seed in each series of 

*Pure seed investigations. Yearb. U.S. Depart. Agril. 1894: 389--408. 
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samples. I have quoted from a very good table of purities 

compiled by C. L. Parsons,* and have also given the tabulated 
results of various tests collated by myself. The standards of 

purity established by the U. S. Department of Agriculture in 

1896 and tho-e of McCarthy? in 109+ areal:o given. 

Poa pratensis. Blue grass.—The seed of blue grass is not 

often purposely adult rated and is usually quite pure seed. It 
contains relatively little of weed seeds, and the impurities con- 

sist of small amounts of sand, dirt and sticks, with often a 

large per cent of chaff. 

TABLE NO. I. 

Py z o g 3 3 or = 
PURITY OF BLUE GRASS SEED. ra) g 3 | 

g = o 4 
3 — > 3 

A = < P= 

Warious'testssrn il. cccc sche ecco merce stietet oelsis 8 | 94 Diet e100 
Parsons, summary of American tests..... ...... 5 | 92. 96.7 99. 
U.S Department: f Agricu.ture, standard......]....)....... OO) walla ererie's 
McCarthys stad ardis. ch: nt: cies ccic nis ons oo citielo ses cl sited Bakers ese BEB oaes 

Agrostis vulgaris. Red top.—There is little adulteration of 

red top seed. Rolfs reports one samplecontaining much quartz 

sand. When it 1s allowed to ripen until the seed shells out a 
large amount of empty chaff will be found in the packets. It 
usually contains dirt and the seeds of such low-ground plants 

as dock, plantain, buttercup, sedges and timothy. 

Parsons, summary of American josie. hi apetsyetershsr sisters 6 EB 
WATIOUSIFESUS ares tts a clelaic si) <cpteloke.o alefevere sie i)2PS ies 7 
Memartiny. Standard cree ceeiieniec ote cian, setoalercles Wievege ost TAY tee CRS 

TABLE NO. II. 

PURITY OF RED TOP SEED. Lporeeern ise waraa gy 

Minimum. 
eS emeat 

Maximum 

Dactylis glomerata. Orchard grass.—The condition of orchard 

grass seed was thoroughly investigated at the Connecticut 

Experiment Station in 1892.{ Their results were summarized. 
as follows: 

*A summary of American seed tests. Agri. Sci. 7: 541-545. 

+Yearb. U.S. Dept. Agri. 1896: 623-624. 

Conn. Agr. Exp. Station. Ann. Report 1892: 152-154. 
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‘‘First.—Of the seventeen samples of orchard grass pur- 

chased in New York, Boston, and at various places in Connecti- 

cut, one samplecontained as muchas 98.8 per cent of pure seed, 

the remainder being chaff. Another contained no orchard 

grass seed whatever, and consisted mainly of Loliwm perenne, 

or perennial rye-grass. Excluding this sample the other six- 

teen samples contained on the average 77.4 per cent of pure 

seed. 

‘“Second.—Seven out of sixteen samples contained notable 

quantities, from 8.3 to 35.5 per cent, of seed of perennial rye- 

grass, Lolium perenne, which is less valuable and sells at a 

lower price. ‘Tested’ orchard grass seed is quoted at 11 cents 

per pound and ‘tested’ perennial rye grass at 4.5 cents. A 

single sample contained 14.1 per cent of a species of Bromus, 

probably B. secalinus, or chess.’’ McCarthy says uncleaned seed 

often contains one-fifth of its weight in chaff, dirt, and various 

weed seeds. The most common weeds are dog fennel or May 

weed, ox-eye daisy, sheep sorrel, and species of knotweed or 

heartsease (Polygonum). 

TABLE NO. III. 

d ; g 
t= 5 eo 

PURITY OF ORCHARD GRASS SEED, 3 g 5 q 

Bl 2. 
A a <q = 

Connecticut Experiment Station, 1892........... 1s erty ee 72.85 | 98.8 
Parsons, summary of American tests............ 10 | 39. 87.2 | 100. 
VABTIOUS OCMOM COBEN tare sere ve re <ts +o sievelereleeievinse 041 Steererers 7 | 84.75 | 95.25 | 100. 
MecCanthy, standard, -1894: ics. a cites ces cisco nie tllsveeie namie ct 13,500 arene 

Phleum pratense. Timothy.—Timothy seed is usually quite 

clean. It is sometimes adulterated with sand and quartz and 

generally contains small quantities of dirt, sticks, and chaff, 

and the seeds of various weeds, clover, and some grasses. 

Among the common weed seeds are those of plantain, dock, 
buttercup, May weed, shepherd’s purse, pigweed, and mallow. 

Of the grass seeds, red top, fowl meadow (Pou serotina), and the 
pigeon grasses or foxtails, are most commonly found. Profes- 

sor Chester* found seed of Canada thistle in one sample. 

*Ann. Rep. Delaware Exp. Station. 1889: 37-638. (Also Bull. 5). 
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TABLE NO. IV. 

4 = © E 
a) 5 0 PURITY OF TIMOTHY SEED. al a= s & 
gs | 3 © % 
=| ord > 3 

“Al & <q = 

Parson: SUMMaPY.). nicl oils eaeirss bok ee ks oai di. 16 | 67. 92.75 | 100. 
WES IOESTLSC) RNS mee er Ea 20 | 95.15 | 98.5 | 100. 
NcCarthy,“standarddor CHOICE «acc 6s.'> false herein sie cillevoe cs 0 OTE Game yetetecre 
U.S. Department of Agriculture, standard......!....!).......- Nelob| Yancode 

Cereals.—An article on this subject would hardly be com- 

plete without something in regard to the purity of the seed 
grain of this country. As arule they have avery high stand- 

ard of purity; 99 per cent pure is the government standard, 

and that established by McCarthy was over 97.5 per cent. The 

seeds of a few weeds are usually to be found in wheat seed and 

to a lesser extent in oats. The most frequent of these are 

chess or cheat (Bromus secalinus), corn cockle (Lychnis githago), 

sheep sorrel (Rumew acetosella), pigeon grass, foxtail (Chaetochioa), 

rib grass (Plantago lanceolata) and garlic (Alliwm vineale). W. 
S. Devol,* who examined several samples of wheat seed, states 

that the seed of chess may be present in wheat at the rate of 
9,000 per bushel and still amount to only about one-tenth of 

1 per cent, and that the seed of corn cockle at the rate of 1,888 

seeds per bushel would make only six-hundredths of 1 per cent 

of the total. Let us have a pure seed league with the motto, 

‘*An ounce of prevention is worth a pound of cure.”’ 

VITALITY. 

It is a well known fact that the seeds of grasses have a com- 

paratively low vitality. It is also a fact, though perhaps not 

so generally known, that the vitality of the average sample of 

commercial grass seed, as determined in germination tests, is 

much below what may be taken as an average standard. In 

fact, the average vitality of commercial grass seed is consid- 

erably lower in proportion to this reasonable standard for 

grass seeds than are the average vitalities of most other com- 

mercial seeds in proportion to the reasonable standards deter- 

mined for them. 

There are several reasons which, taken together, will largely 
account for this state of affairs. In the first place, the seeds 

*Fourth Ann. Report Ohio Agri. Exp. Station. 1885: 185-186. 
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of grasses have been a commercial article for a much shorter 
period of time than have the seeds of most of our field and gar- 
den crops. Grasses were long regarded as one of nature’s 
gifts, like air and water, and as little effort was made to 

improve their quantity or quality; little attention was paid 

to their seeds until recent years when various causes have 

combined to place hay and pasturage among the most impor- 

tant of our farm products. At the present time only imperfect 

devices exist for gathering and cleaning the seed, and little is 

known as to the best methods for increasing and retaining the 

vitality. In order to secure the greatest quantity at the least 

expense the seeds of many species are gathered while still 

green, and in this way the vitality is doubtless impiired. The 

drying of such green seeds is often imperfectly done and many 

of the seeds become mouldy. 

The demand for the se ds of any but the most common 

kinds is so very limited and irregular that they may be held 

over from year to year in the unsold stock of the seedsman until 

their vitality is almost or completely exhausted. 

In many of the grasses, as the blue grasses (Poa species), 

fescues (Festuca species), ray grasses (Lolium species), orchard 
grass (Dactylis glomerata), and others, the seed as gathered con- 

sists of not only the grain or caryopsis itself but also of the 

flowering glume or chaff which surrounds the seed more or less 

closely. This fact often makes it very difficult to say whether 

what appears to be a seed actually contains a seed or whether 

itis only an empty chaff. This can be determined only by a 

careful examination. Where this empty chaff made up alarge 

per cent of the total it is evident that the vitality of the sup- 

posed seed would be very low. 

Table No. V gives the average percentages of purity and vital- 

ity possessed by choice grass seeds. The figures were obtained 

from an extensive series of microscopic examinations and 

germination tests and were compiled by Prof. Gerald McCarthy 

from his own work* at the North Carolina Experiment Station, 
from the reports of many other American stations and four of 

the leading European seed stations, and from data furnished 

by many American and foreign seedsmen. The last three 

columns give the maximum, minimum, and optimum tempera- 
tures for germinating these seeds. 

*Bull. N.C. Agr. Exp. Station. 108: 383-384. 1894. 
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TABLE No. V SHOWING VIABILITY AND PURITY OF GOOD 

COMMERCIAL SEEDS, AND TEMPERATURE AT WHICH 

THEY GERMINATE. 

a TEMPERA- 
5 S TURE. 
[or =) 

KIND OF SEED. b ae g g 
ee) > ; ; : a | 2 | Se Sel Se: 
cy ° =| (-Ke) Ee ° Bo 

> Ge ies slaaeh© 

Grasses and Cereals: 
Agrostis stolonifera (fiorin)................. 82.5 ket bP 95": 60F) 15 
Agrostis vulgaris (red top) .........--sss00 72. 97.4 | 95 | 60 75 
Alopecurus pratensis (meadow foxtail)...... 42. 83.25 | 95. | 60} 75 
Anthoxanthum odoratum (sweet vernal) ....| 30. 85.7 | 95 60 75 
Anthoxanthum puelli (annual sweet vernal) | 26. 83.7 | 95 60 75 
Arrhenatherum avenaceum (tall oat grass) ..| 69. 68a" |) 95 160s) iS 
Avena sativa (common oats) ............. «- 95. 97.5 | 90 | 55 | 70 
Avena flavescens (yellow oat grass) ......... 37. 42.5 | 95 | 60] 75 
Bromus mollis (soft chess) ..... .........4.. 46, 64.4 | 90 | 55 70 
Bromus inermis (Hungarian brome) ........ SI 1623590) e005" 10 
Bromus pratensis (meadow brome).......... Gly edie 4 | OO (hoo ot0 
Bromus schraderi (rescue grass)........ eee ale 95. 90 | 55 70 
Cynodon dactylon (Bermuda grass)......... 52. 98.5 | 95 | 65 | 80 
Cynosurus cristatus (crested dog’s tail)...... 62. 89.1 | 95 | 60} 75 
Daetylis glomerata (orchard grass).......... 81. (329!) 9502160) 2 15 
Festuca duriuscula (hard fescue) ........... 67. 86.7 | 95 | 60} 75 
Festuca elatior (Randall grass).... ......... 83. 85.4 | 95 | 60 | 75 
IBESbHUCH CEM fOlIA ea rsiactolete cla'eici« «efelelerelolersierele 60. 71.4 | 95 | 60 | 75 
Festuca ovina (sheep’s fescue)............... ite 80.3 | 95 | 60] 75 
Festuca pratense (meadow fescue)..... SAS oBe 81. | 86.9| 95 | 60] 75 
Festuca rubra (red fescue) ................. 48, tosle | 95, 1.60 75 
Holcus lanatus (velvet grass)................ 39. 68.2; 95 | 60} 75 
Hordeum vulgare (cultivated barley) ....... 82. 97.9 | 95 | 50] 65 
Lolium italicum (Italian rye grass)......... 73, 93. 95 | 50} 75 
Lolium perenne (English rye grass)......... 76. 94:3 | 95 | 50} 75 
Oryza sativa (cultivated rice)..............., 85. Oe 85s kDa) 480 
Panicum germanicum (golden millet)....... 88. 97.5; 95 | 65 | 80 
Panicum milaceum (millet)................6. 82. 98. 95 | 65] 80 
Panicum sanguinale (crab grass)............ 85. 97.5 | 95 65 | 80 
Panicum spicata (pear! millet).............. 82. 98. 95 | 65 | 80 
Phleum pratense (timothy) ................ 89. | 97:6.) 95 160 | a5 
Poa arachnifera (Texas blue grass).......... 60. 88.5 | 95 60 75 
Poa compressa (June grass).............2.02- 70. 80.8 | 95 | 60} 75 
Poa nemoralis (wood grass)...............0.. 60. 78.9 | 95 | 60] 75 
Poa pratensis (Kentuck blue grass).......... 60. 84.8 | 95 | 60 | 75 
Poa serotina (fowl meadow grass)........... 75. 83.5 | 95 | 60 | 75 
Poa trivialis (rough-stalked meadow grass)..| 55. 85. 95 | 60} 75 
Secale cereale (cultivated rye).............. OIF 99. 90 | 55] 75 
Chaetochloa Italica (Italian millet).......... 87. 97.5 | 95 | 60] 75 
Sorghum halapense (Johnson grass)......... 75. 95. 99 | 65} 80 
Sorghum nigrum (sugar cane)............... 7). 75199 | 65] 8 
Sorghum saccharatum (broom corn)......... 75. 97.5 1955 60) &Y5 
Triticum vulgare (cultivated wheat) ........ 95. 98.2 | 95 | 55] 75 

5 | 100 | 65° 85 Zea mays (Indian COLUM) Soyer ea cia: Mole heen nie 95. 98. 
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Table No. VI shows the minimum, average and maximum 

percentages of vitality and impurity for a large number of 

grasses. The column headed ‘‘ Days required’’ shows the 
number of days required for all vitalseed to germinate. ‘‘No.’’ 

indicates the number of tests from which the figures given 
were obtained. These figures were compiled by Charles 

Lathrop Parsons* and include most of the tests made up to 
January, 1891. By comparing this table with table No. V, some 

interesting facts are brought out. It will be noted that the 

vitalities are much lower than the standard of table No. V. 

For example, timothy is about 9 per cent lower, orchard grass 

21 per cent, red top 28 per cent, and Kentucky blue grass over 

50 per cent lower. These results are based on a large number 
of tests in each case, as may be seen by referring to the first 

column. 

Table No. VII was condensed from the results of tests pub- 
lished by Prof. F. L. Harvey.+ The seeds were germinated 

in cloth pockets in a galvanized tray containing water in the 
bottom. In noting these vitalities the reader must bear in 

mind that the tests were continued for only fourteen days, and 
that most grasses require a longer period for complete germi- 

nation. This accounts for the large number of sound seeds 

remaining at the end of the test. Of course, not all of them 

would have germinated if the test had been continued, but it is 

probable that part of them would have done so. 

*A Summary of American Seed Tests. Agrl. Science. 7: 541-545. 

+Germination Experiments. Maine Agri. Exp. Station, Ann. Report. 1888: 186- 

137. (See pp. 148-147.) 
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TABLE No. VII. 

TESTS OF FOURTEEN DAYS DURATION. 

i n 

BS 
~ 

= 
Ss tS 
a tH 

| a 
KIND OF SEED. pes nD 

‘Saal re 
op| © 

a) 

55] 
oOo | a 

Agrostis vulgaris, (red top, fancy)....s50. ss0t.tscecccseleres 20 
Agrostis vulgaris, (red top; f4nCy) \ sins << os te... g eee ais «| wre 6:4 19 
Agrostis vulgaris, (red top TAaNnCY)\.c< <0 aes.st es os bees. 84 80 
Agrostis vulgaris, (red'top, fancy) .. .3'.6s05s sinc sete week |e. 75 
Aira dexuosa, (Wood hair Prass).,. cb. cc<05edsor sci. on tel oc 99 
Alopecurus agrestis, (slender foxtail)................00. 2} 48 
Ammophila arenaria, (beach grass)..... .........eeeee. ie 2 
Anthoxanthum odoratum, (sweet vernal).. .............|.... 80 
Anthoxanthum odoratum, (sweet vernal). .............-{..e. 80 
Anthoxanthum odoratum, (sweet vernal)....-...........)..5- 85 
Arrhenatherum avenaceum, (tall meadow oat grass)....|.... 50 
Arrhenatherum avenaceum, (tall meadow oat grass)....|.... 98 
Arrhenatherum avenaceum, (tall meadow oat grass).... 40 
Agrostis canina, (Rhode Island bent) ............ ..ssse[eee- 19 
A grostis canina, (Rhode Island bent) ................... 7 | 48 
Agrostis canina, (Rhode Island bent) ................00. 3 | 50 
Agrostis stolonifera, (creeping bent)............ccccssee{eee: 48 
Bromus schraderi, (rescue grass) ........00eseeececesces(sres 100 
Bromus pratensis, (meadow brome).........-se.ees.esee-[eeee 100 
Bromus MOllis; (SOLb CWESS), ta\c 4.5 « an'eeisso oc oe emenaeae Soe allocics 57 
‘Cynosurus cristatus, (crested dog’s tail)................./.00- 89 
Dactylis glomerata, (orchard grass)...........ceeeceeeee[eee- 60 
Dactylis glomerata, (orchard grass)...........e.ceeeeeeufeaee 40 
Dactylis glomerata, (orchard grass)........secessesceeseleeee 50 
Hachlaena luxurians, (‘Feosinte)... «0.000: seca doves pes s|se' « 92 
Festuca pratensis, (meadow fescue)..............eesceccsleces 87 
Festuca prate: sis, (meadow fescue)........... .eceeeeee|ee ..| 90 
Festuca pratensis, (meadow fescue)............0se0-e05 1 20 
Festuca elatior; (tall fescue). oc. Ao cues ite gots va'e's avic ewe al sear 75 
Festuca elatior, (tall fescite) 22... «ose. feos iene casas cud clases 75 
Festuca heterophylla, (various-leaved fescue)...........|.... 97 
Festuca ovina, (sheep’s fescue). 6.2... 6..ceccedeccccccncloces 97 
Festuca tenuifolia, (slender fescue). ..............ceececleees 70 
Festuca duriuscula, (hard fescue)........0.ccecccccoceeclaccs 90 
Holcus lanatus, (meadow soft grass)... ........e.ceeeee- 5 | 74 
ESBTAT COPD i), jor © aoe we 2 Sie chase Rig wre me hare oa eietene tate eee eel ri Ne 
Lolium italicum, (Italian rye)io....cace. occas eses f caceloeus 2 
Lolium italicum, (Italian rye) 3.02% eccuech ote secs e ces dliee 65 
Lolium perenne, (perennial rye grass)..........ceceseceeleces 55 
Lolium perenne, (perennial rye grass)..........ccceecces[eces 57 
Lolium perenne, (perennial rye grass)............00. ceee[eees 10 
Panicum miliaceum, (golden millet) s.:.3.<.J.0. ee. 2 ce saee sone: 2 
Panicum miliaceum, (golden millet)......5......00 csececleses 8 
Panicum (Setaria) Germanicum, (Hungarian millet).....|.... 5 

| Percent sprouted. 

80 

o. of days required for one-half to sprout. 

5 COCSiome 

(> 

> Com 
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TABLE No. VII.—CONTINUED. 

KIND OF SEED. 

er cent of impurities 

| Sound seeds left. 

Per cent ger- 
minated. 

a 
a0 
a) 
5 
> 
2 

Ay 

Panicum (Setaria) Germanicum, (Hungarian millet)....].... 
Panicum (Setaria) Germanicum, (Hungarian millet)....|.... 
Panicum (Setaria) Germanicum, (Hungarian millet)....|.... 
Phalaris arundinacea, (reed canary grass)..............|-... 
Fae OUI PCALCHSG, (GIMOCDY): .qertc aie) sre need Gan Sak cise scale eae 
AH LSUIMEDEALCNS C1 (OLMOED Ys. srsieis ve iein oioneieiou bois el eiaasyel eietetal eae 
Ehleum~pratense, (timothy) oe... vaccine cscs ele eclen|l ee 
Ehleum pratense (timothy) ..i2 os cosnsicccis coe ccaices oelle cer 
Poa serotina, (fowl meadow grass)..............-.eeeeeee 70 
Poa serotina, (fowl meadow grass) ............00.0.e000- 50 
Poa serotina, (fowl meadow grass)..............2.ceceee 90 
Poa serotina, (fowl meadow grass)................000s00: 90 
Poa pratensis, (Kentucky blue grass).................00[eee: 
Poa pratensis, (Kentucky blue grass).................../.00- 
Poa pratensis, (Kentucky blue grass).................05 1 
Poa nemoralis, (wood meadow grass)....... ......eeceee eae 
Poa nemoralis, (wood meadow grass)........... secsccceleces 
Poa aquatica, (water meadow grass)............--2+.eeefees 
Poa trivialis, (rough-stalked meadow)................0.- 10 
Poa compressa, (Canada blue grass)............¢s0+0 socleces 
Sorghum halapense, (Johnson grass).............0eeeeee(seee 
Sorghum halapense, (Johnson grass)..... ........2eeecleeee 

TABLE No. VIII 

n 
ea a] 

og 
Sa NAME OF SEED. KS 
Bn 
Ene 
=) 

SE CSbG Pic miate cect aye tal Se atid Pye ke TxA chi Nass daly biore Siege giotemmiere ors 15 
een buicksyg ley Orass sctetsters oie royers assiev Ae Sie osiaie a shave ot seis oilers e 18 
died fescue’:..:...:.7.5 HGS CNR OGOaHEOd abasic neonas ans 19 
EIMAE SEV O) OPAGG OS oialorc i oe) aia cities dees w diee. co wowleran tmetes 17 
MEMEO WA SOL SPAS Se 02's. 3 iis iadiase Ss GnRlcs ae Sarisin.e rs 17 
EPPUMTESCHO oie Ses ot G ee cS ints 6 aie GldteR cig this s Wionelescretemieie 17 
Crested dosisttail Mv To eee a) Ra aS Shy, Kis ies hwielet 17 
ERD APIA PASS c's sts oc: siehein cis cieviee + s'o% an Geretieions dea ae 16 
ESGETHUG A. SEAGS'. Gos ofs.c 55 ara: ois\a'e es sfevel= <'uioi0.0-4, ¢ save 8S aoe. Wa ope ale’ 07s 23 
PAPMAOW LOSCUE Sa cil. cick stench ae sisisin sid ose oe ene wows ls 19 
Wied OwalOxba ulin crcverere:ioists cleceeiciets cleis sieseiviete versie stele ters 19 
PV ALOT MOCAGOW TASS Sais. 6 c/s cies odie oes a ciaes caleeeetssce 22 
SNS HIE V Ct OTASS\. mia lcisisie crete Gesiee) ieveaie evaisis.aVerele ecoleiee i 21 
NOSED STESCUGA. cis oaceiels cote etree sla eco Wate eteia: ois < clotersietaerchs 18 
RUA NAINORAOW OMG DTASH ies o 2 slave cc cele tis oir aieis olan aswis stlees 23 
WVOOdSMmead OWE OTASSH so raciereie cicicla ser sicrehie’s crereiays elerele = Sieve 00 18 
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68 2 
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88 4 
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Table No. VIII was condensed from data tabulated by Prof. 

I’. D. Chester. The figures given are the results of duplicate 
tests in each case. The vitalities average quite high. 

In 1877 Professor Beal of Michigan tested the vitality of 
twenty-two species of forage grasses. These seeds were pur- 

chased direct from a seedsman in New York. The seeds, or 

what appeared to be seeds, were counted out in lots of fifty 

seeds each, and two lots of each species were germinated 

between folds of bibulous paper in the greenhouse, at a 
temperature ranging from 56°-70° F. Two lots more of each 

Species were tested again later and the results of the tests are: 

given below in condensed form: 

TABLE No. IX. 

Al 3 |é 
FIRST TEST. g 3 | 8 

ss 5 Be: 

— > oe 

a | aie 

SONTAG OS DEOMUG LS fc oe fois ssh de cide Koa oes Monee Cee 56 | 62 68 
Hungarian grass....... Sais a dba Aarsiaye auudved ob eelomnelsios ce Un eitioreh 62 | 67 72 
Timothy she sels ta) efehaey a ascucvor aia ielsue eisuahosal sicke oie leet: ovetVere tate int oretete a ¥eteictees 94 | 96 98 
INineteeniothor Species: i455 25,000.25 one silo. ededewenwaee! 0} 8.4} 39 

SECOND TEST 

Sehroeder Biro muse +62 526, ls v.csasi Mone Ae een 56 | 59 62. 
EDU PATA AGS xd atc hi a.6 sia cresw s atoverersr erie aR MANALI MnO cc 42 | 45 48. 
POU DIY oF cue te strate 1a aiecc reranie <a dg sie meneame oe Reem 30 | 41 52° 
Nineteen other Speciessqn soinn.d.. ies eee teases nates 0 8.1 | 23 

Professor Beal then made tests of some grass seeds which 

he had gathered on the college farm two and three years before.. 

Besides their age, part of them had been stored ina damp 
basement. He did not consider them good seed. While test- 

ing them he also tested some more from the same lot described 

above. Both lots were shelled out of the chaff by hand so that 

there were exactly fifty seeds of each species. The striking 
results are given below: 

*Seed testing. Delaware Agrl. Exp. Station. Ann. Report. 2: 46-57. Also Bull. 5.. 

+Michigan Board of Agriculture. Ann. Report. 1877: 377-392. See 387-389. Also Beal; 

Grasses of No. Am. 1: 209-210. (Ed. 2.) 



GRASSES OF IOWA. 109 

TABLE No. X. 

n 
s 

. [oO 
aie 
o o 

KIND OF SEED. wm | 

£3 
oo 

als 
EI 1O 

PACHA Ol SOCOM watts) cvaternvars oners!cvaieteroferors os open sfaoxssokeY ones sensye sYoy sre ierei= 64 | 96 
SINCE OESIES OER Boro 6 an ROOrS BORGO 0 Gata oaememacdccos cao ooTeene 0 | 72 
PRORLHC Kye OIG: SPAGS <.{<o...0's 2 o cieis's «Sie sce'0'4 + 0 0.cleioueie iar siehaie Gime aeieiseleras 6 | 28 
LEE) Gar OE ae Se bbe Ge BA OUI nE Hes Aare baer E Ot een eae Coie Orrin freee 18 | 74 
Wiead OWATeSCUC ercis< icicle sis geld tree vis ole ve.8 36 ofa skegebepehol ARSE Schenk VRE eveRs 6 | 92 
POrep ANSI LSS Wee bre orcas teers soe ce ee sow cpio ns) «ivfels ste wtaRiekein a celes 66 | 82 

Blue grass. Poa pratensis.—For convenience of comparison 

some facts concerning the vitality of four of our common pas- 

ture and forage grasses have been set forth separately. The 

seeds of this very valuable lawn and forage grass possesses 

the lowest vitality of any of our commonly cultivated grasses. 

Just why this should be is not so evident. Some facts 

obtained by G. E. Morrow and T. F. Hunt* are of value in 

solving this problem. They made vitality tests of eighteen 

samples of blue grass seed from seventeen different prominent 

seedsmen and also of one sample of seed gathered on the sta- 

tion grounds. The seed were fi’st tested in the Geneva appa- 

ratus for thirty-eight days, and later the tests were repeated 

in soil in the open air and in the green house, where they con- 

‘tinued from March 14th to July 27th. 

There is such a striking difference in the results obtained 

from the tests made in the Geneva apparatus and those made 
in soil that I have tabulated the figures to show this difference, 

and have added to the column headed ‘‘In Geneva apparatus’”’ 

the results obtained by McCarthy as a standard, those gotten 
by Parsons, and also those given by fifteen other tests from 

different sources. The first and fifth columns give the number 

.of samples on which the results are based. 

*Ill. Agri. Exp. Station Bull. 15: pp. 478-482. 1891. 
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TABLE NO. XI. 

IN GENEVA APPA- 
RATUS. IN SOIL. 

VITALITY OF BLUE GRASS ae : 
SEED. a) es 3 al 5 5 2 

0) Ty co) op 
2 DEO ae a ie le és | 8 
8] a) x | g q 3 id 
3 a) = 3 Fas = > cs} 

ay Set ee teat | iy |e <q | 3 
Seventeen different seeds- 
men(Morrow & Hunt) ..... 184.0725 Gare |S Geril’ dsoag ee eee 

Seventeen differentseedsmen 
(in open air and shade). ...). 2. e-eclesssce. safsta| LS) Me 21.95 | 35.2. 

Seventeen different seedsmen 
(in @reenhouse)s voiceless otetel| cree, 6) \slererelt e:ayavarouetey lsicteters Sle 2. 12.51 | 22.9 

Experiment Station seed....| 1 | 0 | 0 A ee ancl Bape tote sc lleccn 
Experiment Station seed (in 

DROW BIL) are ters's ayvc, ssa e eycieeuilht wie. «| 6s) o-4]| of wicle oll laeerers eT alatorsre 48.3" || coe 
Experiment Station seed (in 

PTLECNHOUSE) 7 feicra «clare oie eter [teva locals yet | Ooseeloyerera||etereteds 1 Oe eee Wierd scone 
BarsOns cise oe csie cctcie ere tele 42)}0 | 6.3 BO. besos afeisc0%s. ll o-oyaleieversl| Renee 
Various other tests ......... 153i es eal Waa 6S Vi i (a reas er Gomaltoc coc 
McCarthy (standard)........]....]... 60. std ovel ilis's stei| zayeie hel] feretaretnvete | Mheeeeee 
Morrow & Hunt (seed gath- 

GBEOMsETECY) estas scitae ssicisk lc es'e| sree [eae eteiecll ote iors 3 | 71.6 | 72.6 | 7228 
Morrow & Hunt (seed gath- 
OLE MIG) accepts ie crare ncosolepere steal vevarsl| eleke te revere levers |{s erevers LE sl serstesee 80 al || saree 

U. S. Department of Agri- 
culture (standard) .........]....|...- 45-50) Vice atpellee ar |aetercveinl|ese Contests eee 

Some seedsmen having claimed that the low vitality of blue 

grass seed was due to the grass being cut too green and the 

consequent heating of the seed, tests were made to determine 

this fact. Three lots of grass were gathered green and dried 

in as many different ways: one in a cellar, one on the floor in 

a dry room, and one ina grain sack. After a germinating test. 

lasting about sixty-eight days, they gave vitality percentages. 

of 71.6, 72.5 and 72.8 respectively, while a sample gathered 

ripe and dried on the floor in a dry room gave 80.1 per cent of 

viable seed. These figures are given at the bottom of the pre- 

ceding table. From such results it would seem apparent that 
for some reason the apparatus for testing seeds does not show 
the true vitality of blue grass seed as determined by soil tests, 
and also that careful harvesting and drying of the seed would 

greatly improve its quality. 

Red top. Agrostis alba.—The following table will show the 

compurative vitality of red top seed in this country, based on 

a large number of tests. 
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TABLE NO. XII. 

Hee a 3 = 
5 s ap = 

VITALITY OF RED TOP SEED. 2 g 2 gi 
S| 5 * 
= ia er S S 
7 Aa < = 

Morrow & Hunt, from seventeen different seedsmen.| 19 | 4 25 63 
Parsons, summary of American tests............... 30 | 4 34.2 | 92 
Various other tests......... Seleiteat = tetdeyaaaielae amet eae 10 | 4 45 92 
MeCarthy, standard for choice seed <... <......0..2..0'.,../0..... (et pita sk 

It is quite probable that the same conditions that affect blue 

grass seed affect the seed of red top also, and that if tests were 
made in soil the general average of vitality might be found to 

be considerably higher. Better methods of gathering and dry- 

ing would doubtless work toward the same end. 
Orchard grass. Dactylis glomerata.—The most extensive tests 

of this seed of which I have any knowledge were made at the 
Connecticut experiment station in 1892. Seventeen samples 
from different eastern markets were obtained and tested. One 

was found to contain no seed of orchard grass at all. The 

results from the remaining sixteen are given in the following 

table: 

TABLE No. XIII. 

ge lineal ae@tialy 
VITALITY OF ORCHARD GRASS SEED. 3 g = & 

She eae, o 
Ss — > 3 

Z| oe <q = 

Connecticut experiment station................005: 16 | 4.5 | 50 88 
Various tests of other stations...................-- 16 | 12 53.3 82 
Parsons, summary of American tests .......... ... 18 | 10 53.9 96 
Mcvarthy, standard for choice seed........ ......./....'...... —) ey 

Timothy. Phleum pratense.—Timothy has been tested for 

vitality a great many times and approaches more closely to the 

standard than any other grass. The comparative results are 
given below: 

*Conn. Agr. Exp. Station. Ann. Report. 1892: 152-154. 



112 GRASSES OF IOWA. 

TABLE No. XIV. 

g FS S| 
o| 2 ~ | 5 VITALITY OF TIMOTHY SEED. 2 g 3 g 

gs] 3 ba 
S =I > os 
q = < = 

Morrow and Hunt, from sixteen seedsmen......... 16 | 42 76 96 
Parsons, summary of American tests .............. 51] 0 80.1 | 100 
Mester ab VAriOUS SbALLONSS. : cits. iicricleeclerste eloiiietsteseie. 48 | 30 91.48 | 100 
McCarthy, standard for choice seed..........-..... Sc Syl oreage oh! ee ee 
U.S. Department of Agriculture, standard........|....]...... 85-90 '|..... 

These figures show that the timothy seed is improving in 

vitality and that the average sample now exceeds the standard 
once set for choice seed. It is much to be hoped that the next 

ten years may bring about a similar improvement in the seeds 

of other species. 

Diseases of Germinating Cereals. 

Moulds.—The most serious difficulties which corn and other 

grasses have to contend against in germinating are moulds and 

bacteria. The following moulds are commonly found: The 

common blue mould (Penicillium glaucum), green mould (£uro- 
tium (Aspergillus) glaucus) and black mould (Rhizopus nigricans). 

Cladosporium, Macrosporium and Sterigmatocystis may occur 

occasionally, but they are not generally common. 

Haberlandt, who made a study of the mouldy rye and its ger- 

mination, found a gradual decline in its germination as the seed 

became older. 
Logewall, who had observed that rye seed rapidly loses in 

its power of germination, especially in damp and warm weather, 

attributes this to micro-organisms. In the case of wheat, how- 

ever, this did not appear to make any difference. As a result 
of his rye experiments he determined as follows: 

One hundred rye kernels without infection, germination 100 

per cent; 100 rye kernels with infection, germination 98 per 

cent; 100 rye kernels injured without infection, germination 97 

per cent; 100 rye keraels injured with infection, germination 91 

per cent. 

C. Rambousek,t states that moulds of damp seeds destroy 

the germinative energy to a considerable degree and its distruc- 

tive influence is most severe on barley. 

*Wissenschaftlich praktische Unters auf dem Gebiete des Pflanzenbaues. 1: 66-68, 

1875. Harz. Landw. Samen Knude. 1: 294. 
+Prager. Landw. Wochenblatt. 1895: 393. Biedermann’s Oentr. Agrikulturch. 24: 

393. 



Fig. 61. Common blue 
mould (Penicillium glau- 
cum). Spores at end of 
branches; spores borne 
in chains. (Pammel and 
King.) 
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Penicillium glaucum.—This is one of the 

most common of all our moulds and is 

easily recognized by the glaucus green color 

it produces on thesurface. At first a white 

mycelium spreads over the surface of the 

seed. It starts usually in the hilar regions. 

The mycelium, through an enzyme action, 

undoubtedly, dissolves the starch. Raised 

masses are formed on the surface. These 

consist of massesof fungus thread strands. 

The strands send out lateral branches, 

from the end of which a whorl of short 

branches appears, as shown in figure 35. 
These give rise to one or more whorls. 

From the ultimate branches a chain of 

small spores is produced, the last one in 

the chain being the oldest. 

The ascospores have not been found in corn, but occur in 

poorly lighted places and are produced in the absence of 

oxygen. The spores produced in chains germinate when the 

required amount of moisture and heat is present, so that 
unlimited numbers of genera- 

tions may proceed from a 

single spore. These spores 

also preserve their vitality for 

a considerable length of time. 

Brefeldt has shown that they 

will germinate though kept in 
a dry place for several years. 

Eurotium (Aspergillus) glau- 

cus DeBary.—This species is 

common in stored corn, and 

will be referred to in connec- 

tion with a disease of cattle. 

The mycelium of this fungus 

spreads over the surface of 

the corn, in the hilar regions. 
cet ’ 

( nip y 

: ys SOE NSS The bract , ding th Me DUE ON SAGAVOA SIE The bracts surrounding e 
grain are the special points of 

Fig. 62. The sclerotium or resting stage gttack. Erom this point the 
of Penicillium glaucum consisting of a : 
hard compact mass. The asci and asco- hilar region is attacked. The 
spores shown above, (Brefeld ) 5 

+Untersuchang. u. Schimmelpilze. II and LV. 
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as 

1 
Fig. 63. Common Herbarium mould. (1) general appearance, showing long conidi- 

ophore and sterigmata on end; (2) perithecium with one of its asci and ascospores; (3) 

contents from an unripe perithecium; (4) a small partofa mycelium with conidiophore 

c, and spore bearing sterigmata, young ascogonium @.s. (DeBary except 1.) 

mycelium enters the kernel because of the dissolving action 

of an enzyme produced by the mycelium. From this my- 

celium erect threads (conidiophores) arise. These are en- 

larged at the end. From the enlarged portion of the 

conidiophores numerous small and radia'ing stalks (sterig- 

mata) are produced, each bearing a chain of spores, the 

end spore of the chain being the older. These spores 

germinate under favorable conditions of moisture and 

heat, and again give rise to the same stage. In addition to 

this, the condidial stage, a second kind of reproductive body 

occurs. This is produced by the coiling of a branch of the 

mycelium having several turns. Two or three slender branch- 

lets grow from the base. One of these growsmore rapidly and 

connects with the tcp of the spiral coil formed first. The 

contents of those last formed unite with the spiral known as 

theascogonium. After fertilization a perithecium is produced. 
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This contains the asci. Hach ascus is surrounded by a delicate 
wall and contains eight biconvex ascospores. 

Rhizopus nigricans. Ehrh.—The third mould commonly found 

is the black mould. The mycelium spreads over the tissue, and 

on the surface small black bodies, the sporangia, are produced. 

The conidiophore arises from the felted mycelium. The con- 
idiophore bears an enlarged spherical head, the sporangium, 

within which occur the spores. On adding water to the speci- 
men, the wall of the sporangium collapses and the end of the 

stalk, known as the columella, turns back, giving it something 

Fig. 64. (1) Common black mould (Rhizopus nigricans) showing sporangia and 
method of spreading by stolons. (2) R. nigricans showing rhizoids, conidiophore, colu- 
mella, sporangium and spore. (3) Zygospores of one of the mucoraceae showing method 
of conjugation. 

of the appearance of an umbrella. The columella before it 
collapses projects into the sporangium. The spores germinate 
readily when placed in a moist atmosphere. In addition to the 
production of a sporangium a stalk may bend over and cause 
the further extension of the fungus by producing what is 
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known as astolon. The old name for the fungus, Mucor sto- 

lonifer, was given to it because of the produetion of these sto- 

lons. In additiom to the formation of spores in the sporangium, 

zygospores are produced in certain races. Two threads of the 
mycelium lying in proximity and nearly parallel, each pro- 

duces a tube. These meet, the walls are absorbed, and just 

back from the meeting point a cell is cut off. The contents 

from the old cells pass into the newly formed cell. We also 
observe that the cell of one arm is somewhat smaller than the 

other. This spore is a resting spore or zygospore. It lies 

dormant for a period, then germinates by forming directly a 

conidiophore with its sporangium containing the spores. 

Bacteria.—In an examination of mouldy corn, bacteria have 
been found in large quantities, but none of these have been 

studied sufficiently to speak of the power they have in causing 

rot. Prillieux* states that wheat is often covered with a bac- 
terial organism that produces a red coloration. Not enough, 

however, is known of this organism to say whether it is the 

cause of the disease mentioned by him or not. 

The first step in the germination of corn, as said before, is 

the absorption of water. Ifthe embryo is vigorous, and con- 

ditions are favorable, the young embryo will push through the 

testa and pericarp. 

AQ: an ay 

Nin 

Fig. 65. Mouldy maize kernels. These failed to germinate. 1, Sterigmatocystis; 

2, Apergillus; 3, Rhizopus; 4, Penicillium. 

On the other hand, if it is weak it is unable todoso. A 

cold, damp soil and frequent rains are not favorable for the 

embryo to push through, and hence the invasion of saprophytic 

*Prillieux. AnnaldeSci. Nat. Bot. VI.7: 248. 
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fungi, for none of these organisms are truly parasitic. Much 
of the corn during the season of 1897 showed a fairly good 

percentage of germination, and yet the stand was very poor; 

the seed in factrotted in the ground. This was due to the con- 

ditions above stated. Good germination requires warm weather, 

with sufficient rain so as not to dry out the seed. 

CHEMICAL AND PHYSICAL INFLUENCES ON THE GERMINATION 

OF GRASS SEEDS. 

Chemical.—It has been customary for a long time to treat 

wheat and other cereals with certain chemical substances for 

the purpose of preventing fungus diseases. They have also 

0 Fig. 66. Copper compounds and the germination maize. U.S. Dept. of Agrl. for- 
mula, 12, 13; 5, Bordeaux mixture full strength; 6, Bordeaux mixture one-half strength. 
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been treated for other purposes. These purposes may be 

classified as follows; First, to hasten germination; second, to 

protect the seed from insect and other animal pests; third, to 
prevent the attacks of fungi; fourth, to furnish the young plants 

nourishment. It is very doubtful indeed if any kind of treat- 

ment with chemicals actually hastens the germination of seeds. 

Formerly a large class of substances were given which would 

support and hasten germinafion. The literature on this sub- 
ject as given by Nobbe* states that the seeds of certain crucifers 

when in contact with chlorine germinated in from six to seven 

hours, while seeds placed in water germinated in thirty-six to 

Fig. 67. Copper compounds and the germination of maize. U.S. Dept. of Agrl. 

formula. 3, 4, treated with ammoniacal carbonate of copper normal; 1, 2, double 

normal. 

*Samenkunde. 255. 
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thirty-eight hours,but Otto* makes the statement that with 

oxalic acid he succeeds in causiog seeds to germinate which 

were between 20 and 40 years old. Bailey,t who treated a 

large number of chemicals with substances as permanganate 
of potash, chlorate of potash, etc., demonstrated that these 

retarded rather than hastened germination. In a paper by 

Pammel and Stewart{ on the subject of corn and different 
fungicides it was shown quite conclusively that the treatment 

in every case was injurious. 

Pammel§ had previously shown that corn roots, when treated 
with a mixture containing copper salt, were injuriously affected, 
the total amount of germination being retarded. These experi- 

Fig. 68. Copper compounds and the germination of maize. Strong ammoniacal 

carbonate of copper. 

ments were conducted in the greenhouse. Dr. Walter H. 

Evans, || in a compilation of the treatment of seeds with cop- 

per sulphate, to prevent the attack of fungi, comments on this 
experiment as well as others. Evans seems to question the 

*Balfour; Class book of botany. 3: 628. 

t+tAnn. Rep. Mich. Agrl. Exp. Sta. 1: 110. 1888. 

+The influence of fungicides upon the germination of seeds. Agrl. Sci. 8: No. 5. 1894. 

§Are copper salts injurious? Bull. Iowa Agrl. Exp. Sta. 16: 321. 

tCopper Sulphate and germination. Bull. Div. Veg. Phy. and Path. U.S. Dept. 

Agrl. 10: 14. 
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result of the experiment. In order to show that there is no 

question in regard to these results, the accompanying figures 

show a marked difference between treated and not treated 

plants, kept under the same conditions. Quite a large num- 

ber of experiments have been made in testing the effects of 

chemical solutions on the germination of corn, and it has been 

shown that quite a large number of salts act injuriously, and 

even a weak solution sometimes checks the germination of 

corn. The conclusions reached by several investigators are 

here given. It was very evident in some work conducted by 
Pammel and Stewart* with the copper compounds that even 

the very weak solution retarded and in some cases prevented 

germination. 

Thus, for instance, when corn was soaked for two hours in 

ordinary copper sulphate solution, more than three-fourths 

would not germinate. Ammoniacal carbonate of copper was 

also used. When the corn was soaked in it for two hours only 

twenty-seven kernels out of 100 grew, but when the treatment 

was continued for only one hour fifty-seven kernels grew. 

In an exhaustive paper on the subject by Hitchcockt and 

Carleton,+ they state in regard to ferrous sulphate that corn 

soaked for twenty-four, forty-eight and seventy-two hours, 

respectively, gives the following percentages of germination: 
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The germination was from 80 to 100 per cent of that obtained 
with water, but retarded. Prof. L. R. Jones{ concluded that 

soaking corn in Bordeaux mixture for one hour and less, had 

no perceptible effect, and soaking six hours was slightly bene- 

ficial. Soaking in copper sulphate solutions, of either strength, 
for lengths of time up to fifteen minutes, did no apparent 

injury. Soaking one hour was slightly injurious. But, after 

all, the substances which have been experimented on, among 

them ferrous sulphate, have been widely used to better the 
soil. Mayers shows that 200 grams of iron sulphate acted inju- 
riously on rye, barley and oats, and that 100 grams on wheat. 

This quantity of iron sulphate was added to sixteen kg. of 
soil. 

tBull. Kansas Agr]. Exp. Sta. 41. 

+Ann. Report Vermont Agrl. Exp. Sta. 1891: 139-141. 

SNederlandsch Landb., Weekblad. 31: 2. 1892. Biedermann's Centr. Agrikul- 
turch. 22: 158. 
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In regard to several other grasses Mr. Thompson* states of 

oats, clover, ray grass, corn, Avena orientalis, Arrhenatherum, 

avenaceum and Medicago sativa that sulphate of iron acts injuri- 
ously upon the development of the roots. Most of the earlier 
references are fully given in the review in the paper quoted 

by Pammel and Stewart as well as Evans. 
Physical.—Maldiney and Thouvenint+ have made some experi- 

ments to determine the influence of X-rays upon germination. 

In the case of Panicum miliacewm the writers found that when 

under the influence of X-rays for two hours germination was 

hastened. The amount of moisture and physical condition of 

the soil are most important factors during the process of ger- 

mination. 

SEED SELECTION AND THE CROP PRODUCED. 

There can be no question that the careful and intillegent 

selection of seed influences the crop. This has been amply 

demonstrated ina great many crops. It isa well-known fact 
that the European sugar beet growers carefully select ‘‘the 

mother beet” by making tests of the amount of sugar present. 

It has also been shown by Wiley{ that by a careful selection of 
sorghum canes, with a high percentage of sugar, the standard 

has been raised. Mr. Oma Carr§ shows that in certain varie- 

ties the per cent of sugar content was increased as follows: 

1888. 1889. 1890. 1891. 1892. 1893. 
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Amber... 3.2... 95| 63 |11.7| 7 |12.8| 71 |12.9| 72 |14.5| 76 | 14.3 |° 63.4 
Colman........... 46| 7 |149| 7 | 15.6] 76 |172] 7 | 15.5| %5 
Orange. 2] 10.4] 63 | 12.1] 1 | 13-5] 72 | 13.6! 68 | 17.7] 80 | 16.2] 80 

Wiley records several pedigrees of the improved canes and 

the amount of sugar they contain and gives a discussion of the 

results. Hicks and Dabney|| have shown that thereisa marked 

increase in the weight of seedlings of radish, early Amber cane, 

Kafir corn, winter vetch, sweet pea, rye, oats and barley from 

the heavier seed, that there is an inerease in the root develop- 

ment when seeds are planted. In caseof heavier peas early 
flowering is noticed. Webber says: ‘‘Mr. Henslow found 

_ “Ueber die Wirkung von Schwefelsaurem Eisenoxydul auf die Pflanze. Dorpater 
Naturforscher-Gesellschaft. 18: 96-101. 

+De l’influence des rayons X sur la germination. Revue generale de bot. 10: 81. 

+Experiments with sorghum. Bull. U.S. Dept. Agrl. Div. Chem. 29:52. 39:25. 40: 27. 

$SExperiments with sorghum. Bull. U. 8. Dept. Agrl. Div. Chem. 40: 28. 
Year book. U.S. Dept. of Agrl. 1896: 305. 

tYear book. U.S. Dept. of Agrl. 1896:.89. 
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that seedlings of large seeds, owing to their greater vigor, 

crowd out the seedlings of small seed. A continual selection 

of the small seeds for several generations, he says, will cause 

the plants to die out altogether by failing to produce seed, or 

else a tiny race of beings will, for a time, be maintained. 

These vegetable runts, the result of insufficient nutrition and 

insufficient light, are of common occurrence in nature.’’ B. T. 

Galloway, by growing selected lots of large and small radish 

seed, found that ‘‘the largest seeds germinated more quickly 

and with morecertainty, and produced marketable plants sooner 

and more uniformly than the small seeds.”’ The latter, how- 

ever, ‘‘gave porportionally larger plants.’’ In this case, which 

at first thought seems confusing, we see, as Mr. Galloway 

suggests, the effect of long continued, natural methodical selec- 

tion. The radish is cultivated for the root, and selection has 

been continually directed to increase the size of this part with- 
out attention tothe seeds. If more nutrition is utilized in root 

development with plants of equal vigor, less would probably 

remain for seed development, resulting naturally in small seed. 

Thus, long continued selection, aiming only to increase the size 

of the root, which is done with some detriment to the seed, 

might be expected to ultimately lead to an inherited tendency 

of the small seeds to develop large plants, and vice versa.’’ 
The subject of corn from this standpoint, has been quite fully 

treated by Arthur and Golden.* 

Death IN WL RICO £497 EC GF 10 WIZ IS IBTS I 

Fig. 68. Product from large and small seeds. (Arthur and,Golden.) 

*Agrl. Sci. 5: 117. 
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They have given numerous references to the work of Euro- 

pean and American investigators. Among the latter we desire 

especially to mention the works of Goff* and Latta. t 

The work of Arthur and Golden is in the line of our own 

work. We quote from their results as follows: ‘‘Thirty kernels 

from a single ear of white dent corn were separately weighed, 

of which six grew that were over 400 milligrams each, and nine 

that were under 300 milligrams each. The product of these 

gave a greater average weight of ears for the large than for 

the small seed, which was also true of the cobs and kernels 

taken separately.”’ 
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The accompanying graphic illustration of the results brings 
out the difference in the weight of the kernels even more 

strikingly. The solid line indicates the product from the large 

seed and the interrupted lines from the small seeds. The dia- 
gram asa whole shows the variation at different parts of the 

ear, the butt being to the left and the tip to the right. 
“The kernels from each ear of the product were removed and 

weighed by fifties, beginning at the end of the ear and pro- 

ceeding in order tothe other. The average of all of the heav- 

iest fifties, one from each ear, gave the maximum weight, 

marked M inthediagram. The average of the fifties ranging 

first, second, third, etc., right and left of the maximum was 

then found. Thus the diagram represents the difference of 

the weight of the kernels of the ear in the order they occupied 

on the cob, the butt of the ear lying to the left and the tip to the 

right of the diagram. 
The figures below the diagram indicate the position of each 

fifty seeds on the ear; the figure at the left gives the average 

weight in grams of fifty seed. Webber{ states that ‘‘ Roujon, 

*Ann. Rep. N. Y. Agrl Exp. Sta. 3: 199. Amn. Rep.'N. Y. Agr]. Exp. Sta. 4: 181. 

128, 120. 
+Bull. Indiana Agrl. Exp. Sta. 27: 32: 14. 

$Infiuence of environment in the origination of plant varieties. Year book U.S, 

Dept. Agrl. 1896: 92. 
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by selecting and planting only the smallest seeds from the 

least developed specimens of sunflower, corn and other plants, 
obtained in two years very small plants. The corn was 

reduced in size to about eight inches high. As the height 

diminished the number of seed decreased, and the final result 

was absolute sterility. ”’ 

In the case of corn, farmers have done a great deal towards 

selection by saving the best for seed. There has been much 

discussion as to whether the kernels found at the base are bet- 

ter than those at the tip. Tests made at the Kansas Agricul- 

tural Experiment Station* show: ‘‘Considering all the facts 
shown in this experiment and in the experiment with corn 

planted at different distances, the inference seems plain that 
we must plant corn with the sole object of raising grain, or 

with the sole object of raising feed.’’ The average of three 

years’ trials are slightly in favor of the butt kernels, according 

to Georgeson, Burtis and Otis. + 

Cereals. 

The importance of cerealsas acropin lowa merits a separate 

consideration. This is especially necessary in the case of the 

more important. The term cereal is applied to all members of 
the grass family in which the grains are used for food. Some 

of the more important works which consider cereals and cereal 

culture are as follows: 

Koernicke}{, Metzger§, Seringe| 

dolle+t, Bealf{, Wallace§§, Brewer 

*Bull. Kansas Agrl. Exp. Station. 30: 1891. 

t+tBull. Kansas Agrl. Exp. Station. 45: 143. 1893. 

t{Koernicke-Werner. Handbuch des Getreidebaues. Koernicke Die Arten u Vari- 

etaten d. Getreides 1: 470. pl.10. 1885. Werner, Die Sorten u. d. Anbau d. Getreides 

2: 1010. 1885, 

$Europaische Cerealien. In botanischer und landwirthschaftlicher Hinsicht bear- 

beitet 74. 20 pl. Mannheim. 1824. Heidelberg. 

Seringe. Cereales Europennes. 1841. Monographie des Cereales de la suisse. 

1819. Berne and Leipzig. 

SiHackel. True grasses. English Translation Lamson-Scribner and Southworth, 

228. 110 1890... Hackel. Gramineae in Naturlichen Pflanzenfamilien II. Theil. 2 

Abth. 

**Darwin. Charles. Animals and Plants under domestication. 1: 329-341, 

ttDeCandolle, A. Origin of cultivated plants. Euglish translation 468. 1892. 

*¢Beal, W. J. Grasses of North America. 1: 457 f.175. 1887. (Ed. 1.) 457. 175. 1896. 

(Ed. 2.) 
§3Wallace. India in 1887. 363. 71 pl. 5.f.1 map. 1888. 

||Brewer. Report on the cereal production of the U. 8. 10th Census ofthe U.S. 8: 

173. 16 maps. 

7910Emmons. Agriculture of New York iu Nat. Hist. N. Y. 2: 90-274. pl 26-28. 

***K lippart. Essay on the origin, growth, diseases, variety, etc., of the wheat 

plant. Ann. Rep. Ohio St. Board of Agrl. 12: 562-816.11 pl. 1857. 

, Hackel4, Darwin**, DeCan- 

|, Emmons44, Klippart***, 
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Simmonds*, Harzt, Tschirch and Oesterle{, Snyder and Voor- 

hees§, Neftell|, Plumb, Hehn, **Williams++, Lamson-Scrib- 
ner{{, Buschan§g§. 

paper on maize, thinks, from evidence of archaeology, history, 

Maize. (Zea Mays, L.)—Harshberger published an extended 

ethnology and philology that central and southern Mexico is 

the original home of maize. This is supported by the facts of 

botany and meteorology. Several closely related genera are 

of Mexican origin, as Huchlaena and Tripsacum. The latter 

genus occurs as farnorth as southern lowa. Naturalists gener- 

ally agree that closely related species and genera had their 

origin from some common progenitor. 

The Indians probably first found the plant in the region 

above 4,500 feet altitude and south of 22° north latitude and 

north of the river Coatzacoalcos and the isthmus of Tehuantepec. 

It probably reached the Rio Grande about 700 A. D., and by the 
year 1000 had reached the coast of Maine. It was introduced 

into Europe soon after the discovery of America. 
Rye (Secale cereale L..)—Rye has not been long in cultivation, 

according to DeCandolle| ||, unless perhaps in Russia and Thrace. 

It has not been found in the Egyptian monuments and there is 

no name for it in the Semitic languages, nor Sanskrit, nor the 

languages derived from Sanskrit. 

It appears to have originated in Europe, where it was 

anciently cultivated, and it is probable that it originated in 

the regions between the Austrian Alps and north of the Cas- 

pian sea. The other known species of the genus Secale inhabit 

western central Asia or the southeast of Europe. In central 
Asia rye is spontaneous and grows as thickly as though sown. 

Barley. (Hordeum sativum, Jessen.)—This cereal is without 
doubt one of the most ancient of cultivated plants, and is sup- 

posed to have originated from JZ. spontanewm, Koch, which 

*Simmonds, P. L. Tropical Agriculture. 515. 1877. 

tHarz. Landw. Samenkunde, 1: 552. 2: 552-1362. 

+Tschirch & Osterle) Anatomischer Atlas der Pharmakognosie und Nahrungs- 
mittelkunde. 41, 42, 43, 44, 45, 52, 53. 

rn sender & Voorhees. Studies on bread and bread-making. Bull. of U.S. Dept. of 
gril. 67: 56. 

lNeftel, Flour milling process. 10th Census Rep. 3: 22. 6 pl. 

TPlumb. The Geographic Distribution of Cereals in North America, Bull. Div. of 
Biological Survey. U. 8. Dept. of Agrl. 11:24. pl. 7. 

**Hehn, Kulturpflanzen und Haustiere. in ihrem Deberrank aus Asien nach 
Griechenland und Italien sowie in das ubrige Europa. 522. 

++Williams. Millets. O. Exp. Sta. Farmer’s Bull. U.S. ae of Agr. 101: 28. 6. 

¢tLamson-Scribner. Grasses of Tennessee. Bull. Agr. Exp. Sta. Tenn. 5: 2. 

§$Buschan. Vorgeschichtliche Botanik d. Oultur. u. Nutzpflanzen d. alten Welt 
auf grund prahistorischer Funde. 268. 1895. 

ii DeCandolle Origin of Cult. Pl. 370. 
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Fig. 68 A. Rye with details of flower and Fig. 68 AA. Zea canina, Watson, 
spike. (Nees from Hackel.) grown at Knoxville, Tenn. Origi- 

nal of cultivated maize. (Photo- 
grah, F. Lamson-Scribner.) 
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Fig. 68 B. Zea canina grown at Knoxville, Tenn. showing cob 
and kernels. (Photograph, F. Lamson-Scribner.) 



Fig. 68 BB. Different varieties of 
maize. Zea mays. (1) Mexican; (2) 
Mexican; (3) Dent legal tender; (4) 
Dent; (5) Sweet; (6) Pop; (7) Husk 
maize with bracts removed; (8) Dent, 
mortgage lifter; (9) White dent; (10) 
Dent; (11) Flint; (12) Black Mexican 
sweet. (King.) 

Fig. 69. Wheat, Triticum sativum. 
Common bearded winter wheat, Triti- 
cum sativum vulgare 2. Triticum sati- 
vum vulgare muticum. (Hackel.) 

Mg. 9 A. t,” Triti- Fig. 69AA. Polish wheat, Tritt Fig. 69 A. “German wheat,” Tr : = , cum sativum dicoceum. 2. One-grained 
cum Polonicum. 2. Bearded spelt. wheat, Triticum monococcum, L. 
Triticum sativum spelta. (Hackel.) ; (After Hackel.) 
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Fig. 69 B. Two-ranked barley, Hordeum sativum distichon. (After Hackel.) 

1, Hordeum sativum hexastichon (B 3) group of three spikelets; (B) spikelet from 

behind; (B 1) from in front; (K 1) fruit from in front; (K 2) from behind. (After Nees.) 

2. Common four-rowed barley, Hordeum sativum vulgare. (After Hackel.) 
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grows wild in Asia Minor and 

Caucasian countries to Persia 

and Beloochistan as well as 

Syria and Palestine. 

Wheat. Triticum sativum, 

Lam.—The only form known 

in a wild condition is the Tf. 

monococcum, L. Cultivated 

wheat is prehistoric. Sev- 
eral of the forms are of great 

antiquity. The ancient Egyp- 

tian monuments contain abun- 

| dant specimens of wheat. The 

y; Chinese grew wheat 2,7(0 
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ine SW the Lake Dwellers of west 
Wy ey Switzerland.* 
YY The Polish wheat, Triticum 
: Ys 9 polonicum, a form obtained by 

cultivation, probably origi- 

sativum turgidum: 2 Flint wheat, Triticum nated in modern times. The 
sativum durum. (After Hackel.) Spelts, Triticum spelta, prob- 

ably was cultivated to some extent by the ancient Romans and 

Greeks, but there is some question in regard toit. TZ. mon- 

ococcum was probably anciently cultvated, siince it is mentioned 

by some of the ancient writers. The seeds were found among 

the Swiss Lake Dwellers. The Romans did not cultivate it. 

It is probable tha it was introduced from Asia Minor to Spain, 

and from there to France and Germany. 

Oats. Avena sativa, L.—This is a comparatively modern 

plant. It certainly was not cultivated by the Egyptians or 

Hebrews, nor was it cultivated very anciently in India, as 

there is no Sanskrit name for the plant. Its cultivation in 
India is carried on chiefly by the English. The ancient Greeks 
knew it by the name of Bromus and the Romans, Avena. 

Pliny’s remark that the Germans lived on oatmeal seems to 

show that its cultivation was carried on north of Italy and 

Greece. Apparently it later became diffused to the south in 

*De Candolle. Origin of Oult. Pl. 435. 
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the Roman empire. That its culture is very ancient with the 
Kelts is shown by the fact that the inhabitants of the Orkney 
and Shetland islands have long used it. 

Fig. 69 C0. Oats, (From Iowa Seed Co.) 

Sorghum and Kajir corn. (Andropogon sorghum) Brot.—The 

original home of Andropogon sorghum is tropical Africa where 

durra is cultivated. It is frequently cultivated in Asia, but 

Linnaeus supposed it to be of Indian origin. It certainly was 
not cultivated anciently there, since there are no ancient names 
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Fig. 70. Andropogon sorghum and some of its varieties. 1, Kafir corn; 2, Jerusalem 

corn; 3, Amber sorghum. (Kansas State Board of Agrl.) 

for it, nor could it have been anciently cultivated in Europe, 

since the Lake Dwellers did nt use it, nor did the writers of 

ancient Greece or Italy speak of it. The durra in its allied 

forms is wild in tropical Africa, and there is every reason to 

believe ihat its cul.ure spread from South Africa to Europe 

and Asia. 
Foxtail millets.—These millets belong to the genus Setaria or 

Chaetochloa. .S me writers consider the Hungarian millet 

(Setaria Germanica) distinc’ from the German millet, S. Jtalica. 
The millets are of very ancient culture in temperate parts of 

the world and have been grown siice prehistoric times. The 

grain seems to have existed in a wild form in China and Japan 
and in the Indian Archipelago, and early spread to India, where 

ancieot Sanskrit names occur. In China this is oneof five 

plants which the emperor* sows each year in a public ceremony, 

according to a comm-nd given by Chin-nong 2700 B. C. 

De Candolle thinks hat the Lake Dwellers of the stone age 

seem to have known the Setarias. It was also anciently culti- 

vated in China, and the S. germanica seems to have escaped 

from cultivation in Japan. By some writers it is supposed to 

have originated from S. viridis, Beauv., our common foxtail or 

pigeon grass. 

" *De Oandolle. Origin of Oult. Pl. 380. 
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Common or broom corn millet. Panicum miliaceum, L.—This 

plant is likewise of prehistoric culture, especially in Europe, 
Egypt and Asia. The Greeks and Romans were familiar 

Fig. 70 A. Corean Foxtail millet. (Div.of Agrostology U.S. Dept. of Agrl.) 

with it. The Lake Dwellers during the stone age used this 

millet to a considerable extent. Its culture is thought to be 

very ancient in eastern Europe. « 
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Fig. 71 A. Ankeemillet (Pante- 
um crus galli), a, b, two views ofthe 
spikelet:c, d, twoviews of the seea. 
(After Div of Agrostology U. 8 
Dept. of Agrl.) 

Fig. 71 B. Shama millet (Panicum colonum), a, b, c, d, different views of the spike- 
let and glumes; e,f, two viewsof the “seed.” (Div. of Agrostology U. S Dept. of 
Agrl.) 
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Although there is some 

: doubt in regard toits culti- 

@ vation in China, some writ- 
b ers think it is one of the 

grains planted at theannual 
ceremonies, instituted by the 

emperorChin-nong. It was 
early introduced into India 
and was at one time one of 

the most important cereals 

grown in France. It prob-— 

ably originated in the Egyp- 

to-Arabian countries. 

Barnyard grass, Panicum 

crusgalli L.—This species is 

indigenous to Europe and 

extending to Asia, and now 

well-known as a cosmopoli- 

tan weed. It is extensively 
used as a forage plant in 

Fig. 71BB. Broom corn millet. (Div.of Japan. Of the other barn- 
Agrostology U.S. Dept. of Agrl.) yard millets the Ankee is 

used quite extensively in the north and northwest. The Mohave 

Indians are said to use this seed very extensively for food. 

In warmer parts of Asia several other species of Panicum are 

used, especially Panicum indicum L. The Sanwa millet ( P. 
frumentaceum Roxb.) and P. colonum, the Shama milletor Jungle 
rice, native to the tropics and sub-tropical countries of the old 

world. It has become naturalized in the warmer parts of the 

United States. Itis a native to Asia and is extensively grown 

in India. Crab grass (Panicum sanguinale) was anciently culti- 

vated as a cereal but its culture in modern times has almost 

entirely ceased. It was apparently never used very extensively. 

It is said to have been extensively cultivated in Bohemia and 
used for soups, and still finds use in that country. 

The term Millets. This is applied to a number of grasses. 
The term barnyard millet was first applied by Brooks* and later 
adopted by Williams.+t Williams has extended the use to not 

only those millets which originated from common barnyard 

grass but to varieties and species closely allied to it. 

*Ann. Rep. Mass. Hatch Agrl. Exp. Sta. 8: 31. 

+Year book of the U.S. Dept. of Agr. 1898: 276. 
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Elsewhere the statement has been made that the millets are 

impor ant cereal crops. The more important of these are the 

Setaria italica and the S. germanica. The common foxtail 

millets grown in the United States are grouped under the fol- 
lowing standard varieties: 

Fig. 710. German millet (Setaria italica), a and b two views of the spikelet with 

three bristles; c seed. (Div. of Agrostology U. S. Dept. of Agrl.) 

(1) Common millet. (2) German millet. (8) Golden wonder 

millet. All helong to Setaria italica. (4) Hungarian millet 

belongs to Setaria Germanica. 

Sorghum mill ts are extensively grown in south Africa, Kan- 

sas, and Asia. Broom corn millet, Panicum miliaceum, is grown 

quite extensively as a cereal plant in India and China. The 

other millets here mentioned are grown chiefly in older Asiatic 

countries. 
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Fig. 71D. Rice (From Hackel 
True Grasses. 

Fig. 71E. Pearl Millet (From Hackel True Grasses.) 

Rice (Oryza sativa, L.)—In China it was one of the cereals 

used by the emperor Chin-nong, 2800 B. C., in fact it was the 

principal cereal and by the Chinese it is supposed to be indig- 

enous. Its cultivation in India was later, but DeCandolle is 

inclined to think that it may have been indigenous to that 

country as well as China. 
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Pearl millet. Pennicetum typhoideum, Rich.—This is an impor- 

tant agricultural grass in central Africa although its original 

home is not known. It is believed, however, that it originated 

in Africa and it is possible that the wild form can still be found 

there. 

Coracana or ragi. Eleusine Coracana, Gaert.—The ragi of the 

inhabitants of Hindoostan is scarcely grown as acereal outside 

of India, though in addition to its growth in India it is also 

found in Malay, Egypt and Abyssinia. The plant is of tropi- 

cal origin and without doubt originated in India from the £. 

indica. A nearly allied species, if not identical, the Z. tocussa, 

Fres., originated in Abyssinia. The ragi grows well under 

unfavorable conditions and therefore is used extensively in 

India. 

Manna-grass. Glyceria fluitans, R. Br.—Manna-grass is a 

cosmopolitan aquatic grass and in parts of Europe, Prussia, 

Fig. 71F. Manna Grass (Division of Agrostology U. 8. Dept. of Agrl.) 
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Silesia and Poland is cultivated. The fruit is used for the 
purpose of making mush. 

Wild rice. Zizania aquatica, L.—This plant is indigenous to 
the Mississippi valley, extending as far south as Louisiana. It 
also occurs along the eastern coast of North America between 

G 
4 

Fig 71G. Canary Grass (King ) 

New York and Massachusetts. It is most common, however, 

in thenorthern Mississippi valley. It is also found in eastern 
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Asia. While the plant is not cultivated, it is carefully pro- 
tected by the Indians, and is found much in favor by the Abo- 
rigines as a cereal product. 

Canary-grass. Phalaris canariensis, L.—The home of this 

grass is usually attributed to the Canary islands but it is prob- 

able that this assump ion arises from the fact that the plant 
has received the common name of Canary-grass. It is more 

than probable that its culture originated in Spain. It grows 

wild in southern Europe, especially Sicily and Catalonia. It 

is used as a cereal only in some of the southern countries of 
Europe. 

Upright sea lime grass. Elymus arenarius.—This large grass 

is common along the coast of northern Europe and the British 

islands and along our western coast as far south as Oregon.* 

Aside from its great value as a sand binder the seeds are used 

for food by the Digger Indians of the northwest. By the 
inhabitants it is called ‘‘Rancheria grass.”’ 

Bamboos. Bambusa, Schreb —-The seeds of several species 

of bamboos are used in Hast India like rice. It is said by 

Fig. 72. Tef (Eragrostis abyssinica) grown on college grounds. I.S. C, 

*Lamson-Scribner. Year book. U. 8. Dept. Agrl. 1894: 429. 
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Hackel that in Brazil and India misfortune follows the sudden 

production of such vast quantities of mealy seeds. Mice and 
rats increase at an extraordinary rate and after having eaten 

the bamboo fruits turn’to the neighboring fields and devour the 

cultivated crops. 

Tef. (Eragrostis abyssinica, Link).—Tef originated in 

Abyssinia. It is believed to havesprung from Eragrostis pilosa. 

It is now a cosmopolitan weed in temperate and tropical 

regions. It probably originated north of the equator in Africa. 

As a cultivated plant Tef is only used by the Abyssinians. 

The colored seeds have the appearance of grits, and the flour 

made from these is boiled into bread. 

CEREAL PRODUCTION. 
The chief cereal growing countries of the world is shown in 

the followisg table, taken from Broomhall,* of the Liverpool 

Trade News. 
1896. IN MILLIONS OF BUSHELS. 

ala: S|. 
A) |. B.-/sidety gone 
5 6) modem hO 

WEAN CC tales acisnns isto eeicie ae aioe = oe meee SAD Gist mse 80} 48 | 301 
EXUBSSI a eDEODCI aaa aaaacwees acess cme. os 300 713 | 671 |.162 | 640 
TET ETE! 6 bgt RGU ORO OIGONAAS cone CHOC aee 7 UNG ICG rig es terra ee 
AD UTC ASA sae ores ey Reta ee iofece Mas isin she acousters 4D. Bc: cr dee Sore es | see al iccr:s 
FEDER ORUIEY crate role talel fo aete peietect> aici ciela tals cheval 140 140 US SRE. 
Austria ..... SE GLANCE RAC CIC arO Cero By \a ue celal otelseisee 106 | 186 
Croatia and Slavoniaies.. 2). sis.000 neler Grr asses Sale leseneal tees eA cers 
Herzegovina and Bosnia_....... .......... Balers temiersal salastder||s it ol eto 
MGA ype ee hese isis cess cites (oat seed cloves © 134 74 4 8 | 26 
GOEMAN YS 20b aft Giese Li seo starlonsts Sleoide sles s PLO Sar sere 244 | 116 | 370 
SWINE Svat sh hegetalts a Ste tole, cie ake le peste, Sinaia sae Ud oseeed bee aece Bate a anme 
ORGS Mee are cee ein tetre sin iets tienes aertide® Gal sae ae alte coceys | tetereelle siete 
FROUMANIAY ces ooo she eit itateae Sate asras oe 80 64 Zh coon see 
PES AUN GF ETS rere hatin ax avaues ayes sjsisqaeteretn: Sroteln tuetone shard cis 40 6 5} 20 7 
HAR OPEVOUINOITA NS Cr cretesteies o ciste sie Stetars)e cies ofere ohe| Bc oes Ba oa [Seieiel eee 
Sepa Ae CORO ICTS CODE OED ODO OEE TOC EOCr or MA ths, Melee ctershel a Sees elton 
PAE KY 1 WUTOPG.- =. 2. 4.2 sae ae sie ss os, «'5 «0/8 DNase -salleva's ches eailid wie. wh age 
GTrCOCC Ts pre al ae cate be eee see wea Bohl aca ad (ee Acree Se ee 
ert HEN COUT: Bis, o's iets win a oie wiwse elses s SO ee he is ahiz sictels ae T7 | 194 
BERET ERIN aa aitrcterS aisle) cc) sce ors Soleus nisin clewiasouw, «sip AQ |e etetoves 29 3} 27 
ERG NT ee cet te rerere. clave ore cies cis.2% cae Ae ries cere iaie Gi | rasveyewe EE 5 19 
BWiIbZOMlAN de iit cic stele eyowis siclecctelelereie reeves cra APG tare Gell re nee a rdlteec eeral fare 
SGU ES aS Gre SRO arc een ee ae eae Bi |ieveetersrete 23 | 147) 66 
Darin 50 Ay SR AAR SOR aHEIMO RHE One neD SUCRE Dat carvers 18 | 24] 46 
OE Verse Asvele cial shsteiciote scrotal atrcisic olsyshersievets ol oke Tal es da ORC BA5 MBC ShAC 
SP PEUR, MALU OLC../s%0 <'. cates o's cineimiclsit ss es Jel Mawar ine | evateteretels |istele «aires 

HGOLODSs pbObaliarcstces (is crereke/aleia\sleisiwlave)cters ei 1,119 

*Herbert Myrick. Am. Agrl. Year Book and Almanac. 557. 
{Fifty governments according to agricultural ministry. 
{Sixty governments according to agricultural ministry. 
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1896. IN MILLIONS OF BUSHELS—Continued. 

United States of America ................. 590 | 2.270 24 10") 77, 
Canad ay elie cee ee tn a ee 60 Sal Gece 16 | 114 
IMGR1COR oss osteo oe ec. Sn ee ee hoe Rees GEA lodoorilsanc 
ALPPOULNA. 6605s ude vides it ae sneer sets 60 Ul RAE emicre Sl 7 
OI Aan cen ope Ror earn eanmooad awd AGS ces etel S Scie onl ee een eee 
ROP ORY a aic.0 sit neice ous a aie seein 6 6 | o.cs.evaels ateleee 

Tota lzAsnerica: 6-6 Ssewceir as toe WA Tilo ai oisyhiellerssaketatetel eshetene eee 
MQ ese cach coe Soa ee ee eee 205 ee 
TULKey—In—A Bias ws sda eins areca ee BO" |S 2. cia's. ailieie sversinye yexe eterell eee 
POPsia os peat eee ee ea eee AO) Weiss cereal Beccresctee| cette | Cee 
JAD Foes <7 Gra cteveretererel aleve ce sini suareis ore eis easier eke A 3 einen MRA [me Gal [no 4 6 

Total eASIA: mete ast othe ne sotiaecc Mes eieene 289 
B18 Uc op Fs ae ea a A eR tap ee TOM les Sene%| o coaneee 30 8 
PUTAS aha, o tars oreiee eI a ters CONS ee ae eee Go Barca ciealecoe rota 4 
POS ANU as nso vays apelat ore ais fre ah clals nis ana bleiatee eiaats vie 7 S48) | ns seis) amis eee eee 
The Cape...... EYaoter iyi (orahie elokeha:e celeieterat sie oe cress 2 | saan anelteeain a aelageeaa eee 

Motel ATrIiCa: mea ccivace Soe cierto sin aon 33 
Wi CUOR ITA Ween ee ks eta bere ras ee meaner (G Geren Ameer Saco cscs 
SauthrAnstPaliass. sccsscese es ees cess SF Mn BCT Sood loca: 
New Zealand: o< be. sasctcicoes gk sourivene (fe eer Re cred Fa a5 Olli cc 
New, South W aleswien iscsi, oo 50-3 worrekiwne sto ane 1 fa RY GREATS so a ioc.oc 
TRASINGWID: Soriels soe siclalesctaeie.bis0. <evonwarar duche. coe Dl vase ouarelficteretaravoellteteceoe eet 
Other Australia é.666s66 jek ceesten dic caceas A] if averccavayoe [tevaretols- ste ioe ovete | ate 

Total Awstraliia acs Saye oo evs chaerleracta sie ore 5726 
Worl disitotall 222i ral. iran eta ereoe sie 2.388 ! 2,705 | 1,239 | 733'2737 

Cereal production in the United States.—It may be interesting 

in this connection to compare the production of the cereals of 
the United States, and finally comparing that with the state of 
Iowa. In this way wil! be shown the relation of Iowa to its 

sister states in the matter of cereal production. It will be most 
convenient to place these in the form of a table, and the table 

representing the crop production most easily accessible for 

1897 is that prepared by Mr. Snow of the crop reporting bureau 
of the American Agriculturalist: 
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According to Mr. Hyde in the Year Book of the Department 
of Agriculture for 1899, the crop production for the principal 
cereals of the United States for 1899 was as follows: 

a 2 | a a = 
oO -® o -o 

ats $4 ol pet s 
qa o 2 ane 2a -2 

Sa ca 2 ca | Se 
s) = fo) ea) 4 

IVICA IT Orci, cic tatot ofa cinle clare cretaierstsleisigwierc creas 427,428 43,942 4,956,665 347,652 14,745 
INGws Hampshire. is... ccsecsices sec cc 975.546 8,789 1,047,445 115,500 13,860 
AVOVIN ON Gee cian a cieisveleielsiviaje/elere/aicla\sjomyarere 1,710,936 78,320 3,959,333 588,904 53,941 
Massachusetts... 2 c.00.cceeccincese 449 BOS | ios scacctc.eoloreve 489,027 50,850 133,296 
Je avoyo ey IN heise Apaneine noc pAcOOUcOCOS BOL SOG nlllecys crstecse 95.368 9,135 
WONNECUICUE Garces osisicinierec as s/clsistrele sie 1,799,811 5,490 3255006) |encaiees ” 986.464 
INI? MeO) d oee An Soap BOOP OCA CDOCGUDODE 15,605,059 7,005,765 | 45,401,608 | 4,052, 472 epee 
ING Wy OL SOVire eles cesccieis erisleieie cie\e eisicies 9,937,824 1,788,865 2) 284,642 |.. 1,000,785 
IPONMIS YL VAM Air. sates sin 2-101 oicje:iei.6 vee 40, 255, 872 | 20,472,923 39,148,032 “179, 844 3, ae ese 
DORE WhO ee cele ticielacicice sisteleserate/o\ s(o.a\s 4,547,312 932,557 320,080 
IEA ATG WASe Agndasoeppoocusooude™ 18,562,432 | 10,710,966 1,675,596 
Vater lint a sedeae done coDeDOCOduCOODCUOs 34,880,900 6,830,450 5,145,518 
North Oarolina... 22s 00: ..cicle occ e eo. 31,953, 168 3,495,598 4,787,208 
BOWGHO ArOLIN Bocce cicicieeseieaciee <5 ainssie 16, 713,189 963,762 3 023,976 
GeOn ea raen ae tictewecinee ealsiece\e.s clcleis 32; 494,790 2,021,225 4,291.857 
MOTI Byte cciccte asic siete acieciscicl’ cece 5,093,370 | .. 320,454 
PACMAN LTIVA ee ein icterahetoletceve dicveleteie cleisieiew ote 33,015,120 “431,186 3,012,070 
IMISSISS LD DIET. <lo cleteicie = @'sliiieciess ep ciciars 39,043,712 25,010 1,365,740 
UO UWIS TAM a if0\- fo <tainjeiofoie ein istelie ole sie «iajeis 25,896,726 sees 553,284 
LUGh Eh aed onan snnbardocoeUconapaGdus 81,151,398 9,044.635 | 17,067,975 
ITAA hegade on adsnsaoeon Cnoscaoedar 48,087,140 1,953,361 5,964,442 
TENNESSEE) som ae ertevine slelcininlc ae sisiclnias 59.997,760 8,292,727 5,326,244 
West Vireinia ccs. cc sce cssceccesces 18,043,584 3,880,751 3, 158,452 
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IMTS SOUT eters aw: oc, <\<idiv ain wiayaeyels cies tw Seeks 162,915,064 | 11,398 702 | 20.299,350 12,960 127,439 
I COVITE ape ROO CED re DEDOOOT Oran ee ad 237,612,222 | 36,468,044 | 39,129,410 | 3,183,165 | 1,545,852 
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SOUtHID AK OCR res seccccacc cess soenes 30,017,416 | 37,128,339 | 15,832,278 | 2 410,354 36,765 
INORG BROCB eas aie. Jerctelassierelerelassersse 553,495 | 51,758,630 | 17,987,670 | 5,909,352 244,725 
MOB aN ae ee, etree diclnsacieees sieves 36.386 1,792,935 2,317,468 ray U3 eeoecaneac 
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WOTOTARD ON acc nace osiecdooc. noeweteasis 2,911,488 7,337,781 2,448.846 337,932 33,236 
ING@WABTOEICOss Gace soe cise 0se,0\cjeteicoie/s)01018 480,300 2,579,855 178,032 35,488 |..... 
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Washington.. slcinis)ovele:afayeterctel a/slelateteiors eieyers 128,478 | 21,710.394 3,01 965 | 1,410,360 35.936 
(OGIO) Dake GH ase ae Apr oneerccas 297.418 | 21,949,536 5,118,6'0 797,916 61,776 
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WnitediStates::.<. eva ceeasessedes 2,078,143.933 | 547,303,846 | 796,177,713 | 73.381,563 | 23.961,741 

Climatology. 

Climate has such an important bearing, not only on the pro- 

duction of our cereals, but on the production of grasses, that a 

few tables should be introduced, showing the amount of precip- 
itation for the growing months, as well as the annual raivfall. 

It is equally important to know the temperature for the same 
period. Dr. Geo. M. Chappel, of the U. S. Weather Bureau, 
and J. R. Sage, of the Iowa Weather and Crop Service, have 
kindly furnished me with the following data: 

10 
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SIOUX CITY. 

Precipitation—inches. 
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Averages 

GRASSES OF IOWA. 

CRESCO. 

Precipitation—Inches. 
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Mean total for the six crop months—18.43. 

Averages 

Temperature— Degrees. 
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KEOKUK. 

Precipitation.—Inches. 
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Mean total for the six crop months—22.78. 

Temperature— Degrees. 
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SIBLEY. 

Precipitation.—Inches. 

July. August. September. 

149 

Naw 
SoOowOo bo OS Or 00 $1 $1 

~J 00 

aoa 

a b> 2 
jor s = 

< = 5 

Cts eh Be ee eee ee 1.65 | 2.41 
Mee See ce hd, cy cer 4.13 | 3.59 3.34 
BO Pie eon re ee els 2.81 | 5.20 | 4.85 
> ES Nar ae eee 5.33 | 5.42 | 3.92 
wo Se ee eae 2.48 | 0.73 | 4.20 
PE Ae ek ahaa Be 1.44 | 5.42 | 4.99 

TOUR EOS AR cls /sparsiehe Bie i802 3.24 | 3.67 | 3.95 

Mean total for the six crop months—18.00. 

bo f—) Or bo w co 

Temperature—D eqrees. 

ma oO 

5. 3 = 
< = 5 July. 

-I D> Le) DD cw 

-1-1D one Oo o> ID 

August. September. 

apy aie \« 

es ee 

«eee ee 

—_—  — | | | | | 

ERG te re eA 4 Sd oe da Siarcte ne. <b |e = gas 55.2 | 69.1 
MRSA ant alte xa ges 25 s<1 ols.6 48.1 | 58.6 | 69.8 
Uo 2 ae Seen te ee 54.0 | 58.2 | 65.0 
RS oi cjoukere polis ae oe okey 48.8 | 61.8 | 66.6 
LoL ee Be oe ee Peer or 44.7 | 56.0 | 64.8 
Bee So ok fo salals aj ateivins wei oe - 46.0 | 56.5 | 68.1 

ARVERAR ESI. 2) 20) re Ae ie ole | 48.3 | 57.7 | 67.2 

Average for the six crop months—62.3. 
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DES MOINES. 

Precipitation—Inches. 

i 
Qo 

: Q 

si |): — i) 

Ss ee Se a Sl Se 
< a 5 5 < wn < 

LO OS sacle sl ergatet sould slats 10% 5.61 | 2.84 | 4.69 | 3.55 | 1.60 | 1.33 | 25.64 
BOOS serie a o0s Fol ealetea teed oe 1.70 | 1.41 | 1.67 | 0.29 | 1.89 | 4.46 | 20.06 
NGOS sinieks's scatters sid sieese ates eoee| 3.41 | 2.86 | 5.26 | 3.10 | 3.57 | 3.20 | 26.80 
MSOC cst late tee teat ote Quek taele 3.47 | 6.50 | 2.69 | 8.15 | 5.49 | 3.61 | 37.09 
BOO Tee wis i'd acdicaet ie ote oie ena tte 7.37 | 2.31 |°3:15 | 2.88 | 1.77 | 1.66 | 21207 
BOOS ei sei Fabesre aisth l xtd wien otis fin’ 3 2.64 | 4.22 | 6.85 | 1.86 | 1.09 | 1.91 | 28.33 

AIVOPa OOS 's.6 2) warn bees i...| 4.08 | 3.36 | 4.05 | 3.30 | 2.57 | 2.68 | 27.50 

Mean total for the six crop months—19.99. 

Temperature— Degrees. 

| Py 
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: a : 
: | D g 3 

Boal oes BP fee | eg Aes 
a. 3 eS =) q 
4 Se Ve eee 

USO Siete Noahs aisteistts wihiorse tisk 46.0 | 56.9 | 71.4 | 75.5 | 70.0 | 66.2 | 46.7 
BODE isisdtensafe-brokn 0. boleaie Pelee se 53.0 | 62.0 | 74.4 | 77.7 | 76.0 | 66.7 | 51.2 
EB OG: cutertaiecc seg ow onde ater haetek 55.4 | 62.7 | 70.5 | 72.7 | 73.8 | 69.4 | 49.0 
MOOG ik Mois ae achastathetrwec ile ets 56.0 | 66.5 | 70.1 | 73.2 | 72.7 | 59.6 | 50.1 
BS OT i lis iiette cutee eo lecetewererd a He 49.4 | 59.7 | 70.0 | 76.4 | 70.4 | 73.7 | 49 6 
WBS: ote Mein stecealda sce Loa dae ak 50.0 | 60.7 | 72.2 | 74.2 | 73.8 | 67.4 | 49.5 

SAVOPEROS oe 26 tenes tea 51.6 | 61.4 | 71.4 |] 75.0 | 72.8 | 67.2 | 49.4 

Average for the six crop months—66.6. 
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CEDAR RAPIDS. 

Precipitation.—Inches. 

z 
oO 

: 2 

1 #/8\2 
DNS OE at a a = 
Aah ot hes lose Guo |) 

BAO Biot Caen tao ors Ba beh hed ek 3.89 | 2.79 | 4.89 | 1.98 | 2.47 | 2.85 | 30.67 
SE FRrentths ch stoke ofe chad Se, ddore, 2an8 1.65 | 3.08 | 2.43 | 0.18 | 2.51 | 3.96 | 26.27 
ME Ay G6 Shere le. cts Shove, Sad Shots 2.30 | 2.84 | 2.23 | 3.22 | 1.50 | 3.64 | 23.39 
ESO a ieate Mos Patsiaiechaitects Hove aes 5.23 | 3.99 | 1.91 | 6.59 | 2.40 | 3.18 | 29.77 
Lod) ae tes oe Ge Speeds WPM AE oe 5.97 | 2.10 | 3.96 | 4.35 | 2.62 | 3.78 | 29.34 
SO ee hse as diate inte apacticns dice 02% 2.47 | 3.41 | 3.60 | 1.90 | 4.38 | 3.11 | 29.58 

IVOPEOCR: 2 fie of: 1d Ne Sols <b 3.58 | 3.04 | 3.17 | 3.04 | 2.65 } 3.60 | 28.17 

Mean total for the six crop months —19.08. 

Temperature— Degrees. 

i 
o 

5 2 : 
D | a 

a > 3 > So 2 5 
=¥ 3 = =] qi 
hboe I | me ) < | mo | ex 

DOE tte ek sc oles Daias ae 45.9 | 57.2 | 72.2 | 73.3 | 70.2 | 64.8 | 46.4 
MS Oae 4 Bae fois. Fo sk sls Se wielare’s 53.2 ) 61.8 | 74.4 | 76.1 | 74.7 | 65.3 | 50.8 
1 fe 315 SSAA ae ee Bis Aen Cc I 54.2 | 63.0 | 72.6 | 74.0 | 74.6 | 69.9 | 48.8 
BOO ET ce Foard ced tok. Sete code 59.2 | 69.8 | 73.2 | 14.2 | 73.8 | 59.1 | 50.2 
MD Uae ote ete a aib}nt % ob ole atte te ae 47.4 | 58.0 | 68.6 | 16.4 | 58.7 | 70.9 | 47.9 
Ge cho Sacd 6 Bjte clocks wet Malas 48.8 | 60.8 | 73.2 | 75.4 | 73.3 | 67.3 | 48.7 

VOPAC OR, 2) 25 ob ois Sleds Be 51.4 | 61.8 | 72.4 | 74.9 | 72.6 | 66.2 | 48.8 

Average for the six crop months—66.6. 
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CLARINDA. 

Precipitation.—Inches. 

fh St a Tes 

TB OS Sas cider oo bene cis c gaieretiate ee Sts | Saal 
BOS ee Ait he esis cis se gate nics tens 2.06 | 1.37 | 4.0 
MOOG sh eich, Gite era's eacs accents ® 2.82 | 2.99 | 8.3 
SOG Re io ctatens cle eitonrs eycisietaevores ¢ 3.72 | 7.48 | 2.1 
WOO Tctivctler Alc mietccsfeneie stenabate alors 6.00 | 2.01 | 4.0 
MOOS cle Acie Wisteitelae settee 3.70 | 5.15 | 2.99 

AV OLAS OBs6.5'0:6:0/ 5%. Sisfee sis as Bie 3.57 | 3.70 | 4.27 

Pets C2 by be] 

GRASSES OF IOWA. 

Annual. | ; | 
33.27 
17.96 
30.79 
33.73 
26.32 
33.49 

ES 

Mean total for the six crop months—22.01. 

Temperature— Degrees. 

Seared Ae 
a 3 
a oe = 

LS0Siek fap cei anise nse ecieate 47.4 | 57.9 | 70.5 
1 Eo oreo COC OUr Reston 53.3 | 62.1 | 73.5 
OOD isc craks syeiere ciciercten/actistosiete. 6 53.9 | 62.2 | 68.6 
BOG Serie teenie ccto.6, cic evoiott.k elere te ths 543 | 638 | 68.4 
BOOMs se sire Loree cicisiinte wists ast etc 50.8 | 616 | 72.9 
OO Bh tacts cietclotcronrercrsteitie crstecals 51.8 | 622 | 75.0 

AAVCPAT CRS cies ais cu iele e bishelate 519 | 61.6 | 71.5 

re 
oO 

A oO 

a ee: 
e =| oO 

= | wm] 
ae) ae |e 

8.84 | 6.22 | 2.38 
0.41 | 0.23 | 2.53 
6.44 | 4.64 | 0.95 
6.63 | 2.86 | 2.56 
263 | 2.53 | 1.55 
4.49 | 1.16 | 5.74 

4.91 | 2.94 | 2.62 | 29.26 

4 
o 

. Q 

3 | 3 
> | & | 2 
— 3 ay 

se | alo 

753 | 69.6 | 65.9 
76.3 | 77.6 | 66.4 
70.2 | 73.2 | 68.4 
73.7 | 73.8 | 61.5 
78.8 | 716 | 73.2 
80.2 | 80.6 | 72.6 

75.8 | 74.4 | 68.0 

Average for the six crop months—67.2. 
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Dr. C. Hart Merriam, who has been considerably interested 

in the geographical distribution of animals and plants, has 

divided the United States with reference to cereal production 

and the geographical distribution of plants into boreal, trarsi- 

tion, upper austral, lower austral, gulf strip of lower austral 

and tropical. The tropical, of course, is confined to the south- 
ern portion of Florida, reaching Texas on its southwestern 

boundary for only a short distance, on the western coast of 

America, up the gulf of lower California to Arizona. The boreal 
does not strike the state of Iowa but lies chiefly to the north of 

the United States and extends down through the mountain 

regions of the western coast and the Rocky mountains. It is of 

some extent also along the Atlantic coast. The transition 

zone occupies an area chiefly through northern Wisconsin, 

Minnesota, Michigan, New York, Massachusetts, Maine and 

scattered areas in the Rocky mountains and in the Pacific coast 

region. This zone extends into northern lowa. The greater 

part of the state of Iowa lies in what is known as the upper 

austral. This includes most of the prairie states, including 

some area in the Rocky mountain states and some of the Paci- 

fic coast. It embraces a portion of Ohio, West Virginia and a 

small area from Virginia to Alabama, thence northwest through 

Tennessee and Kentucky, northern Arkansas and a portion of 

Oklahoma. The lower austral occurs along the Atlantic coast 

from Virginia southwest to Mexico, extending as far north as 

southern Kansas, westera Kentucky and Tennessee and only a 

very limited area in southern Missouri. The gulf strip of the 

lower austral is chiefly confined to a small strip along the gulf 

coast including the greater part of Florida. 

Prof. C. S. Plumb, under the direction of Dr. C. Hart Mer- 

riam, has gathered together some facts on the distribution of 

the cereals. It may be of interest to state what he has found 

with reference to some of our chief cereals. The flint corns, 

such as Longfellow and King Phillip occur in the transition 

and upper edge of the upper austral. The dent corns like 

Hickory king, Bloody butcher, St. Charles white, occur in the 

upper austral; Hickory king in the upper austral and upper 

part of lower austral; Mosbey’s prolific, lower austral; pride 

of the north, transition; Stowell’s evergreen, upper austral; 

pop, all varieties, upper austral; winter wheat, Clawson, 

transition and upper austral; Fullcaster, Turkey red, upper 

austral; spring wheat, Ladoga, Saskatchewan, fife, transition; 
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Sonora, upper and lower austral; oats, of the open panicle 

type, American banner, transition; Welcome and Lincoln, 

transition and upper Austral; red rust proof, upper and lower 

Austral; oats with closed panicle, white Russian, transition 

zone; black Tartarian, transition. 

Fig. 73. South American corn (Zea mays). Climate and the growth of maize. This 

failed to mature in Iowa. Hada large number of nodal roots. 

Maize —Harshberger*, who has studied the various phases 

of maize, presents an interesting meteorological table of various 

points in Mexico for the months of April, May, June, July, 

August, September and October, 1889. He introduced evidence 

determining that it originated in Mexico, probable near Guadal- 
jara, Leon and Pueblo. Leon is 5,400 feet above the level of 

*Maize: l.c. Contr. Bot. Lab. U. of Penn. 1: 75-202. pl. 14-17. 1893. 
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the sea, it is therefore a highland plant. Its original home was 
south of the 22° north latitude. 

In regard to the climate Brewer* states: ‘That the bulk of 
corn is grown not as is generally supposed, in the warmer parts 

of the United States, but in the states Illinois, lowa, Missouri 

and Indiana 40.8 per cent of the entire crop grows where the 

mean annual temperature is between 45° and 60° F. Below an 

annual temperature of 45° F. the product falls off very rapidly, 

while above 50° F. it falls off very slowly. The distribution 

of the crop depends on certain climatic conditions. ‘The mean 
annual temperature isof less importance, and it is very impor- 

tant that the rain fall should be evenly distributed. ‘‘The 

table of the distribution of the crop according to elevation 

shows that over 50 per centis grown at anelevation of between 
500 and 1.500 feet, only 4.4 per cent above that, and only about 

an eighth of the crop is grown nearer the sea level than 500 

feet. ’’ 

Corn needs hot weather, plenty of sunshine and a sufficient 

amount of rainfall. In 1894 the average yield for lowa was 

twelve bushels per acre, a little over one-third of an average 

crop. Acreage planted 6,738,970; total yield 80,867,640 bushels. 

About 60 percent was cutforfodder. It is interesting to note 

the fluctuation in the crop reports for that year. The figures 
were in June, 101 per cent; July, 107 per cent; August, 40 per 

cent, and September, 36 per cent. 

Mr. C. F. Spring, under the writer’s direction, has made an 

estimate of the number of bushels per acre in the north half of 

the state, and the south half. The average for the north half 

of the state for the year was thirty-six bushels per acre; for the 

south half, thirty-eight. 

Every portion of the state of lowa is adapted to the growing 

of corn, and from a climatic standpoint corn is one of the most 
interesting of cultivated plants. It is wonderfully flexible in 

its nature, and this flexibility makes it possible to cultivate it 

over a wide range of latitude. Simmondst says: ‘‘Its flexibil- 

ity of organization makes it very easy of adaptation to cli- 

mate and soil.’’ It is now cultivated on the western continent 

from Patagonia to Canada, an extent of territory north and south 

of over 7,000 miles. The many varieties that have been pro- 

duced unter these very different conditions show great vari- 

*Cereal production. U.S. Tenth Census Rep 3:100. 

*Tropical Agrl. 295. 
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ations, not only in the texture of the grain but in the fruit, leaf, 

stalk and ear. All of the varieties are marked by certain 

peculiarities. . 

Wheat.—This important cereal assumes important changes 

under different climatic conditions, but less so than corn. 

Major Hallet* has shown that some varieties are quite con- 

stant. Metzgert states that a variety of wheat which was quite 

constant in Spain, assumed its proper characters only during hot 

summers. Another variety, when cultivated in Germany, 

became more constant only after twenty-five years of cultiva- 

tion. 

The most northern extension of wheat is obtained in Norway, 

according to Schuebler{, at 64° north latitude. Schuebler 
further states that under favorable conditions summer wheat 

may ripen as far north as 68° 28’. At Skibotten this cereal 

was sown May 9, 1870, germinated on the 23d, and ripened 

on the 30th of August, therefore requiring 113 days. The 

mean temperature for May was 41.2° F.; June, 55.6° F.; 

July, 55.6° F.; August, 55.1° F. 

Winter wheat does not mature because of the long period 

that the ground is covered with snow. The lowest southern 

latitude at which wheat is grown is at Chili in the Chilian 

colony, Punta Arenas Magelianes. The chief zone in which 

wheat occurs is in the north and south temperate zones. In 

tropical regions the temperature is too high toallow the proper 

development of wheat. This is shown very nicely in the tables 

presented on a preceding page. In regard to the United 

States the success of the culture of wheat is very materially 

affected by the long warm and hot months. Thus the southern 

United States is not a wheat growing country because of the 

rankness and vigor of the vegetation. This causes an undue 

amount of rust. Where the culture of wheat is successful in 

the warm regions, especially the southern parts of the tropical 

regions, its culture must becarried onduring the winter months. 

According to Royles, it succeeds best from October to March, 

and in the sub-tropical zone from November to May. Wallace 

in his work on India states that it flourishes best where the 

supply of sunlight is abundant, yet it is in regions of moderate 

*Gardners’ Chronicle. Darwin. Animals and plants. 1: 332. 

+Getreidearten 66. 91. 92. 116. 117. 

+Die Pflanzenwelt Norwegens. 75. 

§Royle. Illustr. Bot. of the Himalaya. 418. 

India in 1887. 247. 
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temperature and moderate rainfall, but we find it grown to the 

greatest advantage in that part of India where, at least during 

the winter months, the climatic conditions of the summer of 

Europe are most nearly approached. Definite limitation of 

area cannot be made since the region is not itself sharply 

defined. 

A study of the tables prepared by Professor Brewer shows 

that the greatest production of wheat occurs where the mean 

annual temperature is 50° and 55° F. The ideal climate for 

wheat is one of mild winters, and some of the most noted wheat 

regions of the world are where snow and frozen ground are 

unknown or very rare although most of the wheat of the world 

grows in regions of cold winters. Rainfall, also, has a marked 

influence on the amount of wheat production. Twenty-eight 

per cent of the crop of the United States grows with an annual 

rainfall of between 40 and 45 inches, 62.7 per cent where it is 

between 35 and 50 inches and 92.4 per cent where the annual 

rainfall is above 25 inches, although there are some exceptions, 

as in California where the mean annual rainfall is less than 25 

inches. 

Wheat ripens successfully at the following altitudes: Nor- 

way, 300 m ; on the southern exposure of the Alps, 1,264 m., and 

Thibet, 4,549 m. 

The quality of the grain produced in any locality is dependent 

upon several conditions; namely, climate, soil and cultivation. 

It is said by Frank T. Shutt that certain Russian wheats, like 
Ladoga.* cultivated in the northwest territory has been greatly 

improved since its growth in the Canadian provinces. There 

is a well-marked increase in the amount of albuminoids. The 

main differ nce between the hard and soft wheat is that the 

hard wheats contain a greater amount of albuminoids while the 

soft wheats contain a greater amount of starch. 

Koernicke and Wernert state that the colder regions of the 

temperate zone are more favorable for the soft wheats. These 

are especially characterized by the low contents of albuminoids. 

These varieties where grown in dry and warmer countries are 

characterized by an increase in albuminoids. Only certain 

portions of Iowa are adapted to the growing of spring wheat. 

The average number of bushels per acre in northern lowa is 

seventeen; in the south half of the state Mr. Spring estimates 

*Saunders Bull. Oanada Cent. Exp. Farm 18: 1893. 

*+Handbuch 2: 483. 
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the yield per acre at only fourteen bushels. Winter wheat 
shows just the opposite, the yield in the north half of the state 

was only seventeen bushels per acre, the south half, nineteen. 
Rye.—Rye in a general way covers the same territory that 

wheat does. According to Koernicke and Werner* the southern 

extension is at Punta Arenas Magellanes, 50° south latitude. 

In Swi'zerland it matures between 1,700 m. and 1,900 m. In 

the United States the successful cultivation of rye extends fur- 

ther southward than that of wheat and oats. In regard to its 

culture in the United States it may be said that the chief region 

of its cultivation is north of the Ohio river and west to central 

Nebraska, although it is successful further south than wheat, 

especially in the states of Texas, Louisiana and Mississippi. 
Professor Brewert says concerning its culture; ‘‘During the 

whole colonial period, and, indeed, far into the present cen- 

tury, it was the common ingredient of bread for a great many 
families in this country. Wheat never flourished well in por- 
tions of New England, and the same may be said in a lesser 

degree of parts of the middle states and of a belt of land 

exten ing southward along the Appalachian mountains, while 

over the whole of this region rye flourished reasonably well.’’ 

In this state the same conditions hold as to wheat, sixteen bush- 

els per acre in the south half and nineteen for the north half. 
‘‘ Before the days of railroad transportation, and especially 

before the opening of the Erie canal, rye bread was the com- 

mon bread among a large portion of the population of the 

whole region indicated, in many places, particularly in New 

England, rye being usually mixed with corn for bread, and 

‘Rye and Indian’ was a familiar term in most households east 

of the Catskills and north of the Delaware. <A similar bread 

of maize and rye is still common bread of Portugal, the rela- 

tive proportions of each varying with the year, a good year 

for rye being usually a poor one for corn, and the composition 

of the bread varying accordingly.’’ 

The distribution and importance of rye in Europe is much 

greater than in the United States, but in a very general way 

it covers the same area as wheat does. The vegetative period 
is about 125 days for summer rye, with a mean temperature 

of 54°. 

*Handbuch 2: 579. 

*Cereal Production. Tenth Oensus Rep. 8. 
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Barley.—Of the cereals, with the exception of corn and sor- 

ghum, barley is of a wider distribution than any of the others. 

The white four-rowed barley (Hordeum tetrastichum pallidum) 

extends further northward than any other form, 70°. Its 

period of vegetation has been much shortened and it is less 

sensitive to the unfavorable weather and night frosts in this 

high nor:hern latitude. According to Dr. Unger this barley is 

sown in Umea on the 30th of May, and is harvested on the 25th 

of August, the vegetative period being eighty-five to ninety 

days. The average yield per acre in lowa for the north half 

of the state is thirty-one; for the south half, twenty-eight. 

Oats.—The distribution of oats is not so extensive as that of 

barley or rye In the humid temperate regions it does not suc- 

ceed. Oat culture is not extensive in the warm, dry climates, 

especially with an intense heat. Its vegetative period is long 

_and for that reason it is not grown so far north as barley. The 

vegetative period varies between eighty-eight and 150 days. 

The units of heat required to develop different varieties is 
between 1,404.37, for certain varieties in Germany and 2,060 

for certain varieties in Paris. These figures are aceording to 

Dr. Wittmack.* 

The place of the greatest production of oats is in the Missis- 

sippi valley, which grows 63.1 of the whole cr»p. The reasons 

for this are not so much the climate as the peculiar topographic 

features. Ninety-one per cent of the crop is grown between an 

altitude of 100 and 105 feet. Mr. Spring’s studies show that in 

Iowa the average yield per acre for the north half of the 
state was thirty-nine bushels; for the south half, thirty-one. 

Sorghum.—This is the chief cereal crop in tropical and sub- 

tropical Africa, and has also spread over parts of Arabia, Asia 

Minor, India, China and Japan and is found also to some extent 

in southern Europe where it succeeds admirably. The dry 

climate of our own country, especially in Kansas and Nebraska, 

is admirably suited to sorghum cultivation. In Hurope, on 

the steppes of Russia, it scarcely reaches beyond 48° north 
latitude, according to Koernicke. Prof. Thos. A. Williams says 

concerning its growth in the United Statest: ‘‘The sweet sor- 

ghums are successfully grown in nearly every state and terri- 

tory in the union, the only exception being some of the colder 
New E: gland states and those in the northwest which include 

*Koernicke-Werner.0 Handbuch 2: 751. 

+Sorghum asaforagecrop. Farmers Bull. Of. Exp. Stat. U. 8. Dept. of Agrl. 50. 
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the higher altitudes of the Rocky mountains and other ranges. 

In most localities south of Pennsylvania, Minnesota and 

Oregon, two or more crops may be harvested in a single sea- 

son.”’ 

Rice.—The early varieties of rice mature in from 100 to 120 

days. the late varietes from 150 to 200 days. They require a 

mean temperature of 55° F., summer varieties of 71° to 89° F., 
being an average mean of 68° F. Rice culture is most suc- 

cessful in tropical and sub-tropical regions, although it has 

succeeded as far north as 88° north latitude in Illinois, but: its 

culture is nearly abandoned in that state. Its general successful 

commercial culture in the United States does not extend much 

beyond 34° along the Atlantic coast, and then again exten- 

sively along the Gulf coast. Koernicke states thatits latitude in 

Europe is 45°. Its general culture in Asia occurs in Corea, 
Japan and China. Simmonds says: ‘‘Oneof the most exten- 

sively diffused and useful of grain crops, and supporting the 
greatest number of the human race, is rice. It occupies, in 

fact, the same place in most tropical regions that wheat does 

in the warmer parts of Europe, and oats and rye in those more 

to the north. It is raised in immense quantities in India, 

China, Java and most eastern countries, in parts of the West 
Indies, Central America and the United States, and in some of 

the southern countries of Europe. The chief food of perhaps 

one-third of the human race, it affords the advantages attend- 

ing wheat, maize and other grains, while it is susceptible of 

cultivation on land too !ow and moist for the production of 

other useful plants.” 

Grasses in Medicine. 

Quack grass.—But few of the grasses are used in medicine. 

One of the best known of the grasses used in medicine is quack 

grass (Agropyron repens). The root is taken in the form of a 

decoction and is a useful remedy in suppression of urine and 

vesical calculus. The drug is still much used in France, where 

it is used for the discharge of mucus from the bladder. 

Lemon grass.—The lem n grass oil or citronella oil is derived 

from several species of the genus Andropogon. The 4. Nardus 

is a native of Ceylon and Hindoostan. The A. citratus or lemon 
grass oil of verbena is jikewise cultivated in Ceylon and Sin- 

gapore and is native to the same general region. Another 

species, A. schoenanthus, is native to northern and central 

IL 
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India, and by distillation yields the Rusa oil. These aromatic 
oils have been known since early in the eignteenth century, and 

have become commercial products since the early part of this 
century. It is used principally for rheumatism, and Rusa is 

said to stimulate the growth of hair. The lemon grass oils are 

used most extensively in America by soap makers and perfum- 
ers. In India cattle are said to be very fond of the fragrant 

Andropogon and the flesh and milk become strongly flavored 

with its strong aroma. 

Andropogon.—A related species of Andropogon, A. laniger, is 

used in India for cholera. The roots have a very strong odor 

analagous to myrrh. The roots of A. muricatus, native to 

southern India and Bengal, were anciently much used by the 

Brahmins, where it is known as cuscus grass. The -roots are 

much used for making screens known as tatties, and when 

wetted give off an agreeable odor. 

Cumarin.—Several of our grasses are known to give off an 

odorous product, e. g. cumarin, and this is identical with that 
found in the tonka bean (Dipterix odorata). Two grasses proa- 
ducing cumarin are found in this state, namely, sweet vernal 

grass (Anthoxanthum Puelli) and our northern vanilla grass 

(Hierochloe borealis). 
Phragmites and Arundo—An infusion of the roots of Phrag- 

mites vulgaris is used as a diuretic. The rhizomes of Arundo 

Donax are also used for the same purpose. 

Paspalum and Coix.—The Paspalum notatum Flugge is used for 

gonorrhcea. The Coix lachryma is used as a diuretic and to combat 

inflammatory affections of the respiratory organ. In China it 
is extensively cultivated for a similar purpose. It is alsoused 

as a diuretic according to Gomez de la Maza.* The capsules 

are used by followers of the Roman Catholic faith for rosaries. 

Hordeum.—Mention should be made also of the use of barley 
(Hordeum sativum) in medicine. This anciently cultivated 
plant has been used in medicine foralong time. Theso-called 
pot or hulled barley is only partially deprived of its husks. 

In pearl barley all the integuments are removed, and this is 

the barley that finds a place in the Pharmacopoeia. Barley is 

used especially for the making of drinks for sick in febrile, in — 

pulmonary and urinary disorders. 

Sugar cane.—Saccharum officinarum also largely enters into 

medicines. It is known by the pharmaceutical name of Sac- 

*Essayo farmacofitologia Cubana 8. 
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charum. Cane sugar has a chemical composition of C,, H,, 
O,,, Its medical use when in solution is almost exclusively 
lenitive, but in powder it is a stimulant, and is employed to 
diminish dryness of the mouth and fauces, to stop irritation and 

mitigate cough. It is said also to have a diuretic effect. Used 

in a moderate quantity it promotes digestion and stops nervous 

excitment. It is said also to be a very efficient remedy for 

apathee of the mouth, and in granular eyelids. It is also said 

10 

Fig. 74. Amylum. Various forms of starches from grass endosperm: 1, sorghum; 

2, rice; 3, wheat; 4, maize; 5, Italian millet; 6, Panicum miliaceum; 7, Eragrostis abyssi- 

nica; 8, wh-at more magnified than 3; 9, barnyard grass; 10, Panicum sanguinale; 11, rye; 

12, oats; 13, barley; 74, Jerusalem corn; 15, buckwheat; 16, manna grass; 17, Hleusine 

coracanna. 
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to be valuable in chronic laryngit's when inhaled by a sudden 
aspiration. 

Refined sugar is extensively employed in making lectuaries 

and lozenges. Not only does it prevent the unpleasant taste 
but acts as a preservative. 

Amylum.—Amylum or the starches are of universal distribu- 

tion in the endosperm of grasses but the only starches used in a 

medicinal way are those of wheat, corn, rice, rye and oats. 

These starches differ in their structural peculiarities, but all 
have the same chemical composition. The drug known as 

Catchu is frequently sold in India, and contains the flour of Rage 
(Eleusine coracana). In India itis made into tablets and lozenges. 
Its principal medicinal qualities do not reside in the starch of 
the grass+s but is due to the stringent qualities of the cutch. 

Most alcoholic stimulants are derived by a process of fermen- 

tation of the starches contained in rye, barley, wheat, corn, 

and rice. For ordinary malt liquors barley is largely used and 

also starches of corn and rice. The products of wheat, corn 

and rye are largely used for the various brands of whiskies. 

Glucose.—Glucose, baving the chemical composition of C, 
H,, O, though existing naturally in grapes and a large num- 
ber of fruits is usually prepared by the action of hydrochloric or 

sulphuric acid upon starch, the term glucose being applied to the 

syrupy product made by this process and the term grape sugar 

to the solid product from the same source. 

Maize.—The stigmas of corn silk are used in medicine under 

‘the name of Mayd's stigmata. They are diuretic and lithon- 

triptic. An infusion of corn leaves is sometimes used as an 
anti febrile, but its action is said to be unreliable. * 

*Harshberger (Contr. Bot. Lab. Uni. Penn. 1: 185) quotes from an article in the Am. 

Jour. of Phar 5: 315. 
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Sugar Producing Grasses. 

ROBERT COMBS. 

The grasses containing sugar or sucroze (C, H, O,,) are 
few, there beirg but three species that are known to contain it 

to any great extent. These species are corn or maize (Zea mays, 

L.), sorghum (Androrogon sorghum, Brot.) and sugar cane (Sac- 
charum oficinarum, L.). These plants all have stored up in 

the pith cells of the internodes of the culms a greater or less 
quan ity of sucrose, which quanti'y varies greatly according 

to the age of the culm and the part used. 

Corn.—Experiments and analysis made by Prof.:Peter Col- 
lier* and others show that, though at its maximum stage, 

about August 20th, corn contains a goodly per cent (about 

12 to 14 per cent) of sucrose, its period is of such short dura- 

tion (about ten days or less) and the quantity before and afier 
the maximum is so small that it cannot be economically used as 

a commercial source of sugar. The kernel, however, is used to 

a great extent as a source of glucose, the latter being obtained 

by the action of sulphuric acid on the starch. 

Sorghum.—Certain varieties of this grass have been clearly 
shown to contain sucrose, varying from 13 to 18 per cent, and 

holding this coatent from four to six weeks, or even longer. 

The United States Department of Ag iculturet has made almost 

continuous experiments and investigations aloag the line of 

selecting and improving varieties, and in the matter of pro- 

cesses of manufacturing sugar from sorghum from 1879 to 1893. 

Experiment stations were established in various parts of - 

the United States}, and especially in different parts of Kansas, 

where at one time (1889) there were nine. 

The plant was much improved in sugar content and much 

improvement was made in the process of manufacture, but 

since the removal of the sugar bounty (1893) the industry has 
entirely collapsed. 

*Report U.S. Dept. of Agrl. 1881-82: 452 pl. 14-16. 

tReps. U.S. Dept. Agrl. 1880-87: 

*Bull. U.S. Dept. Agrl. Div. Chem 2: 6: 8: 14: 17: 18: 20; 26: 29: 34: 37: 40. 
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Sorghum cane has been used for many years for the manu- 

facture of a kind of syrup known in commerce as ‘‘sorghum 

molasses.” It is made by exp essing the juice from the 

trimmed stalks by means of a mill or roller pressure, straining 

and clarifying, sometimes by the addition of a small quantity 

of freshly slacked quicklime, and heating to boiling, skimming 

and settling, but usually without the addition of lime, although 

in this way it produces an inferior product. 

It would seem that the proce:s of manufacture must be at 

fault at some point and that point is in the clarification of the 

juice. The gums or ‘‘solids not sugar,” impurities of the juice 
are of such a character that they cannot be removed by any 
known process of clarification without sufficient facility and 

economy to enable the sucrosecontent to be easily crystallized; 
therefore the financial failure of the industry when put upon 
its own feet and unassisted by government bounties. 

Sugar cane.—Commercial sugar was obtained only from 

sugar cane until the early part of the present century, when 

sugar beets were discovered to be an available source. The 
Chinese* claim to have manufactured sugar from cane for over 

3,000 years. They most probably obtained it either in Cochin- 

China or Bengal, where all evidence points to the plant having 

been native. Many Greek and Roman writers speak of either 

sugar or cane, or both. 

The best of the more recent accounts on the production of 

sugar may be obtained from Stubbst. Simmondst in his work 

on Tropical Agriculture treats the subject very fully. 

Other Uses of Grasses. 

Grasses are wid2ly used for other purposes. It is impossible 

for us in this connection to give all the different uses to which 

grasses are put. The Panicum junceum is used in Argentine 

Republic as a substitute for soap. Straw paper is made out of 
straw of several cereals. A great deal of other straw is also 

manufactured into paper of various kinds, and this is a subject 

of considerable commercial importance. Paper is made not 

only from rye and wheat but also from maize, and the time will 

come when the manufacture of paper from maize will assume 
much greater importance than it does at present. Dr. Harsh- 

berger says of the maize: ‘‘Maize seems to be the best adapted 

*Wray. The practical sugar plants. 1848. Stubbs Sugarcane. 1. 

y7Stubbs Sugar cane. 1. 

¢Tropical Agriculture. 128. 
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to the purpose. In the last century two maize-straw paper 
manufactories were in existence in Italy. The paper produced 

was not of a satisfactory quality, the cost was too great, and 

the manufacture forthwith stopped. The chief expense was 

found in the transportation of the crude material to the seat of 

operations. All the fibre and gluten wastes can be used in 

the manufacture of paper. The catalogues of the Austrian 

exhibition at London in 1862 in German, French and English, 

consists of such paper.” At the present time the manufacture 
of paper from maize in Vienna is an extensive operation. The 

paper has a yellowish tint and is, therefore, very restful to the 

eyes. Paper of Indian corn requires very little sizing; it 

bleaches well and is of greater strength than rag paper, and 

no machinery is necessary for tearing up the leaves. 

Crookes and Fischer state that ‘‘among the straw species 
appears the maize (Indian corn) from the fibre of which a paper 

is made that for purity and whiteness cannot be equalled. The 

’ inner bark of the bamboo affords a very fine paper, yielding 

the most delicate impressions from copper-plate, and this paper 
was originally called India-proof. Paper is also made from 

Andropogon sorghum. A very fine fibre is also made from 

Esparto grass (Stipa tenacissima).* 
Many other grasses are adapted for fibre paper purposes and 

several grasses produce fibre of fine quality. 

In Labrador the Elymus arenarius is employed for the manu- 
facture of table mats and baskets. Bamboo (Bambusa arundin- 
acea) is used for the purpose of making paper stock and the 

canes are also sp'it and shredded and afterwards wrought ipto 

various forms. The Marram grass, Ammophilia arenaria, is 

used in northern England for the making of table mats and 

baskets and also for agricultural tie bands. For a valuable 

paper on the subject of fiore producing pl sn‘s, the one prepared 

by Charles Richards Dodge, ‘‘A Descriptive Catalogue of Use- 

ful Fibre P.ants of the World,’’+ is recommended. 

The Hopi Indians use Hilaria jamesii. They make from the 
stout fibre of this plant coiled trays. The strong fibre of 

Hierochloe borealis according to Dr. Havard{ is used by the 

Penobscot Indians for the making of baskets and pretty fancy 

work. Its long radical leaves become strongly involute in 

*For an account of the making of paper see Man. of Chem. Tech. by Rudolph Von 

Wagner. English translation. Crookes and Fischer. 853: 1892. 

+U. 8S. Dept. Agr]. Fiber Inves. 9. 

+Garden and Forest. 3: 619. 
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drying, forming flexible threads which are braided into fine 

strips and these are woven into baskets and other pretty fancy 

work. He has also found braids of this grass in the camp of | 
the Crow Indians on the Yellowstone. The delicate and last- 

ing fragrance of the dried leaves gives this grass additional 

value. 

Maize husks are used ext2nsively in the United States for 

upho'stering purposes and for the manufacture of matresses 

and for similar uses. Horse collars are made of th2 husks or 

‘‘shucks’’ in the south; door mats are also made in some of the 

northern states, these being very serviceable. Mr. Dodge says 

the husks are also employed in the manufacture of chip hats 

in Florida. These, when properly trimmed are both stylish 

and pretty. 

The corn pith cellulose is employed as a packing material 

in the c fferdams in connection with the armour plating of 

United Sta’es war vessels. The corn pith is suitably cleaned 

and pressed into blocks when it is ready for use. 

An excellent account of the use of corn pith cellulose and 
other productions of corn may be found in a recent nnmber of 

the Orange Judd Farmer.* This journal summarizes the vari- 

ous uses to which the products made from corn stalks m vy be 
put: 

‘1. Cellulose for packing cofferdams of battleships, this 
preventing them from sinking when pierced by balls or shells. 

‘2. Pyroxylin varnish, a liquid form of cellulose, the uses 

of which are practical'y unlimited. 
‘3. Cellulose used for nitrating purposes for making smoke- 

less powder and other high explosives, for both small and 

great arms, as well as purposes for which dynamite or all other 

explosives are required in various forms and degrees of 

strength. 

‘4. Cellulose for packing, it being the most non-c »nductor 

known against heat or electricity, jars or blows. 

‘. Paper pulp and various forms of paper made there- 

from, both alone and mixed with other grades of paper stock. 

‘*6. Stock food made from fine ground outer shells or 

shives of corn s alks, and also from the nodes or joints. The 

leaves and tassels also furvish a shredded or baled fodder. 

‘‘7. Mixed feed for stock, containing fine ground shells of 

shives as a base, and in addition thereto various nitrogenous 

*27: 363. 



GRASSES OF IOWA. 169° 

meals and concentrated food substances, or b'ood, molasses, 

distillery and glucose refuse, sugar beet pulp, apple pomace 

and other by-produc's. 
‘8. Poultry foods of two types, namely—type 1, contain- 

ing a dominant nitrogenous factor for laying hens, and No. 2, 

containing a dominant carbohydrate factor for fattening pur- 

poses.”’ 
This manufacture is carried on extensively by the Marsden 

Co., of Philadelphia, in Owensboro, Ky. 

The straw of several varieties of wheat is used for the man- 

ufacture of braids or straw plait. The finest of thes? come 
from Italy, thus the celebrated Tuscan plait comes from Flvur- 
ence and is produced from a variety of wheat cultivated espec- 

ially for the straw and without regard to the grain. The indus- 

try is carried on extensively also in parts of China. The straw 

of rye (Secale cereale) is likewise used for the making of hats. An 

interesting account of its use in this connection will be found 

in Mr. Dodge’s paper on ‘‘Th3 Useful Fibre Plants of the 

World.”’ 
Brooms. 

Another important use of grasses is for the manufacture of 

brooms. The plant usually used for this purpose is broom corn, 
Andropogon sorghum. The cultivat on of broom corn for the 

manufacture of brooms is an extensive industry in Ohio, 

Indiana, Illinois, Iowa and Kansas. Good crops may be 
obtained with proper attention and care on any clean, fertile 

soil. The seed is planted about the same time that corn is. 

The soil should be well tilled and in exce2l'ent condition; the 

weeds must b2 kept down to get the most remunerative ciop. 

The brush must b2 cut before the seed is fully formed. 

Soil Binders. 

Graszes are extensively used as sand and soil binders. 

These grasses are especially important along the sea shores 
where the tides and waves are a cons!ant menace to the land 

and dwellings situated in proximity to the sea. ‘‘The digging 

out and undermining by swift currents, the beating of the 

waves on lake and ocean shores and the perpetual shifting 

about of loose sands by the waves and winds, cost our country 

many millions of dollars annually,” says F. Lamson-Scribner 

in his paper on grasses as sand and soil binders.* The sand 

*Year book U.S. Dept. Agrl. 1894: 421, 
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or soil binding grasses have strong root stocks or rhizomes. 

There are two kinds of these soil binders. First.—The coarser 

kinds which are exposed to the most severe action of the winds 

and waves. These have their rhizomes deeply buried in the 
sand. Second —Grasses with prostrate stems that creep over 

the surface of the sand and produce at frequent intervals 
long fibrous roots. Some of the more important of the sand 

binders are Marram grass, Ammophia arenaria, the Elymus 

arenarius. Of the many other grasses which aid in holding the 

soil, mention may b; made of the rolling spinifex (Spinifex hir- 

sutus), Louisiana grass (Paspalum compressum), and sand grass 

(Calamovilfa longifola). The latter species is especially valu- 

able in many sections of this state where it retains the loose 
sandy soil along some our streams. The Spartina cynosuroides 

is a valuable grass in holding the alluvial soil of the Missouri 

river bottom in position. 

Oil. 

Maize oil is obtained from the embryos of corn. Dr. Harsh- 
berger* says: ‘The oil is not obtained by direct expression, 

but the grain is malted, and the germ is separated by ca: eful 

crushing and winnowing. The germs are then submitted to 

hydraulic pressure, and yield 15 per cent oil, and a press cake 

rich in albumen, containing 4 to 5 per cent oil. Maize oil is of 

a pale golden-yellow colo:, and has a peculiarly agreeabl+ taste 

and odor. It is a thick liquid, and has a specific gravity of 

.9215 at 59° F. It consists of olein, stearin, palmitin, and con- 

tains some volatile ol. It solicifies to quite a solid mass at 

107702 G4)” 
It is one of the common by-products in the manufacture of 

glucose from the embryo of corn. Itis an excellent oil for salad 

purposes and is also a possible adulterant of olive oil and used 

in the manufacture of soap. 

Fuel. 

In many of the western states the cob; of corn are used for 

fuel purposes, and Dr. Harshberger states that three tons of 

corn cobs equal one ton of hard coal for fuel purposes. It is 

hard to estima'e the value of corn cobsasafuel. F..N. Fowler 

who has charge of the L>ckwood elevator, one of the largest 

elevators along the C. & N. W. railroad in central Iowa, states 

that it is impossible to make an estimate of the total value of 

#lc. 187. 
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the corn cob for fuel purposes in this state. Mr. Fowler states 

that while corn cobs at 50 cents a load are good for combusti- 

ble purposes, they are not so cheap as slack at $1.10 a ton. 

Fifteen loads are equal toa ton of nard coal. Burning cobs 

are extremely hard on the fire brick. It should be stated that 

in addition to its value for fuel purposes, a fine quality of 

potash may be obtained from the ash of burnt cobs. 

The Poisonous Effects of Grasses. 

Darnel.—It is a wll knowa fact that a number of grasses 

are poisonous. It was well recognized by the ancients that 
‘darnel (Lolium temulentum) is poisonous, for it is written: ‘‘ But 

while men slept, his enemies came and sowed tares among the 
wheat. ’’* 

Darnel, when ground up with wheat and made into flour, is 

said to produce poisonous effects on the system , such as head- 

ache and drowsiness. This poisonous property is sa‘d to reside 

in a narcotic principle, Loliim, and according to Hackel 

‘‘causes eruptions, trembling and confusion of sight in man 

and flesh-eat ng animals, and very strongly in rabbits, but it 

‘does not effect swine, horned cattle or ducks.’’ Lindleyt states 

that the g-ain is of evil report for intoxication in man, beast, 

birds, and bringing on fatal convulsions. Haller speaks of 

them as communica ing these properties to beer. It acts asa 

narcotic acid poison. Darnel meal was formerly recom nended 

as a sedative poultice. In Taylor’s{ work on poisons, the 

statement is made that the seeds, whether taken in powder 

or in decoctions, have a local action on the alimentary canal 

and a remote action on the brain and nervous system. He 

states further that no instance is reported of its causing fatal 
injuries to man, and as much as three ounces of a paste of the 

seeds have been given to adog without causing death. Then 

he goes on to cite the experience of Dr. Kingsley, in which 

several families, including about thirty persons, suffered 

severely from the effects of bread containing the flour of dar- 

nel seed. These persons had staggered about as though intox- 

icated. It is claimed by some investigators that this plant is 

not poisonous. One writer claims to have made bread with 

*Matthew 13: 25-30. John Smith, Bible Plants, in commenting on the above pas- 

sage, states that it is not the tares or a plant commonly called tares (Vicia sativa), but 

the above grass. 

t+Flora Medica. London. 609. 

On poisons in relation to medical jurisprudence and medicine. 653. f. 65. 1875. 
43d 3) Philadelphia, 
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flour said to coatain considerable quantity of the darnel, which: 

was eaten without any injurious effects. There are other 

grasses which have a similar narcotic effsct. Quite recently 
it has been claimed by several European investigators, notably 

Guerin* and Hanausek,t that the fruit of Loliwm temulentum 

contains a poisonous fungus. Guerin states that the hyphae of 
a fungus constantly occurs in the nucellus of the seed and the 

layer of the caryopsis lying between the aleurone layer and 

the hypha portion of the wall. He also thinks that the toxic 

aciion of the Loliums is due to this particular fungus hypha. 

These fungus threads have not been found in Z. italicum and but 

once in L. perenne. The fungus is allied to Endoconidium temu- 

lentum. The fungus lives symbiotically in the maturing grain 

and is therefore not a parasite. Nestler,{ who made an exam- 
ination of L. perenne, L.multiflorum, L. remotum and L. festucaceum, 

found nothing comparable to the fungus mycelium which 

occurred in L. temulentum. He also succeeded in demonstrat- 

ing the presence of the mycelium of the fungus as indicated 

by Guerin. According to Nestler the Fusarium rosewm is iden- 

tical with the fungus occarring in L. temulentum found by 

Guerin. 

Sleepy grass.—In the west a species of grass has received the 

commonappellation of sleepy grass. It haslong been regarded 

by range people as poisonous. Dr. Palmer, who found this 

grass in Coahuila, New Mexico, observed that it was poison- 

ous to cattle, horses and sheep, causing them temporary 

sleepiness. Later Dr. Havard§ states that in 1888 he received 

from Dr. M. E. Taylor, of Stanton, N. M., a grass with the fol- 

lowing statement: Hereabouts grows a grass—the eating of 

which by horses will, within a few hours, produce prvufound: 

sleepiness or stupor, lasting twenty-four or forty-eight hours, 

when the animals rally and give no evidence of badeffects. It 

is known among cowboys as ‘‘sleepy grass’’ ard dreaded by 

them on their ‘‘round ups’’ as their horses are liable to eat it 

and cannot then be kept up with the herds. The tradition is 

that horses that have once eaten of it will not touch it again. 

To quote from Dr. Havard, ‘‘From the same gentleman [ 

received a letter in 1890, in which he says: ‘Since I corre- 

sponded with Dr. Taylor it has been brought to my notice that. 

*Jour. d. Bot. 12: 230. 5f. 12: 380. 1898. Bot. Gazette 28: 136. 1899. 

+Ber. d. Deutsch. Bot. Gesell. 16: 203-207. 1898. 

*Bor. d. Deutsch. Bot. Gesell. 16: 207-214. pl. 13. 1898. 

SThesleepy grass. Garden and Forest. 4: 111. 
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-cattle are affected in a similar way to horses, and that the curi- 

‘ous properties which so effect animals are contained in the 
blades. Quite a number of our horses have been ill thisspring 
after having eaten it. It usually takes them about a week to 

recover, during which time they are unfit for work, and espec- 

Aally so during the first three days.’ 

Fig. 74 A. One of the grasses referred to as sleepy grass Stipa viridula. (After F. 

Lamson-Scribner Div. of Agrost. U.S. Dept. of Agrl ) 

‘Captain Kingsbury, of the Sixth United States cavalry, 

under date of March, 1890, wrote me from Fort Stanton that 

the sleepy grass affected nearly all his horses at two campiog 

places. It was hard work to make them walk. 

‘*The similari:y of symptoms, whether ob-erved in Coahuila 

or in New Mexico, is certainly remarkable, and furnishes strong 

evidence of the substantial accuracy of the observations as 
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reported. It would seem, then, reasonably established that 
this plant possesses narcotic or sedative properties, affecting 

principally horses, but also cattle and probably other animals; 

that animals are not fond of it, but eat of it inadverten ly or 

when under stress of hunger; that cases of poisoning occur 

especially in the spring, when the radicle and lower blades 

first come up, and that the active principle rcsides in these 

blades, and perhaps only during that season.” 

The old world species Stipa inebrians is said to affect ani- 
mals like S. robusta referred to by Dr. Havard. 

Millets.—Several millets, and especially Koda millet (Paspa- 

lum scrobiculatum), are known to be poisonous and injurious. 

According to Grant, several well-known cases of pois ning 

resulted from the consumption of this grass largely used because 

of the scarcity of food grains. He suggests that it is die toa 

poisonous volatile alkaloid. There have bern numerous com- 

plaints, from time to time, from the injurious effects of millet. 

Setaria italica when fed to horses and cattle. 

Dr. Hinebauch* states in regard to this trouble that in the 
winter of 1891 and 1892 a disease commonly called millet dis- 

ease was prevalent to a considerable extent in North Dakota. 

That this disease was at ended by a death rate of 7 to 10 per 

cent. It received the name of millet disease from ‘he fact that 

from 95 to 98 per cent of the animals that were affected had 
been fed on millet. Hesays: ‘‘When millet is fed in consid- 

erable quantities it stimulates the kidneys to increased action. 

The urine is light colored and the bladder evacuated every two 

or three hours, large quantities of water b ing passed at each 

time. At the time the first symptoms of lameness were noticed, 

the kidneys had almost ceased to act.’’ Ard then he g eson 

to say: ‘‘When the cause was kept up a sufficient lengh of 

time for the reac ion to set in, the mater al which would under 

normal conditions be secreted by the kidneys is allowed to 

remain in the system and produce d: leterious effects.’’ Appar- 

eutly the condition of the millet had little to do with this 

action. Ina later bulletint on the sawes bject Dr. Hinebauch 

rep rts a more extended investigation, giving considerable 

experimental data as w ll as uriary analyses. The post mur- 

tem examinations revealed s mei: teres iag facts. The carti- 

lages on the ends of the long bones show deep furrows run- 

*Rheumatism in horses. Bull. Gov. Agrl. Exp. Sta.. N. Dak. 7: 1892. 

+Feeding of millet to horses. Bull. Gov. Agrl. Exp. Sta. N. Dakota. 26: 1896. 
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Fig. 74 AA. Shama millet (Panicum colonum), a. b, c, d, different views of the spike- 
poe giumes;e,f,two viewsof the‘seed” (Div. of Agrostology U. S. Dept. of 

ning in a direction parallel with the motion during flexion and 

extension. 

‘‘Both grooves of the astragalus were partially denuded of 

cartilage, so that the corresponding elevations of the tibia 

which articulate in the grooves did not have cartilage inter- 

posed between them. The whole general appearance, instead 

of being of a white, glistening color, was of a dark, dull color 

bordering on brown. The fluid which escaped from the joint 

when opened, inst ad of being a yellow, amber color, was 

brown and contained red blood corpuscles, indicating that 
inflammation was present. The joint fluid was brownish black 

in cvlor and contained red b ood corpuscles. 
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‘Tn conclusion we would say that our experiments here have 

thoroughly demonstrated that millet, when used entirely as a 

coarse food, is injurious to horses. First. In producing an 

increased action of the kidneys. Second. In causing lame- 

ness and swelling of the joints. Third. In producing infusion 

of the blood into the joints. Fourth. In destroying the text- 

ure of the bone, rendering it softer and less tenacious, so that 

traction causes tre ligaments and muscles to be torn loose. 

The experience of many farmers with whom I have talked con- 
firms the above conclusion, and we could multiply case after 

case showing that the atove conditions are the results of feed- 

ing millet.’’ 

Very recently the North Dakota Station has published the 
results of further experiments on the subject of feeding millet. 

Two tests were made. In the first trial two geldings in good 

health were fed hay and grain for about two weeks. Millet 

was then substituted fc. r hay for about ten days. 

Recently Ladd* has isolated a glucoside from the aqueous 

extract of millet hay, which, when fed in small quantities, 

gave the characteristic symptoms. 

From the experiments made by Dr. Hinebauch and others, 

it would appear that feeding millets alone as coarse fodder 
is injurious to horses. It produces an increased action of 

the kidneys, and causes lameness and swelling of the joints. 

It causes an infusion of blood into the joints, and destroys the 

texture of the bone, rerdering it soft and less tenacious, so that 

the ligaments and muscles are easily torn loose. 

In a paper on millet by A. A. Crozier,+ the experience of 

several farmers is given as to whether millet is injurious or not. 

The testimony given differs greatly. Some claim it is injuri- 

ous while others claim it is not. The condition of maturity 

seems to make a difference as to its injurious qualities. 

Mechanical Injuries and Obstructions. 

Awned grasses.— Under the subject of dissemination, reference 

was made to the subject of the fruits of stipa burying themselves 

in the flesh of sheep aidotheranimals. Ithas long been known 
that the Stipa capillata, L., indigenous to Russia, and the Stipa 

spartea, nativeto North America, as well as Aristida hygrometrica 

Br., native of Queensland, aud Heteropogon contortus, native of New 

*Am Chem. Jour. 20: 862. 

+Millet, Bull. Mich. Agrl. Coll. Exp. Sta. 117: 14. 1894. 
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Caledonia frequently bore in to the skin and intestines where 

they cause fatal inflammation. The following very full account 

is from Dr. M. Stalker:* ‘‘Youask whether the fruits of the 

porcupine grass (Stipa spartea) are ever a source of inconven- 
ience or injury to living animals? This may be very emphatic- 

ally answered in the affirmative. In many of the northwestern 

) 
‘© we § 

Fig. 74 B. Needle grass (Stipa comata) a, spikelet showing awned fruit; b, lower 

glumes removed. (After Lamson-Scribner. Div. of Agrost. U. 8. Dept. of Agrl.) 

counties of Iowa this grass grows in the greatest profusion, 

and during the latter part of June, the season for maturing and 
consequent falling of these spines, they are the occasion of 

much annoyance and in some instances the death.of domestic 

animals. Only such animals as are covered with wool or a 

thick growth of long hair are seriously inconvenienced. Sheep 

suffer most. The spines readily find a lodgment in the wool, 

*Bessey. Injuriousness of Porcupine grass. Am. Nat. 18: 929. 1884. 
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and after burrowing through it frequently penetrate the skin 

and bury themselves in the flesh. A large number of these 
barbs thus entering the tissues of the body produce an amount 

of irritation that is sometimes followed by death. Ihave seen 

large numbers of these imbedded in the skin and muscular 

tissues of shepherd dogs that were covered with a thick growth 
of soft hair. These sagacious animals frequently exihit the 
greatest dread at being sent into the grass during the season 

of danger.’’ 

Professor Bessey in his account of the structure of this plant 
received several responses, and one of these was from Professor 

King, now of the University of Wisconsin. ‘‘In connection 

with the two notes relating to the fruit of the porcupine grass, 
it may not be without interest to say that while engaged in 

geological work in Dakota, north of the Northern Pacific rail- 

road, we were much annoyed by the fruit of this grass. Indeed, 

I found the only way to walk with comfort through this grass 

was to roll my pants above my knees and my socks down over 

my shoes. I also observed, on several occasions, these seeds 

planted two inches deep in the soil with the awas protruding 

from the ground. It is plain that with the point of one of these 
fruits once entered below the soil, the swelling and shrinking, 

due to varying amounts of moisture, would work the seeds 

directly into the ground.” 

The Stipa comata, or needle grass of the west, which is com- 

mon throughout the Dakotas, and throughout west Dakota, 

Nebraska, Wyoming and Colorado, is common in prairie hay, 

and Prof. Thomas A. Williams* mentions that, though a for- 

age plant, and not cut until the needles have fallen so that the 
stock may not be injured, the fruit of this plant often injures 

stock to a considerable extent. 
Corn stalks.—For a long time farmers in the west and other 

parts of the United States have been troubled with the 
so-called corn stalk disease. This has been attributed to vari- 

ous causes, as impaction of the stomach and a bacterial disease. 

Dr. Mayo, of the Kansas Agricultural Experiment Station, 
attributed it to an excess of potassium nitrate in the stalks. 

Injuries from barley.—It has long been known that the barbed 

awns of barley, wild barley and other plants act injuriously in 

a mechanical way. In the west this is especially true of wild 

*Grasses and forage plants of the Dakotas. Bull. U.S. Dept. Agrl. Div. Agrostol- 

ogy. 6: 20. 



Fig. 75 A. Squirrel-tail or wild barley; b, spikelets; c, d, flower. (King.) 
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barley, Hordeum jubatum. Dr. S. H. Johnson,* of Carroll, 

states in the Carroll Herald, that this grass, when found in hay 

and allowed to ripen, if in any quantity, is very injurious to 

horses’ mouths. Hesays: ‘*The small awns seem to work in and 

cause deep ulcerating sores, which form under the tongue and 
lips. The writer has seen a large number affected and made a 

careful examination, and found them deep in the flesh, where 

they had remained for three months or more. I have seen lips 

eaten completely through and tongues eaten almost off by the 

grass. As to cattle, Lhave seen some affected, but not to any 

extent, because the mucous membranes are much thicker. The 

sooner the grass is eradicated the better. ” 

Professor Nelson,t who has carefully studied this question, 

says on the injury to stock: ‘‘The awned heads, when taken 

into the mouth, break up into numerous sections, scatter about 

within the mouth and everywhere adhere to the mucus mem- 

brane, which soon becomes pierced with the long, stiff awns. 

As the animal continues to feel more awns are added, and 

those already present are pushed deeper into the flesh. Inflam- 

mation soon results and leaves the gums of the animal in a con- 

dition to be more easily penetrated. The awns are particularly 

liable to be pushed down and alongside and between the teeth. 

As the swelling and festering progresses the awns are packed 

in tighter and pushed deeper and cause suppuration of the gums 

as well as ulceration of the jaw bones and the teeth. Through 

the absorption of the ulcerated sockets and roots the teeth 

ee. : - 
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Fig. 75 B. Oross-section of normal jawbone; a, fang of tooth; b, marrow. B— 

Oross-section ulcerated and enlarged jawbone; c, decayed fang of loosened tooth; d, 

cavity in enlarged jaw, the embedded awns removed. 

*Oarroll Herald. 1895: 28j. 

+Squirrel-tail Grass. Bull. Wyoming Agrl. Exp. Sta. 19. 
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become loosened and even drop out, but the animal, impelled by 

hunger, still endeavors to eat such hay as may be offered.” 

There are also cases on record where these awns produce 
hair balls. An interesting account of hair-balls may be found 

in a paper by Dr. Trelease.* ‘‘Barbed trichomes and barbed 

UM U9 

oa 

Fig. 750. Little barley (Hordeum pusillum) probably also causes mechanical 

injuries. (F. Lamson-Scribner Div. of Agrost. U. 8. Dept. of Agrl.) 

stiff bristles have been known to cause serious injury to stock 

Professor Coville has recently called attention to some of these 
coming from a plant that has had considerable advertising as 

a forage plant, Crimson Clover (Trifolium incarnatum). Pro- 

fessor Coville+ says: ‘‘The crimson clover hair-balls, measur- 

*An unusual Phyto-Bezoar. Trans. Acad. Sci. St. Louis. 7; 493. pl. 40. 

+Bot. Gazette. 20: 414. 
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ing two or three inches in diameter, were taken from the 

stomach of horses, whose death they had caused. They were 
compact and much resembled the hair-balls often found in the 
stomachs of ruminants, but were entirely eomposed of the small 

barbed trichomes from the mature calyx of crimson clover.”’ 

Millets are said also to produce ‘‘masses” probably hair-balls 

according to a writer* in the American Agriculturist. 

Harzt has given an account of the injurious effects of oats 
bran. This feed favors the development of large bezoars. In 

the paper cited he has extensively discussed this question 
as well as giving references to literature. 

Corn Moulds and Disease. 

It is not uncommon some years to find that many ears of corn 

are affected with various moulds. These moulds frequently 
appear as the results of the attack of Heliothis armigera; how- 
ever, this is not always the case. Sometimes only the top is 
affected, or only a part of the ear both at lower and upper end, 

or several rows may be attacked. These moulds are mostly 

saprophytes, and so far as known do not attack living tissues. 

One of the most frequent of the moulds is the green mould 

Eurotium (Aspergillus) glaucus which is described elsewhere in 

this paper. 

N. S. Mayo,{ as the result of 

some work done in Kansas, con- 

cludes that a disease known as 

“staggers,’’ ‘‘mad staggers,’’ or as 

he has termed it enzootic cerebritis 

is caused by feeding corn which is 

attacked by Aspergillus glaucus. 

Mayo states that the spores of the 
fungus gain entrance to the circu- 

lation, and find lodgment in the 

kidneys and liver. He supports 

his conclusions by experiments pottytes vulgaris), te ret ye 
made by him on a guinea pig anda fing) 72 “Pore Gammcher? 
young colt. He also quotes Kaufmann, who was successful 

in producing a disease with Penicillum glaucum and Aspergillus 

glaucus. 

*1882: 127. 

+Harz. Land. Samenk. 2: 1315. 

¢Bull. Kansas Agrl. Exp. Station 24: 1891. 
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There is considerable loss in many states from cerebro-spinal 

meningitis. In many parts of the country this is attributed, as I 

have said before, tomouldy corn. Dr. Bitting,* of the Indiana 
Agricultural Experiment Station, made an investigation of 

this question and concludes that mouldy corn is not responsible 
for this disease. Upon an examination of mouldy corn he found 

several moulds and a bacterium. To test the poisonous prop- 

erties, two horses were injected under the skin with five cubic 

centimeters of theactive growth in boullion of the bacterium 

found in mouldy corn, and later followed by an injection of ten 

centimeters. Laterlarger amounts were given, and each ani- 
mal was induced to eat as much as five pounds of the infected 
meal per day. One of the moulds as well as the bacterium 

gave negative results; the Fusarium produced a redness of the 

gums and some salivation. In no case did cerebro-spinal men- 

ingitis result. 

Fig. 77. Mouldsand bacteria from mouldy corn. 1 and 3, Fusarium; 1, mycelium; 

2 and 6, other moulds; 4 and 5, bacteria. (Pammel and King.) 

The results of the experiment show that inoculations with 

culture of the bacteria and moulds were ineffective. Hating of 

the mushes containing pure culture showed that only in the 

case of a growth of aspecies of Fusarium did any intestinal 

disturbance follow, and that in one case the feeding of the 

rotted grain produced considerable intestinal disturbance and 
some nervous symptoms, but that the disturbance was light 

in the other. 

Grawitz succeeded in producing infection by adapting the 

digestive tract of the animals to an alkaline medium. It isa 

*Farmers’ Bulletin U. S. Dept. Agrl. Exp. Sta. Work. XVI, 122: 26. 



184 GRASSES OF IOWA. 

well-known fact that several of the moulds 
related to Asperillus are the cause of 

what is called mycosis in many of the 

lower animals. Aspergillus glaucus or, 

more properly speaking, the Euwrotiwm 
(Aspergillus) glaucus is extremely common 

notonly in hay but in many other objects, 

and yet this disease is very rare. This 

question should be further investigated. 

Fig. 78. Oommon blue 
mould (Penicillium glau- 
cum). Spores at end of 
branches; spores borne 
in chains. (Pammel and 
King ) 

Fig. 79. Common Herbarium mould. (1) general appearance, showing long conidi- 

ophore and sterigmats on end; (2) perithecium with one of its asci and ascospores; (3) 

contents from an unripe perithecium; (4) a small partofa mycelium with conidiophore 

c, and spore bearing sterigmata, young ascogoniuma.s. (DeBary except 1.) 
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Fungus Diseases of Grasses. 

A large number of our forage plants are subject to serious 
fungus diseases, which materially lessen the crop. While these 
diseases are most severe to the cereals, where they annually 

entail a loss of millions of dollars, many of our best forage 
grasses are subject to most destructive rusts and smuts. One 
way to overcome these dangerous pests is in .a study of their 
life history to see if methods of culture cannot improve the 

| 

Fig. 80. Downy mildew of millet (Sclerospora graminicola.) The leaves partially 

disintegrated; a, leafsmagnified; b, conidia; c, conidiophore bearing conidia (spores) 

(Pammel and King.) 

Fig. 81. Sclerospora graminicola. Leaves torn up into shreds, filled with oospores, 

(King.) 
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quality of the product or render the plant less susceptible to 

the disease. Much in the following pages has been gleaned 

from various sources, aS well as work of our own based on 

experiments extending over a period of years. 

DOWNY MILDEW. 

This disease is caused by Sclerospora graminicola (Sacc.) Schroet. 

Though a large number of plants belonging to many different 

Fig. 82. To the left leaf of Setaria viridis containing the oospores of Sclerospora 

graminicola, a single spore at (a). (After Trelease.) To the right spike affected by 

the same fungus; (b) single spikelet enlarged. (After Halsted.) 
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orders of flowering plants are affected by downy mildews, few 

of these pests are found on grasses. This fungus, though well- 
known for some yearsin Germany and Italy, has not been long 

known in this country. It was first reported in Wisconsin, as 
occurring on Hungarian grass (Setaria italica) and foxtail and 
pigeon grass (Setaria viridis). Dr. Halsted* reported it from 
Iowa on the last named host in 1886, and the next year on 

Hungarian grass. 

It is now common throughout the state of Iowa. The fun- 

gus has been found by the writer quite as common in Nebraska 

as in lowa. Webber{ gives its distribution in that state, 

Ashland, Weeping Water (Williams), Lincoln (Bessey), where 
he found it on green and yellow foxtail (Setaria viridis, S. glauca). 

have also received it from North Dakota, where it was collected 

by Prof. Bolley. Like many other pests, it comes from Europe, 

and in all probability was brought to this country with the seed 

of either Hungarian or foxtail, as both grasses are native to that 

continent. 

Little mention is made of this fungus by Tubeuf,f{ and it is 

not mentioned by Loverdo.§ The account by Sorauer is short. 

A good account was given by Trelease;|| it was also described 

by Farlow.4 

Halsted,** who found it common here at Ames, reported on 

it in several publications. 
The fungus produces a mycelium in the interior of the leaves 

and soon sends short branches conidiophores through the sto- 
mata. These bear the conidia, the summer reproductive bod- 
ies. Last spring I had an opportunity of observing an unusually 

large number of young diseased plants. A white frosty-like 

substance.(the conidia and conidiophores) appeared on the leaf 
in patches extending along the veins. The opposite side of the 

leaf was invariably of a yellowish color. In July and August 

the summer spores are not so commonly seen, especially in the 

older leaves. Last spring the weather was quite favorable for 

the deve'opment of this fungus. Young plants affected soon 

*Trelease. Parasitic fungi of Wis. 17. 

*Bot. Gaz. 11: 272. 

tApp. to Oat. Fl. Nebr. Oontr. Shaw School Bot. 9: 11. Trans. Acad. Sci. St. 

Louis. 6. 

$Pflanzenkrankheiten. 152. 
§Les: maladies des cereales. 

l{m Beal. Grasses of No. Am. 1: 429. 

Bot. Gaz. 9: 39. 

**Bot.Gaz. 11: 272. 13: 56. Bull. lowa Agrl. Ooll. Dept. Bot. 1886: 53. Bull. 

Dept. Bot. Iowa Agrl. Coll. 1888: 99. 



188 GRASSES OF IOWA. 

succumbed to the disease, the leaves 

wilted and soon rotted. Later in 

the season the leaves of older plants 
being more rigid, did not show this 

rotting, but many of the leaves of 

the affected plants are brown and 

torn up into fine shreds. A little 
shaking will bring out a large num- 

ber of small round bodies, the 

oospores; these are enclosed in a 

thick cell-wall. The spikes’ are 
also frequently attacked, producing 

large distortions. The pistil and 
stamens do not develop, while’ the * 
bracts surrounding the esseiitial gale; Bass Scorn unite 
organs are greatly lengthened. [7%j,000, oofoniums oospore. (Pam: 
Thus in some affected spikes of Gol- ™°! ond King.) 
den Wonder millet and Hungarian grass the distortions were 

so large that they were notrecognizable. The oospores are so 

numerous as to fill up the tissue between the epidermal cells. 
The oospores serve to carry the fungus over winter. It is not 
a difficult matter, if the seed is purchased from an infected dis- 
trict, to carry the disease to remote distances, as it is a com- 

paratively easy matter for some of the bracts containing 

spores to get in with the seed, or for some of the spores to 

become attached to the seeds. 
Mildew of Indian corn.—In a recent German scientific period- 

ical, M. Raciborski describes a very destructive downy mildew 
of corn which he has named Peronospora maydis. Many of the 

fungi of this group cause great loss, as for example the potato 

rot fungus, downy mildew of the grape, and others which 
might be mentioned. This fungus of the corn is no exception 

to the rule. It has been found but in one place in Java. No 
doubt, however, it will spread and may yet become a source of 
danger tous. The fact of its occurrence in Java is of interest, 

because corn is not native there. The author looked for it on 

native grasses, but failed to find any indications of its occur- 

rence. 
Where did the fungus originate? Most: probably on some 

other grass and from that spread to thecorn. The descriptions 

and figures suggest the similar European fungus on millet, 

Sclerospora graminicola described above. In Java the fungus is 
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known as ‘‘lijer’’ which means sleepy or tired. It makes its 

appearance on young plants. The second and third leaves are 

usually green. On the fourth and subsequent leaves the disease 

is easily recognized from a distance, as the plants are white or 

yellowish white. Hither the entire leaves are affected or it 

forms bands. The young plants fallover. Inthe tissues of such 

plants an abundance of an undivided mycelium occurs. It has 

numerous haustoria or suckers which enable the mycelium to 

take up its nourishment. On the surface of theleafmay be seen 
a thick white mold, the fruiting threads of the fungus. These 

make their way through the stomata and bear summer reproduc- 

tive bodies which germinate in afew hours. Young infected 

plants show these fruiting bodies in eight to twelve days. 

In addition to these reproductive bodies resting spores 
known as oospores a!so occur abundantly, especially in the 

stems and leaf sheaths. Natural infection results by the wind 

which carries the spores, also from the oospores which may 

retain their vitality for some time. The writer suggests that 

the young diseased plants be pulled up with the root and 

burned. Itis not likely that this fungus has been found on 

corn in thiscountry. It maybe expected, however, somewhere 

on this side of the Atlantic and may prove injurious.* 

ERGOT (CLAVICEPS PURPUREA (FR.) TUL). 

The subject of ergot is one of considerable importance to the 

Iowa stockman. Scarcely a year passes but complaints are 

received about the injurious effects to cattle from the use of 

fodder that contains ergot. 

History.—It may not be out of place to briefly refer to the 

history of ergotism. Epidemics of ergotism have, without 

doubt, been correctly referred, even before the tenth century. 
Wood states that epidemics of ergotism or chronic ergotic 

poisoning have been recorded from time to time since the days 

of Galen (130-200 A. D.) and of Caesar (B. C. 190-44). From 
the ninth to the thirteenth century epidemics were frequent in 

France, and in the twelfth in Spain. They were first called 
plagues but later received special names. In 1596 Hesse and 

adjoining provinces were visited by this plague which was 

attributed to the presence of ergot in grain. In the epidemic 

in Silesia in 1722, the king of Prussia ordered an exchange of 

*L. H. Pammel. Mildew of Indian Corn. American Agriculturist 61: 708. 

*Raciborski Uijer, eine gefahrliche Maiskrankheit. Ber. der Deutsh. Bot. Gesell. 

15: 475-478. 1897. 
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Fig. 84 Ergot on blue grass; to the right leaf of blue grass with uredo pustules of 

Puccinia poarum, 



Fig. 85. Ergot (Claviceps purpurea) on Agropyron. (King.) 

Fig. 86. Ergoton blue grass1. Ergotonwildrye2. (After Salmon.) 
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sound rye for the affected grain. Freiburg was visited in 1702, 

Switzerland in 1715-16, Saxony in 1716, and other districts of 

Germany in 1717, 1736, 1741-42.. France was visited in 1650, 

1670 and 1674. From 1765 to 1769 it was abundant in Sweden 

in rye and barley. Linnaeus attributed it to the grain of 

Raphanus raphanistrum, which was incorrect. The last great 

epidemic in Europe occurred in France in 1816, in Lorraine and 
Burgundy; it was especially fatal to the poorer inhabitants. 

It has been observed that these epidemics follow a rainy 

season. Fleming states that in 1041, when the weather was so 

unpropitious, tempests, rains, and inundations occurring, many 

cattle perished from the disease. ‘‘In 1098, after inundations 
and heavy fogs, there was a general epizooty among cattle in 

Germany. In the same year ergotism appeared in the human 

species. ”’ 
History in America.—Dr.- Randall, in 1849, called attention 

to a disease in New York, in which the involved parts were 
finally invariably affected with dry gangrene. He states that 

in the severe climate of New York farmers allow their cattle 

to winter in the fields on blue grass (Poa pratensis) which is rich 

in ergot. A disease known as ‘“‘hoof-ail’’? was correctly 

ascribed to ergot by James Mease, of Philadelphia, prior to 
1838. The disease was quite severe in Orange county, New 

York, in 1820. It was minutely described by Arnell. In 1857 

the disease was quite severe in Portage county,'Ohio. Acom- 

mittee appointed by the Farmers’ Association of Edinburg 
reported that the disease was due to ergot in hay. In recent 

years* epizootics of ergotism have been reported by Law in 
New York, Stalker in Iowa, and Faville in Colorado. The 
most serious outbreak in recent years occurred in Kansas in 

1884. 'This caused considerable excitement since at first it was 

diagnosed as ‘‘foot-and-mouth disease. ’’ Salmon, who examined 

some of the hay from several localities in Kansas, found a large 

proportion of wild rye (Elymus virginicus, var. submuticus) to 
contain a large quantity of ergot. In one case 12 per cent, and 

in another 10 per cent wasfound. From this he estimated that 
from 5 to 6 per cent of the entire weight of the plant must have 

been ergot and that a twenty-pound ration of hay would con- 
tain four ounces of ergot. 

*See Salmon on Contagious Diseases of Domestic Animals. 18838-1884: Where an 

extended history is given, and Fleming Animal Plagues, their history, nature and 

prevention. 1: 1871. 2: 1882. 
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Nature of ergot.—Krgot is a stage of a minute- parasitic 

fungus. Although its true nature was not known by early 
writers, itis mentioned by many of the earlier botanical writers. 

Lonicer*, about the middle of the sixteenth century, mentions 
‘ 

Fig 87. Ergot (Claviceps purpurea). I, normal ovary of rye; 2, young ovary of rye 
infested with ergot; 3, cross section of ovary showing mycelium and spores on surface, 
the sphacelial stage; upper part of ergotized grain with spongy sphacelial mass; to 
the right of 4 mature ergot; 7, ergot germinating; 6, section through club-shaped mass 
and flask-shaped perithecia; 9, perithecia enlarged with asci; 8, ascus with ascospores. 
(After Tulasne from Salmon.) 

*Kreuterbuch. 285, 1582. 

113} 
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its specific use. Thalius* (1588) applied the name of ‘ad 
sistendum sanguineum.’’ 

Bauhint used the name of Secale luxurians. De Candollet 

applied to it the name of Sclerotium clavus. Although other 
names have been applied to it, the credit of working out the 

life history belongs to Tulasne, ore of the most eminent of 
French mycologists. 

Characters of the fungus and development.—Thereare still many 

persons who believe that ergot is a degenerate kernel of rye 
or wheat, but the researches of Tulasne and other mycologists 
have laid at rest many of the vague theories concerning it. 

The black, purple, or dark gray spurs found in the flowers of 

rye, wheat, and other grasses are simply one stage of a para- 

sitic fungus, known as Claviceps purpurea, Tul. These spurs 

consist of a compact mass of threads known as the sclerotium 

stage; it was formerly called Sclerotiwm clavus. 

No changes occur in ergot while it remains in the head, but 

the following spring, when laid on damp earth, it produces at 

different points small, roundish patches which are somewhat 
elevated. Soon a small white head appears which elongates, 

becoming stalked, and bearing a globular head at the tip. 

These heads change from a grayish yellow to a pinkish colcr. 

A cross secticn shows that the central portion is made up of 
closely woven hyphae or fungus threads, while the edge con- 

tains a number of flask-shaped bodies, the perithecia, in which 

are found elongated bodies known as asci; each ascus contains 

eight filiform spores, the ascospores. The ascospores ger- 

minate and when coming in contact with a very young ovary 

the mycelium penetrates the delicate walls of the ovary and 
gradually displaces it. It is quite easy to trace out its life his- 

tory by placing the ergot in damp sand and allowing it to 

remain over winter. 

The first indication of ergot in the summer is the formation 

of the so-called honey-dew, a sweetish and rather disagreeable 

fluid, which is eagerly sought by flies and other insects which 

feed uponit. This fluid contains a large number of small spores, 

so that insects can readily carry the fungus from a diseased 

ovary to one not diseased. These spores germinate immediately. 

This stage is called the sphacelia, and formerly was held to be 

*Silva Hercynia. 1588. 47. Francfourt. 

+Pinax. Theatri Botanica. 23. 1623. 

¢tMem.du Mus. 2: 401. pl. 14 f. 8. 
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a distinct fungus. In this stage the mass which has replaced 
the ovary is soft, but as it becomes older it hardens; ultimately 
a hard and compact mass, the ergot, is formed. 

Chemical composition of ergot.—The grain contains about 30 

per cent of a yellowish oil, consisting of fats, principally olein 

and palmitin. It contains, according to Wenzell, two alka- 
loids, ecboline and ergotixe, which are said to be the active 

prince ples of the drug. Another alkaloid, ergotinine, has also 

been isolated, but according to Kobert,* ergot contains three 

poisonous substances. These are cornutin, an alkaloid having 
a specific action on the uterus, causing it to contract; sphacelic 
acid, a non-crystalizable and non-nitrogenous substance which 

causes the poisoning and gangrene; ergotinic acid, a nitrogen- 

ous glucoside without action on the uterus and narcotic in its 

effect. Besides these substances it contains others, prominent 

among them being a sugar called mycose, which is also pres- 

ent in other fungi. 

Medical use.—Ergot has long been used in medicine on 

account of its specific action on the uterus. Its effects are (1) 
gastroenteritic, causing salivation, inflammation and diarrhoea; 

(2) a dry gangrene of the extremities, hoofs, ears, tail, etc. ; (3) 
contraction of the uterus and, as a consequence, abortion; (4) 

waut of feeling, Jameness. 

Cereals affected.—Rye is more subject to it than any of the 

other cultivated cereals. The largest specimens are usually 
produced on isolated specimens of rye coming up in fields. It 

seldom happens that all of the ovaries are affected. Wheat, 

especially winter wheat, is subject tothedisease. The officinal 
ergot is usually obtained from rye. 

Wild grasses.—Of our native grasses, wild ryes (Elymus 

robustus, E. virginicus, EH. striatus, E. canadensis, Asprella hystrix) 

are most subject to the disease. Most cases of ergotism in this 

state undoubtedly result from the ergot of Hlymus robustus, 

which is a common everywhere. Agropryon spicatum, a grass 

not uncommon in northwestern Iowa, and Quack grass (Agro- 

pyron repens), are also much subject to its attacks. Scarcely a 

head of the two species cultivated on the college farm could be 

found which did not have some ergot. This may be for the 

same reason that it occurs most abundantly on rye, namely, that 

the grasses occurred in isolated places. In some pastures, tim- 

othy (Phlewm pratense), is much subject to the attack of Claviceps 

- *Froehner: Lehrb. d. Toxologief. Thierarzte, 1890. 
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purpurea. Thusin Wisconsin I observed a large percentage of 

timothy in an old pasture which contained many heads which 
were ergotized. Blue grass (Poa pratensis), Poa annua, Cala- 
magrostis canadensis, Agrostis vulgaris, Glyceria fluitans, and 

many others, in some seasons and localities, are diseased. 

Other forms of ergot.—It may be possible that some of the 

forms of ergot on grass may be referred to other species. 

Halsted states, however, that the ergot on Elymus robustus is 

Claviceps purpurea. The Hordeum jubatum contained apparently 

the same species, with some minor differences but these are due ~ 

to the nature of the host.* The Claviceps microcephala (Wallr) 
Tul. occurs on Phragmites, C. setulosa (Quel) Sacc with a yellow 

stroma on Poa, and C. pusilla Ces on Andropogon Ischaemum. 

Preventative measures.—With modern methods of cleaning 

cereals there need be little fear of the presence of ergot in flour 

butit still continues to be a decided menace to cattle, especially 

where it develops in our grasses, as timothy, blue ‘grass, red 

top, and wild rye. It is imperative to cut all of these grasses 

before the ergot is mature. The presence of ergot in these » 

wild grasses no doubt causes its spread to wheat and rye fields. 

Von Thumen thioks that the Lolium perenne, socommonly culti- 

vated in Europe, is largely responsible for its abundance in 
Austria.t He emphasizes the importance of cutting the grass 
in waste places several times during the year to prevent the 

formation of ergot. 

CAT-TAIL FUNGUS. 

Cat-tail fungus, Epichloe typhina (Pers.) Tul. This fungus 

was described by Persoon{ as Sphaeria typhina in 1801 and by 

him recognized as parasitic. Tulasne§ transferred it from the 

genus Sphaeria to that of _Epichloe. It has been described 

from an economic standpoint by several mycologists—Sorauer ||, 

De Bary{, Trelease**, Frankt+t and Tubeufff. 

This fungus is occasionally very abundant and destructive 

to timothy, and ozcurs occasionally on other grasses, notably 

*Bull. Dept. of Bot. lowa Agrl. Col. Ames. 1886: 19. 

*Bull. Dapt. of Bot. lowa Agrl. Col. Ames. 1888: 8. 

+Die Bekampfung der Piizkrankheiten unserer Culturgewaechse. 36. 

¢Syn. method. fungorum. 29. 

§Selecta fungorum. 3: 24. 

|Pflanzenkrankheiten. 410. 

{Flora. 1863: 401 Bot. Zeit. 1865: 100. (According to Sorauer, 411). 

*tIn Beal. Grassesof No.Am. 1: 423 (Ed. 1.) 

++Krankheiten d. Pflanzen 458. f. 81 (Ed. 2.) 

¢¢Pflanzenkrankheiten. 207. 
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Poa, Elymus and Dactylis. The fungus produces 

a whitish stroma, which surrounds the grassculm 

near the upper leaf sheaths This velvety ring 

consists of a loosely arranged mycelium which 

takes the nourishment from the grass plant, caus- 
ing the parts above the ring to die, since it pre- 

vents the conductingof food to the leaves above. 

This stroma produces small, one-celled conidia 

borne on conidiophores. As the stroma becomes 

yellow, deep-seated perithecia occur. These con- 

tain the asci in which eight hyaline ascospores 

are found. The fungus spreads from a center of 

infection to neighboring stalks, especially by means 

of the conidia. To prevent the fungus from 

spreading it is advisable to cut the grass at the 

time the fungus appears on the young plants. 

HYPOCRELLA (HYPOXYLON (PK. SACC.) 
Fig. 87A. Cat-tail 

EEL OE eee This fungus is closely related to the preced— 
epya sing.) ing. It produces a thin grayish stroma which 
usually becomes black and extends along the upper surface of 

the leaf or surrounds the culm. The perithecia are small 

and crowded; the asci narrow and linear; the ascospores linear, 

colorless, with numerous nuclei.* 

The fungus attacks living grass, stems and leaves. 

POWDERY MILDEW OF GRASSES. 

The powdery mildew (E£rysiphe graminis D. C.) is a serious 
fungus disease at times. It was described by DeCandollet and 

has been noted by several writers. { 

Every one who hés had occasion to walk through a blue 

grass meadow after a rain, especially in damp and shaded 

places close to the ground, must have noticed a white mealy 

covering on the blades of many of the leaves. The Germans 

have called this mehlthau (literally translated meal dew) which 

*Saccardo Syll. Fung. 2: 581. 

Ellisand Everhart. N. Am. Pyrenenycetes. 91. 

Peck. Rep. Mus. State Nat. Hist. 27: 108. 

+Fl. Franc. 6: 106. For synonymy see Loverdo Les Maladies Crypt. 212. 

#3orauer. Pflanzenkrankheiten. 331. 

Frank. Krankheiten d. Pflanzen. 554. (Ed. 1.) 264. f. 51. (Ed. 2.) 
Tubeuf. Pflanzenkrankheiten. 194. 

Trelease in. Beal. Grasses of N. Am. 1: 423. 

Pammel. Fungus diseases of Iowa Forage Plants. 14-15. 
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is certainly very expressive of its appearance. An examina- 
tion with a microscope will show that this white substance is 

composed of spores and a mycelium. The mycelium is cob- 

webby and spreads over the surface, but does not penetrate 

the leaf. In numerous places erect branches are produced, 
these bear numerous spores. This stage was formerly called 

Oidium monilioides. Called Oidium because the spores resemble 
an egg. In all cases of Oidium this is not true; the species was 

called monilioides because necklace like, referring to the man- 

ner in which the spores are borne. Worthington G. Smith 

states the spores are so numerous that it would take about a 
million spores to cover a square inch. 

These conidia or summer spores germinate, under favorable 

conditions, in from ten to sixteen hours. The temp:2rature 

most favorable for germination is from 17-26 C. In a powdery 

mildew occurring on the squirrel-tail grass, and supposed to 

be the same fungus, these spores are also capable of immediate 
germination. On blue grass the fungus frequently does not 

produce perithecia but ends its existence with the formation of 

conidia. 
Under favorable conditions, especially moisture and damp 

weather, the fungus spreads rapidly. The leaf of grass 

affected by this fungus soon dries up. When the leaves have 

become dry and the affected plants are disturbed a little, clouds 

of dust arise, especially in shady places. The perfect stage of 

the fungus is not of common occurrence, though if careful 

search is made in the fall, small black specks may be seen; these 

are the peri hecia and contain the asciand ascospores. It is the 
resting stage or winter condition of the fungus. The writer 

found the perfect fungus abundant on Poa wolfii in Colorado, 

and Carver found it abundant on blue grass near Ames one 

season. The Oidium stage does not reta'n its power of ger- 

mination very long, but the ascospores contained in the peri- 

thecium germinate the follo ving spring, and when the tube 

comes in contact with the proper host the mycelium spreads 

over the surface of the leaf and causes the mealy appearance. 

Plants affected. —It affects especially blue grass with us and 

is much worse some seasons than others. English investi- 

gators report that this fungus is most abundant when slight 

frosts occur, also with heavy rains and wet soils. Texas blue 

grass (Poa arachnifera), fowl meadow grass (Poa serotina), 
Eatonia obtusata, and red top (Agrostis alba vulgaris) and many 
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Fig. 88. Oidium 
of Erysiphe grami- 
nis on wild rye (Ely- 
mus robustus) . 

Fig. 89. Powdery mildew of blue grass ( Erysiphe graminis), leaf of blue grass curled; 

to the right the leaf more magnified, the black spots perithecia, to the right perithecia 

more magnfiied. (King.) 

Fig. 90. Powdery mildew of bluegrass, Erysiphe graminis, Oidium stage. The leaf 

to the right hand magnified, the one to the left more magnified, showing the powdery 

substance. 
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of the grasses when grown in moist, 

shady places, and becoming rank, 

suffer from this disease From this 
it would seem that proper drainage 

would alleviate the trouble. In Eng- 

land wheat. is commonly affected and 

greatly injured. In moist and shady 

places in this country it is affected. 
Eriksson reports the fungus severe 

Fig. 9A—a, mycelium anderect On Wheat at Stockholm, Sweden. Bar- 
conidiophores; b, c, conidia. 

ley and oats are also affected. Von 

Thumen* states that the fungus is abundant on Loliwm perenne 

and Dactylis glomerata. 'The writer has observed it abundantly 

on several species of Poa, especially Poa wolfii, near Golden, 
Colorado. 

Fig. 91. Powdery mildew of grass (Erysiphe graminis). A, Oidium stage and myce- 

lium m; B, perithecium with appendages and mycelium m; QC, perithecium with asci 

and ascospores. (Frank.) 

*Bekampfung d. Pilzkrankheiten. 39. 
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GIBBELLINA CEREALIS, PASS. 

Passerini,* who described this fungus in 1886, states that it 

"was very destructive. Later Cavarat published an extended 

~account of the fungus and has given us the details of its life 

history. Loverdot{ likewise describes it. The culm of affected 
plants is very weak and does not produce fruit. The culm - 

above the first node above the ground shows a grayish-brown 

circular spot. Later these spots lengthen and become conflu- 
ent. Thespots are covered with a mouldy mycelium which 

} 
| 

Fig. 92. Stem blight, Gibbellina cerealis; a, general appearance; b, asci with asco- 

pores and paraphyses; ¢, stroma, mycelium and perithecium. (Oavara.) 

*Bol. deComiz. Agr. Parm. 1886: 
+Ueber einige parasitische Pilze. Zeit. f, Pflanzenk. 3. 16, 

+Les Maladies. Orypt. 225. 
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sometimes nearly encircles the stem. The lower leaves are 

dead. The mycelium consists of thick, branched, hyaline sep- 
tate threads, which spread over the surface of the host, send- 
ing haustoria into the cells. The erect threads bear oval or 

ellipsoidal spores after the fashion of an Oidium. These spores 
propagate the fungus during the summer. Later immersed 

perithecia are formed, arising from adeep, white stroma. The 
perithecia consists of somewhat flattened cells. In theinterior 
occur numerous paraphyses and asci. The club-shaped asci 
contain eight two-celled yellowish-brown ascospores arranged 

in tworows. The fungus apparently enters the plant through 

the delicate tissues of the germinating seedling. 

BLACK SPOT DISEASE OF GRASSES. 

The Phyllachora graminis (Pers.) Fuckel occurs on many 

cultivated and wild grasses; other species occur on clover and 
other leguminous plants. This parasitic fungus disease cause 

blackish spots on the lower or both surfaces of the leaf. The 
fungus causing these black spots on grasses has been called 

the black spot disease of grass. This was first described by 
Persoon* as Sphaeria graminis. Fuckelt made the correct com- 

bination. It is generally so called by mycologists. 

During August, and especially later, the coal black spots 
along the veins are especially prominent; they are considerably 

Fig. 93. Black spot disease of grass (Phyllachora graminis.) A, showing cross- 

section of leaf through a black mass; B, an ascus with spores enlarged. (A and B, 

Frank; a after Trelease.) 

*Syn. 30. Dothidea graminis. (Pers.) Fr. Sys. V. 887. 

+Symb. Myc. 216. Saccardo Syll. Fung. 2: 602. Ellis!and Everhart. N. Am. 

Pyreno. 699 pl. #0. f. 1-4. 
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less than one-eighth of an inch:inlength and width. They occur 

on both surfaces of the leaf, but are more abundant on the 

upper. These black spots are composed of a dense mycelium, 

which in the green leaves bears numerous small spores which 

serve to propagate the fungus in the summer. In dead leaves 
small perithecia are found, which contain numerous elongated 
bodies, the asci within which are found eight small, colorless 

spores, known as ascospores; these latter carry the fungus 

over the winter. In lowa the grasses most commonly affected 

by this fungus are quack grass (Agropyron repens), wild rye 

(Elymus robustus), Asprella hystrix, and Panicum Scribnerianum. 

Occasionally this fungus is quite destructive. Frank,* Tubeuf, + 

Trelease{ and Pammel have given accounts of this fungus. 

BROWN SPOT OF WHEAT HEADS. 

The Phoma hennebrgii, Kuehn on wheat was first detected by 

Kuehn.§ Frank|| has noted it in Germany and Eriksson for 

Sweden. This fungus causes brown spots on the sterile and 

flowering glumes. In thes2 spotssmall perithecia occur. These 

contain small, one-celled conidia. The kernels become spotted 

and shriveled. Whole fields may be affected. Related to this 

is the Phoma lophistomoides, Sacc., which is a saprophyte, 

according to Cavara.** The perithecia are small, 60-80" in diam- 

eter, with an oblong ostiolum, and are immersed in the tissue. 

The spores are small and thread-like, rounded at the ends, 

8-10" long, .5—-.75" wide. 

BROWN SPOT DISEASE OF GRASSES. 

The Septoria graminum, Desm has received the name of 

‘‘Take—all’’ in Australia on account of the nature of its destruc- 

tive work. N. A. Cobbsays: ‘‘Taking the occurrence in spots, 

as aStarting point, I determined to see whether some other 
characteristic symptom could not be made out, and in this Iwas 

partially rewarded, for I found in the great majority of cases 

that the plants dried up when young, mysteriously as some 

farmers said, and left the ground bare or covered with weeds. 

This will seem old news to farmers and hardly worth as much 

*Krankheiten der Pflanzen. 2: 455. f. 80. (Ed. 2.) 

*Pflanzenkrankheiten. 243, 

tIn Beal. GrassofN. Am. 1: 424. 

tFungus Diseases of Iowa Forage Plants, 24. 

$Rabenhorst Fung. Europ. 2261. 

IZeit. f. Pflanzenk. 3: 28. 

(Mitth. d. K. Akad. Stockholm. 1890. 

**Ueber eine parasitische Pilze. Zoit, f- Pflanzenk. 3: 23. 
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_attention as I have given it, yet it is not without a reason that. 
I have made so much of it, as will soon be seen. Moreover, I 

_.found the wheat in nearly all well attested cases of ‘Take-all’ 
to be infested with two fungi, namely, Cladosporium herbarum 
and Septoria graminum. Both these fungi have long been known 

Fig. 94. (a) Septoria bromi on Bromus secalinus, small black spots on leaf the per!- 
thecia. 

Fig. 95. Spores of Septoria bromi. 
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tobotanists, but it is only within recent years, when vegetable 

pathologists have begun to enquire carefully into the causes of 

the various diseases of useful plants, that both the Clados- 
porium and the Sep‘oria have been found to be serious pests in 
the grainfield.’’ 

This fungus disease is common to many grasses and is quite 

destructive at times. It was described by Desmasier*. It is 

common, not only in this country but in Europe as well. 

Eriksson} reports it as common in Sweden and Cavarat says 

it is on the increa:e in Italy. Cobb§ remarks on its c >mmon 

occurrence in Australia. Trelease|| discussed it in his work on 

fungi injurious to grasses and clovers. It is most injurious to 

wheat and here it causes the young plant to turn a yellowish- 

green, then becomes yellow. The leaf finally dries and withers. 

It appears on the sheaths andculms. The interior of the plant 

contains an abundance of the mycelium. Ia the dead spots 
of the leaf may be seen small black specks—the perithecia, 

which are either aggregated or scattered. These perithecia 

contain hundreds of small, several-celled spores, 40-50" x 1- 

15". They are said by Cavara not to be divided. The spores 

are, however, occasionally two celled. 

In a somewhat extended account of this disease Cobb states 

that the entire plant is not always involved. It is a variable 

fungus, its character depending upon the host which it attacks. 

On Poa unnuus the leaf is mainly involved and in many cases is 
totally destroyed. Cavara‘| states that the spots on the leaves 

are small, elliptical, red or yellow, or the latter may be entirely 

absent. The injury it does to the young plant is very great; 

in some cases their total destruction has been observed. 

Janczewski** who has studied the life history of Septoria 

graminum states that this represents the pycnidial stage of 

Leptosphaeria tritici and that the conidial form is the Clados- 

porium herbarum. 

*Ann. Sci. Nat. Bot. II. 19: 339. 1843. 

t+Eriksson. On nagrasjukdomar aodlof vaxter samt om atgarder till motarbet- 

ande af vaxtsjukdomar. 20. 

Tubeuf. Pflanzenkrankheiten. 491. Mangin also states thatitis parasitic. See 

Jour. Roy. Mic. Soc. 1898: 568. ; 

Loverdo. Les maladies crypt. 283. 

+Zeit. f. Pflanzenk. 3:19. Also Briozi. Zeit. f. Pflanzenk. 3: 216. 

§Plant diseases and their treatment. Agrl. Gaz. New So. Wales. 8: 991. 

In Beal Grassesof No. Am. 1: 428, 

‘Sl.c. Zeitsch. f. Pflanzenk. 3: 19. 

*Bull. Acad. d. Sc. Cracovie 1892: See Frank Krankheiten. d. Pflanzen. 302. 419. f. 63. 
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The Septoria tritici Desm. is closely related to the above and 

should perhaps be regarded as nothing more than a variable 

form of S. graminum. The spots it produces are at first yellow, 

then reddish-brown, and finally whitish. The spores are 50— 
60" long by 1.5" to 2" wide and usually divided. A Septoria 
has been reported on the glumes of wheat in Ohio by Selby.* 

Several other species of Septoria are allied to the above 
Species, one, the Septoria bromi Sacc. is common in this state 

on Bromus secalinus. 

CLADOSPORIUM HERBARUM (PERS.) LINK. 

This fungus is destructive in parts of Australia, and has been 

reported on the increase in Europ2 by Frankf, it also occurs 

in this country as reported by Peck. The writer has likewise 

observed it on wheat and oats inIowa. Harvey reported it on 
oats in Maine. On wheat it is commonly referred to as blight. 

It attacks all parts of the plant but is especially commonin the 
heads. The mycelium of the fungus grows not only on the sur- 

face of the plant but also in the interior. The conidiophores 
and spores are olive green. The conidiophores pass through 

the stomata or break through the epidermis. The spores are 

one to two-celled and are borne on the end or on short lateral 

branches. The spores are extremely variable in shape and 
size. 

The general effect of the disease is to cause the kern:Is to 

shrivel. The disease occurs rather destructively on oats as 

recorded by Cobb.§ Professor Peck|| records the occurrence 

of a Cladosporium on oats, which he describes as a new species, 

the Fusicladium destruens. He says in regard to oats. ‘‘The 

foliage of the plants presented a singular admixture of green, 

dead-brown and reddish hues, strongly suggestive of that of a 

‘rust-struck’ field.’’ Peck thinks this fungus inhabits the leaves 

of some of our northern grasses and has escaped from them to 

oat fields. Mr. F. C. Stewart made a study of Cladosporium 

while at Ames, finding it on many wild grasses, especially blue 

| _ grass. Giltay4 reports that plants are infected in the same 

way as in some of the grain smuts, the spores being carried 

*Bull. Ohio Agrl. Exp. Sta. 97: 42. 

+Cobb. 3: 991. 

+Ueber die Befallung durch Oladosporium und Phoma. Zeit. f. Pflanzenk. 3: 28. Rep. 

Maine State Coll. 1894; 96. f. 3, 

SOCobb. 3: 1000. 

lRep. N. Y. State Mus. of Nat. Hist. 43:9 pl. 3. f, 19, 22. 1890. 

‘]Ueber die Schwarze des Getreides. Zeit. f. Pflanzenk. 3: 200. 
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Fig. 97. Cladosporium and other fungi on kernels of corn. Kernels of corn 

injured'on top. 

Fig. 974. Oladosporium-like fungus. §, spores; c. conidiophores; 2, Macrosporium. 
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Fig. 97B. Cladosporium Zeae from corn kernels; a, conidiophores; Db, c, spores. 

Cross-section 

5 s 

Fig. 98. Spot Disease of Orchard Grass (Scolecotrichum graminum) 

of leaf, general fruiting layer of fungus with conidiophores and conidia; A, spores 

germinating (Trelease). 

over by the fruits, and that the disease can be prevented by 
treatment with hot water. A species of Cladosporium com- 
monly affects the kernels of maize, at times quite troublesome. 

According to Peck the C. Zeae Pk. is parasitic and attacks the 
unripened grasses. 

SPOT DISEASE OF ORCHARD GRASS. 

Of the many imperfect fungi which attack grasses, one of 

the most serious is the spot disease (Scolecotrichum graminis), 
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described by Fuckel.* The only extended economic account 

was made by Trelease,+ in 1886 There are also shorter 

accounts by the writer.{ This fungus is especially common 
on orchard grass. It is reported as destructive on timothy 
and oats by Eriksson.§ It also occurs on timothy and at times 
is quite destructive. It produces what is sometimes called 
rust. The writer has also found it on barley. Tubeuf| reports 
it onoats. Ithas, however, never been noticed on this host in 

Iowa. Trelease,t describing the occurrence of the fungus 
about Madison, Wis., says: ‘‘ When the basal leaves of orchard 

grass had reached their full length, my attention was attracted 

by a very abundant discoloration of this species, sometimes 
confined to the extremity of the leaves, sometimes extending 

nearly to their base. So far as my observations went, nearly 
every stool of orchard grass was affected.’’ 

The first indication of the fungus is an elongated brown or 

purplish-brown spot. In older specimens the centers of these 
spots are gray or whitish and contain minute black dots. These 
small dark spots contain the tufts of brown fungus threads, 

which make their way out through the stomata. These fruit- 

ing hyphae bear small, smoky-brown, two-celled spores. The 
fungus causes the cells of the leaf to become much altered, 

because the colorless threads of the fungus permeate them. 

The hyphae are sometimes septate and the spores are usually 

borne at the end or occasioally in a lateral position. On bar- 

ley the disease is marked by brown or purplish-brown spots 

which appear on the leaf transversely. Trelease notes that 

the season of 1886 was a very dry one, very little rain having 
fallen for several months. 

YELLOW LEAF DISEASE OF BARLEY. 

The yellow leaf disease (Helminthosporium graminum, Rabh) 
is one of the most destructive of the parasitic diseases affecting 

barley in Iowa. The fungus has been known for a considerable 

length of time in Europe, where it was first described by 

4Symb. 107. Saccordo. Syll. Fung. 4: 348. 

+Beal. Grasses of North Am. 1:428. 
tU.S. Dept. Agrl. Rep. 1886: 129. 

¢Pammel: Fungus Diseases of Iowa Forage Plants. 

¢Pammel: New Fungus Diseasesin [owa. Jour. Myc, 7: 96. 

$Bidrag till kannedomen om vara odlade vaxters sjukdomar. 185. pl. 9. 

$Sorauer. Just. Bot. Jahresb. 1885: 502. 

lI. c. Pflanzenkrankheiten, 526. 

14 
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Rabenhorst and found by Caspary.* The writer has published 
several notes on this fungus.+ It is closely allied to several 
species of Helminthosporium. Mr. Ellis, to whom specimens 
were submitted, writes that the fungus is, without doubt, Raben- 

horst’s Helminthosporium graminum and this is the same as H. 

inconspicuum, {| C. & E. and Passerini’s H. turcicum.§ The speci- 

mens in Ellis North American fungi were found on dead 

leaves of Zea mays. Passerini’s specimens were also found on 

the species and he attributed it to the fungus he has described. 

Briosi and Cavara|| have described, figured, and distributed the 

same fungus in their collection of parasitic fungi. The 

spores of these species seem to agree well enough with Raben- 

horst’s H. graminum,*| which was found by Caspary on barley. 

Frank**, in his earlier work on the parasitic diseases of plants, 

considered it to be only a well developed Cladosporium, but 

later refers it to Helminthosporium. In 1885, Erikssontt+ found 

a disease on barley, near Upsala and Stockholm, which he 

considered identical with that found by Caspary on barley in 

Germany. Kirchner{{ reports it as common in Germany and 

gives a good account. Later Aderhold$§ reported on its common 

and destructive occurrence in Silesia. 

The Iowa barley disease agrees with Eriksson’s, but differs 

from the corn disease found by Passerini. According to the 

latter observer the leaves of corn affected by the fungus are at 

first yellow, then become more or less discolored and finally 

wilt. 
The spots in the specimens distributed by Briosi and Cavara 

on corn are sharply limited and extend across the veins. This 

disease manifests itself long before the barley has headed out. 

In the barley disease the spots extend from the base to the 

very tip of the leaf in parallel rows. The diseased leaves form 

quite a contrast to those of adjoining healthy plants, as they 

are variegated pale yellow and green. All the stalks of a stool 

*Herbarium mycologicum. 332, 

+Pammel. Fungus diseases of Iowa forage plants. Pammel. Jour. Myc. 7: 96. See 

also Sorauer. Pflanzenkrankheiten, 348. Tubeuf. Pflanzenkrankheiten. 531. 

tEllis N. Am. fungi. No. 45. Grevillea. 6: 88. 

§La nebbia del granturco. 3. Schroeter. Just Bot. Jahresb. 1878: 184. Comes. Critto- 

gamia agraria. 1: 409. 

|Fungi Parassiti delle piante cultivate od utili essicati deliniati e descritti. Fasc. 

III and IV, No. 81. 

‘Herbarium mycologicum. 332. 

**Krankheiten der Pflanzen. 582. (Ed. 1.) 316. (Ed. 2.) 

++Ueber eine Blattfleckenkrankheit der Gerste. Bot. Centralbl. 29: 89. Sorauer Just 

Bot. Jahresb. 1885: 515. Distributed in Fungi Scand. 187, 

¢+Braunfleckigkeit der Gerstenblatter. Zeitsch. fur. Pflanzenk. 1: 24. 

§$Zeitsch. fur. Pflauzenk. 5: 10. 
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: Fig. 99. Yellow leaf diseae of barley (Helminthos- 
ey portum graminum, Rabb.) a, hypha; b, hypha arising 

from short cells; c,conidium, cluster of conidiophores 
to the left; d, mycelium. (Pammel and King.) 

Fig. 100. Helminthosporium graminum; a, spore germinating; d, conidiophore ; D, 
conidiophore; é, conidium or spore. 

Fig. 101. Leaf browning of corn (Helminthosporium turcicum) to the right. Myce- 
lium below and a seven-celled spore above. Condiophore pushing through the stoma 
in right-hand figure. (Pammel and King.) 
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are affected. The plants die prematurely, and soon after death 

the leaves become torn into shreds. An examination of the 

affected parts when the variegated linear stripes appear shows 
a colorless mycelium permeating the tissues of the leaf. In 

older parts of the leaf blackish masses are clearly made out 
with the naked eye. These masses consist of the spores and 
fruiting fungus threads. The erect septate hyphae make their 

way through the opening of the stoma or break through the 

epidermis, bearing large three to six-celled spores at the end. 
Occasionlly one finds these hyphae branched. The mass of 

brown hyphae and spores along the veins can be seen easily 

with the naked eye. The spores germinate readily, often a 

number of germinating tubes coming from a single spore. The 

Helminthosporium teres, Sacc., on oats, described by Briosi and 

Cavara, is closely allied to the above species. The mycelium is 
intercellular and causes elongated dead spots, finally death of 

the leaf. 

LEAF BROWNING OF CORN (HELMINTHOSPORIUM TURCICUM, 
PASS. ) 

Spot diseases are abundant and destructive on many of our 

cultivated plants. Corn, so far, has been unusually free from 

these troublesome diseases. In 1876, Passerini,* an Italian 

mycologist, described a fungus, Helminthosporium turcicum, as 

occurring on living leaves of corn. It was distributed by 

Rabenhorst. + 

Earlier, Cooke and Ellis} described a somewhat similar 

Helminthosporium, the H. inconspicuum, on dead leaves of corn. 

The Cooke and Ellis species is sometimes parasitic. Comes§ 

holds that this fungus is distinct, although closely related to 

the European. Peck| states that it occurs on living or lan- 

guishing leaves of Indian corn, and Harvey reports the var. 

britanicum, Grove on oats. Professor Peck gives the following 

account of the disease: ‘‘If the lower leaves of corn stalks be 

examined toward the end of summer, some of them will be 

found to be dead and discolored at and near the pointed end. 

This discoloration is sometimes continuous, involving the whole 

*La Nebbia del gran turco. Parma. 1876. Abst. J. Schroeter. Just. Bot. Jahr. 

Just. 1876: 184. 
+tFung. Europ. 23. 

¢Saccardo. Syll. Fung. 4: 411. Grevillea. 6. §€8. Ellis. N. Am. Fung. No. 45, 

$Crittogamia Agraria. 409. 

Ann. Rep. State Mus. Nat. Hist N. Y. 34: 51. 466. pl. 3. b. 

Ann. Rep. Maine State Coll. 1894: 21. 95. 

+ aE Le 
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outer half of the leaf, and sometimes is interrupted and forms 

spots of various sizes and shapes. The spots, by increasing in 
size, become confluent, and thus a leaf, at first spotted, may 

soon become uniformly discolored. The discoloration results 

from the death of the leaf tissues and the destruction of the 
green coloring matter of the leaf cells, the affected parts 
appearing to the observer like so much dead leaf.’’ 

Stewart* states that the H. inconspicuum on Long Island 

must be regarded as an enemy of considerable importance. 

Both sweet and field corn suffered in some cases so severely as 

to materially lessen their value for fodder. The farmers 

attributed the cause of the disease to a period of unusually hot 

weather which prevailed during the month of August. Thax- 
tert states that it is also injurious at times in Connecticut 

where it is known as ‘‘white blast of Indian corn.’’ It is com- 
mon at times in lowa and does much injury. 

Later Briosi and Cavara distributed a fungus on corn with 

a description of Passerini’s H. turcicum. In1891 one of us gave 
an account of Helminthosporium graminum, Rabh., on barley in 

which reference was made to the fungus on corn. J. B. Ellis, 

to whom the fungus was submitted states that it is identical 

with the corn fungus. After a careful examination of the 

material at hand we are of the opinion that these fungi are dif- 

ferent. The Italian fungus has not been observed here, but an 

account is given to complete the list of diseases occurring on 

corn. In the Italian disease the spots are sharply limited 

across the veins, one to three inches long, one-sixteenth to one- 

eighth of an inch wide. The dead tissues have the appearance 

of dead corn leaves when ripe or affected by frost and produce 

premature wilting. The surrounding green is in strong con- 

trast. Over the dead areas may be seen small brown clusters, 

the hyphae and spores. 

One or more of the fruiting hyphae make their way through 

the opening of the stoma. These come from a colorless myce- 

lium. The conidiophores as well as the spores are brown. 

The latter are large, 8-100" in length, 20-24" in width. This 
fungus is often associated with Cladosporium fasciculatum Corda 

*Rep. Geneva N. Y. Agrl. Exp. Sta. 15: 452. pl. 32. f. 2. 1896. 

+Rep. Conn. Agrl. Exp. Sta. 1889: 171. 1890. 
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and Alternaria tenuis Nees. The disease is not limited to corn 

but also occurs on sorghum (Andropogon sorghum). 

GRAY SPOT DISEASE (PEIRICULARIA GRISEA (COOKE) SACC.) 

Crab grass (Panicum sanguinale) is seriously affected at times 

with the above fungus. It is sometimes difficult to find a 

healthy plant. The affected leaves at first are pale green in 
color, then become brown. Themycelium occurs in the interior 

of the leaf; the hyphae protrude through the openings of the 

stomata, bearing small pear-shaped spores slightly smoky in 
color. The spores measure 9x 18". The affected parts have 
an ashy gray color.* 

WHEAT SCAB (FUSARIUM ROSEUM, LINK). 

This fungus as an enemy of wheat was first described by 

Worthington G. Smitht as Fusarium culmorum. It is probably 

Py 
5 
Ss ae 

not common on the continent of Europe, as it is not reported 

by Loverdo, nor is much said of it by Sorauer. That itis a 
serious trouble here will be seen from the following estimate 

in Velvet chaff wheat: Out of a total of 125 heads, 73 were 

perfect, 24 blighted one-third, 7 entirely blighted, and 24 

blighted less than one-third. In the variety John, Mr. Stewart 

estimated the loss at about one-fifth. In hybrid Dattel, out of 

120 heads counted, 57 were perfect, while 8 were entirely, 8 

one-half, 15 one-third and 32 partially destroyed. Weed} has 

made this fungus the subject of several papers. He says: ‘‘In 
1890 I saw a field of 100 acres in Madison county, Ohio, consid- 

ered the finest wheat field in the county, and which was 

expected, shortly before harvest, to yield 35 to 40 bushels per 

acre, so severely attacked by the disease that the yield was 

reduced to 8 bushels per acre. Two other fields, one of 25, the 

other of 50 acres, were shrunken in yield at least one-third 

from the same cause. The fungus apparently gains access to 

the tender, undeveloped kernel, sapping its life and sending 

down feeders into the main axis of the head on which the ker- 

nel and enclosed chaff are borne. ’’ / 

*Saccardo. Syll. Fung. 4: 217. Trichothecium griseum Cooke Rav. Amer. Fung. 580. 

+Diseases of Field and Garden Crops. 208. This fungus is placed with Endoconi- 

dium by Prillieux and Delacroix. 

*Soc. Prom. Agrl. Science. 11: 47%. f. 1, Fungi and fungicides. 199. See also 

Pammel. Jour. Mycology. 7: 97. 
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The disease appears about the time when the grain begins 

to turn. Hither the entire head or ssme part of it ripens sud- 

denly and prematurely. If the head is partially destroyed the 

lower part will be green. Affected heads or parts of the same 
have a whitish appearance instead of a golden yellow. The 

— 

Fig. 102. Gray spot disease of crab grass (Piricularia grisea). (King.) 

disease usually starts at the upper end, although it may begin 

at the lower end. The mycelium is whitish or varies from 
yellow to orange, divided, torulose. The spores are borne on 

erect threads arising from the mycelium, terminal or lateral, 

crescent-shaped, at first one-celled, finally divided into two or 

more cells. The color of the spores is whitish or, in masses, 

orange or pink. In germination each cell produces a germ 

tube. The several-celled spores may break up into conidia. 
The Fusarium heterosporum Nees, is common in parts of Ger- 

many, and Tubeuf quotes Frank as stating that the destruc- 
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tion of rye is total in some places, the fungus investing the 
whole kernel. Rostrup* mentions it as destructive to ger- 
minating barley. It also occurs upon ergotized rye and is 

regarded by some mycologists as distinct from Fusarium cul- 

morum. It is probable that the various species of Fusarium 

Fig. 103. Wheat scab (Fusarium roseum or, Gibberella sawbinettii (Mont.) Sacc.). 1, 

wheat head affected with wheat scab, upper portion destroyed; 2, spores of Fusarium; 

3,glumes covered with perithecia; 4,perithecia;5, ascl from perithecia, with ascospores, 

one of these enlarged at 6; 7, conidiophore and conidia grown in agar. (After Selby, 

Ohio Agrl. Exp. Sta.). 

infesting cereals should be referred to F. rosewm, Link,+ and 

according to Saccardo{, the ascigerous stage is Gibberella sau- 

binettii (Mont.) Sacc. Selby§ agrees with Saccardo in regard 

to its genetic connection with Gibberella. 

*7, 538. 

+Frank. Krankheiten der Pflanzen 358, (Ed. 2.) 1896. 

*Syll. Fung. 2: 554. 

$Bull. Ohio Agrl. Exp. Sta. 97: 40. 
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SMUTS—USTILAGINE. 

The Ustilagineze are popularly known as smuts and are well 
known to all farmers, at least those affecting our cereal grasses. 

Among the several hundred species those of cereals are most 

destructive, entailing a loss to the farmer every year of millions 

of dollars. 

A large number of the economic grasses are likewis2 affected, 

but these are not so often observed, though the loss in many 

cases is quite serious. I have not attempted to discuss 

all of the smuts of our economic grasses, though I have given 

short accounts of the more important, and especially the smuts 

of cereals. Many important studies have been made in this 

country especially of our economic species. Kellerman and 
Swingle, Arthur and other mycologists have made important 

contributions to our knowledge of Ustilagineze. I have freely 

Fig. 104. Maize smut, Ustilago maydis. Bar affected, é,smut boils; 7, kernels; ¢, 
bracts. 

Fig. 105, Smut boil making its appearance at the node. (King.) 
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used their material with such work as has been done from time 

to time during my connection with this experiment station. 

CORN SMUT (USTILAGO MAYDIS). D C. 

For more than a century this troublesome fungus disease 

has been known. The first reference to it was made by Aymen* 
in 1760, who records the disease on the tassel of corn. In 1806 

it was described by De Candollet as Uredo segetum. Var. mays- 

zeae. D. C. Burger,{ in his work on corn, gives a short 

account of the fungus. Bonafous,§ in his treatise on corn, gives 

the most complete of the early accounts of this disease. 
Kuehn, || Tulasne, { Meyen, **Brefeld, ++Fischer de Waldheim, |} 
and a host of other writers have contributed to an account of 

corn. Fora good bibliography as well as abstracts and con- 

clusions of these writers we must refer to a paper by Hitchcock 
and Norton.§§ These writers have followed Magnus in adopt- 

ing the name of Ustilago mays zeae (D. C.) Magnus, but the 
name in common use, that of Ustilago Maydis, seems preferable 

and is adopted in this paper. 
General characters.—Corn smut makes its appearance when 

the plant is three or four feet high, a little before the time of 
flowering, although in some cases it is not observed till the ears 

form. Careful search will show that many leaves, as well as 

the nodes, are infested before the ear forms. In the leaf, small 

wrinkled patches appear. These are frequently reddish in 

color; later assume a glossy white color, and as it becomes 

older changes to a black sooty mass. The lower nodes are 

especially infested; also where the leaf joins the sheath. The 

*Rec. sur. les progres et les causes de la Nielle. 77. 

thls Er., 2: (596: 

tAbhandling uber Mais. 242-43. 1809. 

$Historie Naturelle. Agricole et economique du Mais. 94. 1836. 

Die Krankheiten der Kulturgewachse. 70. 1859. 

7Memoire Surles Ustilaginees comparees aux Uredinees. Ann. Sci. Nat. III. 

72283." 1847. 

**Pflanzen Pathologie. 102. 1841. 
+;Untersuchungen aus dem Gesammtgebiete der Mykologie. Also Neue Unter- 

suchungen uber die Brandpilze und Brandkrankheiten. If Nachrichten aus dem 

Klub der Landwirthe zu Berlin. 1888. 

¢¢Coutr. to the biology and history of the development of the Ustilagineae. Rep. 

N. Y. Agrl. Soc. 1870: 280. Translated from Pringsh. Jahrb. Wiss. Bot. 7: 61. 

SSBull. Kans. Agrl. Exp. Sta. 62. 190-197. 1896. See, also, Corda. For contribu- 

tions to the knowledge of the different kinds of brands in the cereals and blight in 

grains, by Corda, translated by Smith, 19. pl. 3 f. 1-2. Emmons’ Agrl. of N. Y. 2: 265. 
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sheaths, leaves and stems are more frequently attacked than 

the ears, as is shown elsewhere in this paper. The staminate 

flowers or tassels are especially affected, either a few of the 

spikelets or a large number, or a very distinct boil makes its 

appearance below the staminate flowers on the stem. 

The most characteristic appearance of the smut occurs in the 
ear, forming the so-called boils. This may include the whole 

ear or only a small part. The smaller ears further down are 

affected later, in part by auto-infection or from spores contained 

in the field. 

Fig. 106. Maize smuton leaf. S—Smut boil, leaf very much wrinkled. The black 

smut boils contain the spores. (King.) 
Fig. 107. Tassel showing corn smut boils and spores. (King.) 

Microscopic characters.—The sooty mass consists of a large 

number of small bodies known as spores, that serve for the 

reproduction of the fungus. These spores are usually round, 

spherical, somewhat spiny and measure about ;+; (8-18 x 8-11") 
inch in diameter. Hitchcock* has given the measurement of a 

large number of spores. Undér proper conditions of moisture 

these spores germinate. This proceeds best in sterilized rain- 

water and if kept under proper conditions of warmth, a tube 
emerges through a pore. The spore consists of an outer wall, 

which is spiny, and an inner more delicate, the endospore. 

The tube or promycelium, as itis called, normally bears lateral 

*Hitchcock. Variation in spores of cornsmut. Science 22: 353. 
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bodies, the conidia, but under more favorable conditions of 

food these may branch and bear secondary conidia. If the 

nutrient material is not exhausted this process of budding may 
be continued for a long time. These spores may propagate in 

a decoction of manure. It will then be seen that these budding 
conidia may be a center of infection. 

The conidia as well as the secondary conidia are blown 

about by the wind and under proper conditions cause the infec- 

tion of the corn plant. Several years ago Mr. F. C. Stewart* 

made some extended studies of the germination of corn smutin 

which it was shown thatthe thermal death point of smut spores 
is 15 min., 105°-106° C. indry oven, and 52° C. when immersed 

in water; and that corn is unable to come through an inch of 

soil after 15 minutes treatment with water at 70.5° C., and in 

dry oven at 78° C. Brefeldt+ found that smut spores produced 

an abundance of secondary conidia when they were germinated 

in sugar solution, but with us this has never been a very satis- 

factory method of propogating them as the cultures soon 

became infected with bacteria which materially checked the 

progress of the germination of spores. These bacteria came 

from the smut. 

Age has something todo with the germination of the spores. 

In our own work fresh spores never germinated as well as those 

perfectly dry. Those of a previous season always germinated 

well. They may preserve their vitality for a considerable 

length of time. Brefeld has shown that spores 2 years old 

germinated readily, and that spores 7 years old germinated in 

nutrient solution in from five to eight days. 

Norton and Hitchcock, however, found that the young spores 

just formed germinate best, and grow more vigorously after 

germination. Brefeld, however, found that old spores when 

germinated will grow as vigorously as the newer. 

Manner of infection.—Until the exhaustive researches of 

Brefeld, the statement of Kuehn,{ an excellent observer and 

investigator were accepted. Kuehn stated that the mycelium 

from the germinating spores enters at the root node, the most 

tender part of the corn plant, asin the case of wheat bunt. He 
supposed this to be true of other smuts as well. It has been 

*Effects of heat on the germination of corn and smut. Iowa Acad. Sci. 2: 74-78. 

Se eee aus dem Gesammtgebiete der Mykologie. Ueber Hefenpilze, V 

Heft. 67-76. 1883. 

+Bot. Zeit. 33: 122. 
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Fig. 108. Maize smut spores germi- 
mains in sugar solution. (Brefeld 
U.S. Dept. Agr.) 

Fig. 110. Maize smut germinating 
in water. (Brefeld U.S. Dept. Agr.) 

Fig. 109. Maize smut ( Ustilago maydis); a, mycelium of fungus and cells of the host. 

(U.S. Dept. of Agrl.) 
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shown that Kuehn was in error, at least for some of our smuts. 

Because, however, of Kuehn’s work, it was recommended to 

treat seed corn as \,heat seed was treated for bunt. In 1892 

experiments were made at the Iowa Agricultural College* with 
corn, in which seed was treated with hot water heated up to 53 
—55° C.;also ammoniacal carbonate of copper, and copper sul- 

phate. The hot water treatment, as the work of Stewart indi- 
cated, could not have been effectual, since the smut spores can 
be heated higher than corn. The other treatment should have 

been effectual, since the smut spores are sensitive to copper 

solutions. In all cases there was no appreciable difference 
between treated and check. Independently of this work, the 

botanists of the Kansas Experiment Stationt made some exper- 
iments from which the following conclusions were drawn: 

‘‘Murther investigation is necessary in order to determine the 

mode of infection—a point that must be settled before we can 

hope to employ rational methods for the prevention of this 

annoying:and destructive pest. ”’ 

More complete experiments made by Hitchcock and Norton} 

indicate that: 

1. ‘‘Infection may take place at any time of the season 

when the corn is growing, and does not depend so much on the 

time of the season as on the stage of development of the plant. 
2. ‘Infection may take place in any part of the plant 

where growing tissue is present, and at any time in its life, 

but scarcely ever before the plant has attained the height of 

three feet. 

3. ‘After the tissues are hardened, the smut cannot pene- 

trate them, and consequently infection does not take place in 

older parts of the corn, but only in the growing tissues. This 

growing condition is found in the young leaves when the first 

smut appears in the field; later it occurs mostly at the junction 

of the leaf and sheath, where cells are present for a long time 

in a state of growth, and are consequently exposed longer to 

penetration by the germ tubes from the conidia; still later this 

is found in the flowers and young parts of the ear and tassel; 

while finally the only parts open to infection are the rudimen- 

tary ears, which develop after the larger ears, at each joint on 

the lower part of the stalk. 

*Bull. lowa Agrl. Exp. Sta. 25. 315. Seealso Bull. 20. 721. 

+Bull. Kansas Agrl. Exp. Sta. 2%: 315. 

tBull. Kansas Agrl. Exp. Sta. 62: 183-187. 
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Fig. 109.7” Corn smut (Ustilago maydis) germination of spores in water. 

4. ‘The infection is probably through the conidia and not 

directly from the spores. Brefeld’s investigations, mentioned 
elsewhere, seem:to demonstrate this. 

5. ‘The period of incubation, or time between infection and 
the appearing of smut boils, is about ten days. 

6. ‘It is probable that the early infections come from the 

spores of last year, which germinate on the ground at the first 

favorable weather in the spring, while the later and more 

abundant infections are from the new spores developed early 

in the season. ”’ 

Professor Morini* seems to have established the fact that the 

passage of spores through the intestinal tract favors the ger- 

mination and penetration of the sporidia in its host plant. 

*Morini. Il. Carbone delle piante Chimica Veterinaria 7: See Loverdo Les Mala- 

dies Crypt. 76. 
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We add here also Brefeld’s* conclusion. His experiments 
are divided into four series from which the following conclusions 

were drawn. First.—Very young seedlings could be infected toa 

slight extent; older ones not at all. Second.—Successful infec- 

tion in rolled up young leaves, when plants were a foot high. 

Third.—Successful in young inflorescence. Fourth.—When 

brace roots were in right condition they took the disease. 

‘‘According to this, the final result of all the infections with 

corn smut on maize is entirely different from the previously 

described results with smut fungi living exclusively in the 

grains. The smut germs come to full development and pro- 

duce smut pustules and spore beds on every spot of the still 

undeveloped parts of the plant into which they have pene- 

trated. The action of the germis narrowly localized—only 

those parts of the young plant become smutty which have been 

attacked directly by the fungus germs; all the rest remain 

normal and sound. The formation of the smut pustules begins 

quickly, at longest three weeks after the infection. ’’ 

“The complete result of all the here-cited infection experi- 

ments with dusty smut, millet, and corn smut affords, in the 

first place, indisputable proof that the germs of smut fungi 

which live saprophytically outside of the host plants can pro- 
duce smut diseases.”’ 

‘‘When the smut was nourished saprophytically longer than 

a year in continnal reproduction outside of the host plant, then 

only did the outgrowth of the conidia into germ tubes cease. 

Along with this the power of infection was extinguished, 7. e., 

with the disappearance of a comprehensible morphological 

character, for the germs can only penetrate into the host plants 

by means of their germ tubes.”’ 

“The earlier view that only the young seedlings of the host 

plants are receptive to the fungus germ has not been sus- 

tained. On the contrary, the fungous germs can penetrate 

into all sufficiently young parts of the host plant.” 

Mycelium.—The fungus vegetates in the interior of the plant 

by what is termed the mycelium; a single thread being known 

asahypha. In its early stages these fine threads penetrate 
chiefly between the cells of its host, sending short branches 

into the cells; these are known as haustoria. These are fre- 

quently branched, and may extend as far as the nucleus and 

*Ontersuchungen aus dem Gesammtgebiete der Mykologie. Heft XI. Smith. Jour. 

of Myc. No. 4. 6: 162. 1890. 
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beyond. Seymour* observes that the thicker the cell-walls 

which the mycelium penetrates, the more abundant are the 
haustoria. In later stages of the fungus the mycelium extends 

through and into the cells of its host, becoming densely packed, 

but not much beyond the point of infection. The mycelium 

has a peculiar glistening opalescent appearance. In course 

of time spores are formed from the branching mycelium by 
abstriction; in this way a chain of spores is formed. In appear- 

ance and color these parts do not differ essentially from the 

mycelium. The protoplasm is highly granular, the cell-walls 

become gelatinous; these walls later are absorbed, so that little 

else than a mass of black spores remain. As a result of the 
infection, the host develops an incre2sing number of thin- 

walled parenchyma cells. This is due to the action of the 
fungus. 

Hosts.—Corn smut occurs on but two host plants so far as 
known. Cornis, of course, the common host plant, but Trelease 

has also collected the fungus on Teosinte (Huchlaena Mexicana), 

- and it may be expected on related genera. 

Distribution and damage.—The fungus is found wherever 

corn is grown. Botanical writers refer t) it in lowa, Wiscon- 

sin, the Carolinas, New Jersey, Indiana, Kansas and Texas.+t I 

have examined specimens from Illinois, New York and Massa- 

chusetts. European mycologists report it from Italy, Ger- 

*Smut of Indian corn (Ustilago Zea Mays). Rept. U.S. Dept. of Agrl. 1887: 380-382. 

t+tTuckerman and Frost. Cat. Pl. Amherst Coll. 83. 

Day. Cat. of Nat. and Native Plants of Buffalo. 143. 

Ellisin Briton. Pl. of New Jersey. 506. 

Trelease. Parasitic Fung of Wis. 3+. 

Schwienitz. Syn. Fungi. Car. 71. 

Bessey. Bull. Bot. Dept. Iowa Agrl. College. 1884: 127. 

Ravenel. Fung. Car. Ex. [V. 100. 

Kellerman. Bull. Kan. Agrl. Coll. Exp. Sta. 23. 

Bull. Neb. Agrl. Coll. Exp. Sta. 11: 67. 
Norton. Trans. Acad. Sci. St. Louis. 7: 234. 

H.S. Jennings. Bull. Texas Agrl. Coll. Exp. Sta. 9: 29. 

Hitchcock and Norton. Bull. Kan. Agrl. Exp. Sta. 62. 

Kellerman & Werner. Oat. of Ohio Plants. 347. 

Seymour. Rep, U.S. Dept.of Agrl. 1887: 380. 

Peck. Rep. State Mus. Nat. Hist. 34: 26. 

Webber. Cat. of Flora of Neb. 73. 

Bessey. Bull. Neb. Exp. Sta. 11: 24. 

&. Lamson-Scribner. U.S. Dept. of Agr]. Rep. 1887: 385. 

14 
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many, France, England, Astria, Hungary, Belgium and Chili.* 

Damage Done.—In warmer countries it is said to be much 

more severs than in colder countries. It appears that climate 

greatly influences the amount of smut present. I havet 

reported on the abundance of this disease in Philippine island 
corn grown onthecollegegrounds. Itoccurred onevery plant, 

not only affecting ears, but a large number of nodes had 

smut boils. The same thing was again observed in 1897 on 

some corn from South America and Mexico, cultivated on the 

college grounds. 

Henry states that in the vicinity of Madison, Wis., in 1881, 

there was a loss of 5 to 25 per cent. This could not have been 

general but was most probably an unusual condition, occurring 

only in somefields. In 1882 personal observations showed very 

little smut in many parts of Wisconsin. The loss is often 25 

per cent in sweet corns grown in gardens, and in fields where 

rotation has not been practiced. 

Halsted} states that in 1886, the college corn field had sixty- 

two hundredths of 1 per cent. Bessey§ states that one year in 

one field 66 per cent of loss occurred. In this case the field 
had been in corn for several years. He further observes 

that 15 per cent is not uncommon. Brewer|| observes that in 
1879 there were cases in which there was a loss of 163 per cent, 
but in most cases there was less than 1 per cent. 

Maize smut not injurious to cattle.—It has been held by many 

that corn smut is injurious to cattle. This has been a common 

belief in some quarters. In some kinds of smut asmall amount 

of ergotine is found. Professor Power of the Welcome 

Research Laboratory, England, found this true for the smut 

*Chili. Saccardo. Syll. Fung. 7: 472. 

Fischer De Waldheim. Ustilaginew. 217. 

Germany. De Bary. Die Brandpilze. 4. 

Sorauer. Planzankrankheiten. 201. 

Frank. Die Krankheiten der Pflanzen.-110 (Ed. 2.) 

Winter. Die Pilzs. 97. 

Tubeuf. Pflanzenkrankheiten. 291. 

Austria. Thumen. Bekampfung der Pilzkrankheiten. 29. 

Italy Comes, D O. Crittogamia agraria. 75. 

Penzig. Fungi Agrumicoli. 

France. Jean Loverdo. Les Maladie3 cryptogamiques des cereales. 68. 

Tulasne. Mem Les Ustilaginez 84. 

England. Smith. Diseases of Field and Garden Orops. 254. 

+Pammel. Fungus diseases of Iowa forage plants. 4 

$Bull. Dept. of Botany Lowa Agrl. College. 1886: 16. 

$Bull. Dept. of Bot. lowa Agrl. Coll. 1884; 127. Also Bull. Neb. Agrl. Exp. Sta. 11: 

| Cereal Production of the U. S. Tenth Census Rep, 3: 107, 
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on Setaria glauca, and there are many persons who think that 

this smut is injurious to cattle that feed in corn fields where 

there is a great deal of this fungus. 

Kedsie reports the following composition: Moisture, 8.30 

per cent; albuminoids, 13 06 per cent; carbohydrates, 25.60 per 

cent; cellulose, 24.69 per cent; sugar, 4 per cent; fat, 1.385 per 

cent; ash, much sand, 25.5 per cent. Professor Kedsie was. 

unable to find any poisonous alkalo‘ds. In 1868, the United 

States department of agriculture employed Professor Gamgee* 

to ascertain the cause of the cornstalk disease. 

Prof. W. A. Henry,+ in a recent work says, speaking of 

work done by the Bureau of Animal Industry, Clinton D. 
Smith and Gamgee: ‘‘In experiments by the Bureau of Ani- 
mal Industry, U.S. Department of Agriculture, Washington, 

corn smut was fed to heifers without ill effects. With all the 

trials but one ending without disaster, it seems reasonable to 

conclude that corn smut is at least not a virulent poison, if, 

indeed, it is one in any sense of the word. It is probable that 

in the Wisconsin cases, where one cow died and the other was 

indisposed, the animals suffered because of eating too much 

highly nitrogenous material rather than anything poisonous. 

Worse results might have followed the feeding of the same 

volume of corn meal or cotton seed meal. It would seem that 

there is little or no danger from corn smut unless cattle con- 

sume a large quantity. This is possible where they are allowed 

to roam through stock fields and gather what they will. There 

may be cases where animals seek out the smut and eat inordi- 

nately of it.’’ 

Recently Smith{ of the Michigan Agricultural College gave 

the results of some experiments with corn smut. Varying 
amounts of smut were fed to three grade Shorthorn cows and 

one grade Jersey. Two of the cows were started with two 

ounces a day and increased to eleven pounds. Two others 
were started with two ounces and increased toa pound. The 
test lasted forty-nine days. They appeared to relish the smut. 
It produced no signs of abortion in pregnant cdws, and the milk » 

yield was normal. Smith concludes that the smut in corn 

fields is not likely to prove injurious. 

*Report U.S. Dept. Agr. 1869: 73. 

tFeeds and Feeding. A hand book for student and stockman. 176. 1898. Seealso - 

Rep. Board of Regents, University of Wis. 1881. 

¢Bull. Mich. Agrl. Exp. Sta. 187. 
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Beal* states that under certain conditions smut is likely to 

be injurious to cattle. The experiments made by Mooret also 

indicate, like those of Smith, that smut is not injurious. 

Beginning on the morning of January 17, 1894, and continu- 

ing until noon of February 2 (sixteen and one-half days), the 

heifers were fed moraoing and evening with from two to three 

quarts of a mixture of equal parts by weight of cut hay and a 

mixture of corn meal, middlings and wheat bran, and sixteen 

quarts of smut. No injurious affects were observed by Moore. 

It seems reasonable to conclude from these experiments that 
under proper conditions corn smut is not injurious. In our 

experience no cases have ever been reported to us where cattle 
were supposed to have died from eating corn smut. 
Prevention.—In previous paragraphs it has been stated that 

smut does not necessarilly enter the corn plant when the latter 

germinates but at a later period. From this it fol’ows that it 

will be useless to treat the seed. Experiments made atthe Agri- 

cultural college ind'cate, that no well-known fungicide or the 

hot water treatment is-effective. The treated kernels in some 

cases contained as much smutas those not treated. As indi- 

- cated in a previous paragraph, Bessey found a considerable 

increase in smut where corn was planted in the same field 

several years in succession and one of us has also observed the 

same condition. It has also been shown that when a variety 

is not acclimated it is much more subject to smut. This fact 

has again been noticed in a striking manner, in some South 

American and Mexican corn grown on the college grounds, 

where there had been no corn for years and no corn fields near 
it this year, nor for some years. These particular varieties 

produce so much foliage and the vegetative organs are so 

vigorous that they are unable to properly resist the attacks of 

the fungus. 

It has also been recommended that the smut boils should be 

carefully collected at husking time and burned. It would not 

be a troublesome op2ration to throw all smutted corn in a 

separate small box. This would remove the smut from the 

kernels, but it would be impossible to collect and destroy the 

smut boils on cornstalks where it is more abundant than in the 

ears and in smut occurring on leaves. Financially we believe 

that this operation would not pay. The best and most feasible 

*Rep. State Board of Agrl. Mich. 1880: 288. 
+Corn stalk disease. Bull. Bureau of Animal Industry. U. S. Dept. of Agrl. 10: 

47, 1895. 
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methods would be to plant corn which is thoroughly acclimated 
and such varieties as are least subject to smut. Crop rotation 

is to be strongly urged. Cora should never follow corn. A 

year rotation will destroy a large number of the smut spores. 

HEAD SMUT OF SORGHUM (USTILAGO REILIANA, KUEHN). 

In 1875, Kuehn* described a fungus occurring upon sor- 

ghum, the Ustilago reiliana. Since then this fungus has been 

found widely distributed on sorghum in Africa, India, China, 

Egypt, Italy, Hungary, and Germany and in the United States 

it has been reported from New Jersey, Kansas, Nebraska, lowa 
and Wisconsin. A related smut, U. sorghi Link. has also been 

found widely scattered in this country, on sorghum. 

Ustilago reiliana attacks the upper part of the plant, especi- 

ally the ear and staminate flowers, almost destroying it. In 

but few cases does grainmature. Hitchcock and Norton} state 

that ‘‘The smutted stalks are usually not over half as high as 

the unsmutted, and in weightare very deficient. Eleven stalks 

were weighed and averaged 539 grams each, while plants 

affected with Ustilago maydis from thesame field averaged about 

1,300 grams and healthy plants averaged 1,500 grams or more. 

So if this smut should ever become abundant in this country, 

it may seriously change the corn crop as it has the sorghum 

industry in other parts of the United States. 
In 1876 an Italian botanist, Passerini,{ found this fungus 

upon corn, but until 1895 it had never been reported on sor- 
ghum. Mr. J. B.S. Norton called attention to its occurrence in 

Kansas. This disease is not uncommon in Kansas and across 

the line near Superior, Neb. So far this fungus has not been 

*Rabenhorst’s Fungi Europ. 1988. Kuehn. Die Brandformen der Sorghum Arten. 

Mitth. d. Ver. f. Erdkunde zu Halle. 1877: 81, Saccardo. Syll. Fung. 7: 456. 

Kellerman and Swingle. Notesonsorghum smuts. Bull. Kansas Agrl. Exp. Sta. 

23: Sorghum smuts, Proc. Kan. Academy Sciences. 1890: 158. 

Trelease. Preliminary List of Parasitic Fungi of Wis. 34. 

Webber, H. J. Rusts and Smuts of Nebraska. Bull. Nebr. Agrl. Exp. Sta. 11: 69. 

Cat. Fl. of Neb. 74. Rep. Nebr. State Board of Argl. 1889: 

Saccardo. Syll. Fung, 7: 471. 

+Hitchcock and Norton. Bull. Kansas Agrl. Exp. Station. 62: 198. 

Norton, J. B.S. A study of the Kansas Ustilaginez. Trans. Acad. of Sci. St. Louis 

7: 233. 

Frank. Krankhaiten der Pflauzan. 111 (2 ed.) 

Tubeuf. Pflanzenkrankheiten. 303. 

Sorauer. Pflanzenkrankheiten. 209. 

Comes. Orittogamia Agraria. 75, 537. 

Saceardo. Syll. Fung. 7: 471. 

*Passerini. La Nebba dei cereali. 1876. 

Bot. Gazette. 30: 163. 1895. 
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Fig. 112. Head smut of sorghum (Ustilago Reiliana) on tassel of corn. (From Kan- 

sas Agrl. Exp. Sta ) 
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Fig. 113. Head smut of sorghum (Ustilago Reiliana). 1, 2, 3, 4, germination in 

water after three days; 5, after forty-eight hours in water. A, with detached coni- 

dium, showing point of attachment; O, conidia from another spore; 6,7, spores ger- 

minating thirty-six hours after. (Norton. Kansas Agrl. Exp. Sta.) 



Fig. 114. Smut diseases of grasses. /, Ustilago panici-miliacei on Panicum miliaceum ; 2, U pustu- 

lata on Panicum proliferum; 3, U syntherisme on Panicum proliferum; 4. U. bromivora, var. mac- 

rospora on Bromus breviaristatus; 5, U. syntherisme on Panicum capillare; 6, U. syntherismce on Cen- 

chrus tribuloides; 7. U. neglecta on Setaria glauca; 8, U. buchloes on Buchloe dactyloides; 9, U avene, 

var. levis on oats; 10, germinating spores of corn smut; 1/1, U. spermophorus on Eragrostis major; 

12, U. hordei on barley; 13, U. avenw on oats; 14, U rabenhorstiana on Panicum sanguinale; 15, U. 

hypodytes on Stipa spartea; 16, U. montaniensis on Muhlenbergia glomerata; 17, U longissima on Gly- 

ceria arundinacea; 18, U. nuda on barley; 19, U aristidw on Aristida purpurea; 20, U. tritici on wheat; 

21, U. sorghi on sorghum; U. perennans on Arrhenatherum avenaceum; 22. U. lorentziana on Hor- 

deum jubatum; 23, U segetum. (Pammel and King.) 
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reported in this state on corn, and the following account has been 

taken from Hitche-ck and Nor‘on, who have especially studied 

the disease. ‘‘It appears in tassels and ears as a rather hard, 
- compact massof smut, of arough granular appearance. It dces 

not have the large soft swellings that Ustilago maydis has bu 

at first the ovate pointed mass of smut is inclosed in a white 
membrane as is the case with Ustlago maydis, but this soon dis- 

appears. On older smutted places, the large fibro-vascular 

bundles of the corn gives the smut mass a coarse, stringy 

appearance. The smut is usually seen best in the tassel or 
upper part of the plant, the whole upper portion often being 

converted into a smutty mass just above the ear. When it 

attacks the ears, the husk usually conceals it until late in the 

season. The smu‘ usually attacks all the ears, rudimentary 

ears or shoots on the stalk, converting them into masses of 

smut but not enlarging them. Often the tassel may not be 

smutted but usually is. Sometimes when the smut is not very 

bad on the stalk the flowers are curiously deformed. Theears 

are almost always attacked and often a cluster of ears is borne 

where there is normally but one. Often instead of producing 

flowers, and not actually smutted, the floral organs grow into 

long projections ”’ 
Microscopic characters.—The characteristic spores are larger 

than corn smut, being from 7" to 15"in diameter and nearly 

smooth. The outer wall of the spores is provided with very 

fine spines. Spores germinate readily in water, by producing 

a rather long, divided and frequently branched promycelium. 

Secondary sporidia are also produced. Brefeld observed that 

these spores retained their vitality for eight years at least 

when placed in nutrient solution they germinated. 

In addition to its occurrence on maize, sorghum is a frequent 

host. It was found on sorghum in Kansas in 1890 by Keller- 

man.* It has also been found in this state, in Jones county, by 

Mr. Reed. It presents the same general characters on sor- 

ghum as on maize. 

KERNEL SMUT OF CORN. 

This smut (Ustilago Fischeri, Pass.), was described by the 

same Italian botanist, Passerini.t This affects the kernels, 

*Proc. Kas. Acad. Sci. 1890: 153. Bull. Kas. Agrl. Exp. Sta. 23. 

+Di una nuova specie dicarbone nel granturco. Estratto Boll. del comizio agra 

Parma. Novembre, 1877. 4. Just. Bot. Jahresb. 1877: 123. 
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although sometimes the adjacent brac!s also. A large number 

of kernels may be affected. On breaking the kernels open, 

a powdery mass mixed with starch may be seen. The starch 
grains are corroded, showing that in the action of the fungus 
a ferment dissolves the starch. The spores are spiny and 

measure from 4 to 6" in diameter. Very little is known of the 

fungus. It was distributed by Von Thumen* and Rabeshorst + 

It is described by Loverlo,{ Tubeuf§ and other mycologists. 

It is not referred to by Farlow and Sey- 

mour in their valuable host index. So far 

as known it does not occur in this state, 

but the writer has rec¢ived it from Jamaica. 

me Tis Kees cant This fungusis probably a tropical or sub- 

of maize (Ustilago Fischert) tropical species, and may occur in southern 
On maize, spores to right, z j 
below, a sectional view of United States. It certainly occurs in the 
an affected kernel. (Pam- - ; 
mel and King ) West Indies. The writer some years ago 

found it among some ears of corn sent to him by Wm. Fawcett, 

the director of the botanical garden at Jamaica. 

KERNEL SMUT OF SORGHUM. 

This parasitic fungus (Ustilago Sorghi (Link) Winter), is quite 

widely distributed in the United States, though not as common 

as many other economic smuts. Link,|| in 1825, described it 

under the name of Sporosporium sorghi. Tulanse* named it Til- 

letia sorghi-vulgaris. Kuehn** gave it the name of Ustilago tulas- 

mei in 1874. In 1897 Mr. G. P. Clintontt studied the fungus and 

applied the nama of Cintractia Sorghi-vulgaris (Tul.), Clinton. 

This was done in order to avoid confusion with the doubtful Cin- 

tractia (?) Sorghi (Sorok.) De Toni.{{ The first reference to the 
occurrence of this fungus in this country was by Trelease, {{ 
who found it on imported seed of sorghum grown in Wisconsin, 
further stating that Farlow had received it from the Depart- 

*Mycotheca universalis. 1624. 

+Rabenhorst. Fungi Europ. 2500. 

tLes maladies Orypt. 80 

$Tubeuf. Pflanzenkrankheiten. 296 
Linn. Sp. Pl. 62. 96. 1825. (Ed. Willd.) 

TAnn.d. Sc. Nat. III. 7: 116. pl. 5 f 17-22. 1847. 

**Sitzb. natur. Gesellsch. Halle, 1874: Bot. Zeit. 32: 122. 1874. 

The fungus has been distributed by Rabenhorst, Fung. Europ. No. 1997. Thumen, 

Herb. Myc. Oec. No. 63. Briozi and Cavara, Fungi Parasit. No. 28. Ellis, North Am. 

Fung No. 1496. Roumeguere, Fung. Selecti Exiss. No. 5128, 

++Broom cornsmut. Bull. Univ. Ill. Agri. Exp. Sta. 47. This paper contains an 

excellent bibliography. 

Syll. Fung. 7; 481. 

#tParasitic Fungiof Wis. 34. 1884. 
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ment of Agriculture, Washington. These specimens, it appears, 
came from New Jersey. It was also reported from New York 

to Trelease by Sturtevant. Webber* reported it on Millo maize 
in Nebraska in 1889. It was reported as common in Kansas by 

Kellerman.+ Hitchcock has kindly furnished me with speci- 

mens from Kansas, and in Clinton’s paper on Broom Corn 

Smut the statement is made that it occurs on Early Amber, 

Rangoon, Red Liberian and many others; also on broom corn 

and Kafir corn. In 1899 it was found on Kafir corn at Ames 

by Mr. Evers In Illinois it was first collected by Waite{ in 

1887, at Urbana. Further localities are reported by Clinton.§ 
Characters of the fungus.—The diseased plants attain their 

normal height. The panicle is elongated and all of the seeds 

are destroyed. In the case of broom corn as described by 

Clinton it is as follows: ‘‘ An examination cf the brush of an 

infected plant, unfortunately, shows that it is of a very inferior 

grade, usually almost worthless. Here, then, is a much more 

important loss, for the brush is the part for which broom corn 

is raised. G20i broom corn has the rays of about uniform 

thickness aud length, and all springing from a series of very 

contracted nodes so as to give them about the same point of 
origin. In the case of infected plants these internodes are 

usually elongated, and the rays areof unequal lengths, so that 

there are a series of irregular rays arranged on an elongated 

and thickened central axis—qualities very undesirable.’’ 

The covering of the grains is pale. At maturity the grains 

are grayish in color. Finally the membrane becomes broken, 

permitting the spores t> escape. The whole interior of the 

ovary is converted into a mass cf spores, the anthers being also 

affected. The spores are spherical, or somewhat angular, 
rarely elliptical, 5-9.5 x 4-5.5". The spores g rminate readily 

when placed in water. Clinton states that spores 1 year old 

germinate. Some writers state that spores 6.5 years old ger- 

minate. 
Infection takes place by the penetration of sporidia as well 

as the ‘‘infection threads.” According to Clinton, entrance to 

the plant takes place at the growing point. ‘“Thus the ger- 
minating s2ed inits early stages is the only place where the 

broom-cora is liable to become successfully infected. As a 

*Ann. Rep. Neb. State Board of Agrl. 1889. 214. 1890. 
+Bull. Kans. Agrl. Exp. Sta. 23. 

*Bull. Univ. Ill. Agrl Exp. Sta. 47: 376. 

EHR {ei 
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germinating plant becomes older 

and its tissues harder of pene- 

tration by the threads, infection 

becomes less possible until, at 

the time when the plant breaks 

through the ground and its first 

leaves show, it is practically 
exempt from successful infec- 

tion.” Short treatment of the 

seed with warm water has no 

injurious effect. Experiments 

made for three years by Clinton 

showed favorable results by 

treating with hot water. The 

spores were killed at 135° F. 
Ustilago cruenta. — Another 

smut affecting this host has been 

config teA a Rempelsmutotsorehum described by Kuhn*—the Usti- 
rane to the right and spores to the lago cruenta. This species pro- 

duces brownish-red spherical or 

elongated enla*gements which contain the smut spores affect- 

ing any part of the panicle. The somewhat variable spores 

are 5-12" long x 5-$" wide, smooth yellowish or brownish, 

germinate readily in water, and in nutrient solutions produce 

abundant secondary conidia. Kuehnt surmises that it is the 
cause of a destructive disease Durra of millet in Africa. 

LOOSE SMUT OF WHEAT. 

For a long time all of the loose smuts—oats, wheat and 

barley (Ustilago tritici (Persoon) Jensen)—were considered by 
botanists to be one species, to which the name Ustilago segetum 

(Bull) Dittm.{ was applied. This smut was known to writers 
as early as 1552, when Tragus§ applied the name Ustilago 

An early writer, Bauhin, 1595, described it as Ustilago secalina. || 

None of the early writers, however, recognized it as a fungus. 

Persoon, an early mycologist, gave it the name of Uredo tritici, 
considering it a variety of Uvredo segetum. Other names were 
subsequently applied, and in 1888, Jensen** reported that wheat 

*Hamburger Garten u. Blumen Zeitig. 28: 177. 

+Tubeuf. Pflanzenkrankheiten. 305. 

*Sturm Deutsch. FI. 3: 67. pl. 33. 

$Die Stirpium Nomencl. Prop. Lib. 3: 666. 

| Phytopinax. 52. 

I3yn. Meth. Fung. 224. 

**The Prop. and Prev. of Smut in Oats and Barley. Jour. Roy. Agr]. Soc. 24: 9. 
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smut would infect only wheat plants. Oat smut would not pro- 

duce wheat smut, nor barley smut produce smut in wheat. 

Kellerman and Swingle* give a full bibliography. It is 
described under U. segetum in the works cited below: 

Distribution and damage.—This disease occurs wherever 

wheat grows. We have observed it abundant in many poriions 
of Iowa where wheat is grown; also in Minnesota and Wis- 

consin. According to Dr. Erwin F. Smitb, it is common in 

Michigan. Kellerman and Swingle also report it as common 
in Michigan. Inacollectioncf smuts prepared for the World’s 

Fair this was sent to me from many states. It is reported as 

common in Nebraska (Bessey), Indiana (Arthur), North Dakota 

(Bolley) and New York (Beach). It is also common in Ger- 
many (Sorauer, Frank, Tubeuf, etc ), England (Plowright and 

Marshall Ward). These references suffice to show that this 
fungus is of wide distribution. The damage caused by this 

smut is often very considerable. It is the one most familiar to 

the Iowa farmer. Perhaps the loss to Iowa farmers is not far 

from .5 per cent. Dr. Erwin F. Smith reports that he observed 
in a patch of five acres in Michigan a loss of 50 per cent in 1870. 
Much of this lcss can, no doubt, be prevented by judicious 

culture. 

General characters.—The affected plants are lighter green in 

color. The smut converts the chaff, and frequently all adher- 

ing parts except the central stalk, to a powdery mass. The 

smut is not covered with a membrane. As Professors Keller- 

man and Swingle say, ‘‘The spores are completely free, and in 

this species is perhaps the dustiest of all loose smuts.” The 

wind removes nearly all of the smut excepting a small porticn 

adhering to the central stalk. Unlike bunt, not all the stalks 

of a stool are affected. Professor Bessey, some years ago, 

noted this fact of wheat grown at Ames. 

In 1892 the writer made some observations on two varieties of 

wheat grown on the college farm in which the same results were 

ob ‘ained. 

This fact clearly indicates that the manner of infection is 

very different than in bunt or loose smut of oats. 

*Rep. Kansas Agrl. Exp. Sta. 1889: 261. 

Tubeuf. Pflanzenkrankheiten. 303; under U. tritici. 

+Saccardo, Syll. Fung. 7: 461. 

Sorauer. Pflanzenkrankheiten. 198. 
Frank. Krankheiten. d. Pflanzen. 110. (Kd. 2.) 

Marshall Ward. Diseases of P]. 86. Plowright. British Ured. and Ustilag. 273. 
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Microscopic characters.—The powdery mass is made up of a 

large number of very minute brown-colored spores with an 

olivaceous tinge, especially when in masses. The spores are 

somewhat variable in size, usually nearly round, or angular, 

or elliptical. 

Germination of the spores —It is not difficult to obtain germi- 

nating spores in sterilized water, but the process is slower 

than in oats smut. In germination a tube (promycelium) is 

pushed through the light colored outer wall of the spore (epis- 

pore). Sporidia are not prcduced. In nutrient solution ger- 

mination begius in fifteen hours, starting in the same way, but 

more vigorous. Sometimes these become very long. The 

segments frequently break up. 

OATS SMUT. 

Oat smut (Ustilago avenae (Pers.) Jensen), has long been 

known to mycologists. Until the elaborate investigations of 

Jensen* it was regarded as identical with that occurring on 

wheat and known as Ustilago segetum. It was called Uredo 

avenae by Persoon.+ The literature is cited quite fully by Kel- 

lerman and Swingle. } 

COMMON LOOSE SMUT OF OATS. 

The oats (Ustilago avenae (Pers.) Jensen), is affected by two 
smuts; one is the common loose smut of oats (Ustilago avenae), 

a disease long and well known to agriculturists. This smut 

converts the flowers especially, the grain and adhering parts 

to a black, powdery substance. It may affect all of the flowers 

or only apart. 

In most cases it completely destroys the tissues of the spike- 

lets, leaving a black mass of spores with threads and tissues 

of the plant. The smut, during its early stages, is covered 

with a membrane. The spores are free and form a dusty mass 

of olive or dusky brown color; they are oval, sub-globose, ellip- 

tical or somewhat angular, irregular or deformed, and lightsr 

on one side; con‘ents usually clear or slightly granular. The 

outer wall or exposure is minutely warty. 
Germination.—The spores germinate readily in water; they 

are said to retain their vitality for a number of years. We have 

*Le Charbon des Cereales. 4: 1889. 

+Syn. Meth. Fung. 224. 1801. 
+Rep. Kans. Agrl. Exp. Sta. 1889: 215. Bull. Kans. Exp. Sta, 8: 15. 

See also Bolley. Bull. North Dakota Agrl. Exp. Sta. 1: Arthur. 

Bull. Indiana Agrl. Exp. Sta. 35: Syll. Fung. 7: 461. 
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had no difficulty in getting fresh spores to germinate abun- 

dantly in twenty-four hours. The promycelium is slender and 

bears narvow, elliptical bodies called sporidia, which later 
cause the infection of the plant. The spores also germinate 

readily in normal nutrient solution, frequently budding. Bre- 

feld observed that the sporidia, when transferred to a nutrient 

solution, continued to form sporidia. He obtained these yeast- 

like spores for many generations. 

Manner of infection.—Infection in this smut is probably by 

way of the seed. Wolff, in his classic experiments, found that 
smuts entered through the first formed leaves. Brefeld’s 

classic experiments also indicate that infection takes place dur- 

ing the early stages of the germination of oats. 

Jensen thinks that smut do2zs not enter with barnyard 

manure, and he supports it by some evidence: 

1885. 1886 
Barnyard manure plot........42 smutted heads........ 1.2 per cent smut‘ed. 

Artificial manure plot........35 smutted heads........ 1.0 per cent smutted 

He furthermore suggests that infection is brought about by 

spores contained in the husks which lodged there while the 

oats were in flower, but this is contrary to the usual experience. 

Kellerman and Swingle state: ‘‘In an experiment of ours in 

June, 1888, a square rod of oats just in blossom were dusted 

with smut spores in considerab!e quantity on the 20th, 22d, 
25th and 27th of the month. When ripe it was harvested and 

kept separate In the spring of 1889 it was planted, together 
with other plots, with seed from other parts of the same field. 
One of the artificially infected plots (25) was 6.8 per cent smut- 

ted, and the other was 5.36 per cent, while the untreated plot 

had 6.4 per cent of smut, midway between the two artificially 

smutted ones.” 
Damage and distribution.—The damage done by this smut is 

very large. Arthur gives the following percentages in differ 

ent varieties grown at Geneva, N. Y.: ‘J. C. Arthur, in 1884, 

gave the results of counts of oats grown on the farm of the New 

York Agricultural Experiment Station at Geneva, N. Y., and 

found American Triumph, of 1,237 heads counted, had 10 per 

cent smutted.’’ 
Arthur* estimates the loss for Indiana at $797,526. Jonest 

examined 35,177 heads for oats smut; the average smut in 1892 

*Loose Smut of Oats. Bull. Purdue Univ. Agrl. Exp. Sta. 35: 83. 

+Annual Report of Vermont Agrl. Exp. Sta. 6: 73-82. 
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was 1.6 per cent. On this basis Swingle* estimates the loss in 
that state to be $26,454. From these figures Swinglet thinks 8 

per cent alow average. This would entail a loss of $18,000,000 
annually. Averaging 18,504,140 for the years 1890-1893. 

On cur own grounds we have found oats smut less common 

than the figure given by Swingle.{ Harwood and Holden§ esti- 

mated the loss in Michigan in 1892 at $1,000,000. 

Is it any wonder that smut should be so abundant since a 
single head may contain millions of spores? 

Dr. Cobb says: ‘‘A single head of smutted oats may easily 
contain 500,000,000 spores; that is to say, a number of spores 

so great that if they were distributed evenly over an acre of 

land there would be over 1,000 spores on every square foot. 

In as much as these spores are instrumental in spreading the 

smut disease, we shall no longer wonder at finding the disease 

so common. ’”’ | 

KERNEL SMUT OF OATS. 

In addition to the above smut (Ustilago avene (Pers.) var. 
levis, Kellerman and Swingle) another form has been observed 

by Kellerman and Swingle, || which destroys only the grain and 

does not affect the glumes. On cutting open such a diseased 

husk the who'e interior of the grain will be found converted 

into a powdery mass consisting of spores. This species was 
collected by Farlow and distributed by Ellis* in his North 
American fungi. The spores of this smut are dark brownish, 

oval, elliptical or subglobular, 6-12 x 55-8", usually 6-9 x 6-7. 

The exospore is nearly smooth. The spores germinate readily 

in nutrient solutions, producing short promycelia and narrow 

germ tubes. The species is probably quite widely distributed 

though not nearly so common as Ustilago avene. 

BARLEY SMUT. 

Barley is affected by two well-known smuts in Iowa. The 

covered barley smut (Ustilago hordei (Persoon) Kellerman and 
Swingle) and the naked barley smut (Ustilago nuda (Jensen) 

Kellerman and Swingle). Formerly both of these smuts were 

*The Grain Smuts. Their Causes and Prevention. Year book U.S. Dept. Agr. 

1894: 413 

tI. c, 413. 

+Bull. Mich. Agrl. Exp. Sta. 87: 189. 

$Rep. Kansas Agrl. Exp. Sta. 6: 259. 1899. 

Ellis. North Am. Fung. 1091. 
"Swingle. Year Book U. S. Dept. Agr. 1894: 412. Farmers’ Bulletin U. &. Dept. 

Agr. 75. 
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supposed to be identical with the smut occurring on wheat and 
oats. 

The covered barley smut is said to be less abundant in 

Denmark than the naked barley smut, but it is quite widely dis- 
tributed in Europe. It is also widely distributed in the United 

States: New Hampshire (Farlow), Maine (Harvey), Kansas 

(Kellerman and Swingle), Michigan (Beal), Indiana (Bolley), 

New York (Peck), and lowa (Pammel, Stewart and Weaver). 

It is more common in Iowa than naked smut. This smut was 
first named by Persoon* and the correct 

combination was made by Kellerman and 

Swinglet who cite the very full literature. 
Thissmut differs from all other loose smuts, 

in that the panicle is not converted into a 

loose powdery mass, but is more or less 

covered by a membrane, which breaks and 

allows the spores to be scattered through 

the broken membranes. 

The spores of U. hordei are dark colored, 

spherical, shghtly irregular, 5-8 x 5-7", 

usually 6-8 x 7", somewhat larger than U. 

nuda. Theexospore is smooth. Germina 
tion proceeds readily in water with abun- 
dant sporidia from which secondary spori- 

dia occur. 

In naked barley smut the parts of the 

flowering panicle attacked are converted 

into a loose powdery mass, thus allowing 

the spores to be blown away very readily. 

The membrane covering the smut is very 

thin, dark, dull gray in color and easily 

broken. It consists of the modified epider- 

mal cells of its host; the whole of the 

inflorescence being converted into a black- 

ish powder. Kellerman and Swingle say: 

‘“The reason, notwithstanding the presence 

of fibers and a thin enveloping membrane, 

116. Covered Bar- this species spreads its spores very readily Fig 
ley Smut (Ustilago hordei ; : 
(King) ‘ * and seems wholly different from typical 

*Syn. Meth. Fung. 224. 

+Rep. Kansas Agrl. Coll. 1889: 268. 

15 
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Ustilago hordei, is found in the fact that the spores are free, 

and do not adhere to each other or to the shreds ofthe host 
tissue. The infecting threads, unlike those of the Ustilago 

hordei, grow to their normal height, and do not tend to remain 

enclosed by the uppermost sheath of the barley plant.’’ In 

Ustilago hordei the thin membrane encloses the smutted kernel 

until harvest time. The spores are free, forming a dark mass 

of olive color, sometimes elliptical or sub-globose, usually the 

one side lighter than the rest, as in the other loose smut. The 

spore wall consists of two parts, the exospore and endospore. 
The exospore of U. nuda is slightly roughened. The spores 

germinate in sterilized water and nutrient sugar solution under 
favorable conditions of temperature usually in twenty-four 

hours or less. The promyceélium or germ tube comes out of a 

large germ pore. It is curved and slender. According to Kel- 

lerman and Swingle it attains its full length in thirty hours. 

Sporidia are not produced, according to Kellerman and Swin- 
gle. This smut occurs in Kansas, Iowa, Wisconsin, New York, 

Michigan, Minnesota and Europe. 
Manner of infection.—Little is known of the manner of infec- 

tion; the seeds of the smut apparently propagate the smut so 

that infection is carried with seed barley. 

WILD BARLEY SMUT. 

This smut (Ustilago lorentziana), converts the ovary, palet 

and flowering glume of Hordeum jubatum into a black, powdery 
mass, a3 in Ustilago nuda. 'The spherical spores are minutely 
roughened. This species does good service in the northwest 

in destroying much of this detestable weed. 

OTHER SMUTS OF THE GENUS USTILAGO. 

Pigeon-grass smut (Ustilago neglecta, Niessl.) The most 
common of our smuts is that occurring on Setaria or pigeon- 

grass (S. glauca.) Ustilago neglecta was first described by Niessl* 
and has been reported by numerous American and Europeant 
mycologists. In Europe} it is said toeffect S. glauca, S. verti- 

cillata and S. viridis. I find, however, no record of its occur- 

rence on any other host but S. glauca in this country.§ On this 

host|| it is extremely common, not only in lowa, but throughout 

*Rabenhorst. Fung. Europ. 1200. 

+Winter die Pilze. 1: 97 as U. Panicici-glauci. 

¢Tubeuf. Pflanzenkrankheiten, 306. 

§Saccardo, Syll. Fung. 7: 472. 

Farlow and Seymour. Host Index. 
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the neighboring states. This fungus converts the ovaries into 

a powdery mass, consisting of spherical to ovoid spiny spores, 

9-16 x 7-11". 

Covered smut of switch grass (Ustilago syntherisme. (Schw.) 

Ell. & Ev.) This is widely distributed in the United States 
and is indeed common wherever Panicum capillare, P. proliferum 

Cenchrus tribuloides occur. Norton,* who has studied the ger- 

mination of Kansas smuts, places under this species provis- 

ionally several of the smuts which are much alike. It certainly 

appears that the forms on the above weeds germinate in much 

the same way, but rather difficult in water. On Panicum proli- 

ferum and Cenchrus tribuloides the ovaries as well as the whole 

inflorescence become greatly enlarged, and for considerable 

time the spore mass is surrounded by a white membrane, which, 

on drying, breaks, allowing the spores to be liberated. The 

Spiny spores are variable in size, 10-12" in diameter, ovate or 

somewhat polyhedral 12 x 14", to oblong polyhedral 12-14x 

8-10". This smut prevents the production of seed. The plants 

are much dwarfed. The allied U. rabenhorstiana, Kuehnt, also 

conver.s the whole in florescence into a powdery mass. The 

affected plants are dwarfed and more branched; the minutely 
roughened spores are spherical to oblong elliptical 8-14 x 

7-11.5". The promycelium is branched; conidia are absent. 

Another form affects the individual flower, and not the inflo- 

rescense, as in the usual form. This smut is extremely common 

and destroys alarge number of plants every year in this state. 

Some of our cultivated grasses are affected with other mem- 

bers of the genus Ustilago. In some cases they affect very 

valuable grasses. One of these, Ustilago bromivora var. macro- 

spora, was found on one of oar native and valuable grasses, 

Bromus breviaristatus, by Mr. F. A. Sirrine on the college farm. 

This, as well as the smut on tall meadow oat grass, was 

described by the writer} some years ago. 

Brome grass smut affects parts of the flowers causing them 

to develop into a powdery mass. In tall meadow oat grass [ 

also observed that all the stalks of a stool are affected, clearly 

showing: that the fuogus enters early in the development 

of the plant. The Ustilago bromivora, Fisch. de Wald. is 

apparently the variety macrospora of Farlow. It occurs: abun- 

*The Kansas Ustilaginieae. Trans. Acad. of Sci. St. Louis. 7: 235. 

+Hedwigia. 15: 4. 1876. 

Saccardo Syll. Fung. 7: 471. 

tJour. Myc. 7: 98. 
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Fig. 117. Porcupine grass 
smut (Ustilago hypodytes) 
affecting parts of inflores- 
cence and culm; a, spores. 
King. 

‘|\Rostrup Ustilaginess 

Pflanzenkrankheiten. 299. 
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f dantly on one of the 

best of our native spe- 

cies of Bromus, the B. 

breviaristatus and it has 

been reported on B. cili- 
atus by Dr. Halsted.* 

It affects the inflores- 

cence so as to com- 

pletely destroyit. This 
smut will probably not 

occasion much loss, as 

it attacks the inflores- 

cence and the grass can be cut 

before it appears, but it greatly 

injures its vitality. 

The Ustilago perennaus iu com- 

on Arrhenatherum avenaceum; it 

is, in fact, much more common 

than the Brome smut and seems to be 

the same as has been found by Professor 

Tracy in Mississippi on the same host, and 

called Cintractia avenee, Ellis and Tracy, t 

and the Ustilago segetum of some writers 

described long ago by Bulliard.{ The 

correct combination U’stilago segetum (Bull.) 

Dittm.$ was made much later. The writer 

incorrectly referred the Lowa smut to Cin- 

tractia avenee®. The affected plants are 

pale in color and somewhat drawn out. 

The panicle is very light in color and is 
readily distinguished from surrounding 

healthy plants. The ovary is converted 

into a compact brown mass made up of a 

large number of small sub-globose spores 

which measure 5-6" in diameter. 

*Bull. lowa Agr]. Coll. 1886: 59. Saccardo. Syll. Fung 

7::461. Winter Die Pilze 1: 77. 

+Jour. of Myc. 6: 77. 

+His. Des Champ. Fr. 1: 90 pl. 474. 

$Dittm. in Sturm Deutsch FI. 8: 67. pl. 33. 

|Jour. Myc. 7:98. 

daniz 139 named the fungus U. perennans. See Tubeuf 
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u 

Fig. 118 Sprouting grass smut (Ustilago panici-miliacez) showing large swelling in 

upp®r part of plant. (King.) 

Fig. 119. Tall meadow oat smut (Ustilago perennans), (King.) 

Barnyard grass is affected with several smuts which, by some 

mycologists have been placed in the genus Ustilago. Burrili* 

described an Ustilagosphaerogena occurring in the ovaries of 

barnyard grass. The pustulate swellings of the spike!et vary 

greatly. The Burrill specimen is identical with Sorosporiwm 

bullatum Schr.+ or Tolyposporium bullatum Schr. The spore 

masses are spherical or elongated, consisting of many spores. 

The individual spores are somewhat polygonal, with a few 

warty projections. This is true of the specimen collected by 

Seymour in Osborne, Ill., and the Arthur specimen from 

Ames. The writer has collected a somewhat similar fungus 

with larger spores which are more minutely echinulate, in 

*Ellis and Everhart. N. Am. Fung. No. 1592. 

Saccardo Syll. Fung. 7: 468. 

Winter die Pilze. 1: 104. 
+Krypt. Fl. Schles. 276. Saccardo Syll. Fung. 7: 502. 

Bull. Torr. Bot. Club, 22: 175. 
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Clinton,{lowa. A second fungus has been described by Tracy 
and Earle on this grass, namely, U. crus-galli. This fungus 

affects the panicles and upper nodes. The mass of spores is 
covered by a more or less persistent membrane. The pustules 

in some cases are quite large, an inch or more long. The 

round spores are minutely roughened and measures 8-12" in 

diameter. Magnus* described a smut on barnyard grass, the 
Cintractia seymouriana, and in a later number of the same 

journal changes the name of the fungus to C. crus-galli (Tracy 
and EHarle)+, Magnus. The spores and general character of 
the fungus makes it closely allied to the Burrill fungus, but 

the spores examined by the writer are globose or nearly so, 

and somewhat smaller. The U. bullata, Berk., produces pustu- 

late swellings in the individual spikelets of a species of Triti- 

cum. These vary somewhat in size, but it isevidently closely 

allied to U. sphaegroena. The Ustilago bullata is allied to the U. 

pustulata, Tracy and Earle,{ which occurs on Panicum proli- 

ferum. Itinfests the ovaries, forming rounded bullateswellings. 

Spores dark brown, oval to sub-globose, slightly echinulate, 

found at Ames. U. Panici miliacei (Pers.) Wint. is widely distri- 

buted in Europe on Panicum miliaceum and P. crus-galli. It 
produces large distorted swellings in the inflorescence very 

much like P. syntherisme. The fungus on Panicum capillare is 

sometimes referred to U. panici miliacei. 

Manna grass smut (Ustilagolongissima), Sow., Tul.,§ iscommon 

on species of Glyceria, producing elongated gray pustules in 

the leaves. These pustules contain the globular, smooth spores 

which measure 3-6 x 8-4.5" in diameter. The latter germinate 

readily in a damp atmosphere or in water. The writer obtained 

abundant germination by keeping the spores in a vasculum or in 

a closed vessel for twenty-four hours. The short promycelium 

is narrow aud straight. It produces from its end a one-celled 

conidium. The writer has found this species on Glyceria arun- 

dinacea. 

*Ber. d. deut, Bot. Gesellsch, 14: 216. 
tl. c. Heft. 9. 

Syll. Fung. 7: 468. Berkley and Hooker. Antarct. Voy. 199. pl. 106. f. 12. 

tBull. Torrey. Bot. Club. 22: 175. 

Tubeuf. Pflanzenkrankheiten. 301. Winter Die Pilze. 1:89. Saccardo Syll. Fung. 

e Raa longissima. Sow. in Berk. Engl. FI. 5: 875. t. 139. 

§8Tulasne. Mem. Sur, les Ustil. Ann. d, Sci. Nat. Bot. III. 7: 76. 

Saccardo. Syll. Fung. 7: 461. 

Plowright. Mon. Brit. Ured. and Ust. 272. 
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The Ustilago sacchari, Rahb., is a destructive smut in Italy, 
Java and Africa, occurring on the stems of Hrianthus and Sac- 

charum. 

Porcupine grass smut (Ustilago hypodytes), Schlecht. Fr. 

This smut is very common on porcupine grass (Stipa spartea). 

Arthur* records its occurrance on Elymus canadensis. The 

writer has never met with it on any member of the genus 

Elymus, although it is extremely common at times on the por- 
cupine grass. It was described by Schlechtdendahlt+ as Caeoma 

hypodytis. Friest transferred it to the genus Ustilago. This 

name is adopted by Saccardo§ and also by Plowright. || 

This fungus is characterized by its occurrence in the culms 

beneath the leaf sheath. It is most common during the latter 

part of May and early in June. It frequently destroys large 

patches of this grass. In addition to the host mentioned above, 

it occurs upon quack grass, Calamagrostis, Bromus and Phrag- 

mites. Its distribution is quite common throughout Europe 

and northern Africa, but as stated above, it usually occurs in 

this state upon the Stipa. 
Wild timothy (Mulenbergia glomerata) is affected with Ustilago 

montaiensis, Ell. & Holw.€| This smut affects the ovaries, caus- 

ing them to become greatly enlarged, very much like Ustilago 

bullata. The smutty mass is surrounded by a persistent mem- 

brane, which later cracks and breaks. The glumes and bracts 

are pale in color. The spores are brownand minutely rough- 

ened. This fungus appears to occur only in Montana, but 

ought to be looked for in this state. 

The Ustilago buchloes, Ell. & Tracy, affects the leaves of 

buffalo grass, causing enlargements. The smut is covered by a 

delicate membrane which soon becomes ruptured, and this 

distributes the spores. The spores are brown and smooth. It 

occurs in the southwest. 
Ustilago andropogonis, Kellerman and Swingle,** occurs upon 

tall blue stem, Andropogon provincialis. This smut causes the 

host plant to flower several weeks earlier and dwarfs the 

*lowa Ustilagineae. Bull. lowa Agrl. Col. Dept. of Bot. 1884: 172. 

+fPlora Berol. 2: 129. 
#Syst. Myc. 3: 518. 

§Syll. Fung. 7: 453. 
Mono. of the British Ured. and Ustilag. 273. 

Ellis and Everhart. N. Am, Fung. No. 2263, 

**Jour. Myc. 5: 12. 
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affected plants. It affects the ovaries. The spores are dark 

brown or black, sub-globose or slightly oval.* The fungus 

appears to be closely allied to if not identical with Sorosporiwm 

ellisii,, Winter,+ and this specific name should therefore be 

used. The Cerebella is allied to the Sorosporium; one species, 
the C. spartine, occurs and affects the spikelets of slough grass. 

The Ustilago aristide, Pk., was described by Peck.{ It cccurs 

upon Artistida purpurer, It is common in parts of Nebraska 
where the writer has found it covering wide areas. It has 

been reported by Norton from Kansas. This smut fills the 

ovaries, and the awns are much shorter than usual. An 

Ustilago also occurs on Sporobolus, vagineflorus, the U. vilfe.§ 

The Ustilago spermophora, B-rkley and Curtiss || is very common 

at times on Eragrostis major. Generally only a few of the 
ovaries are smutted, but in some cases entire sections of the 

panicle were affected. The spores are sub-globose and 

minutely roughened. During the past season, 1899, it was 

extremely common here in this state. 

BUNTS (TILLETIA). 

Wheat is attacked by two species of bunt in this country, 

the Tilletia foetens (B. & C.) Schroeter, and Tilletia tritici (Bjerk) 

Winter. Of these the former is far more common. Both are 

exceedingly destructive to wheat. 

Tillitia foetens (B. & C.) Schroeter. This fungus was first 

described by Berkeley and Curtiss; earlier than this it was 
recognized by Wallroth.** Kuehn, in 1874, gaveit the name of 

T. laevis. It usually passes under this name in European 

mycological works, so given by Sorauer,tt Frank]{ and 

Tubeuf.§s This name isalso used in Massee’s|| || monograph on 

Tilletia. The present combination was made by Schroeter. 44 

*Norton. Trans. Acad. Sci. St. Louis. 7: 236. 

+Hedwigia. 22: 2. 1883. Saccardo Syll. Fung. 7: 513. 

¢Bull. Torr. Bot. Club. 12:35. pl. 25. 19-23. See also Norton. Trans. Acad. Sci. St 

Louis. 7: 232. 

§ Winter. Bull. Torr. Bot. Club. 10: 7. 

Curtiss. Cat. N. Carolina. 123. Syll. Fung. 7; 466. 

"Ravenel. Fungi. Car. 100. Berkeley. Notices of No. Am. Fungi. 573. Grevil- 

lea. 3: 59. 

**Flora Crypt. Germ. 2: 213. 1661, 1833. 

Rabenhorst. Fungi Europ. 1697. 

Hedwigia 72: 152. Winterdie. Pi'lz3. 1: 109. 

tePflanzenkrankheiten. 185. 

¢¢Krankheiten der Pflanzen. ILS. f. 20-21. 

$$Pflanzenkrankheiten. 325. 

liBull. Miscel. Inf. Kew. 1899: 141. 

"°Bemerkungen und Beobachtungen ueber Ustilagineen. Cohn. Beitrage zur Bio- 

ogied. Pflanzen. 2: 365, 1888. 
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This bunt is widely distributed in Europe and America. In 

the United States itis common in Wisconsin, where the writer 

found it in considerable quantity in the vicinity of La Crosse. 

It is reporied by Trelease.* It is common in Indiana, accord- 
ing to Arthur.+ It is likewise common in Ohio, according to 

Hickman, { and in Nebraska, according to Webber.§ Halsted|| 

reports it as injurious to wheat in New Jersey. Kellerman 

and Swingle*| have studied, more than other persons in this 
country, its nature and distribution in Kansas and the country 

at large. Swingle has also published several important papers 
on the subject. 

It is not common in Iowa, though it has been found several 

times by the writer on the college grounds since 1891, and it 

has been found abundantly in the wheat screenings of some of 

our local mills. 

General characters —It is not always an easy matter to tell 

the presence of this smut by the character of the plant, 

although the heads are darker green, appearing as though 
stimulated by an extra amount of fertilizer When the grain is 

ripening the diseased plants are recognized, the smutted 

heads having a paler color instead of the characteristic golden 

color of good wheat. The chaff is more spreading and the 
kernels are greatly swollen. One cannot be deceived by this 

disease when the kernels are crushed, for a very disagreeable 

odor is given off. According to Swingle, a whole bin of wheat 

may be chargei with it. It is said by people who have fol- 

lowed the threshing machine that this odor is very pronounced 

where the disease isserious. I have myself noticed the bad 

o jor in passing along the side of a field in western Wisconsin 

where the fungus was abundant. 

Microscopic characters.—The spores of this fungus are nearly 

round or somewhat elliptical, smooth, 15-22 x 15-20" in diam- 

eter. Under favorable conditions of heat and moisture the 

spores germinate in the course of a few days, by producing a 

promycelium. This tube produces, in the presence of oxygen, 

*Parasitic Fungiof Wisconsin. 35 

+Bull. Ind. Agrl. Exp. Sta. 28. 

*+Bull, Ohio Agrl. Exp. Sta. II, 3: 205, 

§Bull, Neb. Agr), Exp.Sta. 11: 70. 

| Rusts, smuts, ergots and rots. Separate from Rep. New Jersey State Board. of 

Agrl. 1889, 
—Bull, Kansas Agrl. Exp, Sta. 12: 1890, 

The grain smuts, their causes and prevention, Yearbook U,8, Dept, Agrl. 1894: 

409, 

The grain smuts, U.S. Dept. Agrl, Farmers’ Bulletin. 75: 6. 
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Fig. 121. Bunt of wheat, Tilletia foetens, after Bessey. 

a whorl of slender bodies—the primary sporidia. These spo- 

ridia produce short tubes which join them to each other. The 

infection may result from the slender threads produced by the 
primary sporidia, or from the seconcary sporidia, which also 

proiuce slend:r threads. These germ tubes can enter the 

plant only by way of the delicate tissues of the seedling. 

Damage.—Itis difficult to estimate the amount of damage. 

The percentage in Iowa is usually very small, but in Wisconsin 
I have seen whole fields destroyed, and Arthur* likewise gives 

an illustration where one-half of the crop was lost. 

*Bull. Ind. Agrl. Exp. Sta. 28. 

1. c. Farmers’ Bull. 75: 6. 
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Swingle says: ‘“‘There are no accurate statistics as to the 

amount of damage caused by them. In many localities, how- 

ever, the losses are very great, and without doubt the losses 

in the entire United States amount to many millions of dollars 

annually. In some fields’ 50 and even as high as 75 per ceat of 

the heads are smu tej, and in addition the healthy grain is so 

contaminated with the fetid spore: as to be almost worthless 

for flour and worse than useless for seed. °’ 

Tilletia tritici (Bjerk) Winter.—This species ismorecommonly 

referred t> by European writers than the 7. foetens. Thus 

Tubeuf,* Frank,+ Loverdo,{t Sorauer,§ Plowright, || Wolf and 

Massee* all meation its common occurrence in Germany, 

France and England. In the Mississippi valley it does not 

appear to be as common as the specimens above described. 

Bessey** reports this species as occurring in Iowa in 1884 and 

since. Harwood has reportedtt it as common in Michigan. 

Kellernan and Swingle}{{ reportitin Kansas. In a general way 

this fungus is much thesame as the former species. Harwood 

notes that wheat attacked by this species has shorter stalks 
than the normal It affects the kernels and the chaff, spread 

ing as in the last species. The spores are smaller, globose, 
with net-like ridges, 16-20" in diameter. This last character 

easily distinguishes this form from the other smut. Its life 

history is the same. All of the heads of a stool are affected. 

In European mycological works it is usually referred to as 7. 

caries, by Sorauer, Frank and others. Tubeuf and Saccardo§$§ 

refer to it as T. tritici, while Mass2e, in his revision, places it 

under the name of 7. caries. 

Tilletia secalis (Corda) Kuehn.—Bunt of rye was described by 

Kuehn|||| in 1876. Though quite destructive in Europe, Ger- 

many and Bohemia, it has not b-en found in this state. The 

kernels are filled with a brownish-black powder. Like the 

*Pflanzenkrankheiten 318. 

l. ec. Krankheiten der Pflanzen. 117. (2 Ed. 

tLes Maladies. Crypt. 86. 

*£Pflanzenkrankheiten. 185. 

SBritish Uredinew and Ustilaginew. 283. 

| Der Brand des Getreides seine Ursachen und seine Verhutung. 12. Halle. 

“ Wolfand Massee. Kew. Bull. of Miscel. Inf. 1899: 142. 

**Bull. lowa Agrl. Coll. Dept. Bot. 1884: 119. 

t*Bull. Michigan Agrl. Exp. Sta. 87: 5. 

¢¢Preliminary experiments with fungicides for stinking smut of wheat. Bull. 

Kans. Agrl. Exp. Sta. 12. 

SsSyll. Pung. 7: 481 

||Bot. Zeit. 1876: 470. 
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other bunts, it produces a disagreeable odor. The spores are 

spherical or veryrarely elliptical, usually 20" in diameter. 

Tilietia hordei (Koernicke).—Bunt of barley was described by 
Koernicke* in 1877 from specimens found in Persia on Hordewm 

fragile as well as on H. murinum. This smut occurs in the ova- 

ries acd is covered by a blackish-brown membrane. The 

spores are smaller than those of 7. secalis, measuring 19.5—20.5" 

in diameter.t The epispore is but slightly thickened, and 

reticulated. 

Tilletia Lolii, Au2rsaw.—This bunt occurs in the fruit of 

Lolium temulentumt{ and other species. Spores are spherica! or 

irregularly spherical or rarely elliptical; pale yellow or yel- 

lowish-brown, 17.57—20 by 24" in length, usually 19. Epispore 

with prominent projections which form a net work, the meshes 

of which, according to Winter are 3.5" in width. The allied T. 

controversa, Kuehn, attacks the ovaries of Agropyron repens; 

the globose spores are pale brown. The mycelium is perennial 
in the rhizome of its host. 

Tilletia rotundata (Arth) Ell.& Ev.—In South Carolina a Tille- 

tia has been found quite abundantly on rice It affects the 

ovaries, converting them into a black granularmass Accord- 

ing to Anderson§ who has studied the disease, the ovari-s are 

seldom hypertrophied or atrophied, but retain to a great extent 

the form and size of the normal ovaries. The large, spherical, 

spiny spores are surrounded by a hyaline envelope. ‘They are 

from 26-80" in diameter. According to Tracy and Earle this 

fungus occurs on various wild grasses like Panicum virgatum 

ard Leersia. This is synonymous with 7. corona, Scribner. || 

Massee evidently overlooked the American studies of the 

species. A second species, the 7. oryzae, Pat.,{ occurs on rice 

in Japan. The globuse or ovoid spores are olive-b:rown and 

warted; united into hard blackish-green mass. This belongs to 

Brefeld’s Ustilaginoide. 

Tilletia Molinie (Thum) Winter.—This species was first 

described by Von Thumen** as Vossia Molinie. WKoernickett 
changed it to Neovosia Molinie (Von Thum) Kornicke, but Sac- 

*Mycologische Beitrage. Hedwigia. 16: 30. 

*Saccardo. Syll. Fung. 7: 484. Frank. Krankhesiten der Pflanzen. 427 (2 Ed. 

¢Saccardo Syll. Fung. 7: 483. Winter. Die Pilz2 1: 109. 

$Bot. Gazette. 27: 467. 1899. 

|Bull. Torr. Bot. Club 23: 210. 

%Bull. Soc. Myc. 3: 124. 1887. 

Saccardo Syll. Fung. 9: 286. 

**Oest. Bot. Zeitscher 29: 18, 

++Syll Fung. 7 
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cardo* and Winter place it under Tilletia 

Molinie (Von Thum) Winter. Dr. Farlow, who 

identified the fungus for me on Phragmitis, 

states that it scems to agree with that species. 
It was found by Mr. E. R. Hodson ia con- 

siderable quantity on Phragmites communis in 

the vicinity of Colo. The ovaries are enlarged, 

much longer than broad. The interior is filled 

with a black powdery mass, the spores. The 

spores are round or elliptical, seldom spheri- 

eal, dark brown in color, rough, and sur- 

rounded by a persistent thick-walled color- 

tie ep tia less exospore, with the permanently attached moliniae on Phragmi- 

as; Sporasm. ped mycelium at one end, resémbling a slightly 
CE) twisted pedicel. Massee,t in his recent mono- 
graph of Tilletia, excludes this species from the genus Tilletia. 

The spores measure 16.6 to 20.8x 24.9to 29.1. It may bea good 
species but cultural experiments will be necessary to determine 
this point. In Europe it occurs on Molinia cerulea. 

TIMOTHY SMUT. 

This fungus (Villetia striaeformis (Westd.) Magnus) has been 

known for a considerable length of time. It affects several 

different species of grasses. It was first described as Uredo 

striiformis, Westd.{ The proper name for the fungus was given 

it by Magnus.§ This fungus has been quite abundant for a 

number of years in Wisconsin, Missouri and Iowa. The first 

economic account of it was given by Trelease in his paper on 

the smut of timothy.|| He reported it as common in Wisconsin 

on? timothy and that it also occurred on Agropyron repens and 

wild rye (Elymus canadensis var. glaucifolious). The writer gave 

a short account of the fungus in a series of papers on Fungus 

Diseases of Iowa Forage Plants,* referring to its common 

occurrence on timothy and Agropyron repens, both in this state 

and in Massachusetts. Since then the writer has frequently 

found it on blue grass and timothy in this state. In Europe 

the fungus is quite common on a number of different hosts, 

namely, perennial rye grass (Lolium perenne), tall meadow oat 

*Winoter die Pilze 1: 109. 

+Bull. Miscl. Infor. Kew. 1899: 156. 

*Westend. Bull. Acad. Brux. 1851: 406. 

Winter Die Pilze 1: 108. For other references see Saccardo. Syll. Fung. 7: 484, 

and Plowright Mon. British Bred. and Ustil. 284. 

\Rep. U. 8. Dept. Agr. 1885: 87. 

"9. See also Jour. Myc. 7: 97. 
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Fig. 122. Timothy smut (Tilletia striaeformis) affecting timothy. Leaves torn fup 
into shreds; a, spore germinating; b, promycelium with sporidia at theend. (King and 
Pammel.) 



256 GRASSES OF IOWA. 

grass (Arrenatherum avenaceum), Bromus inermis, sheep's fescue 

(Festuca ovina), tall meadow fescue (Festuca elatior), etc 
The fungus is closely related to stinking smut of wheat. 

The spores germinate in the same way and probably enter its 

host when the seed germinates. There is this important dif- 

ference between the two species, this smut does not affect the 

‘‘seed” in the same way. Its life-history is also somewhat 

different. The stinking smut is at most very short-lived, while 

this species is certainly a perennial. The destructive work of 
stinking smut comes on ata time when flowers and seed are 

forming. Tilletia striaeformis appears long before, perhaps 

soon after the first leaves come out early in spring. In lowal 

have noticed it about the middle of May; itcontinues, however, 

to develope on the younger leaves till the middle of June, when 

often the bracts of the flowers become affected. Last spring 

in on2 of the meadows on the college farm a large number of 

young plants were affected; the loss was very considerable. 

The plants were shorter and marked with longitudinal lead 

colored stripes, often extending to the very tips of the leaf. 

When these lead colored patches are torn open a black pow- 

dery ma:s, the spores, are exposed. 

As the plants become older the epidermis of these lead 

colored patches breaks ani thus exposes the spores. The 

constant action of the wind soon causes the leaf to be torn up 

into shreds. The affected plasts never become ¢o tall as the 

adjoining ones, seldom fruiting well. I think there can bevery 

little doubt that the fungus is a perennial as the following will 

illustrate. During the spring of 1887 and 1888 I observed a 

small bunch of timothy in the Missouri Botanical Gardenat St. 

Louis, every leaf and stalk in the bunch was affected. Both 

seasons it was found on the same plants. Here at Ames, also, 

I have seen the smut on the same plants for two seasons. 

THE GENUS UROCYSTIS. 

This genus contains several parasites destructive to our 

cultivated plants. Our grasses are effected by two of these, 

the rye smut and the wild rye smut. 

RYE SMUT. 

This fungus (Urocystic occulta, Wallr.), first described by Wall- 

roth* in 1883, has been repeatedly observed in various European 

*Fl. Crypt. Germ. 2: 212. Erysibe occulta, Urocystic occulta (Wallr.) Rabenh. 

Klotzsch Herb, Myc. No. 393. Fung. Eur. 1790. 
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countries by Sorauer,* Frankt+ and others. It also occurs in 

Australia where it issaid to do much damage. It was first 

found in this country by Underwood{ and Cook, who distributed 

the fungus, and later in Connecticut by Thaxter.§ It is not 
nearly so common in Europe as other cereal smuts and to my 
knowledge has never teen found in Iowa. © 

It is stated that between the years of 1850 and 1860 it was 

so destructive in parts of South Australia that in some locali- 
lities cultivated rye sustained a loss of 66 per cent. Like 

timothy smut it attacks the leaves, sheaths, stem, and infiores- 

cence, but generally it is found on the leaves and sheaths. It 

makes its appearance about the middle of May and continues 

through June. It is characterized by lead colored patches 

which are arranged in parallel rows along the veins. The 

epidermis which covers the sori soon becomes ruptured and 
exposes the powdery spores, and like timothy smut, the 

leaf is soon torn up into brown shreds. The spores differ very 
materially from any we have thus far considered. They are 
arranged in clusters made up of twokinds ofcells. Thecentral 

ones are darker in color, and are capable of germination; the 

surrounding cells are lighter in color and do not germinate. 

The Urocystis spores do not germinate very readily. The pro- 
mycelium bears the sporidia at the end. The fungus entersits 

host through the very young leaves close to the seed. Wolff 

states that the fungus cannot enter later. In eight or nine 

weeks rye, inoculated with sporidia, produced spores in the 

seventh or eighth leaf. When the sporidia come in contact 
with the leaf they attach themselves very closely, pen:trate 
the cuticle of the epidermal! cell, growing crosswise through 

the young seedling and then passes from the inner epidermal 

cell of one leaf to the outer of another. The mycelium when 

once in the interior of the plant grows in the intercellular 

spaces, sending haustoria into the cells. 

WILD RYE SMUT. 

This smut, Urocystis agropyri (Preuss), Schr., occurs on sev- 

eral grasses in Europe and the United States. | 

*Pflanzenkrankheiten. 190. 

+Krankheiten d. Pflanzen. 121 (Ed. 2). 

+A Century of Illustrative Fung. No. 57. 1889. 

§Rep. Conn. Agrl. Exp. Sta. 1899: 143. pl. 2. f. 9-10. 

Saccardo. Syll. Fung. 7: 516. 

Farlow and Seymour. Hort. Index. 150. 

Tubeuf. Pflanzenkrankheiten. 329. 

16 
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In Massachusetts the writ:r found it common on Agropyron 

repens, and it is reported on the same host in Europe by Tubeuf. 

It is also rep rted on ta'l meadow oat grass and Festuca rubra 

and Bromus inermis. Thus far it has only been observed by me 

on the wild rye, Elymus robustus. This species is very common 

about Ames. It makes its appearance early in June and con- 

tinues through July. Hundreds of culms are affected. In 

many cases it is difficult to find a sound leaf in some plac s. 

The fungus is characterized by linear lead-colored patches, 
which occur along the veins of the leaves. On drying them 

the epidermis becomes ruptured, exposing the black powdery 
spores, which have much the same character as the rye smut, 

measuring 1-3 x @-12" in diameter. The spores do not germi- 

nate readily. It is certainly a perennial. The species was first 

described from European specimens. * 

TREATMENT FOR SMUT. 

Allsmuts are not amenable to the same treatment, since the 

manner of entering the host differs, In many diseases of plants 

hygienic methods are of much value, and to some extent these 

are of value also in smuts. Of course, in the case of corn 

smut, much can be dore by removing the smutted portions of 

the plant, and rotation of crops should always be practiced. 
Though this will destroy but a small portion of the smut, it is 

helpful. Use care in seed selection—the seed should be free from 

smut. In the way of treating the seed, two methods have been 

in vogue—hot water and the chemical treatment. The latter 

has been in vogue for a long time, especially the method of 

treatment with blue stone. For full accounts Swingle’st papers 

should be consulted. 
Formalin.—_During recent years much has been said about 

formalin as an antiseptic as well as a disinfectant. Experi- 
ments made by Closet and Bolley§ indicate that it is valuable 

to prevent stinking smuts, as well as loose smut of oats. It is 
used at the rate of one pound to fifty to sixty gallons of water, 

and the seed soaked two hours. The 40 per cent solution 
should be used. The strong solution is poisonous; the di ute 

solution is not dangerous. A one per cent solution gave good 

results. 

*Uredo Agropyri. Preuss in Klotzsch Kabh. Herb. Myc. 1696. 

Urocystis Agropyri (Preuss) Schr. Brandu. II. Restp. Schl. 7. 

+Yearbook U.S. Dept. Agrl. 1894: 415. 

Farmers’ Bull. Office of Exp. Station. U.S. Dept. Agrl. 7. 

+Rep. N. Y. Agrl. Exp. Sta. 16. 2094. 1897. 

$Bull. North. Dak. Agr]. Exp. Sta. 27. 
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Potassium sulphide.—Potassium sulphide has proved effica- 

cious. The method given by Swingle is as follows: ‘‘ Dissolve 

one and a half pounds of potassium sulphide in twenty-five 

gallons of water in a wooden vessel (a tight barrel serves very 

well for this purpose). The potassium sulphide should be of 
the fused form, known as liver sulphur. This can be obtained 
of any druggist for from 25 to 50 cents per pound, according 
to the quantity purchased. Itshould be kept protected from 

the air in a tight glass vessel until ready for use. The lumps 

of potassium sulphide dissolve in a few minutes, making the 
liquid a clear yellowish-brown color. After thoroughly stir- 

ring, put into the solution about three bushels of oats and agi- 

tate well to insure wetting every grain. The solution must not 

only cover the grain, but must rise several inches above it, as 

some of it is soaked up by the grain. Leave the oats in the 

solution for twenty-four hours, stirring several times during 

the day to make sure that every kernel is wett d, after which 
spread out to dry. A number of experimenters have found 
that soaking the se:d two hours in a 2 per cent solution (eight 

pounds to fifty gallons) was nearly or quite as effective as the 

longer treament. The grain should be stirred repeatedly to 

insure thorough wetting. Seed thus treated is much easier to 

dry than that soaked twenty-four hours. Probably this form 

of treatment will prove the best. 
‘‘Tn treating large quantities of seed a hogshead or wooden 

tank might be used. The solution should be kept well covered 

to keep the air from it, and should not be used more than three 
times. In no case should metal be allowed to come in contact 

with it. This treatment is thoroughly effective for loose smut 

of oats, and is worthy of a trial for stinking smut of wheat.’’ 

Ceres powder. —This substance is advertised as a preventive 

of smuts, is, according to the analyses of Hollerung and other 

German investigators, only crude potassium suphide sold under 
another name and at a much higher price. 

Sar solution.—This consists chiefly of sodium sulphide and 

as given by Swingle is prepared as follows: ‘‘Place fifteen 
pounds of flowers of sulphur in a barrel, mix thoroughly with 
one-half pound of finely-powdered resin, and stir well with 
three quarts of water, which should make a thick paste. The 

paste must not be thin and watery, nor so dry as to crumble to 

-powder when stirred. Then add ten pounds of caustic soda 
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and stir well.* Aft2r from three to fifteen minutes the mass 

turns a reddish-brown and boils violently, and must be stirred 

well, preferably with a broad paddle, to preventit from running 

over. After it has ceased boiling, add about two gallons of 

water (hot if possible, but cold will do) and then carefully pour 

off into another vessel marked to ho'd six gallons, and add hot 

wa‘er till the six-gallon mark is reached. This gives a stock 

solution, which must be kept in tightly closed jugs or in closed 

barrels or kegs, since it boils if it comes in contact with the 

air. It is also decomposed if it touches metals. Of this stock 

solution use one and one-half pints to fifty gallons of water, 

soaking the s2ed twenty-four hours, or one gallon to fifty, soak- 

ing two hours. In either case treat the seed according to the 

directions given for the potassium sulphide treatment.” 

Hot water.—Numerous experiments by Jensen, Arthur, Kel- 

lerman and Swingle, Jones, the writer and many others have 

shown that hot water is efficacious as a preventative for oxts 

smut and bunt. 

Provide two large vessels holding at least twenty gallons 

each (two wash kett'es, soap kettles, wash boilers, tubs, or 

even barrels will do). One of these vessels should contain 

warm water at say 110° to 120° Ff. and the other hot water at 

132° to 183° F. The first is for the purpose of warming the 
seed before dipping it into the second, un'ess this precaution 

is taken it is difficult to keep the water in the second vessel at 

the prop2r temperature. A pail of cold water and a kettle of 

boiling water should be kept at hand to draw from when neces- 

sary to raise or lower the temperature; or, better still, in case 

a kettle or boiler is used, the temperature of the water may be 

kept up by placing the vessel over a small fire. Where steam 

is available, it can be conducted into the second vessel contain- 

ing the hot water by means of a pipe provided with a stopcock. 

This answers better than any other method for heating the 

water and for elevating the temperature from time to time. 

Place the seed to be treated, at the rate of half a bushel or 

more at one time, in a closed vessel which will allow the free 

entrance of water on all sides. A bushel basket made of heavy 

wire, with wire netting, say twelve meshes to the inch, to 

spread inside, may be used for this purpose; or a frame can be 

*‘Finely-powdered concentrated lye sold in grocery stores in one-pound packages, 

such as Red Seal granulated lye, serves admirably. If considerable quantities of the 

solution are to be prepared, it will be cheaper to purchase powdered caustic soda, 98 

per cent pure, in ten-pound tins, through'some wholesale dealer in drugs or chem!cals.”’ 
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made at atrifling cost and the wire netting stretched over it. 

This will allow the free passage of the water and at the same 

time prevent the seed from passing out. A sack made of locsely 
woven material—for instance a gunny sack—may be used 

instead of the wire basket. In some respects a perforated tin 
vessel is preferable to any of the above. It is important not 

to fill the baskets or sacks completely, as the grainis wetted 
more easily, drains better, and is more uniformly exposed to 
the hot water when it can move about freely. It is also 

important to have a volume of hot water at least six to eight 
times as great as the capacity of the basket or sack; otherwise 

the temperature varies too much. 

Copper sulphate.—Tnis has long been used for the treatment 

of oats smutand bunts. Itis used in the following propor- 
tions: Dissolve one pound of copper sulphate in twenty-four 

gallons of water; immerse for twelve hours. After this immer- 

sion Swingle recommends to place the seed for five minutes in 

lime water made by slacking one pound of good lime and then 

diluting to ten gallons with water. 

Corrosive sublimate-—This well known disinfectant has been 

recommened by Bolley* for bunt, in the proportion of one pound 

to fifty gallons cf water. The following are the directions 

given for applying this treatment: ‘Pile the wheat upon 

the floor or upon a canvass and thoroughly sprinkle or spray 
on the solution, while the grain is being constantly shoveled 

over so that every grain becomes wet over its entire surface. 

Do not use any more of the solution than necessary to do this, 

as an excess is injurious to the seed.’’ The writer has found it 

efficacious to prevent oats smut. It should be constantly 
stirred, and care used not to use too much of the liquid; too 

long contact greatly impairs germination. In this method 

great care should be used, as the solution is very poisonous. 

The potassium sulphide treatment, as well as the hot water 
method, show that there is an increase in the yield. Arthur 

states that hinderel germination is due t) the liberation of 

large quanties of diastase by the action of heat. 

RUSTS, OR UREDINE. 

The term rust as applied to cereals is usually pretty well 

understood by most people, though the term is often incorrectly 

applied to many other fungi. The term is limited to a class of 

*Bull.. North Dak. Agrl. Exp. Sta. 27. 



Fig. 124. Rusts of grasses. 7, Spartina rusts (Uromyces acuminatus) on spartina cynosuroides; 
2, teleuto spores of orchard grass rust (Uromyces dactylidis) uredo spores at a; 3, teleuto spores of 
Uromyes pow, uredo spores at aon Poa; 4, Puccinia coronata on Rhamnus cathartica; 5, aecidium 
of Puccinia graminis on barberry, a and b, spores magnified; 6,7, Puccinia graminis; 8, aecid 
aos iu ee graminis, the cup below spermogoaia ab >ve b spores, a@ peridial cell. (Pammel 
an ng. 
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fungi belonging to the Uredinez as will be made clear in the 

following pages. The Uredinez are among the most destruc- 

tive of the parasite fungi of cultivated and wild plants. Well- 
known illustrations are, cere3l rusts, rust of apple, coffee leaf 

disease, hollyhock rust and carnation rust. The rusts are 
common on a large number of grasses. The most imporiant of 
those affecting lowa forage plants will be taken up under the 

head of (1) rusts of cereals, (2) rusts of other grasses. 
History —Rust was well known to the ancients. This affec- 

tion is mentioned in connection with smut. It is referred to in 

several places in the Bible.* Aristotle mentions its occurrence 
and causes. Plinius, Columella, Ovidius and other writers 

mention the occurrence of rust. But little mention was made 

of it during the middleages, though beginning with the seven- 

teenth century reference to it became frequent. Some of the 

laws looking toward the extermination of the barberry date 

from 1660 when an act having that object in view was passed 

in Rouen. In 1755 Massachusetts passed a law lookicg towards 

the extermination of the barberry. A complete and full history 
will be found in the work of Erikssoa and Henning. 

RUSTS OF CEREALS. 

The subject of rusts is one of special interest to us because 

large losses are usually entailed by our c:real crops. During 

the last decade several wheat crop failures in parts of our state 
have been caused by rust. It is, therefore, proper that this 
subject should receive consideration. 

Eriksson and Henning,t in their recent monograph, find that 

our cereals have several specialized formsof rusts. Carleton, { 

as the result of some careful studies, finds that our cereal rusts 

are specialized. 

*5 Moses 28: 22. 1 King 8: 37. 2Chro. 6: 28. 

+Die Getreideroste ihre geschichte und natur sowie Massregeln gegen dieselben. 
Stockholm. 464. pl. 13. map I. f.5. 1896. 

+Cereal Rusts of the United States. Bull. Div. Vegetable Phys. and Path. U.S. Dept. 
Agrl. 16. 
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The following outlines show the chief cereal rusts and their 
host plants: 

Maize (Zea mays), Puccinia sorghi, Schw. 

Wheat (Triticum vulgare), Puccinia graminis, Pers. f. tritici. 

Puccinia glumarum (Schmidt) Eriks. 
& Henn. f. tritici. 

Puccinia rubigo-vera (D. C.) Wint. 
f. tritici. 

Puccinia dispersa, Eriks. & Henn. 

Oats (Avena sativa), Puccinia coronifera, Klebahn. 

Puccinia coronata. 

Puccinia graminis. f. avenee. 

Barley (Hordeum vulgare), Puccinia graminis. 

Puccinia simplex, Koernicke. 

Puccinia glumarum. f. hordei. 

Rye (Secale cereale), Puccinia graminis. f. secalis. 
Puccinia glumarum. f. secalis. 

Puccinia rubigo-vera. f. secalis. 

Eriksson and Henning use the name P. dispersa for the old 

rubigo—vera, which has been in use among mycologists for a 

long time. Carleton, after having made a careful morphologi- 

cal study of the rusts of northern Europe and the United States, 

concludes that the P. dispersa and P. rubigo-vera are identical, 

and that the name P. rubigo-vera should be used. He concludes 

that we have six cereal rusts and a possible seventh in the 

United States. 

CORN RUST. 

Corn rust (Puccinia sorghi, Schw.) Schweinitz,* an early 

American mycological writer, described this fungus as early 

as 1834, but earlier than this Carradori + an Italian writer, 

referred to this fungus. It is widely distributed, occurring 

where corn is cultivated, and at times is quite troublesome, 

especially in North America, According to Saccardo,{ it 

oceurs in Italy, France, Austria, Germany, Lusitania, North 

and South America. Peck$ and Seymour] have given us the 

only early economic accounts of the fungus. There is also a 

*Synop. Fung. 295. 

+Giorn Fis. Pavia. 8. 1815. 

$Syll. Fung. 7: 659. 

§Rep. St. Mus. of Nat. Hist. N. Y.. 34: 29. 

lU. 8. Dept. Agrl. Report. 1887: 389. 

oe aes 
cy ‘ ; 



GRASSES OF IOWA. 265 

short account by one of us,* and one by Weedt in his book, 
‘‘Pungi and Fungicides.” 

Characters of the fungus.—The fungus produces two stages. 

The first or uredo stage is similar to the red rust stage of 
wheat. It occurs onthe bracts covering the cob, leaves and 

sheath. Small, light-brown pustules or sori appear on both 
surfaces of the leaf. Close examination will show that these 

sori break through the epidermis where small white spots 

occur. The rupturing of the epidermis is caused by the con- 

tinued growth of the spores underneath. The ruptured epi- 

dermis shows the small spores. The uredo spores are one- 

celled, round or more often elongated and spiny. The stalk is 
detached. The spores measure 23-38 x 20-26". The uredo sori 

are clustered or arranged in parallel rows, closely following 

the veins of the leaf. The uredo spores are capable of germi- 

nating immediately ani distribute the fungus during the sum- 
mer. They preserve their vitality for oaly a short time; at 

any rate they do not live through the winter. Carletont states 

that the time of incubation for the uredo is shorter than any 

of our cereals, varying from five to eight days. 

As the leaves become o!der the yellowish-brown uredo sori 

are replaced by black sori. These sori may also appear where 

uredo soridid not oceur. The same mycelium which gave rise 

to the uredo spores later gives rise to the teleuto spores. The 
sori containing these spores are black. The spore is broadly 

elliptical and two-celled. It measures 30-52 x 16-24". The 

apex may be thickened and somewhat pointed. These spores 
preserve their vitality for some time; they are dormant through 

the winter. In the spring each cell may germinate by produc- 

ing a tube, known as the promycelium, which bears laternal 

bodies known as sporidia. It is undoubtedly connected with 

some ecidium or cluster cup stage, but thisstage is not known. 

Carleton reports the occurrence of this fungus on Teosinte 
(Euchlaena mexicana) which is closely related to maize. 

The species is of considerable economic importanc3 in our 
state, but it is seldom that reference is made toit. Duthie and 

Fuller§ state that corn is singularly free in India from fungus 
diseases. Agricultural writers in this country do not usually 

*Pammel. Monthly Review of the lowa Weather and Orop Service. 7: 7. 1896. 

+Weed. Fungiand Fungicides. 207, 8, 8. 

+Cereal Rusts of the United States. 66. 

$Field and Garden Crops of Northwestern Province. Ouah. etc. 1: 21. 
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Fig. 128. Fig. 128. 
Teleuto sori of Puccinia graminis. 
Uredo sori of Puccinia coronata leaf of oats, sheath affected with Puccinia 

Maize rust (Puccinia sorghi). Teleuto sorus, magnified. 

Maize rust (Puccinia sorghi) on Zea mays. 8s, sorus. 
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refer to this disease, but on some varieties cf corn it is very 
severe 

We have seen this fungus so abundantas to seriously destroy 
the leaves and sheaths of corn, in fact so abundant as to mate- 

rially injure the crop. This was especially true of some varie- 

ties of corn grown on the college grounds, the seed of which 

came from the Philippine is'ands. In this case, no doubt, 

unfavorable climatic corditicns of that variety caused it to rust. 

It is more severe on sweets than on thedents. At times our 
field corn is very seriously affec‘ed. 

Professor Seymour says: ‘‘The fungus is always injurious 

to the corn on which it grows, but the extent of the injury 
depends largely upon the age and condition of the corn and 
c imatic conditions, and is often so slight as to be of no prac- 
tical importance. Certa‘n conditions of the weather may retard 
the growth of the c:rn and favor that of the rust. Ordinarily 

the rust is not noticed till the latter part of the summer, when 

the corn is well grown and not easily injured; but in the first 

week of July, 1886, the writer observed it repeatedly on the 

lower leaves of partly-grown corn, whose vigor was plainly 

impaired by it. The injury consists in loss of food materials 
elaborated by the plant for its own growth which the mycelium 

of the fungus uses for its growth and in destroying the power 

of some of the tissues of the plant to do its work. 

COMMON GRASS RUST. 

This rust (Puccinia graminis, Pers.) in several of its forms is 

common on many grasses and especially destructive to oats and 

wheat. The commcn rust produces three stages. One stage 
occurs in the barberry and is known as the clust:r cup fungus. 

This stsge makes its appearance in the northwest some time 
during the month of June. In the latitude of Ames, a little 

before the middle of the month. An examination of an affected 
leaf will show small black specks on the upper surface, sur- 

rounded by a yellow spot; this is known as the spermagonial 

stage; the flask-shaped bodies are called spermagonia and con- 
tain the spermatia. These do not germinate; their function 

is not known. A sweetish fiuid, which attracts insects, is fre- 

quently found in connection with these. Directly opposite the 

flask-shaped bodies are small globular affairs, ‘‘cups,’’ (Aeci- 

dia), slightly irregular on the margins. Owing to their upward 

growth they rupture the epidermal cells and finally the lining 
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layer of cells of the cups also break, thus exposing a large 

number of one-celled spores borne in chains. These spores 
arise from short stalks contained at the base of these cups; the 
cluster cup spores are knownasaecidiospores. They aretrans- 

ported by the wind and other agencies, and have the power to. 

germinate soon after maturity. When the proper host—a 
grass like bent grass, oats or wheat—occurs, the germ tube 

enters by way of the stomata, or the so-called breathing pores. 
The germ tubes produced by the spore of Aecidiwm berberidis 

are simple or branched, and in fourtezn days usually give rise 

to the uredo spores, which occur in definite spots called sori. 

These spots occur in great number along the veins of the leaves. 

Before breaking open, the tissues of the leaf are somewhat 

paler at those places. The nourishment afforded by the host 

causes a vigorous mycelium to form, which soon collects in 

places, pushes the epidermis out, and an orange-colored pustule 
is formed; this is known as the uredosorus. 

A section through a diseased sorus shows that an abundance 

of the vegetative mycelium grows between the cells of the 

plant, and in some cases haustoria penetrates them. This pus- 

tule contains a large number of one-celled, round or elliptical, 
spiny, crange-colored spores, the uredo spores. This spore 
has two membranes, the outer exospore being provided with 

wart-like projections. The inner endospore is provided with 

several pores through which the germ tube appears. These 

spores germinate in from three to four hours; they can thus 

start a general infection. These spores, carried by the wind, 
rain or insects to another part of the same or another plant, 

germinate. The germ tubes branch and spread over the sur- 

face, but the tube cannot enter the host, a grass of some kind, 

such as wheat, oats or barley, unless it reaches the opening of 

the stoma, since it cannot bore through the epidermal cells. A 

single sorus contains hundreds of spores, and as a single plant 

may contain hundreds of pustules, it can readily be seen that 

rust must become quite general. 

The red rust stage is followed by the black rust stage, known 
as the teleuto stage. The sori are brownish-black in color, and 

frequently occupy the same place that the uredo stage did. 

The spores are dark brown in color, two-celled and smooth, 

having attached to them a persistent stalk known as the pedi- 
cel. The te!euto spores do not germinate till the following 
spring, when each call proluces a germ tube, the promycelium 
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bearing lateral spores, sporidia. These sporidia, when in con- 

tact with the barberry leaf, enter by boring their way through 

the epidermal cells. 

The barberry cluster cup fungus, and its connection with common 

grass rust.—It is not absolutely necessary for the common grass 

rust to have its first stage on the barberry, yet experiment has 

shown beyond doubt that it does occur on that plant. The 

theory has been advanced that appearing in one of its stages 

on the barberry gives the parasite new vigor. It is not improb- 

able that in some places the mycelium or vegetative part of 
the fungus may be perennial in the tissues of grasses, as it is 

with may other fungi, and I am inclined to think this is true in 

southern localities. Beyond question this rust produces spores 
during the entire year in our southern states, and on the 

approach of early spring gradually moves northward. I may 
also mention the fact that this rust certainly does not in the 

west appear before the cluster cup fungus on the barberry 

appears. Itis usually eight or ten days later, and then only 
to a limited extent. Rust often appears where barberry does 

not occur within hundreds of miles. This was especially 
noticeable during the early history of grain culture in the 

northwest. Rust fol.ows a general infection. 

Grasses affected.—In addition to the cereal plants enumerated 

in the table, this rust has been reported on the following 

grasses: Bent grass, Agrostis alba, A. capillaris, A. canina, 

Aira caespitosa, Alopecurus pratensis, Agropyron repens, A. spica- 

tum, A. caninum, Avena fatua, Briza media, Bromus tectorum, Briza 

maxima, Bromus mollis, Calamagrostis, Dactylis glomerata, Dis- 

tichilis maritima, and Eriksson and Henning report it also on 

Elymus canadensis and several other forms; it has, however, not 

been seen by me on this host. We have repeatedly seen it on 

Holecus lanatus and Hordeum jubatum.* 

It should be borne in mind that in many cases these hosts 

have not been determined by inoculation experiments. The 

inoculation experiments of Carleton show that the P. graminis 
avene are not successful when applied to wheat, but successful 

when applied to Avena sativa, A. fatua, A. pratensis., Dactylis 

glomerata, Arrhenatherum avenaceum. The following are probable 

hosts: Koeleria cristata, Ammophila arenaria, Bromus ciliatus 

and Loliam perenne. The Hordeum jubatum, according to Carle- 

ton, supports two distinct forms of P. graminis. The same 

*Bull. lowa Agrl. Exp. Sta. 30: 302. 1895. 
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author states that the Puccinia graminis tritici occurs on cultiva- 

ted varieties of wheat, Hordewm jubatum, and H. vulgare. The 

following spices also act as hosts: Triticum spelta, T. dicoccum, 

Agropyron richardsoni, A. tenerum and Elymus canadensis. 

Eriksson and Henning and other writers* report this rust on 

several o.her sp:cies of Hordeum, Koeleria cristata, Lolium per- 

enne, L. temulentum, Agropyron tenerum. 

The clus‘er cup fungus occurs more comm)nly on the com- 

mon barberry (Berberis vulgaris) because it is more commonly 

cultivated. Ihave also found it on B cerasisforme and B. can- 

adensis here at Ames. One species of barberry, B. thunbergi, is. 

exempt here. 

There is n) evidence that the rust cin survive the winter in 

the northera states; 7. e.: that the mycelium is perennial in the 

tissues of wheat or grass. At least this does not occur in Iowa, 

and Professors Hitchcock and Carleton failed to find that it is 

perennial in Kansas. They state that it seems probable that 

P. graminis does not pass the winter in this vicinity in the uredo 

stage, nor in the mycelial condition. Whether or not it sur- 

vives the winter further south is a question still to be answered. 

Eriksson and Henning state that in Stockholm and Sweden the 

uredo spores do not persist during the winter, and that infec- 
tion does not result from these occurring ino the fall. Cold 

weather is inimical to th2ir development. The results of the 

Swedish writ-rs are entirely trustworthy. It is claimed by 

Von Thumen for Austria, Plowright for England and Kuehn 

for Germany that this speciesis p2rennial. In Austria accord- 

*Arthur, J.O. Notes on Uredinez. Bot. Gaz. 16: 225, 1891. 

Bolley. H. L. Wheat Rust. Bull. Ind. Agrl. Exp. Sta. 26: Wheat rust is the infec- 

tion local or general, Agrl. Sci. 5: 259. 

Burrill, T. J. Parasitic fungi of [llinois. Bull. of the Ill., State Lab. of Nat. Hist. 

2: 141. 1885. 

Cobb, N. J. Contributions to an economic knowledge of Australian rusts. Agrl- 

Gaz. N.S. W., 1: 185. 3: 181. 

Carleton, M. A., & Hitchcock, A.8. Preliminary report on rusts of grain. Bull. 

Exp. Sta. Kansas Agrl. Coll. Manhattan. 38: 1893. Oereal rusts of the U.S. Div. Veg. 

Phys. and Veg. Path. U.S. Dept. Agrl. 16. 

Dietel, P. Uredineen aus dem Himalaya. Hedwiglia. 29: 259. 1890. 

Eriksson & Henning. Die Getreideroste. 

Farlow, W.G., & Seymour, A. B. A provisional Hostindex of the fungi of the 

United States. 1888-1891. Cambridge. 

Lagerheim, G. Contr. ala Flore mycologique de Portugal, Bolet. da Soc. Broteri- 
ana. 8: 1890. 

Lugger, O. The black rustorsummerrust. Bull. Minn. Agrl, Exp. Sta. 64: 

Schroeter, J. Die Pilze in F.Cohn’s Kryptogamenflora von Schlesien. Lief. 3, 

1887-89. 

Sorauer, P. Handbuch der Pflanzenkrankheiten. Berlin. (2 ed.) 1886. 

Webber, Herbert, J. Oatalogue of the flora of Nebraska, Nebr. State Board of 

Agrl. Lincoln. 1889: 
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ing to Cobb the species grows during the entire year. Some 

years ago a systema‘ic investigation was made of the rust 

affecting cereals in the vicinity of Ames. While Puccinia 
graminis was commo1 in the fall, gradually disappearing on 

the app’oach of cold weather, none of the sori were found dur- 

ing the winter or early spring. It was not till the cluster cup 

fungus appeared that this rust commenced to app2ar. Some 

of the infest:d plaits were removed to the green-house and 
developed rust in abundance during the winter. 

COVERED RUST OF WHEAT. 

We may now discuss briefly two species of rusts, the Puc- 

cinia glumarum and P. rubigo-vera, which are more or less com- 

mon on wheat and some other grasses, and have very appro- 

priately received the name of covered rust. 

Puccinia glumarum.—AXcidium unknown; the uvedjo sori 

occur along the veins. The diseased leaf is frequen'ly of 

irregular contour, color orange yellow, spores spherical, 

or short, elliptical, spiny. Teleuto sori, grayish, covered 

by the epidermis on the stalks and leaves, less frequently 
on the flowers. Sori divided into chambers, surrounded by 

paraphys’s. Sposres with short pedicels, mostly club-shaped, 
unsymmetrical; apex somewhat truncate, or with one or two 
projections. This rust does not seem to hive been genera'ly 

recogn zed as belonging to the description given by Schmidt 

in 1819. Ithas been usually referred to as P. rubigo-vera. It 

seems quite certain that most European mycologists who have 

been. working with the economic side of this question have had 

the P. glumarum in mind. Eriksson and Henning say it is diffi- 

cult to say from the diagnoses of many writers who have dis- 

cussed this question whether they had P. glumarum or P. dis- 
persa. In European mycological works the ecidium of this 
fungus is said to be very common on common speed Fell 

(Lithospernum arvense) Echium vulgare and Anchusa officinalis. 

Common speedwell is a very common weed in St. Louis and 

other parts of Missouri and southern Illinois, but I have never 
found the zcidium on these weeds. 

It is very evident from the researches of Eriksson and Hen- 

ning* that most wri'ers must have been working with a rust 

very different than P. rubigo vera. On the question of the rela- 

tion of temperature and the appearance of this rust, Eriksson 

leer. a0. 
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and Henning state from their extended observations that there 

are marked differences in the disposition of the rust, depending 
upon temperature conditions. It appears further from their 
researches that the amount of precipitation was important in 

the product’on of this rust. Concerning the ability of the 
uredo spores to pass the winter in a living state in northern 
climates, these writers found no evidence of it in the least, or 

at any rate the conditions for this are extremely unfavorable. 

It appears that in some cases where the snow covers the 

ground during the spring, with a few slight frosts, the myce- 
lium may be carried over, but its occurrence in this way is not 
very common. On the other hand a long continued snow is 

likewise detrimental. 

Puccinia dispersa.—This species of rust is apparently very 

commonin Europe. There are three different stages The 

zecidium stage produces circular or elongated, somewhat swol- 

len, spots on the leaves, petioles and stem of several members 

of the borage family. The spores are between 20 to 30" or 20 

to 30x19 to 22". The uredo spores are spherical or short ellip- 

tical; pale yellow, 19 to 29" in diameter. The tuleuto spores 
long remain covered by the epidermis. The sori chambered, 

surrounded by numerous brown paraphyses; spores are mostly 

club-shaped, unsymmetrical. Spores 40 to 50" long. Accord- 

ing to Eriksson and Henning the uredo spores can germinate 

in the fall. In addition to the above named hosts, this 

rust has been found on several species of Bromus, Trisetum 

and Triticum spelta. Its distributiou cannot be given because 

in most cazes the P. rubigo-vera included this as well as the 

P. glumarum. It has been intimated above that the uredo 

spores make their appearance on young germinating plants 

in the fall, but it appears that the uredo spores are not 

common the following spring. The inves'igations of the 

authors quoted here indicate that not in a single case was it 

possible to produce uredo spores in the spring from those of 

the autumn. 

L. H. Bolley, of Fargo, N. D., well remarks in regard to 

several cluster cup fungi which occur on members of the 

Borage family: ‘‘Several ecidia of unknown life history 

have been studied with reference to their relations to the red 

rust of Puccinia rubigo-vera, many infectious tests being made 

upon young wheat and oat plants, all with negative results.” 
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“Tn this region Onosomodium carolinanum bears very profusely 

an ecidium, which, because of its date of appearance, was 

worthy of suspicion; but tests enough were made to remove 

this notion.” P. rubigo-vera as well as the common grass rust, 

is very destructive in England and Australia; according to 

Wolf, not so common in Germany. A few years ago Professor 

Arthur investigated the subject of wheat rust in Indiana and 

found that this species was much more destructive to wheat in 

that state than common grass rust. The same year, 1889, I 

found that this rust was much more common on our wheat. 

Carleton* says he is confident that the orange-leaf rust (P.rubigo- 

vera) does very little if any damage to the grain in this country; 

that in all cases of serious damage to the grain by rust the 

black-stem rust (P. graminis) is the real cause. 

In 1891 and 1892 the rust under consideration was hardly as 

destructive as common grass rust. In 1893 covered rust was 

more abundant than common rust. Atkinson states that uredo 

spores develop during any month of the year, during the win- 

ter and spring attacking the grains, and during the summer and 

autumn the grasses, so that we may probably have a perennial 

infection from uredo spores, Bolley states that there are iso- 
lated cases in which the mycelium of this species may live in 

the tissues of the wheat during the winters. This, however, 

can occur only during the mild winters. I have been unable to 

verify this for the state of Iowa, and Bolley has, likewise, 

failed in North Dakota. Hitchcock and Carleton find that in 

the vicinity of Manhattan, Kan., the Puccinia rubigo-vera passes 

the winters in the tissues of the wheat plant in the mycelial 

condition. During the warm weather of spring a crop of spores 

is produced which, under favorable conditions, may rapidly 

spread the disease. The infection of the winter wheat in the 

fall is materially aided by the volunteer wheat, which carries 

_ the rust through the few months following harvest, and these 

results have been reconfirmed by Carletont in Kansas and 

Maryland. According to Sorauer the mycelium is perennial in 

the parenchyma of the leaves of cereals. We are forced to the 

conclusion that infection is general and that our wheat suffers 

much from southern invasion of this parasite. No doubt the 

perennial character of the mycelium in warm climates plays an 

important part in spreading the disease. In northern states, 

*Improvements in wheat culture. Year book U.S. Dept. of Agrl. 1896: 497. 

yCereal rusts. l. c. 21. 

17 
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with severe winters, the mycelium, except under favorable con- 
ditions, is not perennial. 

CROWNED RUST. 

Puccinia coronata.—This is a well-known destructive rust of 

oats and several other grasses and has received considerable 

attention from early mycologists. Klebahn* has recently 

described this rust under several distinct forms. The P. 

coronata dactylidis in a narrow sence includes the rust upon 

Dactylis glomerata or orchard grass, Festuca sylvatica with ecidia 

on Rhamnus frangula and P. coronifera. Ericksson and Henning 

distribute these forms into P. coronata I, and P. coronata II. 

Historically this rust is of considerable importance, since 
Gmelint was familiar with this disease in 179’, and described 

it as Aecidium rhamni on Rhamus. Other early mycologists 

described the fungus, as Persoon, Schumacher, Lamarck and 

DeCandolle. The Aecidiwm rhamni Gmel. produces round or 

elongated spots with elongated, conspicuous ecidia. The 

spores from 18 to 25" by 14 to 19". The uredo sori are long, con- 

fluent, mostly on the upper surface of the leaves, seldcm on 
the under surface of the leaf. They are orange-colored, aid 

are soon exposed. Hach pustule contains a large number of 

one-celled, sub-glob: se, roughened spores. The spc res are 

spherical or sbort, elliptical. The plant is vellow, 20 to 82" in 

diameter by 28 to32" by 20 to 24". The teleuto spores remain 

covered by the epidermis, and in this respect they resemble 

the covered rust of wheat (Puccinia glumarum). They usually 

occur on both sides of the leaf. The spores are shcrt stalked, 

cuneate and more or less truncate above, crowned with several 

projecting horns. The ecidium stage occurs on a species of 

buckthorn: (Rhamnus) especially (Rk. Cathartica and R. frangula). 
In this state an eecidium is frequently found on a native buck- 

thorn (R. lanceolata), but its connection with this host has not 

been studied. The ecidium attacks not only the leaves, but 

occurs on mid-vein, petiole, pedicels and flowers. Asa result 

of the attacks, distorted leaves and flowers are produced. <A 

few years ago Hon. C. V. Stout, of Parkersburg, in this state, 

reported to me some interesting facts with reference to the 

attack of rust and hedges of buckthorn. 

*Zeitschraft f. Pflanzenk. 4: 120. 

+Linn. Sept. Nat. 2: 1462. 
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Quite a number of farmers of Grundy county in the early 

days planted hedges of buckthorn around their farms. Mr. 
Stout had observed for a number of years that oats are very 

badly rusted in the vicinity of these hedges, so that he had 

learned not to plant any oats in the immediate neighborhood. 

Away from these hedges rust was not so severe. For the 

farmers of the vicinity the buckthorn hedge and rust was an 
instructive and valuable lesson. 

SIMPLE BARLEY RUST. ; 

Puccinia simplex.—In 1865 Koernicke described, under the 

name of Puccinia straminis var. simplex, the rust upon barley. 

This rust appears to be quite common in Scandinavia, Belgium, 

Hungary and Austria, AXcidium unknown. The uredo spores 

occur in small sori which are longer than wide. These occur 

scatteringly upon the upper surface of the leaf. The lemon- 

colored spores round or short elliptical, spiny, yellow, 19 to2C™ 

in diameter or 22-27" x 15-19". 

RUSTS OF OTHER GRASSES. 

It will not be necessary to discuss at any length all of the 

rusts which are common on grasess and cereals, since they 

have in part been treated in a former discussion; suffice it 

to say that a so-called Puccinia graminis occurs on blue 

grass, but it is not common nor destructive in this state. 

The same species occurs on orchard grass. Puccinia graminis 

is, however, extremely common on bent grass (Agrostis alba) 

and several of the related species. Puccinia graminis, or @ 

closely related species, the Puccinia agropyri, is very common 

on the following species of the genus: Agropyron repens, A. spi- 

catum, A. caninum and A. tenerum. Until it has been deter- 

mined whether this form is distinct in America it will be better to 

treat it with common grass rust, which it resembles in a great 

many respects, and Carleton has shown by inoculation experi- 

ments that P. graminis occurs on several species of Agropyron. 

Pucinnia coronata.—So far as the writer knows, this species 

is common only upon the orchard grass in the state of Iowa, 

and this is the form which has been referred to P. coronata dac- 

tylidis. In Europe, however, this rust is common on other 

grasses. 
Timothy rust (Puccinia phlei pratensis).—Timothy, so far as 

the writer knows, is not affected with any rust in the state of 
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Iowa. In Europe, Eriksson and Henning* have described the 

above species. 
Puccinia graminis has also been reported on timothy in this 

country. Itis possible, however, that the Puccinia graminis 

recorded may be the Puccinia phlei pratense. AXcidium unknown; 

uredo sori perennial occur on the leaves and sheaths; confluent, 

brownish yellow, 18-27 x15-19". The elongated confluent, 

brownish-black or black sori are open or exposed, or with par- 

tially removed epidermis; contain the teleuto spores, which are 

spindle or club-shaped, somewhat constricted in the middle; 

chestnut brown, round or pointed; the apex strongly thickened, 

38-52" x 14-16". From experiments made by the Swedish work- 

ers it appears that this rust is in no way connected with the 

barberry cluster cup fungus. 
Gama grass rust (Puccinia vexans, Farlow.)—This rust is 

extremely common on Bouteloua racemosa. First described by 

Professor Peck+t from specimens collected by Brandegee under 

the name of Uromyces brandegei (Peck). But the species was 

first correctly determined as a Puccinia by Farlow.{. He deter- 

mined that there were two kinds of thick-walled spores with a 

permanent pedicel; the two-celled being far more common in the 

summer, while the one-celled produced during the fall. The 

zecidium stage of this fungus is unknown. Uredo sori are pro- 

duced on the upper surface of the leaf and occur in small yel- 

low spots. Spores oblong or elliptical, minutely roughened, 

15-25" across sori, with numerous paraphyses. The one-celled 

mesospores are globose to oblong. The exospore covered 

with small papille; spores 25-30" broad by 380-88" long. Apex 

of the spores strongly thickened. Pedicels colorless, longer 

than the spores; two-celled spores smooth. 
Blue stem rust.—Blue stem rust is rather common on tall blue 

stem (Andropogon provincialis) as well as the little blue stem 

(Andropogon scoparius); furthermore, it is common on other 

species of the genus in southern United States. This species 

was first described by Schweinitz.§ Uredo sori brownish 

orange on the under surface of the leaf, sometimes confluent. 

Uredo spores sub-globose, 21-31" in diameter, roughened. 

*Die getreideroste. 153. 

+Bot. Gaz. 4: 127. 

Saccardo. Syll. Fung. 7: 733. 

¢Ellis. North Am. Fungi. 1051, 

$North American Fungi. 295. 2911. 
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Fig. 129. Uredo Sori of Tickle Grass Rust (Puccinia emaculata). 

Fig. 130. Teleuto sori of Puecinia andropogonis on A. provincialis. 
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Teleuto sori usually on the under surface of the leaves; some- 

times on both surfaces, singly or in groups, confluent, the 

edges of the epidermis of the edges of tbe sori straight. 

Teleuto spores two-celled, obovate to elliptical, constricted at 

the middle. Apex rounded and somewhat obtuse. Spores 

30-45 x 15-22". Pedicels as long or longer than the spores. 

This species is most troublesome in this state on Andropogon 

scoparius. In some cases over large areas a Jarge number of 

leaves: have been infested with the fungus. It is especially 

manifest during the month of September and October, uredo 

spores being most abundant during the month of August. 

Switch grass rust (Puccinia eamulata Schweinitz).—This 

species was described by Schweinitz* and occurs upon several 

different genera, notably Tvricuspis seslirioides, Panicum virga- 

tum, P. capillare and Eragrostis pectinacea. 

Sori numerous, usually on tae upper and lower surfaces of 

the leaf. They are most abundant on the lower. The uredo 

sori, brownish, elongated, frequently confluent, irregular. 

Spores sub-globose, 15-20" in diameter, echinulate. Teleuto | 

sori irregular, elongated, frequently confluent, black. The 

epidermis broken, forming a rim around the edge, lacerated. 

Spores constricted in the middle. Apex obtuse or acute, 30-— 
48" by 15-21". Pedicels long or longer than the spores. 

Puccinia poarum, Nielsen,+t affects Poa annua. The pustules or 

sori of the uredo stage are orange-colored, round to elliptical, 

provided with sterile threads known as paraphyses. The uredo 

spores usually have six germ pores. The spores are round or 

somewhat elongated and spiny. The teleuto sori are black or 

dark brown, oblong to linear, without sterile threads, long 

remain covered by the epidermis, the spores are usually two- 

celled, brownish-yellow to dark browa, provided with short per- 

sistent pedicels. 

Puccinia anthoxanthi occurs upon the Anthoxanthum odoratum. 

The spores of this species are extremely variable. Ordinarily 

they are much longer than broad, and with a rather stout, per- 

sistent pedicel. The uredo spores are minutely roughened. 
The Puccinia phragmitis is quite common on Phragmites communis. 

The wcidium of this fungus occurs upon a species of Rumex. 

A second Puccinia has been recognized upon Phragmitis, e. g., 

Puccinia magnusiana Koern. The ecidium of this occurs upon 

*Saccardo. Syll. Fung. 7: 663. Burrill. Parasitic Fungiof Illinois. 201. 

+Saccardo Syll. Fung. 7: 625. Nielsen. Bot. Tids. III, 2: 26. 



Fig. 131 Rusts of grasses. 1, Puccinia phragmitis on Phragmites communis; 2. P. anthoxanthi Fckl.; 
3, P. coronata on Calamagrostis; 4, P. tricuspis; 5. P. coronata on oat leaf; 6, uredo spores of P. phlei- 
EA baled on Phleum, Ericksson and Henning; 7, ?uccinia graminis on oats; 8, P. arundinacea on 
Aa Eien communis; 9, on Spartina cynosuroides; 10 P, coronata on Cinna arundinacea. (Pammel 

an ng. 
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Ranunculus. Dr. J. C. Arthur, of Lafayette, Ind., has recently 

determined that the #cidium Fraxinii has its teuleto sporic stage 
upon Phragmites and that this rust is connected with Puccinia 
phragmitis, and that Puccinia arundinacea occurs upon Phragmites 

communis also. 

Uromyces dactylidis occurs upon Poa, Dactylis, Avena and 

Brachypodium. Uyvromyces graminicola occurs upon Panicum 

virgatum and several other grasses. Uvromyces acuminatus, first 

described by Arthur, is very common at times on Spartina 

cynosuroides. It received its specific name from the ‘peculiar 
character of the apex of the spore. 

The prevention of rust.—V arious opinions have been expressed 

in regard to the causes of rust and its prevention. By many 

agriculturists, for instance, it is thought that rust is depend- 

ent upon the manner and method of sowing the grain. Some 
agricultural writers, especially in Germany, have conducted 

experiments to determine these facts and the statement has 

been made by some of these writers that where the grain was 

sown too thick, and soil fertilized, the culms were developed so 
abundantly that the cereals rust more severely. McAlpine* 

stated at a conference at Sidney in 1891, that most of the agri- 

culturists of Victoria found that rusts were most severe where 

the grain had been thickly seeded. Eriksson and Henningt in 

their treatment of this question states that it appears to have 

been but a small factor in the determination of rust. Another 

question discussed along this line by these writers is the ques- 

tion of shallow and deep planting. According to Rostrup wheat 

sown more than five inches deep is severely affected. The 

third question discussed:is that of sowing by the hand as com- 

pared with sowing with a machine. From the results obtained 
it appears that grain sown by a machine produces a more uni- 

form stand and it was less rusted than the hand sown. The 

fourth question is that of sowing a mixture of different cereals. 

This question was early discussed by Sinclair. As a matter of 

fact it makes very little difference if the cereals are sown 

separately or conjointly so far as rusts are concerned. The 

question of climatic influences is an important one as has been 
shown by numerous investigators. The question, both from an 

historical and from an experimental standpoint has been dis- 

*Rust in wheat. Rep. Proc. of the Conference. Sidney. June «3-8.71891. Agrl. Gaz. 

New South Wales. 2: 7. 1891. 

+On the diseases of wheat. See Eriksson and Henning. Getreideroste 300. 
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cussed at considerable length by Eriksson and Henning under 

the following heads: Heavy rains; sudden temperature changes; 

wind and dew. 

The writers commenting on the subject concluded that the 

developmentof black rustis highly favored by the large amount 

of rain through July and early August. This favors a rapid 

germination of the uredo spores The most favorable condi- 

tions for the rapid development cf yellow rust for winter wheat 

occurs in the month of April when there is a large precipita- 

tion. 
. Eriksson and Henning have also made some experiments on 

spraying to prevent rust. They tried such substances as sul- 
phate copper, eauceleste, Bordeaux mixture, chlorid2of iron 

and sulphate of iron. It appears from these experiments that 

spraying with Bordeaux mixture and eauceleste, somewhat 

lessens the attacks of rust. 
Experiments made by Galloway* with fungicides, in which 

seed, soil and plants were treated, showed that certain fungi- 

cides, e. g., Bordeaux mixture, potassium bichromate and some 

others, were effective in checking rust to some degree, yet the 

expense and method of treatment render it quite impossible to 

spray the plants to prevent rust. The experiments by Keller- 

man, Swinglet and the writer{ also show that it is out of the 

question to treat rusts. 

Eriksson and Henning, in the work quoted before, recom- 

mend only to grow such varieties as are most resistant to this 

disease. They state that this degree of resistance shows itself 

to best advantage in years when there is considerable rust. 

They recommend further that winter wheat be sown early 

in the fall. In regard to oats, they recommend that the soil 

should not be heavily fertilized; seed should be sown early in 

the spring, that all barberry bushes and mahonia be removed, 

and that weeds which harbor rust, like quack grass, should be 

removed. 

Carleton§ states there is as yet no preventive for wheat 
rust, at least so far as combating it directly. 

Bacterial Diseases. 

The known diseases produced by bacteria are constantly 

increasing. Hartig|| in his well known work on plant diseases 

*Rep. U. 8. Dept of Agrl. 1892: 216. Jour. Myc. 7: 95. 

+Bull. Kansas Agrl. Exp. Sta. 22. 

*Bull. lowa Agrl. Exp. Sta. 16: 24. 

§{mprovemeats in Wheat Culture. Yearbook U.S. Dept. Agrl. 1896: 497. 

iLerhbuch. d. Baumkrankheiten. 27. 1882. 
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Fig. 132. Rusts of grasses. 1, a three-celled teleuto spore; 2,several celled teleuto spore 

of Pucciniatomipara; 4, P. veraus, middle figure a single paraphysis; 9, Puccinia graminis, 

with mycelium: 8, P. rubigo-vera. 
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made the positive declaration that bacteria do not produce 
diseases of plants. 

De Bary undoubtedly was one of the most critical and care- 

ful of the German botanists. He says: 

‘‘Parasitic bacteria do not often appear, according to our 

present experience, as the contagia of diseases in plants.” 

When DeBary wrote, the following diseases of plants had 

been demonstrated as due to bacteria: Pear and apple blight,* 

yellow disease of hyacinth plants;+ a disease of wheat, destroy- 

ing the grain, producing a rose-red color; was supposed, also, 

by Prillieux} to be due to a micro-organism, which destroys 

the starch grains. Reinke and Berthold|| also described a wet- 

rot in potatoes. Later experiments of Van Tiegham§ confirm 

the results of Reinke and Berthold, that Clostridium butyricum 

(Bacillus amylobacter), caused a wet-rot in potatoes. 

More recently the list of diseases has been considerably 

extended. Black rot of cabbage and rutabaga, melon wilt, 

bacterial disease of rutabaga, tuberculosis of the olive, sor- 

ghum blight, bacterial disease of oats, corn wilt, bacteriosis 

of tomato, egg plant and Ivish potatoes, cane disease, gumming 

of cane and others are caused by bacteria. { 

The literature of the whole subject has been critically 

reviewed by Dr. Erwin F.. Smith.** 

In regard to forage plants we are concerned with few of 

these diseases, namely, bacterial diseases of corn, corn wilt, 

sorghum blight and bacterial disease of oats. 

BACTERIOSIS OF CORN. 

In 1889 Burrillt+ described a new bacterial disease of corn 

known as ‘‘corn blight,’’ and later published an account inone 

*Burrill. Anthrax of fruit trees or the so-called fire-blight of pear trees, and twig- 

blight of apple trees. Proc. of Am. Ass., Adv. of Sci. 1880: Bacteria as a cause of dis- 

ease in plants. American Naturalist, July, 1881. 

Arthur. Pear blight. Annual Report New York Agricultural Experiment Station 

1884: 357. 1885: 241. 1887: 275-288. Bibliography. 300. Am, Nat. 1885: 1181, 

History and biology of pear blight. Proc. Phil. Acad. of Nat. Sci. 1886: 322-341. 

Separate. 

+tWakker, J. H. Onderzoek d. Ziekten van Hyacinthen, Harlem. Bot. Centralblatt. 

14: 315. 

*Corrosion de grains de ble. etc., par les Bacteriees, Bull. Soc. Bot. de France. 26: 

31, 167. 1870. 

$Die Zerzetzung d. Kartoffel durch Pilze. Berlin. 1879. 

|| Developpement de l’ Amylobacter dans les plantes al’ Petat devie normal. Bull. 

Soc. Bot. de France. 36. 283, 

TErwinF. Smith. Bull. Div. of Vegetable Pathology. U.S.Dept. Agrl. 12. 

**A merican Naturalist. 1896: 626, 716, 796,912. 1897: 84, 123. 

trA bacterial disease of Indian corn. Proc. Soc. Prom. Agrl. Sci. 10: 19. 1889. 

Bull. Ill. Agrl. Exp. Sta. Aug, 6: 1889. 
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2 % of the bulletins of the Illinois Agricultural 

Sas Experiment Station. Wide interest was 
epen *~ attached to these investgations, since Bil- 

__.» 29 %  lings,* of Nebraska, stated that bacteriosis 
HEN as ave teas 2h of corn was identical with the corn stalk 
pipensener Comat (aed: disease. His peculiar method of reason- 

ing convinced him that the organism iso- 

lated by him was identical with the Burrill organism. This 
is well stated by Moore. t 

‘‘The most interesting part of his investigations was the 

supposed discovery of the identity of the bacillus which he 
found in the animal tissues with the one described by Burrill 

as the cause of a disease in cornstalks. This hypothesis is 

supported by the fact that by feeding the diseased stalks to a 

rabbit he produced a fatal disease, and from organs of the dead 

rabbit he obtained pure cultures of the bacillus. He sent a cul- 

ture of this bacillus to Burrill, who stated that the organism 

which he (Billings) had obtained from the organs of dead cat- 

tle appeared to be identical with the bacillus which produced 

the disease on the cornstalks. The correspondence between 

these two investigators, published by Billings, shows that 

Burrill was conservative on this question, pointing out obvi- 

ous resemblances only. The responsibility of the statement 

that the two bacilli are identical rests with Billings. ”’ 

Ludwig} in his general work on the cryptogams refers to the 

organism as Bacillus secalis, Burrill. Ludwig apparently first 

applied this name. Russell used the same name. 

Moores and Smith, who did some very careful work, identi- 

fied this organism as Bacillus cloacee, which Jordan|| found in 

sewage, and is widely distributed in surface soil. 

Characters of the disease.—The first indication of the disease 

is the dwarfed condition of the young plants occurring in spots 

of various sizes; soil upon which it occurs is variable, though 

it usually occurs in the richest soil. In many cases it occurs 

upon the lowest ground. In one field Professor Burrill 

observed the following conditions: ‘‘The season (of 1887) 

*Original Investigations of Cattle Diseases of Nebraska. 1886-1889. 

Article II. The corn stalk disease in cattle. 163. 

yCorn stalk disease. Bull. U.S. Dept. of Agrl. Bureau of Animal Indistry. 13. 

{Die Neideren Kryptogamen. 95. Abst. Warlich Central Bakt. u Parasiten. 70. 

8Moore, A. An inquiry into the alleged relation existing between the Burrill 

disease of corn and the so-called cornstalk disease of cattle. Agrl. Sci. 7: 368. 

|Jordan, E,O. Experimental investigations by the State Board of Health of Mass. 

1890: 2. 8. 36. 



GRASSES OF IOWA. 285 

was quite dry, and there was at no time subsequent to the 

planting any superfluous water in the area described. The 

seed germinated and the young corn grew satisfactorily until 

after the second plowing, when the plants were more than six 

inches high; then the newly-tilled spot showed, by the change 

in the appearance of the corn, ina very definite manner, to the 

very furrow on the margins, a distinct difference from the rest 
of the field. The cora ceased growing, became yellow and 

unusually slender, then for the most part died.’’ After corn 

has tasseled the disease may be found widely scattered through- 

out the field, affecting a stalk here and there. The young 

plants usually show a yellowishcast; the roots are also affected; 

a Stalk split lengthwise shows that the inner middle portion of 

the stem is of a dark color; on the surface of the leaf and stem 

brownish, corroded spots may be seen—in some cases these 

spots are covered with semi-transparent gelatinous material; 

the ears and husks are affected occasionally. 

Moore states that he had no difficulty in obtaining nearly 
pure cultures of this organism from the first stage of the 
disease. The dwarfed corn resulting from the attacks of 

bacteria are quite rare. Moore confirms the results of Burrill 

that this organism occurs ia a large number of cornstalks and 

is abundant in the gelatinous flakes. Burrill’s experiments in 

showing its pathogenic nature were not successful, but later an 

application of a pure culture applied to the inside of the leaf 

sheath, without puncture, gave positive results. 

Moore says: ‘‘ Whether these organisms are of themselves 

able to gain entrance into the parenchy-matous tissue of the 

leaf sheaths after being lodged by various agencies against 

the exterior of the plant, or whether they are inoculated into 

the tissues by means of insects or injuries to the epidermis 
otherwise inflicted is not determined. ”’ 

This organism is therefore parasitic, and should be classed 

with the faculative parasites. It has been shown that in addi- 

tion to Bacillus cloaceae other saprophytic organisms occur, and 

that these may produce lesions. This is not inconsistent with 

the work done by Russell,* who has shown that alarge number 

of bacteria, mostly saprophytes, can live for a certain period 

and spread as parasites. 

*Bacteria in their relation to vegetable tissue. Rep. Johns Hopkins Univ. Hospi- 
tal 3:. 223. 1893. 
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This organism is described by Moore* as follows: 

Morphology.—A motile bacillus varying in length from 1.3 to 

2", ends rounded. Appears in cultures singly or united in 

short chains or clumps. From five to fourteen flagella have 

been demonstrated. It stains readily with aniline dyes. 
Cultural characters.—It develops a grayish, somewhat vigor- 

ous, glistening, non-viscid growth on the surface of agar. In 

the depth of agar it is more feeble. Gelatin is softened along 

the needle track and beneath the quite vigorous grayish growth 

which appears on the surface at the end of six days. It lique- 
fies very slowly. The liquid gelatin is clear, with a viscid 

grayish sediment and strongly alkaline in reaction. On potato 

a dull grayish, non-viscid growth appears within twenty-four 

hours. In alkaline pouillon the multiplication is quite active, 
the liquid becoming heavily clouded in twenty-four hours. The 

casein of milk is coagulated in about eighteen days. It pos- 

sesses active fermentative properties. .In the fermentation 

tube, when filled with bouil!on containing 2 per cent dextrose, 

the closed bulb is filled with gas in forty eight hours. The 

liquid is very acid in reaction. The gas consists of 72 per 

cent CO, aud 28 per cent H. Ina similar tube containing sac- 
charose the fermentation is quite as active, but the proportion 

of the gas constituents is different, being 66 per cent CO, and 

34 per cent H. In bouillon containing lactose the closed bulb 

of the tube is not filled with gas until the fourth day, The gas 

is practically the same as that produced in the saccharine 

bouillon. 

Burrill supposed the organism to be widely distributed. 

Moore also observed the disease in Maryland and Indiana, and 

some of the organism has been isolated here at Ames. The 

general characters certainly correspond, and diseased material 

submitted to Burrill had bis verification. Cultures made by one 

of us and compared with his indicated its presence here. The 
dwarfed condition mentioned by Burrill was especially pro- 

nounced in one field of corn grown in bottom land. This field 

has since been planted with mangolds, turnips, alfalfa, and 

beans, besides receiving a heavy coating of various fertilizing 

material. In year 1897 it had an exceptionally fine crop of 

corn. It may be that this root trouble is due to an entirely dif- 

ferent cause, as has been suggested by Moore. 

eC a Dias 
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Geneva, N. Y., Agrl. Exp. Sta.) Plant affected with corn wilt. (Stewart. Fig. 134. 
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Fig. 135. Corn wilt. Cross-section stem of maize, the black areas, the vessels filled 

with bacteria. (Stewart, Geneva, N. Y., Agrl. Exp. Sta.) 

CORN WILT. 

Another bacterial disease of corn has recently been worked 

over quite carefully by F.C. Stewart* of the Geneva, New 

York Agricultural Experiment Station, and there ishardly any 

room to doubt that this disease is different from the Burrill 

disease and is due to a specific cause. 

Stewart briefly called attention to a disease occurring on 

Long Island which had the following characters: The plants 

wilt and dry up, although the leaves do not roll as they do 

when they die from lack of moisture. In young plants death 

occurs in a few days. In older plants it requires a longer time 

for the disease to run its course. The disease may attack the 

*Garden and Forest. 10:3. 8. 
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Fig. 136. Corn wilt. Longitudinal section of maize stem showing a mass of bacteria 

in the large ducts. (Stewart, Geneva, N. Y., Agrl. Exp. Sta.) 

plant at any stage of growth, but is most injurious when the 

ears are forming. The disease is scattered through the field, 

diseased plants frequently occurring in the same hill with 

healthy ones. It is also found on various kinds of soil, but it 

seems to prefer the early dwarf varieties of corn, like the Man- 
hattan. Stewart further states that certain varieties are more 

severely affected than others. It was first observed at Queens, 

N. Y., where it has been known for three years. Occasionally 

an entire crop has been ruined and a loss of from 20 to 40 per 

cent has been frequent. This disease seems to only affect the 

sweet corn. Field corn and pop corn are entirely exempt. 
Stewart* thinks the organism is not only disseminated by 

the seed, but may also be spread by manure and implements. 

To prevent this disease use care in selecting the seed. Plant 

resistant varieties. 

Quite recently Dr. Erwin F. Smitht has investigated this 

disease and named the organism Pseudomonas Stewartii. 

SORGHUM BLIGHT. 

Related to the diseases above is what is known as sorghum 

blight (Bacillus sorghi Burrill.) 
Burrill{ first described sorghum* blight, and the organism 

which causes the disease. Kellerman and Swinglet have 

*Bull. N. Y. Agrl. Exp. Sta. Geneva. 130: 423. 

+Proc. Am. Ass. Adv. Sci. 47: 422. 1898. 

*+Burrill. A disease of broom-corn and sorghum. Proc. Soc, Promotion of Agri. Sci. 
8: 30. The Microscope, 7: No. 11. 1887. 

18 
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extended Burrill’s work so that we are now pretty familiar 

with the nature of the disease. 
The red blotches on the leaves and sheaths are familiar 

objects to almost every one who has observed sorghum. On 

the inside of the sheath the color is somewhat intensified, being 
of a brilliant carmine color. The red blotches are in the early 
stages somewhat circumscribed, but later they are large and 

irregular, often elongated. The roots are often affected, more 

especially in young plants. The disease makes its appearance 
quite early. On the college farm many young plants from four 

to six inches high showed yellow blotches extending across the 

leaf; sometimes three or four appeared on leaf; a little later a 

small purple blotch appeared in the center of the colorless por- 
tion. Burrill, in describing the disease, says: ‘‘Sometimes 
the appearance of injury is noticeable upon young plants. 

They grow very slowly, are slender and yellowish in color, and 

are easily pulled from the ground. The lower leaves die, hav- 
ing previously shown discolored (yellow or red, mostly the 

latter) patches on various parts of their surface. Not unfre- 
quently these conditions prevail in special areas of the field; 

perhaps several acres, not apparently different in composition, 

condition of drainage, ete., will have, throughout their extent, 

this dwarfed and sickly crop, while the rest of the plantation 
is healthy and vigorous. More often the evidence of disease 

appears, to a greater or less extent, over the entire field, all or 

an exceedingly variable proportion of the plant suffering; not 

unfrequently stalks four or five feet high can be lifted with 

ease from the soil.”’ 

The Bacillis sorghi when growing on potato is said to produce 

a pearly white growth, although there is sometimes a slight 

tinge of yellow or pink. In old cultures it is said to be of a 

dirty white and much wrinkled. On agar the growth is very 

much the same, the margin is usually crenate. In cultures 

obtained by the writer the growth was dirty yellow; this kind 

of growth was not only obtained once but several times. It 

seems therefore reasonably demonstrated that this organism is 

the cause of the disease, since a specific micro-organism is con- 

stantly associated with the disease and inoculation experiments 

made with pure cultures derived from the organism found in the 

discolored patches have shown, beyond a doubt, thatthe organ- 

ism produces the disease. 

*Kellerman, Preliminary report on sorghum blight. Bull. Kansas Agrl. Exp. Sta. 

5: 281. 1888. 
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Fig. 137. Sorghum blight (Bacillus sorghi); a, leaf and sheath affected; b, young 
affected plant; c, rod-shaped bacilli. (Kellerman and Swingle.) 

Treatment.—Burrill and Kellerman have shown that soil 

upon which sorghum has been grown contains the organism 

and that they occur in old stubble. It has also been noted that 
since sorghum fields are not burned over, the disease is on the 
increase. It would certainly seem advisable to burn over old 

fields. But this will not prove sufficient, since the fungus 

occurs in the soil. Many fungus and insect enemies can be 

checked very materially by rotation of crops. In either case 

we cannot expect to remove the disease entirely, since it occurs 

where sorghum has never been grown. It is probable that the 

micro-organism is carried through the air and water, as wellas 

the soil. 

GUMMING OF SUGAR CANE. 

In 1898 N. A. Cobb,* New South Wales, gave a full account 

of the disease in sugar cane which caused a gumming; this he 

attributed to Bacillus vascularum. The disease seems to have 

been present in Australia for a considerable length of time, the 

cane planters having been familiar with a disease characterized 

*Ag. Gazette. N.S. Wales. 4: 777. 
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by the exudation of a yellow substance by the cane. It appears 
that this disease is quite destructive in portions of the island 

and that it is not spread to any great extent through the air. 

The disease starts from the seed. The general characters 

are aS follows: Here and there will be seen stools containing 

one or more stalks with dead tops; the base of the area in such 

cases will be found to be rotten, usually having cne or more 

cavities of considerable size occuring near the top of the stalk 
and filled, or partially filled, with offensive matter. A micro- 
scopical examination shows that this is not general, but local. 

This gum is confined to the vessels, which are plugged with it. 

The gummy substance contains a substance called vasculin. 

The yellow gummy matter never occurred without bacte- 

ria. The organism responsible for this disease is a rather short 

bacillus united in chains, the rod being surrounded by a gummy 

exudate. The evidence that this organism is the specific cause 
of this disease is not demonstrated, since the author did not cul- 

tivate this organism, but relied wholly on the general facts 

and his success in inoculating healthy cane from diseased 

plants by means of an infection needle. 

Quite recently W. R. Dodson* has given an account of red 

cane, expressing the opinion that one or more bacterial forms 

accompany red cane, and that the disease in question is due to 

the breaking down of the protoplasm. No definite results were 

obtained by Dodson. The red coloration is of common occur- 

rence on the cut ends of cane in the standing stalks, as well as 

those that are used for sugar purposes, and Dodson states it is 

very common where injury occurs. I have noted its common 

occurrence on sorghum in this state, and an examination of the 

cultures of sorghum cane showed that Saccharomyces glutinus 

was common, but not necessarily the whole cause. In some 

unexplainable way this red coloring matter is produced where 

caue is injured. We called attention to this under sorghum 

blight. 
Mr. N. A. Cobbt describes the red rot of cane due to an 

imperfect fungus, so that it is evident that more than one 

organism must be considered in the reddening of cane. 

*Bacteriological Notes on ReG Cane, in Wm. O. Stubbs’ Sugar Cane. 1: 173. 

+Agrl, Gazette. N.S. Wales. 4. 806. 



PASTURES AND MEADOWS OF IOWA. 

Towa as @ grass state.—The importance cf Iowa as anagricul- 

tural state rests largely on the production of hay and grass. 

Sage* states that the hsy crop of lowa for the year 1897 

amounted to 5,301,404 tons, valued at $22,305,023. The pasture 

crop is probably equal to this, or greater. The hay industry, 

including the grass grown in our pastures, supports a large 

population. 

In the census of Iowa for 1895,+ the following totals are 

given for the production of hay and grass for the state: Tim- 

othy, 2 182,791 acres were cut for hay, witha product of 1,726,- 

920 tons, valued at $11,741,929; Hungarian and millet, 91,167 

acres were cut for hay, with a product of 95,095 tons, valued at 

$499,118; prairie grass, 1,760,159 acres were cut, with a product 

of 1,266,688 tons, valued at $5,859,449; 2,689,699 acres of corn 

were cut, valued at $9,262,534; 8,104 330 acres are devoted to 

pasture, valued at $14,700,792. This makes a total of 14,824,- 

146 acres devoted to pasture and meadow purposes. The total 

product has a value of $42,063,822. The value of other grass 

products is given in another connec'ion. Corn is the only 
product that exceeds in value that of grass. 

The production of cultivated grasses has greatly increased 

during the last decade. Statistics given in the census report 

for 1880, by Hon. J. A. T. Hull,{ show that 3,613,941 tons of 

hay were produced in the year 1879. At that time an enormous 

amount of wild hay was shipped to Chicago and other points 
from northwestern Iowa. 

Grasses.—lowa has long been noted for its excellent pastures 

and meadows. Before settlement began the greater portion of 

Iowa was a great meadow, in which most valuable native 

grasses flourished. The grasses were excellent. It was the 

ideal land for the herdsman. Hay was cut in abundance every- 

*Report Iowa State Agrl. Soc. 1897. 158. 

<+W.M. Mcfarland. Census of Iowa for 1895. 630. 1896. Des Moines. 

+Census of Iowa. 1880: 258. 261. 

19 
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where. As late as 1890 the making of wild hay formed an 

extensive and leading industry in northwestern Iowa. The 

chief centers of export hay trade were Bancroft, Algona, Rolfe 

and other poin'sin northern and northwestern Iowa. Since 

1890 many of the large tracts of northern Iowa have been 

brought under cultivation, and now small grains and corn 

are largely grown. At one time in northeastern Iowa much 

of the land was devoted to small grain culture, but the 

successive failures of this crop caused a radical change in 

me‘hods of agriculture. Wheatis now the exception. Larger 

areas are now devoted to the growing of bluegrass ard other 

meadow grasses. 

Ina paper on the forage conditions of central Iowa, the 

writer* has said, ‘‘West of Ames there are several important 
valleys—the Des Moines, Coon, and Boyer; northwest of Car- 

roll there are the Little and Big Sioux, the Maple and the 
Floyd. Along the Coon and Des Moines rivers the country is 
rough, and but little hay is cut, though much of the timber 

land is used for pasture. Along the Maple, Boyer and Floyd 

rivers the immediate banks contain some timber, but the flood 

plains are open dnd covered with a luxuriant growth of grasses. 

The forage question in central [owa is very different now 

from what it was fifteen years ago. At that time considerable 

areas of unbroken sod still remained. Now the wild prairies 

have almost ceased to be a factor in the production of hay. The 

extensive prairies have given way to cultivated fields and pes- 

tures. Small unbroken areas occur here and there, but these 

are confined to the small drainage basins between the hills, 

and exist largely because in times of considerable precipita- 

tion these depressions are too moist for proper cultivation. 

The Boyer and Maple valleys are noted for the large crops of 

wild hay annually produced. The same may be said of the 

rich aliuvial flood p!ain of the Missouri. This plain varies 

from a few to fifteen miles in width, the average being from 

eight to twelve. The hay crop constitutes one cf the chief 

sources of revenue for the farmers of this region, and could 

be made much more important if they would follow a more 

rational system of cropping. 

The chief hay plants cultivated in central Iowa are timothy, 

reitop, bluegrass and red clover. The principal plants used 

*L. H. Pammel: Notes on the grasses and forage plants of Iowa, Nebraska and 

Colorado. Bull. U.S. Dept. Agrl. Div. of Agros. 9:7. 
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Fig. 139. Grass covered hills and forests along the Mississippi. 
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in pastures are bluegrass, white clover, redtop and timothy. 

In the Boyer and Maple valleys and on the Missouri bottoms 
the wild grasses predominate. To a limited extent alfalfa 

meadows have been started in Carroll, Ida and Woodbury 

counties. The loess hills, skirting the Missouri bottoms, are 

mostly cultivated, though unbroken wild meadows and pastures 

stillremain. In the eastern portion of this district consider- 

able corn fodder is used as forage, the amount used depending 

largely on the condition of the pastures and meadows. 

Andropogon and Bouteloria. 

Many other grasses have been tried with varying success. 

Orchard grass, naturalized in many places, is ons of the most 

successful. Tall cat grass gives some promise. Italian rye 

grass is unable to resist the cold of our winters and is a com- 

plete failure. Meadow foxtail (Alopecurus pratensis) does fairly 

well as an early grass when sown the season before, but is 

hardly adapted to this section. The most promising of the 

recently introduced grasses is smooth or Hungarian brome. 

The short-awned brome has also been tried and is very prom- 

ising. Rye and barley are often used as forage plants. Ger- 
man millet ard Hungarian grass find extensive use in some 

s2asons. Broomcorn millet is frequently sown in northern 

and northwestern Iowa.” 

The open places on hills contain 
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Many native species of grasses occur, and they vary in 

quantity and quality in different sections of the state. The 
dominant grasses of central Iowa are big blue stem (Andropogon 

provincialis) and little blue stem (A. scoparius). Both of these 

species are frequently called blue joints. Several species of 

elymus sre also abundant, as wild rye of the prairies and 

m-adows; wild rye (£lymus robustus) on the flood plains of 

streams, and dennet grass along the borders of woods. Other 

common grasses are: Indian beard grass, or bushy blue stem 

(Andropogon nutans) of prairies and open woods; tall grama 

grass (Bouteloua racemosa) of the dry praries and gravelly 

knolls; nodding fescue (Festuca nutans) in woods; slender fescue 

(F. tenella) in dry, sterile soils; Short’s fescue (Ff. shortii) in low 

prairies, a most valuable species; switch grass (Panicum virga- 
tum) in rather mo’st meadows; satin grasses (Muhlenbergia race- 

mosa, M. willdenovii and M. mexicana) in moist soil of open 
woodlands and meadows; swamp chess (Bromus ciliatus) in 

open woodlands; fowl meadow grass (Poa serotina) in low 
grounds along streams; wire grass (P. compressa) and squirrel 

tail grass (Hordeum jubatum), an introduced species, in mead- 
ows and waste places; blue joint (Calamagrostis canadensis), 

reed canary grass (Phalaris arundinacea), common reed grass 

(Cinna arundinacea), andfl oating manna grass (Glyceria aquatica) 

in marshy places and shallow water; large rush grass and 

bunch grass in dry prairies. In northeastern and western Iowa 
the above as well as some additional species occur. Among 
the latter are western wheat grass (Agropyron spicatum), 

bearded wheat grass (A. richardsoni), blue grama (Bouteloua 

oligostachyga), slough grass (Spartina cynosuroides) and big sand 

grass (Calamovilfa longifolia). 
Leguminose.—Members of the Pulse family constitute an 

important part of lowa pastures and meadows. Every wellregu- 

lated farm should have some leguminous forage plants. This 
large family contains some 7,000 species of plants. Few of these 
have deleterious properties and many of them are of economic 

importance to man. Our Iowa species vary from the diminu- 
tive clover to the large Kentucky coffee tree. Many hundred 

species are valuable for forage, but only a few of these are 

grown in Iowa. All of our leguminous forage plants belong to 

the sub-order Papilionacee. 

Red Clover (Trifolium pratense) is the mostimportant of our 

forage plants. It is well adapted to every sectionof the state; 
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it stands drought well and is not easily winter killed. The 
winter of 1898 and 1899 was an exceptional year, as it was 

killed in many sections of the state. Medium clover (Trifolium 

medium) is also frequently cultivated. Clover is not only valu- 

able as a forage plant, but no other leguminous plant is so 

valuable for this state as a soil renovato~. White clover* 

(Trifolium repens) is spontaneous in all parts of the state. It is 

a native of Europe but has long been naturalized. White 

clover is abundant in pastures, meadows and along roadsides. 

It is only valuable as a mixture in blue grass meadows. 

White clover is richer in protein than red clover and much more 

so than blue grass. The only objection made against this plant 

is that it causes profus2 salivation when the seed is forming. 

Alsike clover (7. hybridum) is becoming much more common in 

this state, and has an excellent reputation as a pasture plant. 
For low meadows it is more valuable than red clover. Crimson 

clover (Trifolium incarnatum) has been tried repeatedly but is 

not adapted to lowa conditions. It suffers much from insects, 

fungus enemies and drought in late summer. Several annual 

leguminous forage plants are frequently cultivated in this state. 

The most valuable of these are Soy Bean (Glycine hispida) which 
is not only an excellent drouth resister but produces a large 

am-sunt of forage. The cow pea (Vigna catjang), though long 

and favorably known in the south as a forage plant, is coming 

into prominence in this state. Not only does it resist drouth, 

but it is productive. Experiments made here at Ames indicate 
its great value for lowa. The common field pea (Piswm arvense) 
is grown but little. A number of our native leguminous forage 

plants are valuable. Two naturalized species are common in 

all parts of the state—yellow sweet clover (Melilotus officinalis) 

and the white (Melilotus alba). Though held in esteem in some 

of the southern states we cannot so1egard them in this state 

because of their weedy character. They are held in esteem in 

the south because they are excellent soil renovators and bee- 

men consider them valuable because they are excellent honey 

plants. 
The most widely distributed of all the native leguminous 

plants is Canadian rattle-weed (Astragalus canadensis), a thrifty, 

hardy and vigorous species found in woods, low meadows, and 

prairies. It is eaten by stock but becomes rather woody when 

*For good accounts of clover see Béal. Grasses of N. Am., 1:320(Ed 2) Wallace 

Clover Book. 



Fig. 140. Alluvial bottoms of the Missouri, covered with coarse grasses. 
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Andropogon and Phalaris. 

old. Buffalo pea, or ground plum, is common on dry sterile 
hills throughout toe region and affords valuable forage. 

American vetch is one of the most valuable of the native 

legumes. It grows in the moist soil of low prairies and open 

woodlands. This vetch is well adapted to the conditions of 
western and northwestern lowa, and does well under cultiva- 

tion. The prairie clovers (Petalostemon violaceus Michx., and 
P. candidus Michx.) are common on the prairie everywhere, as 

also on the loess soils of western Iowa. These plants are 

seldom eaten by stock unless forage is scant. Dalea alopecu- 

roides Willd. is common throughout the loess region and has 

been introjuc d farther eastward. Wild vetch (Hosackia pur- 
shiana) well-known as a valuable forage plant cf the northwest, 
is indigenous to the loess, though not abundant except locally. 

It has been introduced into Boone county. Running buffalo 
clover (Trifolium stoloniferum Muhl.), a native, is worthy of a 
trial under cultivation. Mention should also be made of a loco 

plant (Oxytropis/amberti: Pursh.), native tothisregion. Though 

often c_nsumed by st ck, no complaints have been made that 

Spartina cynosuroides, 

ae 
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it produces loco poisoning. Rattlebox (Crotalaria sagittalis L.) 
occurs in the sandy bottoms of the Missouririver. Complaints 
have frequently been made of the trouble it causes when fed to 

horses. The disease it produces has been called ‘‘crotalism.’’ 

Present and future conditions of Iowa pastures.—As has been 

said before, the native prairie turf is rapidly diminishing in 

Iowa, and it is no longer a great factor in the production of 

beef. In a valuable paper on the subject of the forage condi- 

tions of the prairie region, Mr. Jared G. Smith* says: ‘‘The 

amount of raw prairie land suitable for farming is rapidly 

becoming less, and before we have converted all of it into 

plowed land let us consider whether such a course is most 
advisable. There is no longer any large tract of unbroken 

prairie east of the Mississippi river. The prairies are now con- 

fined to the Dakotas, southern Minnesota, Iowa, Nebraska, 

Kansas, Oklahoma, Indian Territory and Texas. In all these 

states the richest of the prairies have been converted into 

wheat, corn, or cotton fields, to add their products to the con- 

gested condition of the world’s markets. ’’ 

The prairie lands remaining in Iowa make fine hay and 
afford good pasturage. Many of the species are highly nutri- 

tious and valuable in their places. This is especially true of 
blue joint grass (Andropogon provincialis), which covered 

millions of acres of our broad fields. For many years the 

practice of breaking up these wild meadows and planting with 

corn, oats ard wheat has been followed, with the result that 

our markets have frequently been overstocked with these 

cereals. The phenomenal shortage of the cereal crops in 1897 

has stimulated farmers to put more fields into these crops, 

with the inevitable results.to follow—stagnation. The ques- 

tion has been well stated by Jared G. Smith:+ ‘‘It has been 

demonstrated, both by experiment and practice, that the farmer 
who sells beef, pork and mutton that he has produced from the 
corn and grass raised and fed on the farm, makes more money 

per acre of his ]and and per dollar of his capital than the one 
who grows only wheat or corn or cotton. Itis not necessary 

to entirely discontinue raising these crops, but if we are to 

produce a surplus to be sold in foreign markets, it is best to 

export that surplus in the most condensed and marketable 

form, as meat and animal products, that the people want to 

*Yearbook U. 8. Dept. Agrl. 1895: 310. 
tl.c. 311. 



141. Woods with wood grasses, like Bromus. Blue grass used for pasture 
Fig. 

in central Iowa. 



802 GRASSES OF IOWA. 

buy, rather than in the original crude’and bulky state, that 

the people do not want to buy.’’: 

In the long run the farmer will make most money who 
devotes his fields to the growing of forage crops to feed to 

dairy cows, furnish beef, making use of all the raw products 

at home, thereby saving not only much of the cost of transpor- 

tation, but maintaining the fertility of the soil. By doing so 

the farmers will maintain their pre-eminence in agricultural 

lines. The valuable farm lands of Iowa must be changed to 

something more productive than the growing of cereal crops 

for export sale. The lowa farmer, whose land is worth $60 per 
acre, cannot compete with the Dakota farmer, whose land is 

worth only $10 to $15, in the growing of wheat. The stock - 

and dairy industries are the avenues which will enable the 

farmer to succeed. Anything that will enhance the productive 
capacity of our soils for the production cf forage conditions 

will help the lowa farmer. 
We shall therefore briefly discuss some of the more promi- 

nent grasses and the maintenance of pastures. The chief glory — 

of our pastures and meadows resides in the turf, which is con- 

stantly being formed. Professor Brewer* says: ‘‘It is believed 

that permanent pastures, if well handled, continue to grow 

better for fifty years or a hundred years; some say for much 

longer than that. It is nearly forty years since I was in Eng- 

land, but I well remember that English farmers told me that a 

pasture or meadow had to be at least twenty-five years old to 

be good, and was not really excellent until the third or fourth 

rental (forty-two or sixty-three years) at least. There was no 

other one feature in English scenery that so impressed me as 

the English turf, whether seen in either the pastures or the 

parks and lawns. Many of the parks are in fact pastures. 
One sees sheep everywhere. Even in the play grounds of the 

colleges and schools one sees ficcks of sheep, kept there for 
the benefit of the turf. When Connecticut public opinion shall 

protect sheep on the Yale athletic fields from dogs, then all of 

Conrecticut will b2 able to grow more of the mutton it con- 

sumes and the state will be richer by very many millions of 

dollars. ”’ 

‘‘Precisely so with the turf grasses. A sirg’e species may 

exist as numerous varieties, some more robust or aggressive, 

others less so, having different capacities to withstand too wet 

*Rep. Conn. Boardof Agrl. 1896: 35. 
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. Fig. 142. Loess hills of western Iowa where wheat grass and grama grasses grow. 

or too dry periods, to stand drouths or other vicissitudes of 

climate, or to endure or flourish under the grazing of cattle. 

Let us keep in mind, also, that while the natural tendency of 

plants is to produce seeds and propagate in that way in crops 

of grass, either when cut for hay or grazed for pasture, it is 

foliage, not seed, that is the aim of the farmer. ’’ 

Our own native sod of blue stem, untouched for ages, 

becomes more valuable as the years increase. Some of the 
bunches are several feet across and constantly increasing in 

size. When untouched by plow or mower these grasses form a 
lusty growth, frequently reaching a height of six or seven 

feet, yielding two tons of hay to the acre. 

Such meadows could still be retained. The native ole 

sod would afford equally valuable pastures but: for the over- 

stocking. This native sod at one time not only contained a 

large number of species of different grasses as rich in nutrient 

qualities and produced as bountiful crops as any pastures east 

of the Mississippi, affording a great source of revenue. But 
during the last decade this has changed. Jared G. Smith* 

“3 Geils 
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says: ‘‘It wasa magnificent legacy to the rancher and the 

farmer. To the oneit promised food for a million cattle; to 

the other it proved the golden ahs ses of a soil that would 

bring fourth bountiful harvests. ’ 

H. L. Bently,* speaking of the conditions of speculation a 

overstocking in Texas when the large pastural belt of the cen- 

tral part of that state was opened by the Texas & Pacific R. 

R., says: ‘‘ Range rights, herds of cattle and flocks of sheep 
changed hands at fabulous prices. Men of every rank were 
eager to get into the ‘cow business.’ In a short time every 
acre of free grass was st°cked beyond its fullest capacity. 
Thousands of cattle or sheep were crowded on the ranges 
where half the number was too many. The grasses were 

entirely consumed; their very roots were trampled into the 

dust and destroyed. In their eagerness to get something for 

nothing, speculators did not hesitate at the permanent injury, 

if not total ruin, of the finest grazing country in America 

From that day to the present little intelligent effort has been 

made to improve the pastures and again cover them with the 
rich vegetation which the soil is capable of supporting. It is 

not yet too late to remedy the evil, but no time is to be lost.’’ 

Happily, however, the state of lowa is in a region with suf- 

ficient rainfall to insure permanent meadows and pastures of 

the more improved cultivated grasses. In western Wisconsin, 

bordering on the state of Iowa, I have known meadows and | 

pastures of blue grass which have been in use more than a 

quarter of a century and to-day are as productive as when 

started. These meadows and pastures consist of blue grass, 

timothy, orchard grass, red top, red and white clovers. One 

hundred and sixty acres of pasture on my father’s farm will 

suppors 100 head of cattle during the season. The conditions 

are somewhat exceptional since it is partially under irrigation. 

The broken hillside meadows, while not so productive, still are 

most valuable for pasture and hay purposes; they have not 

deteriorated. These same conditions prevail in Allamakee 
cjunty where the conditions are very similar. In central lowa 

there are meadows which have been in continuous use fcr a 
long period of time. The college campus, a considerable body 

of land, has been in sod for twenty-six years. This blue grass 

sod is as firm as any pasture in central Iowa. The conditions 

*A Report upon the Grasses and Forage Plants of Oentral Texas. Bull. U. 8. Dept. 

Agri. Div. of Agros. 10:9. 
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Fig. 143. Swamp grasses in western Iowa, along the Missouri. Phraquites and Phalaris. 

prevailirg are somewhat different from those in a pas‘ure as if 

- is not cropped by live stock. Itis, however, cut two and three 
times a year. There can be no question that a pasture treated 

carefully ard judiciously will show a continuous improvement 

from year to year. Itisa mistaken policy to destroy a blue 

grass pasture when it is once well started. It should be 
retained. It may be maintained at a much less expense than 

_when planted with corn. Though it may produce little most 

seasons during the months of July ana August, yet taken year 

after year it is much more profitable than an acre of corn. 
Timothy, of course, is not adapted for pasture purposes, and 

may be turned under after the second season. Hungarian brome 

grass though not tried extensively as a pasture grass will, no 

doubt, prove much more valuable for the pasture than timothy. 

‘Mr. MacKay* who has had some experience with this grass 
in the northwest territories says it is well adapted for grazing 

purposes. 

*Rep. Experimental Farms. 1896:396. 
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Sowing of grass seed.—The saving of grass seed is one of the 

many important questions connected with a meadow or a pas- 

ture. Storer* says: ‘‘Every farmer would like to know what ~ 

kinds of grasses are best adapted to his own particular fields, 

and to know just what conditions the soil should be brought to 

in order to the utmost economy of production both as regards 

fertility, firmress, and fineness of tilth and in respect to moist- 

ure, and the amount of sowing.” It isimportant to know what 

soil is best adapted for certain grasses as well as the amount 

of seed to be sown per acre. The depth at which seeds should 
te planted is an important problem for the farmer to consider. 

For our agricultural grasses it is important to have the soil 

well drained. The drainage need not be as thorough as for the 

cultivated cereals. Blue grass, timothy, orchard grass and 

awnless brome grow successfully on any of our prairie soils. 

They are not nearly so successful on hard pan soil. In start- 

ing a meadow or pasture the soil should be well prepared. It 

is better to start the meadow or pasture on soil which has been 

cultivated with cereal crops for several years. A well culti- 

vated corn crop followed by wheat or other cereal crop will 

put tre field in excellent condition. The field should be ina 

good state of fertility. For Iowa conditions it is not usually 

necessary to apply manure. If the soil is in good condition, 

the next important step to consider is the time to sow. On 

this point opinions differ greatly. In New England as Storert 
tells us the practice of farmers has greatly changed in 

regard to the seeding of grass fields. Formerly spring was 

thought to be the best time of the year and this notion still 

persists in Maine. It is still the custom in many other parts 
of northern United States. Conditions in different sections 
must modify the practices of farmersin this regard. Innorth- 

eastern Iowa along the Mississippi, western Wisconsin and 
southeastern Minnesota, the fall is certainly advisable. 

Thomas A. Wiliiams{ says: ‘‘In Nebraska and the Dakotss 

very fine stands of timothy are often obtained by sowing in the 

fall on millet stubble. In this case the land is given a thor- 

ough coating of well-rotted stable manure, and is plowed very 

deep and as late as possible, so as to kill all the weeds that, 

may start. The millet is cut early and the timothy is sown 

*Agriculture in some of its relations with Chemistry. 3:482. 

+Agriculture insome of its relation to Chemistry. 3:460. 

sTimothy in the Prairie Region. Yearbook U.S. Dept. of Agr. 1896:148. 
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directly on the stubble and covered by a thorough dragging 
with a heavy harrow. In this treatment the land should always 

be made very rich and the millet should be cut before the seed 

has developed. It is also a good plan to leave the stubble 

long, to serve as asnow-catch for the protection of the timothy. 

A more common practice is to manure the ground thoroughly, 

plow, and plant to corn or some other cultivated crop that does 

not draw heavily upon the soil; manure lightly with well- 
rotted stable manure the next spring and sow to timothy, using 

wheat or some other small grain as a nurse plant. The wheat 

is usually sown vroadcast and covered with a cultivator, har- 

rowed smooth, and the timothy sown later, and the ground 

rolled or gone over with a brush drag. This is one of the most 

successful methods. Another plan oftea followed is to take a 

field that has raised a crop of small grain (say, oats), manure 
heavily and fall plow, sow in spring to wheat or barley, either 

with drill or broadcast, and seed to timothy, either with the 

nurse crop or Jater.’’ 

Professor Shelton* recommends sowing grass seed in early 

spring after the rains set in. In the northern states grass 

seed should be sown in the fall. Grass seed should not be cov- 

ered deeply, as the seed usually has not sufficient nourishment 

to push through the soil when covered deeply. 

Pcofessors Wilson and Curtisst found that timothy raked 

in on April 9th made its appearance on April 27th; that cov- 
ered one inch deep was not all above the ground; the same cdn- 

ditions prevailed. They state that seed covered two inches 

deep’ was deeper rooted and hence stood the drouth better. 

In the south{ nearly all perennial grasses will do better when 

sown in August and September. This enables the roots to 
become well established before frost, and next season helps to 

keep the weeds down. The only uncertain factor in sowing - 

grass seed in the fall is that many years the fall is so dry dur 

ing September that the soil cannot be properly prepared and 

the seed sown in time to give the plants a chance to grow 

before frost. When wiater sets in, the young plants should be 

strong and vigorous and well rooted, as the frost during the win- 

ter will destroy many plants. If the plants are well started 

they will make a much better showing than spring sown, as the 

*Beal. GrassesofN. Am 1:245. (Ed.2) 
+Bull. Iowa Agrl. Exp. Sta. 19: 610. 

*Lamson-Scriber. Southern Forage Plants. U.S. Dept. of Agrl. Farmers’ Bull. 

102: 6. 
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drouth is apt to injure the young plants which are not well 

rooted, since the roots are very near the surface of the soil. 

Professors Wilson, Curtiss and Kent* found in some experi- 
mexts made at Ames with timothy, tall meadow oat grass, 

orchard grass and Hungarian brome that the earliest seeding 

did best, good results coming from itin every case. No variety 

failed when sown early. The late sowings of all the varieties 

were failures, or partial failures. The earliest grass was sown 
on March 23d, the latest on May 12th. 

Opinions differ in regard to amount of seed to be sown per 
acre. The amount of timothy sown varies from five to seven 

quarts per acre. The following table shows how much is 

usually sown. 

AMOUNT OF GRASS SEED TO SOW, AND NUMBER OF GRASSES 

IN ONE POUND OF SEED. 

oO o oOo? =| 

s |g 88 |= = Bro 3 of © 
a= ft a & O Ff s| 

m eae enrsae ue 
4 = | pao | 2 
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NAME. Bb 2 bm 2 2 A Fy 

SS [88/83 al =. 
us Soe\e SS | og 

ae |BMa|288| m5 
sa |a@Solg8d| oe 
Z <q |< B 

LETTG (th EROS RED ee eee ae ar 1,170,500 | 16. | 14. 48. 
Hungarian DroMe GTass ...<.. 60... .csdenees 137,000 | 44. 35.60 | 14. 
Bluegrass...... b eaerobs onto etetslarets Seen. oitdlexe ZAVOIOOOR Pion > Seta leet <es 
LEE ECT Re RA ae ye Ae ee ne Ry 603,000 | 9.7 |, 7. 8.32 
PECORARO GEASS. <io'a/5's ghee sraiere ~a0,6, elec ae a sievorss SIRAS UV S5),! lo Sa0dbc 12.16 
eae ony LEACU Gia. ta, ste oie Sats e res he eae cleo S18; 2003 |t525 eee 12.26 
PTT RG Ow Oabe is cinta cisserheocin cio) eotorese siciorerece 159,000 | 70. 34.3 10. 
Rough-stalked meadow grass............... 3,000,000 | 175 | 8.75 | 11.17 

Maintaing a pasture or meadow.—Frequent complaints are 

made about pastures and meadows running out. There are 

many causes for this. Many insects are responsible for the 

destruction of the sod. The writer has seen acres of a firm 

knit sod destroyed by the May beetle (Lachnosterna fusca). 

Many other insects are active agents in the destruction of 

meadows and pastures but space will not permit us to describe 
the numerous insect enemies of grasses. Those who desire 

information along this line should consult the works of ento- 

*Bull. lowa Agrl. Exp. Sta. 15: 284, 

20 
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mologists like Osborn*, Cookt+t, Howard and many others. 

Attention has been called to fungus enemies in another connec- 

tion. Weeds are also important in destroying the sod, but 

these come in because of the injury to the sod and everstock- 

ing of the pasture. If the pasture is overstocked the better 

grasses cannot maintain themselves. This is particularly true 

of the native prairie pastures where some species stand graz- 

ing much better than others. Bushy blue stem of pastures 

does not stand grazing well, and consequently soon give way to 

weeds or more worthless annual grasses. Squirrel-tail grass 

is frequent in the best blue grass meadows in this state and 

farmers frequently complain that this grass is running this fine 

pasture grass out. Only one thing can be done for this and 

other annual weeds and that is to cut them off before they 

flower. Professor Williams] in a paper on this subject states 

that ‘‘An experiment made at the Kansas Station in 1892 shows 
what a thorough stirring up of the soil will do for an upland 

prairie pasture. The experiment was made on a pasture in 

which the grasses had been dying out for some time and the 

weeds were beginning to appear in abundance. It had been 
reduced to this condition by drouth and overpasturing. The 

surface was thoroughly loosened up by driving a weighted disc 

harrow over the field in several directions. The pasture was 

sown to a mixture of orchard grass, meadow fescue, blue 

grass, timothy, red top, clover, and alfalfa, which was har- 

rowed in and a roller was driven over the field to level the si r- 

face and firm the ground. The seed germinated quick'y and 

the tame grasses made an excellent start, but by September 

the wild grasses had crowded them out and held complete pus- 

session of the field. In this case the stirring of the soil and 

the season’s rest not only enabled the prairie grasses to recov er 

and to overcome the weeds, but to crowd out a good stand of 

tame grasses as well.’’ 

In this state the blue grass comes in naturally in wild mead- 

ows and pastures, especially in pastures. Many farmers have 

succeeded in starting cultivated grasses in native sod by sow 

ing blue grass, timothy and clover on the sod by thoroughly 

stirring the soil. 

~ *Bull. Iowa Agri. Exp. Sta. 13:95. Osborn has published numerous papers on this 
subject. 

+The Enemies of Grasses and Clovers in Beal. Grasses of N. Am. 1:369 (Ed, 2). 
+The Renewing of Worn out Native Prairie Pastures. Circ. U. 8. Dept. Agrl. Div 

of Agrost. 4: See Georgeson, Burtis and Otis. Renovating a prairie pasture. Bull 

Kansas Agri, Exp. Sta. 48:43. 
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MEADOW AND PASTURE GRASSES. 

Little positive can be said of the early cultivation of grasses, 

as there is much uncertainty about the specific kinds used by 
the early agriculturists. 

So long as pastoral conditions prevailed there was no need 

of cultivating grasses or giving much attention to the subject, 

but the strong competition and the improving of tilled land 

called for their cultivation. The ancients cultivated some 

legumes, but special attention was not given to grasses, except 
cereals. Sinclair* states that: ‘‘Distinguished agriculturists 

and farmers agree in the opinion that the knowledge of the 
comparative merits and value of all the different species and 
varieties of grasses, and, consequently of the best mode of cul- 

tivating them, is very much behind that of the other branches 

of practical culture.” 
Very little has been done in this country to select and breed 

grasses as we do cereals and other plants. Olcottt of Connec- 
ticut has a turf-grass garden at South Manchester. His plan 

is to make of pure grass a commodity, capable of being trans- 

ferred. In these sods, also, he has a valuable object Jesson in 

turf-grass culture. 

Professor Hopkins}{ of the West Virginia Agricultural Exper- 

iment Station, has made some interesting observations on the 

variability of timothy. Some mature early and some much 

later. There was also a difference in the amount of hay pro- 
duced. The plants of Mr. Hopkins were propagated by seed. 

Professor Hays§ also shows that much may be done with some 
of our forage plants, notably timothy. 

There are many forms of grasses, some no doubt much more 

valuable than others. As an illustration, bluegrass runs into 

many forms, but no effort is made to plant the best bluegrass. 
Any kind will do as long as it is bluegrass. So of timothy, 

which runs into many forms; the best is never planted. All 

kinds of timothy seed will do. There can be no question that 

our hay crops and pastures could be largely increased if intel- 

ligent selection were carried on. For years’ experiments 

have been carried on with various grasses, and though it has 

* Hortus Gramineus Woburnensis. 15. London Ed. 

+Rep. Conn. Bd. of.Agrl. 1898: 136. 

Publication of Grasses. The Am. Enterprise, July 14, 1900, 

To Ship Grass Sods. The Hartford Courant, Dec. 9, 1898. 

+Some Observations on Varieties of Timothy (Phleum pratense, L.) Proc. Soc. Prom. 

Agrl. Sci.. 1895: 29. Pl. 11. 

§Bull. Minn. Agrl. Exp. Sta. 20: 44. 
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been repeatedly shown that many of these are worthless, the 
same experiments are repeated. Certain grasses are adapted 

to particular soils and climates. De Laune* names the follow- 

ing five coarse grasses as best suited for England: Jactylis 

Fig. 146. Blue grass, Poa pratensis. The best of all our pasture grasses. Two 

types. Blue grass offers an excellent chance for improvement, as the cut shows. 

glomerata, Festuca pratensis, F. elatior, Phleum pratense,, Alope- 

curus pratensis. The most valuable of the finer grasses are: 

Cynosurus cristatus, Festuca duriuscula, F. ovina, Poa trivialis, 

Agrostis stolonifera and Avena flavescens. Bealt gives following 

*Jour, Roy. Agrl. Soc. 1882: 229. Beal Grasses of N. Am. f: 229. (Ed.2) 

+Grasses of N. Am. 1: 233. (Ed. 2.) 
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grasses for permanent pastures or meadows for the north: 

Dactylis glomerata, Arrhenatherum avenaceum, Festuca elatior, F. 

pratensis, Alopecurus pratensis, Phleum pratense, Poa pratensis, 

Agrostis alba. For marshes he gives: Agrostis alba, Festuca 

pratensis, F. elatior, Poa serotina, P. pratensis, Alopecurus praten- 

sis, and Calamagrostis canadensis. 

Lamson-Scribner* gives the following as the more important 

grasses for the south: Bermuda grass, fescue grass (Bromus 

uniolioides), Lolium italicum, Poa arachnifera, teosinte (Euchlaena), 

Panicum maximum, Agrostis alba, and Andropogon sorghum. 

Hitchcock? lists the following as the more important of the 

native grasses of Kansas: Tripsacum dactyloides, Spartina cyno- 

suroides, Panicum virgatum, P. crus galli, Andropogon furcatus, A. 

scoparius, A. hallii, Andropogon nutaus, Phalaris arundinacea, 

Aristida purpurea, Muhlenbergia glomerata, Sporobolus cryptandrus, 

Sporobolus airoides, Cynodon dactylon, Bouteloua oligostachya, B. 

hirsuta, B. racemosa, Chloris verticillata, Zriodia cuprea, Poa 

pratensis, Koeleria cristata, Eatonia obtusata, Uniola latifolia, 

Distichlis maritima, Agropyron spicatum, E. canadensis, E. virgin- 

icus. 

For the state of Iowa the following are the more important 

grasses: Poa pratensis, Phleum pratense, Bromus inermis, B. 

breviaristatus, Dactylis glomerata, Agropyron spicatum, Andropogon 

provincialis, A. nutans, Agrostis alba, Calamagrostis canadensis, 

Panicum virgatum. For general cultivation Poa pratensis, 

Phlieum pratense, and Bromus inermis are the most valuable. 

For shaded ground Dactylis glomerata and Agrostis alba. For 

low grounds, Agrostis alba, Poa serotina, P. pratensis, Calam- 

agrostis canadensis. For dry hills, Bouteloua oligostachya, B. 

racemosa. For alluvial bottoms, Andropogon provincialis and 

Spartina cynosuroides; the former is also suited for upland 

prairies. For the loess of western lowa, Agropyron spicatum, 

Andropogon scoparius. It will be seen from this list that it is 

difficult to recommend particular grasses unless the soil, drain- 

age and other facts are taken into consideration. 

In the adjoining state on the west, Nebraska, Professor 

Bessey{ enumerates quite a number of wild species that are 

valuable. Of the lowa species his list contains the following: 
Wild wheat grass, (Agropyron spicatum) Bromus breviaristatus, 

*30. Forage Pl. Farmers’ Bull. U. 8. Dept. of Agrl. 102:9. 

+Native Agricultural grasses of Kansas. Bull. Kansas Agrl. Exp. Sta. 87:5. 

+The Grasses and Forage Plants of Nebraska. Neb. State Board of Agr. 1889:11. 
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Fig. 147. Italian Rye Grass, Lolium Italicwum. (Div. Agrost. U.S. Dept. Agric ) 

Poa serotina, Boutelowa oligostachya, B. racemosa, Andropogon pro- 

vincialis, A. scoparius, Panicum virgatum; and of the cultivated 

species, orchard grass, timothy, Kentucky blue grass, wire 

grass, (Poa compressa.) 
Professor Williams* states that the principal grasses of the 

stock raising regions of the Dakotas are the gramas, buffalo 

grass, the blue joints, the sand grasses, western wheat grass, 

western quack grass, needle grass and feather bunch grass. 

Western wheat grass and western quack grass furnish most of 

the hay except in the moister bottoms, where the blue joints, 

big sand grass and cord grass are more or jess abundant. 

ITALIAN RYE GRASS (Lolium italicum), A. Br.—The cul- 
tivation of Italian rye-grass (Lolium italicwm) first began 

in Lombardy,+t where it has long been cultivated, espe- 

*Grasses'and Forage Plants of the Dakotas. Bull. U.S. Dept. Agrl. Div. Agrost. 6:6. 

+Stebler, Schroter & McAlpine. The Best Forage Plants. 26. 
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Fig. 148. Perennial Rye Grass, Lolium perenne. (Div. Agrostol. U.S. Dept. of Agrl.) 

cially in irrigated districts. At the beginning of this century it 

was cultivated in France. Lawson introduced it into Scotland 

in 1840. In England Dickinson introduced it somewhat. later, 
the moist climate of England being suitable to its growth. 

Although this grass is valuable in some sections of our coun- 
try, ithas never commended itself to Iowa farmers. It is not 
hardy, nora drouth resister, and is at most a very short-lived 

grass. 
In the eastern states it is highly recommended for calcare- 

ous soils or for moist, loamy sands. Even then the grass only 

lasts for two or three years. 

Prof. F. Lamson-Scribner says: ‘‘Italian ray, or rye, grass 

is an excellent grass for rich and rather moist lands. It isa 

very rapid grower, forms a dense turf, and in Europe is 
regarded as one of the best grasses for hay.” 
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The chemical alalyses made at several stations show: 

Crude fiber. Nitrogen free 
extract 

| Water. (3) 
Protein. 

Mississippi (1): 
Avg.of two samples... ....... 80.72 | 4.04 | 18.30 | 27.17 | 11.438 | 39.06 

Northern grown (1): 
Avg. of thirty-three samples..| 73.16 | 5.00 | 11.40 | 25.10 | 9.20 | 49.30 

Mississippi (2): 
Nouns, cutin April. ey. - -sies sie « 3.34 | 19.12 | 28.32 | 12.02 | 37.20 
SVOUNS Cutrine Illiyees cytes - fete l’ave eee .| 4.74 | 17.49 | 26.02 | 10.84 | 40.91 

ORCHARD GRASS (Dactylis glomerata), L.—The cultivation of 

orchard grass (Dactylis glomerata) began in Virginia a few years 
previous to 1764. About this time it was introduced into Eng- 

land. At the beginning of this century it attracted consider- 

able attention, especially because of the success attained with 

it by Mr. Coke, of Norfolk. The seed was first extensively 

collected by Rogers, Parker and Gibbs. It was introduced 

into Switzerland* in 1808, but not grown on an extensive scale 

until 1860. It has become one of the chief grasses of the Brit- 

ish islands. Orchard grass is an introduced species in many 

parts of the state. On the College farm it occurs with other 

grasses in shady places. In the eastern states it has long 

been known as avaluable grass, and in England it has long 

been known as one of the best of the pasture grasses, espe- 
cially in the regions best known for their fine stock, as in 

Devonshire and Lincolnshire. In this country it has had 

many admirers. Buelt says of it: ‘‘The American cock’s foot 

or orchard grass, is one of the most abiding grasses we have. 

It is probably better adapted than any other grass to sow with 

clover and other seeds for permanent pasture or for hay, as it 

is fit to cut with clover and grows remarkably thick when 

cropped by cattle. Five or six days’ growth in summer suffices 

to give a good bite. Its good properties consist in its early 

1. Exp. Sta. Rec. 6: 101. 

2. Ann. Rept. Miss. Exp. Sta. 8: 91. 1895. 

3. Where percentage of water is given, itis the per cent of water in the samples 

as collected, and other per cents are for dry materials. 

*Stebler, Schroter & McAlpine. The Best Forage Plants. 31. 

+Grasses and Forage. Pl. 68. 
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and rapid growth and its resistance to drouth, but all agree 

that it should be closely cropped. Sheep will pass over 

every other grass to feed upon it. If suffered to grow long 

without being cropped, it becomes coarse and hard.”’ 

Orchard grass, although widely distributed in this state, is 

grown very little for forage purposes. There are several rea- 

sons for this. One is that it forms little tussocks which make 

Fig. 149. Orchard grass, Dactylis glomerata. A most excellent grass, well adapted 

lowa conditions. (After F. Lamson-Scribner. Div. Agrost. U. 8. Dept, of Agrl.) 

it decidedly objectionable for some purposes. It is frequently 

very uneven. It is unequaled as a palatable grass, and those 

who have used it in this state speak of it in the highest terms, 

but the farmers have become so accustomed to growing timo- 

thy that this grass has scarcely been given a fair chance in 

this state. 

Chemical composition: 
The following analyses of orchard grass were made in the 

laboratory of this station: 
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Sample l. April 24, 1896, 7 to 16 inches high. 

Sample 2. May 4, 1896, 14 to 16 inches high. 

Sample 3. May 18, 1896, sample very wet. 

Sample 4. May 26, 1896, 38 to 42 inches high 

Sample 5. June 5, 1896, 28 to 30 inches high. 

Sample 6. June 17, 1896, 40 to 45 inches high. 

NATURAL CONDITION. 

3 o 
mn oO 

zs ry = 
[o) uv 

Q =) 

e s = sy 2 3 
2 ES 5 oS . os 
So miesaneel le Se awe ee 
5 & a, = 5 a |& 

Samplewlsrsyeeicwtrccier 85.52 aiid 4.38 (3.39) a8} DOS ayertl 
‘S}DTENT 0) ee ege Reeae tes oe 84.54 | 1.02 SoD (2.14) 4.15 1.93 Bye 7AlL 
AMPLE... ore semis yey 83.25 .86 2). 5 (2.31) 5.80 1hawlgl 5.81 
Sampled ice ie 78.18 | 135] 2.95] (2.42)| 7.17| 2.36] 7.99 
SampleiDe ns oe sce oe a 78.74 | 1.00 3.38 (2.33) 8.63 2.68 5 57 
MSaMpleG...-1 =. os se Boy ite Utorld el Lave 2.75 (2.55) | 11.71 2.58 ' 11.96 

WATER FREE SUBSTANCE. 

Samp lewis sacs. coco sone 5.36 | 30.25 | (28.45) | 23.01 | 15.38 | 26.00 
Samp lee Zoe h-\sisrs tos eateeolets. crakear is 6.62 | 20.37 | (13.838) | 26.88 |. 12.48 | 33.67 
See ans 5.09 | 15.01 | (13.80) | 34.59 | 10.59 | 34.72 
‘sii ha Berns Ae Se 6.20 | 13.50 | (11.09) | 32.85 | 10.84 | 36.61 
Sampleos.....< 4: PAE Re Rotate cterorcd 4.72 | 15.91 | (10.98) | 40.60 | 12.62 | 26.15 
Sam pleyGsiscocticva chee qe skreeicios 4.04 9.11 |} ( 8.44) | 38.76 8.54 | 39.55 

From these results it is readily seen that there is a decrease 

in the amount of water present in the samples as growth 

increases. In the dry condition we find that the fat varies in 

the sample from 6.62 per cent to 4.04 per cent. There is not a 

regular decrease in this constituent, but it is somewhat irregu- 

lar. Regarding the amount of protein we might say that there 

is a regular decrease with one exception from 80.25 per cent to 

9.11 per cent. With the crude fiber there is a tendency for the 
amount to increase as the plant grows older as we have in the 
first sample 23.01 per cent and in samples 5 and 6; 40.60 per 

cent and 38.76 per cent respectively and the same may be said 
regarding the amount of nitrogren free extract increasing from 

26 per cent to 39.55 per cent with one exception. 
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The following analyses of other states are added for com- 
parison: 

ic 2) 

| 2 
= — 

: 2 nS 
SAMPLE FROM. . q a os 

a “4 o oO gf 
= 3 us} : EM 
8 3 2 a aq |so 
es ce Ay 6) 4 12 

Green fodder, in bloom (1)..... 73.00 .90 | 2.60 | 8.20 | 2.00 | 13.30 
Iowa (2): 

Cut June 9, just out of bloom| 70.07 1} 2.31 | 10.15 |, 3.003) a3sarG 
CuteA prid 20. 5. seater. cies tales *78.14 | 6.27 | 21.46 | 16 92 | 18.22 | 42.18 
Cut May lOc covet ccee tee *75.58 | 6.36 | 18.50 | 19.76 | 12.27 | 43.11 
@utiMay 20. nc oeteca cco: ce *72.43 | 4.62 | 12.34 | 21.75 | 10.23 | 51.06 
Cut Miaiyad0sse7. Sane cee *71.90 | 2.65 | 9.19 | 29.48 | 10.00 | 48.68 
Wut Sune Osc tice. cee *70.07 | 2.386 | 7.71 | 33.90 | 10.02 | 46.01 

owisiana(S)> fea: se vcos ec 12.82 | 3.70 | 7.82) 28 35 | 10.75 5)) 36356 
North Carolina (4)............. 5.25 | 2.60 | 6.69 | 38.43 | 5.90} 41.438 
North Dakota «(8). 0c ssres.ce cor 15.35 | 3.53 | 8.12 | 31.14 | 6.13)) 3b:78 
Oregon i(G)sss..cos setae 11.80 | 2.26 | 8.17 | 38.433 | 5.90 | 33.54 
Storrs, (Conn.) (7): - 
Average 16 analyses......... 68.60 | 1.830 | 3.00 | 10.70 | 2.80 | 13.60 

Utah (8): 
Average of 3 analyses ....... | 34.82 |-2.62 |. 3.52:) $0.01 7.93 | 50.66 

TIMOTHY (Phleuwm pratense), L.—The cultivation of timothy 

(Phieum pratense) first began in America. Sinclair, in his Hortus 

Gramineus Woburnensis says: ‘‘In the annual register for 1765 

we find that it was much recommended about fifty years ago, 

under the name of timothy grass, and Mr. Wynch is said to have 
brought it from Virginia in 1763.’’ It received this name from 

Mr. Timothy Hanson, who first brought its seed from New 
York to Carolina. In America, at this time, it was also known 

as Herd grass. In 1815 it was considered the best grass in the 

province of Canada. Jessen,+ in his work on the grasses of 

Germany, gives the date of general introduction into that 

country as 1815, but Peter Wynch in 1760, president of the 

Agricultural Society of England, obtained the seed of this 

grass and several others from North America. Its general 

cultivation began in England soon after 1765. On the conti- 

1. U.S. Dept. of Agrl., Handbook Exp. Sta. Work. 1893. 386. 

2. Bull. Lowa Agrl. Exp. Sta. 11:453, 476. 

3. Bull. La. Agel. Exp. Sta. II. 19. 

4. Bull. N.O. Agrl. Exp. Sta. 90. 

5. Bull. N. D. Exp. Sta. 15. 

6. Bull. Oregon Agrl. Exp. Sta. 1895. 39. 

7. Ann. Rept. Storrs Agrl. Exp. Sta , Conn. 1896: 280. 

8. Rept. Exp. Sta. Utah, 1893: 254, 255. 

*Per cents given are all for water-free material except per cent of water. 

+Deutschland’s Griser und Getreidearten. Leipzig. 43. 1863. 
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nent of Europe it was cultivated a few years later. <A further 

chapter of its history is given by Flint:* ‘‘It is frequently 

called Herd’s grass in New England and New York, and this 

was the original name under which it was cultivated. The name 

was derived from a man of that name who, according to Jared 

Elliott, found it growing wild in a swamp in Piscataqua, N. H., 

Fig. 150. Timothy, Phlewm pratense. The best meadow grass for Iowa, and a gen- 

eral favorite among farmers. (F. Lamson-Scribner. Div. Agrost. U.S. Dept. Agrl.) 

more than a century and a half ago, and began to cultivate it. 

In Pennsylvania and states further south this name is applied 

to Agrostis vulgaris, or the red top of New England.” Timothy 

is pre-eminently the grass grown in this state for meadow pur- 

poses. No other grass stands in such: high favor as does this. 

It is highly productive, stands drouth well, and is not subject 

*Flint. Grasses and Forage Plants. 34. (Rev. Ed.) 
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to winter-killing. There is a decreasing yield from year to 

year, and it is found advisable to turn old fields under. Unless 
it is mixed with other grasses it is usually not best to keep a 

timothy meadow longer than three years. Although Professor 

Williams* states that there are upland meadows in Nebraska 

which have been in constant use for fifteen years or more, and 

in that time have not failed to yield paying crops. In this 

state at least the timothy meadow ‘‘runs out’’ and is replaced by 
bluegrass. I have, however, seen pastures and meadows in 

Wisconsin that have been in constant use for fifteen years 

where considerable timothy could be found. With the timothy, 

however, there was much bluegrass and clover. Professor 

Williamst says: ‘*Timothy is often used in reclaiming worn- 

out native meadows and pastures, and with proper treatment 

very good results are obtained. It seldom yields well in pa:- 

tures, however, for more than two or three years in succession 

unless the land is very rich and moist. It is, therefore, the 

best plan to sow bluegrass with the timothy, and by the time 
the latter is pastured out the former will have occupied the 
land. Sowing on native turf is usually done in early spring. 

The seed is sown broadcast, and then the ground is gone over 

thoroughly with a heavy harrow. Native meadows on low, rich 

soil, that have become thin from continuous close eutting, may 

be very materially strengthened by the addition of a little timo- 
thy in this manner, as the writer knows from experience in” 

both Nebraska and South Dakota.”’ 

In spite of the early failures, timothy is to-day one of the 

most valuable of allthe meadow grasses grown in the northern 

Mississippi and Missouri valleys. 
Opinions differ as to when timothy should be cut. Many 

farmers wait until the seeds are in the ‘‘dough” stage; some 

even wait longer. The farmer who waits until the seed is ripen- 

ing lacks thrift. It is far better to cut just before the timothy 

is in bloom or during full bloom. If cut before it blooms it is 

much more difficult to cure. It cures better if cut just after 

the tlossoms fall. Professor Williams} says: ‘‘The best hay 

is obtained by cutting during full bloom, or when the blossoms 

fall. The feeding qualities are best at full bloom, but most 

farmers prefer to cut a little later, as the pollen makes the hay 

*Timothy io the Prairie Region. Year-book U.S. Dept. of Agrl. 1896: 147. 

+Year-book U.S. Dept. Agrl. 1896: 149. 

tYear-book U.S. Dept. Agr]. 1896: 150. 



GR4SSES OF IOWA. 393 

‘dusty,’ which is avoided by waiting. It sometimes happens 

that, on account of lack of moisture, the first growth is light, 

and abundant ra‘ns in June or July may cause a strong second 

growth to spring up, which will not be in its prime until the 

first has reached an advanced stage of development. In such 

cases it would be more profitable to cut late, provided the 

proper precautions are observed as to the condition in which 

the sod should be Jeft. There is a growing sentiment in favor 

of cutting timothy with the self-binder for hay as well as for 

seed, and the practice has much to commend it. With right 

treatment the hay cures well, is much more easily handled and 

fed, and can be stored in a more limited space than when cut 

in the ordinary way.’’ 

Timothy hay may be decidedly improved by growing a small 

amount o! clover along with it, nor is bluegrass mixture objec: 

tionable, except where present the grass must be cut early. 
Timothy cannot be pastured when the soil is dry, as stock is 

very liable to injure the bulbs, but in low meadows it stands 

grazing fairly well in the spring, but cattle should not te 

allowed to graze on it in the fall. If timothy is to be used for 

grazing purposes it should be in a meadow containing blue- 

grass, timothy and clover. The clover readily perpetuates 

itself and helps the timothy, in thas the soil is Jess compact. 

CHEMICAL COMPOSITION OF TIMOTHY. 

Four samples of the grass were analyzed in the station 

laboratory with the following results: 

Sample 1. May 16, 1896, 12-16 inches high. 

Sample 2. May 26, 1896, 24-25 inches high. 

Sample 3. June 8, 1896, 40-42 inches high. 

Sampe4d. June 18, 1896, 39-40 inches high. 

NATURAL CONDITION, 

_ vu 

| og : 2 
| = 5 C= 

, é = rat 53 
3 a . © as 
re) 2 md — ; ax 
x +s 2 2 Ss S =o 
S 5 A, < 6) zap ie 

ee ol eae Pa ae Ee a 
enplo it tr... 81.09 | 1.12 | 3.49] (2.82) | 5.06| 2.24] 7.00 
Bemplew it... 79.22 11.07 | 2.52] (2.34)| 6.30] 2.06] 8.83 
SSATP CaS scyorslereicisicis's,> oe 76.64 .83 2.28 (2.01) 8.5'! 1.97 9.78 

2.60 (=Si)e Ay 22 2.31 | 12.56 Sample 69.87 | 1.41 
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WATER FREE SUBSTANCE. 

Samplecler woccns sce nee senior 5.92 | 18.44 | (14.93) { 26.75 | 11.87 | 37.01 
SIOTDLO tar -aionsona <i ass ales © oteete 5.14 | 12.15 | (11.28) | 30.381 | 9.90 |°42.60 
SaMPlO: (Be icin eee access seek 3.59 | 9.77 | ( 8.60) | 36.41 | 8.41 | 41.82 
SAM PlOnde lc ictecstete te sere isttkeese 4.68 S42 Ge 21)0) 3226 7.67 | 41.65 

From these results we can draw the following conclusions: 

The water content of the sample as received in the laboratory 
decreased from 79.22 per cent to 69.89 per cent as the growth 

increased. For comparison of the other constituents the results 

based on the dry matter will give more satisfactory results and 

here we find that the fat is somewhat lower in the sample of 
June 8th than in the other three. The amount of protein 
present decreases as the plant grows older from 18.44 per cent 

to 8.74 per cent. The same condition is present in the case of 
the albuminoids. The crude fiber, however, increases from 

26.75 per cent to 37.26 per cent while the nitrogen free extract 
increases from 37.01 per cent to 42.50 per cent. 

As a matter of interest the following analysis of Phlewm 

pratense are selected for comparison with the results obtained 

from the Iowa samples: 

oO 
; ® 
Re A 

SAMPLE FROM. F d Fs § 8 
ka —_ o oof 

2 : 2 as : abe 
iy a etc fe a fe 
ss pf) S) et fae 

All analyses 6&8--(1)............. 13.20 ; 2.50 | 5.90 | 29.00 | 4.40 | 45.00 
Cutantullsbloomey cassie coer 15.00 | 3.00 | 6.00 | 29.60 | 4.50 | 41.90 
Cut soon after bloom............ 14.20 | 3.00 | 5.70 | 28.10 | 4.40 | 44.60 
Cut when nearly ripe... ...... 14.10 | 2.20 | 5.00 | 31.10 | 3.90 | 43.70 

Jowa (2): 
July U.atter DlOOM ems ccc 0. < 53.25 | 1.31 | 3.38 | 14.45 | 3.36 | 24.25 
Wild from Idaho, cut June 20, 

just before blooming.......... 72.88 EDO S00 9.07 | 2.40 | 11.85 

1. U.S. Dept. of Agr]. Handbook of Exp. Sta. Work. Bull. (5:388. 1893. 

2. Bull. lowa Agrl. Exp. Sta. 11:449. 455. 
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SAMPLE FROM. re 
2g 

3S 
5 

Northern crown (limes ane cs “Or 
North Dakota (2), full bloom...| 15. 
After seeds mature ...... ..... 15. 
Womistana(S)) ee cscs = torte. s seis- 14 
Mississippi (4): 
Gathered in April (dry)..... 

New Mexico (5), green fodder..| 61 
Oregon (6): 
AINA aWoMes soonoscoroodode lite 
Ela yeeriseee fetes UD COS CB BOBO 13. 

Utah (7): 
LOT ON iboats ooad- oda Second *. 
Green (average of 5 analyses) | *6 
Dry (average 5 analyses)..... | *13 
Cut July 2, in bloom......... *36 

South Dakota (8): 
Maddleror dilly, de92e en cts = 

Connecticut (9): 
Average of 4 samples......... 67 
IER ERV ree ooh cise ati ei score tate ia Xe 
Hay, average of 4 early cut... 
MOLLY TOWN: &.5'. sci t's </6 2 63 
LimothysrOweNs. sien ce ne sere (fil 
Green fodder (average of 4)...| 62 

Tennessee (10): 
Average of 13 analyses....... WhVe 

sielatenersene 

95 

— 

DP Ob — to Qo Ok oP 

or 

1) or) Wo [eo ei Tor) 

66 

1 SS) We) oO 

bt OO ene 

boc ie) 

ew ee — 

49. 

34. 

30. 

Crude fiber. 

NeKer) 

w oO 

te ww oom 

Nitrogen free 
extract a 

Dm 

<a 

5.40 | 52.80 
4.16 | 44.33 
365) (143265 
9. 1d: | 34.25 

7.63 | 48.84 
2.10 | 20.20 

3.98 | 46.25 
4.40 | 45.00 

4.88 | 52.64 
6.25 | 56.09 

6.68 | 54.42 
7.86 | 35 69 

7.39 | 45.80 

1.87 | 14.18 
5.76 | 43.83 
5.70 | 44.33 
2.95 | 17.15 

2A |Z. Gl 
PACE a ke) tis} 

4.81 | 45.08 

MEADOW FESCUE (Festuca elatior, L.)—The value of meadow 
fescue (Festuca elatior) as a forage plant has been known for a 

long time. It appears to have attracted attention as early as 

1761, but it was not cultivated experimentally until 1820. 

Stebler and Schréter+ state that Judtmann speaks of it as an 
excellent grass in 1790. Its cultivation on the continent began 

about 1850 It wasearly introduced into this country. Although 

1. Exp. Sta. Record. U.S. Dept. Agr’. 6: 1(1-103. 

2. Bull. N. D. Exp. Sta. 15:49. 1894. 

3. . Bull. La, Exp. Sta. II. 19:536-56 2. 

Abstract in U.S. Exp. Sta. Record 4:1893, 645. 

. Rept. Miss. Agr]. Exp. Sta. 1895:92. 

. Bull. N. Mox. Exp. Sta. 17:34, 1895. 

. Rept. Utah Exp. Sta. 1893 :254-255. 

. Bull. 8. D. Exp. Sta. 40:68, 1894. 

. Storrs Ann. Rept. 1894:21. 

Storrs Ann. Rept. 1895:180. 

Storrs Ann. Rept. 1896:280. 

10. Bul), Tenn. Exp. Sta. 9:113. 

4 

5 

6. Bull. Oregon Exp. Sta. 39:42. 

7 

g 

9 

1894, 

*Shows amount of water insample in natural condition when received, 

results are for water free substances. 

+The Best Forage Plants. Eng. translation. 

21 

36. 

The other 
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this grass has become spontaneous at several points in this 

state, if is not cultivated to any extent as a meadow grass. 

Meadow fescue makes a fine turf, but in this state has a tend- 

ency to become thin. It is less able to resist drouth than tim- 

othy, bluegrass or orchard grass. Its cultivation in this country 

Fig 151. Meadow Fescue. Festuca elatior var. pratensis. A good grass in some 

parts of the United States, but notin lowa. (Div. of Agrost. U.S Dept. of Agrl.) 

is confined chiefly to the east rn states, where it is held in high 

esteem. Several other species of Festuca occur in the state, 
but only one of these is valuable as a forage grass, the Festuca 

shortii, Kunth, which is common in native prairie meadows. The 

Festuca nutans, Willd, is anearly maturing woodland species, and 

of very little value as a forage plant. Sheep’s fescue (F. ovina, 
L.), is sometimes cultivated, and fordry, sterile soils, is a val- 

uable grass. Itis one of the common bunch grasses of the 
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west. The allied Ff. rubra, L, has been naturalized at several 

points in this state. It is superior to Sheep’s fescue because 
of its creeping rootstocks. One of the most valuable of all the 
Festucas is the great bunch grass (F. scabrella, Torr.) which is 

a native of the Rocky mcuntain regions, where it occurs in 

large open parks. Itis an ideal grass for winter forage, and 

should be cult vated in Iowa. 

Fig. 152. Group of Festucas. All common in lowa. The F. nutans occurs in 

woods; the F. shortii in wet meadows; the F. tenella iu sandy soil. 

BLUEGRASS (Poa pratensis, L.)—In Euro;e little has been 
done with the cultivation of bluegiass (Poa pratensis). Sinclair, 
writing on this grass in 1824, says: ‘‘There are many other 

grasses superior to thisone. It comes early in the spring, but 
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Fig 153. A group of meadow grasses. Fowl meadow grass, (Poa serotina) to the 
right, a very productive grass, common inlow grounds. P nemoralis ag. od mountain 
grass, rarely occurring in this state P. annua, aa introduced grass in lawns. P, Chap- 
manniana occurs in southeastern Iowa, : 

its product is inconsiderable, compared to many ott er grasses. 

Its strong creeping roots exhaust the soil very much; after 

mid-summer the herbage is slow in growth after being cropped. 
It is the property of all creeping roots to scourge the soil, and 

when plants with fibrous roots can be substituted in place of 
these, with an equal prospect of advantage, in regard to early 

growth, produce and nutritive qualities, it will be found to 

repay the labor with interest.’’ It appears first to have teen 
cultivated about the middle of the last century under the name 

of Birdgrass. It has long been known asa valuable grass in 
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New England, where probably it was largely self-sown. In 

the west it was contemporaneous with the settlement of the 
country. Bluegrass is the pasture grass par excellence in 

Iowa. The excellence of Iowa stock is largely due to the fine: 

bluegrass pastures. Bluegrass come; on early in the season 

and during the latter part of May and early in June is ready to 

bloom In order to get the full advantage of bluegrass as a 

pasture grass it should not be allowed to seed, as that takes 

away much of the valuable nutritious qualities contained in the 

grass. In this state bluegrass is seldom used for meadow pur- 

poses, but in parts of Wisconsin, especially the western part, 

it is frequently used for this purpose. When used for meadow 

purposes it should be cut early, and especially when the mead- 

ows are moist, this grass may then be cut a second time. On 

an irrigated field of my father’s farm in western Wisconsin 

bluegrass has been cut three times. I know of no other grass 

which makes such valuable fodder as bluegrass, especially 

when mixed with a small amount of clover and cut early. 

Cattle are very fond of it, and it makes an excellent grass for 

dairy purposes. Although bluegrass may not be a good pas- 

ture grass during the latter part of July and August, yet it has 

many commendable features, even though the pastures may 

look dry and bare. Thesmall leaves are highly nutritious and 

in many cases cattle apparently thrive and grow fat on pas- 

tures that seem to contain but little. This was especially 

noticeable in 1894, when the season was remarkably drouthy 

over a large section of the state. In many cases where pas- 

tures were not cropped too close, horses and cattle fattened. 
After the fall rains, during the latter part of August and 

early September, bluegrass continues to grow rapidly. The 

brown pastures of August again take on a green look, since the 

cool nights and sufficient moisture are favorable for its rapid 

growth. Catt’e may therefore feed on it until cold sets in. 
Many Iowa farmers are familiar with the value of bluegrass as 
a winter pasture grass. Hundrejs of acres are utilized in this 

way. A considerable amount of forage is obtained for cattle 

and horses during open winters. Chemical analyses show that 

the brown axd sere grass leaves are not without their nutrient 

value, and we cannot pass the subject of bluegrass without 

saying something of its us3 in the central and southern part of 

the state as a winter forage plant. When speaking of winter 

pasturage in Iowa, the farmer refers to bluegrass. It is a well 
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known fact that cattle do remarkab'y well on this grass in the 

winter. Though it has lost some of its nutritious qualities, it 

is highly relished and serves a most excellent purpose in keep- 
ing the digestive organs of the animals in good condition. 

With a good winter pasture of bluegrass it will be unnecessary 

to use the ‘‘stock foods’’ to regulate the organs of secretion. 

Farmers should not lose sight of the fact that overstocking is 

injurious. To be in good condition for the winter it should not 

be overs‘ocked in September and October. Other grasses 

have been tried in this way. Texas bluegrass has received 
considerable notoriety in this respect, and while perfectly 

hardy at Ames, Iowa, nothing can be said about its use in cen- 

tral Iowa for this purpose, since it has not been extensively 

tried. The great p int in favor of bluegrass as a pasture gras3-. 

is that it is very rarely injured by cold, is hard to kill during. 

dry weather or by the hot sun, the tramping of hoofs or close 

mowing. The pasture is continually increasing in value as it 

becomes older. The writer is familiar with pastures which 

have been in bluegrass for a quarter of a century, and they 

yield as abundantly to-day as at any time in the history of the 

meadow. 

CHEMICAL COMPOSITION. 

The samples analyzed in this station are given in the follow- 

ing table:: 

Sample No.1. April 14, 1896, young, 1 to 4 inches high. 

Sample No. 2. April 29, 1896, 3 to 10 inches high. 

Sample No. 3. May 6, 1896, beginning to head out, 14 to 18 inches high. 

Sample No. 4. May 18, 1896, very wet, headed, 14 to 15 inches high. 

Sample No.5. June 1, 1896, 31 to 32 inches high. 

NATURAL CONDITION. 

° o 
n o 

| = BK = 
) 5 a+ 

. dj RS c= 2a 

5 in| Se paleoedia |e 
G 3 2 2 5 a 186 
E 5 A < 6) =<, | 

PISMIPLS: Nici. c cslawiatey es 77.78 | 1.36 | 8.66 | (6.00) } 38.61} 2.91 | 5.68 
SAMPlO Zh cic sree. hestec 5 78.96 | 1.03 | 4.42] (3.78) | 5.22] 3.06] 7.31 
Sampleyaisecirsinieae rei 76.18 | 1.04] 4.79 | (3.59) | 5.49] 2.65] 9.85 
Samplerds, ccvererwiciies ote 78.50 | 97 3.26 (3.14) 6.66 2.54 8.07 
Sample7oii5 vieasvse oes 13.46.) 2:10): 3.84.1) (25386): 8.7 3.05 | 8.81 
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WATER FREE SUBSTANCE. 

Shim ey oe daa o60 scene dougeT 6.13 | 38.98 | (26.99) | 16.23 { 13.10 | 25.56 
Sh Pie, Pao ao cana + on oneucee 4.90 | 21.02 | (17.95) | 24.71 | 14.53 | 34.84 
SEV O) Oye ee eciqnnocl noe MeeIcerS 4.25 | 20.11 | (15.07) | 23.06 | 11.11 | 41.47 
SS HMED LO Poor locoie oie elcta oleae oYon).oicie)s 4.51 | 15.18 | (14.58) | 30.96 | 11.80 | 37.55 
Shi ole, Gsohohpoopacoudoupaoaee 7.91 | 14.46 | ( 8.83) | 32.92 | 11.48 | 33.23 

In the above results we find that the amount of water present 
in the grass as received in the laboratory is very constant 

indeed, the highest being 78.96 per cent and the lowest 73.46 

per cent, a difference of only 5.5 percent. In the comparison 
of the results of the analyses based on the dry matter, we find, 

in the fat content, that the amount decreases comparatively 
little as the grass matures. However, with the amount of 

protein present there is a marked decrease from 38.98 to 14 46 
per cent, and in the albuminoids from 26.99 per cent to 8.83 per 

cent. The crude fiber increases on the contrary from 16 23 

per cent to 3292 per cent. The amount of nitrogen free 

extract present varies greatly. There is no constant increase 

but it varies from 25.56 to 41.47 per cent. 
The following analyses have been selected for comparison 

with the work of this laboratory: 

o 
5 Oo 

be ce 
o 

, 2 AS 
SAMPLE FROM. i | = Ar 

o fa 

eS 2 s : ee 
SS ee |e oh aa So 
5 A, 6) Z 

Northernserown' (1)... «2.5 oly. sss ec 3.60 | 10.50 | 26.10 | 7.90 | 51.90 
Towa (2): 

Cut Aoril 28, (3-6 in. high)..|........ 5.55 | 18.03 | 22.19 | 11.49 | 42.74 
CuteMay,8,(8 in. high) ooo. oslpec. << 4.14 | 13.58 | 22.74 | 10.67 | 48.87 
mae May 18, (Panicle spread- 
MTP eyetees. on Rcteaye curses ainiciee o he! are 3.89 ; 11.11 | 24.36 | 8.75 ; 51.89 

Cut May 28, (early bloom) ..|........ 2.20 | 9.67 | 29.11 | 8.47 | 50.60 
Cut June 7, (after bloom)....|........ Zelou| a. 8e || 29-92 |) 8.66) |POLt9 
Cut July 5, in seed, DrOWN: =.\\|-' om eee + 3.05 | 7.89 | 30.55 | 9.98 | 48.53 
Average of 3 analyses before 
We OOMTUNG i> ss. Fasiceicccle/se a oie taeda cowie 4.53 |'14.24 | 23.09 | 10.30 | 47.88 

WOT SIANB((G)i2\s cagiese ste aioe coke *12.15 | 3.35 | 8.00 | 23.56 | 10.16 | 42.78 
Mississippi (4): 
Gachered March oanaric ce sei (soreslsiaee 4.38 | 21.79 | 24.75 | 12.00 | 37.08 
(Caehered 2A pridisss cis sieye 4 cates | oes Aare es 4.13 | 9.04 | 34.64 | 5.34 | 46.85 
Gathered May, just headed..|........ 4,90 | 3.25 | 30.71 | 9.12 | 42.02 
Gathered June, over ripe. ..|..... ..| 4.138 | 18.21 | 30.12 | 7.45 | 50.09 

North) Dakotar(5))2 .6s..6 «tesco *15.35 | 3.03 | 6.53 | 27.29 | 4.16 | 43.64 
VERON Gerstein sacha siete cheer *65- 105) 1.30-) 4:10) (2.9.10) 2:80 | 17.60 

1, U.S. Dept. Agrl. Exp. Sta. Rec. 6:102. 1894. 
Bull. lowa Exp Sta. 11:432, 434. 
Bull. La. Agrl. Exp. Sta. II. 19: 536, 562, 
Aun. Rept. Miss. Agrl. Exp. Sta. 8:92. 1895. 
Bull. N. D. Agri. Exp. Sta. Pip: 49, 1894, 
Bull. Oregon Agri. Exp. Sta. 39:49. 1895. 

: *A nalyses are for natural or. air dry: condition; others are for :»water« free:sub- 
stances. 
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Fig. 154. Wire or Erg- 

lish Blue Grass, (Poa 

compressa.) An excellent 

grass for dry soils. 

(Charlotte M. King.) 
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WIRE GRASS (Poa compressa).—This grass is indigenous to 

Europe and has long been naturalized in sections of this coun- 
try. It occurs in rather thin, dry pastures. Although not 

generally used as a pasture or forage plant in this state, in 
portions of New England and Canada it is used, where it is 
known by the name of bluegrass, a very appropriate name, as 
the plant has a dark bluish glaucous green color. Several 
agricultural writers speak in highest terms of this grass. 
Gould* says: ‘‘It never yields a great bulk of-:hay, but this 

bulk weighs very heavily, frequently a ton and a ton and a half 

to the acre where one would not expect to get one-half a ton.’’ 

He considered it one of the most valuable and nutritious of 
grasses. 

Lamson Scribnert states: ‘‘ There is perhaps no better pas- 
ture grass for dry and poor soils, particularly in the eastern 

and middle states. It is especially valuable for dairy pastures; 

cows feeding on it yield the richest milk and finest butter.’’ 

This is the bluegrass of New England and the middle states, 

and is easily distinguished from genuine bluegrass by its 

decidedly blue color and strongly flattened stems, lower habit 

of growth and smaller panicle.” 

CHEMICAL COMPOSITION. 

There were five samples of Poa compressa analyzed in the 
station laboratory, as follows: 

Sample No. 1. May 8, 1896, 8 to 9 inches high. 

Sample No 2. May 22, 1896, 14 to 15 inches high. 

Sample No. 3. June 3, 1896, 24 to 26 inches high. 

Sample No. 4. June 11, 1896, 24 to 26 inches high. 

Sample No. 5. June 22, 1896, 24 to 26 inches high. 

NATURAL CONDITION. 

5 3 |2 
3 8 las 

F bee ahi - | Ss 
3 = oO : 5 ov 
3 3s z = a = 55 
e B | A Ss) < ae 

BSHEIPIC Loess ces osc .ccle « 74.05 | 2.22 | 4.02 7.09 | 2.98 | (3.33) | 9.64 
IBMUP LOZ oiecieva els cies «ciate 18.04 | .93 | 3.17 1.20. 2.00 | (2.31) | 8.30 
S00) i Ei 73.31 | .85 | 3.35 8.15 |.3.12 | (298) | 11.22 
DAMP lOl4 ye oc. coe kisses « 71.76 | 1.22 | 2.70 | 10.09 | 2.99 | (235) | 11.24 
S110 0) GH i RSE 60.62 | 1.50 | 3.37 | 12.481 3.611 (2.93) | 18.42 

*Beal. GrassesofN. A. 1: 139. Ed. 2. 

+Economic Grasses. Bull. Div. Agrost. U. S. Dept. Agrl. 14:63. 
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WATER FREE SUBSTANCE. 

Sampled croc elcet.s sae 8.56 | 15.49| 27.35 | 11.49) (12 85) | 37.11 
Samples case oce te 4.25 |1444| 32.90 | 10.61) (10.51) | 37.80 
Sample diet stea tc ee 3.18 | 1255] 30.56 | 11.68 (11.16) | 42.03 
Gamplord ict es eee, 4.30] 9.54| 35.75 | 10.58]. (8 32) | 39.83 
Sample Dracts ye ocieisele sie ceciene 3.82 | 856} 31.69 | 9.18] (7.45) | 46.75 

The first four samples have an amount of water which varies 
from 71.76 to 78.04 per cent, while the fifth has ‘only 60.62 

per cent. The constituents of the grass based on the dry mat- 

ter vary toa large extent. For example, the fat in the sam- 

ples varies from 3.18 per cent to 8.56 per cent, while the pro- 

tein gradually becomes less, from 15.49 in the sample collected 

May 8th, to 8.56 p2r cent in the sample collected June 22d. 
The albuminoids vary in the same way, with one exception. 

The crude fiber varies from 27.35 per cent in sample 1 to 35 75 

per cent in sample 4. The ash constituents remain quite con- 

stant, while the amount of nitrogen free extract varies from 

37.11 to 46 75 per cent. Samples 3 and 4 would represent the 
grass in its most favorable condition from a chemical consid- 

eration as a food. The following results have been selected 

f.r comparison with the results of this investigation: 

FRESH OR AIR-DRY MATERIAL. 

vo . 

ks 5 
3 = 

e a9 | & 
+a —_ OO gy o 

= 3 Sc a= . 
a 24 |S ics oa eae 
5 A, & | Z Ss) < 

Tennessee (1): 
Cut May 12, 8in. high..:..... 76.57 | 3.63 | 1.29 | 10.94 | 4.88] 2.69 
Cut June 3, coming in flower, 

Grins Abi gh zc os iclctete « atte a: 14,36 | 250°) 24%) | 12.78 | 0.362) e2e2o 
Cut June 13, seed in milky 

stage,.0 in. high. jc... soe <'' 69.62 | 2.55 | .72 | 16.04] 8.78 | 2.29 
As hay: 
Cut before heading. ......... 9.00 | 30.33 | 5.83 | 28.01 | 16.50 | 10.33 
Cut when heading............ 10.78 | 7.50 | 1.87 | 47.33 | 25.53 | 6.99 
Cutin “DIOOME vic cietse 6 eave sun's 10.62 | 6.31 | 1.43 | 45.03 | 30.34 6.27 
Seed fully forroed............ 7.97 | 7.62] 1.81 | 46.49 | 26.07 | 10.04 
Cat July, LS9l casitcw ote 6.27 | 11.65 | 3.32 | 44.27 | 21.98 | 12.51 
Cut June 15, 1895... 55.c.e5. 9.37 7.81 | 2.96 | 50.00 | 24.00 5.€6 

OTHER MEADOW GRASSES. 

Of these the Poa trivialis, L., has been under cultivation 

longer than any other Poa. It has been tried in a limited way 

1. Bull. Tenn. Agri. Exp. Sta. 9:101-114. 1893. 
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in Iowa with not very great success. Sinclair* says: ‘‘The 
weight of hay produced from the grass of the flowering crop is 
much less than that which is produced from an equal weight 
of the seed crop. In Mr. Young’s annals of agriculture we 

are informed, that solong ago as the year 1785, Mr. Boys, of 

Betshanger in Kent, a farmer of the highestreputation raised 

Fig. 155. Rough stalked meadow grass (Poa trivialis). This is a good grass for 
moodtaid meadows. (Div. of Agrost U.S. Dept. Agr] ) 

at much expense, and several years’ attention, from twenty to 

thirty bushels of the seed of this grass, which he then offered 

for sale at three shillings per pound. He says that it makes 
very fine, thick turf, and will produce a great quantity of very 

excellent grass from moist, rich soils. It yearly diminishes, 

and ultimately dies off, not infrequently in the space of four or 

*Hortus Gramineus Woburnensis. 148-149. 
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five years. Its produce is always much greater when combined 

with other grasses than when cultivated by itself. With a 

proper admixture it will nearly double its produce, so much it 

delights in shelter.’’ Stebler and Schréter* give the early his- 

tory as follows: ‘‘It was cultivated in England some centuries 

ago. In 1681 Worlidgerecommendedit. He called it ‘Orchiston- 

grass’ because of its abundance in the celebrated grasslands 

of Orchiston, near Salisbury in Wiltshire. About the year 
1785 Boys cultivated it in the county of Kent.’’ At the present 
time it isin high esteem and in common cultivation, both in 

B:itain:and on the continent; in mountainous districtsit always 

forms the staple of the natural grass. 
This grass is perfectly hardy in the southern part of this 

state. It produces a large amount of nutritious and va'uable 
forage. It has not, however, been tried sufficiently in central 

and northern Iowa to give ita general recommendation. Where- 

ever this grass has been tried in the south, as in the Gulfstates, 

it has been highly commended by Tracy and others. Lamson- 

Scribner says owing to the wooliness of the seeds they are 

difficult to sow, aud as they are expensive this grass has not 

been propagated as extensively as it would have been. 

Of the o‘-her American meadow grasses, more attention has 

beea given to the Texas bluegrass (Poa arachnifera, Torr.) Its 
cultivation was first introduced by Geo. H. Hogan{ of Texas, 

who recommended it very highly as a winter forage plant. Its 
cultivation at the lowa experiment station began in 1888. It 

has also been cultivated at the Kansas$, Tennessee], and 

Mississippi™ agricultural experiment stations. According to 

Lamson-Scribuer it remains green throughout the year, mak- 

ing its chief growth during the winter months. 

Professor Shelton, formerly of Kansas, states that it isa 

much more useful grass than blue grass for Kansas ‘‘and not 

unlikely one of our best grasses.’’ Tracy says its real value 

for cultivation is still problematic. It endures the longest 
drouth without injury. Professor Mell** says: ‘‘Itis now well 
known in most sections of the south and is becoming more and 

*The Best Forage Pl. 79. 

Ts C61. 

tVasey. The Agrl. Grasses and Forage Plants of the U.S. Special Bull. Dept- 

Agrl. 1889:64. 

$Shelton. Bull. Kansas Agrl. Exp Sta. 2:22. 

|Lamson-Scribner. Grasses of Tennessee. Tenn. Agrl. Exp. Sta. 7: 110. 

"3. M. Tracy. Forage Plants. Rep Miss. Agrl. Exp. Sta. 1892:20. 

**Bull. Alabama Agrl. Exp. Sta. 100:519. 
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Fig. 156. Texas Blue Grass, (Poa arachnifera). Native to Texas, and widely 

recommended as a good winter pasture grass. (Ff. Lamson-Scribner. Div. Agrost. U- 

S. Dept. of Agrl.) 

more popular as rapidly as its fine properties are understood. 

The introducer of this grass, Mr. Hogan, says: ‘I have 
known it to grow ten inches in ten days during the winter.’’ 
He thinks it preferable to wheat, rye or anything else grown 

in the winter. The writer had this grass under observation for 

four years here at Ames, from 1889 to 1893, and found it per- 

fectly hardy. It isa large, vigorous, rapid growing grass and 

matures early in the season. It comes on again after the 

autumn rains and keeps green until frcst Unfortunately this 

grass has not been tried extensively in the s‘ate, and those 

who desire to grow the grass should only do so in the southern 

half of the state, and there only in a limited way. It is best to 
propagate this grass by root cuttings. 
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Fowl meadow grass (Poa serotina, Ehrhart), has been tried 

in an experimental way at the lowa station. It occurs asa 
natural grass in many sections of the state, but it is not culti- 

vated. Flint,* in his work on grasses, makes the following 

Fig. 157. Blue grass, Poa pratensis. The be:t of all our pasture grasses. Two 

types. Blue grass offers an excellent chance for improvement, as the cut shows. 

statement: ‘‘It early commended itself to the attention of 

farmers, for Jared Smith, writing in 1749, says of it: ‘There are 

two sorts of grass;which are native of the country, which I 
would recommend. These are Herd’s grass (known in Penn- 
sylvania by the name of Timothy grass); the other is fowl 

*Grasses and Forage Plants. 83. 
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meadow, sometimes called duck grass, and sometimes swamp 

wire grass.’ ”’ 

This grass is seldom sown in this state, and it is only in the 

northern and northeastern sections of the state, where it is 

abundant, that it is used for forage purposes Lamson-Scrib- 

ner* says it is found in nearly all parts of New England and 

often forms avery considerable and valued portion of the 

native hay of the low meadows. Professor Bealt says the 

stems in damp weather branch at the lower joints, and thus it 

is inclined to spread. On account of the large top and the 
slender stem this grass is rather inclined to fall over or lodge. 

For this reason it is frequently grown with red top, and asa 

matter of fact this grass is not infrequen'ly found in low 

meadows as a naturaliz d grass with red top. 

MEADOW FOXTAIL (Alopecurus pratensis, L.)—Though of 

little value in lowa and scarcely cultivated, it has been tried 

in an experimental way on the College farm for twenty years. 

Stebler and Schréter{ state: ‘‘Although long ago recom- 

mended by Linnzeus, its cultivation has only recently com- 

menced.’’ Sinclair § in 1824, wrote: ‘‘The meadow foxtail 

constitutes part of the produce of all the richest pastures I 
have examined in Lincolnshire, Devonshire, and in the vale of 

Aylesbury. In Mr. Westcar’s celebrated pastures at Creslew 

I found it more prevalent than in those of Devorshire and 

Lincolnshire.’’ It does not, however, appear to have been cul- 

tivated. It was early introduced into this country and has 

spread extensively in the eastern states. It is cultivated par- 
ticularly in the middle and New England states because of its 

earliness. 

Meadow foxtail is of little value in this state. It comes on 
rapidly in the spring ard matures early. During the season 

of 1900 the culms measured two and a half feet, but they were 

rather sparingly produced. However, there were an abundance 

of leaves clo:e to the ground. During the season of 1899, 

which was much more favorable, the plant was a foot taller 

and the flowering culms were much more numerous. It may 

be said further in regard to this grass that it produces no after- 

math. In the east, Lowever, this grass is considered very val- 

uable, and in Europe one of the most valuable of the peren- 
nial grasses. Dr. Wm. J. Beal says in regard to it: 

*)]. c. 63. 

+Grasses of N..A. 1: 140. Ed 2. 

+The Best Forage Plants. 657. 

§l. c. 142. 
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‘‘It bears considerable resemblance to timothy, though the 

culm and leaves are shorter, the spikes shorter, broader and 

softer; the whole plant less firm and rough, and it starts much 

earlier in spring, flowering: three or four weeks before that 

well known grass. 

Fig. 158. Meadow Foxtail, Alopecurus pratensis). A valuable grass in the east 
but nearly worthless in Iowa. (fF. Lamson-Scribner. U.S. Dept. of Agrl.) 

‘‘ Meadow foxtail is not well adapted for alternate hus- 
bandry, as it requires three or four years to become well estab- 

lished, but on deep, rich, moist or irrigated soils, in a ccol 

climate not subject to drouths or very hot weather, it is a fine 

grass and peculiarly well adapted for permanent pasture. It 

makes a quick growth in sp:ing or after feeding or mowing. 

It is fine, nutritious and palatable for all kinds of stock. 
‘Like timothy, it has no tendency to spread, as is the case 

with June :grass, quack grass ard white clover. Mr. Lawes’ 
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experiments show that it thrives best with high manuring, sup- 

plying much nitrogen. In this respect it comes into ccmpeti 
tion with orchard grass.” ct 

; CHEMICAL COMPOSITION. 

One sample of this grass was analyzed in the laboratory. 

The sample was collected on April 30, 1896, and was 6 to 16 
inches high. The analysis gave the following results: 

NATURAL CONDITION. 

q Oo 
mn o 

S ‘3 & 
° o 43 

4 s = S 23 

8 2 S = : os 
Sesser Ss Me |e Uso 
E Ee | ey < 6) <a, 

Silo feo er ce tn ee 80.16 | .90| 336| (294)| 5.38| 2.35 | 7.35 
WATER FREE SUBSTANCE 

pion. ~. s+ | 4.50 | 16.93] (14.81) | 27.12 | 11.86 | 39.53 

The following analyses are taken for comparison with the 
analysis made by this station: 

NATURAL CONDITION. 
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Sample 1, cut April 19; head just 
manearing: (1) ..eve. ccs: «ais ses oe 11.10 |.1.08 | 3.60-| 4.17 | 2.11 | 11.94 

Sample 2, cut April 19; before bloom.| 76.70 | 1.04 | 3.17 | 5.22 | 1.84 | 12 03 
Sample 3, cut May 1; in bloom....... (0.00 | 134 | 4.32 | 9.51 | 3.10 | 21.78 
Sample 4, cut May 12; after bloom...| 66.60 | 1.17 | 2.88 | 847 | 2.73 | 18.15 
Sample 5, time of cutting unknown..! 72.63 ' 1.16 ) 3.12 ' 8.66! 1.71 ! 12.72 

WATER FREE SUBSTANCE. 
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IDES De 6 seen 85:51 ove fo! lot 3.0) foto hape « Savu'ecod Laie 6 470 | 15.70 | 18.20 | 9.20 | 52.20 
BEMMERMIO este regs! s/s:ctotcvara.< 3.ahlayoie mchcisie are sieve ace 8 4.50 | 13.60 | 22.40 | 7.90 | 51.60 
PRITINTOLG thie si 08 Rsccd huts ha eels ava btoteve.e + @ Giga see. oie 340 | 10.80 | 23.80 | 7.80 | 54.20 
Re MRNIOR A i980. reye: ageness 0 <[aceoresd alae eistine waricte 350} 8.60 | 25.40] 8.20 | 54.30 
PRORC ROM Fascfe 5, oss digis oie eres a Saye oe ste aa ats 4 20 | 11 40 | 31.70 | -6.20 | 46.50 
South Dakota (2): Cut June 1, 1892...... 3.31 | 9.91 | 34.56 | 10.54 | 41.69 

i 8. wae Agri. Office Exp. Sta. Bull. 11:31. 1899, 
2. Bull. 8. D. Agrl. Exp. Sta. 40:70. 1894. 

22 
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BROME GRASSES. 

Among the brome grasses there are several important for- 

age plants. Much attention has recently been given to 
Hungarian brome or awnless brome grass (Bromus inermis, 

Leyss). Stebler and Schréter*, writing in 1882, state: ‘‘This 

Fig. 159. Hungarian Brome Grass, (Bromus inermis). The best of all the 

recently introduced grasses. Muay be used in meadow and pasture. 

(Div. of Agrost. U. 8. Dept. of Agri.) 

must be a good fodder grass, especially for sheep, because it 

grows in the cattle-rearing districts of Aschersleben, renowned 

for its exceedingly terder mutton. Awnless brome grass has 

only quite recently come into cultivation, more particularly in 
Hungary.’’ Its further history is given by Lamson-Scribner.f 

*1), CaS. 

+Economic grasses. Bull. U.S. Dept. of Agr. Div. of Agrost. 14:23. 
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It was introduced by the California agricultural experiment 
station about 1880. Its cultivation on the college grounds 

began in 1888. It has been grown since 1890 at Dysart and 

Battle Creek. Since 1897 it has become more widely diffused 

in the state and elsewhere largely through the efforts of the 

Secretary of Agriculture, Hon. James Wilson, the agricultural 

press and F. Lamson-Scribner. Seedsmen also have done 
much to extend its cultivation. 

Hungarian brome (Bromus inermis) is without doubt one of 
the most valuable of all the grasses which have been introduced 

in recent years. Not only is it an excellent drouth resister but. 

itis a most productive grass. It starts early in sprirg and 

affords good picking nearly as early as blue grass. For past- 

ure purposes it is certainly far better than timothy. It is only 
a question of time until this grass will become as common as. 

timothy. There has never been a crop failure of this since its. 

growth on the college farm, but there is considerable variation 

with reference to its productiveness. Newly sown meadows are 
much more productive than those thatare two or three years old. 

During the season of 1900 this grass was quite vigorous, the 

culms measuring from two to three feet high. There was an 

even mat, but in meadows three years old it was some- 

what dwarfed, and this seems to be the usual experience with 

this grass. During 1899 this grass did very much better. 
Prof. James Atkinson* says in regard to it: 

“Owing to its extreme hardiness it is one of the first plants 

to begin to grow in the spring, when once established. Incase 

of a one-year-old sod, it began to head out six weeks after 

growth began in the spring. The same crop was cut and gave 

a yield of twelve tons of green fodder June 10th, which cured 

into five tons of hay. It must be remembered that the soil 

upon which this was grown was very rich. A bare soil, treated 

in the same manner, produced less than one ton per acre, 
According to station analysis, itis quite similar to timothy in 

comp¢sition. If seeded thickly and cut at the proper time, it 

is a little superior, owing to the leafy nature of its growth. 

At cutting time, the leaves were stripped off of a portion of the 
crop, and it was found that there was a greater percentage of 

leaves than of stem. It yields at the rate of two or three tons 

to the acre.”’ 

~ *Bull. lowa Agr. Col. Exp. Sta. 45:225. 
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Shepard and Williams* state that it has endured drouth per- 
fectly in South Dakota, and has never winter killed in the 

least. Lamson-Scribnert says: ‘‘The strong perennial char- 

racter of this brome grass and its unusual drouth resisting 
powers are qualities which recommend it for general cultiva- 

‘tion, particularly in the semi-arid regions of the west and north- 

west. Its nutritive value is comparatively low, and before 

undertaking its cultivation the fact should be remembered that 

it is somewhat difficult to eradicate when once established, 

although by no means so difficult as couch grass or Johnson 
egrass.”’ In Iowa there has been no difficulty of clearing a field. 

Mr. S. A. Bedford{ states that as a pasture grass for Manitoba 

it is perhaps unequaled. It comes on early and continues 
green until snow covers the ground. 

P. Beveridge Kennedy§ says in regard to this grass: ‘‘Ina 

few years it forms a very tough sod, soon crowding out other 

grasses, clovers, and weeds. Its remarkabledrought resisting 
qualities have proved it to be a most valuable grass for dry 

regions where other grasses could hardly exist. Itisthe most 

suitable grass yet introduced for the dry regions of the west 

and northwest. As it is thoroughly permanent and grows with 

wonderful rapidity, producing heavy crops of hay and luxuri- 

ant pasturage, its value to the farmers of the semi-arid regions 
of this country cannot be overestimated. All kinds of stock 

eat it with relish, and the chemical analyses made show that it 

is rich in flesh-forming materials, much more so than timothy. 

It is very hardy, and not injured by severe spring and fall 

frosts when once establisned. As it starts to grow very early 

in the spring, before any of the grasses upon the native 

prairies show any signs of life, and remains green and succulent 

far into November, it will supply the long-felt want of early 

and late fall pastures.”’ 

CHEMICAL COMPOSITION. 

Of this brome grass the following samples were analyzed 

Sample l. April 30, 1896, 6 to 12 inches high. 

Sample 2. June 3, 1896, 38 to 40 inches high. 

Sample 3. June 15, 1896, 41 to 42 inches high. 

*Bull. South Dak. Agrl. Exp. Sta. 4°:144. 

+Bull. U S. Dept. Agri. 14:23. 

+Rep. Exp. Farms Canada 1896:337. 

SBull.U. Dept. Agric. Div. Agrost. 22. 
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NATURAL CONDITION. 
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Shi NIE A eos cnee Saco 79.97 | 1.05 3.21 (3.04) 4.53 ASE 8.91 
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Samplers cisely toto sie: 67.66 | 1.04 3.95 (2.48) | 11.96 3 45 } 11.98 

WATER FREE SUBSTANCE. 

Samiplouie er kh ae ete ee ne 5.26 | 16 06 | (15.19) | 22.62 | 11.64 | 44.42 
SSDS Panitetectaineiels sia/efere et alaie «stele 2.00 | 1410 | (11.54) | 3649 | 8 82 | 38.59 
SAMp lomo eee eet eicouetsls 3.20 | 12 26 | ( 7.69) | 36 98 | 10.66 | 36.90 

In the consideration of the above samples we find that the 
amount of water decreases from 79.97 fer cent to 67.66 per 
cent, and itis a regular decrease as the plant becomes older. 
In the water free substance we find, however, that the per- 

centage of fat varies from 5.26 per cent to 2.00 per cent, and the 
change is an irregular one. The protein varies from 16.06 to 

12.26 per cent, decreasing as the growth of the plant increases, 

but it will be noticed that the samp!e 88 to 40 inches high has 
only 1.96 p2r cent less of protein than the sample 6 to 12 
inches high. The difference between the albuminoids is 

greater than that of the protein, that is 15.19 to 7.69 per cent, 

and in the samples 2 and 3, while there is only a difference in 

height of 2 or 3 inches, yet the difference in the amount of 

albuminoids present is 3.85 per cent in favor of the second 

sample. The crude fiber is naturally much less in the young 

sample, while the two latter samples have nearly the same 

amount present. The first sample of the grass has the largest 

amount of nitrogen free extract, and this decreases asthe plant 

becomes older, while the amount of the ash varies without 

regard to the growth of the plant. 
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The following analyses have been selected for comparison 

with the ana’yses here: 

WATER FREE SUBSTANCE. 

Crude fiber. Nitrogen free 
extract 

Protein. 

11.86 | 32.11 | 8.62 | 39.50 U.S. Dept. Agrl. (1): Aver. of 2 samples.. 
Iowa (2): 

Cut June 21, just past bloom, height 36 
see AIT aici Poh ele ec fale! axey Rayo o'sibinna dita Hales 11.92 | 34.51 | 10.20 | 41.77 

Cut May'8, beightWdG,in 7. 2. speci. serie 26.27 | 21.65 | 11.02 | 35 40 
Cut May 18, height 20 in ..... sloielol Peis) 21.12 | 2450 | 11.03 | 39 64 
Wnty Many ON 5. cas ane cvacttorel sicisinrs elo elas 17 63 | 2911 | 10.08 | 40.57 

12 45 | 32.33 | 9.77 | 43.02 Cut June 7, early. DlOOM so... .2cc/c1 «wee 
10 79 | 41.27 | 8.08 | 37.80 South Dakota (3): Cut July 7, 1892...... 

Mississippi (4): 
Ep DUT are cies» syeierein chet tein Rincon e steialcieyel 379] 8.18 | 33.79 | 666 | 47.58 
CubrvAnipuste sec wn isveaurtes sieve lot stesenetet ere 6 04 | 21.53 | 30 44 | 10 57 | 31.42 
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SHORT AWNED BROME GRASS (Bromus marginatus, Nees).— 
The cilture of the short awned brome grass was introduced in 

Iowa by R. P. Speer* in 1889, who obtained the seed from 

Montana, collected by Prof. J. Craig, who was sent there to 

make a collection of the most worthy and valuable grasses 

growing in the west. It was cultivated on the college grounds 

for a few years and merits more extensive cultivation. it was 

distributed to a limited extent to lowa farmers, but it has not 

been cultivated extensively in any part of the country. It 
gives promise of being as valuable as the Hungarian brome. 

It is perfectly hardy, resists drouth well and is capable of pro- 

ducing from two to three tons of hay to the acre in ordinary 

seasors. The aftermath is also excellent. The grass has 

become partially established in this state, both at Dysart and 

the Iowa Agricultural College, and we commend it for trial in 

this state. It is equal t> the Hungarian brome grass on the 

college grounds. In the season of 1900 it measured from three 

to four feet. This is what Dr. Kennedy} says in regard to it: 

1. U.S. Dept. Agrl. Exp. Sta. Rec. 6:101. 1894. 

2. Bull Lowa Agrl. Exp. Sta. 11:466, 475. 1888. 

3. Bull. S. D. Agrl. Exp. Sta. 40:144. 1894. 

4. Ann. Rept. Miss. Agrl. Exp. Sta. 8:90. 1895. 

*Bull. lowa Agrl. Exp. Sta. 11: 1890. 446. 

+Bull. U.S Dept. Agrl. Div. Agros. 22:62. 
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Fig. 159A. Short-awned Brome Grass (Bromus marginatas). A valuable western 

grass. a, empty glumes, with three florets. b, dorsal view of flowering 
glume. (Shear. Div. Agrost. U. 8. Dept. of Agrl.) 

‘*An erect, robust na‘ive grass, two to four feet high, with 

numerous large leaves and long, closely appressed branches 

to the panicle. In Wyoming and Montana it occurs in the op2n 
woods among the mountains, where it sometimes forms meadow- 

like tracts of considerable extent at an altitude of from 5,000 

to 8,000 feet. It has been introduced and grown for a number 

of years in central and western Iowa, where, under favorable 

conditions, two crops may be cut ina single season. In Colo- 

rado it is found to be vsluable in the native meadowsat an alti- 

tude of from 6,000 to 9,500 feet. Short awned brome grass 

produces an abundance of leaves, which are well liked by stock. 
Although not so valuable as the smooth brome grass, yet it is 
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worthy of being extensively tried, esgecially in meadows at 

high altitudes. Its cultivation has been carried on to some 
extent in the northwest, with very promising results. ”’ 

The results of the analysis of the two samples of this grass 
are given below: 

Sample No.1. Gathered April 27, 1896, height 12 inches. 

Sample No.2. Gathered May 19, 1896, height 14 to 20 inches. 

NATURAL CONDITION. 

Se 8 = 8 E , 

i ce as = 23 

8 Bie] Ge he. ile eames 
By Nee cee ee nll oot ee 
5 oy A = 6) < 7 

Sample Tc. eck bne 82.30 | 1.56 | 471 | (341) | 4.80 2.59 | 404 
Samples nc.cce ae Sosa WON | a8" 13i98)sl 5.18 2.40 | 6.50 

WATER FREE SUBSTANCE. 

Sampled. ses cccatu coe ses seen 8.82 | 26.63 | (19.28) | 27.09 14.66 | 23.80 
Sam pleiaiicn acieicerste scorers tienes 6.22 | 21.69 | (16.84) | 26.56 12.33 | 33:20 

The water content of the two samples are very close, less 
than 2 per cent, and on making a comparison of the various 
constituents of the dry matter, it is found that as a result of 

the difference of twenty-two days sample 2 has 2.60 per 

cent less of fat and 4.97 per cent less of protein. The same 
condition is present in the amount of albuminoids, where there 

is a difference of 2.44 per cent of albuminoids in favor of sam- 

ple 1. The amounts of crude fiber in both samples are very 

close, but the difference of nitrogen free extract is 9.40 per 

cent in favor of the sample which was collected last. The 

amount of ash is largest in sample 1. 
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For comparison the following analyses are added: 

Crude fiber. Nitrogen free 
extract 

Towa (1): 
Cut June 9, beginning to bloom, 
SIS SO Lm pests bes So 500 01000 68.85 | .66 | 4.82} 9.88 | 3.04 | 13.25 

Cut April 29, height 12 inches...| *77.24 | 6.26 | 26.64 | 20.31 | 13.50 | 33 29 
Cut May 10, height 15 inches....| *75 00 | 5.32 | 22.53 | 23.84 | 12.83 | 35.49 
Cut May 20, height 20 inches....| *76.78 | 3.58 | 18.83 | 21.58 | 12.18 | 43.83 
Cut May 30, panicle spreading...| *7217 | 2.12 | 16.00 | 32.26 | 10 64 | 38.98 
Cut June 9, early bloom......... *68.85 | 2.12 | 13.88 | 31.7 9.76 | 42.53 
Cut June 20, seed forming....... *66.29 | 2.25 ' 11.88 ! 30.88 | 925) 46.24 

OTHER BROME GRASSES.—Soft chess (Bromus hordeaceus, L.) 
has been introduced at various points in the state for forage pur- 

poses. Some years ago R. P. Speer introduced it on the col- 
lege farm, but soon found}that it was an entirely worthless 
grass. Since then it has been commononthecollegefarm. It 

comes:on early and makes a good growth. Its weedy character 

should prevent farmers from sowing any more of it. 

In regard to Bromus hordeaceus Prof. F. Lamson-Scribnert 

says: 
‘‘An erect annual, one to three feet high, having the sheaths, 

leaves and spikelets of the erect panicle soft!y pubescent. It has 
a marked resemblance to cheat, from which it differs in itsmore 

erect panicle and hairiness. It is a native of Europe, but has 
become widely disseminated in this country, although less com- 
mon than cheat and smooth brome grass, but like these can 

only be regarded as a weed. It has, however, been recom- 

mended for cultivation on thin, sandy land where better grasses 

will not succeed.” 

CHEMICAL COMPOSITION. 

Five samples of Bromus hordeaceus were analyzed in the 
experiment station laboratory with the following results: 

1. Bull. lowa Agrl. Exp. Sta. 11:465, 474. 

*Percentages of water are given for the originalsample and all other percentages 

are for water free substance. 

+Bull. Div. Agrostology. U.S. Dept. Agrl. 3:31. 
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Fig. 160 Fig. 161 

Fig. 160. Soft chess, (Bromus hordeaceus). A grass extensively naturalized io por- 

tions of this state, but of little value as a forage plant. a, empty glumes; b, 

flowaring glume; ¢c, palea. (Div. Agrost. U.S. Dept. Agrl.) 

Fig. 161. Oommon chess, (Bromus secalinus). Widely distributed annual, frequently 

occurring in wheat fields; but of little value as a forage plant in this state 

(Div. Agrost. U. 8S. Dept. Agrl.) 
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Sample 1. Collected April 24, 1896, 5 to 10 inches high. 
Sample 2. Collected May 4, 1896, 12 to 18 inches high, no heads. 
Sample 3. Collected May 11, 1896, 18 to 24 inches high, just beginning 

to head out. 
Sample 4. Collected May 20, 1896. 

Sample 5. Collected June 1, 1896, 30 to 32 inches high. 

NATURAL CONDITION. 

5 od 
m vo 

is L te 
° Q S 

es = 2 =| 23 
o 2 = Me : os 

eee eee «| eaten ee |g? ai 
5 Sr lees < 6) q |Z 

Samples tse seth OS 8507 11.41] 419] (323)| 318] 1.92] 4.23 
Sauiple 2. ./uisosa. ar 87291 .94| 2.14] (1.88) | 3.88| 1.88] 4.45 
amigo asec Nes clos ot 79.37 | .85 | 262] (2.50)| 5.47] 219] 9.50 
SHTTIS oe o omeouect Gen oot 80.63 7 2.96 (2.10) 6.42 2.05 7.16 
Sample wey see hase cect 71.411 .85 | 3.52! (308)! 10011! 254! 11.67 

Sry QI Ea Rae oid oo me aon 9.46 | 28.05 | (21.61) | 21.31 | 12.89 | 28.26 
STEELS 6 74 Sat Nolo toc rot ieee 7.43 | 16.83 | (14 80) | 26.61 | 14 38 | 34 75 
RUMI E der «ov Dsictate cles Pavciclove eo: ocays 4.10 | 12 71 | (12.12) | 26.54 | 10.64 | 46.01 
RUPTINPD LUA ae Sates sinlarete’ o 6)5 0s) elm ort s 4.08 | 15.30 | (10.88) | 33.18 | 10.61 | 36 83 
SSERUPILC ON ett ateterc 12s olale At elalcye's'«'os 2.95 | 12.30 | (10.76) | 35.01 | 891 | 40.83 

Considering the fiv2 analyses of Bromus hordeaceus we find that 

the water content in the samples in their natural condition 

vari s from 71.41 per cent to 87.29 per cent, and tte amount of 

water varies irregularly inthe samples’ In the dry matter or 

water free substance, we find that the fat varies from 9 46 per 

cent to 2.95 per cent, decreasing as the grass becomes older. 

The crude protein varies from 28.05 per cent to 12.30 per cent, 

and with one exception the amount decreases as the plant 

grows older. The amount of albuminoids, however, varies 

from 21.61 per cent to 10.76 per cent, and these decrease in 
amount regularly as the grasses increase in growth. The 

crude tiber varies from 26.54 per cent to 35.01 per cent, and is 

irregular in the amount present and tends to ircrease as the 
plant increases inage. The nitrogen free extract, however, 

is very irregular in the amount present. The ash, on the con- 

trary, tends to decrease with the age of the grass. 

One other sample is adled for: comparison with the results 
of the laboratory: 
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WATER FREE EXTRACT. 

Crude fiber. Nitrogen free 
extract, 

Ash. 

Mississippi, collected June (')........... 4.08 | 10.05 | 34.02 | 6.72 | 45.13 

Chess or cheat (Bromus secalinus, L.) is also quite common 
in many parts of the state, and although more valuable than 

Bromus hordeaceus, must be regarded as a weed. 

Chess or cheat is a well known weedy annual grass intro- 

duced in this country a number of years ago, and pretty gener- 

ally occurring in the state where wheat is grown. It hasa 

lozse, spreading panicle, The awnsof the flowering glumes 

are quite variable. This plant is a weed, but not quite so inju- 

rious as Bromus hordeaceus, as it has some redeeming features as 

a forage plant. Professor Tracy speaks favorably of this 
grass for the southern states. Chess or cheat is believed by 

many people to be a degenerated wheat, but this is not true. 

Cheat can only produce cheat, and where these plants occur 

it is certain that they were from cheat sown with the wheat, 

or that the seeds were scattered by b'rds or animals. Prof. 
I’. Lamson-Scribner* says: ‘‘Cheat and wheat are only 
remotely related; they belong to quite distinct tribes in the 

grass family, and wheat is less likely to change into cheat in a 

Single generation than the more nearly allied oats, or than 

wheat is to change into barley, with which it is very closely 
related. ” 

CHEMICAL COMPOSITION. 

The following samples of Bromus secalinus were analyzed in 

the laboratory at this station: 

Sample l. May 20, 1896, height 25 to 30 inches. 

Sample 2. June 15, 1896, height 28 to 29 inches. 

1. U.S8. Dept. Agrl. Exp. Sta. Rec. 6: 101. 1894. 

*Bull. Div. Agros. U. 8. Dept. Agrl. 3: 32. 
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NATURAL CONDITION. 

Bok ihe ° 
S) i Rene 

3 2 S = : o< 
S 3 = = a oa xo 
B eg || ey < S 4d | 

rete jIleeqasngocauldos006 79, 22 1.99 2.74 | (1.96) 915 rear \ 4.59 
YATE NG ic ovote clsieinieie oie isis 66.55 | 1.19 y (2.49) |} 12.38 2641 14.01 

WATER FREE SUBSTANCE. 

Syl IER sGa oooososocdebcUDeT §.59 | 18.17 | (9.42) | 44.04 | 10.63 | 44.04 | 10.63 | 22.57 
RALEEA TSG Sastohat ove, orn. sis) croheurieperoedeta exerts 3 57 9.66 | (7 44) | 37.08 791 | 41.83 

In considering the composition of Bromus secalinus we find 
that the sample collected in May has rearly 18 per cent more 

water than that of the June sample, both of the samples being 
practically the same size. In considering the constituents of 
the dry matter, the first sample has 6.02 per cent more fat than 

the second, and it has also 3.51 per cent more of protein and 
1.98 per cent more of albumimoids. The crude fiber is present 

to the extent of 7.01 per cent over the amount in the second 
sample. As regards the amount of nitrogen free extract, there 

is 18.26 per cent less in the early than in the late sample. The 

ash constituents are 2.72 per cent less in the second than in 

the first. 
For comparison with the work done here, we have selected 

the following analyses: 

IN FRESH OR AIR-DRY MATERIAL. 
a 

Water. Crude fiber. Ash. Nitrogen free 
extract 

PA NCOPK (ioc alaretare sptuctar 01610) 5/ar0ie%s 60.35 | 1.12 | 3.17 | 138.05 | 1.85 | 20.46 
~wMississippi (2)e. 05 c+ o 02 co 6's Sepa [Mirae save leretencioce licen eteiossiel erareresntall eaeketay = 
Wregon(3)\\. << 5... « oA ie fete sbiase s 8.56 ' 1.75 ' 3.61 ' 31.90 ' 9.19 | 44.99 

*Dry analysis of other materials given below under the same heading. 



304 GRASSES OF IOWA. 

U2 ULS 

Fig. 162. Bromus tectorum. A nearly worthless annual found here and there in the 

state. (Ff. Lamson-Scribner. Div. Agrest. U.S. Dept. of Agrl.) 

WATER FREE SUBSTANCE. 

o 
. Oo 

mh =] 

F) as 
q S) og 

Et || Ct | et le 
INC WRVIOLEG (ll) Aecsare te cstrose siccosoveteace ous. e ere ete t= 2.80 | 800 | 32.90 | 4.70 | 51.60 

Mississippi (2): 
Gathered in JUNC isco «secs cic) ateleie.s here 2 iskevs 2.59 ' 518 ! 29.30! 5.61 ' 57.32 

1. U.S. Dept. Agrl. Exp. Sta. Bull. 11: 39. 

2. Ann, Rept. Mississippi Agrl. Exp. Sta. 8: 90. 1895. 

3. Bull. Oregon Agrl. Exp. Sta. 39: 44. 1895. 
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Fig. 163. Woodland Chess, (Bromus ciliatus). Quite widely distributed in timber, and 
of considerable value as a forage plant. (Charlotte M. King). 

The Bromus racemosus, L., allied to B. secalinus, is sometimes 

cultivated in the south. This is an introduced annual, one to 

three feet high, with a more or less spreading panicle with 
smooth spikelets. A very common grass in cultivated fields 

and waste places. It has been recommended for some sections 
of our country, but like the other two species is of very little 
value. 
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Bromus tectorum, L.,is another worthless immigrant which 

has made its appearance at several points in waste places 

about cities. Thisisa tufted annual, from one to two feet 

high, erect or somewhat geniculate at the base. This species 
is of little value for forage purposes. For forage purposes it 

is not as good as Bromus hordeaceus. 

The woodland chess (Bromus ciliatus, L.) makes a vigorous 

growth early in the season. Though never abundant in one 

place, it is widely scattered in timber and affords excellent 
forage in the timber lot. 

CHEMICAL COMPOSITION. 

The South Dakota (1) station analyzed one sample of the 
grass, with the following results: 

s ao 

2 | &8 
Pe | of 

uo} P Pa 

ur 3 =] 
on @ Mm 

< 5 

VV EG GOT Sica eratovocerseitvese aia ietetelcuorereve's:ciaove crate orl laud svefevayaieromes eiiepeterceete a BitBs coe 
PAS ceohesrare neato oma Cis eiscorelovehe ie: bia GIete ote Otis eiaio tarelerars oh ciers hhorente 8.00 8.77 
Meher Gxt racteccc so ceic dco bietateto arate ate secces usre¥eie. wet icine wivlcimerere 3 00 3.29 
ride Fibers sisi ck cc olsloye be ek me co eeia ale Se Ae ere leiere corsets te 30.75 33 69 
Grude; Proce in are crys ce cert rstoher crete ioe he eiietetehere oc tyelsionstoreteke Velo 8.49 
INSEPOPON [POG CXITACT ocxicscteio:s o's ¢ ccsieis'es sleeve eu.cu eee. ama 41.77 | 45.76 

FTO GBA rere re er ciareret deh ore elev ore tote aie id ele epenove eich avoaiseheieeierrers 100.00 | 100.00 

Bromus purgans, l..—This is taller and stouter than B. cilia- 

tus, a perennial, from two to three and a half feet high. Culm 

is erect and smooth, with somewhat drooping panicles. This 
species is common in moist meadows, in some cases covering 

considerable area. The form most common in Iowa is the Bro- 

mus purgans latiglumis, which is indeed a most excellent grass 

in moist meadows in north central lowa. In chemical compo- 

sition this compares with Bromus ciliatus. 

Schrader’s Brome grass (B. unioloides, Willd.), a native of 
South America, has not been cultivated in Iowa, though no 

doubt would succeed, as it is hardy in northern Colorado. It 

is one of the valuable winter grasses of the south. 

This species was described and figured by Willdenow in 1806 

from specimens growing in the botanical garden at Berlin, the 

seed originally coming from South Carolina, but the grass is 

1 South Dak. Bull. 40. 143, 
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Fig. 164. Swamp Chess, 

(Bromus purgans-latiglumis). 

Gd A tall, fine grass for low 

meadows. (Charlotte M. 

King ) 
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native to South America and was evidently early introduced into 

the Carolinas. Mr. Shear says it also appears to be native in 

Central America and Mexico, and possibly Texas. Its cultiva- 

tion was first introduced by Iverson, of South Carolina, in 18538 

or 1854. This grass is not adapted to our conditions in this 

state, but for the southern states it is an admirable grass. Mr. 

C. L. Shear* says: 

‘The grass is naturally an annual, producing its seed and 

then dying, but if prevented from seeding by continuous cutting 

or pasturing, it will survive several years and produce well; 

but as the grass dries up during the summer, the use of the 

land during that period is practically lost. Results giving the 

most general satisfaction in growing this grass may be secured 

by pasturing it until spring and then letting it reseed itself. 

After it has matured its seed, the land may be plowed and sown, 

preferably to cow peas or Japan clover, which should be har- 

vested in time to allow the rescue grass to start again with the 

first autumnal rains. Excellent volunteer crops may be secured 
in this way for several years. ” 

CHEMICAL COMPOSITION. 

The analysis by the South Dakota Experiment Station (1) 
gave the following results: 
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DWV SACO ose rasa Soh otee eee ral tar eonce on Meee Wher stat orcs ctabeie cletarstenets lopevstoisrcterate (MBP heesoos 
YN sie ee eg Pe oe ea aE A) ee Oh RE A ey CRT Ee eerie 9.03 Oi 
AGH TE ENC bets Wa crete ore eke egeVeroliaceraus (ai fers sv ayene jets Careoneter one scarey overs 2.09 2,25 
Crudefiber.... .. A RE re OEE Ee etna eh care iP enc DOS 32.39 34.88 
Crude protein: . 2 622s cles 0% a Ne tna.e eer 5 oie wealeeareeins csiete 997] 10.74 
INTEROP ENMECC{CKOLACH. 25 oe toaie cicie ate s/eintwrshe=torr hale: eleyajeis ‘os raises mine 39.39 | 42.41 

Rea | beak eee RRS aac PE ae Se ey AORN Wa Rt oh ta 100.00 | 100.00 

The United States Department of Agriculture (2) analyzed a 

number of samples of this grass, with the following results: 

Sample No. l. Cut April 23d. 

Sample No. 2. Cut! May 4th. 

Sample No. 3. Cut May 13th. 

Sample No. 4. Cut June Ist. 

Sample No. 5. Cut June Ist, in seed. 

*U.S, Dept. Agrl. Div. Agros. 23:51. 

1 Bull. South Dakota Agr. Exp. Sta. 40: 146. 

2 Bull. U.S. Dept. of Agrl. Off. Exp. Sta. 11: 32. 



GRASSES OF IOWA. 309 

NATURAL CONDITION. 
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PUTED OUING Us e-cseiaioe's.sh< cee nines oe 80.60 | 2.07 | 3.31 | 3.60] 9.45] .97 
RAMIBIG INO? otones asses Gee ae eee 15.40 | 2.20} 353 | 5.47 | 12.55 | .85 
AME LOS INO a.asoricslss bie, cractoislaage 3 79.40 | 1.91 | 2.60| 467] 10.60] .82 
SAM SYNO 4 ota ein sein Sona oh GT50) | S220 |) 3:52)| 8:23 | ESL | sag 
SAzmplevNOy Ove meee etre ee ere oe 64.70 3.02 3.45 7.01 | 21.08 .74 

WATER FREE SUBSTANCE. 

ish yonj ol GV IN (ope Era e a encocecnOe neon me once 10.70 | 17.10 , 18.60 | 48 60 ; 5.00 
Sample No. 2......... OM 2: srs apctatiads a7) of af ehet = 8.90 | 14 30 | 22.20 | 51.10 | 3.50 
ST IT yds Vs aR ter Ue er 9.30 | 12.60 | 22.70 | 51.40 | 4.00 
RSSEIELSRG IN Os Ai are. k aie taiat crave Wefela aro « aiagape so Mats. « 6.70 | 10.80 | 25.30 | 54.80 | 2.40 
PSAP LOIN Os) psi tx aieser ef ess Us wate wien elo hei 8.60 ' 9.80 | 19.90 | 59.60 | 2.10 

REDTOP (Agrostis alba), L.—Many writers of the early part 
of this century do not speak favorably of Agrostis alba as a for- 

age plant, although its cultivation begau in 1761. Stebler and 

Schroter* state that it was introduced into Ireland about the 

beginning of this century; Dr. Richardson pointed out its 
merit, and on his recommendation it came to be extensively 

cultivated in Great Britain. The cultivation of Fiorin com- 

menced on the continent about 1840, where it was held in 

high esteem. Jessent, 1868, praises its qualities as a forage 

plant in Germany, but says it is difficult to harvest. In this 
country it has been cultivated for a long time. Flint} says: 

‘It was called simply English grass by Eliot, Dean and other 

early writers, and by the English, fine bent. Most of the 

grasses of this genus are known in England under the name 

of ‘Bent Grass,’ of which there are many species. ”’ 

Redtop is a very variable species; there are included under 

it a number of well marked and distinct varieties, someof which 

have received distinct names. 

Prof. F. Lamson-Scribner,§ in his ‘‘Grasses of Tennessee, ” 

makes the following statement with reference to the different 

forms: 

** Agrostis vulgaris, With. Fine Bent, is now united with A. 

alba, L., not being regarded as botanically distinct. A. vulgaris, 

+Deutschland’s Graser. 63, 
#1. c. 40-41. 

§$Bull. Univ. Tennessee Agrl. Exp. Sta. 7: 1.78. 
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Fig. 165. Red Top, (Agrostis alba). A fine grass for low meadows. (F. Lamson- 

Scribner, Div. Agrost. U. 8. Dept. Agrl.) 

however, is a good agricultural form quite distinct from A. 

alba. Agrostis stolonifera is also classed as only a variety of A. 

alba. 'Trinius referred these, and also some others which have 

been classed as species, to Agrostis polymorpha, Huds.” 

The forms we have may be separated as follows: 

Ligule, 1 to 4 lines long, usually ribbed toward the base. Panicle open, 

culms erect or geniculate at the lower joints...................... A. alba 

Panicle contracted linear, culms extensively creeping or stoloniferous 

bo dac tebovazahentstkars winter tale! biefelay above boeruiabsts aruralanc syine ae Preise sie eaere cisternae A. stolonifera 

Ligule less than a line long, sometimes nearly obsolete; panicle branches 

BPVCAGING, SIMOOGEH 2 sic: fo-a a eluse. once cow aic Wwe siaperain Ai tniciate, «feloloemtee erie A. vulgaris 

This plant produces culms from one to two feet high, ascend- 

ing smooth from acreeping rootstock. Leaves short and flat 
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with a contracted or oblong panicle and producing few or 

many small branches in a whorl. Grass starts rather late in 

the spring but affords very good pasture during the entire 

summer, especially in wet soils. It yields from one to two tons 

of hay to the acre which is of excellent quality. 
Prof. F’. Lamson-Scribner* says: 

‘‘Herd’s grass or redtop has long been known to our farmers, 
and in its several forms is deemed valuable for permanent 

meadows and pastures, where the landisnottoodry. On good 
soil it yields well and makes excellenthay. Some of the forms 
employed alone, make, under favorable circumstances, the 
softest and finest turfs for lawns.’’ 

CHEMICAL COMPOSITION. 

One sample of this grass was analyzed by the South Dakota 
station (1). 
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Professor Bealt says: 

‘‘Redtop in this country is often sown on marshes too wet 

for some of the better grasses. It is not well adapted toalter- 

nate husbandry, as it takes several years to become well 

established. ’’ 

Also, F. Lamson-Scribnerf says: 

‘It makes a very resistant and leafy turf, which well with- 

stands the tramping of stock. It grows well, also, as far 

south as Tennessee. Among the forms of low growth are two 

varieties which are unsurpassed, either in fineness or richness 
of color, for making lawns.” 

*Bull. Univ. Tennessee Agrl. Exp. Sta. 7: 1: 79. 

(1) South Dakota Bull., No. 40: 82. 
+Grasses of North America. 1:145. 

t{Bull. Div. Agros. U.S. Dept. Agrl. 3:13. 
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Fig. 166. Thin-grass, (Agrostis perennans). Widely distributed in timber. Not 

especially valuable for forage purposes. (f. Lamson-Scribner, U. S. 

Dept. Agrl.) 

Redtop is a valuable grass, particularly in low meadows, 

where it is common. It makes a fine turf and may be pastured 

without injury. The hay is of the finest quality. Although 

this grass is naturalized in many parts of the state, it is sel- 

dom sown. 

Other species.—Several other species of Agrostis are used for 

meadow and pasture purposes. The most valuable of these 
are Rhode Island Bent (A. canina, L.) and the rough-leaved 

Bent (A. asperifolia, Trin.), a native of the Rocky mountain 

regions. Wealso have several native species in Iowa, like the 

Agrostis perennans,which occurs in woodland, and is common in 

moist, Shady places. Though widely distributed, this species 
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is of little value for forage purposes, as it produces so scantily. 

Another species, A. scabra, is a widely distributed grass, 
usually occurring in rather light soils. Aside from the fact 

that it may be used for ornamental purposes, it produces some 

little forage, though it cannot be considered of any value for 

this purpose. 

THE TALL MEADOW OAT GRASS (Arrhenatherum avenaceum, 

Beauv.), has been cultivated for a considerable length of time. 

Sinclair,* in 1824, does not seem to have been highly impressed 
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Fig. 167. Tall Meadow-oat grass, (Arrhenathum avenaceum). A valuable European 

grass. Although perfectly hardy, and adapted to Iowa conditions, it has not 

given general satisfaction. (F. Lamson-Scribner, Div. Agrost. U.S. Dept. Agrl.) 

with the grass. It does not, according to this writer, do well 

when sown by itself. He also made experiments, sowing it at 

different times, and concludes that May is the best month. 

Sowerby and Johnsont seem not to have been favorably 

*Hortus Gramineus Woburnensis. 181. 

+The Grasses of Great Britian. 55. London. 
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impressed with it asa cultivated grass. Its further early his- 
tory is given by Stebler and Schroter* as follows: ‘‘Towards 

the beginning of the lastcentury, false oat grass was cultivated 

in Dauphiny, in the neighborhood of Geneva, and here and 

there in Canton Berne. Stapfer, in a memoir presented to the 

Agricultural Society of Berne in 1762, strongly recommended 

its cultivation. In 1790, Judtmann advocated its use for mix- 

ing with red clover, sanfoin, and lucerne. Later it became 

much over-estimated, e. g., by Mauke, Hansen and Hannemann. 

The French, as Schwerz says, ‘elated it to the skies.’ Soon, 

however, it became as much depreciated as it had formerly 

been over-estimated; Hector in his work on grasses does not 

even mention it.” 

European authorities differ in regard to its value. Sir J. B. 

Lawes states it is of questionable value in England. Mr. 

Gorrie states that it yields continuously from early spring until 

winter frosts. It has a very disagreeable, bitter taste, which 

causes it to be avoided by horses, cattle and sheep. It ismuch 
subject to rust and smut. Professor Buckmant thinks it is not 

advisable to encourage its cultivation. The opinions in this 
country differ in regard toits usefulness. Beal{ states that it 
is suited for alternate husbandry and for dry countries. It is 

common in California and greatly esteemed there. He says in 

regard to it: ‘‘The writer has raised this grass on rather light, 

sandy soil at Lansing, Mich., for twenty years or more, has 

seen it in some other localities in the state, and thinks he can 

tell why there are such conflicting opinions in relation to its 

value. In England the climate is moist, and the finer succu- 

lent grasses thrive well, while tall oat grass does better in a 

hotter, dryer climate. As it blossoms rather early, many let 

it go too long before cutting, when the stems become hard and 

of poor quality. Again, bad weather often interferes with the 

cutting at just the right time, and poor hay is the result. A 

man doesn’t want a very large quantity of this grass to mow, 

unless he is prepared to cut it all in aday or two. It makes a 
fine growth the first season after sowing, and if sown alone will 

cut a good crop of hay.” 

Flint§ notes its early cultivation in New England, where at 

one time it was highly esteemed. It has been tried in lowa 

*Best Grasses. 39. 
+Beal. Grasses of N. Am. 1: 1222 Ed. 

¢Beal. Grasses of N. America. 1: 125. 

$Grasses and Forage Plants. 129. 2 Ed. 
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for a quarter of a century, but has not been diffused as a pas- 
ture or meadow grass. It matures early and two crops may 

be cut in a single season. 

GRAMA GRASSES.—Three Grama grasses occur in Iowa. Bou- 

teloua hirsuta, Lag., common in dry, sterile and sandy ground, 

scarcely worthy of attention, except on sandy, light soils as on 

Muscatine island. 

Fig. 169. Black grama, (Bouteloua hirsuta.) Common on Museatine Island and 

in gravelly drift soils. (KF. Lamson-Scribner, Div. Agrost. U. 8. Dept. Agrl.) 

The Black Grama or Tall Grama, is common only in sandy 

soil in the eastern portion of the state and gravelly drift soils 
in northern Iowa. In many respects it resembles the Blue 

Grama, growing in bunches; it is, however, less valuable. 

The Side-oats or Tall Grama (B. racemosa, Lag.), is common 

throughout the state on dry, sterile hills, forming a large part 

of the natural herbage. Under cultivation it has succeeded 

admirably the first season, having made a growth of eighteen 
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inches. It is a valuable grass on the loess in western Iowa, 

occurring abundantly on rather dry soils. The hay made from — 

it is of the very best quality. It cures readily, and even when 

cut late in the season the leaves retain their freshness longer 

than any other wild grasses. This is one of our best species 

in the state. It is found quite widely distributed on sterile 

hills, especially in the drift area. It is a rather stout, tufted 

grass, from one to three feet high, and grows in bunches. The 

leaves are flattened and long and the spikes are arranged 

along the upper portion of the stem in a one-sided fashion. 
This grass has been cultivated on the college grounds and has 

made an excellent stand in a single season, producing a fine, 

even turf from six inches to two feet high, and in the autumn 

it had developed sufficiently to produce from a ton toa ton and 
a half of hay to the acre. It is certainly worthy of cultivation 

im dry soils. Along the loess it affords considerable pasturage. 

The Blue Grama (Bouteloua oligostachya, Torr.) is more valu- 
able than the former. It grows from eight to eighteen inches 

high, varying somewhat with the seasons. It was much taller 

on the average in 1896 than in 1895. Asarule, this grass sel- 

dom exceeds a foot in height. It is endowed by nature with 

great drouth-resisting qualities. It has been cultivated on the 

college grounds, and when sown in early April or late March 

had attained a height of eighteen inches before September 1st. 

Its firm leaves are highly nutritious. 
Prof. Lamson-Scribner says: 

‘‘This is one of the most abundant and most valued of the 

Grama grasses, and extends from Wisconsin westward to Cali- 

fornia, and southward into Texas and northern Mexico. It is 

a perennial, six to eighteen inches high, its strong rhizomes 

and numerous root leaves forming dense and more or less 

extensive patches of excellent turf. In Montana it is known 
as buffalo grass. It frequents the bench lands of that state, 

growing at elevations from 3,000 to 4.000 or 5,000 feet, and not 

infrequently covers wide areas.” No other grass better with- 

stands the tramping of stock, and it is unsurpassed for grazing 

purposes. In the southwest it forms a large proportion of the 

hay delivered at the various military posts and stage stations, 

and is considered the best obtainable there. Like the true 

buffalo grass, it cures during the dry season in the turf into 

perfect hay, losing none of its nutritious properties. ’’ 

*Bull. Div. Agros. 3:29. 
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It is only suited for high and dry soils, and where the con- 

ditions prevail it should be grown. 

CHEMICAL COMPOSITION. 

Of the Grama grasses two samples were analyzed, one each 

of Boutelowa oliogostachya, and Bouteloua racemosa, with the fol- 

lowing results: 

NATURAL CONDITIONS. 

Protein. Albuminoids. Crude fiber. Nitrogen free 
extract 

| Ash 

Bouteloua oligostachya— 
Gathered Sept. 10, 1896..| 58 48 | 1.46 | 3.90 | (3.20) | 3.34 | 16.43 | 17.39 

Bouteloua racemosa— 
Gathered Sept. 10, 1896...| 77.88 E55, 2.24 \(1.79)) | 23: | 1.26 9.94 

WATER FREE SUBSTANCE. 

(7.33) | 8.05 | 37.18 | 41.89 
(8.1]) | 9.60 | 32.84 | 44.96 

Bouteloua oligostachya........... 3.48 | 940 
Bouteloua racemoss.............-- 2 48 | 10.12 

The following analyses, which have been selected for com- 

parison with the above, are given to show the general chem- 

ical composition of the two grasses: 

IN FRESH OR AIR-DRY MATERIAL. 

3 
x So 

: = aS 
e cite Ne bo 2 
eS 2 oS . | ee 
Sy, oie 2 > 4 135 
| A, O 27, 

(1) Bouteloua oligostachya, | 
grown in Minnesota.......... 14.30 | 2.67 | 7.35 | 19.44 | 6.69 | 49.58 

(2) Bouteloua racemosa, grown 5 
in Colorado; cut when ripe....| 8.80 | 1.70 | 3.82 | 21.81} 9.20 | 54.67 

South Dakota (2). 
(83) Bouteloua  oligostachya; 

collected July 10, 1891........ 6.69 | 2.03 | 8.50 | 29.30 | 8.11 | 45.37 
3. oligostachya (3)... <-1- =... sss: 6.10 | 1.70 | 7.40 | 30.30 | 10.50 | 44.10 

WATER FREE SUBSTANCE. 

Chie Solicostachya-. soe secme on a ee ne (3.10 | 8.60 | 22.70 {| 7.80 | 57.80 
2) ESV ACEIMOSAccise) « ditenalaamanner es cc aise | 1.90:| 4.20 | 23.90 | 10.16 | 59.90 

31.40 | 8.69 | 48.62 (Ses TOM COSLACHYS. 2 cis ctaclecics = eisvers 2.18 9.11 

(1) U.S. Dept. Agrl. Exp. Sta. Bull. 11: 69. 

(2) Bull. S. D. Agrl. Exp. Sta. 40: 98. 1894. 

(3) Bull. New Mexico Exp. Sta. 17. 

Samples were analyses of the grasses as hay, not green fodder. 
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Fig. 171. Blue Grama, (Bouteloua oligostachya). One of the most valuable of 

the western grasses. Occurs in northern Iowa from Lyon to Dickinson 

county. (F. Lamson-Scribner. U.S. Dept. Agrl.) 

AGROPYRON OR WHEAT GRASSES. 

This genus contains quite a number of valuable grasses as 

well as some members that are quite difficult to exterminate, as 

the common quack grass (Agropyron repens), and as the Agro- 

pyron occidentale has become in eastern Minnesota. Some of the 

members of this genus are certainly among the most valuable 

of the grasses of the plains and Rocky Mountain country. 

Thus the A. occidentale is one of the most valuable grasses of 

the plains, while Agropyron tenerum and A. pseudo-repens and A. 

richardsoni and A. divergens are valuable in the foothills and 

mountains. 

WESTERN WHEAT GRASS (Agropyron occidentale).—During 

the summer one may see along our great trunk lines a con- 
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spicuous bluish patch of grass on the embankments. This is 
the introduced Colorado blue stem or western wheat grass. It 

is native from Texas to Kansas, Nebraska, lowa, Dakota and 

Montana. It is one of the most valuable grasses of the plains 

and is one of the three valuable grasses of this genus that are 

native to Iowa. It is common on the loess in western Iowa, 

Fig. 172. Western wheat grass, (Agropyron occidentale). One of the most val- 

uable grasses of the plains. Common in the dry prairies. Introduced in 
many portions of this state, Also native to the loess of western Iowa, 

where it is used for hay and pasturage. In the northwest it is 

much prized as a forage plant. The yield is not large, but the 
quality is said to be unsurpassed. Like quack grass, it pro- 

duces a large number of underground rootstocks. Lamson- 

Scribner says: ‘‘After two or three cuttings the yield of hay 

diminishes so much that it is scarcely worth the harvesting 
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It is then customary to drag a short-toothed harrow over the 

sod, which breaks up the creeping roots or underground stems, 

and each fragment then makes a new plant.’’ 

At various times it has been cultivated on the college farm. 

When sown in March a cutting of a good quality of hay may be 

made the same season. Though not producing so large a bulk 

as timothy and some other grasses, its quality is unsurpassed. 

A pound of western wheat grass contains more nutrient mate- 

rial than either blue grass or timothy. It stands drouthin a 

remarkable manner; the leaves and stems are bright and green 

during the dryest weather. The plant is much subject to the 

attacks of ergot, but this is not a serious objection if the hay 
is cut early. 

This grass is a rigid, upright perennial. On the college 
farm during the season of 1900 it measured 2 feet and 3 

inches; usually, however, it is from 14 to 2 feet high. It pro- 

duces an abundance of leaves. The leaves havea bluish color, 

hence the common name, Colorado blue stem. It closely 

resembles the common quack grass, but is much more valuable 

for dry places. This grass has much more solid material than 

quack grass. Dr. Kennedy* speaking of this grass says: 

‘‘While it does not produce as much hay to the acre as some 

other species, stockmen value it highly for its nutritive qual- 

ities. In Montana and the neighboring states it furnishes a 

considerable amount of native hay and pasturage, and is there 

regarded as one of the most important forage plants. This 
grass would make excellent hay, and should be introduced into 

cultivation. ”’ | 

I’. Lamson-Scribnert says: 

‘‘In Montana and the neighboring states it furnishes a con- 

siderable amount of native hay, and is there regarded as one 

of the most important of the native forage plants. After three 
or four successive annual cuttings, the yield diminishes very 

much, but the grass is ‘brought up’ by letting it stand a year 

or two, or by dragging over the sod a sharp-toothed harrow, 

thus breaking the roots into small: pieces, every fragment of 

which makes a new plant.’’ 

At the lowa Agricultural College Experiment Station it has 

done exceedingly well under cultivation. 

*Bull. U. 8. Dept. Agrl. Div. Agrost 62: 16. 

TBull. U.S. Dept. Agrl. Div. Agrost. 3.18. 
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CHEMICAL COMPOSITION. 

Two samples of Agropyron occidentale were analyzed by the 

section and gave the following results: 

Sample 1. June 10, 1896, wild along railroad, 30 to 32 inches high. 

Sample 2. June 20, 1896, 32 to 34 inches high. 

NATURAL CONDITION. 

= o 
m vo eS ileee E 

= q 2 2 {8 
| 3 eae o ech ie ule 
See ane Sli cken  bacebull ere 

-B ell astol < O <q 1% 

mranlenliees sis cea tas 62.64 | 1.76 | 4.56 | (3.80) | 10.91 | 3.34 | 16.79 
EOD ack oa Secce o 6463! 83) 3.521 (3.07) | 1207 | 2.74! 16.11 

WATER FREE SUBSTANCE. 

eemamniorl: 3. 14.c2 ee kets. 472 | 1220] (11.90) | 29.21] 8.93) 44.94 
Elna eee ee "| 234| 995| ( 8.69) | 3414] 7.75 | 45.82 

Both samples have nearly the same amount of water present, 

62.64 and 64.63 per cent, but when we compare the constituents 

in the dry condition we find that sample 1 has about twice the 

amount of fat that is present in sample 2. 

Sample 1 has also more protein than No. 2, 12.20 per cent 

compared with 9.95 per cent; this is true with the albuminoids, 

11.90 per cent for the young sample, while the older one has 

8.69 per cent. There is also quite a difference in the amount 

of crude fiber present, 29.21 per cent for the early sample, 

wnile 34.14 per cent is present for the late sample, while the 

amount of nitrogen free extract is nearly the same for both of 

the samples, that is 44.94 and 45.82 per cent respectively. The 

ash, however, is somewhat larger for the younger sample. 

QUACK GRASS. 

In this connection a few words in regard to couch or quack 

grass (A. repens, Beauv.), which has been both condemned and 

praised by agricultural writers. The grass is extensively 

naturalized in many parts of the United States. It is frequent 
in many parts of this state. This species probably occurs in 

perhaps every county in the state, but only in small spots here 

and there, and it is not a factor in the production of hay in this 

state. Couch grass is a valuable hay grass, but, as Lamson- 

Scribner* says, ‘‘It binds itself out, and the sod requires 

*Mcononic Grasses. Bull U.S. Dept. Agrl. Div. Agrost. 14:7. 

24 
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breaking in order to restore the yield.” This spacies should 

not be generally cultivated in this state because of its weedy 
character. It is a good grass for embankments, where it may 

be used to advantage. 

CHEMICAL COMPOSITION. 

The chemical composition of Agropyron repens may be shown 

by the following analyses made in the laboratory: 

Sample 1. Gathered April 18, 1896, height 4 to 8 inches. 

Sample 2. Gathered May 6, 1896, height 16 to 24 inches. 

Sample 3. Gathered May 20, 1896, height 20 to 30 inches. 

Sample 4. Gathered June 1, 1896, height 26 to 28 inches. 
Sample 5. Gathered June 15, 1896, height 26 to 28 inches. 

NATURAL CONDITION. 

ni oO 
@Q oO 

c 5 & 
2 3 

5 A 3 “i 38 
2 g 5 2 . ee 
3 3 | 9 2 5 a | 83 
e Bs ai; < ) —y ies 

Samiplowle rater ttseere score 13 961-115 als (4 57) 6.13 3.14 | 10 49 

SAU PIO. Ace cous kivccishapea ss 79.06 81 4 41 (2.47) 5.66 3) Lik 6.95 
SAMPLE sire ecare vo sie eevevors ous nOLDOe | Ie 4.64 (2.11) 4 96 2.09 7.24 
Sampleact s cierscicc ys sreters .--| 75.84 | 1.47 | 4.23 (2.04) 6.68 2 66 9.12 

Sam pleiby se iciatsi« ere ssavelsievel= 80 56 | 1.28 1.38 (1232 5.05 Zale, 9.64 

WATER FREE SUBSTANCE. 

4.41 | 19.70 | (17 57) | 23.55 | 12.08 | 40.26 Sampleelnce gcnmiectt ery omte oetety 
SAM Pl: Zi cicieyelcts crass cioie © see = ciers 3.86 | 21.06 | (11.80) | 27.12 | 14.84 | 33.12 
SAI pLG dears matics Ae miscreants | '7 37 | 2271 | (10.34) | 24.28 | 10 24 | 35.40 
Sample Ane ae stae aces «sate cemeyets 6.08 | 17.52 | ( 8.44) | 27 56 | 11.00 | 37.84 
SSUMUPICWD. 2 carers cece tn, are re cucnou eres axe ais 6.59 | 696 | ( 6 80) | 25.97 | 10.93 | 49.55 

It will be noticed that the amount of water present is very 

constant, ranging from 73.96 to 80.56 percent, and with one 

exception the amount of water increases as the grass becomes 
older. The fat present in the water free substance varies from 

3.86 to 7.87 and there is no regularity regarding the amount 

present in the samples. We find that the greatest amount of 

crude protein is present in the sample collected on May 20, 1896, 

having a height of 20to30 inches. The amount of albuminoids, 

however, is highest in the sample of April 18th, when 4 10 8 

inches high, and the amount decreases regularly as the grass 

grows older until it is then only 6.96 per cent in the last sample. 

The crude fiber is quite constant andis not regular in its changes 

during the growth, as shown by the analyses. The nitrogen 
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free extract varies from 33.12 to 49.55 per cent and the results 

are irregular for the successive periods of growth. The ash 

varies from 10.24 to 14.84 per cent and is highest in the young 
samples. 

The above results are supplemented by the selection of 

other analyses of this grass from other sources. 

IN FRESH OR AIR-DRY MATERIAL. 

o 
° o 

~ I 
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a 2 ae . i=) 

3| 2 ae 
— . = uo} 4 hm be 

Shs hee} ee | mh Se 
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Sample Lveut' June Ze «. -\2\52 2. os = 58.30 | 40 | 3.67 | 8.22 | 3.65 | 24.76 
3 31 | 16.30 | 1.88 | 19.44 Sample 2, time of cutting unknown.) 57 62 | 1.45 

South Dakota (2): 
Sample 3, cut June 29, 1891; just 

coming; in bigoOmy;: i. tae ers 3-5 > = 7.00 | 1.93 | 9.22 | 33 02 ! 6.93 | 41.90 

WATER FREE SUBSTANCE. 

Sci) sy Oe ee ae ae ee BR .| 3.40 | 8.80 | 19.70 | 8.80 | 59.30 
ST OO ee eonn aoe eae See eanomnaee | 3.40 | 7.80 | 38.50 | 4.50 | 45.90 
STAs Ts a ee re. eee ee eB eee | 2.07 | 9 91 | 35.51 | 7.45 | 45.05 

FALSE COUCH GRASS. 

The false couch grass (Agropyron pseudo-repens) is very 

closely allied to the common quack grass, as its name indi- 

cates. It produces tall and leafy stems, which are much softer 
than those of A. occidentale. It occurs in moist meadows in 

this state. It forms compact bunches, with stout stems grow- 

ing from about eighteen inches to two and a half feet tall. 

The spikes are from four to seven inches long and somewhat 

stouter than in quack grass, the awns being very short. This 

is an excellent forage plant. It is indigenous from central 

Iowa northward. Thus it occurs in the vicinity of Jewell 

Junction, and is reported also by Mr. R. I. Cratty from the 
northern part of the state. 

OTHER WHEAT GRASSES. 

The Agropyron tenerum, Vasey, though not a native tomany 

parts of this state, has been naturalized in many places, as in 

eastern lowa. It is native to northwestern Iowa. This per- 

ennial grass produces an abundance of soft leaves and stems, 

1. U.S. Dept. Agrl. Exp. Sta. Bull. 11:30. 

2. Bull. Agri. Exp. Sta.S D. 40: 148 
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Fig. 173. False couch grass, (Agropyron pseudo-repens). Native to the lake regions 

of this state. A valuable grass. (I*. Lamson-Scribner, Div. Agrost. U.S. Dept. Agrl.) 

greatly relished by stock. It has been under cultivation at 

Ames with remarkable success. It starts early in the spring, 
surpassing :bluegrass, especially in its rapid growth and 

maturity. It is a deservedly popular grass in the Rocky Moun- 

tain region. 

It is an erect perennial, grows from 3 to 43 feet high, with 

numerous soft leaves and a long,slender spike. The latter 

height is attained especially when there is sufficient moisture 

and the conditions are favorable. During this season the grass 

only attained a height of 34 feet, owing the dryness of the 

spring, but it produces a large number of leaves which are 
relished by stock of all kinds. It is an early and rapid grow- 
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Fig. 174. Slender wheat grass, (Agropyron tenerum). This is a valuable grass 

of the rocky mountain region, and has been established in numerous places 
in thisstate. (F. Lamson-Scribner, Div. Agrost. U.S. Dept. Agrl.) 

ing grass; thus this species would permit stock to pasture 

several weeks earlier than any other of our common grasses. 

This grass also responds readily to cultivation, and the fact 

that it yields as well as timothy should commend it to the favor- 

able consideration of the farmers of lowa. Some tests of seeds 
furnished by the U. S. Department of Agriculture, division of 

Agrostology, to this station have doneremarkably well, though 

it was also cultivated here with equal success in 1889 and 1890. 

The Agropyron caninum, or bearded wheat grass, is native to 

the northwest portion of this state, but is much more common 
in other sections of the country. This tibrous rooted some- 

what slender upright perennial grass grows from 2 to 5 feet 
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Fig. 175. Richardson’s wheat grass, (Agropyron Richardsoni). Common in 

northwestern Iowa, and very common in the Rocky mountain region. A 

valuable grass. (F. Lamson-Scribner, Div. Agrost. U. S. Dept. Agrl.) 

high. During the past season it was 3 feet high on the college 

grounds. It has bearded nodding heads and when grown 

under favorable conditions, produces a large amount of forage 

that is equal to some of the other species like 4. tenerwi. 

Lamson-Scribner* says in regard to this plant: 

‘‘Bearded wheat grass is closely related to the more common 

and better known couch grass (A. repens), but differs markedly 

from that species in having no rootstocks, and in the longer 

beards or awns to the spikelets. No attempts have been made 

to introduce this grass into general cultivation, but its habit of 

*Bull. U.S. Dept. Agrl. Div. Agrost. Bull. 3:11. 
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growth and general character indicate that it may possess con- 

siderable agricultural value. Itis readily propagated by seeds, 

which may be easily gathered.’’ 

The Richardson’s wheat grass (Agropyron  richardsoni, 

Schrad.) in a general way resembles quack grass. This occurs 

in rather dry places and grows jrom 2 to 3 feet high. From 

the fact that it does not produce the creeping rhizomes it is not 
so tenacious as the other species. The glumes are rather long 

awned, which at once separates it from the closely allied species 

of this region. Itenters into the native composition of wild hay 

as far east as Kossuth county and south as far as Hamilton 

county in the vicinity of Mud Lake. It is abundant in the 

Rocky Mountain region, where it occasionally forms a con- 

siderable portion of the herbage of the ‘‘mountain parks. ’’ 

CHEMICAL COMPOSITION. 

Two samples of Agropyron caninum were analyzed and the 

chemical composition of the grass is shown by the following 

results: 

Sample 1. Collected June 3, 1896, 24 to 26 inches high. 

Sample 2. Collected June 15, 1896, 30 to 32 inches high. 

NATURAL CONDITION. 

. z | 2 
o 2 s r=) 
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Shin] Hie Ue aoaeeco sere oie | W332, || W745 3.90 (3.83) S13 8.81 9.39 
SAIN Oto rarcre tae sia egereve oo. 68 57 | 1.56 235 atid (2 92) 359 | 10 33 ! 12.18 

WATER FREE SUBSTANCE. 

STE Cae ee 5 44 | 14.60 | (14.35) | 11.7] | 33.01 | 35.24 
S/T eal) Wai Seinen RA 498 | 11.98 | ( 9.28) | 11.43 | 32.87 | 38.74 

The following constituents decrease as the grass matures— 

water, fat, protein, albuminoids, crude fiber and ash, while 

the nitrogen free extract appears to increase. 

The following analysis has been taken for comparison: 
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NATURAL CONDITION. 

es ao 
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Gat duly as: 18021) oe 6.09 | 800 | 1.80 | 41 23 | 4.67 | 38.21 

WATER FREE SUBSTANCE. 
Same us above sat. aac | 852 | 1.92 | 43.90 | 4.97 | 40.69 

BLUE STEMS. 

These grasses are among the most important of our native 

prairie grasses. In early days they constituted an important 

part of the forage. All of the species belong to Andropogon. 

Fig. 176. Big blue stem, (Andropogon provincialis). At one time one of the 

most abundant of the grasses of the prairies. A good,grass. (F. Lamson 

Scribner, Div. Agrost. U. 8. Dept. of Agrl.) 

1, Bull. S. D. Agrl. Exp. Sta. 40 : 152. 
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Fig. 177. Johson grass, (Andropogon halepensis), Good productive grass, 

but very difficult to eradicate in the southern states. (F. Lamson-Scrib- 
ner, Div. Agrost. U. 8. Dept. of Agrl.) 

Big Blue Stem (Andropogon provincialis, Lam.,) is a tall grow- 

ing perennial, frequently five feet high, usually four. Itisa 

variable species, growing in bunches occasionally eight feet 
high and producing a large number of leaves. Itis a common 

Species throughout the state. Wherever a bit of prairie 
remains this grass grows inabundance. It occurs on the high, 

rolling prairie, rocky, open, wooded hillsides, and along allu- 

vial creeks and river bottoms. Bluestem is an important fac- 
tor in the wild hay made in the Missouri bottoms, especially 

in the northwestern part of Iowa. It is liked by stock, both 
as green forage and as hay. For horses many farmers prefer 

it to timothy. Bluestem hay brings a higher price in the mar- 

ket than any other wild hay. It starts late in the spring, and 
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while probably not a valuable grass for early, pasturing, it is 

useful in late summer and autumn, provided grazing is not too 

close. It is an excellent grass for hay, thriving in poor, sandy, 

rocky soil, as well as on the richer prairie. It is less common 

than Andropogon scoparius. The allied turkey-foot grass (A 

halli hack) is not native to the state, but is reported as natural- 

ized near Muscatine by Barnes and Miller. It grows from 
three to six feet high. In western Nebraska it is:considered a 

valuable grass. 

CHEMICAL COMPOSITION. 

The following five samples of Andropogon provincialis were 

analyzed in the laboratory: 

Sample 1. Collected May 26, 1896, 23 to 24 inches high. 

Sample 2. Collected June 5, 1896, 27 to 28 inches high. 

Sample 3. Collected June 17, 1896, 36 to 37 inches high. 

Sample 4. Collected June 29, 1896, 39 to 40 inches high. 

Sample 5. Collected July 13, 1896, 48 to 49 inches high. 

NATURAL CONDITION. 

Pe 5) 

ey lee z 
° Q 

; 2 | & a | 33 
i S| © - o0 & 
oO . = oS : iz os 
= 8 = = a 2 185 
S cm < Oo |-a ) a ane, 

Sampled saute veal e.2 73.51 | 1.34 |. (11) |) VAL.| 2:29 | 98-57") aieae 
Sample:ac cies cece. seme cd 73.55) 1.71.| (2.29) 1 8.79) 1.80 | 2270) aleds 
Saniple Siaceceosee cla 73.92 | 2.74.) (1.67)"| 6:57 1.2.40 |* 2224) one 
Sampled! oi eee att 66.90 | 1.06 | (1.89) | 1036 | 1.83 | 2.29 | 17.56 
Sample5.......... ..- 6060 | 114! (4.45) | 1443 12.19 | 5.34! 16.30 

Barmpletleis: a, ahr tee aoe 507 | ( 4.20) | 29.12 | 8.64 | 13.48 | 43.69 
Sarnple. 252 ce. dP SRO ae at 6.46 | ( 8.64) | 33 25 | 6 41 | 10.22 | 43.66 
Sample 3...........ceeeecee2 oe 10.53 | ( 6.43) | 32.86 | 921] 8.52 | 3888 
SiTple Mes skied: ctachten Ges Mesh ae 3.22 | (5.72) | 3131 | 5.54 | 692 | 53.01 
Sample Osh scah, cop teelic 2.80 | (11.28) | 36.63 | 5.57 | 13.56 | 41.44 

In the analyses of the samples of Andropogon provincialis it 

is readily seen that there is a tendency for the mount of water 

to decrease; this is not with a regular decrease in the amount, 

however. 

In considering the constituents in the water free substance 

we find that the amount of fat varies between wide limits and 

there is no regularity in the change, sample No. 3 having the 

largest amount of the substance. The amount of protein and 
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albuminoids we find also vary, the largest amount of protein 

being in the last sample, cut in July, and is almost the same as 
the amount present in the first sample, taken in May, while the 

amount of albuminoids is largest in the last sample. The per- 

centage of crude fiber increases as the plant matures, as we 

would expect. The amount of nitrogen free extract varies and 
does not change as tbe plant matures. The ash tends to 
decrease, however, as the plant matures. 

Little Blue Stem (Andropogon scoparius, Michx.) is also com- 

mon throughout the state. It grows in bunches and is a common 

grass on the prairies and rocky hillsides in the west, especially 

common in poorer soils. Itis valuable for hay, yielding well, 

though less than big blue joint. It appears late and when not 

Fig. 178. Little blue stem, (Andropogon scoparius ) A good grass common 

on prairies everywhere in Iowa. (fF. Lamson-Scribner, Div. Agrost. U. 

S. Dept. Agr],) 
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cut or grazed too closely is useful as an autumn pasturage 

plant. It seeds more freely than big blue stem. Stock will 

eat the grass when it is young and fresh, but when old it 

becomes woody and somewhat unpalatable. 

CHEMICAL COMPOSITION. 

The fivesamples of Andropogon scoparius analyzed in the 

laboratory gave results as follows: 

Sample 1. Collected May 27, 1896, 12to 14 inches high. Sample heavy 

with water from rain. 

Sample 2. Collected June 8, 1896, 14 to 16 inches high. 

Sample 3. Collected June 18, 1896, 16 to 18 inches high. 

Sample 4. Collected July 2, 1896, 19 to 20 inches high. 
Sample 5. Collected July 22, 1896, 24 to 26 inches high. 

NATURAL CONDITION. 

g] > 
2) o SEs AS 

: a A = a 2 
he oe | re) o0 
S | = 5 uo) : © ™ 

S| 8 © = a ee eso) 
5 os ~ < 6) a |4 

SAMO Saas waren. cetioe «aie 71.84 | .82] 3.34 | (2.74) | 8.53 | 2.54 | 12.98 
BAMPlO A. sues cence veeesec 66.12 | 2.05 ; 2.60 | (2.56) | 10.94 | 3.16 | 16.13 
Samplers ert cate ievelsie creel: 66.98 | 1.23 | 2.65 | (1.95) | 11.13 | 2.44 | 15.57 
Sample sAe ste tert cershessiecars ayeaes 60.76 | 1.39 | 2.94 | (2.51) | 12.89 | 2.51 | 19.51 
SSRIPE Deu oe ste ciate 67.26 | .88 | 2.89 | (2.12) | 10.86 | 1.81 | 16.30 

WATER FREE SUBSTANCE. 

30.29 | 9.03 | 45.89 Sample cr sediwra steno cfacsreretehstonn eusioe 2.92 | 11.87 | (9.75) 
Sata ple 2.2 cia Sa < oh wheeies afoul 2B A 6.05 | 7.67 | (7.57) | 32.30 | 8.33 | 44 65 
SUITING as uals. foia'c Sis cieyels siaioie so) aVeiai 3.72 | 8.04 | (5.98) | 33.71 | 7.39 | 47.14 
Sample 4 iia austere <issars ven wilt cee ceraees 3.55 | 7.49 | (6.40) | 32 85 | 6.39 | 49.71 
BYRNE, Dicivisrsyaledisiw alataera'e sacs poe rapt 2.69 | 8.73 | (6.41) | 32.86 | 5.46 | 50.26 

In considering these results the following facts present 

themselves: The water content of the samples vary between 

60.76 per cent and 71.84 per cent. These results are not regu- 

lar. The irregularity is manifes'ed in the water free sub- 

stance, as is shown in the fat present. The protein and albu- 
buminoid percentages also are irregular, which may also be 

said of the crude fiber, nitrogen free extract and ash content. 

The following analyses are added to the above for com- 

parison: 
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NATURAL CONDITION. 

oO - 

re) ° 

ag] = fe | 1 
5 a (a2 | te 
~ : ue) » =} 

Saat oe ee ie | ke ie 
Bara eee Ul reat So ia ike 

Iowa (1): 
Cut Aug. 19; height, 26inches.| 56 32 | 2.08 | .58 | 23.50 | 1497 | 255 | 2.04 

South Dakota (2): 
PUMA Yet) sccge ols ch she tyereve seo) Ne she 5.13 | 508 | 2 26 | 50.30 | 32 63 | 455 | 4 43 
Connecticut (3): | 

m@ut Sept..9. ic -50.----- Howe: CROs PZ eco e22.06 162i Seta ee 

WATER FREE SUBSTANCE. 

OW nl) nc bis vee se cowie sane we Saye ats [omaee oe 4.77 | 1.32 | 53.81 | 34 27 | 5.83 | 4.68 
SOUP MAKOLEY(Z)ecsinncis cise lini oleh ore 5.39 | 2.38 | 53.06 | 34.389 | 481 | 4 69 
WOBHEECLICHE (B) Scares ones acc ci aclorelde ote> 4.00 | 1.40 | 52.70 | 37.80 | 410 }..... 

Mississippi (4): 
ANT EAUSI PARSE 00) 0) ES oe oa ocod leer ooe 4.60 | .93 | 48.67 | 41.99 | 3.81 

Bushy blue stem (Andropogon nutans, L.,) is a tall perennial, 

from four to six feet high, found in open woods and prairies 

in lowa and eastern Nebraska, but is less common than the 

other members of the genus, and in this state frequently 

forms an important constitutent of the herbage of prairies, 

forming a considerable part of the prairie hay. It is cut 

late in the season, usually August or September, because then 

more easily made into hay. The hay is palatable and nutri- 

tious and cures well. Though the quantity would be less if 

cut by the middle of August, the quality would be superior. 

Prof. F. Lamson-Scribner* says: ‘‘It is heldin little esteem 

in the eastern and southern states, but in the west it is said to 

make excellent hay, and is particularly valuable because of the 

relatively large amount of long root leaves which it produces. 

All stock eat it greedily. In South Dakota it is given the first 

place among the native grasses as a hay-producing species, 

thriving best on the rich prairie bottoms. During the dry 

seaso1 it produces but little seed, though it usually makes a 

good growth of root leaves. In the middle Atlantic states this 

grass seeds freely and the seeds are easily collected.’’ 

Bull. lowa Agrl. Exp. Sta. 11:460. 

Bull. S. Dak. Agrl. Exp. Sta. 40:26. 

U.S. Dept. Agr. Off. Exp. Sta. Bull. 11:39. 

U. 8. Dept. Agrl. Exp. Sta. Rec. 6:101. 1894. 

Bull. U.S. Dept. Agrl. Div. Agrost, 3:19. # yp go 0d pe 
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Fig. 179. Bush blue stem, (Andropogon nutans) One of the valuable native Iowa grasses 

common on the edges of woods, and on prairies. (Charlotte M. King.) 
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CHEMICAL COMPOSITION. 

The following analyses show the chemical composition of 
Andropogon nutans as analyzed in the laboratory of the experi- 

ment station: 

Sample 1. Collected May 21, 1896, 23 to 24 inches high. 

Sample 2. Collected June 5, 1896, 24 to 26 inches high. 

Sample 3. Collected June 17, 1846, no description. 

Sample 4. Collected June 29, 1896, 36 to 37 inches high. 

Sample 5. Collected July 13, 1896, 40 to 42 inches high. 

, NATURAL CONDITION. 

| a 
3S 

ro) 
: g oe 

3 = 2 = 

5 & | < 

Sam plete iis seer cs ces M1209} te.) 3:47 1 (82) 
SAMPle Zicveels - leermsicstele ae 71.28 | 1.74 | 257 | (1.83) 
SHIN ouckste's i doesn S eae 75.77 7 | 2.06 | (1.65) 
RU EREIDL GAN ays chate oh cfoloteicteselesass 63.41 | 3.12 | 3.28) (3.03) 
Sample Ogee aie 21-8 Se, oiaaeas 64.75 | 2.05 | 1.98 | (1.50) 

WATER FREE SUBSTANCE. 

Samplerleatscecos. oe eee | 3 82 | 15 47 | (3.68) 
Samplers ace cc sissies ope eretclokeien’s i 606 | 8 96 | (638) 
SHED TIPS SiO Ae A eee | 3.07 | 8.50 | (6 82) 
SAP] 2T 0) Ver A i A a a ra 8.55 | 892 | (8.28) 
SammplecOren oe ack aioe ce se Sec ortiss 583! 5.61 ! (4.25) 

; Nitrogen free 

extract 

The water content of the samples analyzed shows that the 

amount of water decreases as the plant matures. 

however, an exception to this in the third sample. 
matter the fat content is irregularand the same condition exists 

in the relation of the amount of protein and albuminoids. 

a 
mn 

< 

2.08 9.39 
Zoom edionan 

2.09 | 11.64 
2187) 16:11 

2.84) ES iG 

9 29 |; 41.74 

791 | 43.41 
8.63 | 48.06 

5 99 | 44.07 

8.06 | 39.04 

There is, 

In the dry 

In 

the amount of crude fiber, there is, however, a contant increase. 

The nitrogen free extract and ash are also irregular in the 

amounts present in the grass. 

The following analysis is given from the S. D. Agr]. Coll. 

Bull. No. 40, p. 30: 

AIR DRY SUBSTANCE. 

eal | 9 
hi) 9 OE Pers 

: Es S|) oe | v8 
+= — (=| | an 

o ® 2 | e ; one! 
_ ~ ~ ~~ 

Se eee cial eo Jeae Baie Lee eo ay ie 

Sif De eee 775 | 1.57 | 385 1362 | 3473 | 6.40 | 45 70 
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WATER FREE SUBSTANCE. 

Sample....... P Gr AES SACS mem | 1.70 | 4.17 | 3.87 | 37.64 | 6.94 | 49.54 

Switch grass (Panicum virgatum, L.) is common and productive 
everywhere in central and western Iowa. It grows abundantly 

ia native prairie sod and along railroads. It is by no means 
confined to the bottom land or the richer prairie soil, being 
frequently found on sandy or gravely drift, but it affords more 

and better forage on the richer soil. It is used for both hay 

and pasturage, but it is of much less value as a pasture grass 

than for hay. It has been tried in a small way under cultiva- 

tion in central Iowa, with promising results. The trials have 

not been extensive enough, however, to recommend it for 

general culture. Shepard and Williams* state that it is ‘‘OQne 
of the most valuable of our native grasses. It occurs through- 

out the state (South Dakota) on dry and sandy as well as on 

rich, moist soils, though it much prefers the latter sort.” 

CHEMICAL COMPOSITION. 

The following results were obtained from the sample ana- 
lyzed in the experiment station laboratory: 

NATURAL CONDITION. 

Protein. Albumicoids. Ash, Nitrogen free 
extract 

Water. Fat 
| Crude fiber. 

Collected September 11, ’97| 57.47 | 1.08 2.71 | (2.83) | 14.40 | 4.47 | 19.87 

WATER FREE SUBSTANCE. 

Collected September J1, 1897...... | 2.52 | 6 35 | (5.24) | 33.88 | 10.51 | 46.74 

The following analyses from other stations are given for 

comparison: 
NATURAL CONDITION. 

oO 
: o 

= i mH 

S as 
: q 4 og 

a 4 on 3 
o o © hes 
rm) » uo) 5 a 
& ie ee 5 a |33 
e & | Ay 6) <q |Z 

(l)eNorth Carolingise 625 <coscice.cets 8.02 | 1.48 744 | 33.45 | 5.66 | 43.95 
(2) Tennessee, cut June 16, 1895....| 10 83 | 1 92 6&1 | 30.2 5.07 |:46.11 
(3) South Dakota, July 15, 1891..... 7.29 | 209] 6 24 | 33 89 | 6.50 | 43.99 
(Q)EMISBISSID Plis.o esc seis «2 Bele eens DD BG! lice Sic alll Reve ote eelie oo ersvaree oracle eens 

*Bull. South Dak. Agri. Exp. Sta. 40:36. 
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WATER FREE SUBSTANCE. 

WpNortnv@aroling se ts. se-ss-ceclcsle sec 1.61 | 8.09 | 36.37 | 6.15 , 47.78 
(ZIRE RBESSEC tists cite aitlereroisn,s ofeiels\ele ciel = 2.15 | 7 64 | 33.93 | 5.69 | 50.59 
(3) Aso tion DF cc Wee oS ase JOCUReS ODUM ono 2.25 | 6.78 | 36.55 | 7.01 | 47.45 
RAE PITISSISS EP! /<\cj019 «a ctatetelelcre sls «elec wei’ o)eies 1.97 | 3.81 | 39.52 | 4.19 | 50.51 

INorthernterow Ns ercicr cree ckrecid. ectsre- 2.40 ' 10 50 ' 29.80 | 560 ! 51.70 

Barnyard grass. The cultivation of Panicwm crus-galli, L., has 

not been carried on extensively in this state. This grass, 

although usually regarded asa weed, is frequently used as a fi r- 

age plant in western Iowa and along the Mississippi in eastern 

Iowa. It occurs abundantly as a roadside and garden weed 

throughout Iowa, and is a conspicuous grass in sloughs and in 
cornfields in the Missouri and Mississippi bottoms. Consider- 
able success has been obtained with this grass in Massachu- 

setts.* 

F. Lamson-Scribner says:t 

‘‘At the Hatch experiment station, in Massachusetts, the 

crop produced was very uniform, averaging seven feet in height. 

The yield was at the rate of 11,207 pounds of straw per acre 

and 66.7 bushels of seed. When sown for silage or for soiling 

at the rate of one peck of seed to the acre, the yield was at the 

rate of from fifteen to eighteen tons per acre. A field sown 

July 26, after a crop of hay was removed, yielded twelve tons 

per acre. It is very much liked by stock, and is a valuable 

forage plant for feeding green or for the silo. It is not so well 

adapted for hay, as it is a course, succulent grass, and rather 

difficult to dry.” 

Dr. Kennedy states that from the results from seeds sent 

out by the division of agrostology, United States department 

of agriculture, { of the seventy-eight packages sent out for trial, 

most of the trials proved to be failures, owing to the lateness 

of planting and the severe drouth. 

(1) N.C. Agrl. Exp. Sta. Bull. 90: 6.4. 

(2) Tenn. Agrl. Exp. Sta. Bull. 9:112. 

(3) S. D. Agrl. Exp. Sta. Bull. 40:36. 

(4) U.S. Dept. Agr]. Exp. Sta. Record. 6:102. 

*Ann. Rept. Mass. Agrl. Exp. Sta. 10:31. 

+Bull U.S. Dept. Agrl. Div. Agros. 14:52. 

+Bull. U.S. Dept. Agr]. Div. Agros. 22:47. 

25 



Fig. 180. Barnyard grass, (Panicum crus-galli.) Common in low grounds throughout the state 4 

Especially abundant in low grounds. (Charlotte M. King.) 
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CHEMICAL COMPOSITION. 

The sample of this grass gave the following results on 
analysis: 

NATURAL CONDITION. 

S 5 2 
iS) rs as 

¢ Em neces os 8 co eS EN a 
= 2 z = = @ |2 
EB] e& | a < 6 <q 12 

Sy eee 76.34| .73 | 1.43 9.44] 2.47| 9.59 

WATER FREE SUBSTA 

AMP Cin Mole sete tesieis sero ee wea ee | 3.09 | 6 07 | (5.73) | 39.90 | 10.46 | 40.48 

The following analyses from other stations are given for 
comparison: 

AIR-DRY CONDITION. 

o 

g| |Z 
: as 

5! Aas bo 2 
aR : oe) ne) A 2 297 

if pars 2 sel! Ra Se 
5 < A, Or Mire | 

News Mexicui(L) sions. circ ste se eysere 4.00 | 9.90 | 790 | 33.90 | 1.40 | 43.20 
NorthaCarolinai(2)i.. 21... sre 01 « 774] 804] 4.50 | 33.32 | 1.06 | 46.34 
South Dakota (3), Aug. 8, 1892....../ 8.01 | 9.30 | 9.40 | 32.72 | 2.67 | 37.90 

WATER FREE SUBSTANCE. 

INOnb he Carolina (2) jos cve = sce sce sk pe oes 8.71 | 4.88 | 3612 | 1.15 | 49.13 
SouthyDalkota(S)enceicsccieses «cies vicicie t sleroe 10.09 | 10.22 | 35 57 | 2.90 | 41.20 

Tickle grass or old witch grass (Panicum capillare) is an 

annual with coarse, branching stems, from one to three feet 

high, with hairy sheaths and leaves. The panicles are widely 

spreading. This is extremely common throughout the state, 

especially in old cultivated fields, frequently becoming a weedy 
plant. It possesses very little value as « forage plant. 

CHEMICAL COMPOSITION. 

But one specimen was analyzed in the station laboratory: 

1. New Mexico Agrl. Exp. Sta. Bull. 17. 1895. 

2. North Carolina Agrl. Exp. Sta. Bull. 90b. 1893. 

3. South Dakota Agrl. Exp. 8ta. Bull. 40:38. 
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NATURAL CONDITION. 

- Oo 

real tgs S 
° 2 aa 
Se 59 

ro He = ao S 

g e 5 | 9g Ms = 
So 2 WB ole Be eee 
5 me | A =e eS) <q |Z 

Collected September 10, ’97.| 65.09 93 | 3.05 ; (2.26) | 19 82 | 310 | 17.01 

WATER FREE SUBSTANCE. 

Collected September 10, ASST ae | 2.65 | 8 75 | (7.50) | 31.00 | 8891 48.71 

The following analyses are given for comparison with the 

work done in our laboratory: 

NATURAL CONDITION. 

| Albuminoids. 
Crude fiber. Nitrogen free 

extract 

| 
OI)PMASSISSIp Pike rrejas cw oro iet leietets evetel ote llcisyaus Beets ocean sncrodod|Go0' 5 1 
(2) South Dakota: 

Collected August 12, ’92.| 7.36 | 2.382 | 1058 | 8.12 | 27.09 | 11.43 | 41 22 
(3) PMennessees? Ae. os. sce 12.17 | 214 Gao |eterserv. 34.45 6.15 | 38.21 

*No analysis given in natural condition. 

WATER FREE SUBSTANCE. 

(T)ANETSSISSIP Pls Sos sei toes ociele 212813729" |5 ee | 38.21 | 812 | 38 26 
(2))Souths Dakota: 15 cso senses stoel- 2.50 | 11.42 | 8.75 | 29.24 | 12 34 | 44.50 
(S)eMennessee: 2c. A. a.bi see eeu 2 44 Upet} Iloaos on 39.22 7.00 | 43.51 

CRAB GRASS. 

(Panicum sanguinale) is quite widely distributed throughout 
the state, occurs in cultivated fields and along the road- 

sides. In this state it grows usually from two to three feet 

high but frequently attains the height of four feet, in good 

soil. This grass makes good hay when properly cured and 

usually there is no trouble in curing this hay. 

F. Lamson-Scribner* says: ‘This spontaneous growth 
affords excellent pasturage, as well as hay of first quality if 

properly cured. The stems are much b anched, and jn gcod 

(1) U.S. Dept. Exp. Sta. Record. 6: 102. 

(2) S. D. Bull. 40:40. 
(3) Bull. Tenn. Exp. Sta. 9:112. 

*Bull. U.S. Dept. Agrl. Div. Agros. 14:35. 
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To Crab grass, (Panicum sanguinale} to the left; common in cultivated fields. 

(Charlotte M. King.) 

the right, Panicum glabrum, common in flood plains of rivers, and becoming common 
in lawns 

Fig. 181. 
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soil attain a length of three to four feet. This grass contains 

little fiber, and dries quickly when cut, but if after cutting is 

wet by rains or heavy dews its value for hay is almost wholly 

destroyed. ’’ 

CHEMICAL COMPOSITION. 

One sample of this grass which was received, September 10, 

1897, gave the following results on analysis: 

NATURAL CONDITION. 

n 
cg 5 
(o) o 

; Ps AS! a 

2 et | eae 
era fae See esto 
es & | a] =< 5 < 

Sauplescch tke 66.95 | 1.11 | 2.52 | (1.98) | 8.62] 410 

WATER FREE SUBSTANCE. 

| 
Nitrogen free 

extract 

— o> -~] i) 

Sample... 4 oon Diet. Tess aes, [BOE | CT [6G.98) (126. 11) 12-4 eos 

The following analyses are given for comparison with the 

sample analyzed in our laboratory: 

NATURAL CONDITION. 

Nitrogen free 
extract 

e 
o 
2 

A mle 
® : 2 2 

Sc ilaeod © ah eealaes 
5 < a | 6 cs 

Cup June 23 G)iae sade fae cite tes 7650} 3.53]; 544] 4.47 | 1.13 
IMESSISSI ppl (2) 285 Sie, oiaietenel asa) «rao, (51s oo) eiese a's. a)] vas 8lee Gbsi|ivie sueeiera| bars. cules ai] Sema eee ee 
MMennessees(S) see nose esiec e ocsh on ctoe | 75 99 2.26 2.91 7 49 .69 
No‘description. soy atk t sts ss | 10.65 | 931] 8.32 | 27.62 | 2.25 
Cut August or September, 1899 ..; 5.52 | 7.31 | 9.50 | 26 40 | 216 
INO'GeSCEIp GION 5, ais ares cesar serwiers ee 6.81 ' 8.30 ' 5 88 * 28 20 © 2.23 

WATER FREE SUBSTANCE. 

Gif auno as (Ws. o.1.12es see oscs ieee 15 00 { 23.10 [ 19 00 | 4.80 
MUISGISSIP Pin (2): hn. Moras Oc oi aise ohne ca awe ae 9.68 | 8.26 | 31.05 | 3.32 
UGH NOSRES. (3) oa Wstosinsa tials tistacate wis'e Save .ee.| 9.43 | 12.12 | 31.21 | 288 
NOV OGS CHING ON maciensineecan oe cea ten os 10:37 | 9.31 | 30°9L |-2:52 
Cut August or September, 1889.......... 7.7 | 10 05 | 27.95 | 2.29 
INOIGeSCEIPhlOMNeeee tte st cie ee eee ae 8.90-| 631 | 30.26 | 2.39 

(1) U.S. Dept. of Agriculture, Off. Exp. Sta. Bull. 11:35. 

(2) U.S Exp. Sta. Record. 6:102 

(3) Bull. Agrl. Exp. Sta. Tenn. 9:101, 112. 
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Sprouting crab grass (Panicum proliferum) is an annual with 

coarse, spreading, ascending stem, two to six feet long, with 

flat leaves. 

F. Lamson-Scribner says:* 

‘Tt grows naturally in moist, rich soil along the banks of 

streams and rivers, around the shores of ponds and lakes, and 

in the south is often abundant in rich, cultivated fields, grow- 

ing with crab grass. The stout, succulent stems are sweetish 
and much relished by horses and cattle. Its range is from 

Maine to Nebraska, and southward to the gulf; blossoming in 

the latter part of summer or early autumn. The spontaneous 
growth of this grass in cultivated fields after the removal of 

crops is of some value for hay or pasturage, but its cultiva- 

tion cannot be reccommended in view of the fact that we have 

many annual grasses much superior to it. In the northern and 

middle states it is classed with the weeds.”’ 

CHEMICAL COMPOSITION. 

One sample was analyzed in the station laboratory, with the 

following results: 

NATURAL CONDITION. 

: fe?) 

Ae 5 2 
iS) ® ees 

= 5 = 88 
a -— 8 o we 

2g : 2 5 3 : De 
S a 2 2 z ie Se 
ae (a? < Ss) a |z% 

Sample collected Sept. 13, 
OTN onieton alata eavees s 62.49 | .95 | 2.36 | (1.99) !.11.79 | 8.57 | 13.84 

WATER FREE SUBSTANCE. 

Smiplack cle cL eee [2.57 | 630 | (5.52) | 31-46 | 22.84 | 36.84 

The following analyses are given for comparison: 

NATURAL CONDITION, 

| : oo) 
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. ad esata Nae 8% 
m — S oo 
2 2 5s | 9 See 
Steere bse, 2 lee 
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(1) North Carolina....... 8 73 | 3 26 | 13.50°| (2.16) | 25.32 | 7.68 | 41.51 
(2) Mississippir. i 3.1.05 US bib deo Geles Basoted (aco 66 Baerecdisenasos saan 

*Bull. U.S. Dept. Agrl. Div. Agros. 14:54. 
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Fig. 182. Sprouting crab grass, (Panicum proliferum). Common in fields, 

along roadsides and railroad embankments. (I. Lamson-Seribner, Div. 

Agrost. U.S. Dept. Agrl.) 

WATER FREE SUBSTANCE. 

(1) North Carolina...............| 357 | 1479 | @.36) | 2774] 841) 4549 
(2) Mississippi...........-.....- | 2°52 | 10.98 |....... 31.23 | 9.08 | 46.19 

Scribner’s panic grass (Panicum scribnerianum) is very com- 
mon in prairie meadows and affords some forage for stock. It 
comes on early in the season, but produces little. 

CHEMICAL COMPOSITION. 

The chemical composition of Pantcam scribnerianum may be 
shown in the following analyses: 

(1) North Carolina Exp. Sta. Bull. 90: 5:4. 

(2) U.S. Dept. Agrl. Exp. Sta. Rec. 6: 102. 
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Sample 1. Collected May 8, 1896, 5 to 9 inches high. 

Sample 2. Collected May 26, 1896, 14 to 15 inches high. 

Sample 3. Collected June 5, 1896, 14 to 15 inches high. 

Sample 4. Collected June 17, 1896, 23 to 24 inches high. 

NATURAL CONDITION. 

= oO 

3 x ° 
S) 3 5 

~ £ 4 = 23 
8 Sal whee gale bal) srs hcp 
eae) Paces pac 
eh aes Ay < 6) a |Z 

Bamiple, ld Guna ecto 81.20| .54| 217| (1.58) | 5.16] 2.13] 880 
Sample ones. ee oe 76.23 | .85 | 2.87 | (2.45) | 7.85] 219 | 10.01 
Sample st i .4 08 Shige 71.42 | .84| 233] (1.47) | 9.51 | 3:32 | 1258 
Sample dite 4, ee 66.57 | 1.23 | 305] (277) | 10.88] 3&7 | 1440 

WATER FREE SUBSTANCE. 

Samplerlict= ats Ae 2.87 { 11.51 | ( 8.39) | 2747 | 11.35 | 46.80 
Saminlon ee eee 3.60 | 12 09 | (10 32) | 33.02 | 9.21 | 42.08 
Gaenplessh ic. oe. a.. suede: 2.96 | 8.16 | ( 5.14) | 33.28 | 1161 | 43 99 
Gamiplecd ose. eee ot sae 367 | 9.14 | ( 8.30) | 32.54 } 11.57 | 43 08 

The amount of water present decreases from 81.20 per cent 

to 66.57 per cent, and the fat present in the water free sub- 

stance varies from 2.87 per cent to 3.76 per cent, the last sam- 
ple having the largest percentage. The amount of protein pres- 

ent varies from 8.16 per cent to 12.09 per cent, the albuminoids 
from 5.14 per cent to 10.32 per cent, and both are irregular in 

the changes. The fiber changes from 27.47 per cent to 33.28 

per cent, the ash from 9.21 per cent to 11 61 percent, and these 

are also irregular in their changes. The largest amount of 

nitrogen free extract is present in the first sample, having 46.80 

per cent, and the smallest amount in the second sample of 42.08 

per cent. It would appear from the chemical analyses that 

the time most suitable for harvesting was when the last sample 

was taken and the grass 23 to 24 inches high. 

The following analyses from other sources are added for 

comparison: 

AIR-DRY SUBSTANCE. 

Nitrogen free 
extract 

| Water 
Ash. Fat Crude fiber. oe 

= | Albuminoids. w 

South Dakota (1): 
Collected June 20, 1891........ 8.83 | 8.88 | 1.71 |} 29.64 | 997 | 40.97 
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WATER FREE SUBSTANCE. 

Srl oo a Sane wie | 974 [188 | 3251 | 10.94) 4494 | 7.26 

Smooth crab grass (Panicum glabrum) is abundant in our 

river bottoms and grows from one and a half to two feet high; 

the stems spread over the ground, and in this way it causes a 

great deal of annoyance where it has been introduced. The grass 
may be used for forage purposes, but owing to its habit of 

becoming weedy in lawns, should not be used for this purpose. 

CHEMICAL COMPOSITION. 

One sample of this grass was aialyzed and gave results as 

follows: 

NATURAL CONDITION. 

Albuminoids. 
| Nitrogen free 

extract 

| Crude fiber. | | | 
a 
n | 

8.61 | 3.45 | 13.48 

= 
os} c 

Sample collected Septem- | | 
Der LT slSoU3. i pore veleactaes 71.40 ' 107 | 1.99 | (1.89) 

WATER FREE SUBSTANCE. 

BAUM Gicciytsee cio canes @eiate eens | 3.73 | 696 | (661) | 30.11 | 12.07 | 4713 

Other Panic grasses.—The P. macrocarpon is a good woodland 

species, with larger leaves and stems than Scribner’s panicum. 

The b:oom corn miilet (P. miliaceum, L.) is cultivated occasion- 
ally in Iowa. It is an excellent soiling plant. Several other 

members of this genus are used for forage in other parts of the 

world. The Shama millet (Panicum colonum, L.) is a tropical 
and sub-trop'cal grass, and where it grows is considered one 

of the best forage plants. Guinea grass (Panicum maximum, 

Jacq.), native to tropical Africa, has long been cultivated in 

tropical America, where it yields a large amount of valuable 

forage, growing to a height of twelve feet. Colorado grass 

(P. texanum, Buckl ), is native to central Texas, and spoken of 

in the highest terms by those who have tested it. 

OTHER PRAIRIE GRASSES. 

WILD RYE (Elymus robustus, Scrib. and J. G. Sm.), is sponta- 

neous in all parts of the state, and often forms a considerable 

part of the upland wild prairie hay, as well as that obtained in 
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Fig, 183. Scribner’s panic grass, (Panicum Seribnerianum). A common grass in 

prairies, leafing out early. (F. Lamson-Scribner, Div. Agrost. U. §. Dept. 

Agri.) 



398 GRASSES OF IOWA. 

Fig. 184. Panicum macrocarpon. Common at times in woods. (F. Lamson- 

Seribner, Div. Agrost. U.S. Dept. Agrl.) 
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Fig. 185. Broom corn millet, (Panicum miliaccum(. Cultivated, at times, in 

northwestern Iowa. Good fodder grass. (Div. Agrost. U. 8. Dept. Agrl.) 



Fig. 186. Wild rye grass. (Elymus robustus). Common throughout the state. Prairies. 

A rapid growing spec’es. (Charlotte M. King.) 
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bottoms along the Boyer and Maple rivers. It attainsa height of 

three to five feet. The stem and leaves are harsh, and the 

fodder isof a very inferior quality. It is objectionable also 

because of the large amount of ergot found in the heads. This 

grass, when cut early in July, would make an admirable for- 

age plant, but when cut, as is the usual custom in this state, in 
August or September, is of little value for forage purposes. 

CHEMICAL COMPOSITION. 

In the investigation six samples of Elymus robustus were 
analyzed, with the following results: 

Sample 1. Collected April 22, 1§96, height 10 to 12 inches. 

Sample 2. Collected May 9, 1896, heigbt 12 to 16 inches. 

Sample 3. Collected May 29, 1896, height 28 to 30 inches. 

Sample 4. Collected June 8, 1896, height 28 to 30 inches. 

Sample 5. Collected June 18, 1896, height 25 to 26 inches. 

Sample 6. Collected July 13, 1896, height 54 to 56 inches. 

NATURAL CONDITION. 

| = oO 

3 i 
fe) Seay 

s = A s S BI 
5 a Ge Wee me 
~ ~ = uo} s fe 7) 

2 e e = 5 a 2 oO 
Etat Q, < 6) ee 

Subiplowle gis eee. 79.32 | 1.40| 604] (449)| 409] 243] 6.72 
Samplor2s) Sis. ee sa 81.44 )|1514"| 3/88] (3°68)! 6.03), 2:27, | 6 24 
Sample Sea song ak 26 2 cis T1668 act? || 3.64.) (256) | 94) 243) 8.54 
Sample 4s J.cce qeesest Save W205 \ae14 |) 2:67 |_ (2/35) | 3063") «2.22 | 1.29 
Shee er ey 74.08 | .82| 2.32 | (2.08) | 954| 1.76 | 11.48 
STUN) Cea eee 45.10:1 .53 | 264) (2.23) | 21.791! 2.51 | 27.43 

WATER FREE SUBSTANCE. 

SHUT en ne an eee 6.80 | 29.20 | (21.72) | 19 77 | 11.76 | 32 47 
Spe De oe No aaa: 6.16 | 20 93 | (19.82) | 27 12 | 12.24 | 33.55 
SATE file Sree te eee es ae .3.29 | 15 61 | (10 97) | 34.08 | 10.44 | 36.58 
See po] CC ae Pe Matos a 4.09 | 956 | ( 8.42) | 38.05 | 7.95 | 40°35 
‘SESSEET C1. Sa eae ree aE 3.17] 8.96 | (862) | 3680] 6.79 | 4428 
SamiploGacs eee ee 97 | 472] (417) 139701 4.58 | 5003 

In the study of the analyses made of Elymus robustus, the 

results show, as would be expected, a strong tendency for the 

decrease in the amount of water present in the grass in the nat- 
ural condition as the grass matures. In considering the results 

of the water free substance it is found that the fat decreases in 
amount as the plant matures from 6.80 per cent to .97 per cent, 

with one exception. The percentage of protein decreases from 
29.20 per cent to 4.72 per cent, while the albuminoids vary 
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from 21.72 per cent to 4.17 per cent. The percentage of crude 
fiber increases from 19.77 per cent to 39.70 per cent. The per- 

centage of ash varies between 4.58 per cent and 11.76 per cent, 

while the nitrogen free extract increases from 32.47 per cent to 

50.03 per cent. The grass represented by sample No. 3, taken 

on May 29, was in a very favorable condition for harvesting, 

when the height is a matter of consideration. 

The following results have been selected for comparison 

with the results of this investigation: 

NATURAL CONDITION. 

Nitrogen free 
extract 

Crude fiber | Albuminoids. | Protein. | ' | ’ ‘ 

Iowa (1): 
Cut June 25. Not headed out;|’ 

40! tol42 INGHESie. 210 «arts ore 66 33 | 3.08 | .66 | 14.98 | 1218 | 2.77 | 2.31 
South Dakota (2): | 

Cut Ju'y 2. Condition for hay.| 7 54 | 8.61 | 1.64 | 42.77 | 34.16 | 5.28 | 3.68 
Tennesse (3): 

Cut July 9. No description...| 10.82 | 347 | .86 | 48.23 | 32.68 | 3 94 |..... 

WATER FREE SUBSTANCE. 

Towa (1): 
Cut JUNC) Zovs oe neetsawite fastest 916 | 1.97 | 4447 | 36.17 | 8.23 | 7.03 

South Dakota (2): 
Gut Jitly Zizcrts cee case ti tescte teres 9.3L | 1.77 | 46.26 | 36 95 | 6.71 | 4.00 

Tennessee (3): 
Cubs O reset ae geicteciee cinsotere erste 389 | .96 | 54.09 | 36.64 | 4.42 |..... 

The Canadian lyme (EZ. canadensis) is indigenous only to the 

loess of westera Iowa, and as a forage plant is no better than 
the preceding. It enters in very largely to the forage of this 

section of the state. 
TERREL GRAss (£. virginicus, L.) is common along streams 

and borders of woods. It is smooth and erect, from two to 

three feet high, and affords some pasturage when young. On 

June 15, 1900, it had grown one foot nine inches in the body of 

the plat, and two feet four inches on the edges. Whea cut in 

July this certainly makes a fair forage plant, but should never 

be cut later than July, owing to the fact that when it comes 

(1) Bull. lowa Agrl. Exp. Sta. 11: 487. 

(2) Bull. South Dakota Agrl. Exp. Sta. 40: 158. 

(3) Bull. Tennesses Agrl. Exp. Sta. 9: 90. 



Fig 187. Terrel grass (Elymus virginicus). Common usually in alluvial flood plains. 
A rapidly g owing grass. (Charlotte M. King ) 

26 
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into flower the leaves are usually dead on the stem and the 

plant is harsh. 
Professor Lamson-Scribner® says: 

‘This grass has the appearance of possessing some agricul- 

tural value. It forms an inferior turf, and by the time it blooms 

all the lower leaves are usually dead. When young it doubt- 

less possesses some value as a native pasture grass. Ia Kan- 
sas, South Dakota and Nebraska it is regarded a valuable 

grass for woodland pastures.’’ 

CHEMICAL COMPOSITION. 

Two samples of Elymus virginicus were analyzed, ard the 
results are shown in the following: 

Sample 1. Collected June 22, 37 to 33 inches high. 

Sample 2. Collected June 29, 37 to 38 inches high. 

NATURAL CONDITION, 

5 oO 

4s Bi 2 
: ¢ 3 as 

: d iS ca og 
f= Cra g o on ~ 

iene 2 =] s : De 
Sites z = 2 | ‘a, (een 
elie | < Oo | 4 ie 

Sampleslo tks ce ceehe 6306 | 1.64 | 4.50 | (3.76) ) | 12.82 | 3.46 | 15.52 
Sample 2) Geet os 59.65 | 1.41! 3.82 e 56) | 1260 | 2.7! | 19 81 

WATER FREE SUBSTANCE. 

SAMI OMe aren ctealctoe ay etn se eee 444] ] 2 09 | (10.19) | 34.73 | 9.38 
SAMI PLCs sc tcica as lee eee oct nee 3.50 | 9.47 ( 6.35) | | 31.24 | 6.72 49.07 

The difference of one week in colleciing the two samples 

shows that there is a decrease of 3.41 per cent in the wa‘er 

present, and in the water free substance we find that there is a 
change in fat from 4.44 per cent to 3.50 per cent; in protein 

from 12.09 per cent to 9.47 cent, and in the albuminoids from 

10.19 per cent to 6.35 per cent; in crude fiber from 31.24 per 

cent to 34.73 per cent, and nitrogen free extract from 39.86 per 

cent to 49.07 per cent; in the ash from 9.38 per cent to 6.72 

per cent. As a whole, both samples being of the same height, 

the first samp!e would show that it was most suitable for 

cutting. 

The following samp'es were selected for comparison with 

the work done here: 

*Bull. U. 8S. Dept. Agrl. Div. Agros. 14 :-35. 
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Fig. 188. Elymus striatus. Common in low ground. (F. Lamson-Scribner, 
Div. Agrost. U. 8. Dept. Agrl.) 

NATURAL CONDITION. 

| Albuminoids. 
Crude fiber. Nitrogen free 

extract 

I | Protein. | Water. 
Fat 

South Dakota (1): 
Collected July 1, 1891... .... 8 29 | 3.04 | 6.63 | 5.75 | 27 20 | 7.60 | 47 24 
O Tennessee (2): 
Cut June, 8; 189... 2 ..... 022.2. 10 76 | 5.36 | 8.75 21.77 | 3 7L | 49.65 

Mississippi (3): 
August. 3 samples*...... ..... 53 89 ' 2.8)! 789 !.... .1 29.96 | 706 | 52.29 

1. Bull. South Dakota Agrl. Exp. Sta. 40: 157. 

2. Bull. Tennessee Agrl. Exp. Sta. Vol. 1X. No.3. 111. 

3. U.S. Dept. Agrl. Exp. Sta. Rec. 6: 101. 

* Amount of water is for natural condition, and other percentages are 
for water free substancee. 
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Fig. 189. Drop-seed Grass, (Muhlenbergia sylvutica.) Not uncommon in deep, 
tich woods. (F. Lamson-Scribner, Div. Agrost. U.S. Dept. of Agriculture.) 

WATER FREE SUBSTANCE. 

South Dakota (Qu. POPs ceo eaatectorans 3 31 era ya eaeoe 29.66 | 8.5 
Menmn CSS"6. 2S) kosesiaie «f01< retevayes efels cca. et's 6.01 4 

31 | 51.5 
9.81 |......% 24.40 | 4.16 | 55.6 

OTHER RYE GRASSES.—There are many other sp‘cies of rye 
grasses. Some? of these are quite valuable, especially in the 
western states. None of them have been tried in this sta‘e. 

Macoun’s rye grass (£. macounti, Vasey) only occurs in low, 

moi-t meadows of northern lowa. It produces a large number 

of leaves; it is p2rhaps the most valuable of any of our wi'd rye 
grasses. The Z. condensata, the Giant rye grass of the Rocky 

mountain regions and Pacific slope, usually grows along rivers 

and streams; is useful for holding the sand on railway banks. 

When young it is especial y valuable for hay, and furnishes a 
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Fig. 189a. Wild Timothy, (Wuhlenbergia glomerata.) Common in moist meadows 

of northern Iowa. (F. Lamson-Scribner, Div. Agrost. U.S. Dept. Agrl.) 

considerable amount of forage. The seeds are also used for 

food by the Indians. The Z£. triticoides, Nu‘t., is also a western 

species and is closely allied to the Giant rye grass. It grows 

from a height of two to four feet. Native to the Rocky mcun- 

tains, extending eastward to Minnesota, but as yet has not 

been found in Iowa. It is regarded as of some value for for- 

ags purposes in the Rocky mountain region. 

MUHLENBERGIA. 

Several species are common throughout the state, especially 

Knot-root grass (Mulhlenbergia mexicana, Trin.). This isa leafy 

perennial, two to three fe t high, comes on early in the spring, 

and when used in this condition is a valuable pasture and hay 
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grass. When the plant comes into flower, the stem is woody 

and is wholly unfit for forage purposes. There are many other 

species of the genus, but none of them are of any value for 
forage purposes. All produce a vigorous growth which may 

be utilized when young, but when old the stems are very woody 

and hence is of little value for forage purposes. Wild timothy 

(Muhlenbergia glomerata, Trin.) grows in wet meadows and low 

grounds throughout the state, but is most common in northern 

Iowa. Although this grass is highly spoken of in the north- 

west, it is of but little value in this s‘ate. 

CHEMICAL COMPOSITION. 

Seven samples of Muhlenbergia mexicana were analyzed in 

the laboratory, and the results are given below: 

Sample 1. Collected April 29, 1896, height 4 to 12 inches. 

Sample 2. Collected May 14, 1896, height 20 to 23 inches. 

Sample 3. Collected May 28, 1896, height 26 to 29 inches. 

Sample 4. Colleeted June 8, 1896, height 36 to 38 inches. 

Sample 5. Collected June 15, 189, height 38 to 59 inches. 

Sample 6. Collected June 29, 1896, height 39 to 40 inches. 

Sample 7. Collected July 20, 1856, height 48 to 49 inches. 

NATURAL CONDITION. 

5 o 

3 F 2 
Suse a8 

: : é a c= 23 
be _ S v 20 
2 2 5 oO 5 9 » 

3 3 ° = mn a | 36 
Bee oer i) es < s) <q |Z 

Samples mawccate. eit oc 84.82} .88 | 3.51 | (2.78) | 3.70 | 2.04)" 5:05 
SAMPlOl2sc eine tiaeins oxelee 13.28 | 2.21 |bs125| (3°78) | e120) 2a eo 
SAM Pleo. cies eis cies 82.95 | 4) 2.86] (1.96) | 6.43 | 1.95] 527 
Sample4ine.. wert cpssiee oe 77.46 .79 241 (2.14) 8.10 2.08 9.16 
Sampletoyg sii is oats weraated 13°37 | 815) -2:13)) (2.10), (9:01.) (2:677)|eaoai 
SamplosGice ok ysie tis sie 58.77 | 1.49 | 322] (2.60) | 13.382 | 2.64 | 20.56 
Sampleviiie Jy sissies <= 8s) 81.98 Domes 48 (1.09) | 5.82] 1.10] 9.09 

WATER: FREE SUASTANCE 

Sample sly aie. cee re oes 5.81 | 23.!6 | (17.99) | 24.86 | 13.41 | 33 26 
SAMpPles Ji cs silo eis seta siejaseioione 4.52 | 1917 | (14.17) | 28.90 | 10.38 | 37.08 
SAM PLOzasnccisenvaitescue dicse\er eye, overs ters 314 | 16.77 | (11.46) | 37.72 | 11.43 | 30.94 
op ito) Ce: Oe ee Aa ee I 3.49 | 10.70 | (9.52) | 35.94 | 9.27 | 40.60 
SaniplosO.c- sacs oe asada ane 3.03 | 8.00} (7.88) | 3383 | 9.67 | 4547 
SSSI PIO: Gree ae deesraayeysteie stints ocha) clerate 3.62 | 7.81 | (630) | 32.31 | 640 | 49.86 
Sample ji mercies eee een 2.95 | 826] (6.11) | 32.481 6.16) 50.15 

In the above results we find that the amount of water pres- 

ent varies from 84.82 per cent to 58.77 per cent, while it might 

be said that the amount tends to become less as the plant 
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mature-, yet there are exceptions, as it will be seen that the 

first sample collected in April, having a height of 4 to 12 

inches, has only 2.84 per cent more of water than the sample 
taken on July 20th and having a height of 48 to 49 inches. 

In cons‘dering the water free substance we find that the fat 

present varies from 5.81 to 2.95 per centand that the change is 
not a constant one. The change in the amount of protein is 

constant for the first six samples and changes from 23.16 per 
cent to 7.81 per cent and the seventh sample having this 

substance to the amcuntof 8.26 per cent, however in the results 

for albuminoids we find that the decrease of this substance is 

constant, changing from 17.99 per cent to 6.11 per cent. The 

amount of crude fiber varies irregularly from 24.36 per cent in 

the youngest sample to 37.72 in the third sample of May 28th. 

The ash constituent decreases with a regular change while the 

nitrogen free extract increases constantly, with one except on, 

from 33.26 to 50.15 per cent, the exception being the third 

sample with 30.94 per cent. The following analyses are added 
for comparison: 

AIR DRY SUBSTANCE. 

ob) . 

£ 2 og 
3 ee |p 
a d 28 = 

5 ON es Seu 2s 
a = hh 

S a 3 a Se uo | ee 
5 < ce o oe < 

South Dakota (1): Cut Sept. 1, 
NO PARR, SE coer tent ae 7.31 | 9.67} 2.49 | 27.96 | 13.05 | 39.52 | 8.44 

Tennessee (2): Not yet in 
HALO OIE Sate ieeeis > Sere ee esis. 6 Sete 10.65 | 7.04| 232] 2961] 8.00| 42.38]..... 

WATER FREE SUBSTANCE. 

| 
Berripile ten a cite n tofeis ade ota liog sais 19.43 | 2.69 | 30.17 .08 E 42.64 | 9.06 
Samples 2 se euuwel. ciae ese ele Viavete ats 7.87 | 259 | 33.14] 8.96 | 47.44]..... 

NIMBLE WILL (&. diffusa, Schreb.) is common in woods and 

along roadsides in central and eastern Iowa. It affords some 

picking but in meadows is a nuisance as it is extremely hard 

to cut with a mower. 

SLOUGH GRASS (Spartina cynosuroides, Willd.), coarse peren- 

nial, with erect simple stems from two to nine feet high, with 

long pointed leaves and numerous erect or spreading spikes, 

1. S. D. Bull. Agr]. Exp. Sta. 40: 64. 

2. Bull. Tenn. Agrl. Exp. Sta. 9: 90. 

*Hay of grass. 



Fig. 190. Nimble Will, (Muhlenbergio diffusa.) A weedy lawn and woodland grass. 

Common in central lowa. (Charlotte M. King.) 
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Fig. 191. Fresh Water Cord Grass, (Spartina cynosuroides ) Common in the western part 

of the state, Missouri river bottom, and in low grounds elsewhereinthestate. (Char- 

lotte M. King.) 



412 GRASSES OF IOWA. 

from two to five inches long. This iscommon throughout the state, 

especially in low places along the borders of streams, and 

forms an important ingredient of the forage of the Missouri 

river valley, where it is held in high esteem. It can only be of 

value when cut early. This has been grown experimentally on 

the college grounds and succeeded admirably, but it does not 

commend itself to general cultivation, owing to the more or 

less weedy charac‘er of the culms It is an excellent soil 

binder, and for meadows where the soil is apt to be washed, it 

is an admirable grass. In this state it is generally known as 

slough grass because it occurs in low grounds. It is one of 

the chief grasses of the Missouri river bottoms, where it does 

much to keep the alluvial soil from b ing washed away. It is 

cut extensively for hay along the Missouri and Mississippi 

rivers, and though the fodder is course, is held in high esteem 

because it is productive. This hay brings less in the market 

than any of our other wild species. 

CHEMICAL COMPOSITION. 

The chemical composition of fresh water cord grass (Spart- 
ina cynosuroides) may te shown by the following analyses made 

in the laboratory: 

Sampte 1. Collected April 23, 1895, 6 inches to 1 foot high. 

Sample 2. Collected May 7, 1896, 16 to 24 inches high. 

Sample 3. Collected May 20, 1896, 36 to 38 inches high. 

Sample 4. Collected June 1, 1896, 46 to 48 inches high. 

Sample 5. Collected June 10, 1896, 50 to 56 inches high. 

Sample 6. Collected June 20, 1896, 53 to 55 inches high. 

Sample 7. Collected July 20, 1896, 62 to 63 inches high. 

NATURAL CONDITION. 

* oO 

3 g y = i £ 
r-) ad 

5 f-| F 3 23 
2 2 = S . | 98 
oul armor eae el ec 
S Gy A, < 6) <q 124 

Sampled whet oan: 71.81 | 1.49 | 433] (2.66) | 9.19 | 1.9 | 11.29 
Sample2......... Pt) Ne. 69 84 | .70} 3.90 | (307) | 10.06 | 220 | 13.30 
Sample 3....... ie 0! ihe 67.84 | .70 | 3.74 | (2.52) | 11.66 | 2.06 | 14.00 
SAM pleas retin factee oeoe 63 32 | .64 | 418] (2.90) | 1403 | 2.46 | 15.52 
Smaplesy.. 02%. see 59.13 | 1.14 | 3.05 | (210) | 1602 | 2.00 | 18.66 
BampleGs.cc: ihc. peo. 61.02 | .89| 215 | (1.8 ) | 15 44 | 2.07 | 18.43 
Samples, (eee ee 5674 | 1.21 | 315 | (2.35) | 17.19 | 2.87 | 18 84 
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WATER FREE SUBSTANCE. 

SEONG Msaciccde Gnob dooduse46 50% 5 30 | 15.34 | ( 9.42) | 32.6L | 6.71 | 40.02 
SSMS: 2yeisocc's «6 oheielen 2ie:rus Stee 2.32 | 12.92 | (10.17) | 33.38 | 7.29 | 44.09 
SHI Bhasotc Hengoen paccoono cae 218 | 11,61 | ( 7.84) | 36.27 | 6.40 | 43 54 
‘Shin OGM. eae Se eine ne Caeoonacte 1.46 | 11 27 | ( 7.92) | 38.24 | 6.70 | 42.33 
SLAG) Oia se outdo e esi ere ris’ « AOS « 279 7.57 | ( 4.24) | 39.21 | 4.90 | 45.53 
SH Td0TT EU Se 5 PaO CORE CC ole Co 2.21 | 5.52 | ( 4.66) | 39.62 | 5.32 | 47.17 
ERATED as fo ascot eid ere sins is, «889 See « 2.79 | 7.29 | ( 5.44) | 39.73 | 6 62 | 43.57 

It will be noticed that the above results show that the water 

content gradually decreases with one exception as the grass 

matures. The fat in the water free substance is largest in the 

youngest sample and varies in the oth:rs. The percentage of 
protein gradually decreases from 15.54 to 5.52 per cent in the 

first six samples, and then we find 7.29 per cent in the last 

sample. In the albuminoids we find that the amounts are not 
constant in their changes, the second sample having 10.17 per 

cent and the fifth sample 4.24 per cent. In the fiber there is a 

constant increase 3s the plant becomes matured. The nitro- 

gen free extract increases from 4002 per cent in the first 
sample, and increases to 47.17 per cent in the sixth sample. 

The amount of ash varies from 6.71 per cent to 4.90, and the 

changes arevery irregular. The following analyses are added 

for comparison: 

NATURAL CONDITION. 

a 5 
eh oe é 

leery te 52 
5 B = 5 eof 
ie 2 Ss is) Sl aa! 
Seales e 2 e a 1/86 
a A < On let 

Iowa (1). 
Cut Aug. 27, in bloom, 

height, 60 inches....... 53 53 63 | 257 | (2.27) | 16389 | 2.97 | 24.71 
Cut June 1, no heads, €0 

ANI CHEB) yh tels sicise ws cee ie .|*65.36 | 1 63 8.41 (6.75) | 38 32 | 6.75 | 44.89 
Cults. JAR 74 Gan bacco omic #5353: | 1.35 5.53 (4.89) | 35.27 | 466 | 53.19 
S. D., (2) July 10, 1891..... Tt 6.45 | 1.21 | 5.29 | (387) | 38.51 | 4.07 | 50.91 

NEEDLE GRASS, or porcup‘ne grass (Stipa spartea, Trin.) is 

widely distributed in this state occurring on dry gravelly 

knolls. The leaves are long and wiry. It grows in bunches 

* These give the water whichis found in the natural condition, while the other 

percentages of these analyses are forthe water free substances. 

+The amount of water is for air dried material; the other results for the water free 

substance, 

1. Bull. Ia. Agrl. Exp. Sta. 11: 456, 478. 

2. Bull. S. D. Exp. Sta. 40: 94, 1894. 
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la 

Fig. 192. Porcupine grass, or Needle grass, (Stipa spartea). Common pratrie 

grass On gravelly soils. (F. Lamson-Scribner, Div. Agrost, U.S. Dept. Agr).) 

and develops very rapidly maturing its fruit in June. When 
mature the fruit with its awned flowering glumes soon fall c f 

leaving the large pale straw colored empty glumes. The sharp 

pointed callus of the fruit in mavy cases does a positive injury 

to sheep. The fruit has awns which when dry are bent aod 

much twisted. When moistened they straighten out and by 

the twisting and un'wisting of the awn the fruit buries itself. 

But aside from the fact that this grass has the sharp poin ed 

‘callus it is a good forage pant. 

Prof. F. Lamson-Scribner* says: ‘‘It is particularly c:m- 

mon in the prairie regions of Iowa, Nebraska, South Dakota, 

and Minnesota, extending westward to the Rocky mountains, 

where it frequently occurs upon the dry foothills and bench 

*Bull. U.S. Dept. Agrl. Div. Agros 14:71. 
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lands. This is tae buffalo geass of the Saskatchewan region. 

In some localities it'is known as needle grass or darning needle, 

but that name is reserved for Aristids fasciculata. It is also 

known as ‘wild oats’ in North Dakota.” 

CHEMICAL COMPOSITION. 

Four analyses were made of Stipa spartea in the laboratory 

with the results as given below: 

Sample 1. Collected May 7, 1896, 17 to 18 inches high. 

Sample 2. Collected May 21, 1896, 24 to 30 inches high. 

Sample 8. Collected May 26, 1896, 30 to 35 inches high. 
Samp'e 4. Collected June 8, 1896, 48 to 49 inches high. 

NATURAL CONDITION. 

Q fod) 

oy lie z 
fo} el on oe) 

4 s a a a 

® a = a : os 

Pea eet ea eae ed ee: 
5 ey A, < 6 <a |7 

Sonne eae eee 71.12 | 1.08] 4.44 | (2.86) | 8.41] 3.35 | 11.65 
Sinz eau age te ne ae 67.43 |.1.03 | 277 | (1.74) | 12.35 | 30t| 13.41 
SSeS 2 ee 67 87 | .38| 2.89 | (2.72) | 12.60 | 2.42 | 13.84 
armaplerds, useratike occ s. 8902 | .25] 1.021 (.82)| 3.40| .91| 5.40 

WATER FREE SUBSTANCE. 

Sii470 7 GE) MS eS Re ee rey 3.57 | 15.42 | (9.91) | 29.12 ] 11.61 | 40 28 
SF EO aa ae ee eae 3.18 | 9.51 | (5.34) | 3792] 9.24 | 41.15 
Sloe ss ee eas 119| 900 | (8 49) | 39.22 | 752 | 43.07 
BN Ay oa onan des ade 226! 9.33 | (800) | 30.96 | 821! 49 24 

The water percentages are found to be irregular, and in 

the water free substances it will be noticed that the fat is not 

constant in the amount present in the grass. The protein 
varies from 15.43 per cent to 8.51 per cent and the changes are 

also irregular; the albuminoids are also found to change 

from 9.91 to 5.34 per cent. The crude fiber increises in the 

first three samples from 29.12 to 39 22, and in the fourth satr- 

ple we find that it change; to 30.96 per cent, and the ash per 
centages also change in the same order. The nitrogea free 

extract increases regularly from 40.28 per cent to 49.24 per 
cent as the grass matures. The following analysis is added 

for comparison: 
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AIR-DRY CONDITION. 

oO 
5 ov : £ 

~_ 

' a a vows 
By o | 3 | Se 
~ i Lo} ~ fa x 

@ 15a | 8 | 2) see eee 
5 < cS 6) aA 1m 

South Dakota. Cut June 30, 1891...| 993] 543| 2.34|31.92| 7.57 | 4281 

WATER FRE SUBSTANCE. 
Saimoasiabovelrcs seme sci anecieet st | 6.03 | 2.60 , 35.44 | 8.40 | 47.53 

Bull. S. D. Agrl. Exp. Sta 40:60. 

FreaTHER BuncH Grass.—Allied to this grass is another 
bunch grass, Stipa viridula, Trin., or Feather Bunch Grass, 

which is a slender grass, from one to three feet high. It pre- 

~~ 

SSS = 

Fig. 193. Western Bunch Grass, (Stipa viridula). Common. (F. Lamson-Scrib- 

ner, Div. Agrost. U. 8. Dept. Agrl.) 



Fig. 1909. Blue Joint, (Calamagrostis canadensis). Common in northern and 

central Iowa; not infrequent in southern part of thestute. (Char otte M. 

King.) 
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duces a large number of leaves and is a much more valuable 

foraze plant than the Ne dle grass. The fruiting glume is 

short and with a small point. This grass has been introduced 

along several of our railroads of the state and has also been 

tried under cultivation here at the Iowa Agricultural College 

Experiment Station. Under cultivation it succeeds admirably. 
BLUE-JOINT (Calamagrostis canadensis, B-auv.) is common 

throughout central and northern Iowa and not infrequent in 

the southern put of the state. It is essentially a boreal 

species. In low marshes of northern Iowa it occupies consid- 
erable area to the exclusion of other grasses. It produces 

purplish panicles that resemble tho-e of Red Top but it is 
easily recogaized from that grass by is hairy pedicel. It 

groxs from thre3 to five feet high and produces a large number 

of leaves. Unlike some grasses the stem does not become 

wo dy after flowering. The grass yields well and produces a 

large amount of valuable forage which is relished by stock. 

Farmers in northern lowa prize the hay very highly because 

it has two essen'ial requisites, good yield, and it cures readily. 

Samples of this grass were analyzed as follows; 

Sampl:1. Collected June 11, 1896, 25 to 26 inches high. 
Sampl;2 Collected June 24, 1896, 28 to 29 inches high. 

NATURAL CONDITION. 

. © 

a | § E 
P =] Q fa (as 

2 a = iam] os 

So) S| 
= ES rs) a 5 a aie 

os oy —_ = nN —_— 

6 ara lope < C a 

Samples vets acd cteorenyeiere G1GoL .85 | 2.53 | (1.51) 9.81 | 2.60 | 12.70 
SAM Pela Posie & bc sich oe See 215) | 1.40, | 2°93. 1 (2271) 1 12,50 1 S33 a] aIkGs 

WATER FRtE SUBSTANCE. 

Samplenk) aiatettk cs ee 2.97 | 8 98 | (5.30) | 34 43 | 9.03 | 45.59 
Sample inc. seas aes ote ae Oar 370 | 7.75 } (7.17) | $3.05 | 8.79 | 4677 

The following are taken for comparison with the samples 

analyzed in the Station’s laboratory: 
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NATURAL CONDITION. 

5 oO 

3g st 2 3g 8 é 

: =| = c= 03 
5 3 S B) 20 & 
Shleooe (esis Ma: (ae 
= & A, x 6) aq |Z 

Iowa (1). Cut July 10th*...) 58 13 | 183 | 4.24 | (3.77) | 14.30 | 3.49 | 18.01 
S. D. (2). Cut June 20,’917.| 5.51 | 1.338 8 74 | (7.18) | 36.46 | 6.86 | 41.10 

WATER FREE SUBSTANCE. 

(ijltowals sce. 2 e Saey 21989) LOlTS (8158): | 134.16) | 8133) 43100 
(South Dakota... ..2..2-3:...- ----| L41 | 9.25 | (7.69) | 38.59 | 7.26 | 43.50 

It has been tried in an experiment:il way here at Ames and 

did admirably on high ground. 

GRASSES OF Low MEAbDows. Reed Canary grass (Phal- 
aris arundinacea lL.) is a tall, leafy perennial, produces a 

strong creeping root-stock and is native to low marshy ground 

throughout Iowa, but is most abundant in the glacial drift 

region of central and northern Iowa and in the low wet mead- 

ows along the Missouri. It makes a fair coarse hay. It suc- 

ceeds admirably under cultivation even in dry soils. This 

grass when grown on the College farm was as thrifty as that 

growing in low bottoms. It resisted drouth as well as any grass 

under cultivation. Several other grasses of low marshy 

meadows should be mentioned. Manna grass (Glyceria jluitans 

R. Br.) which is abundant in some sections of the state. It is 
an excellent grass. The leaves and stems are succulent and 

relished by all kinds of stock. Reed meadow grass (G. grandis 

Watson) grows in low marshy places and is most abundant in 

northern Iowa. It is an excellent grass and forms a good por- 

tion of the grass of some meadows. It is relished by stock 

and makes fine hay. Wild Rice (Zizania aquatica L.) is abund- 
ant along the Mississippi and is an important ingredient of 
the vegetation of our northern lakes. Here it often forms 

floating islands. In such places it is nearly inaccessible for 

stock but along the Mississippi it grows in dries places and 
frequently is utilized by stock, and in drier years some is cut 

for hay. ‘ 

1. Bull. Ia. Agrl. Exp. Sta. 11:462. 

2. Bull. 8. D. Agrl. Exp. Sta. 40:86. 

* Not in bloom. 

+ In condition for hay or air-dry substance. 

27 
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and liked by stock, (Div. Agrost. U. §. Dept. Agrl.) 

Fig. 195. Reed Meadow Grass, (Glyceria yrandis). A good grass in low meadows, 
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Fig. 195A. Manna Grass, (Glyceria fluitans). An excellent grass in very low 

meadows; of little use, however, because meadows are usually too wet. 

(F. Lamson-Scribner, Div. Agrost. U. 8. Dept. Agrl.) 
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BUFFALO GRASS (Buchloe dactyloides Engelm). The true Buf- 
falo grass is only indigenous in Lyon county, thisstate, where it 

was found by Mr. Leiberg and Prof. Shimek. It is one of the 

most valuable grasses of the plains, greatly relished by stock 

of all kinds. It has a low spreading habit of growth, forming 

dense mats and rarely is more than five inches high. The fine 

Fig. 196. Buffalo Grass. (Buchloe dactyloides). One of the best of the native 

grasses of the plains. Suited for dry hills. (Div. Agrost. U.S. Dept. Agrl.) 

leaves and stems are highly nutritious. Stockmen of central 
and western Nebraska report it one of the best of the winter 
forage grasses. Like testimonials come from central and 

northern Texas. Lamson-Scribner* reports that it grows 

with great vigor in Washington, D.C, ‘‘and it may be pos- 

sible to use this most palatable and nutritious grass in portions 
of the eastern and southern states.” 

SPOROBULUS —Several species of this genus are common 

throughout the state, and at one time were important forage 

plants. 

*Economic Grasses. Bull. 0.8. Dept. Agrl. Div. Agrost. 14:25. 
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Iowa BuNCH GRASS. (Sporobolus heterolepis, Gray).—This 

is the most widely distributed of the genus in wild meadows. 

This grass is from two to four feet high and produces a large 

number of slender leaves close to the ground. It is associated 

with Panicum virgatum. Although it has scent glands like 

Stink grass, this is apparently not objectionable as stock is 

fond of it. Mr. Cratty considers: it one of the best of our 

native bunch grasses for forage purposes. 

CHEMICAL COMPOSITION. 

One sample of this grass was analyzed and the results are 

as follows: 

NATURAL CONDITION. 

o 

om deer & 
° o » 
q 2 qo 

: CO le les ‘2 
e $ = cS) ok 
ete Sl a 1 ea sian i 
Ee! ve |) 5 Ga < Sc ee 

CutiSept: 13; 1897 S55... -- 42.06 | .95 | 3.06 | (2 46) | 21.75 | 4.46 | 27.72 

WATER FREE SUBSTANCE. 

; | 1.64] 5.29| (4.37) | 87.55 | 7.68 | 47.84 

The following analysis is added for comparison: 

AIR-DRY SUBSTANCE. 

o 
oO n 

Hi aa | S 
2 5) ° 

orl) eos) = 
4 nl one g 

3 = s oe 5 
SPs i eet | eee. is 
e iPass Sle saie eee (ee 

S. D. (1). Cut Aug. 17, ’92..} 7.90 | 4.82 | 1.65 | 35.11 | 5.65 | 44 87| 4.93 

WATER FREE SUBSTANCE. 

ra | 523] 1.79| 3812] 6.13 | 48.72] 5.37 

DROP SEED GRASS (S. eryptandrus, Gray) is found throughout 

the state in gravelly or sandy soil and is abundant on the loess of 

western lowa, where it forms a considerable part of the herb- 
age. It is a strong rooted perennial but rather wiry. In some 

portions of the United States it is regarded as an important 

forage plant. 

1. Bull. S. D. Exp. Sta. 40:72 
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The Sporobolus longifolius is rather common in dry places 
and gravelly and lighs soils. It affords some forage although 

the plant is somewhat wiry. Common in drift soils along 

railroads. 

Fig. 197. Sporobolus longifolius. Common in dry grounds. (F. Lamson-Scrib- 

ner, Div. Agrost. U. S. Dept. Agrl.) 

CHEMICAL COMPOSITION. 

The sample of this grass analyzed gave the following results: 

NATURAL CONDITION. 

oO 

As od & » 
fo) o 3) 

q = ra as 
3 3 I o oO x 
oo » =| Leo} a) 

ae ol es 2 < Sty aes 
| B ey oO < 6) <a 1% 

50.90 12 2.86 | (1 90) | 18 02 | 4.49 | 23.01 
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WATER FREE SUBSTANCE. 

| 1.47| 5 811 (3.98) | 36.71 | 9.16 | 46.85 

Sporobolus cuspidatus, like otherspecies of the genus, is much 

more valuable during the earlier stages of its growth than 

later. It is extremely common in the loess bluffs from Sioux 

City southward and equally as common above Sioux City on 

the west slope of the river, and presumably common also from 

Fig. 197A. Drop Seed Grass. (Sporobolus cryptandrus). A good grass, although 

wiry. Common in western Iowa. (F. Lamson-Scribner, Div. Agrost. 

U.S. Dept. Agrl.) 

Sioux City north to the Minnesota line. The grass may be 

found occasionally as far east as Ames, Des Moines, and more 

or less common in Kossuth and Palo Alto counties. This 

grass has a well developed root system and is valuable there- 



426 GRASSES OF IOWA. 

fore for holding soil in place. It is, however, of some value 

as a forage plant, especially in its earlier stages. 

MEXICAN SPEAR GRASS (Eragrostis mexicana) is cultivated 
for ornamental purposes. It is a slender branching annual 

and grows from six inches to two feet high, with very large 
open panicles and small leaves. Nothing is known about its 
forage qualities though it seems to be well adapted to condi- 

tions in lowa. 

CHEMICAL COMPOSITION. 

One sample of this grass was analyzed in the Station labora- 

tory: 
WATER FREE SUBSTANCE. 

P | 5 
Stays #3 
qd fo} os 

qd om [Jan} oO hm 

= g o Oe 
==) =] Le} 2 i?) 

3 a = MS n a 

fy a < oO < a 

INOFGESCriptiOny srt oleic re 2.00 |} 1044] (9 96) 31.58 9.90 46 08 

TEFF (Eragrostis abyssinica, L.) Is a native to northeastern 

Africa and there is cultivated for its grain and forage. It is 

an annual, from two to four feet high, and produces a large 

amount of forage. Teff grown on the College farm grew 

vigorously and is apparently well adapted to the dry climate, 
prevailing during the month of August in this state It was 

as green on September first as during the month of June. 

‘This is a branching, leafy annual, having large capillary 

panicles, with many spikelets. It grows rapidly from seed 

and produces a large amount of leaves. Seeds sown in April 

and grown on the Iowa Agricultural Experiment Station did 

not produce seed but a large amount of leafy herbage. 

F. Lamson-Scribner* says: ‘‘Teff occurs in New Mexico, 

springing up after rains particularly in the region about 

Deming, where it is called ‘Crabgrass.’ It is an annual, 

growing to the height of two to four feet, with widely spread- 

ing, many-flowered panicles, and is largely cut for hay.’’ 

CHEMICAL COMPOSITION. 

Only one analysis of Eragrostis abyssinica was made in the 

laboratory and the results are given below: 

* Bull. U.S. Dept. Agrl. Div. Agros. 14:36. 
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NATURAL CONDITION. 

| @ | 2 
= ~ ies 
° 2 S) 

ok wes | ale 
s rai Wea | fee 
Oe calf ean eg ie 
eg he ye eae < & | 4 |e 

Cut in September.......... 58 93 | 1.16 | 3.98 | (2.88) | 14.13 | 449 | 17.31 

WATER-FREE SUBSTANCE. 

| 2.82] 9.69] (7.01) | 34.431 10.94) 42.12 

The following analysis is given for comparison with the one 

from this station: 

WATER-FREE SUBSTANCE. 

fed) 
c3) 

2 He 
2 a3 
c=] 9 oO & 

2 | 3 ar 
= 5 ye) = 2 q 
= oe a -_ m 

oO Ay Fy Z < 

Mississippi, (li crencee ona xectin Shite cee ae | 35.33 | 9 89 | 2.03 | 46.49 | 6.26 

The same sample contained 56.37 per cent of water in its natural condition. 

STINK GRASS (Eragrostis major, Host.) is naturalized from 
Europe and is widely distributed in Iowa. It emits a strong 

unpleasant odor and cannot be considered of any agricultural 

value. The #. Purshii, Schrad, is a native grass throughout 

the state, particularly in flood plains of streams, along road- 

sides and in waste places. It is not regarded as having any 

value for forage purposes. 

GREEN F'0x-TAIL or Pigeon grass (Setaria viridis, Beauv.) is 

common throughout the state. It springs up in corn fields 

after the last cultivation, and affords a small amount of pick- 

ing after the corn is removed. It is, however, of doubtful 

value as a forage plant under such conditions. It is also com- 

mon in stubble fields and when cattle are turned into these it 

affords forage of much greater value. Pigeon grass is native 

to Europe. This annual grass is now extensively naturalized 

in all settled parts of the United States, as well as Australia. 

The spike is quite compact with numerous spikelets, with 

bristles longer than the spikelet. The bristles are green. 

1. U.S. Dept. Agrl., Exp. Sta. Rec. 6:1C1. 



428 GRASSES OF IOWA. 

Fig. 197B. Sporobolus cuspidatus. Common in western Iowa. (Charlotte M King.) 
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(Charlotte M.-King.) A common, weedy grass. Fig. 198. Stink Grass, Eragrostis major. 
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Fig. 199. Eragrostis purshii. A common, weedy grass. (Charlotte M. King.) 



Fig. 200. Foxtail or Pigeon Grass, (Setaria viridis). Common in Iowa. (Charlotte M. King.) 
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The heads or spikes vary from one to three inches long, and 

in some specimens five and six inches long. The seeds are 
slightly pitted and very minutely cross-striated. A single 

head produces an enormous number of seeds. These seeds 

appear to have considerable vitality. Cultivated ground is 

thickly seeded, hence it is almost impossible to remove the 

weed. When fields are sown to oats this plant comes up in 

the fall and late summer, seeding the soil. 

CHEMICAL COMPOSITION. 

The results of the analysis for one sample of this grass are 

given below: 
NATURAL CONDITION. 

o 

a 2 
or tol wD 

| 2 a3 
5 ei \ eo] as oe 
S 3 3 Ss ois s|2f]/e| 23 Sl sae tee 
S em A, < 6) <a |Z 

Sent Ueto iscco eee 7.53 | .68] 2.81 | (2.47) | 11.46 | 4.42 | 18 10 

WATER FRKE SUBSTANCE. 

[ 2.10] 865] (7.31)| 35 30 | 13.72 | 40 23 

The following aaalyses are added for comparison: 

FRESH OR AIR-DRY SUBSTANCE. 

: | g : 
iH | 

>) ° 

a) a | gee 
3 S 3 ae) ie 
Site a ese Spear = 
B <<] & 6) a jo < 

S. D. (l.) Cut Sept. 19, ’91, 
inert ste ee ee ee 7.49 | 11.11] 2.49 | 30.26 | 917 | 39.48 | 8.10 

Tenn. (2.) Cut July 1....... 8.51 | 8 40] 4.92 | 24.35 | 1212 | 41.70 

WATER FREE SUBSTANCE. 

SP (le) natn ona ne en eee 12.01 | 2.69 , 3271] 9.91 | 42.68] 868 
RENN S s(2i) cctercrmactee cio eerste 9.18 | 5:38 26.60 |. 13°25: 4576 Saeee 

YELLOW FOXx-TAIL (Setaria glauca. Beauv.) grows in similar 
situations. The leaves and stems are more succulent and have 

a nutty flavor. It is probably more valuable from an agricul- 
tural standpoint than the preceding species. 

1. Bull. 8S. D. Agrl. Exp. Sta. 40:42. 

2. Bull. Tenn. Agr]. Exp. Sta. 9:90. 



Fig. 201. Pigeon Grass, (Setaria glauca). Com- 

mon in fields. (Charlotte M. King.) 
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CHEMICAL COMPOSITION. 

Only one sample of this grass was analyzed; the results are 
given below: 

NATURAL CONDITION. 

Nitrogen free 
extract Gq 

n 
<q Albuminoids Crude fiber. Protein 

Sept. 11, 1897 80.53 50 2.05 (1.91) 6.86 2.92 7.14 

WATER FREE SUBSTANCE. 

| 2.55 | 10.53| (9.85) | 35.80] 14.49] 37.13 

The following analyses are added for comparison: 

FRESH OR AIR-DRY SUBSTANCE. 

o 
o mn 

m Ba = 
Oo ES fo) 

r= ae ssa 
8 S| 3 4 26 ges 
See cel ee es ood 5 < ce 6) a | 2 < 

SMDERCL cers cc siete 817 |13.40} 1.88 31.25 | 10.53 | 3477] 6.94 
Tenn. (2): 

Nearly Tipe. 006.5: 3.20 | 7.75] 2.80 31.77 5.00 | 47.48 
Washington, D. C. (3): 

Cut July 1, very y’n’g| 7420] 2.80 .60 5.59 4.39 | 12.42 
Cut July 24,e’rlybl’m) 68 40 | 2 29 84 8.14 2.86 ' 17.47 

WATER FREE SUBSTANCE. 

Ss. D (1): 
AAO POO Dee cats cls bass 6 5 siesere 14.59} 2.05 34.03 | 11 47 | 37 86 

CTIBE (G3) zie cite sce da s eee 9.04] 3.93 32.82 5.16 | 49.05 
Washington, D C. (3.) 

Cut July 1, very young..... 1080) 2.30 21.70 | 1700 | 48.10 
Cut July 24, early bloom....| 7.30} 270 25.80 9.00 | 55.30 

Mississippi 7 (40) 5.2 des.aaiyere «tet 16.74) 2.71 35.04 9 20 | 36.31 

The Giant millet (Setaria magna, Griseb.) is, according to 
Lamson-Scribner,* a valuable grass for the reclamation of 

swampy lands along the coast. It has broad leaves and grows 

to the height of ten feet. 

1. Bull. 8. D. Agrl. Exp. Sta. 40:44. 

2. Bull. Tenn. Agrl. Exp. Sta. 9:114. 

3. Bull. U 8S. Dept. Agrl., Off. Exp. Sta. 11:38, 

4. U.S. Dept. Agrl., Exp. Sta. Rec. 6:102. 

*Economic Grass, Bull. Dept. Agrl. Div. Agrost. 14:28, pl. 2. 
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Fig. 202. German Millet, (Setaria italica). a and b, two views of the spikelet 

with three bristles; c, seed. (Div. Agrost. U.S. Dept. Agr.) 

MILLET, OR HUNGARIAN GRASS (Setaria italica) is the most 

important of the species occurring in lowa. Itis cultivated as 

a forage crop in all parts of this state, but chiefly as a catch crop. 

If because of unfavorable weather corn has failed to germi- 

nate, the field is sown with millet. It is usually sown about 

the middle of June, and in sixty or sixty-five days produces a 

good crop of hay, yielding from two to three tons per acre. 

German millet (Setaria germanica) is grown as frequently as 

Hungarian millet, but is not superior to it. 

Williams* says of Hungarian grass: ‘‘This millet first came 

into general cultivation in the middle west. In lowa it won 

favor at once, and as early as 1856 was a most valuable forage 

*Yr. Bk. U. S. Dept. Agrl. 1898:274. 

28 
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crop, particularly on recently broken land. Stems rather slen- 

der, clustered, branching, three to four feet high; leaves 

abundant, rather narrow, upright, typically bright green; 

heads erect or nodding slightly at maturity. Hungarian grass 

does not resist drouth as well as common millet, but with 

favorable conditions of soil and moisture it will usually give a 

Fig. 203. Corean Foxtail Millet. (Div. Agrost. U. 8S. Dept. Agrl.) 

somewhat heavier yield. One reason why Hungarian grass 
has not found more favor with farmers generally is that it 
shows a greater tendency than other common varieties to per- 
sist in the soil when allowed to mature before harvesting. In 

portions of the Missouri valley region, as in eastern Nebraska 

and Iowa, this millet received a great deal of attention from 
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farmers during the seventies and fine crops of hay and seed 

were obtained, but its tendency to ‘volunteer’ brought it into 

more or less disfavor, and it is now less commonly grown than 

common millet or German millet. It seldom becomes trouble- 

some, however, except on light, sandy soils or land recently 

brought into cultivation. On moist, heavy soils, or in regions 

where there is a great deal of wet weather during the fall and 

winter months, it is not likely to make much volunteer 

growth.’’ 
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Fig. 204. Two-ranked barley, Hordeum sativum distichon. (After Hackel.) 

1, Hordeum sativum hexastichon. (B3) group of three spikelets; (B) spikelet from 

behind; (B1) from in front; (K1) fruit from in front; (K2) from behind. (After Nees.) 

2, Common four-rowed barley, Hordeum sativum vulgare. (After Hackel.) 

BARLEY.—Some of the cultivated forms of barley (Hordeum 
sativum, Jessen) are frequently cultivated in this state for for- 

age purposes. When used for this purpose it is cut before the 

seed is ripe. The best time to cut is when itis in the ‘‘dough’’ 

stage. 



Fig. 205. Squir-el-tail or wild barley; b, spikelets; c. d. flower. (Charlotte M. King.) 
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Something should also be said about squirrel-tail grass 
(Hordeum jubatum, L.) as a forage plant, since it is so common 

in all of our pastures and meadows. The farmer no doubt 

would prefer not to have the grass in his meadows, but, as he 

cannot help himself, ths best that can be done is to allow the 
cattle and horses to eat the young leavesand stems. Itis only 
of use early in the season (May) and late in the fall. If abun- 

dant in the pasture it should be cut when the heads appear. 

CHEMICAL COMPOSITION. 

The chemical composition of Hordeum jubatum may be shown 
in the following analyses made in this laboratory: 

Sample 1. Collected May 20, 1896, height 10 to 15 inches. 

Sample2. Collected May 26, 1896, height 23 to 24 inches. 

Sample 3. Collected June 5, 1896, height 23 to 24 inches. 

Sample 4. Collected June 17, 1896, height 24 to 25 inches. 

NATURAL CONDITION. 

5 o 

eras 2 
3g re a6 

‘ 1% eer go 
8 3 3 = sleet 
8 = 2 = 5 a | 8% 
BS es Ma, < Ot | rec ie 

SH We sooworadh apanoa de 80.51 97 4 33 | (3.00) 713 | 2.19 | 4.87 
SamipleyZiehiscta= ae cde ed ere 72.60 | 1.59 | 3.38 | (2.36) | 10.10 | 235 | 9.98 
Sample tsyencrs< fs wicieiere sbacere 67.97 94] 3.74 | (2.75) | 12.47 | 270 | 12.18 
Samp leva ae seis etaeies 54.39 | 1.68 5.80 | (3.76) | 17.85 | 4.00 | 16.28 

WATER FREE SUBSTANCE. 

Samplers. swe cscs cewek hae 4.97 { 22.2L |(15 43) | 86.59 |11.24 | 24.99 
SAMS Ze ye pects. sickecere oie siete coves enero fats 5.82 | 12.36 |( 8.62) | 36.90 | 8.46 | 36.46 
SHO Tay Oey S Se tereesiey cues ear COATED 2 94 | 11.78 |( 8.57) | 38.92 | 8.43 | 37 93 
SHind DI ee som oes Bar pe oon oe n oar 3.69 | 12.71 |( 8.24) | 39.14 | 8.78 | 35.68 

In these analyses we notice the genera] tendency for the 

amount of water to decrease as the plant matures. In the 

water free substance there is found to be an irregularity in the 

amounts of fat present in the substance, the largest amount 

being in the sample taken May 26, 1896. The largest quantity 

of protein is found in the young sample, ard the same sample 
contains the largest amount of albuminoids, 15.43 per cent. 

The samples, with exception of the first, show almost the same 
quantities of protein and albuminoids. The quantity of fiber 

present increases slowly as the plant matures, and the nitrogen 

free extract varies and its regularity is not dependent on the 
maturity of the plant. 
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The following analyses are given for comparison: 

NATURAL CONDITION. 

oO 
- ao 

i) om 

S a3 
j rs el og 

8 a ieee ae 
See ces a eee 
= A, 6) ae ee 

Iowa (1): 
(1) Young, 34 to 4 inches high. .|*62.29 | 2.06 | 9.39 | 8.70] 4.94 | 12.62 
(2) Somewhat older than No. 1..| 64.35 | 1.48 5.37 | 10.20 | 4.52 |.14208 
(3) Mature'prags... 27 2... s0.-2-< 56.92 | 1.52 | 3.89 | 14.68] 4.87 | 18.12 

South Dakota (2): 
Collected July 1, 1891........... | 9.73 | 2.59 | 9.84 | 28.66 | 8.22 | 40.96 

WATER FREE SUBSTANCE. 

ING: 1 lowercase: . soto howe eae eee 5.45 | 24.91 | 23.07 | 13.11 | 33.46 
INO LO Wik Nereis siete eocae ane onto 4.14 |} 15.07 | 28.61 | 12.68 | 39.50 
ING <SeLOWAt is Rice econ 3.52 | 9.04 | 34.08 | 11.30 | 42.06 
South: Dalkotar(2). oer ce. sewtcs.cus ere eis atel sree 2.87 } 10.90 | 31.75 9.11! 45.38 

RYE (Secale cereale, L.) —Farmers do not fully appreciate the 

value of rye asa forage plant. It is an excellent grass and 

makes a good, firm hay, relished by stock of all kinds. It 

should be sown early in the fall, the first week in September, 

and ina month is ready for pasture purposes. It will stand 

a moderate amount of grazing when four or five inches high, 

and this can be kept up through the winter and early spring, 

and affcrds some good picking in April, two or three weeks in 

advance of bluegrass. It should be pastured cautiously. 

Sheep will not injure the stand as much ascattle. It has been 

used more extensively in the south than in the north for forage 

purposes. 

To illustrate the chemical composition of Secale cereale the 

following analyses were made: 

Sample 1. Collected April 21, 1896, 12 to 13 inches high. 

Sample 2. Collected April 29, 1896, 20 to 24 irches high. 
Sample 3. Collected May 4, 1896, 30 to 32 inches high, just headed. 

Sample 4. Collected May 11, 1896, 30 to 36 inches high, rusted some- 

what in places, just headed 
Sample 5. Collected May 21, 1896, 35 to 40 inches high. 

Sample 6. Collected June 3, 1896, 47 to 48 imches high. 

*This sample was partly dry when received. 

1. Bull. Ia. Agrl. Exp. Sta. 30:320. 1895. 

2. Bull. 8. D. Agrl. Exp. Sta. 40:156. 
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WZ 

Fig. 206. Rye, (secale cereale). (Hackel.) 

NATURAL CONDITION. 

eXejsaie= (S10, c ‘6.\0) O00 16}01010,0; 0.0, 616 

441 

As = E 
: 3 Fr) AS 

5 a = a oS 
Es) 5) = 2 os 
~ ~~ = =} . i i 

= = z <= im a |so 
S & A < S < |Z 

AHS ADRES ROR OSE 86.02 84 | 3.94 | (2.¢2) 2.94 | 1.69 | 4.57 
eee NE Le sd eget ae tee 85.42 .80 3.11 | (2.20) 3 52) | 84 | bea 
Bere raschahota sn oforayerte clos 84.87 ail 2.18 | (1.82) 4.25 | 1.68 6.29 
aie Saenakegarauarcts eneterClaue tits 76.81 91 2.50 | (3.39) 7.85 | 1.91 | 10.02 
Siatiayad atest eNeare lar keratore tele 81.61 .82 1.76 | (1.58) Groomer ad 7.01 
eichaist choral deiekersiake, cake 76.91 69 | 2.79 | (1.60) 8.57 | 1.69 | 9.35 

WATER FREE SUBSTANCE. 

sus jelebokevGvs' cr oleraicle ore tbeiote he alates 6.03 | 28.17 |(20.95) | 21.03 {12.11 | 32.66 
a A etbalctonsiehote. Male tes nrebe Rien stents | 5.48 | 21.36 |(15.10) | 24.16 {12.65 | 36.35 
telah oYeseh. svelaaKave 2 oie ekatetelatenozere 4.80 | 14.37 |(10.03) | 28.13 |11.08 | 41.62 

BN aicua\/eahous:valece) sts Aietehayensicvemins 3 94 | 10.65 |(10.31) | 33.87 | 8.22 | 43.32 
sterols. oles PuaIs! staiale) aide saceherstatele ot 4 45 9.54 |( 8.61) | 34.49 |13.43 | 38.09 

3.00 | 12.08 |( 6 92) | 37.10 | 7.31 | 40.51 
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It will be noticed that the amount of water varies from 76.91 

to 86.02 per cent. This change in the amount of water is not 
a constant one and is rather irregular. In the water free sub- 

stance there is a decrease in the amount of fat as the plant 

matures, with the exception of sample five, the decrease being 

from 6.03 to 3.00 per cent. In the percentages of protein we 

find that it varies from 28.17 to 9.54 per cent, and that the 

decrease is a constant one with the exception of the last sam- 
ple; however, in the albuminoids we find that the change is 
from 20.95 to 6.92 per cent, which is a constant decrease as 

the plant matures. In the crude fiber we have a constant 
increase of the amount present in the grass as it matures from 

21.03 to 37.10 per cent. The ash present in the grass varies 
from 7.31 to 13.43 per cent and is very irregular. The nitrogen 

free extract is also irregular in its changes and varies from 

32.66 to 43.32 per cent. 
The following analyses are added for comparison with the 

above: 

NATURAL CONDITION. 

o 
o 

apr = 
3) o 

; hal eal ees 
me oon aor o 
o o ok iS : 
» — a>) ° 

= Sr alates po «| fe ies 
5 ct et aaa Oo | <a | & 

Tenn. (1): 
Green fodders, sown in Sept. 

used for soiling in winter.....| 7152 | 4.61 | 14.25 | 7.08 | 128] 1.26 
INoadescriptlonts: + seen *0.26 | 4.38 | 8.79 | 3.48 | 2.20 .89 
INO deseriptionl. 85 0/65 ss 3 cscs 82.25 | 3.52 | 7.26 | 4.38 | 1.97 62 
INGIGeESCriptiony.;:< ns.0s.ssee a: 7953 | 2.35] 9.91 | 5.72 | 193 56 
Average Of four. a... «2-251 78:39 | “.TL. | 10:05 |) 6.17 86 83 

WATER FREE SUBSTANCE. 

Samples in same order as those above. 
16.17 | 50.03 | 24.87 | 4.52 | 441 
22.17 | 44.51 | 17.67 {11.15 | 450 
19.85 | 40.86 | 24.66 |11.12 | 3.51 
1149 | 48.39 | 27.93 | 9.44 | 2.75 
17.42 | 45.95 | 23.78 | 9.06 | 3.79 

SORGHUM (Andropogon sorghum Brot.) is coming into more 

general use as a forage plant in this state. A great deal of it 

is now grown in Shelby and Jones counties for forage pur- 

poses, but its cultivation for that purpose does not compare 
with the area devoted to it in Kansas, as shown by Coburn.* 

1. Bull. Tenn. Agrl. Exp. Sta. 9:100. 

*Corn and Sorghum Rep. Kansas State Board of Agrl. 1896: 115:31. 
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a and b, ears enclosed by husk; Teosinte, (Euchleana mexicana). Fig. 207. 
(U.S. Dept. Agrl. A valuable forage grass. ce and d, views of grain. 
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The amount of fodder produced is very large and it is of excel- 

lent quality. It is one of the best grasses for soiling pur- 

poses. A related grass, Andropogon sorghum var. halepensis, 

is the Johnson grass so well known to southern farmers. 

While Johnson grass is a valuable forage plant, it is decidedly 

objectionab'e where alternate husbandry is carried on, as it is 

almost impossible to remove it. It has been tried in this state, 

and on the Colleg3 farm at least it does not persist. The cold 

wiaters kill it. 

TEOSINT (HLuchlena mexicana, Schrad) is a native of Mexico 

and Central America and in recent years has been distributed 
by many seedsmen. Small fields of it may be seen here and 

there in the state. It is a stout leafy annual growing eight to 

twelve feet high and in the variety usually planted tillers, so 

that a1 enormous crop may be produced on an acre. It re- 

sembles corn in many respects. It produces a fine quality of 

forage and is an excellent plant for soiling purposes. 

Maize. The value of Zea mays, L., (Maize or Corn) as a soil- 

ingcrop has long been recognized by agriculturists. Largeareas 

in Canada and in our northern states are cultivated solely for 

fodder purposes and the areas used for this purpose in Iowa 

are constantly increasing. A large amount of forage is annually 

being wasted in this state. In 1895 the acreage of corn in lowa 

was 8,648,804 acres.* Probably not one-tenth of the corn fod- 

der was saved. The value placed on corn fodder is about 
three dollars an acre, so that the annual corn fodder product 

in Iowa is worth about $30,000,000. Labor-saving machinery 

is revolutionizing the corn fodder question and the best farm- 

ers are now relying on corn fodder for coarse forage. It is 

poor economy to husk the corn and leave the stalks remain. 

Although cattle may obtain some forage for a few weeks, it is 

of poor quality, much of the digestiole nutrient substances 

being lost when corn remains standing in the field. The 

drouthy year of 1894 indicated to the Iowa farmer the great 

value of corn stover. Before many years the larger propor- 

tion of our corn stover will be saved and the farmers of Iowa 

will add many million dollars to the wealth of the state. Dur- 

ing the year 1900 it was not an uncommon sight to see more 

than half of the corn fodder saved for forage in central Iowa. 

In another connection I have called attention to the use of 

Cat-tail grass (Pennicetum typhoideum) which is a well known 

*Census of Iowa for the year 1895. 
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Fig. 208. Maize grown for soiling purposes. 

cereal plant of Spain and Africa, but it has also been highly 

recommended as a forage plant. It has not been grown in 

Ames, but in south central Iowa it has been tried with some 

success. Mr. Charles N. Page of the Iowa Seed company 

says: 
‘Tt isa wonderful forage plant of great productiveness, 

unexcelled, if equalled, by any other plant for its quick growth, 

immense size and splendid quality, and it is thought that it 

will prove of much value to stock farmers. It has been im- 

proved and acclimated so that it not only produces an immense 

crop of fodder, but will produce a good seed crop as far north 

as central Iowa. It is usually planted as soon as the ground 
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becomes warm, about corn planting time, and it begins to 

tiller or stool out at once. It grows to a height of twelve or 

fourteen feet. As mavy as forty-three large leafy stalks 

have been produced from one seed. At a distance a field of 
Pencillaria looks like mammoth timothy. The heads are only 
about an inch in diameter, but range from ten to sixteen 

inches in length and are closely set with thousands of small 

seeds. If allowed to grow until the flower heads begin to 

develop, before cutting, it is claimed that it will yield the 
heaviest crop of any fodder plant in cultivation. The best 

way to handle the crop is to mow it when from three to six 

feet in height. It will immediately start up again and can be 

cut several times during the season. One farmer who made a 

careful test says he sowed the seed on the fifteenth of May in 

drills eighteen inches apart. In twelve days he cultivated the 

crop once and it grew so rapidly after that time that it smoth- 

ered out a!l the weeds. His first cut was made July first, 

forty-five days after sowing the field. The crop was about 

seven feet high and it weighed, green, thirty tons per acre, 

and when dry gave six and one half tons of hay per acre. The 

second growth was cut on August fourteenth, when the plants 

were nine feet high, and the crop weighed fifty-five tons per 

acre gre-n, and eight tons dry. The third cutting was not 

made until October first. It weighed ten tons green, and one 

and one-half tons dry, thus making a total crop of ninety-five 

tons per acre of green fodder and when dried sixteen tons of 

hay.”’ 

I have not seen this grass under cultivation in this state, 

but it may be grown for the same purpose that teosint is and 

will prove valuable for soiling purposes. It has proven a val- 

uable forage plant in other sections of the United States, 

especially in the south. 
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Pennicillarea. (Lowa Seed Co.) 
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Weeds of Pastures and Meadows. 

In considering weeds of pastures and meadows one needs to 

have a clear understanding of what is meant by a weed. A 

weed has been defined as a plant out of place; this concise and 

short definition meets all the requirements. 

We must first of all inquire what causes weeds to grow in 

pastures and meadows. In well-kept pastures and meadows 

weeds are seldom troublesome, but in thcse not well-kept the 
weeds are certain to appear. A pasture without a weed is not 

possible. It has been said that when land is well farmed 
weeds cannot survive. In alternate husbandry weeds ought to 

succumb rapidly, but in pastures and meadows it is more diffi- 

cult to remove them. Weeds will only grow where there is 

room, where they can obtain plenty of suushine and light. 

The more room, the more vigorous will the weed grow. Bailey 

says, ‘‘Ground may be covered with a given plant, and yet a 

species of wholly different character and habits may thrive 

along with it. If weeds, then, are to be kept out of grounds, 

the land must not only be occupied with some crop, but with 

a crop that will not allow the weed to grow with it.’’ Now the 
first condition of weediness of meadow or pasture is the 
destruction of the turf. This is done by overstocking, or the 

effect of cold or drouth. The effect of overstocking is seen on 

the plains I have elsewhere alluded to, the conditions now pre- 

vailing in Texas. In western Nebraska, Colorado, South 

Dakota and Wyoming many valuable forage plants thrive, 

although under adverse climatic conditions. In their prime, 
before the range industry took hold, they supported a large 

number of cattle, but too close grazing and tramping has 

materially changed the conijition of our western ranges. The 

valuable grasses have been killed in many cases. Toumey 

says: ‘‘In the early days of our great west almost the only 

method of travel from the Mississippi valley to our western 
coast and intervening points was by caravan. Wagonos drawn 

by horses acd cattle were several months in making the jour- 

ney. During this time they subsisted almost entirely upon the 

/ 
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natural forage afforded by the country traversed. For the 

most part this consisted of perennial grasses which at that 
time were everywhere abundant. The whole of the west was 

then a great open pasture, unstocked save for the herds of 

buffalo, deer and antelope. Many regions which were then 

covered with a luxuriant growth of grasses are now entirely 

destitute of vegetation, if we exclude a few straggling, stunted 

bushes and the yearly crop of annuals which follow the sum- 

mer rains. As a more specific case, the rancher who drove 

the first herd into Tonto basin, in central Arizona, found a 

well-pastured valley, everywhere covered with grass reaching 

to his horse’s flanks. In passing through this region a year 

ago scarcely a stalk of grass was to be seen from one end of 

the valley to theother. This transformation has taken place 
in a half score of years.”’ 

Many of our most important native forage plants are per- 
ennials which naturally grow and acquire their maturity slower 

than annuals. The grasses which formerly covered so great 

an area of the west were years in developing their root sys- 

tems, and in not a few species the stems were of several years’ 

growth. In this article the author goes on to say that it will 

not be many years before the natural range grasses are a thing 

of the past. ‘‘Last year, in passing over a large unwatered 

area north of Prescott, miles of country were found to be covy- 

ered with grass, while in much more favorable localities, in 

the vicinity of water, these species have entirely disappeared.” 

The same facts are illustrated in the Mississippi valley. In 

many parts of Wisconsin sand prairies arecommon. My father 

often spoke of the abundance of wild forage in the early days. 

When he came to La Crosse, in the early fifties, the lower 

places we’e covered with a dense mass of nutritious grass. 

Now they yield almost nothing. The prairies of Iowa, before 

they were fenced and pastured, contained immense quantities 

of valuable nutritious grasses. Our pasturing has nov only 

caused these grasses to diminish in quan ity, but they are 

gradually being replaced by weeds and, in some cases, inferior 

grasses. Buffalo grass (Buchloe dactyloides) and Gamma grass 

(Bouteloua), once abundant in the west, are rapidly disappear- 

ing as an element in native forage plants of Kansas and other 

western states. 

As a result of the overstocking of pastures, weedy annuals, 

like Southern Poverty-grass, Foxtail and Squirrel-tail grass 



Fig. 209. Golden rod, (Solidago canadensis). A common weed in prairie pastures. 

Fig. 209a. Golden rod, (Solidago rigida.) A common species in upland prairies. 
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spring up and take the p'ace of the better perennial species, 

or the na‘ive ragweeds and verbenas spread and occupy the 

soil. All of these have become so plentiful that farmers 

remark on their more frequent occurrence now than in former 

years. Several rank-growing weeds are abundant in meadows 

and pastures of western Iowa. Sunflower and Marsh Elder 

find in the rich alluvial soil of the river bottoms a most con- 

genial place for their development. They are especially 

troublesome on land that is often flooded during spring fresh- 

ets. In addition to these the pastures throughout the state, 

especially in the fall or autumn, are troubled with weeds like 

Goldenrod. The large yellow flowered Goldenrod (Solidago 

rigida) is extremely common in native pastures after the cattle 

have been running all summer. Sometimes these pastures 

present a mass of yellow. Then again the S. canadensis is 

extremely common in similar situations Attention should be 

called to this goldenrod since a few years ago there was con- 

siderable discussion in veterinary papers and Garden and Forest 

Fig. 210. Wild sunflower, (Helianthus grosse-serratus). Common in low meadows. 

29 
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in regard to the poisonous effects* of these plants. Chestnutt 

has recently discussed the question and thinks that the 

poison resides in a fungus that grows upon the leaves of the 

goldenrod. In low lying meadows, especially along streams, 

Fig. 211. Muhlenberg’s smart weed, (Polygonum muhlenbergii). A trouble- 

some weed in low grounds, 

a large sunflower, the Helianthus gross-seratus, is common, some 

times forming large yellow masses. Where this sunflower 

grows in large quantities, little forage is produced. In the 

low-lying districts, especially swampy ground, smart weed 

*J L. Scott. Goldenrod Killing Horses. Garden and Forest. 8:477. 

+Preliminary Catalogue of Plants Poisonous to Stock. Rep. Bur. of Animal In- 

dustry. 15:393. 
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(Polygonum muhlenbergii) is common. This persistent perennial 

with scarlet flowers produces very long, thick, stout root 

stocks. It grows so thickly that grass is not produced. 

Another weed which occurs in our low wild meadows is the 
thistle (Cnicus iowensis). This biennial weed makes very 

little growth the first season, but the second season sends up 

a large, much branched stalk and produces numerous purple 
flowers. The allied bull thistle (Cnicus discolor) is especially 

troublesome in pastures in the timber lot. It frequently grows 

in such large masses as to become decidedly noxious. Stock 

Fig. 212. Common wild thistle, (Cnicus discolor). Common in meadows and woods. 

carefully weed around this plant, thus permitting its seed to 

be sown broadcast in the field. Occasionally this weed may 
be also found in meadows. 

The eastern ox-eye daisy (Chrysanthemum leucanthemum) is 
as yet a rare plant in meadows or pastures of this state. This 
perennial flowers during the early summer months. The large 

white ray flowers are very conspicuous, and though a most 

beautiful plant it is a most pernicious weed in the meadow. 

Another plant which has recently come into notice as a 
troublesome weed is the rib plantain (Plantago lanceolata). 
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L.R.Skowell de®, 

A most pernicious weed in many meadows of the state. 

(Div. Bot. U. S. Dept. Agr ) 

Fig. 214. Dock (Rumex crispus). 
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This has been brought into the state with clover seed. It is 

much more common in the east than in the west and is quite 

easily recognized by its perennial habit and its long leaves, 

which are close to the ground. The flower stalk is grooved- 

angled from one to two feet long. It bears a cylindrical spike 

of flowers somewhat like the common dooryard plantain but 

much shorter. Like many of our other troublesome weeds, 

this is native to Europe. 

Auvother European vagrant, the sheep sorrel, (Rumeax aceto- 
sella) is widely distributed in this state. This weed spreads 

freely by its running root-stocks which accounts for its appear- 
ance in mats. There is a widely prevalent opinion that ground 

upon which it grows lacks lime. This is, however, far from 
correct as the weed is very common in soils which contain 

large quantities of calcareous matter. 

An ally of the above is the curled dock (Rumex crispus). 

This pestiferous plant is widely distributed throughout the 

state and does much injury in meadows and pastures. * 

The best method of destroying this weed is to pull it up by 

twisting the root and giving it a jerk. Several other species of 

dock are common in low meadows, especially the Rwmex altis- 

simus. 

Sneeze weed (Helenium autumnalet), is a nearly smooth per- 

ennial from two to six feet high, with yellow ray flowers. It 

is extremely common in low grounds in many portions of the 

state. This weed has sometimes caused much alarm among 

stock men, as it is said to be very poisonous. 

Prickly lettuce is another weedy member of the same order. 

It has become very common in many parts of the state. Al- 

though reported more than a quarter of a century ago by Dr. 

Gray, naar Cambridge, Mass., it did not become general until 

1885 to 1889. Prickly lettuce (Lactuca scariola), is a close kin 

to the cultivated lettuce. It is easily recognized by its prickly 
or bristly stem, the prickly mid-rib of the leaf, the milky 

juice of the plant, and panicled inflorescence. The heads con- 
tain small, yellow flowers. This plant, when growing in open 

ground, is a compass plant, presenting two faces to the light. 

This is due to a twist in the leaf at the base where it is attached 

to the stem. Some years ago Dr. J. C. Arthur{ gave a full 

account of this weed. 

*Iowa Homestead, 1898:1. Jl. 
+ Lowa Homestead, 1893: 13 Ja. 

+ Bull. Indiana Agr. Exp. Sta. 52. 



Fig. 215. Milkweed, (Asclepiax cornuti). Oommon in meadows. Often troublesome. 

Div. Bot. U. 8S. Dept. Agrl.) 



(Div. Bot. Common in some meadows. 
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Two weeds of the morning glory family are common in this 

state. One, the common Huropean bind-weed (Convolvulus 

arvensis), is common ia Missouri and Illinois, and is 
gradually making its way into lowa. The writer has 

observed it for several years in a meadow near Ames. The 

common morning glory (Convolvulus sepium), is very closely 

allied to the European morning glory, and is common in low 

meadows where it has long been known as a persistent, 

troublesome weed. It differs from the European bind-weed in 

its much larger flowers and its longer twining stem. Not only 

does it shut out the light from the grass around which it 

grows, but it reoders the hay less valuable. There is no 

method of exterminating this weed except in cultivated fields 

and then it needs the most careful attention. It must be taken 
up root and all or it will not subside. 

Another common weed of low meadows is milk-weed (Ascle- 

pias cornuti). This has adeep, perennial root, opposite, oblong 

leaves which are soft and velvety on the lower side. The 

flowers are borne in large unbels, having twenty or forty in 

each cluster. They are light purple in color. The fruit is 

what is known as a follicle and two or three of these occur 

in one cluster, each follicle having hundreds of seeds. 

Another troublesome weed; in places, is the horse nettle 

(Solanum carolinense), which spreads not only by its roots but by 

seed as well. It is a deep rooting perennial which propagates 

freely by its ucderground root-stocks. These rvot-stocks are 

oft n three feet long. The character of the plant is well 

shown in the accompanying cut. The corollais light blue or 

white, and resembles that of the potato.* 
A plant allied to the above is the buffalo burr (Solanum ros- 

tratum), which is an anuual, growivg from one to two feet 

high but very bushy in its habits. Buffalo burr is a prickly, 

hoary plant with greenish yellow somewhat divided leaves 

and bur-like berries. The flowers are yellow. This plant 

only grows in open places in the meadow, and would not occur 

if the meadow were kept in the right condition. + 

Cowbane (Cicuta maculata). This plant belongs to the same 
family as the carrot, parsnip and celery and is a frequent 

inhabitant of low meadows in this state. It is easily recog- 

nized by its white flowers borne in umbels. The roots of this 

* Pammel, Bull. Ia. Agr. Exp. Sta. 432:130 

+ Pammel, Bull. Ia. Agr Exp Sta. 28. 
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plant occur in bunches, e. g., fascicled. They taper at the 

lower end. On cutting the roots a sharp, pungent odor is given 

off, intensified by boiling. In addition to the frequent cases 

of poisoning of human beings, cattle are not infrequently 

killed by it. Such a case was investigated by the writer some 

years ago, where a number of cattle died from the effects of 

eating the roots of the plant that grew in a meadow near a 
hay stack.* 

2 oe ty 
St ce 

Fig. 217. Cowbane, (Cicuta maculata). Common in low meadows. Poisonous. 

(Div. Bot. U.S. Dept. Agrl.) 

Squirrel-tail grasst has long been a troublesome weed in 

many parts of lowa, Wisconsin and Illinois, and is one of our 

worst meadow weeds. Though originally a native of the sandy 

seashores from Nova Scotia to Maryland, and the upper great 

lakes, it has spread from the great lakes to adjoining prairie 

country, and now may be said to be common from the great 

lakes to the Rocky mountains, although there are several 

allied species in the Rocky mountain country. This weed is 

*Pammel, Bull. Ia. Agr. Exp. Sta. 28. 

+Orange Judd Farmer, 1894:23 JI. 

Bull. fa. Agr]. Exp. Sta. 31. 
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troublesome in both pastures and meadows. In the former it 

mInay be removed by cutting the plant before it is mature. It 

freqently causes injury to cattle, and even death. 

Sweet clover (WVelilotus alba) is one of the most common 
weeds in some pastures of the state. It is a large, tall and 

much branched annual with small white flowers. During the 

time of flowering it is extremely fragrant. It is regarded by 

bee keepers as a valuable honey plant, but for the north is not 

Fig. 218. Buffalo burr, (Solanum rostratum). Occurring in alluvial bottoms 

and insome meadows. (Dewey, Div. Bot. U. 8. Dept. Agrl.) 

considered a valuable plant for forage purposes. In the south, 

however, it is valuable for reclaiming waste land, as it grows 

not only on rich soil, but thrives on the poorest kind of land. 

Professor Tracy commends it as a soil renovator. Professor 

Goff also recommends it as a soil renovator. In this state we 

must regard it as a weed, in spite of the fact that the plant is 

useful as a soil renovator as well as a honey plant. 



Fig. 219. Sweet clover, (Melolotus alba). Common weed in many sections of 

the state. (Div. Bot. U.S. Dept. Agrl.) 
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A few members of the mustard family are troublesome in 

meadows and pastures of this state. One of these, pepper 

grass (Lepidium apetalum), is abundant throughout the state, 

especially in timothy meadows. The flowers are small and 

greenish-white; the seeds are light brown, elongated, with a 

prominent ridge on one side. This weed is frequently found 

in timothy seed. The brown color of the seed attracts the 

Fig. 220. Horse nettle, (Solanum carolinense). Troublesome weed. When once 

established, dificult to exterminate. (Dewey, Div. Bot. U. S. Dept. Agri.) 

attention of the seedsmen. Prof. P. H. Rolfs* identified this 
as one of the chief admixtures in timothy seed. 

Canada thistle (Cnicus arvensis), though common in eastern 

meadows, is as yet not common in the state, although it some- 

times occurs in meadows. It differs from other thistles in its 

small ‘‘flowers,” leaves, and the perennial character of the 

plant. 

*Bull. la. Agr]. Exp. Sta. 13. 
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CHEMISTRY OF FOODS AND FEEDING. 

The value of any substance for use as a food depends 
largely upon two important factors; first, that of chemical 

composition, and second, the digestibility of the constituents 

which form the substance. 

In connection with the study, the idea of food implies the 

fact that the material has in it certain constituents which the 

animal can use and under certain conditions they will become 

available to supply the demands of the various parts of the 

body so that a condition favorable for existence and growth is 

maintained. 

These demands, which nature makes upon an animal in 

order that it may live, are largely in the form of heat to keep 

the body at a certain temperature, material to supply the mus- 

cular force in order that they may exert themselves when 

necessary and for the growth of the body. 

The constituents which are found in the various foods may 

be classed as follows: 

Water. 
INORGANIC + Salts, such as common salt, phosphate of lime, carbonate 

of potassium, ant other salts. 

ORGANIC § Nitrogenous, such as curd in cheese, albumin in egg, ete. 
ies { Non-nitrogenous, such as starch, sugar, fats, etc. 

As an illustration, if we should make an analysis of a sub- 

stance such as gluten meal, the results would be stated after 

the following outline: 

IWiStOr pectic Picea iaiioaeeecin a eieielos 9.93 ) 
AUD eters saad sisie arti oas tow ietivaie aie ea 2c incres 13.46 | 
FPOUC WS 2 cere eet ie alas era e acle eeeaiee 33.34 } Containing albuminoids 33.10. 
Wrudoiiber: cara) eos ase eee 33.10 | 
PARSING ote 2h aro%erwictteleoietare meaner s1aicrs coo ares coon ie 1.04 J 

The amount of water present in a substance varies largely 

according to the nature of the substance, whether green or 

dry. The term fat is that part of the substance which is 

extracted with ether. This extract is also known as crude fat 

from the fact that the ether extracts the waxes, coloring mat- 

ters, besides the fat that is present in the food. The term 
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protein is used to designate that part of the substance which 

contains nitrogen and which may be called the nitrogenous 

part. 

Albuminoids are those substances which form the most use- 

ful parts of the protein substances. The protein substances 

which are not albuminoids have the nature of substances 
which are called amides. These amides sre of much less 

value for food purposes than the albuminoids. 

Crude fiber is the more or less indigessible or woody parts 

of the food. 

Ash is that part of the food which remains after burning 
and consists of the salts found in the food substances 

The action of the digestive system may be compared to a 

process which is a combina ion of grinding, crushing and ex- 

tracting substances in order to obtain the useful parts. 

The food is first taken into the mouth where the teeth grind 

and crush it, breaking it into small pieces and mixing the 

resulting mass with the saliva. The saliva is a substance 

which is largely water but there is a peculiar ferment called 

ptyalin. This ferment when it is mixed with any substance 

containing starch commences to turn it to sugar. As an illus- 

tration, in order to show its composition we may take the 

analysis of the saliva of various domestic animals; the results 

being stated in parts per 1000 (*). 

HORSE. 

VETO ss Om oa tt SE RIS OTERO aS iC CE, ARE on ne Ee Roe a ee ae OE 2 992 00 

inte Tesh NG alia Vi trite) See Neye ances oootete. c ovaah maine oho sore cube bet ed nse fav wd ide 2.00 

PMN cai CRCALDONBLE Nat ce cicrncutior cio cin chao are layer SEs Ookavs aici roses aero aise 1.08 

PM Kui eC LORIMSS ai sce leitlercieke sic Oa ll a rcicy Wolee BIG GR elo ooh iata le es aeciee sites 4,92 

Alkaline phosphates and phosphates of lime........................ trace 

ATO bch eeeueeneet rapes rape corer oacrolin ce Pearce tel Bere Mera loic ia MEA MePNAD slate wraaee ne oe 1000 00 

Cow. Sheep. 

\WW/ GIRS be riobeeS Gewese Gon Oe O as SOA ncnD SEE eS AR rae aaer 990.74 989.00 

ITC TT SF ATT Cee lO TYTN years rclonseeta oudisccece setioia seco icielabeleuhovevs cis 44 ; 1.00 

PMN VOSS CAT OONALERN Ge eich tolclele ceisler atin bias tesleve.ciateisiessoelne 3.38 3.00 

PMiicalirrewciMlOrntdes: Soartetcctersctats cscied ete eereene, ols Glosiasice 2.85 6.00 

PELE INS PHROSPHAESia. apes ristec ee lec s cielo cine Ses cieine becuse 2.49 1.00 

PAPOSISE LCS OL MING, Ze. 0als Acrystas, che oa7s aioe siete be esl s\s io wide w oe 10 trace 

TEST pg ane ae at a hc Piso 1000.00 1000.00 

In the mucus and albumin present there occurs the ferment 

called ptyalin. This ptyalin is always present in saliva, even 

* Smith, Physiology of Domestic Animals. 271. 
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occurring in the saliva of very young children, and also is 

generally present in the saliva of other animals, with the pos- 

sible exception of the dog. 

The time of action of the saliva on thse food varies with the 

nature of the animal; in man it is quite short, but in other ani- 

mals such as the cow, the food is passed to the first compart- 

ment of the four-chambered stomach, and when a supply of food 
has been gathered it is returned to the mouth to be thorougbly 

ground and crushed by the teeth and well mixed with the 

saliva. It then passes to the other parts of the stomach for 

further digestion. In the horse the crushed and ground mass 

which has been thoroughly mixed with saliva passes to the 

stomach, where the ptyalin acts for a while and the juices of 

the stomach are apparently withheld in order that the change 

of the starch to sugar may continue for a time. 

The ptyalin acts at a température slightly above 104° F. 

Small quantities of free acids will prevent the ptyalin acting 

on starch. Some salts like magnesium sulphate in very small 

quantiiies accelerate, while larger quantities hinder, the action 

of the enzyme. 

The glands in the mouth which secrete the saliva are the 

most active inthe animal body, secreting as they do eight to 

fourteen times their entire mass in saliva. The food, after 

having been ground and mixed with the saliva, passes to the 

stomach*. Here it meets with a condition which is entirely 

different from that in the mouth. In the stomach we fiad a 

liquid called the gastric juice. It is similar to the saliva in 

containing a large quantity of water, as may be seen in the 

following analysist (parts per 1000): 

Human. Dog. Sheep. 

AW LGC TSS Saye tp etctre clap iay sfeoliohe aytsie Srciasyanststel late Peretoge 994.404 973.062 986.143 

Oreanic substance! sjaic-<.c.-e') = slass cle cise 3.195 17.127 1,234 

Ely GrOCHLOLIC TA CIC ie aie -ters) evoistevereis sc,c.0 se taisioic .200 3.050 1.234 

Calciumecblorid em rrrimcte css clacton cer .06L 624 .114 

Sod um Chloride wiactersis.c/cei cs scieteracisteriotetccre 1.465 2.507 4.369 

Potassiumechlonid@ mentee cciccc cies cnt cree .550 1.125 1.518 

Ammonium ‘CHIOLIdG Aisi. 52 dsc wcioccc cic sls a atete 486 .473 

Calcium phosphatericrccecsit jae cieroetts ctr 

Magnesium phosphate...............--. 125 .226 OTT 
BIEFT iC PHOSPHAtE sects necein. ow cele cts soy 

* The saliva also acts in a mechanical manner, aiding the passage of the foud to the 

stomach, or in other words, as a lubricant. 

t+ Halleburton, Chem., Phys. and Path. p. 688. 



GRASSES OF IOWA. 467 

The gastric juice contains hydrochloric acid, as may be seen 
from the above analysis. This acid renders the ptyalin of the 

saliva inactive as soon as the food is acted upon by the gastric 

juice. In addition to the acid there is also present a ferment 

called pepsin. It has been seen that the ptyalin changes 
starch to sugar, but pepsin changes the albuminoids into a 

peculiar class of substances called peptones. 

Albuminoids and peptones differ very little in their chemical 
composition, and the following analyses will give a fair repre- 

sentation of these bodies. 
PER CENT 

WATDOON Acacia sete arels onal Ma Percrsrretciae seiee chate ces 51.5 54.5 

EIU) hs BS ead 6.0.0 COC A OnOTL OS OG BUGOG Berner 6.9 7.3 

OsayuGinls doddooo Goro oboddse Snub OOOOCUU MODDLOBOOSE 20.9 23.5 

SmI DAHOcesbovosoccusy Hoos onD On DOCoO CUD OCHO OUadaG 3 2.0 

INGER OBST sreieravste se ctorsverskoterclaketay ss: 1svors olsve-shdavie a/aus evesehalese & 15.2 17.0 

The action of the gastric juice is largely that of changing 

the insoluble albuminoids to the soluble substances, or in 

other words, peptones, and from the analysis we find that 
there is little or no change in the chemical composition. 

After the action of the gastric juice in the stomach, the food 

material passes to the intestines, here a secretion of the pan- 

creas, called the pancreatic juice, acts uponit. The pancreatic 
juice is alkaline, and the action of the gastric juice ceases its 

action, as its action is only carried on in the presence of acids. 

The pancreatic juice on analysis is found to be composed as 

follows: 
Dog. Horse 

IWVIRCOD Ns crete saccs oraVorare sleferasisjers stelelt, 6 sie s shal ete aye 980.45 982 50 

SHO UNAS avs ctyors'e's cieis clade delet otc trata ere ore. olcievors'e wharee 19.55 17.50 

AMICK SO NC Sar araiciate «ens csielasale olejais: ccictaters.o ast 12.71 8.88 

PNG aR itreierare si ctcustotes myatranavevteitiersiersa tices sre inla sto 6.84 8.62 

SOU ININEN ssehorevela sysvasoie a sicatia Nevakeojsiea, cfejsiaievexe's ete aie Sislg = ease 

HTONIG eis cote oi besos see) s a) 87 Biel /e eiaie 61s pejaiava, = Dadi) fre aero 

EAHOSPR ALCS oe ekicier cer icc senior nae acts LOOM AO Tere 

Mixon CSLUMAGrerelavererel cisietere ooo aioe oie tise ah ollac cools Oh See: 

In the organic solids present in the pancreatic juice there 
are present three ferments, each of which take an active part 
in changing the food which has not been acted upon by the 

ptyalin and pepsin. These ferments are as follows: 
I. Trypsin, changes proteids or albuminoids to peptones 

and amido acids. 

II. Amylopsin changes starch to sugar. 

30 
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III. Steapsin, a fat-decomposing ferment, changes fats into 

glycerin and fatty acids. 

The bile also aids in the preparation of the fats for digestion. 

The food, after being prepared by the action of ferments, is 

absorbed by certain vessels in the intestines, and ultimately 

becomes a part of the animal body. 

In the process of digestion it has been seen that nature pro- 

vides for the preparation of two classes of substances that are 

needed for repairing the waste of the animal body. These two 

classes are (1) those substances containing nitrogen, or flesh- 

producing substances, and (2) the carbohydrates, or heat-pro- 

ducing substances. If nature, then, requires that the animal 

be furnished with these two classes of foods in order that the 

body may continue in health, it would be naturally expected 

that these substances should be furnished in an intelligent 

manner and meet the demands made by nature upon the ani- 

mal. The feeding to an animal of a substance con aining an 

excessive amount of carbohydrates will probably lead to the 

injury of the organs by overwork, which nature has designed 

to govern and keep the animal machine in a healthy condi- 

tion. The use of foods containing a much larger quantity of 

protein will probably result in the injury to the orgars that 

control other parts of the animal machine. 

It may be of interest to note that the food matc¢rial as it is 

absorbed by the vessels of the intestines passes into the b'ood 
and is carried to the liver. The liver is one of the most 

important organs that care for the healthy condition of the 

body. Should the blood containing the digested food material 
contain an excessive amount of carbohydrates, the liver stores 

up these substances for some future time when the body will 
need them, and then they are given up again to the blood, so 

that the body may continue to be nourished. In a second 

capacity the liver acts as the contrcl organ in preventing any 

poisonous products, which may be formed during any fermen- 
tation process that may have taken place in the digestive tract, 

from entering the circulating blood system and thus causing 

abnormal conditions. If these poisonous substances should 

pass through the vessels of the intestines they are separated 
and returned again to the intestines to be thrown off from the 

body as other impurities. The kidneys are also of great value 

in the serse that they keep the blood in a pure condition in 

their action of separating the impure substances that have 
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become part of the blood as the result of the breaking down 

of the food materials and tissues in the body, or in other words, 

the residue or ashes of muscular action. A large or an excess- 

ive amount of protein in the food material has a tendency to 
require an extra effort on the part of the kidneys to throw off 
from the body the resulting residues. 

The study of the food material naturally divides itself under 

two considerations: 

I. The amount of protein and of carbohydrates necessary 

for the animal, and the correct proportion of these two classes 

which will result in keeping the animal in the most healthy 
condition. 

Il. The use of an excess of one class of food material over 

the correct amount necessary results not only in an injury to 

the animal, but is largely a loss to the person feeding under 
such conditions. 

The inorganic part of the food material supplies certain 

demands made by the growth and maintenance of the animal; 

for example, calcium phosphate supplies the material forming 

the bone substance. Salt furnishes the supply of hydro- 

chloric acid in the gastric juice and aids in the digestion of 

food by the pepsin, and iron aids in blood formation. 

The object of digestion is a process designed by nature to 

prepare the food material so that it can be readily absorbed by 

the animal. We may, as a means of illustration, compare the 

changes that take place during digestion t) the process of 

some manufacturing plant where the food is crushed and 
ground by the teeth, the starch changed to sugar, the albu- 

minoids which are insoluble rendered to soluble, or in other 

words, changed to peptones, and then as a final process the 
material is subjected to the combined action of a number of 

agencies which prevent any waste in the material intended for 

nourishing the animal. 

The amount of food necessary for certain animals and the 

relative proportions of protein and the carbohydrates and fats 

has been the subject of a great number of investigations, and 

is a valuable field for study. Dr. Emil Wolff originated a table 
of feeding standards which has been widely used. The table 

is as follows: 
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PER DAY AND PER 1,000 POUNDS, LIVE WEIGHT. 

VALUE 

Calories. 

——— See 

DIGESTIVE NUTRITIVE | FUEL 

SUBSTANCES. 

_n et) n 

a3 |a83| § 
Se eos Pes 
ay BO | A 
Au iS) iJ 

Oxen at rest in stall...........cc cee eeeees 0.7 8 0.15 
Wool sheep: 

Coarser DreCCGS iat. « slile G2 Site + cles eiele ~ 2 10.3 0.20 
Miner DCC Sree corsets c orerereeie reser eictets 1.5 11.4 0.25 

Oxen: 
Moderately worked..........%eceeerees 16 11.3 0.30 
Blesivily WOrked oo icici. 2 ciascieieieiaisiois an eieiein 2.4 13.2 0.50 

Horses: 
Moderately worked . 2... ..ccc. cece sens 1.8 11.2 0.60 
Heavily worke@).- Weenies sos cte siege -- 2.8 13.4 0.80 

MATTE GO WS re vic lee cerettse. x sreiwtd esetalsl o wipigieave.s 2° 2.5 12.5 0.40 
Fattening oxen: 
AT SUAPOTIOG Le. 52,6 hose ful Wenn ore, obese 2.5 15.0 0.50 
SecondsnenriOGirne sectors ane oyenes ie eionelaie si 3.0 14.8 0.70 
PHITd MOLIO’ vnislets eae rose weesfeinle' vr eise's = sas 101 PAL | 14.8 0.60 

Fattening sheep: 
First pevilOd). csi 05 oie Se wes ele onie =) ates 3.0 15.2 0 50 
SGGONO POLO es s5.c:05:4s 460 asm) osleisisvsieln’e 3.5 14.4 0 60 

Fattening swine: — — 
BIrs6, POTION . <j-/2 wie sip cic evicleitye 3 = Se siain se cle 5.0 27.5 
Second Period sis. sfc cvste's ja ielouie' oie 6 2/0 Glan 4.0 24.0 
Third period Ea ea efevshe Cusrole Ose hoe o Sere etaras at | nL Gis) 

PER HEAD AND PER DAY. 

2.8 DIGESTIBLE, NUTRITIVE 
ses SUBSTANCES. 

o = 
eof ve P - | Carbo- . oO 7 , 4 ‘. g 3 ao rotein hydr’t’s Fat 

<q <q 
rr et a | | ES ee | 

Fuel valve. 

Months. Pounds. Pounds.|Pounds.,Pounrds.| Calories, 
Growing cattle...... 2- 3 150 0.6 2.1 0.30 6,288 

3- 6 300 120 4.1 0.30 10,752 
6-12 500 1.3 6.8 0.30 16,332 

12-18 700 1.4 9.1 0.28 30,712 
18-24 850 1.4 10.3 0.26 22.859 

Growing sheep....... 5- 6 56 0.18 0.87 | 0.045 2,143 
6- 8 67 | 0.17 0 8 | 0.040 2,066 
&§-1L 75 0.16 0.85 | 0.037 2,035 

11-15 82 0.14 0.89 |} 0.032 2,050 
15-20 85 0.12 0.88 | 0.025 1,956 

er 

Growing fat swine.... 2- 3 50 0.38 1.50 3,497 
3- 5 100 0.50 2.50 5,580 
5- 6 125 0.64 2.96 6,510 
6- 8 170 0.58 3.47 7,533 
8-12 250 0.62 4.05 8,686 
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The above tables have been modified as the result of experi- 
The changes which have been made 

may be seen in the following tables, which are the original 

Wolff tables modified by Dr. Lehmann. 

TABLE I.—FEEDING STANDARDS FOR FARM ANIMALS. 

(Per day per 1,000 pounds, live weight.) 

Oxeniatirest-in stall... c2scoco ccc. nce 
Oxen slightly worked.................+. 
Oxen moderately worked............-.- 
Oxen heavily worked.. 
Fattening steers, Ist period........ ... 
Fattening steers, 2d period............ 
Fattening steers, 3d period ........... 
Milch cows, daily milk yield, 11 lbs.... 
Milch cows, daily milk yield, 165 lbs.. 
Milch cows, daily milk yield, 22 lbs.... 
Milch cows, daily milk yield, 275 lbs.. 
SHEED COATSE WOOlte 2 eee ecco ese nie ene 
SHESD ING WOO]! Jcsccawns cccsiews we ccieiee 
Breedivg ewes, with lambs.............. 
Fattening sheep, Ist period............. 
Fattening sheep, 2d period............. 
VOrsess ent WOPKos.c5. 2a. sc) ate da ocesilale 
Horses, medium work................-- 
HIOTSES HC AV YaWOrK. co tonsa ccen sues ce 
IBEOOGISOWSY oc ceo cack cbe > dais Soccenos 
Fattening swine, Ist period............. 
Fattening swine, 2d period.......... ... 
Fattening swine. 34 period.. ......... « 

Total dry sub- 
Stance. 

NUTRITIVE (DIGEST- 
IBLE) SUBSTANCES. 

Orude 
protein, 

to BO DOTS A CODD Mer LH rOCIsrorMPMoh DAOMNUMO NTO DUNN WUOMVWOUDWOP VA 

| hydrates 

Pah TD TD kk he ek fe ek kek ek ek ek kt ek ek et b| Oarbo- GO He OT OUTED A BOT OLDS SW WH AS OH ONO RAS 0D oy SCOSOUMBOMUMSCOSCOMNSCSSOSOOMNMSCOWNGDON 

| Fat ether 

extract. 

ooocoooesocoseseesssooood HW OU 2 00 OD HA OT UT 09 ]O CO STH CO BI OTOO OTC AD 

} 

eh ek bk eek freak eh peek feck feck fee eh eh eh fh eh fae ph fr 

BES EUERESEE ESSE REET E RAS Total nutritive 

| substances. 

SWNORMNOKRNWHEDWNNNOWRNYAIWUHOD Lt ee Ae et el eel el ce el ee ee ee el ee TRIRTRTETETRI ee? 

| Nutritive ratio, 

eee 
Led 

UD N HBV DONT HON IS SOP] SOG S GU OH Gr GIAO DOM GW BAI. D 



GRASSES OF IOWA. 

TABLE I.—COnTINUED. 

‘
O
I
W
B
I
 

O
A
T
I
A
T
I
N
N
 

|
 

T
D
 

B
E
D
)
 

B
H
D
 

O
E
 

1
9
 

1
D
 

O
L
 

H
H
I
 

O
O
 

H
O
N
O
R
 

H
O
M
O
 

O
 

.-
 

ee
 

0
 

ce
 

we
 

ce
 

ce
 

ce
 

ce
 

oe
 

oe
 

ce
 

ce
 

oe
 

00
 

we
 

oe
 

we
 

oe
 

os
 

08
 

oe
 

oe
 

oe
 

we
 

ce
 

08
 

oe
 

O
E
 

r
t
 

r
r
 

r
t
 

r
t
 

t
t
 

m
e
t
 

e
t
 

e
t
 

e
t
t
 

r
e
 

t
t
 

S
s
 

r
t
 

‘
g
o
u
e
\
s
q
n
s
 

|
 

g
 

D
E
E
S
 

9 
CLO

 
H
M
E
 

CO
IS

 
S
O
S
 

'
S
 

A
M
U
S
O
S
O
O
O
R
A
C
S
 

O
M
S
 

M
E
M
E
 

I
M
A
L
 

|
 

A
R
M
S
 

A
A
R
A
 

A
S
R
S
 

A
M
A
R
A
 

R
S
A
A
S
R
A
A
R
 

‘
q
0
R
I
4
x
9
 

|
 

D
H
O
S
M
H
M
O
M
S
N
H
E
O
H
A
M
A
-
M
N
M
O
D
T
M
R
O
D
O
U
M
H
D
 

‘ Ba 

| 
goemyxe 

| 

AOOMMMO 

RM 

NME 

ONMMAMONMOMTNe 

9 

wen 

alt= 

19q490 

all 

Sere 

Rote 

Sane 

ge 

eS 

SS 

eos 

oF 
Ada 

&
 

s
o
y
e
i
p
s
y
 

|
 

K
o
m
m
m
o
c
o
m
n
o
w
a
n
m
n
n
o
m
o
s
c
o
n
m
n
m
o
r
i
m
i
n
e
 

fa
ll

 
Lo

n 
ma

re
re

re
s 

N
M
O
G
B
H
H
O
M
I
N
A
N
N
A
M
H
O
M
S
e
E
R
N
O
D
 

e
I
 

B
c
h
 

|
 

e
d
e
i
a
b
e
l
a
i
a
l
a
l
e
l
a
l
a
l
a
i
s
i
a
t
s
t
e
i
a
t
a
l
s
i
a
l
e
l
 

C
i
o
 

b
 

t
a
 

R
a
e
 

7
 Je
 ai

e
 

‘
u
y
e
q
o
i
d
 

|
 

d
o
m
o
a
m
a
a
n
e
n
 

w
o
 

q
a
n
m
a
c
n
c
o
o
r
a
n
c
o
n
e
 

2 
p
A
 

Q
A
I
 

R
N
A
A
A
O
R
N
N
A
H
A
A
M
 

A
H
 

H
O
G
N
A
-
I
O
M
A
N
M
 

I
O
 

W
O
S
E
D
 

a
e
 

e
p
m
o
 

|
 

3
 

‘
e
9
0
u
e
4
S
 -
q
u
s
 

A
i
p
 

o
H
 

| 
‘
p
s
e
y
 

s
o
d
 

N
o
E
c
o
e
o
s
c
o
o
o
o
o
n
N
n
s
e
s
o
s
o
o
o
S
o
S
C
O
S
o
S
S
O
S
C
O
S
S
C
S
 

sy
s}

om
 

ea
l 

‘a
y 

|
 

SE
R 

RE
SS
SE
 

RS
 

PP
S 

SR
S 

NR
O 

SN
S 

Re
SR
lS
 

| 
8
D
 

N
I
D
 

R
E
D
O
 

N
D
 

H
O
D
 

I
n
S
 

O
M
 

i
n
S
m
m
o
D
R
e
m
o
w
a
 

’ 
Pa
pe
 

S
T
 

A
 

a
U
 

o
T
 

TI
CS
 

ae
 

T
A
I
L
 

o
T
 

c
a
t
 

e
s
 

H
I
D
 

a
g
e
 

c
n
n
 

S
r
e
e
 

e
a
e
 

sy
qj

uo
ul

 
uy
 

e
s
y
 

R
M
O
C
O
N
M
D
O
R
O
M
O
D
O
 

M
I
N
 

M
O
D
N
H
I
C
N
M
M
O
D
E
M
A
d
D
a
 

r
e
 

e
r
e
 

b
 

a
e
 

B
h
 

o
e
 

|
 

b
 

o
e
 

B
h
 

co
e 

|
 

: 
: 

: 
: 

: 
® 

. 
. 

5 
e 

. 
&
 

: 
: 

: 
: 

: 
& 

: 
5 

: 
: 

Sa
t 

77
 

eo 
c
s
 

te 
Smee

 
a)
 

ae
 

a)
 

co
] 

“9
 

i
 

e
S
 

a
o
]
 

i
o
]
 

-
@
 

-
S
 

o
g
 

B
s
 

2
o
 

A
o
 

a
v
 

o
n
 

v
o
 

P
H
 

~
~
 

O
o
 

o
n
 

2
6
 

(=
| 

-—
_ 

p
o
e
)
 

P
h
 

o
 

a
 

—
 

O
O
 

»
 

3 
8,
2 

a
e
 

q 
E
q
 

a 

as) 
Ou 

aS 
a & 

wis ae” 

oo
t 

t
e
 

O 
6
0
5
 

w
e
 

nw
o 

op
 

a
s
 

A
L
 

a
e
 

p
=
 

A
D
 

qa
 

m
A
 

=
 

_
 

=
_
5
 

—
 

h
e
 

_
 

B
T
 

E
e
 

E
Y
 

E
S
 

E
m
 

a 

°
 

°
 

°
 

o
~
 

o
w
 

Oo 

L
s
]
 

=
)
 

[
7
 

®
 

i
)
 

-
 

o
 

o
 

o
 

o
 

do
) 

o
 

S
 

=
)
 

§
 

B
 

=
 

a
 



473 GRAS3E3 OF IOWA. 

Naturally, in order to apply the standards as given in the 

above table, a thorough study of all the materials used for 

Many of the stations have 

paid especial attention to this field of work, and the following 
tables are selected from Bal. 

station. 

ing purposes is necessary. feed 

81 of Vermont experiment 

TABLE II—AVERAGE COMPOSITION OF FEEDING STUFES. 
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TABLE II—ConrTINnvueD. 

Soudeana 

FERTILIZING 
INGREDIENTS. 
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TABLE ILI~AMERICAN DIGESTION OOEFFICIENTS; DIGESTIBLE INGREDI- 
ENTS OF AMERICAN FEEDING STUFFS. 

FODDERS. 

ROUGHAGES. 
G een fodders. 

IRASUUTO) GLASS 6 s.c.00 oe ccceieniceiere a's 
PRIM OCH Yes ee hse mccitewminetoecere 
IRGGitOD access eevee oe 
Kentucky blue grasst........ 
RO Wen 6) fore wat oetie 
Fodder corn.......:2:-. 
Sweet fodder corn..... 
Barley fodder.......... 
Oat fodder. .... .. 
Rye fodder.. 
Hungarian.... 
Oats and peas. 
Barley and peas 
Red clover.. .. 
Alsike clover.. =a 
OlOVerTOWON 2.2. ceseccselcs ee 

Hays and dry fodders. 

MIXedIWay:. cicciek ssieceinc cheese 
IMO EY scenes pontecr cr case es: 
HRECRGCOD Me rartiiicle nis c men acento 
Kentucky blue grassyj ........ 
Rowen, mixeds.ccoscacecear lees ‘9 
ROW OEM aN Om hesecwoecnense ures 
Oornifodder coc csoet nn oneene i 
OORTISTOVEDE hack tees nee teeietc 
Oatihays tees cee co aneeekas 
Ostiandipea Nayn.s..0secnes sso: 3. 
Hinmpariane econo. cece been ck 
Rediclover hay =. .2 52 bees on. e o. 
Alsike clover hay............ . 
Clover rowen hay............... 
Barley Straws. 4.- vcs c.ce. «s 
ORtIStrAW oN 1 Oe. nccccercceeeces 
Wihleatestraw*iis.. ch clesdscc snc 
HUV CISULA Wen re sce cco cso tonne 

Silages and roots. 

Corn silage (mature corn) ..... 
Corn silage (immature corn)... 
Corn silage (ears plucked off)..|. 
Oloyer silage see, 
ROU TOES eacers tales acct wisioonteoe 
TROLS) OCS Wee See meer en Ne 

OMT TRO Bap Oe Onan BOG On ase 
Mangel-wurtzels... .........:. 
NSTIE RD AAS yh ceiciojecesonacci sets 
PREEN UD ase ee cece certains 

Miscellaneous, 

EM TIGERS ee oe Se a ee ae 
AD DPIOIPOM ACO o5. coc ee en soue cone es 
ADR ANS ass senieciicicis «etn 

IBiGtenmilk ep oss Seiden ces 
WWIG VET eter ae Map ee 

Skimmilk*t (separator).... .. “4 

—_ * 

Lee mewewromr: : 

oa rs) 

| Number of trials. | Dry matter. 

_ ao © 

| Ether extract. 

eetee 

oe ee 

DIGESTION 
COEFFICIENTS. 

K - 

Stee P 
a; | S|% = 2 ae 

2] a! 4) og 
alo C) wee 
Sis | cl) ee 
tw] 3 2) ss8 
- i=] 7 _ 

SURO s Oria 

70} 66) 74) 73 
66) 48| 56) 66 

Federica Been 

70} 60; 60] 74 
72| 64) 63) [7 
683) 227)" (61) 274 
61)}) 21 637 63 
Wei, 49°)" 79): 70 
69] 64] 7L| 68 
67| 76) 60] 68 
60| 77| 44] 61 
68| 67] 53] 78 

‘61 | 62] 53] 65 

59| 59] 60) 59 
59| 47] 538| 62 
61} 61} 61] 62 

66| 69] 67| 66 

“1| 56] 56| 72 
59| 36) 64] 58 
50] 54] 44] 52 

66 | 60| 68| 67 
60} 58] 54] 64 
63) 66] 54] 71 
59; 65] 47] 638 
ween] 201) 66] 54 
52} 430 | 58) -53 
Jeol Ua 5240 38 

21) 60} 37 

74) 56) 70) 6 
6], “Sle 1") 6% 
59| 36] 641 58 

7) 45} 90 

‘99| 91 | 100 | 100 

85] 75 | 43/71 
91°) 80!) -7% 95 
96 |} 90} 100} 97 

Fv eae ae 

PERCENTAGE OF DIGEST- 
IBLE INGREDIENTS. 

a 
® : : 

cheatin (We |S. ie 
K so As Be 3 
$} 8) 8] B18. | 
s/o] al @ 5 815 
8 a ® o |e | gp 

s|/ o0| oigelo 
b 80 r= Bek | a 

be hi f | + 
BVO (On| On Aik vite 

138/126] 2.3} 30] 71/04 
24.6) 240] 1.5] 6.6] 13.38/06 
222/214) 13} 62) 11.7] 05 
22.3) 21.2] 2.0; 5.1] 11.61] 0.7 
19.4|184] 3.2) 48] 96/09 
141/137) 12|) 30} 90/04 
148/141] 12] 28] 9.9] 0.4 
164/155] 24] 40) 85/05 
227/215) 24] 59] 12.0)10 
17.1}162] 21) 92] 4.8/0.5 
194/188} 20] 65] 9.7/0.5 
138/131] 2.7] 36| 62/07 
10.9}113) 28] 2.3] 56|0.5 
19.3| 18.4] 29] 43/105107 
16.6;158| 26; 39] 86/06 
148/140] 29| 33) 72/07 

48.3 46.7| 4.4 | 16.3 | 248) 1.2 
495/486] 2.8 | 15.4 | 27.9| 1.3 
547/524] 4.8) 17.4 | 29.5] 1.0 
44.3) 410] 3.7 | 14.7 | 209) 1.7 
53.4|506] 80) 151) 260) 1.5 
556/531] 9.7 | 16.3 | 25.3 | 1.7 
39.3 | 39.1} 2.5) 80/ 250/12 
341/333] 14/127 | 18.4/ 0.8 
43.9/417| 411/129 | 23.5/1.8 
57.5 | 54.9 | 11.2 | 14.9 | 265 | 22 
543/514] 4.9 | 154 | 29.4 | 2.0 
48.3 | 47.1 | 7.1 | 13.4 | 244/18 
560|517| 8.4] 12.8 | 28.9 | 1.5 
53.2| 499) 8.5) 147 | 23.9] 1.4 
45.5 | 425] 0.7 | 20.2) 211/06 
45.4 | 44.6 | 1.2 | 21.5 | 225 | 0.9 
38 9 | 37.1| 0.4| 19.8) 165 | 0.4 
42.7 | 40.4] 0.6 | 23.3 | 17.2 | 0.4 

187/183] 1.2] 46] 115) 0.7 
18.8)131] 09} 43] 74/06 
110|103(| 06) 36! 5.5/0.4 
162/)150| 2.7} 3.9] 73) 0.7 
AGO) 15:5)1)"O9i i 15 Gil eee 
10.9}104/ 14] 0.9} 80/01 
12.8)125] 1.6] 0.9} 98/01 
10.6); 100] 1.0) 1.3] 7.4/0.4 
72) 68; 1.1) 04] 50).... 
99; 93) 10] 1.0] 71/02 
8.8| 8.4; 1.0] 1.2] 6.0] 0.2 

92] 8.5) 29 5.2 | 0.3 
97)| 9.0 | 38 3.9)11 
Gals) 520/10 0:6) 2057. « 5.0! 0.1 
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TABLE III—-AMERIOCAN DIGESTION COEFFICIENTS; DIGESTIBLE INGREDI- 
ENTS OF AMERICAN FEEDING STUFFS—Continued. 

DIGESTION PERCENTAGE OF DIGEST- 
COEFFICIENTS. IBLE INGREDIENTS. 

a . E 

2] [6] g Soins cee x I a = at = oO 

FODDEAS. Slt at S| ls | 8] sl me) @ ) geome 
Si2ia] oo] ois] S$] S|] ag] of] @| BS 
el2lo!l | 2185] «| & | 2] ad] x 
ry EE ta Ae CS Fh) e| 2 Aa) A] oeglia 
2\g8|al| o © oan we g a C) Cs) oe FE 
Bl = us) a|/eaR| 2 & 3 us) bs) te o 
i = = aio a s >) = 2/26/38 
ZIA|O|] O}] O14 @} aA QO: | O ||) © Paris 

CONCENTRATES. 
Grains and byproducts. 

Gornsmea lies occ seta recite sai feie 89/90] 68]..... 95 92| 7571752) 63].... | 65.3 | 3.5 
Corn and cob meal.............- 2|79|80| 56] 46| 88] &4/67.1/667| 48] 30/570) 2.9 
Oats* i=. : sfoscves -ceee/89]70|....] 73] 20| 76] 88/623) 602) 9:2) 19) didi 
Provender (% corn, % oats) . .|..| 80]....) 73} 10} 86| 88/696/67.8| 7.7) 0.6 | 55.2|)39 
Provender (as sold in New Eng)}..| 19|...|..... Le eatzcaiee ...-| 70.7 | 68.6] 68) 08] 556/33 
Ostnuilsee ee. coecsseeeoee als DUS etic teen tone |e keeial mictoess 649|60.2| 26] 5.9) 396) 0.8 
Quaker dairy feed.............. 1/62/65] 81/ 43) 67| 89/569|564| 109] 7.2) 35.4) 33 
HeOP dairy feed... (- 2.5. :c00c aa 1] 65/68} 78| 41) 7 86 |59.31/594/147] 55/|35.8)34 
Victor corn and oat feed....... 1|75|77| 7L| 48] 83| 87|676|663| 63) 61) 503)33 
He Ov horseifeed 2... 1. --ecness- 1, 70|73| 74) 35) 79) 84/631/635] 92) 3.51477) 3.4 
BALlLOY foto rci os celeia nie sisiia = 4186 ]....1 70| 50] 92) 88] 7%6.6|746| 8.7] 14 | 64.2) 1.6 
Barley screeningS...........----|.- Ce Pee ese eacode cose] oo «| 05.01 92.41 86]. 3.7 | 56.9) 2.5 
WV GaGte tie toctcu cise oie tatecereleisets oretel[iate EN ee A nee Pasta Rana st lbs craloeteiore aloe 
WihGenn eld) Baocid) -sostuduspodds. 7|62)66| 7 29| 69| 68) 54.6 | 54.3/ 12.0} 26 | 37.2] 2.7 
Wheat middlings.............. 3] 75 | 7 80| 33| 81] 86| 659] 66.8) 125] 1.5) 489) 3.4 
Wheat screenivugs..........+-].- LG} Phere | tooba loaner -e.e]...-] 548/564] 98! 1.4] 449/20 
Mixed (wheat) feed.............].. LAA NE [he care lionel else .-..| 615 | 611)133| 23;411)36 
EGLO OY hilo Seana: sasde en oade Oe GLON ec banal Pees .. .| 68.3/689/178] 06] 46.5)49 

Grtteieai eee ato rcininas ice cletee'es 1| 87| 89} 84)]..... 02] 641769/770] 89].....| 66.7) 11 
IRV. OUDLAN cee oe- chee, voters eieloreeee lets 16) | Seal ne 5 Seao| acl cl COO TOON| Maioille 587/ 1.8 
BuUGhiwhG ats ii. sereicj-cisieieielare eieisieieie|'si0 9 se] wessvellleecciw eifu otererell Merete cell erate 
Buckwheathulls ...............].. Oe ooo late tss| Ptodcal Baden! pndaal|soode salto 
Buckwheat bran ..... ...:.... oe PRS) | re] Boe Soto bepieeilrenaete w sieie\| teresa Seer slttes 

Buckwheat middlings .........].. 9) | ee | ete les eer A eeta|| coho | ose oie Maratea avec ol oretetete 6 occ 
Gottonisced) meal i: Feccse:50.0 5) 74] 76) 88) 56| 61) 93] 67.9] 644) 40.0) 3.1) 13.8 | 104 
OCottonisced/ feed) oo2. 55.625.) 25-2 Lig eet lleicets o| cssefee 00] O83) STL | 7:9] TELS Ronis 
Cotton seed hulis........... ...! 3140141) . ..t 40] 41 86 |.35'6 1353... 1185 | 137 
Linseed meal (old process). ...| 1/79 | 81 | 89 7{ 78) 89|712/683/30.8/ 46/266 67 
Linseed mea] (new process) .. | 2} 79| 82] 85] 80) 88) 97 | 70.5 | 686) 324) 66/299 25 
MLA KeINGAL cae rca ae chersre sia ere 1 ee eee Wesel leersel aorrn 700} 68.5} 321] 7.0] 28.7,;34 
Gluten meal (Chicago).. ..... } |-:|-2-+]- 22° Vceomli feces .| 739] 77.8 | 321).. ..) 41.21/25 
Guten meal (Cream)......... | 4190|90} 88]... .| 90| 94] 80.9 | 802 | 29.7 46.0 | 2.4 
Gluten meal (King). ........ fb eel ell Frees eee Neil emis WA hod ieee eh Tea | be donc 47.343 
Gluten meal (Buffalo) ...... J les |esecdenss alin! = Gel sie vo eeiniess 17.7 | 76.6 | 233) 52| 455 | 2.7 
Gluten meal (Diamond or -| 1186/87] 86] 78) 89) 84] 73.3) 78.6 | 20.3) 5.1 | 50.4 | 2.9 

Rockford) }!l|-eleseloelen leeks Pe ev ee oll oalee ele eee 
Mominyichopil) =) scce) see sees 1/90/93] 77] 82| 95) 81) 824/828] 87] 40/617)64 
Starch feed, wet Bee oOe (acd Peel pace a S| @apeens|telersieys 31.1 | 30.9| 5.4 . 1198]29 

Dried brewers grains........... 1) 62/65] 79) 53| 58] 91)/569)573] 15.7) 58] 300/51 
Atlas gluten meaal..... ......... 1) 80) 83] 73} 100} 85 91 | 73.4 | 746 | 24.6] 11.5 | 273] U5 
MaltiSprOuts i.) Sonne cierei rie ome 1| 67| 67] 80] 33} 68] 100} 60.2|563|186}] 35/|330/1.7 
(eam Gale ceee a ceae sare ..1 1187188! 83! 26] 94) 551779)765/168| 37| 480107 

2 Assume timothy. 10 Assume provender. 
Assume red clover. 
Assume red top. 
Assume rowen mixed. 
Assume green oats and peas. 

eae 

experiments published 
Assume clover rowen hay. 
Assume sugar beets. 
Assume turnips. 
No basis for assumption. owmr a 

European co;fficients, no American 

11 Assume oats. 
12 Assume barley. 
+ Digestion coefficients of whole milk. 

13 Assume bran. 
14 Assume maanof branand middlings. 
15 Assume middlings. 
16 Assume rye. 
17 Assume % meal, 4 hulls. 
™8 Assume new process linseed. 
'° Assume gluten meal, 
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extract < 2.25]) in varying weights of fodders and feeds, being essentially a Con- 

AND DIGESTIBLE INGREDIENTS (protein and carbohydrates [including ether 

VENIENCE TABLE. 

TABLE IY—POUNDS OF TOTAL DBY MATTER, TOTAL ORGANIC MATTER 
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TABLE [V—POUNDS OF TOTAL DRY MATTER, TOTAL ORGANIC MATTER 
AND DIGESTIBLE INGREDIENTS—ContTInveEp. 
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TABLE IV—POUNDS OF TOTAL DRY MATTER, TOTAL ORGANIC MATTER 
AND DIGESTIBLE INGREDIENTS—ContTInveEp. 
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TABLE I[V.—POUNDS OF TOTAL DRY MATTER, TOTAL ORGANIO MATTER 
AND DIGESTIBLE INGREDIENTS.—CONTINCED. 
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After the table of feeding standards has been selected, and 

the table of chemical composition with those of the digestible 
‘substances present in the feeding materials, the problem 
remains for the farmer to apply and test them thoroughly in 

order that they may be useful. 
Table IV, a convenience table, with Nos. II and III, have 

been taken from bulletin 81 of the Vermont experiment sta- 
The convenience table will save 

much of the tedious work connected with the calculation of a 

tion by, Prof. J...7 Hills. 

In order to illustrate the use of the tables and the 

feeding standards, it would be well to let Professor Hills 
ration. 

explain the use of the convenience table in his article on this 

subject. 
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CALCULATION OF A FEEDING RATION. 

‘‘TLet it be assumed, for the illustration, that a farmer has a 

cow weighing about 900 pounds and giving about 30 pounds of 

milk a day, to which he wishes to feed a ration balanced 

according to the Wolff-Lehmaan standard; that he has hay 

(timothy, Kentucky bluegrass, clover, etc., essentially ‘mixed 

grasses’), fairly mature corn silage, bran and cob meal, and 

that he can buy cottonseed meal, Chicago gluten meal, Quaker 

dairy feed, mixed (wheat) feed, Buffalo gluten feed and hominy 

chops. How shall he proceed to figure out his ration? Refer- 
ence to the standard shows that the 1,000-pound cow shou'd be 
fed 32 pounds of dry matter, 3.3 pounds protein, 13 pounds 

-carbohydrates and 0.8 pounds ether extract, nutritive ratio, 
1:4.5. The ether extract figures are multiplied by 2.25* and 

added to those of the carbohydrates, and then all the figures 

are multiplied by nine-tanths. This latter is done because a 
900-pound cow weighs nine-tenths what a 1,000-pound cow 

does, and is held, according to the standard, to need approx- 
imately but nine-tenths the nutrition. As a matter of fact, she 

probably needs a little more than this. 

rea ece lo ta 8 — 148.5 3250) 9. — 28,8 383 

Bee fed AAS, X19 == 139.3: 
“The Wolff-Lehmann standard for a 900-pound cow giving 

30 pounds milk, therefore, requires that the daily food shall 

contain 28.8 pounds total dry matter, 2.97 pounds digestible 

protein, 15.3 pounds digestible carbohydrates and ether 

extract; and, if this is fed, the nutritive ratio will be 1:4.5. 

“The next step is to supply these nutrients. The conven- 

ience table (table IV) shows that of the feeds on hand bran 

alone has a nutritive ratio (1:3.8) narrower than the standard. 

The hay, silage and cob meal have ‘wide’ ratios (1:10.0, 1:14.8, 

1:15.9), all wider than the standard. Hence purchases must be 

made, and these must be of goods with narrow ratios. The 

materials available are found to have ratios as follows from 

narrowest to widest: Cottonseed meal, 1:1.0; Chicago gluten 

meal, 1:1.5; Buffalo gluten feed, 1:2.4; mixed (wheat) feed, 

1:3.9; Quaker dairy feed, 1:4.6, and hominy chop, 1:9.2. It is 

at once perfectly clear that the latter two feeds will not aid in 

balancing the ration, and that the mixed (wheat) feed will not 

be of much avail. Hence choice should be made of one or 

*To reduce the ether extract to the same food value and—assumedly—feeding 

v vlue as the carbohydrates. 
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more of the first three, according to price and other considera- 

tions. Let us assume that the cottonseed and Buffalo goods 
be chosen and proceed to figure our ration. 

‘‘Tt is generally desirable to make as large use of roushages 

as possible because of their cheapness. The amounts which 
can be consumed vary with different animals. In dairy feed- 

ing, however, more than half, and often as much as two-thirds, 

of the total dry matter should be givea in the form of rough- 
age. 

‘‘Let us, as a preliminary trial, take 10 pounds hay, 25 

pounds silage, 4 pounds bran and 1 pound each of cottonseed 

meal and Buffalo gluten feed. Turning to the ‘convenience 

table,’ we find the total dry matter, digestible protein and car- 

bohydrates, etc., calculated for these weights: 

Dry Digestible Digestible Nutritive 
matter. protein. carbohydrates. ratio. 

Ener | OLPOUNGBi:. iio): tye sue aue Gen Oro 0.44 
SWE ZOMPOUNGS) ereche ise « arelatege = berets 6.6 0.30 4.5 
eran 74 DOUNISS Wee os tecteisie wlaciatiehes 3 300 0.48 1.8 
Cottonseed meal, 1 pound.......... 0.9 0.40 0.4 
Buffalo gluten feed, 1 pound........ 0.9 0.23 0.6 

NOGA soe sel ceeste ci raycietes oases sages 29.4 L.85 Pe 1:6.3 
Standard ei. ctociee tc sete mie rere Re 2058 2.97 13.3 1:4.5 

‘How do they compare? Hight pounds short in total dry 

matter, one pound short in protein, one and one-half pounds 

short in carbohydrates; 380 per cent lacking in dry matter, 

nearly 40 per cent in protein, but only 12 per cent short in 

carbohydrates. What shall be used to bring the ration up? 

More roughage will increase carbohydrates faster than pro- 

tein; more bran will do the same, but not as rapidly; more 

cottonseed meal will not, and more gluten food will help more 

than it will hinder. Inasmuch as it is of doubtful wisdom to 

feed cottonseed meal very heavily, let us see what the addition 

of 2 pounds of cottonseed meal and 1 pound of gluten feed 

will do. 
Dry Digestible Digestible Nutritive 

matter. prot in. carbohydrates. ratio. 
0.8 Cottonseed meal, 2 pounds. ........ 1.8 0.80 

Buffalo gluten feed, 1 pound,....... 0.9 0.23 0.6 

Motel S526 fae mspictae oo occ ores: Zu 1.03 1.4 
Former result ......-...-... DOE Tenge OC: 1.85 HL EST 

New ato tales ete ecreies sits 23.1 2.88 12.8 1:4.4 
Sippel cesacc goracmedooguncboube 28.8 2.97 13.3 1:4.5 

“The ration now ‘balances,’ yet is still nearly 6 pounds 

short of total dry matter. Since the ration is a shade narrow 
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rather than wide, one will naturally add now the material with 

the widest ratio, 7. e., silage. Bus there is a limit to the bulk 

the animal can handle, so that hay may be preferable with 

some animals. Let us increase the hay 23 pounds. 

Dry Digestible Digestible Nutritive 
matter. DOLae: carbohydrates. ratio. 

Z : ies PM oe POUMNS sc a: siclvp c's deacies cree 2.1 : 
Scepndubotales:.c2 eens tes Bh Oe Oa PAs | 2.88 12.8 

ING WetOudlecactte se eects oes De 2.99 13.9 1:46 
Soi OUT Ce eet ee sees And ees ORO 2.97 13°35 1:4.5 

‘‘The result is still low in total dry matter, while giving 

plenty of nutrients. The ration lacks slightly in bulk but not 

in food. To try and obtain bulk with fodders on hand would 

result in feeding more than the standard amounts of the nutri- 

ents. Bulk without much nutriment could be furnished by 

straw, but, as a matter of fact, this is not very important. A 

ration of 12.5 pounds hay, 25 pounds silage, 4 pounds bran, 3 

pounds cottonseed meal and 2 pounds of Buffalo gluten meal 
would meet the Wolff-Lehmann standard requirements for a 900 

pound cow with a sufficient approximation to accuracy. 
‘‘This is a very narrow ration, and, if ever adopted, should ~ 

be used with caution particularly at the outset. Three pounds 
of cottonseed meal is heavy feeding, heavier than is often 

advisable. Were half this replaced with linseed the ration 

would be the safer but a trifle poorer in protein. 

‘The longer and complete figuring is carried out as follows: 

The average analysis of mixed hay, so far as it pertains to the 

ingredients called for in the determination of the standard, is 

as follows (Table II): Dry matter 84.7 per cent (100—15.3 per 

cent water), crude protein 7.4 per cent, crude fiber 27.2 per cent, 
nitrogen-free extract 42.1 per cent, ether extract 2.5 per cent 

The digestion coefficients for these ingredients are respectively 

(Table IIT), .59, .60, .59, and .49. Multiplying each pereentage 

by its digestion coefficients gives the digestible ingredients in 

100 pounds (Table III), protein, 4.4 (7.4.59) crude fiber, 16.3 

(27.2x.60), nitrogen-free extract, 24.8 (42.1X.59) ether extract, 

1.2 (2.5X.49). Adding the fiber and the nitrogen-free extract and 

2.25 times the ether extract for ‘‘carbohydrates and ether 

extract,’’ we get 43.9. Ten pounds of hay being fed, each fig- 

ure is multiplied by .10 (10 being 1-10 of 100) with results as 

follows: In 10 pounds of mixed hay, total dry matter 8.5 
pounds, protein 0.44 pounds, carbohydrates etc.. 4.4 pounds. 

These are the figures given on the top line of the table on page 
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484, which were read directly from the convenience table (Table 

IV), at the left hand side of page 479. The use of this table 
obviates this tedious though simple calculation. ’’ 

For a consideration of the subject in general, Professor 

Henry’s work on ‘‘Feeds and Feeding”’ is recommended for 
those who may desire to study the subject more thoroughly 

than it is possible to present in this paper. 

CONDIMENTAIL FOODS. 

At present in addition to the important question relating to — 

feeds and feeding the farmer has his attention attracted to the 

various advertisements of the so-called ‘‘cattle-foods’’ and the 

extraordinary claims made for these substances often lead one 

to conclude that it would be wise to give them a trial The 

folowing extract is taken from Bulletin No. 166 of the New 

York Experiment Station and presents the results of an 
investigation which will be of value to those interested in this 

subject. 

“There is found very prevalent in our markets a class of 

substances bearing the term ‘‘food’’ that are noted chiefly for 

being sold in small packages at remarkable prices, on the 

strength of claims which are sometimes startling even in this 

time of daily miracles as set forth in the advertising columns 

of our newspapers. These proprietary wonders are usually 

marvelous both in their nutritive and their healing effects, for 

if one may believe the statements concerning some of ‘hem, 

they are remarkably loaded with nutritive energy and the dis- 

eases they will not cure would be highly interesting to the veter- 

inarian as pathological novelties. It is most surprising to find 

after being toid that the effect of these ‘‘foods’’ is to enrich 

milk, produce bovine obesity with remarkable rapidity and 

banish disease, that so far no one of them has been exami ed 

that is not made up largely of some common grain product 

mixed with more or less of the commonest drugs and other 

substances having little curative value, nearly all of which of 

any merit whatever may be found on the pantry shelf or in the 

horse stable of many farms. It is strange,too, that farmers 

have not long ago discovered for themselves, if it is true, that 

when bran or some other common feeding stuff is compounded 

with the equally common charcoal, salt, sulphur, saltpetre, fen- 

ugreek, etc., the nutritive power of the food is greatly 

enhanced and the drug takes on unheard of curative properties. 

Nevertheless we are asked to believe such is the case. No 
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evidence of the accuracy of these unusual properties is furn- 

ished, save the usual list of testimonials, the reliability of 

which may be judged in the light of the fact that some of the 

most absurd impositions ever perpetrated on the public have 

been abundantly approved by similar evidence. Years ago 
Lawes & Gilbert condemned patent foods at the prices for 
which they are sold, and important experiments conducted in 

recent years have not furnished the least justification of their 

purchase by stockmen. Farmers may accept with perfect 

confidence this statement, viz.: That there are no nutritive 

properties, compounds or influences yet discovered which are 

not possessed by the common feeding stuffs, neither is it possi- 

ble to increase for well animals the nutritive effects of protein 

and carbohydrates by associating with them any compounds or 

drugs whatever. 

As to the medicinal value of condimental foods, it may be 

safely asserted that well animals, properly fed, need no medi- 

cine, and sick animals should receive treatment specifically 

adapted to their ailments. Universal preventatives and cure- 
alls of diseases are unknown and believed in only by those 

who are ignorantly credulous. More than this, many of the 

constituents of condimental foods have no recognized curative 

value. 

But notwithstanding all that has been said again and again 

to the farming public concerning condimental foods, they still 

find asale. Not less than fifteen brands have been examined 

at this station during the past two years, all of which were 

found in New York markets. Their analyses from a food 

standpoint follow: 

SAMPLES OF PATENT FOODS COLLECTED IN NEW YORK 
DURING 1898 AND 1899. 

Station Price per 
No. Sample; where collected. pound. 

445 (OWN scons indo d po cUkas Ad aa Coop OO ED OOOO OUD SO ent CnOGcer 

446 ORIN See ke eto sto ee ee aoieiciais Aeipisic Ohl a.0ige so N's t5'5 = siaoler slate $ .20 

448 FEV OMNES yall eyeseeee theese era We ere ae eee la helio le: ONG whetah a erate ole eis sl eters nile .05 

450 TORE a willl Se eee ee ere ae ote ateie: spe klacaioNin W Sra/d ate te eieie .20 

451 TOR METS Will Cheter reper eevee RoE OER ore is crssieke ose. cic) eto.s Sie ells tered Symicler= .074 

456 NTSC Oe eee erate decal Sasa teria afar w avnjaleletel sia alevelecel stays .25 

457 PDATIS VU C eet ee ee eee TORTS Peco e's er wians pehprans a eielaichaiaks 18 

458 OR al ORAS oacaa Sb.cu od bo dc SA Oe aEArDeraGEoe See ion .104 

459 IDSA ING ian Weehten hie bine orcecié Foe a A Oe Top oiniie carorr TEP pA 134 

460 EG MOETIGs .amitcte Hanmer, Tee te ae he aie Slovo. aie arose A ae wich aie aah 064 
461 VEL Se O RTT Sir are water ee Paneecee ratte we ieietaeiecs stoi gic, clei eiaucl dial as shel ejetelszeiale eine .ef 10 

462 sqlite ns 6 GAG Onto COREE bb SCOR OOOO CBSE Dn RAIS nici .50 

PI ete cass ated aire, Aaya octal SIUKe) aAaiel slalinie ele 'ola/a e'eid oa witioe Pa mwit = w)eiee are 15 
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ANALYSES OF SAMPLES OF PATENT FOOD. 

S 5 os | Bs lee lus = gq }o & oo 

NAME eu Ss Bu: a8 a Bee one 
& 8a| “es |Ssa] Su lowe] + Oe 
= 3° ao 3 oo 5 0 uso as o 
8 S) nO |F7P 0] FH (BNO Sso 
o) 5 < Ss) :@) Nn fx 

445 | Fiower City Horse and Cat- 
tle Wood® \ sc oh tence Oo | e290 14337 9.70 | 21.0 Gy 

446 | International Stock Food..| 8.13 9.92 | 13.88 5.68 | 219 7.91 
448 | Blatehford’s Calf Meal....| 7.12 574 || 26 13 45233) M2240 4 56 
DON | NUGCLCON Gey. c.1c ree eek ete 690 | 20.17 | 2219 4.94 | 23.5 A.13 
451 | Pratt’s Cattle Food....... T.20 6.36 | 14 56 5.718 | 35.4 7.53 
456 | Rochester Horse and Cat- 

tleshood aes aoe ee 8.00 8.19 | 18.44] 10.59 | 215 3.61 
457 | Anglo-American Food for 

Stock siren vce ne eee 7.20-) 13:28 } 15.50 7.86 | 258 4.85 
45911) Glima xv OOGs 22s. eee 7.24 | 2109 9.94 4.14 | 17.2°| "2252 
459 | Colonial Stock Food....... T2814 9.81 | 1199 | 288 2.54 
460 | Royal Stock Food......... 506) 44000 |p del 2 Oo aloe 3.52 
461 | Baums’ Horse and Stock 

MOOG x tikes steno ee 8.05) 109Si 28 1300 9.2 Tio 
462 | Chas. Marvin Stock Food.| 8 26 5 97.| 30.94 | 1063 | 18.2 4 28 
485 | Triplex Stock Food....... UelOv el 2 Oda lara! 6 31] 28.8 5.66 
502 | Champion Horse and Cat- 

BIEVE COGS i-Re Meee oes 8.99 | 14.40 | 10 69 4.14 | 42 4.68 
539 | Wilbur’s Seed Meal....... 7.13 | 12.16 | 2000 8.18 | 20.9 5.63 

‘‘In these mixtures were found as the principal constituent 

some common feeding stuff like bran or other wheat cffals, 

corn offals, linseed meal and so on. The special ingredients, 

added ostensibly for medical effect, were found to include 

charcoal, fenugreek, gentian, sulphur, salt, saltpetre, sodium 

sulphate, iron compounds and pepper. 

‘‘Particular attention is called to the prices at which these 

‘foods’ are sold. The range is from $100 to $500 per ton, 

which is at least from $70 to $470 per ton more than the mate- 

rials are worth for food purposes. It may be claimed, as some 
of the manufacturers urge, that these mixtures should be 

regarded as medicines. Even if this is true, the farmer who 

wishes to administer any of these common substances to his 

animals can do so at a small fraction of their cost in condi- 

mental feed by purchasing them as drugs and then mixing 

them with the grain ration as he wishes. For the promoters 

of these mixtures to claim that they have any knowledge of 

compounds and compounding not common to veterinary medi- 

cine is charlatanism in its most offensive form. 

‘‘Blatchford’s calf meal is advertised as a food of great, 

value. Director Woods, of the Maine station, has given this 

*Mostly Sulphur. 
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product a careful examination, and his report concerning it 

includes the following statements: 

‘¢« These goods were sent to an expert on food mixtures and 

adulterations, at the Connecticut experiment station, who 

reports as follows: ‘‘I have examined Blatchfords calf meal 

under the microscope, and find it contains linseed meal, some 

product from the wheat kernel, some product from the bean 
kernel and a little fenugreek. The linseed meal appears to be 
the chief constituent. The wheat product is bran, middlings 
or some similar product consisting of starchy matter mixed 

with more or less of the seed coats. Bean bran was present in 
considerable amount and more or less of the starchy matter.’”’ 

‘¢<*Tn a letter just at hand from Mr. J. Barwell, the proprie- 
tor of these goods, he says: ‘‘ Regarding the ingredients, I 

cannot give you the exact constituents of it, but I may say that 

it is composed mostly of locust bean meal with leguminous 

seeds, such as lentils, etc., and oleaginous seeds, such as flax 

seed, fenugreek and anise seed, all cleaned, hulled and ground 

together and thoroughly well cooked. There is no cheap mill 

food and no low grade feed enters into its composition. Iam 

prepared to go into any court in the United States and make 

an affidavit that there is no farmer in the United States that 

can compound Blatchford’s calf meal for less than $3.50 per 

hundred.’’ 

***Tocust bean meal, which Mr. Barwell claims to be the 

chief constituent of Blatchford’s calf meal, is practically not 

used in this country as a cattle feed. The average of ten 

English and German analyses show it to carry: Water, 14.96 

per cent; ash, 2.53 per cent; protein, 5.86 per cent; crude fiber, 
6.39 per cent; nitrogen free extract, 68.98 per cent; fat, 1.28 

per cent. 

«Tt is evident, from the chemical analyses, that locust bean 

meal cannot be the chief constituent of Blatchford’s calf meal, 

but that the microscopist is correct that linseed meal is the 

chief constituent. Locust bean meal has only 6 per cent of 
protein, and, in order to make a mixture carrying from 26 to 

33 per cent of protein, it would be necessary to add large quan- 

tities of goods, like linseed meal, rich in protein. As seen 

from the analyses, Blatchford’s calf meal has a feeding value 

somewhat inferior to old process linseed meal. Whatever it 
may cost to manufacture, no man who has sufficient intelli- 
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gence to mix feeds can afford to buy it at anything like the 

price asked.’ 
‘‘TIn the light of this information the farmers of New York 

must decide whether they can afford to pay at the rate of $100 

per ton for materials no more valuable than thcse which are 
generally offered in our markets at ordinary prices. Special 

mention is made of this feed because it is sold for distinctively 

food purposes, and because, prices considered, it perhaps does 

the farmer’s pocketbook as little harm as any other food men- 
tioned in the above list, and less than all excepting No. 462. 
At the same time it typifies all those efforts here discussed of 
mixing common materials and selling them under extra- 

ordinary names at extraordinary prices.”’ 



GRASSES OF IOWA. 491 

LAWNS AND LAWN MAKING IN IOWA. 

A discussion of the subject of grasses would be incomplete 

without some reference to lawns. There are few subjects of 

more general interest to the business man and owner of a home 

than the preparing and maintaining of alawn. Nothing adds 

so much to the beauty of a home asa well-kept lawn. The 

owner of a few feet of ground delights in the smooth even turf 

as much as the owner of acres of ground Nor does anything 

add so much to the beauty of the home.as a green well-kept 

lawn, whether this consists of a few feet or a broad and large 

lawn with acres of ground, with its broad vistas and beautiful 

shrubbery here and there. A good, well-kept lawn should not 
only please the eye but be restful to those who make use of it. 

How to obtain a good lawn is not understood by everyone. 

Lamson-Scribner says:* ‘‘Firmness and permanency may be 

secured, but they are results which cannot be obtained by hasty 

and unskilled preparation. <A perfect lawn cannot be made in 

a season, and the highest excellence sought comes only 

through intelligent care for a period of years. A green sur- 

face may be secured within a few months under favorable con- 

ditions, but a soft, velvety turf, which is both a delight to 

view and to walk on, comes only with years of patient care.’’ 

“In regard to the preparation and general treatment the 

published paper of Lamson Scribner may be used in this con- 
nection. 

Preparation of the Land.—‘‘In what follows, proper grading 
and thorough drainage are presupposed. A well-drained soil 

is of the first importance and is absolutely necessary to suc- 

cess. Where the process of grading has involved much filling 

in; time should be allowed for the settling of the soil, and dur-- 

ing this period a hoed crop may be cultivated on the land to 
advantage. If the land is very weedy, the cultivation of corn 

or potatoes for a season will assist in reducing the stock of 

weeds. It must be remembered that the lawn when once 

*Yearbook U.S. Dept. Agrl. 1897: 355-372. 
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formed is to remain undisturbed; the sward is to be permanent, 

and hence the importance of most thorough preparation of the 

soil. In most ca:es, particularly in eastern and northern 

states, a liberal application of fertilizers is necessary. If the 

land is native sod, this should be top-dressed in the fall with 
well-rotted stable or barnyard manure, and the sod then turned 

by plowing. 'The decomposition of this sod will add to the soil 

that most valuable of fertilizing elements, humus. In the 

following spring a top-dressing of old well-composted manure 

should be applied at the rate of 8 to 12 cords to the acre, 

according to ths natural fertility of the soil, and the land cross 

plowed. The surface then should be made as tine as possible 

by repeated harrowings aad thorough rolling before the seed 

is sown. The deeper the soil is stirred in plowing the better 

the results and the less care will be required in keeping the 

soil in good condition. 

‘The nature of the subsoil has great influence upon the 

growth of the grass and the permanence and beauty of the 
lawn. Over a light and gravely subsoil the grass is not 

infrequently destroyed by summer drought. The best soil for 

the formation of the lawn is a fine, sandy loam over clay sub- 

soil. Where the effects of heat and drought ara most severely 

felt, the soil must be most deeply and thoroughly worked in 

its preparation. It not infrequently happens in the case of 

dooryards and plots surrounding city and suburban residences 

that the soil is largely composed of the earth excavated in 

making the foundations. This earth is entirely unsuited for 

the g owth of grass, and, where a lawn is desired, should be 

entirely removed or c>vered to a sufficient depth with fine earth 

rich in humus, to insure the healthy and permanent growth 

of the grass. This alded soil should be at least one foot in 

depth and a depth of two feet will repay the extra labor in the 

final results. 

“In western states and in the south it is not customary to stir 

the soil so deeply as recommended above. The practice, how- 

ever, caa well be applied in most localities in the south, but in 

‘the west, where the soil conditions are essentially different 

from those in the east, the method pursued must be governed 
by the local requirements. A coarse, uneven soil will only 

yield coarse grasses and finely worked surface will produce 

the finer sorts, which alone are desired. 
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Fertilizers.—'‘‘ Reference has already been made to the use of 

well-rotted barnyard or stable manure in the preparation of 
the land for lawns. This is the best fertilizer to apply when 
it is to be plowed under, but only old and well-composted 
manure should be used. Whea such cannot be obtained, com- 

mercial fertilizers may be substituted, and with these a liberal 

supply of lime and bone meal can be worked into the soil before 

seeding. Where it is necessary t) apply fertilizers after the 

grass has started in order to maintain fertility, land-plaster, 

bone meal, nitrate of soda and hard wood ashes are most com- 

monly employed. A full dressing of clear sheep manure, three 

to five tons per acre, followed by an early spring dressing of 

unbleached hard wood ashes (containing 8 per cent potash) at 

the rate of thre2 to five tons per acre, acco-ding to the fertil- 

ity of the soil, is adviseli by one correspondent. 

‘A common practice is tv top dress lawns in the fall or early 

winter with a compost, adding in the spring a dressing of bone 

meal and hard wood ashes; ia the place of the fall dressing of 

compost, hard wood ashes may be substituted A too frequent 

use of hard wood ashes, however, is to be avoided, as it will 

induce the growth of clover at the expense of the grasses. 

Bone meal, hard wood ashes and lime are the fertilizers most 

generally used to maintain the fertility of the lawn, whether 

shaded or exposed to the sun. When the soil has been prop- 

erly prepared and enriched, there is little difficulty in securing 

a good growth of grass under the trees if the branches are not 

too low. 

Selection of Lawn Grasses.—‘‘ The value and beauty of a lawa 

depends upon the color, texture and turf-forming habit of the 

grass selected. A grass may be of good color but harsh in 

texture and incapable of producing a turf, or it may form a 

good sward and have a satisfactory texture, but be deficient or 

even unsightly in color.” 

Kind of Lawn Grass for Iowa —The value and beauty of a 

lawn grass depends upon the texture and color of the grass, 

one that forms a good turf. In lowa we have but one species 

that is generally used, namely, blue grass. In the tropical 

countries turf-forming grasses are almost unknown, so in the 

warmer parts of our owa country the good turf-forming grasses 

are less common than in Iowa. Tne chief glory of our north- 

ern landscapes are the fine turf-forming grasses, and in the 

Mississippi valley blue grass is preéminent. ‘‘Turf grasses 
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are the pasture grassesof New H1g'aid and the middle states. 
Nowhere will we find a better turf or a finer or more even 

texture or more plea-:ai1t to walk on, than in some of the past- 

ures near the New England coast, waoich have be2n grazed by 

sheep for the past hundred years or more. Where these 

pastures have been grazed the closest and trampled the most, 

there will b2 the closest and most even turf, composed gener- 

ally of a siagle variety of grass. Such turf a3 we are consid- 

ering (turf suitable for lawns) is produced either by the grazing 

of stock, particularly sheep, or by the frequent and intelligent | 

use of the lawn mower and roller. The value of sheep in turf 

formation is recognized by the managers of public parks, and 

has been taken advantage of by some This is notably the 

case in Ceatral Park, New York, and Druid Hill Park, Balti- 

more.’’ In the semi-arid regions of the west the smooth, even 

turfs are wanting, the species frequently growing in bunches. 

Northwestern Iowa deparis somewhat from the conditions pre- 

vailing in other sections of the state, since the rainfall for a 

good turf is somewhat deficient. 

In regard t9 the coloc and texture: ‘‘A deep, rich emerald | 
green is the shade most desired in a lawn grass, as it is gen- 

erally pleasing and certainly the most beautiful of all tints. 

No grass in the northern and middle states fills this require- 

meat so well as Kentucky blue grass; the color of this grass, 

when grown under favorable conditions, may be ragarded as 

the standard upon which to base comparisons. Different vari- 

eties of Kentucky blue grass show slight variations in color, 

some being lighter than others, but upon the whole the deep, 

rich shade of green may be relied upon. Some of the fescues 

Possess an equally deep shade of green, but the best turf-form- 

ing varieties of this grass usually have a grayish tint, which 

is more or less objectionable. Creeping bent and Rhode 

Island bent are very much alike in color, but they are consid-_ 

erably lighter than the Kentucky blue grass; and, should this 

be regarded as a fault, it is fully counterbalanced by their 

finer texture and superior turf-forming habit. Italian rye 

grass has a good color, and the fine-leafed variety of perennial 

rye grass is by no means an inferior lawn grass. The color of 

these rye grasses is not very different from Kentucky blue 

grass, but there is a marked difference in the appearance of 

the herbage; the surface of the leaves of perennial rye grass 
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has a shining or polished appearance not apparent in Ken- 

tucky blue grass.”’ 

‘‘Reference has already been made to the degre? of fineness 

of several varieties of grasses, but the narrowness of the leaf 

blade does not always determine the texture. Some of the 

varieties of fescuses have exceedingly narrow or thread-like 

leaves, but the turf formed by them may be harsh and unpleas- 

ant to the touch. Other grasses again may have compara- 

tively broad leaves, which are soft and flexible, and the turf 

they produce may possess a desirable texture. ” 

Varieties.—The lowa lawn is generally represented by but a 

single species of grass, namely, blue grass (Poa pratensis). 

White or Dutch clover (Trifolium repens) is frequently sown 

and when not sown frequently comes into the lawns and is 

most desirable. The fescue grasses and timothy are some- 

times sown, more frequently to obtain a quick growth of grass, 

but neither has an abiding place. The bent grasses (Agrostis 
alba) are sometimes found, but in old lawns it seldom finds a 

place; the blue grass crowds all but the clover out. The best 

lawns are those that consist of but a single species 

Selection of Seed.—‘*The greatest care should be taken to pro 

cure seeds of the very best quality of the variety desired. The 

highest priced seed is the cheapest in the end. A cheap grade 

may always be looked upon with suspicion, and is usually dear 

at any price, and the sowing of seed of any grade upon a poorly 
prepared seed bed is wasteful. 

‘Tt has long been a common practice to use a variety of 

seeds or so-called ‘‘lawn mixtures” in seeding down lawns. 

Those advocating these mixtures ergue that there is no one 

grass that will suit the ordinary lawn maker, as he wants a 

lawn quickly, he wants a lawn fine, and he wants it to be 

permanen’, results which it is claimed can only be obtained by 

mixtures. Further, it is asserted that the variety in the mix- 

ture best suited to the soil and climatic conditions will event- 

ually run out the others, and the lawn will finally be composed 

of a single species. This course will manifestly cause a delay 

in s+curing a satisfactory turf, and when there are several 

varieties of grasses combined the liability of introducing weed 

seed is greatly ixcreased. 

‘‘One of the chief features of beauty in a lawn, as already 

stated, is uniformity in color, and this cannot be obtained by a 
mixture of varieties of grasses; the color will always be’mottled 
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and irregular. Under the most favorable conditions it is diffi- 

cult to procure absolute uniformity in color, for there is likely 

to be a variation in the shade of tint between individuals of the 

same species. 

‘Uniformity of texture is impossible where two or more 

varieties of grasses are sown; no two species possess exactly 

the same degree of finness, and even individual plants or 

strains of the same species are apt to vary in this particular. 

“The mixing of creeping bent with Kentucky blue grass is 

like mixing the good with the bad, and such a combination has 

a real disadvantage, which is particularly manifest in the later 

autumn months when the distinctive coloring of the two grasses 

is especially pronounced. The lawn composed of these two 

species is thea almost unsightly because of its decided mottled 

appearance; the dark green of the blue grass stands out in 

striking contrast with the paler color of the creeping bent. 

For the same reason white clover should never be sown with 

the bent grasses. 

The Amount of Seed Used per Acre.—‘‘The amount of seed to 

be u:ed will d* pend somewbat on the character of the soil, but 

more particular y upon the quality and kind of seed used. 

The seed, of course, should be sown much more thickly than 

for hay production, and allowance has to be made for the 

thoroughness with which the seed has been cleaned from chaff. 

Rhode Island bent and creeping bent are both likely to con- 

tain a large amount of chaff and imperfect seeds, and the 

quality of seed sown should be sufficient to make allowance for 

this. Under the new methods of cleaning seeds of Kentucky 

blue grass, the chaff is almost entirely removed, but in the case 

of this grass there is often a lack of vitality, or germinating 

power, and it is always best to use a liberal quantity in seed- 

ing down a !awn. 

‘*Mr. William Doogue, superintendent of public grounds, 

Bosto”, sows four bushels of Kentucky blue grass and red top, 

mixed in equal parts, to which about six pounds of white clo- 

ver have been added, to the acre, or one peck to 300 square 

yards. Owing to the great variation in the weight per bushel 

of grass seeds of the same kind (due to the presence of more 

or less chaff), it is best to base the amount upon weight rather 

than measure, and from fifty to sixty pounds of seed of fine 

quality is not too much to use upon an acre of ground, or one 

and one-half pounds to 100 square yards. Poor land requires 
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more seeding than fertile land. Some advise as much as 100 

pounds of seed to the acre.”’ 

Time of Seeding.—In this state it is advisable to sow as early 

as possible ia the spring—middle of March to first of April. 

Fall is uncertain with dry weather. In September it is diffi- 

cult to get a stand, although, if the fall is a favorable one for 

rains, September is a good month to sow. This will enable 

the roots to get a good start to prevent winter killing, which 

takes place frequently when the young plants are thrown out 

of the ground and drying out. A better start with blue grass 

may be obtained by sowing a small amount of white clover. 

‘‘The seed must be sown or scattered evenly over the surface 

if a patchy and unsightly growth is to be avoided. It is best 

to select a time when there is little or no wind ard, if possible, 
immediately previous to an expected rain. Care must be 

taken not to cover the seed too deeply. A very light raking 

or brushing may be allowed and is even advantageous, but 

generally rolling will be sufficient. The rolling is necessary 

to make the surface soil firm, to press the seeds into close 

contact with the earth and to render the surface smooth and 

even. The germination of the seed largely depends upon the 

depth to which it is covered. An eighth of an inch is ample 

covering for most grass seeds, while Kentucky blue grass is 

said to germinate best when exposed to the light and conse- 

quently not covered at all.’’ 

Transplanting Turf.—In the town lot or some public places 

the transplanting of turf is often resorted to. The first desid- 

eratum is a pure turf of one variety of grass, and this is not 

difficult to obtain anywhere in Iowa. The turf is cut to appro- 

priate lerigths. The ground which is to receive the turf should 

be well loosened; the turf is laid closely, rolled and watered. 

In this way a fine turf may be had the first season. ‘‘Where 

the supply of pure turf is limited, but still can be obtained, it 

may be cut into small pieces two or three inches square and 

these set out at intervals of six or eight inches, beng pressed 

into the soil about one-half inch below the uncovered surface, 

which will eventually settle a little, and, if the soil has heen 

properly prepared, the growth of the grass will soon cover the 

ground and make a satisfactory sward much more quickly than 

can be obtained by seeding. This method has the advantage, 

too, of insuring the production of exactly the kind of turf 

desired, a result not always to be obtained by sowing the seed. 
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A lawn of limited extent planted in this way at Washington, 

D. C., early in September was fairly well covered with grass 

by December Ist.” If the season is a favorable one, this turf 

will be an even one the second season. The dry midsummer 

weather will materially check its development. The weeds 

should be kept down, preferably by mowing them. 

“DORE 
* kk ~ 
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