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INTRODUCTION 

The purpose of this bulletin is to present the results of investiga- 
tions on citrus melanose (caused by Phomopsis citri Fawcett), to 
stress the economic importance of the disease, and to assemble infor- 
mation on it by giying a résumé of the more important published 
works on the subject. 

The studies herein recorded include: (1) The relative susceptibil- 
ties to melanose of many rutaceous plants, including citrus; (2) the 

1The writers take pleasure in making acknowledgment to Ruth Colvin, E. Aline Fen- 
ner, Lulu O. Gaiser,-and Harold H. Link, of the Office of Fruit Diseases; to Alfred 
Warren, agricultural agent, St. Lucie County, Fla.; and to H. E. Stevens, Fort Myers, 
Fla., formerly pathologist at the Florida experiment station, for valuable assistance 
rendered in laboratory and field work. Acknowledgment is made also of the very valuable 
cooperation by the late J. B. Magruder, Orlando, Fla., the owner of the grove in which 
most of the experimental spraying and dusting tests were made. 

2 After this bulletin was written the ascus stage of the melanose fungus was found 
by Frederick A. Wolf, of the Office of Fruit Diseases, and described by him as Diaporthe 
citri (Fawcett) n. n. in the Journal of Agricultural Research (25). (Italic numbers in 
parentheses in this bulletin refer to “‘ Literature cited,” p. 61.) 

24975°—27 1 
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effect of temperature upon infection of potted citrus seedlings; (3) 
a determination by inoculation tests of the stages of development at 
which the leaves and fruits of commercial citrus types reach practical 
immunity; and (4) the results of experimental tests and of horticul- 
tural practices for melanose control. 

DESCRIPTION OF THE DISEASE’ 

EFFECT ON LEAVES 

Young lesions of citrus melanose occur on tender leaves first as 
minute, almost invisible, dark, round, sunken depressions with yel- 
lowish margins. (Pl.1, A.) As the leaf ages the spot becomes flush 
with the surface and later becomes distinctly raised with a somewhat 
irregular margin. It is then rough and mahogany brown in color 
without discolored borders. (Pl. 2, B.) These lesions range from 
one-fourth to 1 millimeter in diameter. If the infection is severe, 
the leaf partially loses its natural green color and takes on a paler 
green or yellowish shade. The lesions occur for the most part on the 
upper surface of the leaf, but frequently on the lower surface as 
well. These melanose marks appear in various patterns. They may | 
be widely separated single minute lesions, or they may appear in 
circular patterns 2 or 3 centimeters in diameter (pl. 2, C), or some- 
times as solid scar tissue of various forms, and this scar tissue persists 
throughout the life of the leaf. 
A careful histological study of citrus melanose made by floyd 

(70) shows that the host tissue is killed for five or six cells in depth, 
and beneath this area of dead tissue specialized cells develop which 
cause the dead cells to be raised; hence the rough feel of melanose 
spots. (Pl. 3, A.) 

EFFECT ON FRUIT 

Lesions on fruit (pl. 4, C, D) are similar to those on leaves. They 
are at first dark and sunken without discolored borders, later becom- 
ing brown, distinctly raised, rough to the touch, and usually remain- 
ing rough throughout the life of the fruit. When the infection is 
slight the melanose spots are usually scattered, and they may be 
simply brown, raised dots of about 1 millimeter or less in diameter, 
with or without a grayish border, or they may be very minute specks 
the center of which is brown with a zone of grayish, almost normal, 
tissue and with an outer zone of brownish melanose-scar tissue. This 
type is not very common, but it has been observed particularly in 
cases where infection occurred when the fruit’ passing out of its 
early stage was nearing immunity, under which conditions the dis- 
ease usually does not develop in quantity. If the infection is severe, 
melanose spots are much more numerous and may appear in tear- 
streak patterns or as solid scar tissue, raised and rough to the touch, 
that may cover the greater part of the fruit. Shallow cracks of 
rather regular patterns develop in this dead scar tissue. This type 
is usually referred to as “mud-cake” melanose. (Pl. 4, HE, F.) These 

3 Unless otherwise noted, the discussions of the disease in this bulletin relate to the 
orange and the grapefruit. 
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affected areas usually persist throughout the life of the fruit, but in 
some instances the brown rough tissue has a tendency to slough off, 
particularly in the “ mud-cake” type. | 

EFFECT ON TWIGS 

The infection on twigs (pl. 5, A, B)- appears at first very much as 
it does on the leaves, and later the spots, if few in number, become 
much more raised than on leaves or fruit and in some instances re- 
semble forms of die-back. If the infection is severe, “ mud-cake ” 
patterns (pl. 5, C) are likely to develop, and the twig dies. One of 
the distinctive features of the disease is the presence on water sprouts 
of two or three zones of very severe melanose infection, between 
which are zones comparatively or entirely free from these blemishes. 
These zones represent infection and noninfection periods during the 
growth of the water sprout. 

DISEASES. CONFUSED WITH MELANOSE 

A number of blemishes are commonly confused with citrus 
melanose. 

AMMONIATION 

Ammoniation is considered to be a form of die-back, a common 
nutritional disease of citrus. These blemishes are rare on grapefruit, 
but on oranges they may be confused with melanose although totally 
different as to origin. (Pl. 6, A and B.) When the two occur on the 
same fruit it is difficult to distinguish between them in the field, on 
either mature or immature fruit, especially so when the two types 
occur in shght to moderate amounts. Ammoniation spots on the 
orange are larger, more erumpent, and usually when raised are oi a 
hehter brown color than melanose. When these spots are examined 
under a hand lens, minute cracks may be found on the raised parts. 
These spots are usually glazed by a resinous excretion, and beneath 
them minute gum pockets cr gum-filled areas are usually present; in 
very severe cases gum deposits may be found even in the central 
pulpy axis of the fruit. 

- STAR MELANOSE 

Star melanose is a false melanose with raised dark-brown to black 
excrescence having irregular margin with from three to five or more 
points. (Pl. 7, D.) These spots range in diameter from 1 to 3 miili- 
meters and occur more frequently on the surface of leaves than on 
fruit. They have been observed by the writers only on trees that 
previously had received applications of Bordeaux mixture or Bor- 
deaux-oil emulsion, which suggests that they are probably due to 
spray injury. 

BLACK MELANOSE 

Black melanose is a spotting of citrus leaves which, although not 
similar to citrus melanose in appearance, causes considerable con- 
fusion because of the similarity of names. Black melanose appears at 
first as a yellowish green discoloration on orange and grapefruit 
leaves. These spots soon become distinctly raised on both surfaces, 
owing to an accumulation of resinous material in the affected area, 
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and gradually become dark colored, sometimes almost black. They 
vary considerably in size, usually ranging from 11% to 4 millimeters 
in diameter. Generally the margin on the upper surface is regular 
in outline, but on the under surface it may be either regular or irreg- 
ular (pl. 7, C). The cause of this disorder has not been established. 
Tt does not seem to be infectious, as no fungus or other organism has 
been found associated consistently with the spots. 

Another spotting on leaves and fruit that is similar to melanose has 
been observed in Alabama and Texas on trees lacking vigor. It so 
closely resembles melanose that the two may easily be confused. In 
this type of injury the margin of the affected tissue is more regular. 
the excrescences much higher, and the color darker than in citrus 
melanose. 

RUST-MITE TEAR STAIN 

Rust-mite tear stain is frequently confused with melanose tear 
streak. Both occur on oranges and grapefruit and both are mahog- 
any brown in color. The melanose tear streak is rough to the touch 
and raised, while the rust-mite tear stain is smooth and flush with 
the surface of the unaffected parts. 

RUST-MITE RUSSET 

Rust-mite russet frequently occurs on oranges and grapefruit as a 
general discoloration or as distinct zones or bands that are usually 
quite smooth to the touch, but occasionally they may be slightly 
rough, faintly resembling “mud-cake” melanose. When the rust- 
mite russet is severe it is impossible to detect with accuracy a slight 
to moderate occurrence of melanose lesions in the same general area. 

HISTORICAL REVIEW 

The first published record of citrus melanose was made by Swingle 
and Webber (2/7) in 1896. They first observed it in November, 1892, 
near Citra, Fla. The hosts recorded in order of susceptibility were 
grapefruit, sweet orange, sour orange, lemon, mandarin, and Satsuma. 
The disease when first observed seemed to be of very recent origin 
or introduction, as evidenced by its limited distribution, but it spread 
rapidly during the next few years. ‘They occasionally found micro- 
scopic evidence of fungal hyphe in the affected parts, but were un- 
able to obtain the fungus in culture. They considered the disease 
to be due to a “ vegetable parasite.” Spraying experiments conducted 
in 1894 at Stanton, Fla., showed that the disease was controlled by 
two applications of Bordeaux mixture or of ammoniacal solution of 
copper carbonate, the first made about two weeks after the flowers 
had fallen and the second about a month later. 

Floyd (10) concludes, after studying the disease from a physio- 
logical and histological standpoint, that it is caused by some unrecog- 
nized organism, and states “it is probable that the dead wood is a 
source of infection.” He observed that fruit so located that water 
from deadwood drops upon it often has a tear-stain arrangement 
of the disease marking. He also noted that where melanose had 
been severe, pruning proved to be helpful in reducing the disease. 
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EXAMPLES OF MELANOSE INFECTION.—I 

A, Early, slightly sunken stage of natural melanose infection on young grapefruit leaves and twig 
B, Orange leaves curled from melanose infections. These leaves will fall prematurely 
C, Melanose lesions on petal, calyx, and fruit stem of grapefruit 
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EXAMPLES OF MELANOSE INFECTION.—II 

A, Defoliation of grapefruit water sprouts caused by severe melanose infection. Such twigs 
usually die as a result of the disease and later become foci of infection 

B, Grapefruit leaf, showing old melanose spots ; 
C, Natural melanose infection of bergamot orange leaf, showing circular arrangement oflesions ~ 
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MELANOSE CROSS SECTIONS 

A, Cross section through an old melanose spot on a leaf (X about 200). Note the raised por- 
tion of the tissue heavily infiltrated with dark gum 

B, Cross section through a pyenidium of the melanose fungus (X about 100) 
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VARIOUS DEGREES OF MELANOSE INFECTION ON GRAPEFRUIT 
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MELANOSE ON ORANGE AND GRAPEFRUIT TWIGS 

A, Severe melanose infection on very young grapefruit twigs. 
confused with ‘‘ammoniation”’ 

Such lesions may easily be 

B, Typical melancse lesions on orange twigs c 
C, ‘‘Mud-cake”’ effect of melanose on orange twigs 
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TYPES OF INJURY ON ORANGES AND GRAPEFRUIT 

A and B, Oranges affected with ‘‘ammoniation.’’ ‘This blemish is easily confused with 
melanose 

C, Grapefruit showing Bordeaux-oil injury. This is a rather common type of spray injury 
D, An unusual type of Bordeaux-oil injury on orange. It has been observed on experimentally 

sprayed plots only, and there but rarely 
E, Sulphur sunburn on grapefruit. This type of injury occurs commonly during the summer 

months following applications of sulphur sprays. Applications of sulphur within about 
10 days before or after an application of oil emulsion is almost certain to be followed by 
this type of burn 
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Floyd and Stevens (7/7) state that melanose is caused by Phomopsis 
citri Fawcett, which sporulates in deadwood, and since the fungus is 
active nearly the entire year, melanose may occur at any time when 
new growth is present. Inoculation experiments with spores from 
pure cultures of P. citvi produced the disease, but no spotting resulted 
from using the mycelium or filtrate from twig washings and cultures. 
They were unable to recover the causal organism from melanose 
markings. 

Fawcett (5,6) had previously shown that P. citri causes a stem-end 
decay of citrus fruits. 

Stevens (78) gives the results of pruning experiments in 1913 and 
1914 for melanose control in a grove that had suffered severely from 
melanose, showing that very careful pruning reduces the disease 
decidedly and that ordinary commercial pruning gives a moderately 
good control. 

Fawcett. (7) calls attention to the distribution of melanose in 
Florida. He states that this disease is confined roughly between 
2714° and 2914° north latitude. North and south of these limits it 
becomes progressively less prevalent. He suggests that climatic con- 
ditions greatly influence the distribution of melanose. 

Stevens (19) obtained further positive inoculations from pure 
cultures of P. citrz, but was unable to reisolate the causal organism 
from lesions or to detect it in microscopic examination. He reports 
further on four years of successful pruning experiments for melanose 
control. 
From the development of this disease on plots of grapefruit 

sprayed in 1914 and 1915 for citrus scab control, Grossenbacher (/2) 
concludes that one application of Bordeaux-oil emulsion made in 
late April or early May usually gives good protection against mela- 
nose, but occasionally, when April is rainy, two applications should 
be made, the first about the middle of April and the second about 
the middle of May. 

Burger, DeBusk, and Briggs (2) failed to produce melanose in- 
fection on young oranges and grapefruit picked on May 20 and 
placed in a moist chamber in the laboratory. From these laboratory 
tests, together with general observations, they conclude that fruit 
becomes immune about June 1. From spraying tests conducted dur- 
ing 1921 and 1922 they conclude that fruit sprayed from 10 to 20 
days after the bloom has dropped will be protected from this disease. 
Winston and Bowman (24) give the results of spraying experi- 

ments conducted over several years, beginning in 1920, and particu- 
larly the results obtained in commercial grove spraying in 1922. 
They conclude that in normal years a single application of standard 
Bordeaux-oil emulsion spray completed by May 5 will give good 
commercial control of the disease, but in years especially favorable 
for the disease two applications may be necessary. Under such con- 
ditions they suggest that the first application be made between April 
1 and 10 and the second about one month later. 

Burger (7) is the first to report the occurrence of what he con- 
sidered P. citri in California, where it was found to be producing 
stem-end rot of citrus fruits. 
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Faweett (9) e pets finding pycnidia of Phomopsis in California 
and suggestions of melanose on citrus leaves. Fruit picked from 
branches containing dead stems developed typical stem-end decay. 
This California Phomopsis seemed sufficiently distinct from P. citri 
to be described as a new species, to which he gave the name Phomop- 
sis californica N. sp. 

Dozier (4) states that melanose i is of rather rare occurrence on the 
Satsuma in the Gulf coast region, but during the summer following 
the severe freeze of 1924 this disease developed on Satsuma leaves in 
Alabama. 

Fawcett (8) shows that P. citri makes its most rapid growth on 
culture media at about 2714° C., but makes a good growth at tem- 
peratures as low as 18.5° and as high as 30°. Above 32° no growth 
was observed, and at 7.5° only slight growth took place over the 
period of observation. 

Cobb (3) mentions a disease in Australia resembling melanose in 
many sagt ie He found in the affected spots a distinct fungus | 
which he illustrated, but he failed to name or describe it. He be- 
lieved this fungus to be the cause of the disease. Later, McAlpine 
(15) described ‘this organism as Cladosporium. brunneo- atrum n. sp. 
McAlpine states that the Australian disease attacks the sweet orange 

' only, whereas the Florida disease is known to attack many species of 
citrus. Pathological differences between the two diseases are re- 
corded. Owen (76) reports the successful control of the Australian 
melanose with applications of Bordeaux mixture. 

Trabut (23) reports the occurrence of a melanose disease on man- 
darins and in these spots found a fungus which he considers the 
cause of the disease. To this fungus he gives the nomen nudum Sep- 
toria glauscens, but he fails to state its habitat. 

Lee (7/4), while conducting spraying experiments in Japan on 
citrus, found a blemish identical in appearance with citrus melanose 
that developed to a considerable extent on trees sprayed with Bor- 
deaux mixture and Burgundy mixture, whereas few, if any, blem- 
ishes developed on those sprayed with formalin or with lime-sulphur 
solution, or even on the unsprayed checks. From the writer’s ex- 
perience in Florida this blemish would seem to be spray injury. 

Horne (13) mentions finding typical melanose spots on grapefruit 
from the Isle of Pines, West Indies, and later when the fruit went 
down with stem-end decay he isolated Phomopsis from the affected 
tissue. Laboratory studies showed this organism to be distinct from 
Phomopsis citri Fawcett. He describes this new fungus and suggests 
for it the name Phomopsis caribaea n. sp. 

tt thus seems that there are in the literature at least four distinct 
markings, each of which is called melanose, and which appear to be 
caused by different agents; namely, the Florida disease, caused by P. 
citrt Fawcett; Trabut’s disease, ‘presumably caused by the fungus 
Septoria glauscens Trabut, nomen nudum; the Australian disease, ‘at- 
tributed to € ‘ladosportum. brunneo-atrum McAlpine; and the Japa- 
nese blemish, which is probably a type of spray burn. On the basis of 
priority it would seem that the Florida disease should be entitled to 
the name melanose. There is also the possibility that two other spe- 
cles of Phomopsis, P. californica and P. caribaea, produce melanose 
blemishes. 
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Considering the importance of citrus melanose, very little work 
seems to have been done on the subject either in the laboratory or in 
the grove, and that which has been published has until recently had 
but little effect upon the practical control of the disease. Prior to 
1921 citrus melanose was generally considered to be one of the many 
diseases that could not be controlled economically with fungicides, be- 
cause the harmful effects in the form of excessive increase in scale 
insects outweighed all beneficial effects resulting from a reduction of 
melanose. This increase in scale insects is due to the effect of the 
fungicide upon entomogenous fungi that attack these insects, thereby 
upsetting the natural biological scale control. With the introduction 
of Bordeaux-oil emulsion this objectionable feature was largely over- 
come. Commercial pruning has usually failed to give satisfactory 
control. : 

SPECIES AND VARIETIES ATTACKED 

Citrus melanose occurs on a wide range of plants of the family 
Rutaceae, to which citrus belongs, and it seems that all commercial 
varieties of citrus grown under Florida conditions are attacked by 
the disease. Among the citrus varieties grown commercially, the 
kumquats* (Fortunella spp.) are perhaps the most susceptible; 
they are extremely so. The lemons (Citrus limonia Osbeck), sour 
oranges (C. auranteuwm L.), limes (C. aurantifolia Swingle), and 
grapeiruit (C. grandis Osbeck) are very susceptible, whereas the 
round (sweet) oranges (C. sinensis Osbeck) and the kid-glove 
oranges (C’. nobilis Lour.), although distinctly less susceptible than 
the grapefruits, are attacked severely whenever conditions are espe- 
cially favorable for infection. Observations over a period of eight 
years and inoculations made during six years fail to reveal any ap- 
preciable difference in the degree of susceptibility possessed by the 
commercial varieties within the same species. Susceptibility seems 
to be possessed to about the same degree by the fruit, the leaves, and 
the twigs. 

In addition to the commercial varieties of citrus found throughout 
the citrus belt, studies by means of inoculation tests have been con- 
ducted on the susceptibility to melanose attack of a rather wide 
range of rutaceous plants, including a number of citrus hybrids. 
These include representatives of 21 genera and 34 species. In some 
instances only one or two plants of a given species have been avail- 
able; hence the susceptibility of these is recorded tentatively. More 
complete data resulting from inoculation tests will be found in that 
portion of the bulletin which deals with inoculation experiments. 
Table 1 gives the approximate susceptibility to melanose of a wide 
range of rutaceous plants under Florida conditions as indicated by 
extensive inoculation experiments and general observations. 

4In so far as. possible, the botanical classification of citrus species used in this 
bulletin follows that of W. T. Swingle (22). 
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TABLE 1.—Range of infection on various rutaceous plants by the melanose fungus 
Phomopsis citri Fawcett, as indicated by artificial inoculations and general 
observations 

Botanical name Common or variety name Range of infection 

Family Rutaceae: 
Subfamily Citratae— 

Gicosmisipentaph yl © eee eee a are ey ema Be Severe. 
Claucenalansrum Sieve 2 kee | ore See yee ee ee as ee Susceptible. 
Chaleas,Ciurraea): exotica Viills #|2 2 see ee Snes No infection observed. 

Tribe Citreae— 
Subtribe Aeglinae— 
HeEnONOIMONIG. SWss 22 Sos cease Soe Co ee ee eee ere Do. 
ETO ULELLG LUCIA GS Wits ce a hr | oe meet tence oe ence te ene: eR gO Do. 
TACT LODSISICIEVOLIET A Sean ane ee | ee eee ge jo dee cht eee es Seah ned Slight. 
AegLeynvanin CLOS| COV Te et [ee ee oe eee No infection observed. 
Chaetospenmun Glucinosa Swe’) s|ba5 2s a ee eo ee eee Medium. 
IBOISAMOCUTIULS GAUOMENSISs SWe sess |e ee eee ee eee ene No infection observed. 

Subtribe Lavanginae— 
iElespeneihisaicnentlataervoemse 3\ =) saan eee eee scene Do. 
Triphasia trifolia Pe Wilson’)! |e. Sees Re ea Very slight. 
Paramigyna*monophylla Wight __|_----=----<------ 5-2 sn sean aee No infection observed. 
Severinia buxt/olia Pen 2 = i. 25. aie a ae pe i ee gla a ey ge Very slight. 

Subtribe Citrinae— 
Citropsis schweinfurtit Sand Ke |! - 222 eo See ee eee No infection observed. 
PRO NCI ASC CLLTALS) nUNtFOULOL PEN Tes | eee ares een eas ee em Slight. 
‘Atalantiascitroides Pierres:): Lrei neue web ie Wisd eae ts aa ac Bee eeas  a No infection observed. 
Mortunelia hindstt Swen sso8 =e See See en eae ae erg ae a epee Susceptible. 
Fortunella margarita Sw-___----- Nagami kumquat (oval) -.---..-.--.-- Very severe. 
Fortunella japonica Sw..-------- Marumi kumquat (round) -----...-..- Do. 
Fortunella crassifolia Sw__.------ Meiwa kumquat_-_____..-.---_-_______ Do. 
CUP WSTECHANGENSTSIS wore S230 5 Ss Ss ee ee a Po ea eae Susceptible. 
Ciirusimedicdaye = aes ee Corsican\citronessaes aes eee Slight to medium. 

DD) OL2 Ee ee NA tote nen he E\trog (citron i325 e008 228 sees eee Do. 
Citrus limonia Osbeck____.-_-__- Mieyerlem ons ine iui sae eee Severe to very severe. 

A Do eis eligi Mine awash Ay ceaiieel tye Kennedy lemon_________-_---_-______- Do. 
IDX ayaa cs aig WN De ae eine See Bambjlomon=2es222 6 ha ae es Do. 
HIB) Genre eco Sa ee VOUS ETI OM ee ak enn Do. 
HD) OFF ACE AE ENCORE ee Sweet lemons! 314) 07 esses, SE Do. 
DD) OSE ee Pee Si hae eee Villafranca lemon..-___.._..-__-__-_-- Do. 

Citrusvanos Manne eee ‘Kansu orange ia7ce gar a ee ei as Do. 
Citrus aurantifolia Sw..--_------ Kousaiedimet. fees 2) oct Ee ue Do. 

1 Boer ane aliis SSS aes seems to 3 Mexicanvlimes sot. sacs sie ee ae Do 
TD) OS PO Eee ee ae Persian limoess 222 vk les ae ee Do 
TD) Ook SA AUR sass Sour Rangpur lime___-_______________- Do. 
ET) EE NN ose EO ROCIO Tahiti linte 32a oe ee eee oe he Rees Do. 
DD Ose pe ee ls Deg ee ‘Thormiless|lime 226s beste ae Do 
A) ee ee ee Woglum lime. eater ee te Do 

Citrus grandis Osbeck..._____--- Connerierapeinuitas ose ee Severe to very severe. 
ID) GEREN em ret sine nee ae IDaviSiStapelluite es sea ee ee Do. 
I DY Sa ie ed ae ete Mi a eR Duncan grapefruit -......_.._________- Do. 
AD) SPER AS Hallo ea Foster grapefruit.-._____.___....-_____ Do. 
1D) OFSS eB eR PE Gold Medal grapefruit _.__._._.._____- Do. 
ED) OEE Se Rees ag, Hall (Silver Cluster) grapefruit... -__ Do. 
I) Qe Son ee Meee Leonardi grapefruit --..._____---_____- Do. 
1D) OS ee CTE oe Marsh grapefruit... 525-22 Do. 
DD) GEE OREM Re nO ia Tere ee “McCarty grapefruit_________-_______-_ Do. 
TD oy Ses ele SEN GE cone ea Fates Ss Pink Marsh grapefruit .._____._______- Do. 
AIS) Ue NE a Da Pernambuco grapefruit___.____.____-__ Do 
TB) Ge oe eee re Royal grapefruit -............--_---___ About the same as 

orange. 
TD) ea i isa eel aie Triumph grapefruit __..........______- Do. 
1D) Oe ee eae Chinese:pummelos2: :2 0 a ees Severe to very severe. 
DD Yo urea oes Deas ea dw Oar Rinks pummel Osea sae eee Do. 
AD) Qe eset io Dearne eae yaar Sour pummelo==2222e-) eae 2 Do. 
1D Yoy ps aay ane one ea ee ha Common shaddock-__._._.---.--_------ Do. 
ANB) (yeas es Want DTA petra ere “Cuban shaddock______..--...--.--_-.- Do. 

SOUR-ORANGE GROUP 

Citrus aurantium L____---------- Bergamot orange.__.._-.--__---------- Severe to very severe, 
US) Que ie ee We a ce Roe Bittersweet orange____._.___.-------_- Do. 
HUD) SEA I Tr se Myrtle-leaf orange__....._.___.-_----_- Do. 
OI) aS ei Sea ces ee Me Willow-leaf bittersweet orange_______- Do. 
UB Ya Sense pata SM ana a Se a A Otaheiteoranve === ses Do. 
1D (oj sapeten ey WBE a eo oa ee Sour OAD EC ooo oe ene ean en Do. 

aot 
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TasLeE 1—Range of infection on various rutaceous plants by the melanose 
fungus Phomopsis citri Fawcett, as indicated by artificial inoculations and 
general observations—Continued 

Botanical name Common or variety name Range of infection 

ROUND OR SWEET ORANGE GROUP 

Citrus sinensis OsbecK__._.------ Chamoudi oranve2 eee Severe to very severe, 
but distinctly less so 
than grapefruit. 

gD Yo ee See aes pert eee eer Florida seedling orange_______________- Do. 
LD Yo) s Saeed a ie ee 8 Rae Enterprise orange________.-_______-_-- Do. 
1D Xo yee ie ee Nae ere IELOMOSASSA OFAN Ge eee eee ee Do. 
TD ite Se Pe ee at Vail aoran ve See ek ee er ay eee Do. 
1D YO} S See ee eae cee Igamib orange reece es eas ee Do. 
HS) QS ere es atte ene Pe Lt TWeOnan Gee swememou ree ee Do. 
1D Yo). eae a 7 ee ok ee Maltese orange se sa ee Do. 
SLi) a ae ae Mediterranean Sweet orange__________ Do. 
1B Yay ees I IE Se deep Oe as INorrisiearlysoranges 2. aee oe oe ee Te Do. 
ED) QS rina eam rs il aN Parson Brown orange__-_-_-___-_____- Do. 
1D Yo aa Ss ies Era Near Pineapple orange_.___-. 2 ----_--..--- Do. 
1) rea rises Swe TL Ree SLI Rubyjoranges ste: Se tee ee Do. 
HU) (Eee ee Set al re SULEPTISCIOFAN Lee haa ee Do. 
LD Yay Seas i SE eae acl na Walenciaiorange2 nee a Do. 
DO eres Ge oe eC Te, ea Washington Navel orange____________- Do. 

KID-GLOVE ORANGE GROUP 

Citrus nobilis Lour_____---_----- UI PKORAN Pete ete eee el en Cre Slightly less than sweet 
orange. 

Citrus nobilis deliciosa Sw__-__--- Clementine orange__________._______-- Do. 
LD) Se IPE net Cleopatranmnand arin’ asses eee Do. 
ADD) esha ete a rae meee apes Dancy tangerine______________-_______ Do. 
DD ON ae Oe au aetd |e Rae ee Onecoitangerines= se ee Do. 
DD OSes DEG Ne eet meal Vian Garin bei cen Oo Ne eS Do. 

Citrus nobilis unshin Sw. _______- SAILS UIT meee ee ee i ee ce Few aa aie Do 
Citrus mitis Blaneo_____________- Calamondin== = eee Do. 
Citrus (Papeda) hystrir DC__-__- Pointed-leaf Papeda_--_- 2-5 22 Susceptible. 

DOSS eta ea Round-leaf Papeda__________.___-___--_- Do. 
Citrarsppeuve;nveWiGDSLOr eee eee eee ere a el Do. 
MMacrocityaes QuUstnalasica Wee |e es ee ee ee No infection observed. 

The designation of degree of infection in Table 1 follows as closely 
as possible the scale used elsewhere in this bulletin for recording 
results of the inoculation and spraying experiments. 
From this table it is seen that melanose develops on a very wide 

range of plants in family Rutaceae, subfamily Citratae. Of the 34 
species under observation, the disease developed on all except 10, 
and these apparently immune members are scattered quite well 
throughout the entire range. TYoddalia lanceolata Lam., the only 
form under study in subfamily Toddalioideae, is also apparently 
immune. 

Triphasia trifoliata and Severinia buwifolia are attacked very 
slightly, and the citrons, kid-glove oranges, round oranges, limes, 
lemons, sour oranges, grapefruit, and kumquats are affected in about 
the order named. Among the grapefruits the Royal and Triumph 
varieties, as a rule, are less severely blemished than the average com- 
mercial orapefruit. These two varieties are supposed to be hybrids 
between “erapefruit and orange. 

According to the observations of the writers, the greater suscepti- 
bility of grapefruit to infection is shown by the fact that it is much 
easier to find melanose scars on leaves and small green grapefruits 
than on orange fruits and leaves of the same age, and that the 
degree of injury is almost always more severe on grapefruits. Fur- 
thermore, the causal organism produces pycnidia in nature more 
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freely on the dead grapefruit twigs than on the orange. This latter 
condition would indicate that the grapefruit is subject to a heavier 
spore barrage than the orange, and the former would then have a 
greater mathematical chance to become infected. This alone might 
account for an appreciable amount of infection in excess of that 
occurring on the orange, but the results of inoculation experiments 
reported in Tables 3 and 4 indicate that the grapefruit is inher- 
ently more susceptible than the orange. 

Of the 21 hybrids under observation, all were found to be suscepti- 
ble to melanose. The disease has been observed on them in approxi- 
mately the following order: : | 

PRESENT 

Citradia (trifoliate orange and sour orange). 
Limelo (Rangpur lime and sour pummelo). 
Limelo (Mexican lime and sour grapefruit). 

SLIGHT TO MEDIUM 

Rusk citrange (trifoliate orange and sweet orange). 
Citremon (Lisbon lemon and trifoliate orange). 
Natsumikan (probably pummelo and a kid-glove orange). 
Siamelo (King orange and grapefruit). 
Tangelos, Sampson and Thornton (tangerine and grapefruit). 
Tangor (tangerine and orange). 

SEVERE TO VERY SEVERE 

Thomasville citrangequat (Nagami kumquat and Willits citrange). 
Faustrime (Mexican lime and Australian finger lime). 
Faustrimedin (Australian finger lime and calamondin). 
Lemelo or lempum (Chinese pummelo and Myers lemon). 
Lemon hybrid (probably lemon and citron). 
Lemonime (Mexican lime and Genoa lemon). 
Lemonquat (Genoa lemon and Nagami kumquat). 
Limequat (Mexican lime and Marumi kumquat). 
Microcitrus hybrid (probably Australian finger lime and Fooji lime). 
Orangelo (grapefruit and orange). 
Tangelolo (grapefruit and Sampson tangelo). 

The kumquat hybrids are very readily blemished, more so than 
most grapefruits and at least as severely as the kumquats, but the 
tangelos as a class seem to be even less susceptible than the tangerine. 

GEOGRAPHIC DISTRIBUTION 

REPORTED OCCURRENCES 

Since there are several diseases that can easily be confused with 
citrus melanose, it is probable that some of the reports of the occur- 
rence of this disease in foreign countries, and even in America, may be 
erroneous. It is evident that the melanose of mandarins as reported 
by Trabut and the false melanose of sweet oranges in Australia as 
described by McAlpine are distinct from the American disease, and 
probably Lee in Japan mistook spray injury for melanose. 

Citrus melanose, therefore, seems to be confined to the Americas, 
including the West Indies. It has been reported from Brazil, the 
British West Indies, Porto Rico, Isle of Pines, Cuba, and Mexico, 
and in the United States in the States of Florida, Alabama, Missis- 
sippi, Louisiana, Texas, and California. 
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In Brazil, the West Indies, and California melanose is reported to 
occur in negligible quantities, whereas in Texas, Louisiana, Missis- 
sippi, and Alabama the disease is said to be sporadic in its behavor; 
sometimes it: occurs in serious proportions, but generally it is shght. 

LOCAL DISTRIBUTION IN FLORIDA 

Although citrus melanose occurs in varying proportions through- 
out the citrus regions of the Gulf Coast States, the disease occurs at 
its worst in central Florida, where it is regularly a serious disease, 
varying in intensity from locality to locality, and somewhat from 
year to year. Melanose is generally distributed throughout the citrus 
belt of Florida, where it 1s a serious disease in most of the old citrus 
districts and is becoming gradually more serious where it has hereto- 
fore occurred in minor amounts. Wherever the groves are relatively 
young the disease is not usually serious, but it is becoming progres- 
sively more abundant with the increasing age of the plantings, and 
special measures are being taken to control it. In flatwoods, ham- 
mocks, or other low and damp locations citrus melanose occurs in 
abundance, and many of the older groves of Florida are set in such 
locations. It has not been found to be severe on wild citrus growing 
in densely shaded hammocks, where the citrus trees grow very slowly 
but have a healthy color of foliage. In many instances the disease 
is more pronounced in inland sections than close to the seashore. 

Melanose has not yet become a chronically serious disease in the 
extreme southern citrus districts of the State, although it caused an 
enormous damage in that general territory following the freeze of 
1917. This is strong evidence that if conditions are favorable for 
outbreaks citrus melanose should be expected to become a serious 
menace, for a limited time at least, in any fruit district in southern 
Florida. In the northern part of the citrus belt of Florida, especially 
where there is occasional damage by freezes, it becomes especially 
severe following cold winters. 

Figure 1 shows the principal regions of melanose infection, which 
coincide roughly with the districts where the round orange and the 
grapefruit are grown commercially. In the northern and western 
parts of the State extensive developments in Satsuma planting are 
taking place, but the industry has not become stable there, and for 
that reason they are not:shown on this map, although melanose occurs 
there to some extent. | 
It will be seen from this map that melanose is an important disease 

throughout the entire round-orange and grapefruit belt. On the 
high, dry lands through the central part of the peninsula where most 
of the groves are relatively young and along the lower east and west 
coast the disease has not yet become generally serious. 

ECONOMIC IMPORTANCE 

In general importance to the citrus industry of the world, citrus 
melanose appears to be of minor significance, but it is a major factor 
to the citrus industry of Florida. In the districts where the disease 
occurs in quantity, citrus melanose, together with the Phomopsis 
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-end rot, either actually renders unfit for human con- 
fruit than all 

The damage resulting from 
itrus 

Phomopsis infection may be divided into three ge 

the market value of more c impairs 
other active parasitic diseases combined. 

type of stem 
sumption or 

neral-. classes 

O
t
 
o
¢
 

1
%
 

0
,
 

00,9, 
5
5
0
5
2
6
0
5
 

Ta 

a 

Ae 

LEA 

le
 

i@Td
? 

De
xr
oe
> 

x 

De fo 

Pines 

OS. 

i 

\
 <4 

a
n
e
 —
—
[
—
 

ae 
SF GEFER: 

AV 
7. 

3 APFELLANVOIL 

biel i oe 
GEL 

I CSOAL LY SEs 
A 

and grapefruit belt 
Citrus plantings are found at 

-orange 

aded areas 
and the principal regions of melanose infection. 
any scattered points outside the sh m 

Fic. 1—Map of Florida, showing by shading the round 

(1) Injury to the tree in the form of leaf and twig blemishes which in severe 
caSes result in twig defoliation and death of tender twig growth. 

(2) Melanose sears on fruit that reduce or may even destroy the sale value 
of a large part of the crop. 

transit, on the grove, in (8) Stem-end decay of fruit, that may develop in the 
market, or after the fruit reaches the consumer. 
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TREE INJURY 

The injury to trees resulting from a slight leaf infection is usually 
of no special consequence, but severe infection frequently causes a 
crinkling of the leaves (pl. 1, A and B) which impairs their function, 
and in the more severe outbreaks defoliation and killing back of twigs 
(pl. 2, A) result. This severe injury is likely to develop in the 
spring and summer follewing frosts or freezes that defoliate and 
kill twigs. When this blighting occurs in quantity the prospect for 
a heavy crop the following year is unfavorable. Obviously the finan- 
cial losses resulting from such a form of injury are difficult to 
estimate. 

FRUIT BLEMISH 

Melanose blemishes on fruit (pl. 4) are responsible for a tangible 
financial loss, as is shown by the reduction in the market value of 
fruit bearing melanose markings. <A fruit with a moderate amount 
of melanose is usually packed in the second or third grade, but a 
severely blemished fruit is a cull, and therefore has no market value. 
Severe melanose infections may even cause the dropping of fruits 
11% inches or less in diameter, but this melanose-induced drop occurs 
in quantity rather infrequently. 

FRUIT DECAY 

Stem-end rot, caused by the melanose fungus, is responsible for 
fully 40 per cent of the decay of Florida oranges and grapefruit in 
transit, on the market, or in the consumer’s home. This phase is 
not to be discussed in this bulletin, but is mentioned simply to call 
attention to the potential importance of melanose and its usual 
sequel. There is also an important stem-end rot of Florida citrus 
fruits caused by Diplodia natalensis Pole Evans. 

In 1922 the State of Florida produced more than 25,000,000 bushels 
of oranges and grapefruit. Fully 15,000,000 bushels of those bore 
melanose blemishes to a greater or less degree, and at least 1,000,000 
bushels were scarred by this disease in sufficient proportions to cause 
them to be packed in the third grade or lower, or even disposed of as 
culls by those who put up a carefully graded pack. 

The importance of this disease in nurseries and young groves is 
usually not great, but following damaging frosts or other conditions 
which tend to increase the amount of deadwood, melanose may do 
considerable damage to new shoots. Therefore it is plainly evident 
that the melanose fungus is not only potentially capable of causing 
enormous losses but actually does cause these heavy losses. With the 
citrus crop of Florida increasing rapidly, it is only reasonable to 
assume that the losses attributable to the fungus Phomopsis citra, 
namely, melanose and stem-end rot, will likewise increase unless spe- 
cial measures are taken to prevent them. 

Although this blemish reduces the sale value of the fruit, the taste 
is not noticeably altered, but fruit bearing melanose scars is more 
likely to decay ultimately from stem-end rot than fruit free from 
such blemishes. ; 
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THE CAUSAL ORGANISM 

The inability to recover Phomopsis citri Fawcett from either natur- 
ally or artificially induced melanose markings makes it impossible to 
follow strictly Koch’s postulates for proof of pathogenicity; but, 
on the other hand, cumulative evidence, including extensive inocula- 
tion experiments, goes to prove beyond a reasonable doubt that citrus 
melanose as it occurs in Florida is caused by this fungus, which 
also causes a stem-end decay of a wide range of citrus fruits. In the 
latter case the four postulates of Koch are easily followed. 

The ascogenous form of this fungus has not been found.’ P. c2tri 
frequently produces two types of “spores,” the one a short, broad, 
functional conidium, the other a long, slender, hooked body of unde- 
termined origin and function, referred to in the literature variously 
as scolecospore, stylospore, beta spore, and paraphysis. ‘These slender 
bodies appear to be sterile, as indicated by their failure to germinate 
in common culture media such as corn-meal agar and potato-dextrose 
agar. The ratio of the two types of “spores” varies greatly even 
from one pycnidium to another developing from single spore cultures. 
In some pycnidia these scolecospores appear to be absent, whereas in 

. others they occur in numbers about equal to or even many times more 
numerous than the functional spores. In most instances they occur 
in proportions varying from 1 to 20 to i to 1 or less, with an average 
of about 1 to 4 or 1 to 5. 

In nature, pycnidia without scolecospores, presumably of the mel- 
anose fungus, are found frequently, but when present they occur 
in as widely varying proportions as is the case in pure cultures. 
Measurements of spores from pure cultures of P. ctri grown on 

corn-meal agar and on sterile grapefruit stems were made for com- 
parison with those produced in nature on dead citrus twigs, as well 
as those grown in the rind of green grapefruits. More than 100 
spores were measured from each source, and little or no difference in 
size was noted regardless of whether the spores were grown in pure 
culture or produced in nature. The spores ranged from 6 to 8 
microns in length, averaging about 7 microns, and from 2 to 3 
microns in width, averaging about 2.5 microns. 

The scolecospores vary in length from 22 to 28 microns and in 
width from 0.7 to 1.4 microns. 

Pycnidia of the same fungus produced in the bark of grapefruit 
stems were also measured (pl. 3, B). These bodies are very irregu- 
lar in outline, and therefore the measurements were variable. How- 
ever, the outside dimensions of pycnidia of P. cit7z are approximately 
250 to 600 microns by 125 to 825 microns. 

Pycnidia of the causal organism are difficult to detect in nature 
without the aid of a hand lens. They occur sometimes in the dead 
bark of the largest limbs or even trunks, but they are found most 
abundantly on the small twigs and fruit stems of the preceding year’s 
crop, as well as on the pedicels of young fruit which dropped in late 
spring or early summer. These fruiting bodies (pl. 8, B) are found 
embedded in the outer bark of dead parts with only the ostiole vis- 
ible, which, when the fungus is fruiting, appears as a minute pimple 
with a light or cream-colored head or with a stringy tendril. If the 

>See footnote 2 (p. 1). 

v) 
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pycnidia are young but not liberating spores, the visible portions 
are usually dark or almost black; if the pycnidia are very young, a 
small pimple in the bark is all that can be seen. 

If there is a point where the organism sporulates more abundantly 
than another, it is somewhat below the leaf scars on twigs, especially 
in patches of bark that have turned white. Spore production is more 
abundant in tissue that has recently died than in those parts that 
have been dead for a year or more. Old weathered pycnidia usually 
show no signs of escaping spores. Many of these pycnidia, together 
with the surrounding bark, either partially weather away or drop out 
in a relatively short time, leaving empty cavities in the bark. In 
general it is less difficult to find inactive pycnidia than sporulating 
ones. 

This fungus produces spores in immature citrus fruits artificially 
inoculated, but spore production has not been observed in mature 
citrus fruits under natural conditions. During the last several years 
careful examinations have been made of the remains of mature 
oranges and grapefruit under bearing trees and on cull piles in all 
stages of active decomposition, as well as of the mummied hulls, 
without finding indications of pycnidia of the causal organism. 

The melanose fungus in nature sporulates principally in dead twigs 
and fruit stems. Deadwood in citrus trees may be the result of a 
wide range of conditions. Among the principal ones are infestations 
of scale insects; shading effects in the interior of the tree; the slow, 
wasting trunk and root diseases which frequently result in the death 
of twigs, limbs, or even trees; frosts or freezes, storms and droughts, 
and other conditions which tend to lower the vitality. 
Under Florida conditions, and perhaps in most subtropical regions, 

scale insects are usually responsible for the death of more twigs than 
are all other agencies combined. Whenever the infestation is heavy, 
even for a short time, large proportions of the bearing wocd are 
killed, and these insects, even when present in almost unnoticeable 
numbers, are responsible for the death of many twigs and small 
branches. 

Aside from the agencies causing the accumulation of deadwood, the 
leneth of time the parts have been dead with respect to the time 
when melanose outbreaks occur is of considerable importance. Parts 
that have died within two or three months are much more likely to 
harbor the causal organism than parts that have been dead many 
months. Those parts killed as late as September or October seldom 
are a source of infection that year, and normally do not act as 
especially fertile sources of infection the following year, but those 
killed in winter or spring almost invariably are excellent breeding 
places for the melanose fungus. Normally very little wood is killed 
during the summer, but that which is killed then is a source of fall 
infection. 

Fruiting pycnidia may be found at any time of the year, but usu- 
ally they are not abundant in midwinter. Ordinarily as spring 
comes on innumerable pycnidia begin to develop, and around the 
middle or latter part of April they are found in abundance, many 
of them filled with spores, whereas others seem to be in the very 
first stages of development. Well after May rains set in, these ma- 
ture fruiting bodies are not so easily found unless wet, but inactive 
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ones become more plainly visible. In the meanwhile, apparently 
another crop of pycnidia develops rapidly, and in a few weeks begins 
discharging spores in large numbers. 

This succession of crops continues indefinitely, but under ordinary 
conditions these fruiting bodies do not appear to be quite as numerous 
in midsummer or late summer as in the spring or fall. 

Usually a number of saprophytic fungi develop in dead bark along 
with Phomopsis citri. Among these, Colletotrichum, Diplodia, and 
Phoma species are most frequently observed. 

DISSEMINATION OF THE CAUSAL ORGANISM 

From the general structure of the fruiting body and the periods 
of normal spore discharge, together with the localization of the 
disease with respect to foci of infection, it would seem that Phomop- 
sis citri is disseminated principally through rain drip, rain spatter, 
driving rain, or dew drip. Spore emergence is plainly visible in 
rainy periods, but in dry weather it is not apparent, if it occurs at all. 

The relative absence of melanose from the tops of trees, as well as 
from the outermost parts that are not subjected to trickling or spat- 
tering water from infected twigs above, and the great abundance of 
melanose within the head of the tree and on those outer parts that are 
wet with drippings from dead parts above (pl. 9, C) are strong evi- 
dence that the causal organism is water borne. Except in periods of 
hurricanes and gales there is little or nothing to suggest that spore- 
laden water is blown any great distance. Thisis indicated by the fact 
that in mixed plantings of old, melanose-harboring trees with young 
resets melanose normally occurs in abundance on the old trees and to 
a considerable degree on the young trees within 15 to 20 feet of the 
source of infection, but the young trees 30 or more feet away seldom 
have melanose markings. 

Insects are doubtless capable of accidentally transporting spores 
of the causal organism, but no evidence has been found to indicate 
that such animals are importantly concerned in disseminating 
P. citri. This may be accounted for in a measure by the fact that 
spore-bearing parts of the host seldom attract the common insects 
of a citrus grove. 

In order to determine whether prunings on the ground are a 
source of melanose infection, prunings of dead or weakened twigs 
and limbs were left under trees throughout the season of infection, 
and although the melanose fungus may develop abundantly on these 
pruned parts, no appreciable increase in melanose was observed on 
these trees in excess of what developed on pruned trees from which 
the prunings were hauled away. Even those tender parts within 
a foot or less above piles of prunings failed to develop melanose in 
greater quantity than similarly situated parts on check trees. This 
test was conducted over a period of three years. 

Attempts have been made repeatedly to trap spores in Petri dishes 
from air currents during fair weather and occasionally during in- 
clement periods. The traps were placed at regular stations in old 
seedling plantings where there was an abundance of melanose, and 
exposures were made for varying lengths of time at intervals 
throughout the day and season. In no case were viable Phomopsis 
spores trapped. 
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MARKINGS FOUND ON GRAPEFRUIT LEAVES 

A and B, Typical Bordeaux-oil spray burn on grapefruit leaves. This injury occurs rarely, 
and hence is of minor importance | ; : 

C, So-called ‘‘black melanose,’’ a leaf injury of uncertain causation which must not be con- 
fused with true melanose 

D, “Star melanose” in enlarged view (X 3). This is probably a form of Bordeaux-spray 
injury 
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PHOMOPSIS GROWING ON PIGEON PEA AND IN BARK 

A, Pure culture of Phomopsis citri growing and fruiting on pigeon-pea stems. Most of the 
spores used in inoculation tests were grown in this manner 

B, Enlarged view of Phomopsis pycnidia developing in bark. Note the white, irregularly 
coiled spore tendrils showing against the darker background on the right 
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FREEZING EFFECTS ON SEEDLING ORANGE TREES 

A, Seedling orange trees deheaded after the freeze of February, 1917. Photographed in the 
fall of 1917. Asa result of this severe cutting out of deadwood, melanose did not develop 
fe any appreciable extent that year, and the trees were producing normal crops in a 
ew years 3 

B, Small dead twig as a source of melanose infection on young orange. It is almost impos- 
sible to remove twigs of this size in pruning operations 

C, Seedling orange trees severely killed back by the freeze of February, 1917, left unpruned 
| and with little care for several years. Had these trees been deheaded and given proper 

attention they would have recovered in two or three years 
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MELANOSE CONTROL EXPERIMENTS IN SEEDLING ORANGE GROVES 

A, Seedling orange grove in which pruning and spraying experiments were carried on. 
Considerable deadwood was present 

B, A grove of very large seedling orange trees in which satisfactory control of melanose 
was obtained by a single application of Bordeaux- oil emulsion made before the 
onset of the May rains, despite the fact that the size of the trees makes thorough 
spraying difficult 

C, A dense seedling orange grove in which melanose was successfully controlled with 
one application of Bordeaux-oil emulsion 
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Viewed over a period of eight years’ observation and study, it 
seems apparent that dew drip and rain drip or rain spatter from 
dead parts in the tree are the important means of dissemination of 
the causal organism. 

CONDITIONS FAVORING INFECTION 

Melanose infections are likely to occur in Florida at any season 
of the year when rainy periods coincide with the time when leaves, 
twigs, or fruits are in a susceptible condition. Scattering citrus- 
melanose scars have been observed on several occasions on flushes of 
growth developing in winter and repeatedly on those expanding in 
early spring, but for all practical purposes melanose is not likely 
to occur in quantity on the early spring flush. Almost every year 
rainy periods occur in March well after most of the spring vegeta- 
tive flush has hardened, but long before the fruit has become resist- 
ant. When these March rains occur a moderate amount of fruit 
and flower infection (pl. 1, C) almost invariably takes place, but 
ordinarily the principal infections seldom occur before May, April 
being one of the driest months of the year. Along with the May 
rains come severe melanose outbreaks on the fruit, followed by 
later outbreaks on the second flush. Fruit setting in May or June 
is very likely to have melanose markings, although as a general rule 
spring-bloom fruit in central Florida has melanose worse than sum- 
mer-bloom fruit. The vegetative flush which expands in late summer 
or early fall is in general more severely blemished by this disease 
than any other growth. 

Melanose outbreaks vary from season to season and from locality 
to locality, not only in the cumulative severity of the disease for the 
season, but also in the severity of the onset of the disease. In certain 
years the heaviest infections may occur at the very beginning of the 
rainy periods, especially if the rains continue for 36 to 48 hours 
without enough interruption to permit the tree to dry off completely. 
At other times they do not take place until weather conditions have 
been apparently favorable for infection for 10 days or two weeks. 

Ordinarily melanose infection on leaves and twigs does not occur 
in sufficient proportions to justify special protective measures; how- 
ever, occasionally there are notable and extreme exceptions. These 
exceptions have been repeatedly observed in groves receiving good 
care and frequent pruning, as well as in indifferently cared for 
properties. , 

Although outbreaks of citrus melanose appear to be erratic, they 
are far more uniform than citrus scab, and it frequently happens that 
within a given locality of a dozen or more groves, all receiving essen- 
tially the same care and with approximately the same topography, 
citrus-melanose outbreaks vary from slight to very severe. It some- 
times happens that general grove practices, exclusive of spraying 
operations, that are intended to keep trees in a vigorous condition and 
commercially free of deadwood seem actually to promote melanose 
outbreaks. This has béen noted in a number of groves or portions of 
groves which received several prunings irrespective of whether only 

24975°—_27——-2 
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dead and weakened twigs and limbs were removed or whether rather 
heavy pruning was resorted to. 

Citrus melanose occurs on trees of all ages, but more freely in 8 to 
10 year old or older plantings. Even in bearing trees less than 10 or 
12 years old the disease is not likely to be of consequence if the trees 
have been kept in a vigorous condition, free of scale insects, and rela- 
tively free of deadwood. The damage done by melanose to trees of 
nonbearing age, including nursery stock, is of negligible importance 
except following freezes severe enough to produce an accumulation of 
deadwood or where dead pruning stubs above the buds have become 
sources of infection. 

Ordinarily melanose increases progressively with the advancing 
age of the planting, and in general those conditions which promote 
the accumulation of deadwood may be considered predisposing fac- 
tors to melanose development. 
When the leaf or twig is severely infected, complete defoliation of 

the twig occurs at about the time the leaf should normally develop 
the deep-green color of maturity. Twigs that bear these severely 
infected leaves are almost sure to die before it is time for the succeed- 
ing flush to come out, and those twigs that have died recently are 
sources of melanose infection later. Defoliation and blighting are 
usually worse on the inside of the tree than on the outside and invari- 
ably worse on the lower portions of the tree. 

MICROSCOPIC STUDIES OF MELANOSE MARKINGS 

Microscopic examinations of melanose markings have been made by 
Swingle and Webber (2/), Fioyd (/0), and Stevens (20) without 
finding consistent evidence of parasitic invaders. 

The writers also have made careful examinations of affected parts 
at intervals throughout the progress of this work. Free-hand and 
freezing microtome sections and paraffin sections, stained and treated 
in the usual manner, were studied. Examinations were made of old 
(pl. 8, A) and young lesions, and in addition especially careful ex- 
aminations were made of young leaf tissues of the kumquat, a very 
susceptible species, that had been in contact with spore suspensions of 
the causal organisms under good conditions for infection for 48 
hours, a sufficient length of time to produce melanose markings. 

The host tissue of recently inoculated parts gave pronounced evi- 
dence of having been killed for a depth of three or four cells, pre- 
sumably by the melanose fungus, but in none of the microscopic 
sections of young tissue was there evidence of fungal invasion. In 
some of the sections of old tissues there was very occasional evidence 
of fungal hyphe. This invader was possibly of a saprophytic 
nature. 

REISOLATION OF CAUSAL ORGANISM 

At intervals throughout the progress of this work on citrus mela- 
nose many systematic attempts were made to recover the causal 
organism from melanose blemishes. Both leaf and fruit tissues 
were cultured, and not only were old, rough melanose lesions used in 
these tests but also young, almost invisible spots and even inoculated 
parts that had not become visible. In some cases the surfaces of the 
affected parts were washed with common disinfecting agents, such 
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as ethyl alcohol, ether, acetic acid, mercuric chloride, hydrogen 
peroxide, and in many instances the parts to be cultured were washed 
in alcohol or ether for a second or two and transferred to mercuric 
chloride for varying lengths of time and rinsed in sterile tap water. 
Whenever fresh hydrogen peroxide was used, washing of the’ ster- 
uized parts was dispensed with; however, many cultures were at- 
tempted without the use of surface disinfection. The sterilizing 
agents were used with caution to prevent the chanee of killing the 
causal organism within the host if it were present. Fully 1,000 
attempts were made, but not in a single instance was the causal organ- 
ism recovered. On the other hand, this fungus can be cultured 
readily from dead citrus twigs and from citrus fruits affected with 
stem-end rot, as well as from the surface of normal tissue. 

GROWTH ON ARTIFICIAL MEDIA 

Phomopsis citri grows on a rather wide range of culture media, 
but on some the mycelial growth is sparse, whereas on others it is 
abundant. The media used most often in these studies have been 
corn-meal agar, potato-dextrose agar, steamed stems of pigeon pea 
(Cajanus indicus), sweet clover, grapefruit, and sweet potato. 
On corn-meal agar the fungus makes a rapid white growth, mostly 

a sparse mat on the surface with a small amount of aerial mycelium. 
Though not abundant, sporulation on this medium occurs within one 
to four weeks in quantities satisfactory enough for general use. 

On potato-dextrose agar there is an abundant, rapid mycelial 
growth, at first snowy white, darkening somewhat with age; aerial 
parts fairly abundant and usually fiuffy, but at times compact. It 
sporulates sparsely on potato-dextrose agar, and in many cultures 
pycnidia fail to develop. 

On beef-peptone agar the mycelial growth during the first week 
or 10 days is very similar in quantity to but somewhat more velvety 
in appearance than growth on potato-dextrose agar. 

On steamed stems of sweet potato, pigeon pea, sweet clover, and 
erapetfruit P. citri makes a rapid mycelial growth, and in a short 
time the stems are covered with white mycelium. At first the 
erowth is flocculent, but as the stems dry the mycelium usually 
becomes compact, and within 10 days or two weeks at favorable tem- 
peratures distinct evidence of pycnidial development is seen. Later 
these pycnidia become more erumpent (pl. 8, A), and still later 
cream-colored spore tendrils emerge (pl. 8, B). Ordinarily from 
two to six weeks are required to develop a crop of spores at room 
temperature. 

In addition to the above-mentioned media P. cit7t grows abun- 
dantly on such media as Blakeslee’s agar, Leonian’s agar, carrot agar, 
peptone-dextrose agar, potato hard agar, prune agar, and shredded- 
wheat biscuits. It grows sparsely on beech-twig agar, Cohn’s agar, 
Czapeck’s agar, Ferni’s agar, and Uschinsky agar. The organism 
has also been grown on broths of prune, peach, sweet potato, tomato, 
potato, orange twigs, and apple twigs. 

The rate of growth of this fungus varies considerably, depending 
upon the medium. On certain media the rate of growth is at first 
slow for a few days and later is very rapid, but for the most part it 
may be considered a fairly rapid grower. 
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TEMPERATURE RELATIONS 

Fawcett (8) has shown that the rate of mycelial growth of Pho- 
mopsis citri on artificial media is affected markedly by temperatures 
above and below the optimum fer this organism. In general the 
maximum growth was obtained at temperatures around 27.5° C. 

- In order to determine the effect of temperatures upon spore pro- 
duction, cultures of P. citri on sweet-clover stems were placed in 
temperature compartments held at fairly definite maintained tem- 
peratures for 75 days and examinations made at frequent intervals 
for spore production. 

At temperatures of 2° C. (35.6° F.), 4° C. (39.2° F.), 6° C. (42.8° 
F.), and 8° C. (46.4° F.), sporulation did not take place during the 
period under observation. Sporulation occurred at 10° C. (50° F.) 
in $3 days, at 12° C. (53.6° K) im 30 days,at.14° °C. (50.27 Bom 
24 days, at 16° C. (60.8° F.) in 18 days, at 20° C. (68° F.) in 14 days, 
and 25° C. (77° F.) in 30 days; but at 28° C. (82.4° F.) and 33° C., 
respectively, sporulation had not taken place in 75 days. 

Thus it is evident that spore production was most rapid at about 
20° C. The length of time required for this increased gradually 
with a gradual reduction of temperature, but the necessary time 
increased rapidly as the temperature was raised slightly above its 
optimum, showing that spore development is greatly retarded if not 
absolutely inhibited at 8° above optimum and 12° below optimum. 
The 20° C. (68° F.) optimum for spore production is quite distinct 
from the 27.5° C. (81.5° F.) optimum for vegetative growth. 

SPORE GERMINATION 

Spore germination tests were also made at a number of tempera- 
tures. From pure cultures of P. citrz growing on sweet-clover stems, 
fresh viable spores were placed on microscope siides, covered with 
plain agar, and put in Petri dishes. These slides were held in incu- 
bators and microscopic examinations made at frequent intervals. 

Spore germination was found to be most rapid at temperatures 
ranging from 20° C. (68° F.) to 27° C. (80.6° F.). Good germina- 
tion had taken place within this temperature range in from 18 to 20 
hours. At a temperature of 33° C. (91.4° F.) and at 16° (60.8° F.) 
or below germination was greatly retarded. 

INFECTION AT MAINTAINED TEMPERATURES 

In order to determine the temperature range over which infection 
takes place, a series of inoculation experiments was conducted on the 
leaves of potted grapefruit seedlings. These plants were inoculated 
by saturating absorbent cotton with water rendered cloudy from 
heavy charges of viable spores of P. citrt grown in pure culture. 
Swabs of this wetted cotton were placed on the parts to be infected 
and then wrapped in paraffin paper. The plants were then placed 
immediately in incubators for 48 hours, removed from the compart- 
ments, paper and swabs removed, washed for one minute in a 5 per 
cent solution cresol compound or in a 1 to 1,000 mercuric-chloride 
solution, rinsed in running water for two minutes, and placed under 
a slat shade to await developments. The progressive increases in 
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intensity of the outbreaks expressed on a percentage basis are shown 
in Figure 2. 

Figure 2 gives marked evidence of the effect of several maintained 
temperatures upon infection where the plants were subjected to the 
inoculum for 48 hours and then surface disinfected. At 15° C. (59° 
F.) and 30° C. (86° F.) the infection became visible on the sixth day 
and reached 100 per cent on the twelfth and thirteenth days, respec- 
tively. The plants 
exposed-*at 20°C. 77 
Suk sp and: 252 C... 354 
(77° F.) did not show 
signs of infection un- 
til the eighth day 
and reached 100 per 
cent on the thirteenth 
and fourteenth days, 
respectively, whereas 
those exposed at 10° 
C. (50° F.) showed 
no signs of infection 
until the ninth day 
and reached only 56 
per cent on the thir- 
teenth day. The de- 
gree of infection ob- #2 
tained is indicated on 
the curve for each 
temperature. 
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slight te severe 
velopment and the se- 
verity of outbreak of the disease does not appear to be very different 
at temperatures within the range of these tests. A 5 per cent cresol 
solution proved to be. equally as effective as mercuric chloride for 
disinfecting surfaces of citrus leaves. 

In order to determine further the effect of several temperatures 
and both shorter and longer exposures upon infection by the melanose 
fungus, a series of holding tests was run, using potted sour orange 
and grapefruit plants held at definite maintained temperatures con- 
tinuously during the infection period. These plants were inoculated 
by the swab method and placed in various compartments for varying 
lengths of time. Later they were taken from these compartments, 
swabs removed, leaves immersed in a 1 to 1,000 corrosive-sublimate 
solution or 5 per cent solution cresol compound for one minute, rinsed 
in running tap water, and transferred to slat shade to await develop- 
ments. Final readings were made three weeks later, and the findings 
are given in Table 2. 
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TABLE 2.—EHffect of definite maintained temperatures for various periods on 
infection and incubation of Phomopsis citri on grapefruit leaves at the end 
of a 3-week holding period 

Percentage and character of melanose infection 

Time exposed to 
inoculum Saas 
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(2 hours Ss eee (eset Obes 15, very slight_| 67, slight______ 100, very slight_| 66, very slight. 
(4s hours se ae Di sees Bees 8 91, very slight_| 100,veryslight_| 100, slight_____ 100, very slight. 
16nOUTSS ease ose Obese: <a 100, very slight_| 100, medium__j| 100, medium __ Do. 
(SHOUTS: 2.2 Seo sos = ose ee 100, medium _-| 100,;severe___—|.-._--_-__.__ = 
20 Houses 33, very slight_|_____ po ys eo Sa 100, medium__| 100, medium_ - Do. 
DAM OUIS2 224 ee 20Svery SHES |S sean ie Sed eee d0 2k ie does ee 100, medium. 
28hOUISae =e eee 3 FOEIK0 Koes ie ME Rites, Shree ing SN 100, severe____] 100, severe___- Do. 
S0ihourses ee ee 100;-SHE bbs Ete ee BEL ee ho eee ees Oe ee 
SG*HOUES 22 se eee GOs BS figs Ss OB | ses ee Seema | ee P_ceal  pne e 
AQ OUTS ee 1G 525 EES as Se eS 2 es ee ea ee ee ee 
AS OURS 22s Se ee eo 6 (0 ee = | PEELS Fw SI BE NS Fa RO Ce es arly ae Sele 
G2 NOUNS Hao Sse ee LOOSE G1 Se Be A | Se SS Se | Se eau ae See ae 
SQhOuUTS= =a ee S6-medinime= a |= es eee GE Sine (| PE rene oN PS, Sea oy be Ae eS Oe 

From the data presented in Table 2 it is seen that infection took 
place at the four higher temperatures in 12 hours. At the lower 
temperature longer exposures were necessary to cause infection. As 
much infection occurred in 12 hours at 25° C. and in 14 hours at 
20° as in 80 hours at 10°. Thus it seems possible that natural infec- 
tion may take place in as short a time as 12 hours if conditions are 
favorable. Sour-orange leaves were as severely infected as the 
grapefruit. 

In order to determine the incubation period for melanose on plants 
held at definite maintained temperatures, five series of holding tests 
were conducted on potted grapefruit plants inoculated, placed imme- 
diately in the temperature compartments, and held there until the 
disease became visible. The results of these holding tests are shown 
in Figure 8. These show that maintained temperatures in the neigh- 
borhood of from 20° to 25° C. are optimum for melanose infection 
on leaves, not only with respect to promptness of development but 
also to severity of infection. At 25° the development was some- 
what slower, but approximately of equal intensity. At 30° it was 
slower than at 25° and of less severity; at 15° the rate of develop- 
ment was still slower, resulting in a slight degree of infection. At 
10° the development of the disease was very slow and resulted in 
a very slight infection. 

OTHER INOCULATION TESTS ON POTTED CITRUS PLANTS 

A series of plants was inoculated in the usual manner, placed in 
an incubator, held at 25° C., and kept there for varying lengths of 
time, when the plants were removed without disinfecting to the 
relatively dry slat-shade house. Plants which were held at this 
temperature for 20, 54, 78, 102, 126, 154, and 174 hours, respec- 
tively, showed initial signs of infection in from 5 to 11 days from 
inoculations. The degree of infection ranged from very slight to 
medium. ‘This indicates that, under natural conditions with the 
pathogen present, infection may be expected to occur if the suscepti- 
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ble parts are moist for 20 hours or more. This is corroborated by 
general field observations as well as by the results presented in 
Table 2. 

Another series was run to determine the effect of various tempera- 
tures upon the infecting power of spores of Phomopsis citri in sus- 
pension. Spore suspensions were held at 10°, 20°, and 30° C., respec- 
tively, and inoculations were made under natural conditions of 
temperature at the expiration of 8, 24, 32, 48, 72, and 96 hours, 
respectively. Inoculum held at 10° C. caused infections that for 
the most part were of a slight degree; that held at 20° caused infec- 
tion ranging from slight to very severe, averaging a medium degree; 
and that held at 30° produced 100 per cent infection, ranging from 
very slight to very severe, averaging slight. Invariably the lightest 
infection occurred on plants that were inoculated with spore suspen- 
sions 72 hours old or older, whereas the heaviest infection developed 
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Fic. 3.—Percentage of grapefruit leaves developing melanose infection after being 
inoculated and held for 40 days at various maintained temperatures from 10° 
to 30° C. The average intensity of infection for each set of plants is indicated 
as varying from very slight to severe 

from inoculum held 24 hours or less. For checks the plants were 
inoculated with fresh inoculum that resulted in very severe infection. 

Still another series was run in which the plants were inoculated 
with fresh viable spores; placed in compartments at 10°, 15°, and 
20° C.; left there for 16, 24, 40, 48, 72, 96, 120, 144, and 168 hours, 
respectively; removed and placed in the summer sun for two hours, 
where they dried before being returned to the same compartments 
without being washed with a disinfectant. On all plants irrespective 
of temperature the degree of infection ranged from medium to very 
severe, and infection of like intensity developed on the check plants 
which were not sunned. These findings seem to indicate that a short 
sun exposure has little or no effect upon melanose infection when 
such exposure occurs as much as 16 hours after inoculation. 
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INOCULATION TESTS IN GROVES 

During the progress of the work covered in this bulletin outdoor 
inoculation experiments received far more attention than is usually 
considered necessary, not only because a relatively small amount of 
work had been done on this phase of the problem previously but also 
because Koch’s postulates, the generally accepted proof of patho- 
genicity, can not be followed in two of the steps, at the beginning and 
end of the cycle. Fortunately these are the least important of the 
four postulates. For these tests a wide range of rutaceous plants 
growing under natural conditions on the laboratory grounds of the 
United States Citrus-Disease Field Laboratory at Orlando, Fla., 
were used. 

In general these experiments were designed (1) to gain further 
evidence on the pathogencity of Phomopsis citri; (2) to determine 
the host range of the disease and the relative susceptibility of the 
various species; and (3) to determine the age or size when leaves 
and fruits of susceptible forms become immune to infection, in order 
to place the practical control of the disease on a more definite basis. 

For the most part pure cultures of the causal organism for inocula- 
tion purposes were obtained from fruits suffering from stem-end rot. 
These cultures were grown at room temperature on corn-meal agar, 
potato-dextrose agar, stems of pigeon peas, sweet clover, or sweet 
potatoes, and when sporulation became abundant the media were 
washed with sterile water in order to get the spores in suspension. 
Ordinarily the spores were plentiful enough in this wash water to 
cause it to become distinctly clouded. These same cultures were 
used repeatedly for spore production until they became contami- 
nated. Absorbent cotton was saturated with this spore-charged 
water, and liberal portions of the wetted cotton were placed on the 
parts to be inoculated, wrapped immediately with several layers of 
paraffin paper, and left on from 24 to 48 hours, depending upon the 
weather, before the wrappers and cotton swabs were removed. Ordi- 
narily, less than 15 minutes elapsed between washing the spores 
and applying the inoculum. No other method of inoculation was 
employed in any of the infection tests. 

The inoculations were made under a wide range of conditions of 
weather and tenderness of host parts. The tests were so extensive 
and involved such a wide range of hosts that it was obviously impos- 
sible to have tests on each host rounded out to the extent that 
scientific interests may demand, but they do seem sufficiently com- 
plete for a practical consideration of the problem. 

In addition to the large number of inoculations on the orange 
and the grapefruit, tests were made on miscellaneous citrus plants. 
At least 30 inoculations with a liberal number of checks were made 
on each host. The results of inoculations on rare forms that are not 
accounted for in the following tables are recorded in Table 1. 

There was a pronounced increase in the degree of infection from 
sight or medium in the early tests to very severe on the later ones, 
even on the same plant. This increase in intensity of infection is 
probably due to the use of a thicker swab with heavier spore charges 
in the later tests than was the case earlier. Such an explanation 
seems probable, since it is next to impossible to have the spore-laden 
wash water from cultures charged uniformly, and the natural tend- 
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ency was toward increasing the concentration of the inoculum. The 
thickness of the swab probably increased as time went on, permitting 
a slower drying out of the inoculum, which no doubt aided in accom- 
plishing infection. 

INOCULATIONS ON LEAVES 

In Table 3 it is shown that small leaves of the representative varie- 
ties of the orange, the grapefruit, the kid-glove oranges, and the 
lemon are at first very susceptible to melanose infection, and as they 
enlarge with age they become progressively resistant, reaching prac- 
tical immunity when they become about 2 inches wide, on an average. 
It is questionable whether the trace of “infection ” that developed 
on these leaves was true melanose or some injury resulting from the 
wetted cotton swabs. 

TABLE 3.—Combined results of melanose inoculations on citrus leaves at Or- 
lando, Fla., 1919 to 1924 
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Num- 7 
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In addition to the inoculations listed in Table 3, numerous inocula- 
tions on leaves of various citrus and related plants, ranging from 
four-sixteenths to five-sixteenths of an inch in width, were also made. 

One hundred and seventy-four inoculations on five varieties of 
limes gave 91 per cent infection, averaging severe, whereas 75 water 
blank checks showed no signs of infection. 

In the sour-orange group 198 inoculations on five forms gave 82 
per cent infection that averaged severe in degree, and the 60 checks 
failed to become infected. 
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On 18 hybrid forms, mentioned in Table 1, 636 inoculations gave 
90 per cent infection that averaged severe in degree. In general, the 
degree of infection was worse on the kumquat hybrids and on the 
faustrimedin than on any other. The 213 water blank checks failed 
to develop melanose. 

One hundred and ninety-two inoculations were made on leaves of 
six miscellaneous citrus forms—namely, the Nagami, Marumi, and 
Meiwa kumquats, the Corsican and Etrog citrons, and the calamon- 
din. The kumquats were found to be extremely susceptible, and the 
others were moderately so. The 78 water blank checks remained 
free of melanose. 

Three hundred and fifteen inoculations were made on the eight 
noncitrus rutaceous genera mentioned in Table 1. Of these, Toddalia 
lanceolata, Chalcas exotica, and Citropsis schweinfurthii failed to 
show signs of infection, and none of the remaining five gave indica- 
tion of being more susceptible than the orange. The 165 water 
blank checks failed to develop meianose. 

Leaves of the orange and the grapefruit are extremely susceptible 
when about one-fourth inch (6 millimeters) in width. As they ex- 
pand they become progressively resistant and acquire practical im- 
munity about the time they toughen, which usually takes place con- 
siderably before the leaf takes on a deep-green color. Ordueeile 
leaves are susceptible to infection for two weeks or less in periods 
of good growing weather, but for a considerably longer time if the 
weather is unfavorable to growth. Likewise the width of a leaf at a 
given age varies greatly, owing to conditions of weather and of tree 
vigor. Because of this variation the width of leaf does not indicate 
with definiteness the condition of susceptibility. 

INOCULATIONS ON FRUITS 

Table 4 gives the results of inoculations with spores of Phomepsis 
citri on the fruit of various citrus types. 

Table 4 shows that the orange is susceptible to infection until it 
reaches a diameter of approximately. 114 inches (38 millimeters), and 
it also shows that the degree of infection is much more severe on 
small fruits than on larger ones. All commercial varieties tested 
were about equally susceptible. The water blank checks show that 
melanose did not develop on those fruits, indicating that moisture 
alone is not responsible for melanose lesions. 

The grapefruit is susceptible to infection from blossoming time 
until it reaches a diameter of approximately 214 inches (63 milli- 
meters). As is the case with the orange, there is sufficient evidence 
to conclude that the grapefruit is very susceptible when very small 
and becomes progressively resistant with increasing size. Again all 
commercial varieties tested were about equally susceptible. Gen- 
eral observations and the results of spraying tests in commercial 
plantings confirm these findings. The checks on the young named 
varieties failed to develop melanose markings. 

The kumquat, lemon, lime, sour orange, bergamot orange, cala- 
mondin, citrangequat, faustrime, limequat, and tangor were all very 
susceptible to melanose infection, whereas melanose did not develop 
on the checks. 

@} 
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TABLE 4.—Combined results of melanose inoculations on citrus fruits at Or- 
lando, Fla., 1919 to 1924 

TInoculations Water blank 
checks 

Num- 
ber of | Diameter = 

. : varie- in six- er- . . Kind of citrus ties in | teenths of | ..,.| cent- Degree of infection Tee 

the an inch ber age Num- ace 
test posi- ber p se 

tive tive 

Dior 40 928 S CViCR Ca = seem eee hot Cea eee eee 
5:10 Ss = 275 49 |____- Obs eed sas. Bree SEs 252: eae ee 
oto 2 202 56 Media LS eae 2) Eee eee | ESP a 2 © 
13 to 16.__- 216 bt) ty | Sete Oe Be eee ee Oe SE eel Pe eee ae 

Orange. ------------------ 7N17t020__.| 194 37 | Slight to very slight___|_.._.___|_......- 
21 to 24____ 328 Soule Very Signi ee es are 40 0 
PHS ROP tse 190 (1) fake: AEE LF pats Se NRA 2S BE ESE eee le eo 8 sD 
202 76 (hi ee aS 8 es ES ee | Beer 
Oto4aeS2ss 130 74 | Very severe to severe-_- 150 0 
Dit; Seas 20 (Oe OCVELCS ta 5.7 ones a WEE Se | er | eee 

5 Stor 62 277 A Jal NGG ers aa 143 0 
Grapefruits sso ss @a|\ Veto 242_ = 301 ON nee GOx ks 28k Feet ik Se 40 } 0 

PAN TKO) GPAs 267 Gale GO! aeeaeen a te? 82 | 0 
33 to 40____ 288 So eSlight) += eee eae 10 | 0 
41 to 48____ 226 Qi Fast Sr EN a 20 0 

GN QUAL ee ee Del eStart 56 TOO Wiery Sevenese aan 20 0 
Tepmoit 425 Sk Sa es 2| 20 to 24____ 28 100 | Slight to very slight___ 2 0 
AMG! 2a See Wea ie oe Se 2 O CO eas 32 INO) SoM obi paraye se ee ee [cena 
SOUL Orange ee ee Zl neebOul Oise e= 36 JOO e SO vere t seni ssee TE ete ee | ise ana ties 
Bergamot orange-_-_____-_-_- ee tOul Qe = 30 1003 |= Oe toe we anes | Fok ae FS. | Se 
Calamondingest. ee | et) oe ee 20 100) = G0: 2 22 Se oe ee eee 
Citrus hybrids___________- 4} 10to012____ 125 100 | Very severe to medium 33 | 0 

From the inoculation tests reported in this bulletin, together with 
many careful observations in groves and experimentally sprayed 
plots, it is evident that the young fruit of the orange is at first very 
susceptible to infection. It becomes resistant gradually and de- 
velops immunity when it has reached about 114 inches (38 milli- 
meters) in diameter. The grapefruit starts life considerably more 
susceptible to infection than the orange, and it, too, becomes pro- 
gressively resistant as it increases in size, reaching immunity when 
the fruit is about 214 inches (63 millimeters) in diameter. 

The calendar date at which spring-bloom fruit reaches these stages 
of growth varies considerably, not only from year to year but also on 
the same tree during any given season, because of the lengthy blos- 
soming period extending from February through the greater part 
of March. However, the majority of the fruit from the spring 
bloom in the neighborhood of Orlando, Fla., seldom reaches this 
aun stage of growth before May 20 and rarely later than 
une 10. 

- MISCELLANEOUS INOCULATIONS 

In addition to the foregoing inoculation experiments, tests were 
made to determine whether or not the mycelium of Phomopsis ecitre 
could cause infection, and other tests were made with spore suspen- 
sion of this fungus to determine the effect of spray coatings, boiling 
of the inoculum, and aging of the inoculum upon subsequent infec- 
tion. These tests were repeated several times and may be summar- 
ized as follows: Fully 200 inoculations were made with the mycelium 
of P. citri on tender orange and grapefruit leaves. In practically 
every case infection failed to develop, but on a few of the inoculated 
leaves occasional melanoselike spots appeared. If these spots were 
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true melanose markings they most likely developed from spores 
already on the leaves or from stray spores accidentally transferred 
with the mycelium, otherwise a larger percentage of leaves should 
have been affected. The water blank checks showed about as much 
infection as the inoculated plants. 

Inoculations with viable spores consistently failed to infect young 
leaves sprayed with lme-sulphur solution a few hours before the 
inoculum was applied. Similar inoculum heated to the boiling point 
failed to cause infection. Inoculum held for 24 hours at room tem- 
perature, 24° to 32° C. (75° to 90° F.), gave 100 per cent infection. 

In order to determine whether or not ordinary spring-bloom 
oranges and grapefruit can become infected with melanose during 
the late summer months, a simple test was made by tying small 
bundles of dead citrus twigs around the stems of fruit in August 
and leaving them there until the fruit matured. The-dead twigs 
were especially selected for the presence of large numbers of fruit- 
ing bodies of the causal organism. No signs of infection had devel- 
oped on any of the-fruit by midwinter, when most of the grapefruit 
and some of the oranges were fully mature. 

Attempts were also made to infect living twigs at leaf scars with 
spores of the melanose fungus. Inoculations were made on twigs 
partially defoliated by applications of oil sprays as well as on twigs 
on which the usual natural defoliation had occurred. None of these 
inoculations gave the slightest indication of infection, nor could 
injury in any way be detected nine months later from the attempted 
inoculations. 

Tf such infections were to take place in nature there should be 
abundant and obvious indications of it, since some defoliation occurs 
regularly after applications of insecticidal oil sprays that are apphed 
at almost any season of the year. In addition to this induced de- 
folation, a fair amount of foliage drops each spring as the result 
of natural causes, but no evidence has been gathered to indicate that 
such living twigs become infected and later die as a result of this 
infection. On the contrary, there is an abundance of evidence that 
twigs become infected after the bark has died from one cause or 
another. 

SUMMARY OF INOCULATIONS 

Summed up, the evidence at hand, together with the results of 
former investigators, prove beyond a reasonable doubt that melanose 
is caused by the fungus Phomopsis citri. The fruit and leaves of 
many rutaceous forms, including all citrus varieties grown commer- 
cially in Florida, are subject to attack by this fungus. Different 
maintained temperatures during the infection period and different 
lengths of exposure to the inoculum have a marked influence on the 
length of the inoculation period and on the degree of the resulting 
infection as well. Infection can take place in 12 hours at tempera- 
tures ranging from 15° to 30° C. (59° to 86° F.) ; the greatest degree 
of infection seems to occur between 20° and 25° ©. (68° and 77° F.); 
temperatures above and below 20° C. (68° F.) seem to prolong the 
incubation period. Attempts to infect hardened twigs through leaf 
scars failed. Likewise, negative results were obtained when leaves 
were inoculated with the mycelium of the melanose fungus. 
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EXPERIMENTS FOR MELANOSE CONTROL 

As soon as it was learned that melanose was caused by a fungus 
that sporulates in deadwood only, control measures seemed likely 
to be simple. It was then thought that pruning away the dead 
and dying parts of trees would not only be a good general practice 
for invigorating the tree but would also prevent subsequent melanose 
outbreaks for one season at least. With this idea in mind Stevens 
(18) began pruning experiments in 1913 for melanose control. Up 
to that time melanose was considered by growers generally to be 
a disease that could not be prevented. 

Later the writers conducted spraying experiments for melanose 
control which gave satisfactory results. More recently trial has been 
made of fungicides to be applied in the form of dust, but these have 
not yet proved satisfactory. 

During the first few years of the present investigation the data 
from these control experiments were based on counts of 1,000 fruits 
graded merely as infected or not infected. The counts were made 
while the fruit was still on the tree, and all trees in a plot were in- 
cluded. Whenever feasible only fruit from the lower portions of the 
tree was considered, in order that the data would be from fruits that 
had a good chance to become infected. 

Beginning with the tests of 1922, a study of the actual control of 
melanose more comprehensive than in former years was attempted 
by grading and dividing the fruit into six classes with respect to 
melanose infections. Representative fruits of the various grades 
were photographed and these photographs used as a standard for 
comparison (pl. 4) in these and subsequent counts. Fruit with 
“shght infection” is usually packed in the first grade, and in many 
houses fruit with as much as “medium infection” would be put in 
the first grade. 

The three principal control measures—namely, pruning, dusting, 
and spraying—will be discussed in order. 

PRUNING FOR MELANOSE CONTROL 

Stevens (/8, 79) has shown that melanose can be controlled or 
materially reduced by thoroughly pruning out all deadwood. His 
findings have been confirmed in commercial practice by a number of 
erowers almost every year, but in the great majority of cases this 
method has not given a satisfactory control. Because of this incon- 
sistency in results obtained by commercial citrus growers it was con- 
sidered advisable to conduct further pruning experiments for mela- 
nose control. 

An old seedling orange grove at Orlando, Fla. (pl. 10, A), with 
more than the average amount éf deadwood was selected for these 
experiments. In general this grove is about an average one for its 
age, and it is fairly representative of a large percentage of the 
seedling orange groves of the State. Probably 50 per cent of the 
entire orange crop of Florida is at present produced in seedling 
groves. Throughout the pruning experiments only dead and weak- 
ened parts were removed, and the work was done with far more 
care and thoroughness than is likely to be the case in commercial 
work. These experiments were started in January, 1921, when a 
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block of trees was pruned. Another block was pruned in February, 
and still another block in March, and so on throughout August of 
that year. 

The following year, 1922, pruning experiments were repeated. A 
part of each 1921 plot was repruned, and an additional plot was 
pruned for the first time in 1922. Pruning experiments were again 
repeated in 1923. That year the test was made in the same grove used 
in the two preceding years and on trees of a similar character but 
unpruned within the last six or eight years. They had possibly some- 
what less deadwood in them than had those used in previous years. 
At the end of each season 1,000 or more fruits from each pruned 

plot were graded for melanose infection, and for comparison many 
counts were made of fruit from unpruned trees. 

The results as shown in the fruit crops of the second (1922) and 
third (1923) year are given in Table 5. The first year’s results were 
essentially the same as those of the second. 

TABLE 5.—Results of pruning experiments for citrus melanose control in a 
seedling orange grove ai Orlando, Fla., in 1922 and 1923 

Melanose infection 

Date pruned Ree = 4s 
- ery : e- ery 

sent | slight | SUght | gium | SeVere| severe 

COUNTED IN 1922 . 
Per ceni| Per cent) Per cent| Per ceni| Per cent| Per cent 

Tansee 5etOr2O O21 ACD r Ont; 1022 ee ae 0 3 9 32 26 30 
Feb: 15 to 20; 1921; May 8 to 9; 1922) =. 2s ae 0 0 if 26 37 36 
Mara15it0)202 1921 June!s towl0; 19272. ee 0 0 1 17 45 37 
Apr 20:10:26 1921 July10 tom2, 1922) ee 0 1 1 25 46 27 
My: 26'to 30; 1921; Aug. 10\to 12; 1922) 22 2 ee 0 1 1 29 34 17 
June 20 60:26; 1921:-Sept. 1 to l2 192250 = ee 0 3 33 42 21 i 
Jilyalsto-22591921= Oct. 0ito 12192222 ass eee 0 6 31 38 OP, 3 
Janel ato 2OaOO soa hee ee a ees 0 0 5 38 31 26 
He Det bitO20 pl OD Tate ee ew eee ee ae 0 0 6 35 39 20 
TT ES GSS 10) Op RUA ene os a ee eee ee 0 G 12 22 25 41 
IAD ZOMG OrzO SLO 2M 2 are aes ee ee a tee Sete 0 7 26 23 32 12 
IVa ye26 COO} ODI See tie ere. See ot ea ee ee 0 4 38 34 23 1 
UNO COs2G S01 92 ee eee a Se Seas Se ee 0 9 31 31 24 5 
Uys Sst Oo. ODN vie ta Saat. ae eis eee 0 10 29 35 21 5 
INTIG23 COMA NOD see i eee eee eee Wee es 0 14 18 30 28 10 
PAN Tey OnL OLS ol G22 aw cee enh Sa eee Bee 0 i 7 15 45 32 
IVT yASSt ONO rl GZ 2 tee ache ne tie Sk a. Repo ene eee a 0 0 3 17 52 28 
UNE SLO Ose O22r aes eas ah ee mete eee 0 1 5 35 33 26 
AUR ON Ken CAS les Dies eS a eee 0 1 4 18 53 24 
ANCA OLOW2IIG22 wees se See Sess Re ee eee 0 2 25 40 30 3 
Septallstosl 2 S19228 Seiie ee Re ee eee eee 0 2 15 42 39 2 
OCC ONO a2 G20 Mees eee eet ge ee eee 0 0 12 38 42 8 
Average of unpruned checks_______-------------------- 0 8 16 22 37 17 

COUNTED IN 1923 

IVPAT CHS 923 92 ese ted Ie Se LO Ae A en 0 10 35 44 9 2 
SANT 1O 23 eee eee aa ca co ne ee sa 0 0 45 36 17 2 
Ma BEE MY 7-8 SN US Pee Pe a RL 0 0 45 28 17 10 
RING LOZ see S Ca aS ee pe ee 0 1 22 37 24 16 
Average of unpruned checks________----- Ae Se ee 0 0 34 30 28 8 

For three consecutive years pruning failed to have any appreciable 
effect upon melanose outbreaks on seedling oranges in these experi- 
mental plots. The slight differences in results obtained are due per- 
haps more to the general condition of the trees than to the efficacy 
of pruning as a means of controlling melanose. From these tests it 
is evident that the removal with reasonable care of dead and weak- 
ened parts can not be regarded as a dependable method for melanose 
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control in seedling orange groves presenting essentially the same 
conditions as those prevailing in this grove. These pruned trees 
had a greater vegetative growth than the unpruned ones, and mela- 
nose infection was about equal the first season. The second year 
after pruning, melanose was invariably worse on pruned growth than 
on unpruned trees, owing to the overstimulating effect of pruning. 

PRUNING AS A SOURCE OF INFECTION 

The removal of prunings from a grove is expensive, especially 
where the trees are planted so thickly that it is difficult to drive a 
team through without bruising the fruit or trees. Therefore if prun- 
ings can be left to rot where they fall, there would be less general 
objection to this highly desirable grove practice. With that thought 
in mind, tests during two seasons were made to determine if prunings 
left to decay on the ground around orange and grapefruit trees re- 
sulted in harmful effects on the tree or the fruit. 

After many careful observations the conclusion reached was that 
prunings on the ground around citrus trees are not a source of ap- 
preciable increase of melanose or of Phomopsis stem-end rot infec- 
tion. This deduction seems logical, since the causal organism 1s 
spread mostly by rain drip and dew drip. 

COMMERCIAL PRUNING TESTS 

Repeated observations have been made during the last few years 
on commercial pruning operations in normal bearing groves where 
in most cases the pruning was done once a year but occasionally 
twice a year. Almost without exception the pruning out of dead 
twigs resulted in a more vigorous growth and, some growers thought, 
in a heavier set of fruit as well, which seemed to make pruning a 
good investment notwithstanding a tisual failure to reduce melanose 
infection. In only rare instances has there been observed any appre- 
clable reduction in melanose in lightly pruned normal bearing groves, 
but a marked reduction often follows heavy pruning. On the other 
hand, melanose sometimes becomes markedly worse in trees pruned 
lightly than in unpruned trees in the same grove. This usually 
occurred the year following the pruning. 

There are conditions under which pruning for melanose control 
has been very effective-——namely, in normal, young, nonbearing 
groves where there is very little deadwood present, and in groves of 
any age following severe freezes, wherever there is a large increase 
in the quantity of deadwood. This method of preventing melanose 
on trees severely killed back was clearly demonstrated in 1917 in 
many groves throughout the States (Pl. 9, A, B.) In that year in 

- several large groves in Lee County in the southern part of the State, 
and in others in Putnam County close toward the northern limit of 
commercial orange growing, pruning was begun within a few weeks 
after the freeze and kept up until the job was completed, even 
through late summer and into fall. All of the trees were severely 
cut back in order to remove the recently killed parts, and in many 
instances the trees were severely headed in or “‘deheaded.” Where- 
ever this severe pruning was done in early or mid-spring before much 
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melanose infection took place, the new growth came out and hardened 
commercially free of the disease and the later flushes did not develop 
melanose. On the contrary, those parts of the grove pruned during 
late spring had an abundance of melanose on the spring flushes and 
little or none on the growths that developed after pruning. Those 
parts of the grove pruned in late summer or early fall naturally were 
about as much injured by melanose as the unpruned groves, 

COST OF PRUNING 

The cost of pruning depends largely upon the thoroughness of the 
job, but it is commercially impracticable to attempt to remove all of 
the small twigs, fruit stems, etc., and it is these parts that are fertile 
sources of infection. The writers have records of some young bear- 
ing groves pruned under contract for 20 cents a tree. In large 
bearing trees under normal conditions of vigor the cost is more 
because of the slowness of the work. Many growers estimate 
thorough pruning to cost 50 to 75 cents a tree, depending upon the 
season of the year and the prevailing cost of labor. Pruning as 
usually done is a slow, tedious, and costly operation and seems to be 
an unsatisfactory and ineffective means of preventing melanose out- 
breaks in average groves in Florida. 

PRUNING INEFFECTIVE 

Summed up, the attempt to control melanose by pruning out all 
deadwood, the source of infection, has generally proved ineffective 
and excessively expensive except where trees required severe cutting 
back or deheading. 

DUSTING FOR MELANOSE CONTROL 

Within the last few years the application of fungicides in the 
form of very fine dust has attracted considerable attention from 
owners of large acreages. ‘This method of applying fungicides is a 
rapid one, so much so that two men and a tractor or a fast-walking 
team can easily dust 40 acres of grove in a day. Little or no more 
time is required for dusting a grove of large trees than for a similar 
acreage of small ones. Because of the one great practical advantage 
of dusting over spraying—namely, speed—considerable dusting has 
been done in Florida citrus groves within the last few years. Many 
observations have been made in commercially dusted groves for com- 
parison with results obtained from dusts applied experimentally by 
the Bureau of Plant Industry for melanose control. 

In 1922 a block of seedling orange trees was dusted very thorough- 
ly twice for melanose control. The first application was made April 
29, before infection had taken place, and the second on May 22. 
Both Bordeaux dust containing 12 per cent metallic copper and 
15-85 copper-lime dust were used. The following year (1923) 20-80 
copper-lime dust was used as well as sulphur dusts. Again the trees 
were dusted with great thoroughness and in time to control melanose. 
In 1924 six plots in the same grove were dusted from one to three 
times in late April and early May, well in advance of much melanose 
infection. The results of dusting experiments for melanose control 
in 1922, 1923, and 1924 are given in Table 6, 

a 
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TABLE 6.—Results of experimental dusting of orange trees for melanose control 
in Florida in 1922, 1923, and 1924 

Melanose infection 
Num- 

Material used ber of Date applied ; 

ae Absent | V@tY | gignt | Me | severe | Very 
slight 8 dium | ~ severe 

Per cent| Per cent| Per cent| Per cent| Per cent| Per cent 
Copper lime dust, 2| Apr. 29, May 22, 0 8 17 19 

5-85. 1922. 
otdeaee dust, 12 per 23) eae 2 (c emre aeee eee 0 6 16 54 15 Q 

cent copper. 
3-450 Bordeaux - oil 1 | May 1, 1922_________ 62 24 12 2 0 0 
emulsion spray. 

Average of unsprayed 0| No treatment_-____- 0 2 17 25 33 23 
plots. 

Dusting sulphur --_-____- 2| May : and 11, 1923__ 0 1 53 35 11 0 
Coarse flour sulphur __- Dries eC Ont ees a 0 1 39 45 12 3 
Copper-lime dust -_-__-_-_- 3°} May Z GES Ib, pa 0 23 48 15 7 al 

1D Yn iaiiekoie ere a ie ne 4| May 4, 11, 51, 28, 0 47 46 if 0 0 
1923. 

ID) Qik eae a 2| May 4 and 11, 1923__ 0 44 34 20 1 1 
ID ies 2 eae eee 3 | May 4, 11, 28, 1923 __ 0 65 28 5 1 1 

3-450 Bordeaux - oil P| May: 4) 102322522 33 48 15 3 j 0 
emulsion spray. 

Average of unsprayed 0| No treatment_____- 0 13 4] 35 8 3 
plots. 

Copper -lime dust, 1h APE, 2951 924 2a ca oe Q 0 6 36 40 18 

DINARS i eigd BRE y 2 | Apr. 29, May 6, 1924. 0 0 16 41 34 9 
DOTS Re eee ae 3 | Apr. 29, May 6, 13, 0 4 12 37 35 12 

1924. 
Qs eat aes 2 | May 6 and 18, 1924__ 0 6 26 45 17 6 
AD Yair ee 0 eS ives ie | NTA Ge 1 G24 ie eee 0 7 32 34 18 9 
DOE ieee era 1 | May 13, 1924 0 5 17 26 35 as 

3-3-50 Bordeaux - oil 1} May 7, 9994 Fee 70 15 11 4 0 0 
emulsion spray. 

Average of unsprayed 0} No treatment______ 1 10 23 36 20 10 
plots. 

The data show that the copper-lime dust, the Bordeaux dust, and 
sulphur dust did not give any appreciable ‘control of the disease in 
1922, whereas Bordeaux sprays applied at about the same time in the 
same grove gave good control. In 1923 two applications of sulphur 
dusts failed to reduce melanose, but several applications of copper- 
lime dust did apparently reduce somewhat the severity of the out- 
break. Single applications of Bordeaux-oil emulsion spray made in 
late April or early May gave a much better control of the disease than 
did as many as four dustings. 

The results obtained from dusting experiments in 1924 were cer- 
tainly no more favorable than in any ’ of the preceding years. 

Growers generally, so far as the writers’ observations go, have 
obtained somewhat similar results with dusts for melanose control. 
In one or two instances from fair to good control appears to have 
resulted from dusting, but in the-ereat | majority of cases the disease 
has not been materially reduced. In the few cases where good results 
seemed to have been obtained from a reasonable number of applications 
of copper-lime dust no undusted trees were left as checks, and it is 
questionable whether the relative absence of the disease was due to the 
fungicidal effects of the dust or to a failure of the disease to develop 
even on undusted parts. Further, insect pests and mites usually do 
not become appreciably more plentiful on dusted plots during sum- 

24975°—27——_3 
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mer months than on undusted trees, indicating that the fungicidal 
effects of the dust had largely disappeared before entomogenous fungi 
began operations in quantity. 

Experimental and commercial dusting with the present-day dusts 
over a period of three years has not given satisfactory melanose con- 
trol. This is probably due to insufficient adhesiveness. 

COST OF DUSTING 

An average-sized orange or grapefruit tree, 15 or 20 years old, 
requires approximately 1 pound of dust for each application, and if it 
be assumed that two or three properly timed applications of dust 
might be as effective against melanose as one spray application, then 
a tree will require 2 or 3 pounds of dust. At the prevailing prices of 
copper dusts in wholesale lots during the last three years, the mate- 
rial alone would cost from 20 to 30 cents per tree. The cost of appli- 
cation is only a small fraction of a cent per tree. 

DUSTING UNSATISFACTORY 

To sum up, dust, either copper or sulphur mixtures, with but a 
few exceptions, have failed to give satisfactory control of melanose 
in Florida. In general the results have been so disappointing that 
this method does not appear worthy of trial on a large scale. The 
cost of application on the tree basis is equal to or greater than that 
of standard sprays of proved efficiency. 

SPRAYING FOR MELANOSE CONTROL 

As early as 1896 Swingle and Webber (27) showed that citrus 
melanose outbreaks could be greatly reduced by applications of cop- 
per sprays, and for the control of this disease they gave a tentative 
spray schedule based on their experimental results. In spite of the 
fact that it had been shown that this disease could be controlled by 
applications of sprays, few 1f any growers attempted to do so, be- 
cause the injurious effects resulting from an abnormally great increase 
in scale insects following applications of copper sprays were usually 
more damaging to the tree and fruit than the severest. outbreak of 
melanose. 
With the introduction of Bordeaux-oil emulsion spray, spraying 

for the prevention of citrus diseases has been put on a far different 
basis and the former objections to the use of Bordeaux mixture have 
been largely overcome. Considerable spraying is now being done 
for melanose control. 

The spraying experiments reported in this bulletin are extensive, 
and records cf numerous spraying tests on a commercial basis are 
also given in order that general conclusions of a dependable nature 
may be correctly reached, particularly from the viewpoint of the 
commercial grower. The disease varies in intensity from one grove 
to another, even from tree to tree, owing to terrain, condition of the 
tree, stage of growth at time of infection periods, and many other 
causes. Such factors become more apparent with an increased ex- 
perience with the disease. Because of this lack of uniformity in 
melanose outbreaks the control results necessarily must vary con- 
siderably, and in deducing conclusions from spraying operations 
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only general conclusions should be attempted at this stage of the 
development of melanose control. To take any one plot or even any 
one grove as a standard for comparison may prove misleading, but if 
the plots and groves are taken collectively the results point in the 
same general direction each year. 

SPRAYING EXPERIMENTS IN 1917 . 

The attempt to control melanose by sprays, made in 1917 by the 
Office of Fruit Diseases, following the freeze of February of that 
year, is the second recorded effort to control melanose by sprays. 
A small preliminary spraying experiment was conducted at Orlando, 
Fla., in an old seedling orange grove that had been severely damaged. 
by the freeze. Bordeaux mixture, ammoniacal solution of copper 
carbonate, commercial lime-sulphur solution, and self-boiled lme- 
sulphur solution were used. The first application was made on 
April 12 and 138, the second on April 26, 27, and 28, and the third on 
May 10 and 11, followed by an application of insecticide on June 12 
to prevent excessive scale increase. 

This grove, previously damaged by foot rot, was so severely in- 
jured by the freeze that there was little or no bearing wood left, and 
the small crop that did set developed from late May and June 
bloom. All of the deadwood was left in the trees as a source of 
infection for the new succulent growth which came on during the 
spring and summer months. The sprayings were not carried on 
through the summer as had been planned, therefore the applica- 
tions that were put on gave only a partial protection to the vege- 
tative growth and httle or no protection to the fruit that set in 
June. ‘The fruits on all of these sprayed plots were severely affected 
by either rust-mite russet or the “ammoniation” that frequently 
develops on trees suffering with foot rot; these conditions were so 
prevalent that it was practically impossible to determine with ac- 
curacy the degree of melanose infection on fruits. 

The results of these preliminary tests showed that there was a 
marked reduction of melanose on vegetative parts on the plots that 
received Bordeaux mixture, but this was confined to the growth 
that took place during April and May. Melanose control on the 
plots sprayed with ammoniacal solution of copper carbonate was 
decidedly less pronounced, whereas those that received lime-sulphur 
solution. had only a slight control if any at all. The plots that 
received one or two applications of ammoniacal solution of copper 
carbonate followed by one or two applications of sulphur compound 
were about as severely injured as the plots that received three appli- 
cations of lime-sulphur solution.” “Ammoniation” was much more 
prevalent on the checks and sulphur-sprayed trees than on those 
that received copper sprays. 

The rainy periods at Orlando, Fla., during the spring months 
of 1917 are shown in Figure 4. From this it is evident that there 
was not sufficient rainy weather during March to result in much 
melanose infection, and, as April was very dry, little or no infection 
took place. May also was very dry, but a moderate amount of 
infection developed during the first 10 days of the month. Begin- 
ning about the middle of June, the rainy season was accompanied 
by heavy melanose outbreaks. 
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SPRAYING EXPERIMENTS IN 1920 

Spraying experiments for the control of melanose were again 
taken up in 1920 in a mixed orange and grapefruit grove at Orlando, 
Fla., and in another grove at Winter Park, while a large commer- 
cial citrus property in Marion County, another in Polk County, and 
a third in Pinellas County were sprayed by the owners with Bor- 
deaux-oil emulsion for the control of this disease. There was an 
abundance of deadwood in all these groves, and melanose had been 
a major factor for many years. The results obtained in the com- 
mercial properties will be discussed further on. Beginning this 
year and continuing throughout the following seasons reported 
herein, the sprayed plots were enlarged to the extent that each plot 
consisted of: from 10 to 20 or more trees and required from 150 to 
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Fic. 4.—Rainfall (in inches) at Orlando, Fla., during March, April, May, and 
June, 1917 

200 gallons of spray for each application. This was done to approxi- 
mate commercial spraying more nearly and to overcome individual 
differences that might appear on a few trees. The pressure used 
ranged from 250 to 400 pounds, the higher pressure being used in 
the last two or three years because it became evident that more 
thorough work was done with the increased pressure. 

The groves at Orlando and Winter Park under experimental tests 
were sprayed in accordance with the data and with the results shown 
in Table 7. 

It will be seen that in the three sprayed plots in the grove at 
Orlando practically no melanose was found, and the slight trace 
which is reported may possibly have been spray injury rather than 
melanose infection. ‘The plot receiving monthly applications was 
about as well protected as those receiving weekly sprayings, whereas 
the unsprayed part of the grove had practically 9 out of every 10 
fruits infected with melanose and for the most part the degree of 
injury could be classed as severe. 
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TABLE 7.—Spraying experiments with 3-4-50 Bordeauz-oil emulsion for mela- 
nose control on orange and grapefruit groves at Orlando and Winter Park, 
Fla., in 1920 

Melanose infection 
Number of 

Location of grove applications Date applied Kind of fruit 

Absent | Infected 

Per cent | Per cent 
Orlando: 2225 ==. 1S weekly 22222222 Apr..1 to Augs4 =) Oranges. 3s 99. 4 0. 6 

Dos fee ee) 9 biweekly __-___..._- Aproictosnly 22744232 32 Gaze. teers ts 99. 6 .4 
(Doe ae Semon th bys on ee ee co (0 a pee) a oe Gott eet 98. 5 1.5 
Doss Sees Check Gunspraye@) 2 ee ee Gott? = -t2eteid 6. 95 93. 05 

Wiasiter Parku Baer a tte May, 5\to8. 2.5 -2t Grapefruit ________ 91.13 8. 87 
MOMS koe CHECK CINSPES VEO) | ee ee eee Ose eee 32. 43 67. 57 
HDowxtit i. i [gees Jed ys age ee ey May 10 to 12_______- | Oranges__________- 92.17 7. 83 
DO Ree ee Check -(unsprayed) |= 2 = eee pea Qos sae. 5. 5.6 94. 4 

The grove at Winter Park, 4 miles from Orlando, was sprayed but 
once for the control of this disease. This application was made 
during the first part of May before much infection had taken place, 
although there had been considerable rain up to that time. From 
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Fig. 5.—Rainfall (in inches) at Orlando, Fla., during March, April, May, and 
June, 1920 

the results of this spraying test, together with the results obtained 
by the commercial growers who made tests, it seems that a single 
application of Bordeaux-oil emulsion properly timed should give 
good control of melanose. phi 

So far as is known this is the first instance where melanose has 
been successfully controlled by a single spray application. 

The results of these tests were made known to the various State 
workers and horticultural advisers for use during 1921, and rather 
large numbers of commercial properties were sprayed that year, 
the material and time of application being based on the results of 
the 1920 tests given above. , 

Rainfall during the spring months of 1920.—A graphic record of 
the daily rainfall at Orlando during the melanose season of 1920 
is shown in Figure 5. It is obvious that March of that year at 
Orlando was very dry. No rain fell there during the latter half of 
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the month, while in April there was an excessive quantity of rainfall 
to the extent of 4.7 inches above normal, but there were only a few 
rainy days. This resulted in very little infection before May 5, 
and from then on several rains fell and much more infection occurred. 

SPRAYING EXPERIMENTS IN 1921 

In 1921 the spraying experiments were conducted in the same 
seedling orange grove at Orlando which had been used the preceding : 
year. Thirty-eight plots were sprayed, each receiving from one to 
three applications of fungicide. The following spray materials 
were used: Lime-sulphur solution, dry lime-sulphur, barium tetra- 
sulphide, a commercial form of self-boiled lime-sulphur, Pritchard 
and Clark’s (17) copper soap, 3-38-50 Bordeaux mixture plus 1 per 
cent oil as emulsion, 1-1-50 Bordeaux mixture plus 1 per cent oil, and 
a commercial Bordeaux powder in proportions to give 3-3-50 
Bordeaux mixture to which 1 per cent 01] as emulsion was added. 
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Fic. 6.—Rainfall (in inches) at Orange, Ma. during March, April, May, and 
une, 

The list of spray materials, dates of application, and results 
obtained are given in Table 8. 
From Table 8 it is obvious that sulphur sprays as a class are prac- 

tically worthless for melanose control, and that copper soap and the 
weaker strengths of Bordeaux mixture are only partially effective. 
Stronger Bordeaux mixture applied about the first of May gave very 
good control of melanose, but applications made after the middle 
of that month were decidedly less effective, and those in June had 
little or no effect on the disease. The added protection resulting 
from the second and third applications is not sufficient to justify 
more than one application. 

Rainfall during the spring months of 1921—In order to aid in 
determining the effect rainfall may have had on the efficacy of the 
sprays, the precipitation record at Orlando during the melanose 
season of 1921 is shown in Figure 6. It is seen from this figure that 
very little rain fell during March and April, and May was dry until 
about the 13th of the month, when rains set in and lasted for 12 
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consecutive days. No appreciable melanose infection had taken place 
when the first application was made; however, considerable infection 
had developed by the time the second application was made, and 
probably all of the infection had taken place when the third applica- 
tion was put on. 

TABLE 8.—Spraying experiments for melanose control with various materials on 
orange and grapefruit trees at Orlando, Fla,, in 1921 

Per- 
Num- centage 

Sls Es eae ber of | p ; of aia 
No. erials used appli- roportions Dates applied mel Degree of infection 

cations infec- 
tions 

1 | Lime - sulphur solu- TE | I-40 Soe ee ee I NSS Oe Se eS 100 | Very severe on all 
tion. grape-fruit trees 

and on larger 
orange trees. 

Jol a (6 (9 eee ns eee | QUE ce do ee Apr. 28, May 23__- 100 Do. 
ah ee (6 Cre eS eee 53 eee dO 222 Apr. 28, May 17, 100 Do. 

June 7 
yee (6 (0 Secs ea a hal (ee GOs see TY Niet les Se 100 Do 
Sr eee (8G Ye re Nagata tg Poeeeeel GOsss2222+= JUNC 7a ae 100 Do. 
6 | Dry lime-sulphur -__- 14440 o/sN 0) Cep 7 4s ae en 100 Do. 
YG ees OQet see scenes 5 bes doacasc ree 28, May 24___ 100 Do. 
So) eee COM a es 5 3 aera dose Apr. 28, May 17, 100 Do. 

June 7 2 
LF CO Se2e {eivies eee 3 Ag) | eee doa fed Ean Apso eee 100 Do 

107) 222 dow SS ees Ds | eee don aes Hae LS Pate ees ee, Se 100 Do 
11 | Barium tetrasulphide- 161624402 PA DES 28 ee See 100 Do 
12) |. ORES See ee Dill aoe does Apr. 28, May 24___ 100 Do 
16 eee ox (5) Reese sss eee aie 3 | ee dose Apr. 28, May 17 100 Do 

June 7. 
14. | Sees 6 (ay Sea Ns ee ce eee Thal (aeons GO sae Sse Misy228 Soe ee eee 100 Do 
Soe Sees doe 1 |) ee doe = June 7-8: fers | 100 Do. 
16 | Commercial self- teas 5—4O ees 28 22% INDI 29 ses 99 Do. 

Bolled lime sulphur. 
iC/s| Ts (as ees eae ies Drie & dose Apr. 29, May 24__- 99 Do. 
TE 59) eaaperse aS Li ea aang teat Sy eee i Oe ee Apr. 29, May 17, 100 Do. 

June 8. 
1OL|== = Co Lay = i a es i ioe aa dQ= == se WAV oS aso 2 oe 100 Do 
7.) ee Goss soa See P| Sc doe JUNC Se 2s ee 100 Do. 
21 | Copper soap-_-------- 1 | %0-3-50_____- SA DENZOs. = eae 60 | Slight. 
Pease Ot Bee 2 eee GOnee ees Apr. 29, May 20__- 68 Do. 
237 eon don Stee Bees ee do aes Apr. 29, May i8, 82 Do. 

June 8-9, 
74: Sal a CO ee 1 | Dae GOSS: 2 fre 2s INEayeZON  Serestens « 100 | Medium. 
2s 2s GOES ares iets 4 S| ves Govsst 2 2 JUITEYS eee 8 Pee 100 | Severe. 
26 | Bordeaux oil________- 1 | 3-3-50+1 per | Apr. 29________-_-- 5 | Very slight. 

cent oil. 
D4 | ess 6 Cape Se ns SH 7 dal Kulp Gos. tah Apr. 29, May 30__- 3 Do. 
28e|2a sk Gt ee Ee ee 33 | See doer Apr. 29, May 19, 0 

June 9. 
29) Ss <i (6 ee ne a ee Cs eee does wek INMiay 1Obe = eee 66 | Medium. 
Une eae 0 a ees Pa 8 Deeres doles Fs! Fune ee 4h ie 82 | Severe. 
5 be eres 05 (0: 5 eet os 1 | 1-1-50+1 per | Apr. 30___-__-__-_- 50 | Slight. 

cent oil. 
S2b\ oars 3 Gwe ee ee ES ee Qi | ese do__.-,----| Apr. 30, May 23__- 78 | Medium. 
Gomis Omen Se Si | ae GOs. ee Apr. 30, May 19, 0 Do. 

June 9. 
aes a eet GOsee eae en i A eos (a (eee ees IM IN OR ee 100 | Very severe. 
Sl ba ee GUY Se as See 1A PR aS dow tate JUNE OM ft ee ees 100 Do. 
36 | Commercial Bor- 1 | 3-3-50-+1 per | May 23__________- 100 |. Do. 

deaux powder. cent oil. e 
Be) eer Oe tS ae dos2t siex! May 23, June 8__-- 100 Do. 7 
Bare eda ees ye Sk Tel dots mane So 100: | og Blanes 

I9W os. 

Tests for copper on sprayed leaves.—In order to determine the 
persistence of Bordeaux mixture spray residue, quantitative tests for 
the presence of copper were made from leaves .Sprayed with two 
strengths of Bordeaux mixture plus oil emulsion Vizf 83450" (sis 1 
per cent oil as compared with 1-1-50 plus 1 per? eet Does ie 
sults are shown in Figure 7. OL Irtg.4 => 
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It will be seen from Figure 7 that very much more copper can be 
recovered from leaves of trees sprayed with 3-3-50 Bordeaux-oil 
emulsion than with a 1-1-50 Bordeaux-oil emulsion. If it is assumed 
that 15 milligrams of copper per 100 grams of fresh leaves is neces- 
sary to afford protection against melanose, it is obvious that the 
i-1-50 Bordeaux-oil does not meet the requirements for any great 
length of time, whereas a single application of Bordeaux-oil emulsion 
in late April carries about enough copper to afford protection 
throughout the entire period of infection. It is also shown that three 

SLLYVED SAVED SPRAYED 
\ AAO 2B MAY 12 UME F 

192/ ot 

Q 

, 
‘ 

Fic. 7.—Quantities of copper remaining in spray residue on citrus leaves during 
a 4-month period. Four sprayed plots were sampled: A, sprayed three times 
with 1—1-50 Bordeaux plus 1 per cent oil; A’, sprayed once with the same 
material; B, sprayed three times with 3-3-—50 Bordeaux plus 1 per cent oil; 
B’, sprayed once with the same material. The first spraying was on April 28. 
The first sampling of leaves was on May 3. 

applications of a 1-1-50 Bordeaux-oil emulsion weathers down dur- 
ing the rainy season about to the point of a single application of 
3-38-50 strength. ; 

Other experiments in 1921,—The Florida Agricultural Experiment 
Station in 1921 conducted spraying experiments based largely on the 
results obtained by this office during 1920 and obtained very satis- 
factory control from single applications made before the heavy in- 
fection of May took place. These tests, together with experiments in 
1922, were reported by Burger, DeBusk, and Briggs (2). 

edd onmioriiey «9 
yot atest ovitet . SPRAYING EXPERIMENTS IN 1922 

ows ditw, boysiqea, eevs y ‘ 
| >Spraylng experiments were repeated in 1922 in the same grove that 
_jyag ised jthe;preceding year. The first applications were made be- 
tween April 10 and 14 and the late applications as late as June 10. 
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TABLE 9.—Spraying experiments for melanose control with various materials on 

Plot 

orange and grapefruit trees at Orlando, Fla., in 1922 

| 
Melanose infections 

Absent 

Lime-sulphur solu- 
tion. 

Cc opper SOAD Sa see 

sion. 

Neutral Bordeaux- 
oil emulsion. 

Bor- 
emul- 

Commercial 
deaux-oil 
sion. 

Improperly pre- 
pared Bordeaux- 
oil emulsion. 

es Ot e SEES 

Bordeaux-oil emul- 
sion. 

Check] Average of 12 no- 
treatment plots. 

bo ww 

Very slight 

Oo 
mM 

£ 
g iS 
=| 2 n = se 

So |e | 8 
oO 

= to | > 

Per\ Per| Per| Per| Per 
ent} cent| cent) cent cent\c 

21 

He DOO OTH mH OO > bo NRRe [e,) bo bo bo 

bo 

Dew 

Proportions Date applied — 

140 ete Ee es Apres 13 and 14-28 
ay 23. 

V-0-3-50___ PAI oe era eee 
aera GOs ee EI SAID TS 2B se 
Lea CO ae AT He 28, May 23- 
1 a Der cents PApr es ss 

oil. 
ae CB Cape a Ra a 921 0) cs FL! St 
Leen GOs eee eee Apr 29 May 23 
aad pe cent |PApra lle ss 

Be tan CO Kaye ea ae PR | FSG 0) oe 13 Se 4 ee 
ere al GOES Rees oe "29, May 22 
Spano Dee vcenty Ail o= see 

oi 
1 oie GOS ee PA Diela 2a 
eran: Qe ee eal ADT 1o28, Viayeos 
Approximately 2-x | Apr. 13, ENE oa 
ents per cent 

we OO Ob hes ae Apr. 12, 29, May 22 
3-04 per cent | Apr. 12, 28__..__- 

Malone GOs eee Apr. 12-28-29 
May 23. 

thai Gores te ee Arp hb cots atleaes 

Sie aye Osea ee Arp ral Oe raya 
rae Os AND IO ENA oy 
eee Qn Seay) 1h 22,suneoe 
eel GOH ae eee AIA. el O—11,a2o, 

May 10. 
enehed G0) | Apra25, May 10525 
aes do-______________| May 10, 25, June 9_ 
ees do_______.___..__]| May 25, June 9-10_ 
sigh 0S es | PApre 2 May 10s 
ae GO be ee ee | PACD Ilo. a Viiayol O} 

June 10. 
ee Oss ee | SAD. 20 Via 20—22 
aa Se Goes res May lh June tes. 
eee do_.____...__..-.| May 10-11, June 10 
rgd Qu Se en (eA ha 20 bene oe 
cyan (GKosece tes ee aes hel Eh ea eek ee i ee a 
eu! COE ee ee May DI nowemipeeala =| asee1a— 
Saas GOte eee. BV G20 Set se 
Brews GOs Fre Gs ree 82 |) Mens eee Fae 
peeve te Got Ser ee ee SUNG Ose aoe 
pe dome ae ee A rol? aiviay tl. 

June 10, July 10, 
Aug. 12, Sept.13, 
Oct. 13, Nov. 10. 

No 

—" oO 

OW or rR bo bo & bo NoOrr 

32 4 

19| 59} 6 
20| 47] 3 
14] 4] 2 
27| 35] 3 

24/13] 1 
1{ 07 £0 
91, aft 

8] 1] 0 
0} 0} oO 
1+} O20 

i ed Pa 
0} O}| oO 
0} 0} oO 

et 0) 
0} O| oO 

o}| 0] oO 

leak a 

11 30;) 0 
Te ERA 
01 0)|E20 
itl etbe 

Tul OalereO 
13" 011%, 0 
1s Oxhen 20 
iP AMT SS 
Orsi 0 

Lobe Ose 10 
2)| 201° 0 
4} 0} 0 
6| 0} 0 
2} ol oO 

4p e210 PO 
22 12ieas 
29] 56] 2 
0/40: [9x0 

31] 23| 16 

In view of the failure of sulphur sprays as a class to control 
melanose in 1921, it was considered unnecessary to use again a wide 

The following materials were tested : Lime- 
sulphur solution, copper soap, various strengths of alkaline Bordeaux 
mixture plus oil emulsion, improperly prepared ®° Bordeaux mixture 

range of these Taille 

§ Bordeaux mixture made bv pouring concentrated milk of lime into concentrated blue- 
stone solution, 
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plus oil emulsion, “ neutral” * Bordeaux plus oil emulsion, and a 
commercial preparation of Bordeaux mixture and oil emulsion. 
A complete list of spray materials, dates of application, and 

results obtained are given in Table 9. 
Again it will be seen that lime-sulphur solution failed to give 

any appreciable control of melanose. One and two applications of 
copper soap afforded a slight protection, and three applications gave 
a considerably greater protection but not in proportion to the cost 
involved. The same applies to 1-1-50 Bordeaux-oil emulsion and to 
a less extent to 2-2-50 Bordeaux and oil. Two and three applications 
of commercial Bordeaux-oil emulsion gave excellent results, likewise 
one or two applications of standard 3-3-50 Bordeaux and oil gave 
good commercial control of the disease whenever the spraying was 
done in advance of the May rains. 

Rainfall during the spring months of 1922.—F igure 8 shows the 
daily precipitation at Orlando during the melanose season of 1922. 
This figure shows that the spring of 1922 was unusually dry. Many 

1.8 
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Fig. 8.—Rainfall (in inches) at erlande, Bias -during March, April, May, and 
une, 

twigs died from drought effects and later became a source of melanose 
infection. The drought was broken early in May, when some infec- 
tion developed. After the middle of the month rains occurred fre- 
quently and the resulting infection was abundant. 

Copper tests—Again copper tests were made from leaves sprayed 
with various copper materials, data from which are shown in Fig- 
ure 9. 

These findings are in accord with those of the preceding year— 
namely, that a much greater quantity of copper is found on trees 
sprayed with 3-38-50 Bordeaux and oil than those receiving sprays 
carrying smaller quantities of copper. It seems probable that a 
single application of 3-38-50 Bordeaux and oil at almost any time in 
April would afford a fair commercial control of the disease, perhaps 
better than three applications of copper soap or two applications of 
a 1-1-50 Bordeaux mixture. The 2-x-50 commercial Bordeaux and 
oil does not seem to persist on orange leaves quite as well as home- 
made 2-2-50 Bordeaux and oil. ) 

* Bordeaux mixture made by pouring slowly just enough concentrated milk of lime 
into dilute bluestone solution in agitation to precipitate all of the soluble copper as 
indicated by the potassium-ferrocyanide test. This neutral Bordeaux mixture is indicated 
by a formula such as 3—x—50. 
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SPRAYING EXPERIMENTS IN 1923 

_ Spraying experiments were continued in 1923 at Orlando on seed- 
ling orange and grapefruit trees and at two other points in the 
State on grapefruit. Thirty-five plots were sprayed at Orlando with 
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Fie. 9.—Quantities of copper remaining in spray residue on citrus leaves during a 

314-month period. Five spray mixtures were used, and these were applied three 
times to certain plots (A, B, C, D, E), and once to other plots (A’, B’, C’, D’, E’). 
The first application was on April 14 

various copper compounds or with lime-sulphur solution for the 
control of melanose. 

In former years the only oil emulsions used were prepared with 
soap, but this season the soap-oil emulsions were used in comparison 
with kaolin-oil emulsions (27). Since no appreciable difference in 
effects could be noted between the two types of emulsion in Bordeaux 
mixture, a discussion of their respective merits is not given. 

The first application was made as early as April 3 and the last 
was made on June 15, the plots receiving from one to three applica- 
tions respectively. The materials used, dates and number of appli- 
cations, together with the degree of melanose control obtained on the 
sprayed plots, are given in Table 10. 
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TABLE 10.—ResSults of spraying experiments for melanose control with various 
materials on orange and grapefruit trees at Orlando, Fla., in 1923 

Num- 

Materials used eee Proportions Date applied 

tions =] 

Z 
< | 

| Per | 
| | : cent, 

Bordeaux-oil emulsion -_-- 3 | 3-4-50-++1 per cent oil_-| May 5,15, June 5__-| 2 
1b) OS ee ee 3} 4 eae 6 | PRS hes atl Apr. 24, May 7, 23__| 54 | 
Dons ee eet a | eee 6 (ieee Cee Apr. 5, 24, May 152 =) ue 

Improperly prepared 1h ee dpe sae kc Be Mily 2b eee 
Bordeaux mixture. 

é Negiral ” Bordeaux 1 | 3-x-50-+1 per cent oil_}_____ do! oe ene same 65 
mixtur 

Couimerciat Bordeaux 1 | 3-3-50-+1 per cent oil_|_____ ra (a esa os MN ae 8 49 
paste.! 

Commercial Bordeaux- f|/easee GOs | (G0 yet 55 Sasa a Ee 3 
oil emulsion.? 
DOs ee eee ee 1 areata per cent | May 4__--_--------- 0 

IDs Sa Ras Se 1 | 3-3-50-++1 per cent oil_|__-_- eS 0 
Ammoniacal solution of $ | S=3=502 co eS dos se eee 0 

copper carbonate. | 
Bordeaux-oil emulsion -_- 1 | 2-2-50-+-1 per cent oil- Beas 2 ts em en Ft RS 35 

DG Se Se neha 1 | 5-5-50+1 per cent oil_| Leek Qi 8 ear ees | 34 
Do=he ee ae 1 | 4-4-50-++1 per cent oil_|_____ A Joga Seo 8 eC RE 2 56 
TD) GS iE cea ae 2 | 3-4-50+1 per cent oil_| Apr. 16, May 23____ 53 
DOSES eS asa ae 2 este 3 (i ORR EK SORES Ede eat Apr. 24, May 23__-_- 4] 
Do SS eee a ioe 3 (a epee Satece eae May 5, Be se 6 

Lime-sulphur solution___ Je Fs La eae Ue SN Ee 2 be 25, May 7, 25__| 14 
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1 A commercial Bordeaux paste to which oil emulsion was added in the spray tank. 
2 A ready-mixed commercial Bordeaux-oil emulsion, type A. 
3 A ready-mixed commercial Bordeaux-oil emulsion, type B. 

It is evident that the control was not as perfect as in former years. 
This is doubtless due to a slight but general infection that occurred 
in late March. 

The plots sprayed with a standard 3-3-50 Bordeaux plus 1 per cent 
oil as emulsion or its equivalent before the middle of April were not 
as well protected as those sprayed just before the May rains set in, 
while those sprayed for the first time well after the rains set in were 
in general not so satisfactorily protected. From these tests there is 
again evidence that if a single spray application is made before the 
May rains set in, melanose infection will be largely eliminated; that 
the commercial Bordeaux mixtures plus o1l gave satisfactory results 

m4 
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and that sulphur and weaker copper sprays are not satisfactory 
against this disease. There seems to be no commercial advantage in 
using more than one application of 3-3-50 Bordeaux plus oil emul- 
sion if this is properly timed. It is also evident that an application 
made. several weeks in advance of the main outbreak is not as ef- 
fective as one put on just ahead of the principal infection period. 

Rainfall during the spring months of 1923——The rainfall at Or- 
lando, Fla., during the spring months of 1923 is shown in Figure 10 
as an aid in interpreting the results obtained in the spraying experi- 
ments. Figure 10 shows that March was rainy, that April was not 
especially dry, and that the May rains set in on the 3d of that month. 
A slight amount of melanose showed up plainly on the new leaves 

and fruit in late March, but it was not until the rainy period of early 
May that severe infection occurred. After the middle of May the 

I1BES SMIRCY APPLES L. AAFP COW 

Fic. 10.—Rainfall (in inches) at Orlando, Fla., during March, April, May, and 
June, 1923 

weather was especially conducive to infection, but by that time most 
of the fruit had grown too large and tough to become further in- 
fected. This resulted in a slight March infection on practically all 
fruit, but owing to the fact thatthe fruit had become unusually large 
by the middle of May a noticeably small proportion was blemished 
very severely by this disease. 
A grapefruit grove near Leesburg in Lake County, Fla., and an- 

other near Brownville in De Soto County were sprayed experimen- 
tally during February and March for scab control, and counts were 
also made for the effect of these early sprays on the prevention of 
melanose. The first application was made just as the spring leaf buds 
were swelling, the second toward the end of the blooming period, 
and the third, when applied, three weeks later. In general, melanose 
infection was about as severe on the plots receiving sulphur sprays 
as on the unsprayed plots, but the plots receiving one, two, and three 
applications of Bordeaux mixture during the early growing period 
were fairly well protected from the disease. From these experi- 
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mental data, together with the results obtained in former years on 
plots sprayed for citrus scab control, as well as in commercial groves 
in 1923, it is evident that melanose can be reduced decidedly by ap- 
plications of Bordeaux mixture during the scab-spraying season. 
But, generally speaking, much better results are obtained if the appli- 
cation is delayed until the latter part of April or the first of May, 
provided the weather during April is not extremely wet. 

SPRAYING EXPERIMENTS IN 1924 

In 1924 spraying experiments were again conducted at Orlando in 
a mixed grapefruit and seedling-orange grove in which 31 sets of 
duplicated plots were sprayed with copper or sulphur sprays, but 
for the most part Bordeaux-oil emulsion was used. Spraying oper- 
ations were begun March 17, before many blooms had opened, and 
they were discontinued after June 28. Plots received from one to 
three applications at different times, as is shown in Table 11. 

TABLE 11.—Results of spraying experiments for melanose control with various 
materials on orange and grapefruit trees at Orlando, Fla., in 1924 

Materials used 

Bordeaux oil emulsion___ 

Oe 
Colloidal sulphur_______- 
Lime-sulphur solution ___ 
Lime-sulphur sludge____-_ 
Neutral copper acetate_- 

Bordeaux-oil emulsion ___ 

Bordeaux mixture _______ 
Average of 13 check plots 
having no treatment. 
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The crop of Phomopsis spores was eae large in March and 
April, and everything pointed to a heavy fruit infection with the 
onset of the rains. This was particularly true in the grove where the 
experimental spraying was being conducted. 

The spray materials used, dates and numbers of applications, to- 
gether with the results obtained from this experimental spraying 
for melanose contro] in 1924 are given in Table 11. 

Again, it is shown that a single application of Bordeaux-oil emul- 
sion apphed before the period of heavy melanose infection gives 
a good commercial control of the disease. Bordeaux-oil emulsion 
applied March 17, even before many blooms opened, had a marked 
effect upon melanose infections. Progressively later applications 
up to the onset of long rainy periods increasingly gave better results, 
but wherever the sprays were applied well aiter the June rains had | 
set in the control was not satisfactory. 
Two and three applications of Bordeaux-oil emulsion gave some- 

what better results than single applications, but the difference was 
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Wig. 11.—Rainfall (in inches) at Grande, Fila., during March, April, May, and 
June, 1924 

not sufficiently great to warrant the expense of more than a single 
application properly timed. 

Neutral copper acetate and the.sulphur compounds are not nearly 
so effective against melanose as standard Bordeaux-oil emulsion. 

Rainfall during the spring months of 1924.—The weather in the 
neighborhood of Orlando in the spring of 1924 was very unusual. 
Because of the cold, wet spring, growth was slow in getting started, 
and the blooming ‘period hung on much later than normal. A 
heavy melanose infection on leaves occurred during March, but 
because of the delayed bloom there was very little fruit then exposed 
to infection. April was fairly dry and May likewise was not espe- 
cially wet. 

Slight fruit infection developed in late April and early May, and 
somewhat more occurred during the latter part of that month, but 
it was not until June that heavy fruit infection occurred—a month 
later than usual. 

The rainfall at Orlando, Fla., during the spring months of 1924 
is shown in Figure 11. 
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SUMMARY OF EXPERIMENTAL PLOTS SPRAYED ONCE 

Figure 12 shows in diagrammatic form the relative effectiveness 
during three seasons of single applications of Bordeaux-oil emulsion 
at 10-day intervals over a period of about two months, beginning 
about April 1. These are once-sprayed orange plots from thé ex- 
periments reported in the foregoing pages. 

It will be seen that effective control was obtained in 1922 from 
April 10 to May 20, in 1923 from April 25 to June 6, and in 1924 
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Fic. 12.—Percentages of first, second, and third grade oranges, with respect to melanose blemish, from plots sprayed once with 3—3-50 Bordeaux mixture plus i 
per cent oil, the application being made to the various plots on successive dates, to Gelernine the best time to spray for melanose control. Results for three years 
are shown 

from April 7 to June 6. It further appears that on the average 
nothing was gained by spraying before April 15 and that in some 
years there was an advantage in waiting until about April 25 to 
make the application for melanose, the delay favoring the effective 
persistence of the spray coating during the whole of the five or six 
weeks’ danger period following. For the three years in question 
under the conditions prevailing in this test grove there would have 
been no serious loss in effectiveness from delaying the application 
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until May 15. But the greater the delay the greater the danger of 
being caught unprotected, and it is certainly wise to get the work 
done promptly in the first part of what seems to be the best period, 
which would mean between April 25 and May 5. 

TESTS OF SUMMER AND FALL SPRAYING FOR MELANOSE CONTROL 

In 1920 spraying experiments were conducted during September, 
October, and November with Bordeaux-oil emulsion on seedling 
orange trees. The same material was used from June to November 
of 1921. In 1922 and again in 1923 similar spraying experiments 
were conducted during the summer months only. This summer and 
fall spraying was done too late to prevent or even reduce melanose 
infection on fruit then on the trees, and it also failed to check mela- 
nose the following year. From these rather extensive spraying ex- 
periments it is evident that spraying in the summer and fall can not 
be expected to reduce melanose outbreaks the following year. 

COMMERCIAL SPRAYING 

Commercial spraying in 1920.—Prior to 1920 no commercial spray- 
ing was done in Florida for melanose control, but that year several 
growers sprayed their groves for the prevention of this blemish. 
The dates of applications and spray materials were suggested by this 
office. For the most part 3-38-50 Bordeaux plus 1 per cent oil as 
emulsion was used. Among the several groves sprayed that year 
for the control of the disease was a large property in Marion County, 
another in Polk County, and a third in Pinellas County. In all of 
the groves melanose had been a major factor for many years, as 
there was an abundance of deadwood in them. Parts of these groves 
were sprayed from one to four times, the first application being made 
in late April. 

Although actual counts were not made in any of these groves to 
determine the exact control, close observation led the writers to be- 
lieve that in general the melanose control was very satisfactory in 
these three properties, about as good as in the groves sprayed experl- 
“mentally at Winter Park and Orlando; but injurious effects devel- 
oped in the form of excessive scale infestation owing to the omission 
of insecticides during the summer months. 

Commercial spraying in 1921.—By 1921 the results of the success- 
ful spraying experiments and commercial tests carried on in 1920 
whereby melanose was successfully controlled in several parts of 
Florida by a single application of Bordeaux-oil emulsion had be- 
come generally known. Perhaps 20 or more groves were sprayed 
in 1921 at such times as to have the job completed by about May 1. 
In every instance the disease was reduced markedly and in most cases 
the control was almost perfect. On an average fully 90 per cent of 
the sprayed fruit matured commercially free of the disease. Most 
of these groves were sprayed in summer for scale control, but those 
few which were not so sprayed thoroughly with oil emulsion had a 
heavy scale infection by fall. 

Commercial spraying in 1922.—By 1922 growers generally had be- 
come much interested in spraying for melanose because of the success 
of the preliminary spraying trials and because the market was show- 

24975°—27—4. 
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ing a decided perference for fruit free of blemishes. That year a 
large number of groves were sprayed for the prevention of this 
disease. For comparison with results obtained in experimental 
spraying, a careful check was made on a number of these groves 
scattered well over the entire citrus belt. The counts were made in 
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Fic. 13.—Percentages of first, second, and third grade fruit, with respect to 
melanose blemish, from groves sprayed by the owners in 1922 with Bordeaux- 
oil emulsion. Grading of fruit in similar groves that were not sprayed is given 
for comparison 

the same manner and by the same persons who made final counts 
on the experimental plots. In order to present the data from these 
counts in simple graphic form, fruits free of melanose blemishes 
and those only slightly affected were arbitrarily combined into the 
first grade; fruits slightly and moderately affected were placed in 
the second grade; and those severely and very severely affected were 
placed in the third grade. The results obtained in 23 groves by 
commercial growers in spraying orange and grapefruit trees for 
melanose in 1922 are shown in Figure 13, 
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From these results it is evident that some groves were much better 
protected than others. The maximum protection obtained was 98 
per cent, whereas the minimum protection was only 10 per cent. 
This variation is to be expected and seems due largely to difference 
in thoroughness of application, as it is known that the two groves 
with the least control were not thoroughly sprayed. In some in- 
stances, especially on large properties, spraying, was not completed 
until long after heavy infection had taken place. In general, how- 
ever, melanose control was very satisfactory, and for the most part 
scale insects did not become abundant during the summer because in 
nearly all of the groves a special application of oil spray was made 
in late June. In one or two groves this summer oil spray was omit- 
ted, resulting in serious damage from scale insects. 

In most instances the unsprayed checks were a part of the sprayed 
groves, but occasionally near-by unsprayed groves of a like age and 
general condition were used for checks. ‘Typical scenes in groves 
sprayed commercially are shown in Plate 10, B, C. The combined 
results of these tests are given in Table 12. 

TABLE 12.—Combined results of commercial spraying for melanose control on 
orange and grapefruit groves at various points in Florida in 1922 

Melanose infection 
Num. 

Treatment Variety ber of a 
groves ery = Me- Very 

Absent slight Slight dia Severe Semero 

Per cent| Per cent| Per cent| Per cent| Per cent| Per cent 
Sprayede.2 == Oranges sses2 se 9 
Uinsprayed=2=25--- 5. -|o-2-4 Ose 4 ee 3 1 15 14 27 27 16 

; sprayed. see Grapefruit_____-______ 15 59 21 10 6 3 1 
Wnsprayed sss eee GORA Ge ase e ee 8 0 2 6 15 26 51 
Sprayed ee Orange and grapefruit_ 23 61 21 10 5 2 1 
Unsprayeds=222 fossa GOS ire eee 11 0 6 9 18 26 41 

Again there is considerable evidence to show that the orange is 
less susceptible to melanose than is the grapefruit, and, as would be 
expected, melanose control was more complete on the former than on 
the latter. Comparing the sprayed fruit with the unsprayed, there is 
a marked reduction in the percentage of blemished fruits as well as a 
reduction in the degree of injury on the sprayed fruit. 

The weather throughout the citrus belt in the spring of 1922 was 
about normal as regards rainfall during March, but April was very 
dry, bordering on drought in many sections, and May was very wet 
and conducive to melanose outbreaks, especially after the 10th or 12th 
of the month. ) 

Commercial spraying in 1923.—In 1923 a still larger number of 
groves were sprayed commercially with Bordeaux mixture and oil 
emulsion for the control of melanose, and counts were made in places 
throughout the citrus belt. Counts were made at points from Jupiter 
to Hastings along the east coast, at various points throughout the 
central part of Florida, and from Sutherland to Fort Myers along 
the west coast. The results of these counts of commercial spraying 
for melanose control on oranges and on grapefruit in 1923 are shown 
in Figures 14 and 15, 
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Like the experimental spraying, the results of these commercial 
tests are not quite so striking as was the case in 1922. The maximum 
control on oranges is 100 per cent, and the minimum only 5 per cent, 
and this minimum control is apparently no better than the best of 
the unsprayed groves. There is a maximum control of 99 per cent 
on grapefruit and a minimum control of 0 per cent on the sprayed 
groves. The latter is not as good as the best of the unsprayed groves. 
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Fie. 14.—Comparison of grading of fruit with respect to melanose blemish in 
sprayed and unsprayed orange groves in 1923. Bordeaux-oil emulsion was used 
by the owners 

The combined results of the commercial spraying tests are given in 
Table 13. 

Table 13 shows a surprisingly small proportion of fruit entirely 
free of melanose markings and also a very small proportion showing 
melanose as occurring in a very high degree. In general, applica- 
tions of Bordeaux-oil emulsion made for citrus-scab control before 
April 1 gave fairly good control of melanose, but it was more satis- 
factory wherever the applications were made just in advance of the 
ones ot the May rains. Applications later than this were much less 
effective. 
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Commercial Bordeaux preparations gave satisfactory results, but 
not as good as the homemade material. This is doubtless due in 
part at least to the fact that much of the commercial material was 
used at the rate of a 2~-2-50 dilution. Similar-strength homemade 
Bordeaux mixture is noticeably less effective than the full-strength 
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Fig. 15.—Comparison of grading of fruit with respect to melanose blemish in 
sprayed and unsprayed grapefruit groves in 19238. Bordeaux-oil emulsion was 
used by the owners 

3—3-50 formula. As has been the case in the past, better control was 
obtained on oranges than on grapefruit. 

_ The weather during the latter half of March and the first week of 
April was accompanied by occasional general light rains. These 
rains resulted in a moderate melanose infection throughout the citrus 
belt, which prevented spraying results from being as marked as in 
former years. However, melanose infection throughout the State for 
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the year was considerably less severe than is usually the case, as indi- 
cated by the relatively small percentage of very severe infection on 
the unsprayed parts. 

TABLE 13.—Combined results of commercial spraying for melanose control on 
orange and grapefruit groves at various points in Florida in 1923 

Melanose infection 

~ Treatment Variety ber of 

STOVES | Absent seen slight | Me | severe | Very 

Per cent| Per cent| Per cent| Per cent| Per cent| Per cent 
49 26 7 4 Sprayédseseawee sre Oranges sees Res 21 1 

USpray ed shee anes Cc Cr es ee eee 11 0 2 23 34 35 6 
SPFayed= 22. seems. Grapefruit. - <2 31 8 48 26 11 6 1 
UU mSpray ed = a fees Co (Enea 14 0 2 20 40 30 8 
SDESV esas eee es Orange and grapefruit_ 52 19 49 26 9 5 1 
Unsprayed' =n" =| C5 (Te epi cp 25 0 2 22 37 32 7 
Homemade Bor- 

Geatik=2 4 5 ees G02 ee 38 10 53 27 7 3 0 
Commercial Bor- 

d@auxss = St eae 05233 2a 14 13 33 24 15 12 3 
Sprayediearly,\— 2 <|>=* deus asa 3 6 45 16 16 13 4 
Sprayed in April ?____]____- GO: eter ee 45 12 49 25 9 4 1 
Sprayed in May 3____|____- 02s 22252 sae 5 0 24 44 17 12 3 

1 Groves sprayed in February or March for citrus-scab control. 
2 Spraying completed before May rains set in. 
3 Spraying started and completed after May rains set in. 

Commercial spraying in 1924.—Again in 1924 counts were made in 
groves sprayed by the owners with Bordeaux preparations for mela- 
nose control. The groves selected were representative and scattered 
throughout the citrus belt. They included old seedling properties as 
well as rather young budded groves. The results of these findings 
are recorded in Figures 16 and 17. 

TABLE 14.—Combined results of commercial spraying for melanose control on 
orange and grapefruit groves at various points in Florida in 1924 

Melanose infection 

Treatment Variety ber of | 
groves Very - Me- Very 

Absent slight Slight dium Severe Sen EES 

S Dray edses aso == OTranpe< 2: es ace 18 3 1 0 
UinsSpray dessa == |e (6 Va Spans Rae Cre ies ee) 8 13 16 24 21 15 11 
Sprayedts: oes Grapetruit=— "= 34 68 21 9 2 0 0 
lUMSpPraAyedte=--o2 3 [Sars Gots eee ae 11 18 37 23 16 5 i 
Sprayed use ee. ses Orange and grapefruit_ 52 68 20 9 3 0 0 
Umsprayeds = 2 en eee GO 5 52 Se 20 16 28 23 18 10 5 
Homemade Bor- 
Geaux se ee see GOs feos 37 69 19 9 3 0 0 

Commercial Bor- 
Gea xe sess tee Cae a €0Ss. 5: Bearers 15 65 22 9 3 1 0 

| 

Because of a lighter melanose outbreak than in former years, the 
arbitrary orading represented in Figures 16 and 17 was made more 
strict than formerly. Only those fruits entirely free of melanose 
were placed in the first grade, those very slightly and slightly blem- 
ished were placed in the second grade, and those moderately, se- 
verely, and very severely affected were placed in the third grade. On 
oranges the effectiveness of the spraying ranged from the maximum 



CITRUS MELANOSE AND ITS CONTROL 55 

control of 94 per cent to the minimum control of 17 per cent, and the 
best showing in the unsprayed groves was somewhat better ‘than the 
least effective control by spraying. On grapefruit the sprays were 
very similar in effectiveness, since they ranged from a maximum con- 
trol of 91 per cent to a minimum control of 33 per cent. Again the 
least effective spraying was not so good as the best of the unsprayed 
checks. The combined data from these counts are given in Table 14. 
It is evident from Table 14 that melanose was not as severe as in 

former years. This is shown by the relatively small proportion of 
fruit affected severely and very severely. The control on grape- 
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Fig. 16.—Comparison of grading of fruit with respect to melanose blemish in 
sprayed and unsprayed orange groves in 1924. Bordeaux-oil emulsion was used 
by the owners 

fruit was about as good as on oranges, and commercial Bordeaux 
mixtures and homemade Bordeaux mixture gave practically the 
same results. There is not as much difference in the amount of mela- 
nose between sprayed and unsprayed fruit as has been the case in 
former years. This may possibly be accounted for by the fact that 
infection did not occur in large amounts until June, and by that 
time a great deal of the spray residue had probably weathered’ away. 

There were several rainy periods in March that resulted in a con- 
siderable leaf infection, but owing to the delayed blooming period 
very little fruit infection occurred in that month. The rainfall was 
somewhat more than normal, but for the most part the rainy periods 
were of insufficient duration to result in general infection. May was 
showery, but on the average consider ably drier than usual, and up 
to the first of June little infection had occurred. General rains set 
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in early in June and resulted in a rather heavy infection. It is a 
noteworthy fact that the general melanose-infection outbreak was 
several weeks later than usual, owing doubtless to the absence of 
prolonged rainy periods in April or May. 
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Fig. 17.—Comparison of grading of fruit with respect to melanose blemish in 
sprayed and unsprayed grapefruit groves in 1924. Bordeaux-oil emulsion was 
used by the owners 

SECONDARY BENEFICIAL RESULTS FROM SPRAYING 

It has long been recognized that Bordeaux mixture or Bordeaux- 
oul emulsion has a marked beneficial effect upon citrus trees suffering 
from certain diseases of a noninfectious nature, such as die-back and 
the so-called “wither tip.” In addition to controlling melanose, 
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- Bordeaux-oil emulsion applied during the spring months has a very 
marked beneficial effect upon chronic cases of die-back, the principal 
symptoms of which are “ammoniated” fruit, multiple buds, gum 
pockets, bark excrescences, and stained terminals. 

In groves that annually produced crops of poor quality, due to 
“‘ammoniation,” prompt and almost complete relief to the current 
crop has been observed repeatedly when Bordeaux-oil emulsion was 
applied during the spring months. This is particularly true of old 
seedling orange groves in flatwoods soils and where foot rot is accom- 
panied by “ ammoniation.” 
‘Frequently orange and grapefruit trees that are in a run-down 

condition with symptoms of wither tip due to obscure causes resume 
normal growth following an application or two of Bordeaux-oil 
emulsion made during the melanose spraying season. 

COST OF SPRAYING 

The cost of spraying is difficult to arrive at, but on the average 
a power outfit with a team and three men seldom applies more than 
1,600 gallons a day, frequently 1,200 gallons or less. Spray ma- 
terials should not cost more than 11% cents a gallon for Bordeaux- 
oil emulsion. An average-sized mature orange or grapefruit tree 
that produces from 3 to 4 boxes of fruit annually requires from 8 to 
10 gallons of spray to wet all parts thoroughly. 

Since the cost of spray materials in Bordeaux-oil emulsion rep- 
resents about 50 to 60 per cent of the entire cost of spraying, the gross 
cost of spraying should not be more than 30 cents a tree or more 
than 10 cents a box, and frequently it is less than 8 cents a box when 
all costs are considered. The total annual cost of all necessary 
fungicidal and insecticidal applications for the average citrus grove 
in Florida oftentimes does not amount to more than 15 cents a box of 
fruit. Although spraying is a slower operation than dusting, it is 
not likely to be more expensive. 

VALUE OF SPRAYING 

To sum up, in the light of present knowledge, spraying is the only 
means of controlling melanose that is economical and effective for 
use in normal mature groves. Sulphur sprays have little effect upon 
the disease, the weaker copper sprays are only partially effective, but 
standard 3-3—-50 Bordeaux plus 1 per cent oil as emulsion apphed 
before much infection takes place gives an excellent control of the 
disease. 

SPRAY INJURY 

Generally speaking, citrus fruits are much more resistant to spray 
injury than are peaches or apples. Nevertheless, all of the principal 
types of sprays used in citrus groves are capable of producing distinc- 
tive forms of injury. 

Copper-spray injury.—The orange fruit or foliage is seldom in- 
jured by a reasonable number of properly made applications of 
ifedenns mixture or Bordeaux-oil emulsion. When injury does oc- 
cur on the orange the trouble is likely to be due to the water used in 
spraying, or to poor spreading of the spray, or in rare instances to 
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insufficient lime in the Bordeaux mixture. Spray burn of the fruit 
of the orange has rarely occurred on the experimental plots except 
where an excessive number of applications were made, and in only 
a few instances has it been reported by commercial growers. 
Although occurring in small proportions, a peculiar type of rind 

blemish developed on the oranges that received many applications 
of Bordeaux-oil emulsion (pl. 6, D), and it was not observed on 
unsprayed fruit. This has been observed several times and is con- 
sidered to be spray injury. It has not been observed on grapefruit. 

The excessively sprayed oranges colored up about two weeks earlier 
than the unsprayed checks, and they also took on a deep orange, 
almost tangerine, color; the taste became insipid, the rind coarse and 
puffy; creasing developed before Christmas; and the fruit dried out 
three or four weeks in advance of unsprayed fruit. 

Similar conditions have since been observed repeatedly where 
oranges were sprayed several times with Bordeaux-oil emulsion dur- 
ing the rainy season or where bluestone was applied to the ground 
around the trees during that season. 

Still another unusual condition developed only on orange trees 
in the form of what is usually called “ wither tip.” A number of 
twigs died back during the early or middle fall, and moderate but 
general defoliation occurred during early winter for no apparent 
reason. This condition has’ also been observed repeatedly on trees 
sprayed with Bordeaux-oil during the summer months, but not on 
unsprayed trees. 

Star melanose (pl. 7, D), described on page 3, occurs on leaves 
and fruit of both the orange and the grapefruit. It, too, is doubtless 
a form of Bordeaux injury, as it has been observed repeatedly on 
trees sprayed excessively with simple Bordeaux mixture as well as 
on those sprayed with Bordeaux-oil emulsion. This blemish has 
never been observed on unsprayed trees. 

There is still another type of spray injury that sometimes develops 
on leaves of orange and grapefruit sprayed with Bordeaux-oil emul- 
sion. This type of spray injury (pl. 7, A, B) is of rather rare 
occurrence and manifests itself as rather large raised areas on either 
surface of the leaf. 

Oil-spray injury.—Young orange and grapefruit trees sprayed 
with oil emulsion in late spring or early summer during the melanose 
spraying season are likely to develop immediately signs of oil injury 
in the form of what appear to be oil-soaked areas commonly called 
“shadows” on the cheeks of the fruit. This is undoubtedly the 
most common form of oil injury, and, except in severe cases, it dis- 
appears before the fruit ripens. By the addition of standard Bor- 
deaux mixture to oil emulsion applied before the onset of the heavy 
rains, melanose can be prevented and oil shadows avoided. 

Another type of oil burn met with in grove spraying is found on 
the lower side of the fruit as solitary depressions of rather regular 
margin where drops of oil spray have collected and dried. This 
injury occurs on both orange and grapefruit, and is usually of minor 
importance except when the oil emulsion breaks. 

The most usual type of Bordeaux-oil spray burn occasionally 
found on the grapefruit and very rarely on the orange is illustrated 
in Plate 6, C. This blemish develops only on the sunny side of a 
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fruit, and is found for the most part on the outside of the tree 
where the fruit is exposed to the sun. The surface tissue is killed 
and turns brown. Later it may slough off, leaving only a slight 
blemish, but usually the injury reduces the grade of the affected 
fruit. Recent developments indicate that the occurrence of this 
blemish may be reduced by the use of calcium caseinate as a spreader 
at the rate of about 1 pound to each 100 gallons of spray. 

Sulphur-spray injury.—Sulphur sprays when applied in exceed- 
ingly hot weather, especially when in combination with oil emulsion, 
may be the cause of some fruit injury. This type of injury occurs 
usually as a large spot with an irregular margin, invariably on the 
sunny side of the fruit. The affected area may be killed for a quarter 
of an inch or more in depth; the surface becomes grayish, and later 
the dead tissue is likely to crack. (PI. 6, E.) This type of injury 
frequently develops when an application of oil spray is made during 
the summer within a week or 10 days after an application of sulphur 
dust or spray. Applications made in the reverse order seem to be 
about equally dangerous. Combination sulphur-oil sprays are also 
very dangerous when applied in hot weather. 

SPRAY SCHEDULE 

Table 15 presents a spray schedule for melanose control which is 
intended to be used only when the spring is unusually wet and con- 
ducive to melanose infection. In average seasons one application 
made between April 15 and May 5 with 3-3-50 Bordeaux plus 1 per 
cent oil as emulsion gives satisfactory melanose control. Applica- 
tion A is timed to fall in the last of the scab-spraying periods, and it 
would therefore serve a dual purpose on those forms that are suscep- 
tible to scab as well as to melanose. It is, however, too early for best 
results against melanose, and therefore a second application about a 
month later is sometimes a paying investment, but it may be omitted 
if May is dry. Under average conditions only one application is 
needed. The most effective time for this is just in advance of the 
heavy infection, which seldom occurs before May 5 (application B). 

TABLH 15.—Spray schedule for the control of melanose in rainy seasons 

Caution.—Spray with oil emulsion in late June or early July to control scaleinsects. Do not fail to control 
rust mites, otherwise the prevention of melanose is of little value because of the later russet injury. (26.) 

Application Time ! Material Object 

fag ph Reb CUS, ‘nerd oe Apr. 1to10___| 3-38-50 Bordeaux mixture | To protect young fruit against mela- 
plus 1 per cent oil, as oil nose; also effective against late 
emulsion.? citrus-scab infection. 

5B YC in aac eget IMENT IETTO) Das Se Goss Sal ae Loa ae To protect young fruit against mela- 
nose. 

1TIn Sesens of normal rainfall one application made between Apr. 15 and May 5 gives satisfactory mela- 
nose control. : 

2 Three gallons of oil emulsion (Government formula or its equivalent) in 200 gallons of Bordeaux mixture 
gives 1 per cent of oil. ; , 

3 This application of Bordeaux-oil emulsion will take the place of the usual white-fly spraying. 

The 3-38-50 Bordeaux mixture may be made in the usually recom- 
mended way, from stock solutions of bluestone and of quicklime. A 
more rapid and entirely satisfactory method now in general use in 
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Florida is to place the requisite quantity (12 pounds for 200 gallons 
of spray) of finely pulverized bluestone in a suitable strainer in the 
opening of the spray tank. This will dissolve as the tank is filled. 
When nearly full, start the agitator and sift in 16 pounds of builders’ 
hydrated lime (taking the place of 12 pounds of quicklime usually 
specified). Last of all add 3 gallons of oil emulsion while the 
agitator is kept running. 

EXTRA SPRAYS FOLLOWING MELANOSE APPLICATION 

Spraying with any material that will effectively prevent melanose 
infection will very likely be about equally disastrous to the fungi 
parasitic upon citrus insects, thereby resulting in a considerable and 
usually rapid increase in scale insects. Experience has shown that 
wherever simple copper sprays are applied, or even combinations of 
such sprays with oil emulsion, during spring months, a follow-up 
spray of oil emulsion should be made to prevent serious damage 
from these pests. The Bordeaux-oil emulsion in April or early May 
is not only effective against melanose but also controls the white flies 
as well. Nevertheless when this spray is applied an oil emulsion of 
high efficiency should be applied in late June or early July while 
the scales are in an immature state. Sometimes this extra oil spray 
may be delayed until fall, but such delay is not safe and may lead to 
considerable damage from scale insects during the summer. 

SUMMARY 

Melanose, a fungus disease caused by Phomopsis citri Fawcett, at- 
tacks a wide range of rutaceous plants including all citrus forms 
grown commercially in Florida. This organism is also the cause of 
a stem-end rot that occurs in large proportions on Florida citrus 
fruits. | 
Phomopsis citrt sporulates in nature only in dead bark of twigs 

and limbs; it has never been observed in or cultured from melanose 
lesions on living parts. Spore production, germination, infection, 
and incubation are markedly retarded by temperatures either above 
or below the apparently optimum range of from 68° to 81.5° F. (20° 
to 27.5° C.). Infection may take place at any time of the year when 
rainy periods occur while growing parts are in a susceptible stage. 

Leaves of the orange and grapefruit are susceptible to infection 
from the time they emerge from the bud until they become distinctly 
tough; this usually requires about two or three weeks. The fruits 
of the orange and grapefruit are at first very susceptible to infection. 
They become progressively resistant with increasing size; oranges 
develop practical immunity when they reach about 114 inches in 
diameter, whereas grapefruits do not become practically immune 
until they reach about 21% inches in diameter. 

Under Florida conditions, oranges and grapefruits from February 
or March bloom become practically immune in May; seldom are they 
susceptible to infection after June 10. 2 

Pruning away the dead and weakened parts, thereby removing the 
source of infection, has not proved to be a dependable means of 
preventing melanose outbreaks under ordinary commercial condi- 
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tions. Severe pruning or deheading such as is practiced after dam- 
aging freezes usually gives a good” control of the disease provided 
the pruning is done before the May rains set in. 

Fungicides applied as dusts, such as sulphur preparations, Bor- 
deaux ‘dust, and copper-lime dusts, as a rule have not given satisfac- 
tory control of melanose. It seems that no reasonable number of 
applications of the present-day dusts will insure a crop of fruit com- 
mercially free of melanose. 

Sulphur sprays and the weaker copper sprays have failed repeat- 
edly to control melanose. 
A single application of the standard 3-38-50 Bordeaux mixture 

plus 1 per cent oil as emulsion, if properly timed, gives excellent con- 
trol of the disease even under adverse conditions. Ordinarily the 
most opportune time for this application is just in advance of the 
May rains, which seldom set in before the 5th of the month. If the 
spraying is delayed until after these rains have continued for some 
time, melanose prevention is not obtained. Sprays applied even be- 
fore the blossoms open may reduce the chances for fruit:infection 
somewhat; those applied early in April give better protection to the 
fruit ; and those applied in late April or early May, before the rains 
set in, insure a still better protection. 
Whenever applications of Bordeaux-oil emulsion are made in the 

spring they should by all means be followed in late June or early 
July by a thorough application of oil emulsion of high efficiency to 
prevent excessive increases in scale insects. If this necessary oil 
spray is omitted the fruit is likely to be ruined and the tree seriously 
damaged by these insects. 
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