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UNITED STATES DEPARTMENT OF AGRICULTURE
WASHINGTON, . C.

RED ROT OF SUGARCANE **

By E. V. ApBorr, associale pathologist, Division of Sugar Plant Insestigations,
Bureaw of Plant Indusiry
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INTRODUCTION

Red rot, caused by Colletotrichum falcatum Went, is one of the major
diseases of sugarcane in the United States. Within the past decade it
has caused the complete failure of one of the leading commercial
varieties in Louisiana, P. 0. J. 213, and has shown indications of

! Bubmitted for publication Ayenst 1, 1958,

? The nuthor is indehted to Robert L. Tippest, assistant seientific nide. for nssista aep from 1932-37 in the
isolation of Cofirfoirickum rateatnin Went in the survey of the red rol flors, in the preparatfon of calture
g‘lel:!!ia_ for the culiural studies of the fuogus, and in the Inocudstions reported in verious sections of this

unlietin,

3 Mony varieties of sugareane nce commonly designated by letters or other abbrevintions ndlenting the
wrigin of the seedling cane. The meoning of such designalions af the varteties mectioned throughomnt
this bolletin are as foilows; Co.=Coimbatore {indin) sepdlines; C. P.=Canal Paint {Fiz,) srediings:; P. O,
I.=Proefstation Ocst Java seedlings; P. 0. J. 36-3M = Mincka selection of B 0. J. 3,
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increasing in severity on other varieties after a few years of large-
scale commercial cultivation. Knowledge of the extent to which the
failure of P. O. J, 213 and the apparently progressive increase in
injury to other varieties may be due to changes in the virulence of the
parasite, or the origin and micrease of parasltlc races specific for them,
1s essential for an intelligent approach to the problem of controlling
the disease. Furthermore, an understanding of the nature of resist-
ance to red rot, and the degree to which resistance is inherited in seed-
ling progenies, is of prime importance if the hazards that the disease
introduces into sugarcane culture are to be satisfactorily reduced
through the breedmcr of resistant varietics. It is with these phases of
the ted rot problem that the present irivestigation is concerned.

DESCRIPTION OF THE DISEASE

Red rot attacks the stalks, stubble rhizomes, and leaf midribs of the
sugarcane plant. [t may invade leaf-blade and leaf-sheath tissies
and is capable of infecting s garcane roots (5, 27, 47),* but it is not
important as a disease of theso organs.

RED ROT IN THE STALK

Red rot is frequently not discernible from external examination of
the sugarcane stalk unless 1t has so completely rotted the interior as to
cnuse the rind to lose its natural bright color and become dull in
appearance, Such an advanced Stave of rotting of standing cane
seldlom oceurs in the United States, althoucrl. it hns been observed in
P. Q. J. 2714 in southern Florida. Plents so alfected may be detected
by the yellowing, shriveling, aud dyirg of the uppar leaves.

More certain identification of red rot may be made by splitting the
stalk of standing cane, seed cutting, or stub >le rhizome, The dlqease Is
recognized by the 10119'1tudlnal reddening of the normally white or
yellowiah white internal tissues of the inte mode, especially when this
red color is interrupted by occasional whits patches extending cross-
wise of the stalk (plate 1). Unless these whitish patches are present
identification as red rot is often uncertain without microscopic exam-
ination or culturing of the causative fungus. Almost any sort of
wounding, including attack by other disease organisms and stalk
borers, causes red color in the adjoining tissues, which represents
the natural reaction of the cane plant. However, this wound reaction
is usually limited to the immediate borders of the injury; but when
red rot is present, the red color may extend through many joints of
the stalk, rendering it worthless for planting or mllluw purposes.

RED ROT ON THE LEAF MIDRIBS

The lesions on the leaf midribs originate as dark reddish nreas,
which usually elongate rapidly and sometimes extend the entire length
of the leaf. The young lesions are blood red in color with darker
margins. The centers become straw-colored with age, and when
fructification of the fungus begins, the lesions are cov ered with black

powdery masses of conidia (plate 2, D). The lesion from = single
pomt of infection is usually contmuous along the mid:ib, but some-
times it is broken up into a succession of red blotches &1tcrnﬁt1n0' with

tItalic numbers in parentheses refer to Literature Cited, p. 53,
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Tyrpiead internal stalk svinptom - of the red rat of <ngareane on a very =u=eeptible
variety, showing whitish pat hes extotelizg avro-= the potted areas and matted
myeeliin in the pith cavity in one of e teey disenaed stalk< conlra-ted with
the watiral color of 2 healthy stalk.
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Appearance of ved rot on the leaves of sugarcane and Johnson grass. The reddish
areas on the upper side of the leaf midrib prodoee myrinds of spores that are
blown by the wind and constitute the prineipal means of spreading the disease
from plant io plant,  Theee types of lesions are shown: 1, Long, continaons
losion on C. P. 28/19, which is very susceptible to leaf infection but maderately
resistant to red rot of Lthe stalk: B, very short, restrieted lesions on PL (). 0. 213,
which is resistant fo leaf infeetion hat very susceptible te red rot of the stalk;
C, discontinuaus lesion typical of Co. 281, which is susceptibie to leafl infection
bt resistunt fo the disease in the stalk: D, enlarged midrib of Co. 281, showing
the black, powdery masses of spores produced on the surface of the lesion: B,
leaf of Jolson grass with typical lesion due to the sunie fungns.
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apparently healthy tissue (plate 2, ). Microscopic examination of
the normal-appearing areas will sometimes reveal strands of the
fungus mycelium connecting the reddened spots. Fre uently, how-
ever, no such connection is apparent. Atlkinson and Eggerton’s {19)
demonstration of the movement of conidia in the stalks of sugarcane
through the vascular bundles in the transpiration stream, lodging at
intervals and initiating new points of - fection, suggests that a similar
movement in the leaves may be responsible for the discontinuous
lesions that are commonly observed on many varieties.

In agreement with Butler's work (27), the author has found that
isclates of the fungus obtained from leaf lesions are capable of pro-
ducing red rot in the stalks, and the stalk isolates of producing the
disease on the leaves. No direct mycelial connection between leaf
and stalk Jesions has ever been reperted in the Lterature, and while it
is not inconceivable that such might oecur, it certainly is very rare.
While the conidia produced on the leaves are the principal sources of
inoculum for stalk infection, the leaf lesions do not ordinarily initiate
stalk lestons by direct mycelial connection. The presence of the
disease on the leaves cannot be taken as an indication of its presence
in the stalk, nor of the susceptibility of the stalk to the disease.

LOSSES CAUSED BY THE DISEASE

Red rot causes poor stands of both plant and stubble Crops s
result of the deterioration of the seed cuttings and the stubble rhizome;
the destruction of seed canein the storage beds (in the sirup-producing
States); and the inversion of sucrose in miil cane, resulting in low
recovery of sugar a¢ the factory. The effect of guppy stands is felt
not only in reduced tonnages of cane but also in the lower sucrose
content of the juice resulting from the delayed maturity of the cane

11).
(1 REDUCTIONS IN STANDS OF CANE

As early as 1809 deterioration of seed cane due to the disense was
reported 1 hoth Louisiana and Georgia by Edgerton (31, 32), who
expressed the opinion that it had been present for some years preceding
its positive identification as red rot. This opinion is borne out by the
many references in frade journals to the appearance of a new rot of
seed cane during the early vears of the present cenfury. Just what
influence the disease had on the fluctuating yield curve in Louisiana,
prior to the time of the complete failure of the noble canes from a com-.
bination of diseases in 1926, cannot be accurately determined, but
reports of epidemics of red rot during these years indieste that it was
an important contributing factor to their decline. According to
Edgerton, Taggart, and Tims (87), the season of 1923 witnessed one
of the worst red rot epidemics in the history of Louisiana, while Tims
and Edgerton (67) stated that stands of cane in 1924 were reduced
nearly 50 percent by the disense.

During the period 1927-29 less serious losses were experienced by
the industry because of the replacement of the noble canes with the
P. O. J. varieties. Injury to the old varieties was severe in 1927
(2, 40}, but because of the rapidly increasing acreages of the newer
canes, which gave good stands, the effect was less Telt by the then
reviving industry. According to Tims and Edgerton (677, however,
a considerable portion of the Louisiuna Purple produced in 1927 was
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go severely rotted that it was not worth sending to the mill.  Condi-
tions continued to inmprove until the spring of 1930, when thousauds
of peres of . Q). J. 213 that had become one of the leading commereial
varicties of Louisiana either completely failed or were so redueced in
stand as to make their cultivation unprofitable {lig. 1). The tremen-
dous cost of this {silure to the industry may be appreciated by an
examination ol figure 2, in which the pereentage of the totul acreages
of sugareane in Louisiana eccupied by P (L 213 and cortain other
varieties from 1928 38 are graphically recorded.

1t will be noted that by 1929, 1. O. ). 213 occupied a third of the
entire sugarcane acreage ol the State, and in 1930, the year ol its
first cisastrous failure, 35 percent. Probubly no one has ever at-
terupted to estimate the exnct economie loss involved in this failure,
sinee figures are not availeble from a sufficiently large number of
plantations with respect to the number of acres uetunlly plowed out
or the acreage which, in spite of the greatly reduced stands, was
cultivated ot n coss considerably above normal.  Nevertheless, some
idea of the monetary loss may be gained when 16 is considered that it
costs approximately $11 to $12 to plant an acre of eane, including the
cost of Iand preparation, the cane used for seed, cutting, hauling, and
planting, and an additional $30 per acre for producing the preceding
legume crop, for drainage, and the vartous fixed administrative costs,
which must be charged against the plant-cane erop.  On this basis,
the cost of producing the 1930 crop of P. O. J. 213 of npproximately
25,500 acres may be estimated at approximately $1,058,250.5 On
some plantations this cost was nearly a total loss, amd on all but &
very lew it was consideruble®  ‘The loss to the sugaur district as n
whole from the failure of PO J. 213 in 1930 and 1931 may be con-
sorvatively estimated at from $633,000 to $1,100,000. [t was a
severe blow to an industry not yet fully recovermd from the debscele
of 1026,

This tnitial loss, however, was not all, for the effects of a poor stand
of plant cane are carried into the suceeeding stubble crops.  In orler
to mamtam the normal balanee between plant cane and stubble
crops, it was necessary for many plantations to carry stubbles of
P. 0. 0. 213 in which the stands were poor.  This meant that the
costs of caltivating, fertilizing, hocing, snd other field operations
were greatly inereased, even more perhaps than in the plant cane
crop. :

The 1930 experience with P. O, J. 213 was repeated to a consider-
able dewree in 1031, when 41 percent of the total sugarcane acreage
in Lowsiunn was still devoted to this variety, amd to some extent tn
succeeding vears. The nutural result wus a sharp decline in acreage
of I 0. J. 213, until by 1934, when it was again severely alfected by
red rot, 16 had ceaswd to be an important commercial variety,  Aside
from the ceonomic aspects of the failure of this variety, its loss was
extremely discouraging to an industry, in the recovery of which it

3 Acewrrling to the Coited Stawes Depuetrment of Arrienliare Yearbaok for B3 There were 150,000 actes
devoled (0 stpareine in Leuisions in 1530, Assuming that the erap was 0 pereent plant eone amd 60 -
cent sinbble, this would inean approsimately 60,000 feres of plant cane,  Cn the 62 planlaticns, for which
figares wre avablabile in Gilmore's Monuad of Lond=inna for 140-41, 1%, £, J, 263 canstiluied 42,6 percont of
tha plant eane erop.  Applying these DEnres o the totp! State aereape, there wern npproximately 25,500
acres of . QLI 23 plant ¢iie —_ Atan wvernge cost of #11AH per gere, Lhe cost of peadaetng the 1900 coop of
1his variety wos npproxinmtely 31,055,250, Similurly, Uie eost of producing the 1631 crop ol P QL1 2 al
15,00 acres was ppprosiinately $T53,400,

¢ In eoerospondenee, several plantation manaeers Dave s<ticmted Hisie losses frong red ot ey tn oL,
I BENS ok fronan 83 [ W] perrent
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Fravre 1.— Disastrous cffeets of red rot on stands of P. 0. J. 213 in southern
Louisiana: .1, Flant cane in late April (looking seross the rows) showing gaps
of fregn «1 o 20 feet in mauy of the rows; B, a view of a ficld of second stubhble,
showing loss of stand due 1o stubble deterioration in addition to the originul
decimation of the plant-cane stand,
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Tigune 2.—Percentage of total sugarcane acreage in Louisiana occupied by the commercial varieties, 1928~36, showing

, the varictal succession necessitated largely by failure due to diseases. The outstanding varietal failures were of P. O.
213 and P. O. J. 284, the former being dué primarily to red rot, and the latter to stubble deterioration. The dip in the
curve for P. O. J. 234 in 1931 was due more to the inereasing popularity of P. O. J. 213 than to-disease factors of the
former, and the corresponding rise in 1932- 33 resulted from the disustrous failure of P. O. J. 213. 'The increasing failure
of P. 0. ). 234 nccessitated greater utilization of the less desirable P. O. J. 36 and P. O. J. 36-M in 1935 until the later
intres?aced Co. 281 and Co. 290 could be multiplied, ' (Data mainly from Gilmore’s Sugar Manual of Louisiana.)

9
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had played so important a role, and naturally led to apprehension
on the part of growers that the P. O. J. varteties would follow the
noble canes in failure. Subsequent events showed that this feeling
was not entirely unjustifiel. Fortunately, however, the United
States Department of Agriculture breeding program had then pro-
gressed to the point where more resistant canes were immediately
available to replace the declining P. Q. J. varieties.

Red rot losses during the past decade have not been confined to
P.O.J. 213. During the epidemics of 1929-30 and 1930-31, P. O. J.
36-M, which is slighﬁy more resistant than P. O. J. 213, also suffered
from the disease, bué because of the relatively smaller acreage devoted
to the variety, the effect on the industry was not so marked. Again
m 1934 several hundred acres of plant cane of P. Q. J. 36-M showed
reductions in stands estimated at from 30 to 70 percent.” In 1935
severe red rob injury to stands of both plant cane end stubble crops
of C. P. 807 resulted in a sharp decline in acreage of this variety in
subsequent years, complicating the problem of finding suitable
varieties for heavy soils.

LOSSEE IN SUCROCSE

In addition to the loss in tonnage due to reduced stands of cane,
red rot also causes important reductions in recoverable sugar at the
factory because of the inversion of sucrose in the stalk. This phase
of the subject was first investigated by Went (73), who found that
the disease greatly lowered the quality of mill cane. Butler (27)
confirmed this in India, pointing out that the damage was due to the
Inversion of the sucrose and not to actual eonsumption of sugar by
the fungus. Lewion-Brain (46), in Hawali, and Edgerton (33), in
Louisiana, reported similar results. Edgerton found not only that
the sucrose content of the disensed internodes was reduced, but that
the joints above the diseased ones were also aflected. In the epidemic
year of 1927 in Louisiana, the reductions in sucrose in juices of the
noble varieiies were as high as 33 percent (2).

McKaig and Fort (48), working with varieties of varying suscepti-
bility to red rot (P. O. J. 213, 36-M, and Co. 281), found that the
disease decreased juice extraction, the percentage of solids and sucrose
in the juice, lowered the purity, and resulted in other deleterious
chemical ehanges., The va Rxe of the cane wus materially reduced by
the borer alone, but to a greater extent by the combination of borer
and red rot, which are usually associated in injury to mill cane. The
chemical changes in the very susceptible P. G. J. 213 cane were
grenter than in the susceptible P. 0. J. 36-M and the resistant Co. 281.

Bourne {25} reported an epidemic of red rot in P. O. J. 2714 in
southern Florida in 1934, which caused & 30-percent loss in tonnage
on 200 acres and a reduction of approximately 50 percent in the
sucrose of thie harvested cane. The severity of the disease on P. O.J.
2714 resuited in its rapid replacement with more resistant varieties.

Since both P. 0. J. 36~M and P. 0. J. 213 have ceased to be im port-
ant commercial varieties in the sugar-producing sections of Louisiana,
and P. O. J. 2714 in southern Florida, red rot losses to mill cane have
been much less in the United States in recent years than formerly.

' Estimates based on the writer's examination of approximately 500 acres of P. 1, J, 35-3f on 13 planta-
tioms.
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While all varieties are affected to some extent every year, particularly
those that are subject to heavy borer infestation, the present leading
commercial varicties are more resistant to the spread of red rot in the
growing stalk than those formerly grown. C. P. 807, which is very
susceptible to the spread of red rot in the semidormant seed cuttings,
seems to possess a degree of resistance to the disense in the growing
plant, which, coupled with its resistance to borer attack, renders
the disease of little importance in mill ecane. The same is true of
Co. 200. Of the present important commerctal varieties in Louisiana,
C. P. 20/116 and 29/320 are the only ones in which the disease spreads
to any considerable extent in standing cane,

HISTORY OF THE DISEASE AND GEOGRAPHIC
DISTRIBUTION

Red rot was first reported as a disease of sugarcane by Went in
Java In 1803 (73). He described in detail the symptoms of the
disense, proved the parasitism of the organism he isolated from the
disessed tissues, calling it Colletotrichum fulcalum Went, and carried
out life-history studies. He analyzed healthy and diseased mature
stalks of cane, finding that the discase caused great losses In sucrose
content of mill eane. He proposed “red smut” as a common name
for the disease.

Shortly after YWent's description, Massee (47) isolated Calletotrichum
faleatum from specimens of cane received at Kew Gardens from the
West Indies. He considered it the eause of reot disease of sugarcane,
attril,uting the stalk rotting, then so destructive in the Indies, to o
new fungus that he Inter described as Trichosphocria sacchari Mass,
This led to considerable confusion regarding the identity of red rotin
the West Indies, which continued for a deende. Went (74) Iater
compared the Javan and West Indian forms of the fungus, concluding
it was highly improbable that the West Indinn funzus was the enuse
ofrootrot. Howard {(4/}in 1903 finally ended the conlusion regnrding
the eticlogy of the destructive discase in the West Indies commonly
ealledd “rind disease,”” showing that it was in reality red rot. He
found that invasion by Melancenivm saechart Mass. (the rind disense
fungus) was secondary, following severe injury by . falcatum.

Within a decade after Went's deseription of the disease in Java, is
occurrence was reported in several other countries, aml from the
published aceounts it appears probable that it was widely distributed
and well established before it was finally recognized as n new discase
of sugarcane. Tryon (68) suggested that what had been (escribed
as & severe rotting of cnne in Queensland as early ns 1805 was prob-
ably red rot. DBarber's early accounts (22, 23 indicnted that it was
a very important sugareane disease in Madras.  He found that it
was severe in regians where borers were almost entirely absent, e
was the first to note that the thin voarieties of cane wre more resistant
to red rot than the noble varieties.  He expressed the belief that the
apparent immunity of certain varieties eould be hroken down by badl
cultivation, and found that the disrase was favored by poor drain-
age. His observations on the influence of poor drainage and cultural
conditions in favoring red rot have been verified by later workers in
every country where the disease is important, und have been of busic
consideration in seeking to control the discase.
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Butler (27) conducted extensive studies of the disease in India
{Bombay), devoting particular attention to the causal organism and
to modes of infection. He proposed the common name of “red rot,”
& name now universally aceepted, in preference to Went’s “‘red smut.”
He noted that the fungus was parasitic on the leaves as well as in the
stalks, Went had_considered the leaf form a saprophyte. In ac-
cordance with Ruaciborski’s work in Java (58), Butler ascribed most
of the infection of growing plants to direct mycelial connection between
the stalks and diseased cuttings. Entranee through the tunnels of
boring insects was noted as a possible source of infection, but it was
not Delicved to be important. He analyzed diseased and healthy
stalks and found that red rot greatly reduced the sucrose content and
purity of the juice. Te coneluded that this loss was due to the great
mverting action of the fungus and not to its consumption of sucrose.

Lewton-Brain (46) conducted cultural studies of Colletotrichum
Saleatwm in Hawail, where he stated the clisense was of minor import-
ance.  Contrary to Butler’s findings in India, he concluded that borer
tunnels provided the principal means of infection of growing cane.

Edgerton was the first definitely to identify and study the disease
in the United States (31, 32, 33). ~ He found that natural infection in
Louisiana occurred principally through borer holes, but mentioned
that in material received trom Georgia, infection had oceurred at the
nodes without borer injury, a situation which is still true today. He
stated that losses from the disease were due to reductions in stands of
cane and in the inversion of sucrose in mill cane.  He was unable to
confirm Butler's findings that a direct mycelial connection existed
between the seed cuttings and growing plants. Edgerton and More-
land (36) later suggested that the divergent resulfs in this respect
might ke due fo differences in the strains of €. faleatum present in the
two countries, to dilferences in environmental conditions, or to varietal
reaction to the disease. South and Dunlop (¢) also eoncluded from
their experiments in the West Indies that the disease was not com-
municated to growing stalks by infected euttings. Kulkarni (44),
meanwhile, had confirmed Butler's results in India.

Because of these negative results obtuined in the Western Hemi-
sphere, Butler and Hafiz Khan (30, p. 159) reviewed in greater detail
Butler's earlier experiments (with Red, Purple, and Ashy Mauritius
canes), which had led to such a conclusion, and stated that—‘“The
course of the infection up inte the stem can be traced in many cases
end direct conneetion between the mycelium in the sett and that in
the new shouot established.” They also found that infection occurs
through the root primordin.  They were unahle to produee infection
by inoculation of the leaf scars or the uninjured buds.  They proved
by inoenlation experiments that the forms of the fungus oceurring on
the leaves and i the stalks were equally parasitie and identical.
The use of discase-free seed cuttings was emphasized as the most
important means of controlling the disease, which they stated was the
greatest obstacle to suecessful sugarcane cultivation in many parts of
Indin.

That ved rot was one of the most widespread (or at least widely
recognized) sugarcane disenses during the early years of the present
century is attested by the numerous references to its economic hmpor-
tance.  Reports of its occurrence in the West Indies inciuded those
of South (63, 64), Buallou (21, pp. 332-342), Nowell (1), Johnston
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(42), and Jobnston and Stevenson (43). The latter authors found
that the losses due to the disease in Puerto Rico in no way compared
in severity with those in other countries. Averna Baccd (20), in Brazil,
and Stockdale (66), in Mauritius, added to the known geographic
distribution of the disease.

During the past 20 years, red rot has received relatively Jittle atten-
tion in the world’s sugareane pathology literature compared with the
first 25 years of its recognition as » disease. This was probably due
in part to the fact that it was no longer new, its life history and
importance having been fairly well eataloged in most of the sugarcane
countries. Perhaps of greater importance, however, was the fact that
it had actually become less destructive because of the changes to
more resistant varieties that had occurred in many countries. While
red rot itself was responsible for some of these changes (22, 80, 44, 62),
other diseuses played a more important role in certain countries.
The gradual replacement of the noble varieties with those of hybrid
origin over the entire sugarcane world has undoubtedly had n great
influence in diminishing the losses due to red rot. According to
Shepherd (62), red ot has ceased to be a serious disease in Mauritius,
ns the Tesult of the cultivation of resistant varieties.

Recent, studies of the disease have been confined largely to the
United States, where red rot is the principal cause of seed deterlora-
tion. Its importance as a disense of seed cane has been considered
by Edgerton and Moreland (36), Edgerton (34), Edgerton as quated
in The Sugar Bulletin (3, 4), Edgerton and Flor (35}, Edgerton,
Tageart, and Tims (37), Edgerton and Tims (88), Tims_and Edger-
ton (67), and Abbott (8, 9, 11). Edgerton, Tims, and Mills {£9)
described it as one of the factors causing stubble deterioration of
sugarcane in Louisiana.

Roldan and Tecson (58) stated that red rot is a common but not a
serious disease in the Philippine Islands, Abbott (7) reported a
similar situation in Peru,

This account of the progress in the knowledge of red rot throws some
light on the origin of the disease. That it originated in the Eastern
Hemisphere seems probable in view of its known widespread distribu-
tion and the destruction it was causing in Eastern countries shortly
after its recognition as a disease. At the same time, however, it was
¢pidemic in the West Indies, assuming, as Howard has shown, that the
so-called “rind” and “root’” diseases were in reality red rot. But it
seems logical to assume that the wider distribution in the Eastern
countries was the result of longer establishment in them. Further-
more, if originally a parasite of sugareane, it would presumably be more
widespread where this plant had long been established than in coun-
tries where sugarcane was of more recent introduction. The time and
manner of its spread over the world are not definitely known, but
presumably it was introduced into new regions along with cuttings
of sugarcane transported for seed.

Tt 1s apparent from the literature review that red rot is a destructive
disease primarily in subtropical countries, This is particularly true
insofar as it relates to destruction of seed cane. In the tropical
countries, where higher temperatures cause the seed cuttings to ger-
minate soon after planting and to continue growing without a period
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of retardation, the disease has little opportunity to develop and to
injure the seed cane. In subtropical countries, on the other hand, the
seed cuttings may remain in the soil for severnl weeks after planting
before active growth can begin, during which time red rot may develop
and severely rot the seegl eane. Environmental conditions thus
appear to be more favorable to the disease in subtropical countries,
but the possibility should not be overlooked that differences in para-
sitic races of the causal organism present in verious countries may
also be concerned.

FAILURE OF P. 0. J. 213 IN LOUISIANA

When the red rot project was undertsken at the United States
Sugar Plant Field Station at Houmn, La., in the summer of 1930, one
of the primary objects was to determine the reason for the failure of
the commercial variety P. O. J. 213 from this diseass in Louisiana,
while in the sirup-preducing States, where it had been grown and
exposed to red rot for an equal number of years, it had shown no
indication of injury. As mentioned earlier, it had become one of the
leading commercial varieties in Louisiana following the replacement
of the old noble canes beginning in 1926, and ot the time of 1ts release
for commercial cultivation, and for sometime thereafter, published
reports indicated that it was resistant to red rot (2, 8, 84). It is not
clear, however, whether the evidence of its resistance was obtained
from controlled inoculation experiments or from observations of its
renction to the disease in the field in comparison with the old varieties.
If its classification as = resistant variety was based only on field obser-
vations, it is possible that it may have merely escaped infection and
its inherent susceptibility thus escaped detection. But Tims and
Edgerton (87, p. 4) state that—""When this variety was first intro-
duced into the State there was very little red rot infection found, even
though there was very heavy borer damage and otlier eonditions were
apparently favorable for the disease to develop.”

The records show that it gave satisfactory stands and vields on both
light and heavy soils from 1926 to 1929 (17, 18, 67) and passed through
atleast 1 year, 1927, when red rot was severe on the old varieties, with
only slight injury by the disease (34). The first indication of poor
germination by the variety was obtained in an experiment by Flor
(40) in 1928~29, who observed that it gave only 13 .5-percent germina-
tion in & tesb on heavy soil. This was probably due to red rot,
although the author did not so state.

In the spring of 1930, many fields of both plant and stubble cane
failed to germinate, sand examination of the seed cuttings and the
stubbles revealed extensive injury by red rot.! Stands on thousands
of acres were complete failures, while the gappy stands on many
others not only greatly increased cultivation costs per ton of cane
harvested but doubtless slso lowered the quality of the juice. This
experience was repeated in 1931 and to a considerable extent in
succeeding years, until by 1934 P. O. J. 213 had ceased to be an im-
portant commercial variety in the Sugar Belt of Louisiana.

* Unpuhlizsher! notes by R. I, Rands.
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POSSIBLE CAUSES OF THE FAILURE

Four possible causes for this failure have been suggested (11}

(1} An actual change in the inherent resistance of the variety, which would
presume an en masse change in its genetic constitution and is therefore hardly to
be considered tenabie.

{2) An increase in susceptibility as the result of long-continuesd subjection to
unfavorable environmental conditions, resulting in nutritional or physioclogieal
disturbances. This seems improbable in view of the fact that cuttings of P. 0.
J. 213 from the muck lands of southern Florida, the sandy lands of Georgia and
Mississippi, aad the various soil types of the Lousiana sugar belt have all proved
equasally susceptible when artifielally inoculated.

{3) The possibility that, prior to 1930, the variety had not been subjected fo
conditions favorable to the development of red rof, * * *  [This appeared to
be refuied by the experience of the red rot cpidemnic in 1927, already referred fo.]

{4) The development of & strain of the red-rot fungus more virulenton P. Q. J,
213 than those prezent in the State prior to its introdnetion, or of a virulent one
previously present which had not found conditions favorabie for its development.

Since the first three possibilities did not provide an adequate ex-
planation of the failure, attention was directed toward s study of the
biclogy of the fungus itself as offering the greatest likelihood of a
solution. Aside from the general Interest in explaining the failure
of this one vartety, an understanding of the underlying principles
involved was of great imporfance in the breeding and varietal-testing
programs, if such & situation were to be avoided in the future with
other initially resistant varieties.

The history of varietal changes in Louisiana did not strongly support

the theory of a change In the red rot flora as being mmportant in such
changes, although there was some indication that the sudden increase
of a very virulent strain of the fungus might have been concerned in
the final failure of Louisiana Purple.  The views of Tims and Edgerton
(67, p. 4) are of interest in this connection:
The way in which the red-rot direare develops in cortain vears leads one to su=pect
the sudden appearance of new highly parasitic strains of the fungus.  The Purple
cane was grown succes=fuily in Loulsiana for many years after it was Brst deseribed
as being quite susceptible to red rof. The disease alway= developed to a greater
or less extent but never ruined the crop. However, in the last year this variety
was grown cominercially in the State, there was the worst development of red
rot that had ever been recorded. A plot of several acres of Purple canc in the
experiment station at Baton Rouge on the firet of Seplember 1927 was estimated
to vield from 35 to 40 tons per acre. A short time later red rot began to develop
very rapidly. When the cane was cut for the mill in early November practicaliy
every stalk In the field was infected. Many stalks had completely decayed and
the rind had shriveled. Buch a developinent of red rot is hard to cxplain except
by assuming that a highly parasitic strain of the fungus spread over the ficids that
Year.

At thie time of the [ailure of the noble canes, Purple and Ribbon
had been sueccessfully grown in Louisinna for over a century, during
perhaps 25 years of which they had been exposed to red rot. D-74,
which was introduced in 1891, although not greatly extended on many
plantations until 1904-5, had been exposed to the disease for nn equal
period. If specialized forms of Collctotrichum falcatum were principally
responsible for their failure, it seems reasonable to assume that it
would not have required g quarter of & century to bring about such
& result, There is 8 possibility, of eourse, that a new strain of the
fungus was introduced into the State prior to the institution of the
two naticnal quarantines {69, 70) on sugarcane in 1914. However,
the records show that the decline of the noble varieties was gradual
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over a period of years, in contrast with the sudden collapse of P. O. J.
213, and while the failure of the old varieties is now generally nccepted
to have been due to a combination of mosaic, root rot, and red rot,it
was not until mosaic had become widespread over the State that they
finally failed. There is no clear-cut evidence, therefore, that special-
ized races of C. falecatum were responsible for the failure of the noble
varieties.

With respect to P. 0. J. 213, however, the evidence is indisputable
that its collapse was due to red rot, and strongly indicated that special-
ized taces of Colletotrichum falcatum were concerned. It thus seemed
probable that some %Jhenomenon not previously experienced in
Louisians was principally concerned in the failure of P, O, J. 213,
and it was clear that some factor was operating in that State which
had not affected the variety in the sirup-producing States. A survey
of the red rot flora of the southern United States was undertaken,
therefoie, as the first step in the study of the problem.

SURVEY OF THE RED ROT FLORA
METHOD OF SAMPLING AND ISOLATION

Tsolations of Culletotrichum falcatum were made from hoth leal and
stalk lesions of the standard varieties in plantation and farm fiekls,
and from 2 number of seedlings 1n the pathological nurseries and
agronomic test fields. A stundard procedure was followed irr obtain-
ing the samples and in making the isolations. Samples of leaf mid-
ribs were collected by taking from 10 to 25 leaves at random st
scattered points in plantation fields. If possible, they were taken to
the laboratory for culturing the same day, but frequently several
days elapsed between the fime of collection and culturing. In sueh
cases the samples were kept ir a fresh condition by wrapping in oiled
paper. A section of the midrib lesion ebout one-half inch long was
cut from each leaf collected, washed in sterile water, treated from 2 to
3 minutes with an aqueous solution of mercuric chioride, 1:1,000,
washed three times in sterile water, drained, and plated in ontmeal
sgar acidified with 1 drop of 50-perecent lactic acid per 25 ce of medium.
Sections of tissue cut from stzlk lesions were cultured in the same
manner. The oatmeal agar was prepared by steaming 100 g of rolled
oats in 1 liter of water for an hour, filtering t-hrough cheesecloth,
adding i-percent agar to the filtrate, and autoclaving at 15 pounds
pressure for 15 minutes.

GEOGRAPHIC DISTRICTS

For the purposes of the survey, the sugar section of Louisiana was
divided into three geographical districts: The southeastern parishes,
comprising Terrebonne, Lafourchie, and those along the lower Mis-
gissippi River; the northern panshe%, comprising Iherville, West
Baton Rouge, Avoyelles, Pointe Coupee, and S5t. Landry Parhhm
and the western parishes, comprising those west of the Atchafalaya
River and south of St. Landry Parish.

As the opportunity arose, similar collections were made in the
sirup-producing sections of Mississippi, Alabama, Georgia, and
northern Florida. Most of the samples for survey In these States
were collected on annual trips during the fall months, but consider-
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able material from Georgia and Mississippi was collected by B. A.
Belcher.

The isolations from socuthern Florida were made from the sugar-
producing district around Lake Okeechobee, except for a few cultures
obtained in 1936 from sirup patches near Sarasota.

RESULTS OF THE SURVEY

MSCOVERY OF TWO MORFHOLOGICAL RACES OF COLLETOTRICHUM FALCATUM

The survey was first undertaken in Louisiana, where more than
1,000 isolates were obtained in 1930 from localities in all parts of the
sugar section of the State. These were all morphologically uniform
in culture. On oatmeal agar thev produced a floccose, white to light-
gray turf, usually with pink slimy masses of conidia appearing abund-
antly over the surface in 2 to 3 weeks. While slight variations in
texture, color, and abundance of fruiting were noted, they were not
great enough to suggest any grouping of the isolates on a moerphological
basis,

In the late fall of 1930, o trip was made to the sirup-producing
section of southern Georgia and northern Florida, where additional
isolations were made. A survey of the red rot flora of these States
was deemed of particular importance since, as previousty mentioned,
P. 0. J. 213 had been grown there almost as long as in Louisiana, but
had shown no indication of red rot injury. It was felt that a com-
parison of the forms of Colletoirichum felcatum from Louisiana, where
P. O. J. 213 was failing, with those in the sirup States, where it was
still being successfully zrown, might have an important bearing on
explaining the variety’s behavior in Louisiana.

One hundred isolates were obtained from the sirup States, and on
examining them in culture it was immediately apparent that they
were strikingly different in eolor and texture of the turf from the
Louisiana isolates. They were dark gray in eolor and of a velvety,
compact texture, in contrast to the light color and floccose, cottony
texture of the Louisiana forms. The superficial pink masses of
conidia were lacking. By means of inoculation experiments it was
proved that both the Louisiana forms and those of the sirup States
produced typical red rot in sugarcane stalks and leaves.

This was the first evidence of the existence of two morphological
groups of Colletotrichum faleatum. The groups were readily dis-
tinguishable in culture on oatmeal agar, vet the various isolates of
each were sufficiently uniform among themselves that no further
subdivision on & morphological basis was suggested. That one group
should occur exclusively or at least be predominant in one State
where P. Q. J. 213 was failing from red rot, and another group pre-
dominate in States where it had shown no indication of such injury,
was considered cxtremely significant, although it was recognized that
differences in soils, climate, cropping conditions, or moth horer
infestation might be determining factors in the differences in red rot
injury sustained by P. 0. J. 213 in the two arens. The situation
suggested, however, that the failure of P. O. J. 213 in Louisiana had
been due to a change from an older and possibly less virulent red rot
flora (dark types) to the now dominant and possibly more virulent
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(on P. O. J. 213) light types. The discovery of the two groups gave
added importance to the survey and suggested the desirability of
attempting to obtain a connecting link between the red rot floras
prior and subsequent to the introduction of the P. O. J. varieties.

RELATION OF THE TWQ GROUPS TO THE OLDER RED ROT FLORA IN LOUISIANA

Unfortunately, isolates of Colletotrichum faleatum from Louisiana
prior to the time of the introduction of P. 0. J. 213 were not available
for study. 1In lieu of such cultures, it seemed possible that tiie hypo-
thetical older florn might be recovered from sections of Louisiana
where the noble canes were still cultivated and the P. O. J. varicties
not yet introduced. The only large district where sueh a situation
might exist appeared to be the sirup-producing parishes of northern
Louisiana, located from 75 to 100 miles north of the sugar belt of the
State, and where the noble varieties had been grown for many yvears
without any considerable contact with outside sources of seed supply.
Accordingly, & trip was made to this district in the fall of 1931.

Unfortunately for the purposes of the survey, Purple and Ribbon,
then the principsl sirup canes of nmerthern ﬂmdsiana, rarely have
leaf midrib lesions, and the absence or rare oceurrence of the moth
borer made it improbable that red rot would be obtained from stand-
ing cane.  Many patches of these varieties were examined in De Soto,
Caddo, Bossier, Webster, Lincoln, Jackson, Winn, Quachita, and
Caldwell Parishes without obtaining any specimens of red rot. Nor
were midrib lesions found in the few scattered patches of Cayana
encountered. A second trip was made to these parishes in the spring
of 1832 in the hope that red rot might be obtained from bedded seed
cune, but no specimens of the disease were obtained. Farmers stated
that their bedded seed cane always kept perfectly, except for occa-
sional “dry rot” (drying out}), and that they had never seen any
disense in their cane resembling the symptoms of red rot deseribed
to them. [t was therefore concluded that red rot is absent or very
rare in the sirup-producing sections of the State, making it im-
probable that the older red rot flore could be obtained from there,

Another locality where the P. O. J. varieties were not grown was
on Bayou Dul.urge, about 20 miles south of Houma, La. There a
sirup enterprise 1s conducted with an assortment of noble canes,
among them Purple, Ribbon, D-74, and Cristalina, and while there
was no proof that red rot contamination from the fields of P. O. J.
varieties 10 to 15 miles distant had not occurred, the farmers said
these had not been grown in the immediate vieinity to their h jowtedge.
Red rot is prevalent in this sirup distriet, and in the fall of 1931
Colletotrichum foleatum was isclated from stalks of N-74, Purple, and
Ribbon. The isolates obtained were all light types. Again in 1932
light types were obtained, but in 1933 one dark type was isolated
from D-74, which in a comparative virulence test {see test T, p. 51)
proved to beless virulent on P. (. J. 213 than the light types from the
Intter variety. Therefore, while some circumstantial evidence favored
the hypothetical existence of an earlier dominant dark type popula-
tion of the fungus, ne sizable remnants were found to substantiate it.
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Since the survey did not antecdate 1930, no direct evidence is avail-
able demonstrating a change in the red rot flors that may have oc-
curred in Louisiana between 1924, the time of the introduction to
commercial culture of the P. O. J. varieties, and 1930 when signs of
failure of P. O. J. 213 were first noted. Since 1930, however, the
survey has provided definite data linking changes in the red rot flora
with wide-scale changes in acreage and kinds of sugarcane varieties
grown.

The results of the survey suggest two possible explanations for the
anomalous behavior of P. O. J. 213 prior and subsequent to 1930.
Tt may reasonably be assumed from the evidence that both morpho-
logical races of Colletvtrichum falcatum were present in the State
prior te the introduction of the P. O. J. varteties into Louisiana.
The strict quarantine measures adopted by the United States De-
partment, of Agriculture, whirh is the sole agency permitted to import
foreign varieties, make it highly improbable, if not impossible, that
red rot was carrted in the original seed cuttings of the P. O. J. canes
introduced into Louisiana. Assuming then that both morphological
races were present in the State at the time of this introduction, two
possible explanations for subsequent events may be offered:

First, that the dark roces were dominant on the noble varieties,
and it was only after several years of the eulfivation of P. O. J. 213,
which is apparently particularly suseeptible to the light races, that
certain parasitic races of the latter multiplied on it and eventually
eaused its failure.

Second, that the light races were dominant on the old varieties when
P. 0. J. 213 was introduced, but that certain parasitic races among
them proved much more destructive to P. O. J. 213 than they had
to the old varicties. The evidence favors the first alternative, since
dark races have not been found causing injury to P. O.J. 213 in
Louisiana and in the sirup-producing States where, prior to 1937,
the variety had been exposed to infeetion by the dark races to the
practical exclusion of the light ones, it had not suffered from red rot

CHANGEIYN DOMINANT RED ROT POPULATION INLOUISIANA IN RELATION TO CHANGE
IN VARIETIES

In table 1 the number of isolates of Colletotrichum falcatum obtatned
from 1930-37 from fields on representative plantations in every parish
of the sugar district of Louisiana, from farm fiekds in the sirup~produc-
ing States, and from southern Florida are summarized according to
host variety. It will be noted that all of the 1,029 isolates obtained in
Louisiaua in 1930 were light races. In 1931, two dark-race isolates
were obtained. One was from a leaf lesion on Cayana from what was
probably the Inst remaining commercial field of thie variety in Terre-
bonne FParish (Hollywood Plantation), and the other from rotted seed
cane of C. P, 807 (Ranch Plantation). 1In 1932 and 1933, dark-race
isolates were obtained from leaves of Cu. 290 in Lafayette Parish
{Billeaud Plantation) and in 1933 from rotted banked seed cane of
. 0..J. 234 in Terrebonne Parish (Woondlawn Plantation). In 1934, a
very definite change in therelative proportions of the two races became
apparent (fig. 3).  Cultures made from Co. 281, Co. 200, and P. O. J.
36-M from the same plantations, where only light races had been ob-
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tained from the same varieties in previous years, began to show a high
percentage of dark races. Those from C. P. 807 were also predomi-
nantly dark, and of particular significance is the fact that this increase
in dark races coincided with the first important red rot germination
injury to the variety. In 1631 unequal percentage of light- and dark-
race 1solates was obiained from all varieties, in 1935 there was a slight
predominance of the light race, while in 1936 and 1937 there was a
decided increase in the relative numbers of the dark-race isolates, as
may be seen in table 1 and figure 3.
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TABLE 1~—Number of light- and dark-race isolates of Colletotrichium falcatum. oblained from various varieties of sugarcane in the southern
Uniled States

Total
1930 1031 14942 1933 1034 1945 1930 1047
Light Durk
Varlety -8 !
L\g - - by - -
Light | Dark | Light | Dark | Light | Dark | Light | Dark | Light | Dark | Light | Dark | Light | Dark | Light | Dark | Sum-{ Per | Num- | Per-
Toulsiann:
Southwestern pagishes:

I 8. 1| U, NN 23 G 4 1 4 0 [ 1 11 2 31 0 22 § 75 421 2.1 140 76.9
e . 1 13 7 20 15 ¥ 9 00 451 24.2 141 75.8
. N P IR TR I R FU S 25| 96,2 1 3.8
11 HH 19 43 11 4 K3 90 193 | 55.8 153 44,2
14 22 5 68 1. 50.0 68 50,0
. 4 (18 SN U FRN weia 1781 99,4 1 .0
12 1t 8 35 1521 76.8 46 23.2
. O d, - N 20 1 36 7 - 20 Y 2461 93.5 17 6.5
P.O.J 234, . . . 18 b [ O . 571 78.1 16 21,9
Miscellnneous varieties,. .. I S I 7 a3 328 | w07 33 0.3

Total 26 44 051 386§ 1,320 | ......] 616 .-
Percent. 37.1 18201 19.8 | 80, P B - A 3 DU L7
Northern and western parishes: R
CoP 80T i 2 [ 15 UGN, AR 2 0 4 1 6 1 16 | &0.0 16 50.0
C.P. 2810 . . IR, SO, 14 26 3 10 721 40:2 107 59.8
Co. 281 ... 15 0 0 18 4] 18 0 1 8 2 127 | 48.3 136 51.7
Co. 200... JUN 14 5 20 7 M 76| 88.0 55 42.0
PO J M “ o 30 0 24 e 130} 68.1 61 31.9
PoOJ 213 172 0 30 0 H 1] 5 - 12 6 304 7.4 8 26

P, O.J.ZH...,,... . . [1}] 0f.... .. 5 0 i " . 12 0 116} 100, 0 [\] 0
Misecllaneous varioties. .. 75 [\ . . 8 0 4 o 1 6 [} s} "5 N 15 2.1
Total, .. ... 325 {0 38 [}] 101 8 T4 10 214 245 101 49 14 34 & 82 950 [.an. o 428 ...
Percent_........ . e . 100 0 100 04 927 7.3} 88.111L0 49.9 | 50,1 6731 327 35816421 80,7 60,3 ). ] 691 | ... 30.9

Qrand total .oooeee. o f R0 [ 0f c22| o) wer| sl ae| 20| asw) os6| 200! 181] 46| 78| 140 | 46812928 1. | 1o |... .
Porcent.. ... .. ... . .f 100 0] 901 0.0 00,21 3 8] 885 1.5y 50.0] 50,0 52.5[47.5| 36.6 | 63,4 2411769 [oneol] 68,60 . 31.4

81

TLALINOMDY J0 “LJid 'S "A ‘TFY NLIZTING TVOINHDHEL




Sirup-producing States:
3, Py P 0 10 S 0 Sl...... IS PO S [i] ({35 DURINNEIS S ORI (11N —
. 0 40 ) 112 0 48 [}] I8 (). 34 1 12 0 14 1 0.2 408
N S S 0 Bl....| . U A P . ) 14 eein o P 4 15, 4 22
0. . DA . . . e . P 0 12 \ 14 < 0 H 16,1 20
Loumlxmn l’urpla.-,. e 0 1 1] &l P P N 14 0 9 0 1 b 24| 649 13
P03 213, . e 0 12 1] 8 0 16 Y DU VO P i} A e . 5 6 7.4 75
MisceHuneots vnrlutlm.. P 0 [} 1} 8 0 5 1} 3 PR DU 7 15 3 [ R, 0] 20.8 38
Total .. . . il [1] 6y { 143 0 72 [ 21 14 46 30 218 [i] 20 0 13 |1 I, 602
Percont. ... .. .. ... ... 1] 100 [ 00 0 100 (] 0o 3.8 76.7 101870 23,1 76,0 [} 0., ... 7.7 Feina
Snuthern Florida;
S ] P U R 8 ) 12 (138 RIS SRS PR IR NORN O 7 0].. . 27 Clen 0
l’ O J N0 R 10 0 8 [i] . RS U R P i B 4 0. e Wi .. V]
PO, 32114, P E I 10 (V2N IR 12 [ ) PO PP b {13 TN PR, 27 |oeannn. 0
Miscollanoous varioties. ... ... g 12 0 ] 0 . I I i 0. . - 18 Ot ... . 52 JE. ]
Total. . R . BUUE 30 0 31 0. 23 0] ... .. .. 34 [{] 128 1. . 0
Percent. . L . . 100 ] 100 u! - i .- . 100 04 ... .. . ] [N PP RN DU 3 (1) A1 ) S
-~

ANVOUVONS 0 LO¥ duy

ol



20 TEUHNICAL BULLETIX G4, 7, 8. DEPT. OF AGRICULTURE

This change took place coincident with the rapid expansion in acre-
age of Co. 281, Co. 290, C. P. 807, and C. P. 28/19, and the corre-
sponding decline of the P. Q. J. varieties. Since Co. 281, Co. 290,
and C. P, 28/19 generally exhibit a much higher percentage of leaf
infection in the field than P. O. J. 213 and P. O. J. 234, which had
hitherto occupied a major portion of the acreage in Louisiana, one
would expect that they would exert a ¢onsiderable influence on the
multiplication and dissemination of ruces of Colletotrichuwgm‘catum to
which they are susceptible. And since the evidence indicates that
they favor the dark races, it seems probable that the great increase in
relative occurrence of this morphological race beginning in 1934
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Ficrre 3.—Percentage of light- and dark-type isvlates of Colletotrichum falcatum
obtained from sugarcane in southern Louisiana from 1930-37. (Data from
table 1.)

resulted from the expansion of these varieties. It is true that the iso-
lations from P. 0. J. 36-M, which then occupied a negligible ncreage,
likewise showed an increase in the dark races in 1934 and 1935 (tabie 1)
from the same localities wh. re only the light ones had formerly teen
obtained, but it ‘s possible that this resulted from mass spread of the
dark races to 36-M from the more favorable hosts (Co. 281, Co. 290,
and C. P. 807) on which they greatly multiplied. Too much depend-
ence, of course, cannot be placed on the relative percentages of the
hght and dark races for the sugar district as a whole, since unequnl
numbers were obtained from different varietics and from different
localities.  Nevertheless, the data show definitely that a change in the
relative proportion of the twe morpliological groups occurred coinei-
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dent with the change in sugarcane varieties, and indieate that there
was a relationship between the two.

The absence of the dark races in the 1930 survey, which was equally
as comprehensive as those of other vears, and the isolution of them
only occasionally until 1934, Jeads to spe('ul.ztion ns to the origin of
the dark races when they hnztlh appeared. 1t is entirely po‘;sable
that they were present in the fields of the P. O. J. varieties during
these years, but in such smali relative proportions that & more e\ten-
sive survey would have been necessary to discover them. There is &
further possibility that they wers harbored on Johnson grass. This
erass 13 commonly present In or near fields of sugareane thrm;ﬂhout
the sugar district of the State, and while Colletotr ich wm faleatum oceurs
loss 1l)undnnt1\ on it than on sugarcane, it can usually be found in the
Inte summer or fallin any f\nlv large group of this grass (plate 2, K.
Isolations of (. falcatum from leaf “midiib lesions on it have vielded
the dark races about two and a half times as frequentiy as the light
ones. Yhether the fungus is uble to exist on this gruss from one
growing season to the m-\t or whether the infections on 1t originate
each year from sugarcane, hias not been determined. It is within the
realm of }JO‘-‘.‘;]I’niit\‘ however, that Johnson grass may be capable of
harboring either momhol{mml ar parasitic races of the red rot fungus,
which might later become widely disseminated on » congenial sugar-
¢ane host.

ASIOCIATION OF MORPHOLOGICAL RACES OF COLLETOTRICHUM FALCATUM WITH=-
CERTAIN SUGARCANE YARIETIES

The survey provided evidence of the assoecintion of certain morpho-
logical races of Colletotrichum faleatum with severe red rob Injury to
at Jeast two sugarcane varieties in Louisiana, P. O.J. 213 and C. P.
&07. The 304 solates obtained from P. . J. 213 on 25 representative
plantations in all parts of the sugarcane district of the State during
the vears 1930-33, which covered the period of its commercinl doclme,
were il the hfrht-mlm ed morphologieal types, While this may not
necessarily indicate n preference of P, Q. J. 213 for the light races as
(omptued with the dark, sinee few of the dark races were “obtained in
Louistana from other commercial varietics during the same period, it
does nob alter the faet that the light races were p:o(lonmmnt. on the
variety during the period of its decline, and were apparently respon-
sible forit.  No dark races were obtained from P. O.J. 213 until 1934,
by which time only scaitered fields of the variety remuined in com-
mereial cultivation in the Sugar Bett of Louisiana.  Of the 10 dark

races obtained from it In 1934 and 1935, onlvy 1 was iseolated from 2
stalk lesion, the others having come fromn Jeaves. The light races
continued to predominate on this variety after 1934 in spite of the
fact that it was probably equally exposed to infection by the dark
races, since they greatly increased on other varieties during this
period. On Raeeland Plantation (Lafourche Parish) in T‘)‘%a, for
example, a small field of P. 0. J. 213 stubble yielded only light races
from red rot lesions in the stalks, and a ratio of 4 licht to 1 dark from
the leaves. In an adjoining nrea of U'n. 281 the ratio was 3 to 1 in
favorof the dark races.  On Rideland Plantation (Terrehonne Parish)
in the same year, stalks of . (1. JJ. 213 stubble yielded only light races,
the leaves o ratio of 3 Heht to 1 dork, while in nn adiacent square of
Co. 281 the retio was 2 1o 1 1o favor of the dark. A small field of




22 TECHNICAL BULLETIN 641, U. 5, DEPT, OF AGRICULTURE

stubble on a farm near Gibson, La. yielded only light Taces from stalk
lesions, while both races were obtained from leaves of Co. 281 adjoin-
ing it. In 1937, only light 1aces were obtamed from P. Q. J. 213
stalks from a 5-acre field in St. Mary Parish, and only durk races
from Co. 281 surrounding it. These examples indicate greater sus-
ceptibility of P. O. J. 213 to the light races under conditions of exposiure
to natural infection by both.

From C. P. 807, on the other hand, 91 percent of the isolates ob-
tained during the years 1934-36, when red rot injury to the variety
was severe on many plantations, were dark races, and these forms
were obtained exclusively from arcas where the disease was most
severe. Since during this same period both dark and light races were
obtained from Co. 281, Co. 290, P. 0. J. 36-M, and P. O.J. 213 on the
same plantations and sometimes {rom adjacent fields, the C. P. 807
was presumably exposed to infection by both morphological races.
On Clz;'esr:eut- Farm Plantation (Terrebonne Parish), for example, in
fields adjacent to or not far distant from the C. P. 807, where only dark
races were obtained in 1935, 4 light and 4 dark races were isolatec from
Co. 281, 3 light and 15 dark from C. P. 28/19, and 9 light and 10 dark
from P. O. J. 36-M. On Greenwood Plantation {Lafourche Parish),
where only dark races were obtained from C. P. 807 in that year, 2
light and 14 dark races were isolated from Co. 290 in adjoining fields,
3 light and 13 dark from Co. 281, and 3 light and 1 dark from P. Q. .
J. 86-M. On Raceland Plantation {Lafourche Parish), where only
dark races were obtained from C. P. 807, 18 light and 6 dark races
were isolated from P. 0. J. 234 in an adjacent field, 6 light and 16 dark
from Co. 281, and 13 light and 3 dark from . O. J. 213 not far distant.
In 1936 on Crescent Farm Plantation, enly light races were isolated
from C. P. 28/19 in the same heavy soil area where only dark races
were isolated from C. P. §07. On Greenwood Plantation about equal
numbers of light and dark races were obtained from C. P. 28/19 and
Co. 290, the latter adjoining the C. P. 807, while only dark races were
isolated from the C. P. 807, Similar results were obtained in the 1937
survey. In view of this apparent exposure to infuction by both races,
therefore, 1t scems ]ogi(‘a[’ to assume that the predominance of the
dark races on C. P. 807 resulted from the grenter susceptibility of this
variety to them. That only dark races were obtained from fields
where red rot injury to the variety was severe indicates that this
morphological group was principally responsible for such injury.

RESULTS IN THE SIRUP-PROPUCING STATES

It will be noted from table 1 thiat only dark races were isolated in the
sirup-producing States from 1930-33. In the spring of 1934, 10 light
races were obtained from rotting, bedded seed cane of Louisiana
Purple at Cairo, Ga., and later in the year, 4 additional light races
were isolated from the leaves of the cane growing from this lot of seed.
Light races were again obtained from rotting seed cane of this variety
in 1935 and 1937.

Cayana gave dark races exclusively from commercial fields of cane
throughout the 8 vears included in table 1, and alse in a continuance of
the survey conducted in the spring of 1938. The only light race ever
isolated from this variety was obtnined from a leaf lesion collected in
o variety test plot at Poplarville, Miss., in 1935, where it had possibly
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bnlaen subjected to infection from cther varieties growing in adjacent
ots.

b All of the isolates from P. O. J. 213 {rom the sirup States listed in
table 1 were from leaf lesions, red rot from natural infection never
having been encountered in stalks of this variety from the sirup States
during the years covered by the data in this table. The rare instances
of deterioration of bedded seed cane that came to attention during
these years were due to Cerafostomelle paradora (De Seynes) Dade,
(. adiposurn (Butler) Sartoris, or to drying out because of unfavorable
bedding conditions. One light race was isolated from a tield of P. Q. J.
213 near Cairo, Ga., In 1935, and five additional ones from farm fields
of the variety in central Mississippi in the same year.

In the spring of 1938 a distinct change in the reaction of P. O. J.
213 to red rot in southern Georgin was noted.  1n February, moderate
red rot injury was found in beds of seed cane of this variety in Grady
County, and 53 light-race isolates of Colletotrichum falcatum, all from
nodal Infection, were obtained from that number of stalks showing
symptoms of the disenze. By Mlareh, according to B. A. Belcher,
when planting operations began, red rot had beeome generally severe
m P. O. d. 213 seed cane throughout the southern Georgia sirup area,
that on many farms being rendered entirely worthless by the disease.
The situation seemed comparable to that which had oceurred several
vears earlier, when the vartety suddenly failed in Louisiana.

Whether this increase in the incidence of red rot in P, Q. J. 213
resulted from enviroumental conditions exceptionally favorable to
infection by the disease during the winter of 1937- 38, or was the result
of an increase in forms of the red rot fungus more specific toward
I’ O J. 213, 1. e, light races, has not heen definitely determined.
LHowever, the evidence strongly indieates that it can be traced to a
change in the predominating forms of the red rot fungus occurring in
the sirup-producing areas.

During the early years of the cultivation of Co. 200 and C. P.
20/116 in the sirup States, a predominance of dark-race isolates was
obtained from them. The isolations were made from small plots of
the varletles prowing in the vicinity of Cayana, however, and the
forms occurring on them may have eJeen influenced by proximity to
the latter variety. In the spring of 1938, in isolations made {rom
seed eane taken from larger areas of Co. 290 and C. P. 20116, the
light races predominated in the ratio of 40 to 1. These varieties now
occupy approsimately 10 to 15 percent of the sugareane acreage in the
sirup States and are being rapidly expanded. 1f, as present evidence
indicates, they favor the light races of Colletotrichum falcatim present
in these areas, they may exert an important influence on the increase
in the relative proportion of this group in the general red rot popula-
tion. Like Cavana, these varieties are very susceptible to leaf infec-
tion, and by virtue of this fact thev mav be expected to have an
equally important effect on the dissemination of forms of the red rot
fungus that they particulurly favor. The apparent increase of the
light cultural race of the fungus as the result of the cultivation of
these varieties immediately suggests & econnection with the increased
incidence of red rotin P. O.J. 213,

It s of interest to note that the tendency for light reces to increase
in relative numbers in the sirup-producing States occurred at the same
time that the reverse shift in population was occurring in Louisiana.
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Up to 1937, however, the change had not been as great in the sirup
States as in Louisiana. The greater stability of the red rot population
in these States may prolably be attributed to the less extensive
changesin varieties that occurred there during the years of the survey.
Cayana, by reason of its extreme susceptibility to leaf infection and
production of such enormous numbers of conidia on the leaf lesions,
doubtless continued to exert a great mass effect on the red rot popt-
lation of the sirup States, in spite of the fact that it was vielding to
P.0.J. 213 in acreage.  P. 0. J. 213 carrics n very low percentage of
leaf infection, and, as will be shown later, appears fo be more resistant
than Cayana to the strains of Collefotrichum faleatum occurring on the
lntter variuty. The rather extensive increase in acreage of P. O, J.
213, which has occurred since 1930, apparently has hsd little effect
on the deminant red rot flora.  When fields of 1t are located at some
distance from Cayana, midrib lesions are seldom found.  Purple aml
Ribbon, both of which earry a low percentage of leaf infection and
now occupy a relatively small acreage, probably have little effect on
the general red rot population.  As already pointed out, however, the
relative proportions of light and dark races in the future may be
greatly influenced by the now rapidly expanding acreages of Co. 200
and C. P. 29/116 at the expense of Cayann and P, O. J. 213,

RESULTS IN SOUTHERN FLORIDA

From southern Florida only light races were obtained, which were
morphologieally indistinguishable from the light-type isolates from
the other geographic arens. In view of the differences in commereial
varieties in southern Florida and the other regions, no particular
significance could be attached to the oceurrence of a uniform popula-
tion ithere. P. O. J. 213 and Cayann have never heen important
commercial varicties in southern Florida. P. 0. J. 2714 is the only
commercial variety that has suffered serious damage by red rot in
that section.

CULTURAL CHARACTERS OF COLLETOTRICHUM FALCATUM
RESPONSE TO CULTURE MEDIA

Colletotrichum fulcatum will grow on & variety of plant decoction
media, including potato-dextrose, bean-dextrose, catmeal, and cane-
leaf or cane-jutce agars. Oatmeal agar was used in most of the
cultural work reported in fthis bulletin beeause it produced the most
luxuriant vegetative development and fructifieation and more clearly
emphasized the differences hetween the two eultural roces. Satis-
factory, but less luxuriant growth was obtained on bean, potato, and
eane-leaf decoction agars (with dextrose or sucrose added), while
scanty and atypical development was obtained on cornmeal, carrot,
prune, and Czapek’s agars,

Oatmeal agar has the disadvantage, however, of being very opaque
and therefore rather unsatisfuctory where a clear medium is desired.
Various modification of Czapek's medium were tried in an effort
to find a synthetic medium on which Colletotrichum faleatum would
grow sutisfactorily. Sources of nitrogen used included peptone, egg
albumen, ammonium salts, and nitrates in varying quantities and in
different, combinations, with sucrose and dextrose us carbon sources,




Tachnical Bulletin 641, 11, 8, Department of Agriculture PLATE 3

Comparison of the color and texture of the light and dark cultural races of the red
rot fungus on oatmesl agar: s and B, Light races from Louisiana and Taiwan,
respectively: ¢ and D, dark races from Louisiana and India, respectively: £,
both roeces arising from a single picee of cultural tissuc from a leaf inidrib lesion,

on Co. 290,
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Morphologiea!l races of Colletotrichnm faleatwmw. Comparison of the eolony calor
and texture of four dark-race {soiates of O fafcatnm (1L-277, F-23, India-3, and
Q-2 with a typieal light-race isolate (L-7)) ou four culture medin, (L=
Louisinna; F—Florida; Q= Queensland.)




RED ROT OF SUGARCANE 25

but growth was uniformly poor on all of them. When a cane-leaf
decoction or expressed cane juice was substituted for distilled water
or rain water, however, excellent growth was obtained with any of the
nitrogen sources mentioned. The medium finally adopted for use,
where a clearer medium than oatmeal agar was desired, was prepared
as follows: 100 g of finely cut sugarcane leaves (variety C. P. 28/19)
were steamed in 1 liter of water for an hour in a double boiler, the
decoction was filtered, made up to volume, and the following nutrients
added in grams per liter: NaNO;, 5; KH,PO,, 1; MgS0,, 1; sucrose,
10; and agar, 10. The cane-leaf decoction was used in preference to
cane juice, since leaves were available during a greater portion of the
year.

On the decoction alone, growth was very scanty and atypical. The
light cultural races fruited after 2 weeks, but tl)1e dark ones did not
fruit in 30 days. With the addition of sucrose or dextrose the growth
was denser than on the decoction alone but less luxuriant than on the
medium with nitrogen added alss, Both races fruited on the decoc-
tion plus sucrose or dextrose but with no nitrogen source added.

DIFFERENTIATION OF CULTURAL RACGES

As mentioned in the discussion of the red rot survey, two cultural
races of Colletotrichum foleatum based on the color and texture of the
colony may be distinguished when a large population of the fungus is
studied in comparative culture. For convenience, these have been
termed light and dark types, respectively. The colony turf of the
light type isclates on oatmeal agar is loose, cottony, and Hoccose,
almost white in young cultures, becoming light ashy gray with broad
white margins in 7 to 14 days, and dark gray 1n older cultures {plate 3,
A and B). These isolates usually fruit abundantly over the surface
of the colony, frequently forming slimy pink masses of conidia. The
turf of the dark types is of a denser, more velvety or felty texture and
is dark gray in young cultures, becoming darker with age (plate 3,
C and D.) The white margins are usually lacking in the dark types.
They generally fruit sparingly, although conidia are sometimes pro-
duced In pink masses around the periphery of the mature colonies, or
on the substratum concealed by the superficial aerial mycelium,

These two races are not antagonistic in culture, and evidently not
in nature from the fact that iselates of both may be obtained from a
single piece of cultured tissue, as shown in plate 3, £, Many com-
binations of representatives of the two races in the same Pefri dish
have been tried in an eflort to produce the perfect stage, but these
have not been successful.

INTERMEDIATE TYPES

A few light-type cultures have been obtained that showed a tendency
to grade into the color of the dark types, and ocensional dark-colored
1solates have been encountered that tended toward the looser, more
floccose texture and lighter color of the light types.  The oceurrence
of these apparently intermedinte forms might suggest a separate
classifieation for them, yet the differences between these isolntes as
incdividuals were greater than the differences between them and the
more typical isolates of the morphological race to which they were
asstgned. Whether they represent the normal varintion whicly might
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be expected to occur within any morphological group of fungi or are
mutants or true genetic hybrids could not be determined, but the
fnct that similar variations did not arise in culture from any of the
monosporous lines studied suggests the latter rather than the former
possibility.

CONSTANCY OF CULTURAL CHARACTERS

The study of the morphological characters of Colletotrichum faleatum
does not appear to be complicated by the occurrence of mutation or
other true genetic variation among the biotypes of the fungus. During
the course of the present study meore than 560 different isolates of the
species have been studied at one time or another. Single-spore
cultures were made of all of those included in the various morpho.
logical and physiological comparisons reported in this bulletin, which
involved frequent replating and study of them, In addition, for a
few isolates (such as I-31, L-56, L-71, F-1, and G-78), hundreds of
mass transfer subcultures have been made over a period of from 5 to
7 years to provide inoculum for the incculation of the seedlings that
are each year tested for red rot in connection with the breeding pro-
gram. During this time some variation has occurred, such as slight
changes in the color of the mycelium, in the degree of fructification,
or in the abundance of vegetative growth, but sectoring or other forms
of extreme variation have not been observed. Occasionally what
appeared to be poorly defined sectors or “patch” variants appeared,
but transfers from these produced colonies apparently identical with
the original.

The isolates have not only remained stable morphologicelly, but
there has been no significant measurable chunge in virulence as the
result of long continued cultivation on an artificial medium (patmenl
agar). However, no method of measuring virulence hus yet been
devised that is sufficiently accurate to detect very small differences
between races, or slight variations in the virulence of a given isolate
that might conceivably occur. The possibility that attenuation of
virulence or morphological variations might be induced by subjection
to unfavorable environmental conditions has not been investigated.

In addition to this repeated routine examination of subcultures of
certain isolates, one experitnent was conducted to determine whether
sectoring or similar forms of variation might be observed if a larger
number of single-spore subcultures were stucied at one time. Five
light-type and five dark-type isolates were chosen, and from the original
menosporous culture of ench 235 single-spore subruliures were pre-
pared by the dilution method. Each of these was then carried through
two generations by mass transfer on both ontmeal and potato dextrose
agars, without observing any significant variations from the original
culture.

Some of the isolates studied have shown a tendency to grow less
luxuriantly or to become more myceiinl after an extended period of
artificial cultivation. The latter change was particularly noticenble
in the culture L-31, which, when first 1solated, was characterized by
its early and extremely abundant production ¢f pink masses of
conidia over the surface of the culture. After 5 years in culture,
however, it n¢ longer fruits with its former abundance. It was
observed that successive batches of cultures of a given isolate pre-
pared at different times varied in this respect. Incubation in a dry
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atmosphere, for exaumple, tended to suppress fructification, while
incubation 1n a humid atmesphere favored it.

The occurrence of variations in the color of the myecelium and in
the degree of fructification in both morphological groups was mentioned
in # previous paper (I2). At that time it was “stated that the dark
types from the sirup-producing States appeared to be distinguishable
from the same cultural races from Louisiana on the hasis of these
characters. As larger populations of the fungus from both geo-
graphic areas were studled however, such a distinction was not con-
smtent]y maintained. When isolates of either cultural race are grown
on a variety of culture medin, sufficient variations occur to suggest
that, subraces might be differentinted on the basis of response to
nutritional varigtions, bub it does not appear at present, that such a
separation would serve any practical purpose.

These observations on the apparent stability of Colletotrichum
faleatum in culture do not prove, of course, that new forms of the
fungus do not arise in nature. The demonstrated existence of races
of the species differing in readily recognized morphologienl characters
as well as mmsurub]e, differences in virulence (see Comparative
Virulence Tests, p. 47) is itself evidence that some influence 1s or has
been operating in nature to produce such variation, The fact that
the perfect stage of C. faleatwm has not been observed does not
elimihate the pos:mblht,y of the erigin of new forms through sexual
1epmduct!0n Compared with many other fungi, however, such as
certain species of Fusarium and ﬂrbnmthospomum . fahutwn may
be considered a stable species, and it zeeins lO“‘!(“il to assume that
the problem of breeding for red rot resistance in sugarcane may be
approached with reasonable assurance thub the program will not be
disturbed by great or sudden changes in the causil organism of the
disense.

CONIDIAL CHARACTERS

Since the cultural comparisons had shown that isolates of Col-
letotrichum faleatum fall into two morphological groups on the basis
of the color and texture of the mycelial growth in culture, a study of
conidiul characters was undertaken to determine whether other
differences might be found which would serve to further differentinte
the two groups. These included size and shape of conidin and the
degree of granulation of their contents.

BELE OF CONIDIA

Cenidial measurements were made on 20- to 30-day-old cultures of
the vnrious isclates on oatmenl agar, incubated ut 25° to 30° . The
measurements were made ut different times extending over a period of
several years, and ench time a new set of isolates was measured, one
or more of those previously measured was included in the test for
comparntive purposes. At leust 25, and nsually 50, conidia of each
isolate were measured in each test, and 42 of the 81 isolates studied
were included in at lesst two tests. A suspension of conidig in
10-percent giycerin in water was used, and all of the conidia encoun-
tered in the microscopic field in moving from one side of the slide to
the other were measured. Both lencrth and width were determined
in the beginning, but when it heeame apparent that width was less
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variable than length, only the latter measurement was mde for
most of the isolates.

In table 2 are given the range and mean conidial lengths of 54 light-
race and 27 dark-race isolates of the fungus, and in figure 4 these are
arranged in frequency classes of 1p grade. The extreme range of
length was from 16x to 48y; the greatest range for any one isolate was
from 20u to 48u for G-104; and the smallest was from 20u to 25u for
1242, The occurrence of conidia meusuring more than 40z was
infrequent, the maximum length for 80 pereent of the isolates bheing
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Ficure 4. —Frequeney distribution of 81 isolates of Collefolrichum faleatum
according to mean length of conidia.

35, or less. The coeflicient of variability of conidial length from a
single Petri dish culture was relatively low, varying from 6.3 percent
for 1.-242 to 13.7 percent for G-104.

It is evident from the [igures presented that there are no significant
differences between the mean lengths for the two cultural groups nor,
with few exceptions, between individual isolates. The smallest indi-
vidual mean length was 214 for F—4 and thie largest was 32u for G-141
u difference which, while statistically significant, is of little pmctica[
importance in view of the many intermediate forms which occur,
and the sbsence of any consistent relationship between cultural
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races and sporesize. Ibis likewise obvious that there is no association
of isolates of any particular spore length with particular sugareane
varieties. ¥hen grouped according to the varieties from which they
were obtained, the group means of isolates from any given variety
closely approached the general mean for all of the isolates studied.

TaeLE 2.—Length of conidia of 81 isolates of Collelotrichum falcatum from various
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TasLe 2.—Length of conidia of 81 isolales of Colleiotrichum falcalum from variour
sources—Continued
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The range of length of conidia for the 81 isolates studied is greater
than that recorded for the species in the literature, but the weighted
general mean of 25.1p is practically the same as the 25.0u given by
Went (73) in his original deseription of the species. Butler (27)
gave the range of length as 204 to 304, and Roldan and Tecson (58) as
27u to 34.2z, but whether these represent the variability of a single
isolate or of several was not stated.

EFFECT OF ARTIFICIAL CULTURE ON SIZE OF CONIDIA

The conidial measurements reported in the literature were pre-
sumably made of material taken directly from the host. For the
accurate comparison desired in the present study, it was necessiry
that the eonidia be produced under the more controlled conditions
of artifictal culture than would be possible on host material.  Artificial
cultures also had the advantage of economy of time and space in han-
dling large numbers of isolates. However, in order to determine
whether conidia produced by an isolate in culture differed significantly
in size from those on the host, measurements from both sources were
compared for several isolates,

In July 1933, 10 leaves of Co. 281 were inoculated with each of the
following isolates: 1~31, L—36, L-71, and 1L—103. After 30 days, n
composite sampie of conidia was collected from the 10 leaves inoculated
with each isolate, and from 50 to 70 measured. The results are given
in table 3.

In comparing these figures with those for the sume isolates in table
2, it will be noted that on the host there is a tendency for the lower
limits of size to be slightly smaller than in culture. The means,
however, were practically identical for three isolates and not signifi-
cantly different for the other.
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TaBLE 3.—Length of conidia of four isolafes af Collelolrichum faleatum preduced
Sfrom artificial inoculations on the leaf midribs of Co. 281
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From time fo tume additional measurements of conidia were made
from leaf lesions collected in the field from severnl varieties, without
subsequently making measurements in culture. In all 1n5tances, the
range of size fell within the limits recorded in table 2. It seems
reasonable to conclude that there is no significant difference in size
of conidia of Colletotrichum falcatum produced on a favorable artificial
medium and on the host,

OTHER CONIDIAL CHARACTERS

As the conidia were measured, observations were also made on their
shape and the chiaracter of their contents.  The conidin of someisclates
are markedly curved or falente, while others are nearly straight; the
majority are muticate, but some ure slightly punctate; the contents
of some are densely gmnulnr, while others grown under identical
conditions are nearly transparent. Differences in the degree of
guttation also occur. Granulation and guttation appeared to be
influenced by cultural conditions, and for some isolates &t least, varied
from time to time. None of these characters, however, was corre-
lated with lenuzth of conidia, nor with the macroscopic charncters by
which the light and dark cultural races are distinguished.

CHLAMYDOSPORES

Various theories have been advanced as to the function of the
chlamydospores, which are produced in such abundanee by Collefot-
richum foleatim both in the host tissues and in artificial culture.
These thick-walled, dark-colored eells, which are borne either within
or terminally on the hyphae, are cupnble of survival and germination
after detachment from the parent hypha.  Went (73) first described
them and proved their connection with the fungus causing red rot in
sugarcane. Butler (&7) stated that they were better :uinpted to
stand unfavorsble environmenta!l conditions than the conidia, and
thought they might be the means of perpetunting the disease after
their relesse in the soil from the rotting cane stalks.  Lewton-Brain
{46) observed that in artificial culture timy were produced in greater
abundance where the fungus came in contact with the substrate, pur-
ticularly along the walls of the vessel containing the culture. He sug-
gested that this might indicate their nuture us hold-fists by means of
which the fungus attached itself to the substratum, but stated there
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was no evidence to support this view. Butler and Hafiz Khan (30,
p. 170} state that it is probable that “they serve a double purpose of
close adhesion to the surface of the host plant and of accumulation of
enzymic energy to secure penetration of its walls,” They found that
the infection hyphae in leaf infections {from artificial inoculations)
usually arose from a chlamydospore, or appressorium, _

In the present study the author has observed that in artificial culture
the dark cultural races produce chlamydospores in much greater
abundance than the hight races. This is particularly true, as noted by
Lewton-Brain (46), at the point of contact of the culture medium
with the glass of the test tube or culture dish. The mycelium of the
dark races at this point may cousist largely of masses of chlamydo-
spores. The mention by Went, Lewton-Brain, and Butler and Hafiz
Khan of the abundant produetion of chlamydospores in their cultures
suggests to the author that they may have been working with the dark
cultural races,

Butler and Hafiz Khan's (30) description of the ehlamydospores as
appressoria seems to offer & logieel explanation of the natural function
of these organs, and if sugarenne leaves and stalks in nature were not
subject to attack by inscets which injure the epidermis, thus permitting
Colletotrichum faleatum to gain easy entrance into the host tissues,
the production of chlamydospores as organs of infection, might be
cssential to the parasitic life of the fungus. They found that when
leaves were artificially inoculated without wounding, the penetrating
hvpha arese from an appressoriur and not directly from a conidium.
Whether the appressorium was produced prior to invasion of the
wounded leaves was not stated.  The author has found, in artificially
inoculating sugarcane stalks with red rot, where a small hole is punched
through the epidermis and a culture of the fungus inserted into the
tissues {simulating infection through horer holes), that the fungus
hivphae penetrate the adjacent cell walls without the production of
appressoria.  Whether the infection hyphae initiating infections in
borer tunnels in nature arise direetly from a conidium or a chlamydo-
spore has not been determined, but it apperrs improbable that the
chlamydospore functioning as an appressortum is essential under such
conditions.

TEMPERATURE RELATIONS

Studies of the temperature range of Colletofrichum faleatum in culture
were made at Arlington Experiment Farm, Arlington, Va., in 1932,
where a series of constant temperature ehambers was made pvrilable
through the courtesy of the Division of Fruit and Vezetable Crops and
Diseases.

Ten Petri plates of oatmeal agar were inoculated with each isolate
used in the tests by touching a mass of conidia with a needle point an
then transferring to the center of the plate. The plates were wrapped
n paper, placed in the chambers, and the diameter of the colonies
measured after 3, 4, 6, and 8 days’ incubation. The chumbers were
adjusted to maintain the following temperatures: 0°, 3%, 10°. 15°,
17.5%, 20°, 22 5°, 25°, 27.5°, 30°, 32.5°, 353°, and 37.5° C.  In some of
them the temperature fluctuated about 1°. Since no growth had
vecurred below 10° after 8 days, the plates at 10° were continued for
2 weelss and those at 0° and 5° for 1 month. Flumidity was main-
tained by placing a troy of water on the floor of each chamber, and a
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small fan in each prevented layering of air. The growth measure-
ments for two typical isolates are presented in table 4.

It will be seen from the table that the minimum temperature at
which Colletotrichum faleatum will grow is approximately 10° C. and
the opéimum, 30° to 32.5° C. Sartoris (60) obtuined slight growth at
3° C, after first incubating for 36 hours at 20° C. and then transferring
to the lower temperature.

The upper limit of growth is slightly above 37.5° (. At this tem-
perature scant atypical development occurred, and in subsequent
tests no growth was obtained at 40° C,

Edgerton and Moreland (36) found that the organism would grow
at temperatures ranging from 13° to 37.5° C., with the optimum being
“somewhere in the neighborhood of 27° C.”  Tims and Edgerton (67)
reported that growth was very slow at 10°, rapid at 27° to 34°, and
slow at 37° C.

TabLe 4—Growth of twe iselates of Colletatrichum falcatum ub various tem peratures
on gatmeql agar
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Subsequent tests have been made with representative populations
of both cultural races in constant temperature chambers nt Houma,
La., the results of which have been in accordance with those in
table 4. All isolates studied were found to have the same critical
temperatures, indicating that temperature response cannot be used
as a basis for differentinting races.

RATE OF GROWTH IN CULTURE

Growth-rate measurements in artificial culture were made of both
light and dark races in an effort to determine whether this function
might be correlated with the morphologieal differences described and
serve as a further means of differentiating the cultural races.

Five Petri plates of cane-leaf decoction agar were inoculated with
each isolate used in the tests and incubated for 6 days at 30° C'., at

09435 °—38—3
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the end of which time the diameter of the colonies was measured.
An effort was made to transfer 2 uniform amount of inoculum to each
plate, but in order to eliminate error from this source, the limits of
growth in each plate were indicated at the end of 2 days’ incubation
and this was subtracted from the final reading in recording the results.
The ll')risults of three representative growth measurement tests appear
in table &,

TasLe h.—Mean radial growth of 17 isolates of Callelotrichum faleatum after 4 days’
incubation on oatmeal agur al 80° C.
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The average mean radial growth of eight light types, 6.1 cm, was
practically the same as that of nine dark types, 6.0 cm. The means
ranged from 5.8 cm for severnl dark types to 6.5 cm for M-14, also
a dark type. These differences between extremes were too small to
be significant, and it was concluded that rate of growth in culture (at
the optimum temperature for the organism) is not correlated with the
morphological differences distinguishing the cultural races.

INFLUENCE OF pH OF CULTURE, MEDIUM ON RATE OF CROWTH

For the study of the influence of varying pH on the growth of
COolletotrichum falcatum in culture, a large batch of catmeal agar was
prepared and aliquots were adjusted colorimetrically, representing a
range in pH from 4.0 to 9.0 at intervals of from 0.5 to 1.0. A set of
standards was set up with Clark and Lubs indicators according to the
method described by Medalia (49). The reaction of the medium as
prepared was pH 5.8 to 6.0, and appropriate quantities of N/10 HCI
and NaOH were added to give the cFesired H range.

The acid and alkali were added to the medium after sterilization and
before pouring. Five plates were poured from each aliquot for each
isolate studied and the inoculations made by touching the center of
the plate with a needle, which had been dipped into a pink mass of
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conidia, The plates were incubated at 25° C., and the diameter of the
colonies mensured at the end of 5 and 6 days. The results of the
measurements for two light-type isolates, F-1 and 1.-7, are presented
in teble 6.

TasLe 6.—/nfluence of varying pI of culture medium (oatmeal agar} on growth of
Colietotrichum falealum
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Maximum growth cceurred between pH 5.0 and 6.0, witl, the opti-
mum apparently near pH 5.5. It is of interest to note that this is
approximately the reaction of freshly expressed juice of some sugar-
cane varieties in Louisiana (65).°

At pH 4.0 the colonies were not typical, the growth consisting of o
dense blackish-gray film over the surface of the medium. There was
no fruiting. At 4.5 growth was more nearly typical, but the colony
was still more dense than normal and the reverse greenish black.
There was slight fructification. At pH 5.0, 5.3, and 6.0 the growth
was normal in every respoet. At pH 7.0 to 9.9 it was similar fo that
at 4.5,

REVISED DESCRIPTION OF COLLETOTRICHUM FALCATUM

Some medification of Went’s original description {73) of Colleto-
trichum falcatum is necessary to cover the range of variation shown by
the hundreds of isolates included in the present study. Since he and
later worlkers have given little information on the cultural characters
of the organism, the following description has been prepared:

Colony on catmeal agar consists of nhundant aerial myeelinm,
broadly spreading, sometimes zonate, densely woven into a compact,
velvety twrf in some isolates (dark races), or a cottony, Hoccose one
in others (light raees). (Plate 3.} Color ranges from almost white
through light ashy gray to dark gray, growing darker with age {pale
olive gray to pearl gray); no color or pigmentution in reverse or in the
medium. Hyphae densely interwoven, anastamosing in definite ropes.
Conidia formed in pink masses in stromata, or singly on scattered
conidiophores over the aerial hyphae. Conidia one-celled, mostly
faleate, but some straight; muticate or slightly punctate; tra nsparent
to densely granular; frequently guttulate; 16p to 48y long by 4x to
8u wide, averaging 254 by 6z, Terminal and interealary thick-walled,
greenish-black chTamydosporcs present, generally mwore abundant in
the dark races. Empty, black pseudopyenidia sometimes produced.

Habitat.—On leaf midribs and in stems of species of Saccharum; on
teal midribs of Sorghum rulgare Pers., S. halepense (1..) Pers., and
Erianthus giganteus (Walt.) Muhl.

$The pil of freshiy expres<ed jafoe of inatare stalks of P (). 1313 frind restovesh was 547 nned of o,
281, 534, Electromelie detormintions B = 3 Brmx,
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Growth on cane-leaf, green-bean, and potato decoction agars with
sucrose or dextrose is similar to that described, but less luxuriant, as
will be noted from plate 4.

The above description of Colletotrichum faleatum agrecs essentinlly
with those of other workers, differing in that it covers a wider range
of variation of characters. Went (73), for instance, gave the conidial
size as 25 by 4x; Butler (27} as 20z to 30u by 5p to 7p; and Roldan
and Tecson {58) as 27u to 34.2z by 4.3u to 6.8z, all of which come
within the range of size found by the author. Their descriptions
weire of material from the living host, I owever, and not from artifictal
cultures.

COMPARISON OF AMERICAN AND FOREIGN ISOLATES

At the Fourth Congress of the International Society of Sugar Cane
Technologists, held at San Juan, Puerto Rico, in 1932, 1t was sugeested
by the Pathology Section that sugarcane pathologists throughout the
world cooperate in the collection of strains of pathogens by workers
in responsible institutions specializing in the study of them.  Accord:
ingly, cultures of Colletotrichum falcatum were requested from several
countries where red rot oceurs.  Isolates of the fungus were received
through the courtesy of A. F. Bell, Bureru of Sugar Experiment
Stations, Brisbane, Queensland, Australia; B. B. Mundkur, Imperial
Institute for Agricultural Research, Pusa, India; and Takashi Matsu-
moto, Taihoku Imperial University, Taihoku, Taiwan. These were
compared in culture with the American isolates.

The Indian and Australian cultures were morphologically similar
to the American dark-race isolates, while the Formosan (Taiwan)
culture closely resembled the American light races on ontmenl and
on hean agar (plates 3, 4, and 5). Conulial measurements of the
foreign isolates fell within the range of varintion found for the Amerni-
can forms.

Tt is evident from this comparison that both morphological groups
of Colletotrichum faleatum oceur in the Eastern Hemisplere, o fact of
considerable importance in view of the results of the survey of the
flora in the United States, and of the comparative virulence tests
{see p. 47) showing differences in virulence between the two groups.
Tf the light races were known only from the United States and the
dark races only from other countries, it might have been presumed
that the more virulent light races were of American origin. The
existence of both morphological races in the Fastern Hemisphere,
however, even though little is known regarding their distribution,
indicates that both probably originated there and were introdueced
into the United States in cuttings of sugarcane of which numerous
varieties were imported from these regions prior to the inauguration
of the Federal quarantine.

COMPARISON WITH OTHER GRASS SPECIES OF COLLETOTRICHUM
According to Edgerton {33, pp. 7-8):

The fungus which causes the Red Rot of sugarcane Is very ciosely related to
two other fungf which we have in this country.  These are Colletofrichum lineola,
found commonly on Johnson grass and broom eorn in the southern states, and
Colletolrichum cereale, found on wheat and other grasses in the norihern states.
These three fungi are so much alike it that is impossible to distinguish them
with the microscope or in pure culiures.
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In inoculation experiments, he failed to obtain satisfactory infec-
tion of sugarcane stalks with the two grass species. Colletotrichum
lineole Cda. could be found within the vascular bundles of the inoe-
ulated cane, but it did not produce the typical symptoms of red rot.
He expressed doubt as to whether the three were valid species, or
merely strains of one.

Butler and Hafiz Khan (30, p. 169) stated:

The only other Colletoirichum resembling C. faleatum found widely distributed
in India, is C. Lineola Corda, which attacks the leaves of jowar (Andropogon
Sorghum) frequently. Morphologieally the two species are closely allied, but
the jowar fungus does not atiack cane leaves.

They conchuded that C. faleatum appeared to be confined to sugar-
cane.

Wilson (78} grouped the several species of Colletotrichum described
from grasses and a number that had been assigned to related genera,
inte the single new combination, C. graminicolum Ces. Wils., including
C. lineola Cda. and C. cereale Manns in the synonymy for that species.
This classification now appears to be generally accepted. Boning
and Willner {(24) added further to the synonymy, but noted that
C. faleatum should be excluded because of its sickle-shaped conidia
and the oceasional production of two in chainlike form.,

In the present work many isolates of Collefotrichum from leaf
midrib lesions have been made from Johnson grass (Sorghum hale-
pense), sorgo (Sorghum vulgare), and plumegrass {Erianthus giganteus)
in Louisiana. The leaf lesions on these hosts were similar in appear-
ance to those produced by C. falcatum on sugarcane leaves, and the
isolates obtained, which belonged to both the dark and light cultural
races, were indistinguishable in culture from those from sugarcane
(plate 6). When inoculated into sugarcane stalks, the isolates from
the other hosts produced typical red rot symptoms, and they were
reisolated from the affected tissues. A study of conidial and other
morphological characters showed definitely that they should be
classifled as C. falcaium.

Two cultures of Colletotrichum graminicolum were studied by the
author, one supplied by J. C. Gilman, of the Iowa State College; and
the other received from the Centraalbureau voor Schimmelcultures,
Baarn, Netherlands (G. Bd.). Information as to the host from which
obtained was not available for etther culture, These were compared
in culture and in laboratory inoeulation experiments with isolates of
C. faleatum from sugarcane and other grasses.

On oatmeal agar the Iowa culture of Colletotrichum graminicolum
showed little resemblance to C. falcafum, the colony of the former
consisting of scant, grayish-green aerial mycelium with abundant
preduction of empty, black pseudopycnidia, in contrast with the
luxuriant turf of €. felcatum and the absence of, or rare production of,
pseudopycnidia. The Netherlands (G. Bd.) culture of C. gramini-
colum, however, closely resembled some of the dark-race isolates of
C. falcatum (plate 6, F). (Also compare plate 6, F, with plate 4,
India-3 and Q-2.) The dark gray color of the turf of the . gramini-
column was identical with that of many isolates of . fulcatum, but the
texture of the former was more threadlike than the latter and did not
produce the abundant aerial growth characteristic of (. faleatum.
However, it could not be distinguished readily from many cultures of
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the latter species, particularly some that grow less luxuriantly after
long-continued artifieial culture. .

Microscopically, the conidia of Colletotrichum graminicolum were
predominantly straight rather than sickle-shaped, as described by
Béning and Willner (24), were shorter (15 to 23u long) than deseribed
by these authors for C. graminicolum, and shorter than the majority
of the isolates of . fuleatum studied. Béning and Willner stated,
however, that the culture of C. graminicolum gt Baarn differed in some
respects from their cultures of the species obtained from corn.

In inoculation experiments with Collelotrichum graminicolum there
was no spread of the fungus in the tissues of red rot-susceptible
varieties of sugarcane after 4 weeks' incubation at & favorable
temperature.

1t is evident from the literature and from the present study that at
least some strains of Colletotrichum faleatum and €. graminicolum are
morphologically similar, althousgh the author found that other strains
hear littie morphological resemblance. [t is likewise apparent that
considerable diversity ol morphological characters exists among the
various fungi that have been classified as C. graminicolum, o species
that has not vet been adequately studied to determine the range of
variation which may occur among the fungi properiy referred to it.
Aside from certain morphological differences between €. falcatum
and C. graminicolum, the fact that the latter does not infect sugarcane
provides ample evidence that the sugarcane and cereal fungi are
distinct.  Since the cultures of Colletotrichum obtained by the author
from the leaves of Johnson grass, plumegrass, and sorgo in the sugar-
cane district of Loulsiana were morphologically indistinguishable
from isolates of (. faleatum obtained from sugarcane, and produced
typical symptoms of red rot when inoculated into sugareane leaves
and stalks, 1t is concluded that the fungus commonly attacking the
leaves of the grasses mentioned in southern Louisiana is C. foleatum.
While C. graminicobim may also he present there, it hasnot been isolated
i the present studies, and would appear to he muelh less common than
the former species.

No attempt was made to determine the range of hosts of Colleto-
trichwm fuleabwm beyond those on which it was found naturally
oceurring, and no claim is made that the hosts mentioned are the only
ones on whieh it occurs. From the practical standpoint of persistence
and spread of the red rot fungus In fields of sugarcane, its other wild
and cultivated hosts appeur to he of litte significunce in view of its
universal oceeurrence on sugareane itsclf and itz ability to develop
activelv on this crop throughout the year without the intervention of
a secondary host.

LIFE HISTORY OF COLLETOTRICHUM FALCATUM IN RELA-
TION TO OCCURRENCE AND SPREAD OF THE DISEASE

Although red rot may infeet almost any part of the sugareane plant,
its importance 1s limited largely to its occurrence on the leaf midsibs,
the interior of the stalks, and the rhizomes of the ratoons.  While in-
fection of the roots may oecur (3, 27), red rot is not important as a root
disease.
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ON THE LEAVES

A consideration of the life history of the fungus may conventently
beginn with the lesions produced on the leal midrih.  These lesions
are usually abundant in the field during the late summer and fall
menths, particularly on the commercial varieties Co. 281, Co. 200,
C. P28, CoPO28/19, and C. P 20116, On these varteties the
spots frequently extend almost the entive length of the midrib (plate 2).
Other varieties, such as 1%, O, 2, 213, C. T, 807, and Louisiana Purple,
the stalk tissues of which are very susceptible to red rot, generally
show little leal infection.  Tlowever, such an inverse correlation does
not exist with many varieties.

In Louisiana, the first leafl infections are vsually noted during May
or June, While the majority of these lesions probably originate in
punctares made hy inseets, Butler and Hafiz Khan (3¢) found, and the
wrtter has ebtained conlirmatory evidence, that infection will take
place throngh the apparently uninjured epidermiz.  Fructifiention
hegins in 10 to 14 days following ineculation, and as the lesions extend
longitudinally along the mideib, the fruiting area likewise increases
s0 that old lesions are usually eovered with blaek masses of ascervull,

The disease on the lenves probably has little effect on the growth of
the plant, although it sometimes causes premature drying of the lower
lenves of some varieties {principally unreleased seedlings).  The im-
portance of the leaf lesions lies in the fuct that thev provide the prin-
cipal source of inoculum for stalk infections and for disseminating the
disease during the growing season.

This multiplication of the fungus on the leaves may be of consider-
able importance when a variety very susceptible to leal infection is
introduced into o section where another variety grown there may be
very susceptible to the discnse in the stalk, but normaily has hittle leaf
infeetion,  This appeared to bave oceurred on at least one plantation
near Bunkie, La., in 1933-30, when the first inportant reduetion in
germination orcurred in the very susceptible T .. 213, which had
been grown there for o deeade without such injury. The evidence
indicated that this injury was carrelated with the expansion in ncreage
on this plantation in 1935 of the recently introduced C. . 2§;19,
plantings of which were made adjacent to those of P. 0. . 213, It
was noted in the fall of 1935 that the . O, J. 213 adjacent to the C, P.
28:19, nearly every leaf midrib of which had long red rot lesions,
showed a greater incidence of red rot in the stalks than had ever been
observed in this variety in that geetion of the State.  Isolations from
the leaves of the C. P, 25 10 and the stalks of the . (0. J. 213 showed
that the forms of Cullctutrickion fulcatum from hoth varieties were of
the light-colored morphological rce.

TFall plantings of 1%, Q. J. 213 were made on the plantation with seed
canc from this field adjacent to the C. P, 28/19.  In the spring, o gappy
stand resulted in this variety, which in this section of the State had
largely eseaped the severe losses expetienced during the earlier epi-
demics affecting it in other parts of the sugar district. Examination of
the sced cuttings showed that the reduction in germination was due
to red rot, and light race iselates were obtained from the rotted cut-
tings, This instance illustrates the possibility of building up strain
populations of Colletotrielwm faleatwm on the leaves of one variety,
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which may cause a destructive increase of the disesase in the stalks of
another variety on which such an increase would not bhave occurred
because of its resistance to leaf infection.

Unless the population of Colletotrichum falcatum so multiplied is
virulent toward the susceptible variety exposed to it, there may be
little influence on the incidence of the disease in the susceptible variety.
This is illustrated in Georgin where, as shown in the surveys, the
f)roduetiou of enormous quantities of inoculum of the dark nmworpho-
ogical race of C. falcatum on the leaves of Cayana, a high percentage of
the leaves of which always have an abundance of lesions, has not re-
sulted in an increase in the disease in the stalks of P. O. J. 213. Con-
versely, Cayana grown in Loulsiana seldom has more than a trace of
leaf infection, even though it be exposed to heavy incculum from
adjacent varieties, such as Co. 281 and C. P. 28/18, on which both
ligixb and dark races are present.

IN THE STALKS
YTANDING CANE

The fungus may enter the sugarcane stalk througlh various channels,
Went (73} concluded that natural infection oceurred chiefly through
the holes made by boring insects. Butler (27) and Butler and Hafiz
Khan {30}, however, found little or no natural infeetion through borer
holes in Tndia. Lewton-Brain (46), Edgerton (83), and South and
Dunlop () sgreed with Wens that borer holes were the prinecipal means
of natural infection of the stalk. Raciborski (53) deseribed the spread
of the fungus from the seed piece to the growing stalk, which was
confirmed In Tndia (27, 33}, but not in Louistuna (33) or the West
Indies (1). The root primordin (30, leaf sears (41, 73), mechanical
wounds, and growth cracks '° (30) have ulso been deseribed as points
of entrance. According to Butler and Hafiz Khan (30) old leaf scars
are not readily penetrated, and since the leaf scars are normally not
exposed until the leaf has completely withered, they were not con-
sidered an important point of entrance. Natural infection through
the leaf sears has noet been reported in the Uiited States.

In Louisiana and scuthern Florida infection of the growing stalk
occurs principally through the tunnels of the moth borer (Diatraea
saccharalis F.)(plate 7, C) and, in some varicties, through the root pri-
mordin {plate 7, A and B). The latter type of infection is limited
largely to certain very susceptible varieties, such as P. O. J. 213 in
Louisiana and P. O. J. 2714 1n southern Florida. Underground por-
tions of the stalk may become infected through injuries made by the
sugarcane weevils {Anacenfrussp.).  Infection from this source seldom
extends into the above-ground internodes, but tonnage may be re-
duced through retardation in the growth of the cane. The principal
effect of infection of the rhizome is that it may lead to stubble dete-
rioration.

In most of the sirup-producing areas of the South, there is little
development of red rot in the stalks of growing cane due to the absence
or infrequent occurrence of the moth borer. Infection through the
reot, primordia and subsequent spread in the stalks usually do not

B LOUISIANA BTATE UNIVERSITY, DEPARTHENT oF PLaxT PATHOLOGY REFORT OF THE CONXTACT OO~
MITTEE. July 12, 1955, [Minwagraphed )
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occur early enough in the season to lower seriously the quality of the
cane for sirup by the time it is harvested.

As above mentioned, midrib lesions serve as the principal source of
inoculum for stalk infections, the frequent winds and dashing summer
rains providing an excellent medium for disseminating the myriads
of conidia by splashing and blowing them to the stalks or to other
leaves, or by trickling over the leaf lesions and down to the stalk,
where drops of water containing conidia may be held for several hours
by the cuplike ligule. The fungus continues to develop in the tissues
of both the midrib and the stalk until the cane is cut in the fall for
seed or for the mill. In the stalks, longitudinal spread through the
vascular bundles is more rapid than lateral spread through the paren-
chyma, as Edgerton (33) has pointed out. The cane that goes to the
mill plays no further part in the life history of the disesse, except
through the possibility that the fungus may survive the milling
process (which experiments have shown to be possible), and subse-
quently spread to growing plants from the bagasse.!

SEED CANE

MobEe or InrFECTION

In Louisiana, where o large porcentage of the crop is planted in the
fall, seed cane Is commonly laid down with many of the leaves and
sheaths adhering to the stalks. This means that an abundant
supply of Culletotrichum falcatum goes into the soil with the seed
cuttings, in addition to that which already may have established
itself within the stalk and in the soil. Further infection may then
take place from this inoculum through borer holes or through the
nodes. Some very susceptible varieties, such as P. O. J. 213, in
Louwisiana show a high degree of infection from the latter source
(plate 7, ). Other varieties, such as C. P. 807, the internal tissues
of semidormant cuttings of which are highly susceptible once the
pathogen has gained entrance, are resistant to nodal infection under
usual field conditions. During the epidemics of 1934-35 and 1935-36
on this variety, however, nodal infection oceurred commonly, and was
in fact responsible for much of the injury which occurred (11).

Inoculation experiments have shown that infection through the
cut ends of seed pieces may also oceur. Cuttings of T. O. J. 213,
obtained from northern Louisiang where the moth borer is rare and
where red rot has not been recorded in standing cane of the variety,
were inoculated by smearing an agar cutture of Colletotrichum faleatum
over the cut ends, Borer-free cuttings of C. P. 807, which usually
shows little red rot infection as standing cane, were selected at the
Houma station and inoculated in the same manner. Both varieties
were planted in the field in October and dug up for examination at
intervals during the winter. A small percentage of the cuttings of

1t Colletotrichum faleatum was revovared in eulitre on 1wo cecasions {December 1831 and Japuary 1932)
from bagasse of . 0. J. 213 collected from the lnst rofler {1270l Fulton milli of the Southdown Plantation
factory, Houms, La, The (Bnogus wos recovered iminediately after coliscting the bagasse by cuituring the
pleces of the bagasse on ncidifled catmeal agar, and for § menths thereafier from o pite siored under shelter
outdoors.  Alter Apri it couid not berecovered in calture by direct plating of pieces of the bugasse, possibly
because of overgrowth of the plates hy Trickoderma apd Glher rapid-grow!ng saprophytes. lonoculations
inty staiks of P, 0. J. 213 were Lhen resorted to, using pieces of the bagasse us jpoeuhim, Viability of C.
faleetu m was proved by the production of red rob fn the inoculated cane up unti) Aumist 1932, afler which

Lhe ingeulntlons: were negative. This proved that the red rot fungus mays survive in bagasse for at least
7 moatbs alter caming from the mill.
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both showed penetration of the fungus from the cut ends through the
nodes and into the adjacent internodes. In subsequent experiments
in the laboratory, in which borer-free and red rot-freo cuttings of
P. O. J. 213 and Co. 281 were inoculated as nbove and placed in
moist chambers, the fungus spread through the nodes from the cut
ends and inveded the internodes.

While these experiments proved that red rot infection of seed
cuttings may occur through the cut ends, extensive examination of
seed cane of several commercial varieties In plantation fields over a
period of several vears indicates that this source of infection is of
relatively little practical significance, the other modes of infection
described being of far greater importance. The ends of seed euttings
soon become overgrown with yeasts and other organisms, as pointed
out by Edgerton and Moreland (36), or they ferment, both of which
serve to prevent the growth of the red rot fungas.

SerREAD WITHIN THE STALK

The rate of spread of red rot within the seed cuiting after planting
depends to a considerable extent on the degree of susceptibility of the
sugarcane variety. It is greatly influenced, however, by sotl tem-
perature and moisture, both of which also have an important bearing
on the growth of the cane plant itself. The relation of these and other
environmental conditions to the development of the disease will be
discussed later.

Under favorable conditions, the red rot fungus spreads repidly
through both the vascular bundles and the parenchyma, and all of
the internal tissues of the stalk may be invaded within 2 or 3 months
after planting (sec Pathological Anatomy. p. 85). Dense wefts of
mycelium develop in the pith cavities, and in the advanced stages of
rotting fruetification may occur in these cavities and on the exterior
of the stalik. In the spring, when the cultivation operations begin,
pieces of seed cuttings are frequently left exposed along the rows,
which, together with the trash from the previous season’s growth,
serve as sources of inoculum for the leaves of the new crop. Stubble
rhizomes also serve the same purpose.

SIRUP-PRODECING S3ECTIONS

In the sirup-producing areas, cane is not planted in the {all but
stored for spring planting in piles commonly termed “banks" or
‘theds.” The bedding is done by making low piles of mature stalks
with tops and leaves ndhering, so piaced that the tops of some plants
cover the stalks of others. The beds, which are commonly about 3
feet wide and 2 to 3 feet in height, ave completed by covering the cane
with several inches of soil. In these beds the seed cane may become
infected by red rot through the root buds during the winter (fig. 3),
and to soma extent through the cut ends, the conidia on the adhering
leaves providing an abundant source of inoculum. Becsuse of this,
a variety like Cayana, the leaves of which are very susceptible to the
disense, is subjected to heavier infection in the beds than a variety
like P. O. J. 213, the leaves of which seldom carry more than a trace
of red rot at bedding time,
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PERSISTENCE OF COLLETOTRICHUM FALCATUM IN THE SOIL

The longevity of Colletotrichum falcatum in the soil under field con-
ditions and the role that soil contamination may play in the life
history of the organism has not been extensively investigated. Butler
(28} stated that the fungus can live in the soil or on decaying leaves
in the absence of cane, but the evidence indicated that it could not so
survive for more than 3 to 4 months. Butler and Hafiz Khan (30)
found that the fungus died out rapidly in moist soil, but cultures kept
dry and exposed {0 the air retained their vitality for 5 months.

While 1t seems possible that the fungus may be able to survive for a
considerable time on buried trash in the soil and could presumably
infect seed cane, this source of inocculum would be relutively unim-
portant in the United States in view of the mass inoculum to which
the seed cuttings are subjected as growing cane, and from the adhering
leaves aflter planting.

Attempts fo isolate Colletotrichum falcatum directly from the soil
have failed, both in the present studies and in a previous survey of
the Louisiana soil flora {(8). It could hardly be expected that the
fungus would be obtained by the ordinary methods of plating dilute
snil suspensions, hecause of the relatively small numbers that would
exist In the soil in comparison with the common soil-inhibiting sapro-
phytes, which overgrow the plates. A selective medium favoring
C. faleatum and inhibiting the common saprophytes would be Lelpful.
but such hus not been developed.

Tiie best test of the occurrence of Collefotrichum faleatum in the soil
seemed to be the possibility of obtaining it through the infection of
disense-free cuttings of # very susceptible variety., On several occn-
sions in the present study apparently red rot free, surface-sterilized
cuttings of P. (0. J. 213 were planted in the fall in heavy soil that had
been in cane the previous year. These were examined for red rot
infection the following spring.  Although invaded by species of Fusa-
riwm and other fungi, none of these cuttings showed typieal symptoms
of red rot, nor was it possible to isolate the orennism from the fissues.
These experiments do not justify the conelusion that . faleatum is
unable to persist in the soil from one crop year to another, but together
with the other evidenee presented, they indicate that the soil as a
source of inoculum is relatively unimportant in the life history of the
organism in Louisiana,

DIRECT INFECTION CF SHCOTS FROM DISEASED CUTTINGS

The divergent opinions regarding the infection of growing shoots by
direet m}'ceriul connection with the fungus in diseased cuttings have
tlreudy been reviewed. Because of the importance of this question in
the practienl control of the disease, some attention has been given to
it in the present investigation.

In an earlier publication (/7)) incculation experiments in the field
designed to determine the effect on germination of inoculating seed
cuttings with red rot, were described in detail.  In these experiments,
cuttings of several commercial varieties and promising seedlings were
inoculated in alternate internodes with Culletotrichum folcabom,
planted in the fall, and examined in the following spring to determine
the extent of red rot injury. Observations extending over n period
of years were thus made on the spread of the discase in seed cuttings
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on several sugarcane varieties. Similar observations have been made
of seed cane in commercial fields, with particular attention given to
the very susceptible varieties, P. Q. J. 213 and C. P. 807. Examina-
tions were made by splitting the shoot longitudinally down through
its connection with the seed cutting, Free-hand sections of the
connecting tissues were also made for microscopic examination.,

In no instance was the red rot fungus observed spreading from the
diseased cutting into the shoots arising from the buds thereon,
Sometimes the cuttings were so badly rotted that the shoots would
die before cstablishing their own shoot-root systems, an effect due
indirectly to the discase through the destruction of the source of
nutrients for the young plant, but not to the penetration of the fungus
into the tissues of the shoot. As mentioned above, the presence of
the fungus could not be demonstrated by either macroscopie or micro-
scopic exsmination. In view of the rapidity with which it spreads
through the parenchyma of very susceptible varictics following
infection, it seems improbable that it would be able to develop longi-
tudinally through the vascular bundles from the seed cutting into the
shoot without sufficient penetration of the parenchyma occurring s
to permit ready detection by macroscopic examination. The author's
results confirm those of Edgerton (33) in showing that direct mycelial
connection between the seed cutting and the growing shoot does not
occur in Louisiana, or nt least is so rare as to be of no importance in
initiating stalk infections.

INFLUENCE OF ENVIRONMENTAL CONDITIONS
TEMPERATURE

After the seed cuftings are planted, soil temperatures have an im-
portant bearing on the development of red rot within the stalk.
(‘ontrary to what might be expected from the faet that the optimum
temperature for Culletotrichum faleatum, is relatively high (30° to 32°
(.}, the disease is more destructive to seed cane when soil temperatures
following planting are low rather than when they are high. When
cane is planted during August, for example, soil temperatures in
Louisiuna usually fluctunte hetween 27° and 32° C., which, while
near the optium for (" faleatum, ave sufticiently high to cause quick
germinution of the sugarcane buds and establishment of independent
shoots before red rot hus un opportunity to eause severe injury to the
cane cutting, While this growth activity on the pact of the cane
plant may alse have a retarding effect on the fungus, it is Indirectly
u temperature influence.

Fall-planted seed cane usually suffers more severely from red rot
than that planted in the summer. During the late fall and winter
months, soil temperatures low enough to partly or completely prevent
the growth of sugarcane may not so inhihit the red rot fungus. Since
the optimum for Colletotrichum falcatum is about 3° C. helow that for
cane, it would be expected that red rot would be able to develop more
rapidly than eane at temperatures below the optimum, such as 13° to
20° (", at which temperature the cune remains inactive. Both field
observations and laboratory experiments have shown this to be true.
It was found, for example, In inoculation experiments with controlled
temperatures, that . faleatum would completely rot cuttings of
P.0O.J. 213 held at 20° C. for 4 to 6 weeks, during which time there was
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very little growth activity of the cane as evidenced by swelling of the
buds or sprouting of the roots, in either inoculated or uninoculated
cuttings,

The close correlation that exists between severe red rot epidemics
and winters of low temperature is apparent from an examination of
figure 6, in which the mean soil temperatures st Houma, La., for the
months of December, January, and February for the winters of
1930-31, 1931-32, 1933-34, and 1935-36 are presented graphically.
It will be seen that there were frequent periods during these months
when the mean daily soil temperature fell below 60° F. (15.6° C.).
At this temperature cane cuttings remain dormant or nearly so,
while the red rot fungus is able to develop continuously. The P:::wer
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periods lower than 60° F., contrasted with the curves in &, 1030-31 and 103538,
when red rot damage was severe on susceptible varicties.

limit for the growth of sugarcane is approximately 12° to 14° C. (58},
depending to some extent on the variety, and growth is very low at
20° C. Colletotrichum falcatum grows well at 20° and fairly well at
15° C. The winters of 1930-31 and 1935-36 were severe red rot
ears, and the records show that they were seasons of abnormally
ow temperatures. The winters of 1931-32 and 1933-34, on the
other hand, were mild, and they were likewise seasons of slight red
rot damage to seed eane,

In some seasons, as pointed out by Edgerion and Moreland (36),
the most destructive development of red rot in seed cane does not
occur until the late winter and early spring. Freezing weather in
February or March sometimes kills the above-ground portions of
shoots that have appeared in periods of warm weather during the
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winter, but which have not yet established independent root systems.
Then, as warmer weather follows, the red rot spreads very rapidly
through the seed cuttings, retarding renewed growth of such shoots,
and preventing the germination of many buds, thereby causing
serious reductions in the stands of plant cane. A single freeze may
destroy all the advance the sugarcane plant has been able to make
during the winter, whereas red rot is not so affected. Cold weather
may check the spread of the rot, but does not wipe out the progress

it has already made.
SOIL MOISTURE

The effect of high soil moisture coutent in favoring red rot as a
seed-cane disease has been mentioned frequently in the literature
(22, 27, 44, 67). In Louisiana it is o common observation that red
rot is most severe on the heavy or “black’ lands, which are usually
poorly drained. It is on such soils that the most disastrous failure
of P. 0. J. 213 and the most severe injury to C. P. 807 have occurred.
Such conditions favor the disease through the retarding influence
they have on the normal growth activities of the sugarcane plant, as
well as by the direct favorable effect of high meisture on the fungus.

COMPARATIVE VIRULENCE TESTS OF ISOLATES OF
COLLETGTRICHUM FALCATUM

It was evident from the extensive survey of the red rot flora that
the races of Colletotrichum falcatum present in the United States
were of variable morphology, and the constant association of one or
the other morphological group with certain sugarcane varieties
suggested that differences in virulence might be correlated with
these differences in morphology. Experiments were conducted to
determine possible differences between groups as well as the range
of virulence within groups of the fungus.

LEAF COMPARISONS

Since the disease attacks both leaves and stalks of sugarcane, com-
parisons of the relative virulence of isolates of the fungus might be
made on either. For making such studies on a large scale, compari-
sons of pathogenicity on leaves scemed to offer some udvantages
over stalk comparisons. Leaves would be available for such tests
during a much greater period of the year than stalks, and a large
number of inoculations could be made on leaves with greater economy
of time and space than in stalks because of the bulkiness of the Intter,
the greater time required for meking the inoculations, and the neces-
sity for storing them under controlled temperature conditions during
the period of incubation. For these reasons, the first comparisons
of pathogenicity were made on leaves.

During 1931 several leaf-inoculation tests were conducted with
isolates of both morphological races of the fungus, uvsing the com-
mercial varieties of sugarcane and a number of seedlings as hosts, to
determine which might be most suitable as differential hosts. The
inoculations were made by placing a drop of an aqueous suspension of
conidia of Colletotrichum faleatum near the center of the leaf midrib,
and pricking through this drop four or five times with a sterile insect
pin. Only the young fully unfolded upper leaves were inoculated in
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order to insure uniformity as to size and age of host material. As a
rule, 50 leaves were inoculated with each isolate. Control leaves wers
stimilarly treated, using a drop_of sterile water instead of the spore
suspensten. No infection resulted in the conurcls, - After 10 days
the length of the lesions was measured and recorded.

On most sugarcane varieties, the leaf midrib lesion produced by
Colletotrichum faleatum from a, single point of inoculation is a con-
tinuous one, but ifrequently on a few varieties and occasionally on
most variettes the lesion breaks up into a discontinuous series of red
blotches. Microscopic and sometimes macroscopic examination of
the apparently healthy intervening tissue may reveal the fungus con-
necting the blotches of diseased fissue. Such examination requires
time, but without it one cannot be sure whether tlie separate blotches
have arisen from one or from several points of inoculation, and in
making the measurements of the lesions on the inoculated leaves
there was some question whether the measurement should include
only the continuous lesion or the entire area of discontinuous blotehes,
As mentioned earlier, Atkinson and Edgerton’s (19) work suggests
that these separate blotches arise from conidia earried in the trans-
piration stresan, This proved to be one of the difficulties in obtaining
reliable results with leaf inoeulations.

It soon became apparent slso that any differentintion of parasitic
races that might, be made on the basis of parasitism on leaves would
be very different from those based on parasitism in the stalk, since
there was found to be no relation between the resistance of a variety
to the fungus on the leaves and in the stalk. Tlis may be seen from
an examination of the results of a representative leaf-inoculation test
which was carried out in the greenhouse, presented in table 7. The
leaf lesions on Co. 281, for example, which is highly resistant to the
disease in the stalk, averaged longer than those produced by the same
1solates on the very susceptible varieties P. 0. .. 213, C. P, 807, and
D-74 (except in two instances). The average length for the nine
light-type isolates was significantly greater on Co. 281 than on any
of the susceptible hosts.  In tids respect the results obtained were
contrary to those of Tims and Edgerton (67), who found in their leaf
inoculation experiments thes the rate of spread in leaves of different
varieties agreed quite closely with that in the stalks. The averace
length of the lesions produced on P. 0. J. 234 and Co. 281, for exmnprlle
(vesistant varieties in the stalk), was less than that on C. P. 807 and
P. O.J. 213 (very susceptibie in the stalk). Their results indicated
that there is a relation between resistance or susceptibility in the
stalk and in the leaf,

Both the writer’s experimental results and field observations indi-
cate, however, that in general no such relation exists. Under Held
conditions in Louisinna, P. O. J. 36-M (susceptible) and Co. 281
(resistant) usually show a high percentage of leaf infection by red rot,
while the very susceptible varieties P. O. J. 213, D-74, and Louisiana "
Purple have a low percentage of infection. From observing this
condition in the field one might presume that the leaves of the latter
varieties were more resistant to the disease than those of the former,
The results shown in table 7, however, indieate that this condition is
due to the absence of, or resistance to, infection rather than to actual
resistance of the tissues to the spread of the fungus, since there was
no indication of such resistance when the leaves were artificially
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inoculated. It is possible that the lower incidence of red rot lesions
on the leaf midribs of the susceptible varieties in the field is due to
the fact that they are less atiractive to the insects that usually provide
the means of entrance for Colletoirichum falcatum. As shown in
table 7 there is no evidence of marked resistance to the fungus in the
leaves of any of the varieties tested. From the results of this test,
as well as of others that have been conducted, it appears that leaves
of sugarcane varieties do not exhibit the marked differences in sus-
ceptibility to O. falcatum shown by the stallks. That some varieties
are more susceptible than others, {owevc'r, seems obvious from field
observations in which it has been noted that the lesions on the leaves
of some varieties, such as C. P. 28/19 and Co. 290, are much longer
than those on P. O. J. 213. Lesions extending the full length of the
midrib have never been observed on the latter variety, whereas they
are common on the two former when growing in adjacent fields under
identical environmental conditions (p%u,te 2, A and B).

TaBLeE T—Average length of lestons lpraduced by 1t light-race and 5 dark-race
tsolates of Colletotrichum faleatum on leaf midribs of several varieties of sugarcane

[10 days’ incubation; means of &) replications]
LIGHT-RACE ISQOLATESR

Mean length of midrib lestons
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The figures in table 7 indicate that the dark-race isolates are less
virulent on leaves of the sugarcane varieties tested than the light
races, This is worthy of note in view of the similar results obtained
in the stalk inoculation tests which are described on p. 50.

Even though parasitic races of Colletotrichum falcatum might be
differentiated on the basis of their parasitism on leaves of a series of
differential hosts, it soon became apparent that the races so dif-
ferentiated might be very different from those differentiated on the

99425° — 38—
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basis of parasitism in the stalks, and would thus bear no relation to
the frilure of sugarcane varieties due to red rot. The leaf inocula-
tions wera therefore discontinued. Furthermore, as pointed out b
Tims and Edgerton {67}, the great variation between the length
of lesion on difterent leaves of the same variety tend to make the leaf
inoculations less reliable than those in the stalks, from which more
uniform results can be obtained. The leaf inoculations, however,
brought out two points: (1) That although consisient differences are
seen in nature, there is less marked difference in resistance or sus-
ceptibility to red rot in the leaves from artificial inoculation of different
sugareane varieties such as is exhibited by the stalks, none having
been found that could be classed as resistant; and {2), they gave the
first indication of differences in virulence between the light and dark
morphological races of the fnogus.

STALK COMPARISONS

The comparisons of the relative virulence of isolates of Colletotrickum
falcatum in the stalks were made by inoculating mature stalks with
the various isolates of the fungus, incubating them for & certain period,
and then measuring the spread of the fungus laterally and longitu-
dinally within the stalk.

HOST VARIETIES

Several preliminary experiments were conducted to determine
which varieties would be most suitable for such comparisons. These
included the very susceptible Louisiana Purple, D-74, P. O. J. 213,
and C. P. 807, the susceptible P. O. J, 36-M, and the resistant Co.

281 and P. O. J. 234. Among the suseeptible canes, the Purple and
D-74 proved unsuitable not only because of heavy borer infestation
and the high percentage of natural infection by Colletolrichum falca-
tum, but also because their large stalk diameter and consequent bulk
made them inconvenient to handle in large quantities. Q. P. 807
had the disadvantage of a very hard rind, which made 1t difficult to
punch the holes rapidly for making the artificial inoculations. Because
of relatively low borer infestation and resistance to reot ring infection
by C. felcatum, however, the stalks usually show relatively little
natural infection.

P. Q. J. 213 was finally selected as the most suitable among the
susceptible hosts because of the relative softness of the rind, long
internodes, which permitted the fungus considerable spread hefore
being retarded by the nodes, and the small diameter, which permitted
economy of storage space. In the sugar district of southern Louisiana,
however, P. O. J. 213 usually suffers heavily from borer infestaiion,
and even when not bored may show constderable natural infection
by red rot through the root rings. To obtain suitable materinl for
the inoculations, therefore, it was necessary to go to north-central
Louisiann, where both the borer and red rot are not important, and
where eane could be obtained in large quantities that could be rendered
relatively free of natural infection by surface disinfection. (fo. 281
was chosen as the most suitable resistant host.
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CHOICE OF I[SOLATES

The number of isolates used in any one test was necessarily limited
to about 50 by the space available for storing the inoculated cuttings,
ns well as by the supply of red rot-free cuttings which could be ob-
tained conveniently at one time for such tests.  This meant the com-
parison of relatively small samples of the red rot populations from
any one host variety or locality.  Since there wus no way of knowing
which isolates were most representative of the populations in nature,
the choice of cultures for the tests was made ut random. This was
done by placing in baskets the total number of culture tubes from the
varieties or localities to be compured, and then taking them out at
random untif the number to be used in the test had been obtained.
Where 1t was desired to include certain individual eultures in the tests,
the reason for their choice is expliined in the discussion of the tests
in which they were used. The results would doubtless be more reli-
able af larger sanples of the populutions could have been compared,
but in view of the fairly liberal sumpling of the fields studied, their
widespread geographic distribution, and the random selection of
1solates from the total nuriber obtained, it is believed that the isolates
included in the tests un- reasonably representative of the red rot
pouletion as it occurs in nature,

METHOD OF INOCULATION

The stalks of cane were prepared for the tests by removing the
sheaths and tops, cuiting into 4-foot lengths, washing, and im-
mersing 1n a solution of formaldehyde, 1:240, for 2 hours, to eliminate

contdia: of Colletoteichum fuleatum that might be adhering to the
surface.  When dry, holes were punched in the center of two inter-
nodes of ecach cutting, leaving at leust one and, where possible, two
internodes between those punched. A specinlly devised punch similar
to a _cork borer with an opening 2.5 mm in diameter was used.

With a sterile instrument a piece of a 13- to 20-day-old culture of
the Colletotrickum on outmeal agar was inserted into these holes.  The
tnoculated cuttings were tied in bundles of 10 each and incubated for
20 to 30 days al 20° to 25° (', after which they were split lengthwise
and the spread of red rot mensured.  The results were expressed as
the “index of virulence,” which was obtained by multiplying the ratio
of lesion width to stalk diumeter by the ratio of lesionllength to inter-
node length.

COMPARATIVE VIRULESNCE ON A SUSCEPTIBLE HOST, . O 1. 213
Test F

The purpuse of tess F was to compare the virulence of the light and
dark rices of Collelotrichum fuleatum on the very susceptible variety
F. 0. J. 213, in order to determine whether there was a correlation
between virulence #nd the morphological characters differentinting
the two cultursl races. Evidence of such a correlution, i. e., high
virulence with light coler of mycelium, would offer support to the
Liypothesis that the failure of this variety in Louisiana resulted from a
change in the dominant red rot flora in the State, from the dark to the
light races, coincident with its widespread commercial utilization. In
addition, the inclusion of groups of light-race isolates front P. 0. J. 213
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and other varielies offered an opportunity to compare the virulence
of the various groups, to determine whether there was evidence of
parasitic specializafion of the P. O. J. 213 isolates on that variety.
Fifty-five isolatc+ were used in this test, as follows: 8 from P. O. J.
213, representing ¢ localities; and 7 from Co. 281, representing 3
localities, in the 3 geographic areas of the sugar district; 8 from P. Q. J.
36-M, representing 2 localities In the northern parishes where this
variety was extensively grown; 9 from D-74, from 2 localities in Terre-
bonne Parish; and 9 from miscellaneous variefies, representing 4
localities in the 3 geographie subdivisions of the sugar distriet. Of
the 14 dark-race isolates used, 8 were from Louisiana, representing 4
localities; and 6 were from Georgia, representing 3 localities in the
southern part of that State.
The results, which are the means of 16 readings for each isolate,
appear in table 8 and the frequency distribution according to viru-
15 .
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Ficuae 7T.—Frequency distribution of 53 isolates representing both light and
dark rmorphological groups of Chlleloirichum falcaium arranged according to
the mean virulence index on P. 0. 4. 213. (Dark-race isolates in holdface type.)

Jence classes in figure 7. In the figure, the culture numbers of the
dark-colored isolates appear in boldface type to distinguish them
frem the light ones.

It may be seen from table 8 and the frequency distribution that, con-
sidered s groups, the light-race isolates from Louisiana (group A)
were 57.1 percent more virulent on P. 9. J. 213 than the dark ones
from Louisiana {(group B), and 67.2 percent more virulent than the
dark ones from Georgia (group C), differences which are highly sig-
nificant. These results, which indicate that dark color of mycelium
and low virulence in Colletotrichum falcatum are correlated characters,
attach added importance to the survey of the red rot flora, which
showed that the light-race isolates were responsible for the failure of
P. O. J. 213 in Louisiana; and when considered in the light of the
fact that the dark cultural race is dominant in Georgia indicate that
the absence of red rot injury to the variety there prier to 1938 may
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have been due to the absence of the more virulent light races which
caused its failure in Louisiana.

TanLe 8—Avperage virnlence indes on P. Q. J, 213 of groups of lighi-race isolutes of
Colletatrichum feleatum frem different varieties in Lowisitna compuared with 3
dark-race iyolales from Lewisiane and & from Genrgia {Lest F
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TaBLE B.—leerage virnience index on P. 0. J. 213 of groups of light-race isolates of
Colletolrichwm falvatum from different varielies in Lonwisicne compured with 8
dark-race isolates from Louisiona and € from Qeorgia (test F)—Continued
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The eight cultures from P. O. J. 213 (subgroup A-1) proved to be
swmﬁcant]y more virulent than those from the other varieties, with
the exception of the group from P. O. J. 36-M (A-2}). The high
average Index for the% tter group was due to the exceptionally high
reading for the culture L—70. The highly significant differences
hetween the isolates from P. Q. J. 213 and those from Co. 281, D-74,
and the miscellaneous varisties (and for those from P. O. J. 36-M
without I—70) may be interpreted as evidence of parasitic specializa-
tion of the former group on that variety. More conclusive evidence
might have been O%tamed if & much larger number of isolates from
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P.0.J. 213 and the other varieties had been tested. Such might have
been revealed also if cultures of the fungus from the period prior to the
widespread expansion of P. O..J. 213 had been available. It is possible
that at the time these cultures were obtained, the multiplication of the
race or races causing the fatlure of P. O. J. 213 on this variety, and
subsequent dissemination to other commercial varieties, had resulted
in the dominance of these races on other varieties. Consequently, at
least.some of the isolates

obtained from the varie- E
ties other than P. O. J. :
213 may have originated
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£ . ;

Georgin, and Mississippi; and 7 light-type isolates from Florida,
Georgia, Mississippi, and Louisiani, which were included in order to
compare the 2 cultural races. Tie results appear in table 9 and
figure 8.

Itis npgnn.'entr from these results that the dark-race isolates exhibited
a range of virulence similar to that shown by the light-type isolates in
test F. Those {rom Louisiana (group A) were significantly more
virulent (18.6 percent) than those from the sirup-procucing States
(group B), and both groups were less virulent than the single Louisi-
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ana light-type culture, 71, included in the test. This isolate, which
in test F was intermediate in virulence among the light types, proved
in test J to be 22 percent more virulent than the Lowsiana dark types
and 50 percent greater than those from the sirup-producing States,
For the Louisiana isolates, the relationship between the two cultural
races with respect to virulence is thus seen to be the same as that in
test F. For the sirup-producing States, the isolates of the two
culturgl races were approximsately equal in virulence.

TasLe O.—-Adverage virnlence index on P. 0. J. 213 of a group of dark-race iseiqles
and one lighi-race isolate from Louisiana compared with groups of light- and
dark-race isolates from the sirup pruducing Stales (fest 1)
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TasLE .— Aperage virulence index an P. Q. J. 213 of a group of dark-race isolates
and one lighl-race isolale from Louisiana compured with groups of lighi- and
dark-race {solaies from the sirup-producing States (test J)—Continued
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Within group B (sirup-producing States dark types) the isolates
from P, O. J. 213 and Cayana were approximately equal in virulence,
while the isolate I-71, w hich in test ¥ was found to be intermediate
in virulence among the Louisiana light types, proved in this test to be
50 percent more Yirulent than the isolates of group B, Assuming
that 1~71 is representative of the Louisiana light-race flora (and
numersous inoculation tests have indiented that it is}, and that the
isclates of group B are representative of the red rot population of the
sirup-producing States, the results suggest that a parbial explanation
lor the absence of red rot injury to 1. O, J. 213 in those States prior to
1938 lies Int the lower virulence toward it of the races of Colletotrichum
Jaleatum predominant there.

Tegr M

The object of test M was to compare the virulence of isolates of
Colletotrichumn faleatum from Louisiana and the sirup-producing States
with resnect to their ability to infeet P. O, J. 213 through the root
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primordin. It was felt that since root ring infection of this variety
18 rare in the sirup-producing States, the information gained from
such a test might aid in exphiining its frecdom from red rot injurey
for many yeurs in that region.

METHOR OF INQUULATION

Twelve isolates were used 1 the test ns follows: Two light-race iso-
lates from Louisiana; three light-race isolates from Georgla; and seven
dark-race isolates from (eorgia, Alabama, and Florida.  Cuttings of
P O J. 213 were obtained from Cairo, Ga. They werestripped clean of
trash in the field, cut into about 3-foot lengths, and treated with hot
witter at 50° to 32° (. for 20 minutes belore being transported to
Houma, l.a. It scemod that the complete freedom from borer injury
and the lizht infection of red rot on the leaves in the field should
render them fairly free of natural red rot infection.

On arrival 21t Houwma they were divided into 13 lots of 20 cuttings
ench, and over the nodes of each lob was smeared an catmesnl-agar
culture of one of the isolates of Colletotrichum faleatum. One lot was
left without noculation as a control.  Each lot of cuttings was then
covered with molist, steamed =oil In a flut, 3% feet long and § inches
deep, and placed under a shed outdovors.  About 3 inches of fresh saw-
dust was placed under the flats and a covering of about 6 inches was
phaced over the top for the purpose of preventing contamination {rom
the outside, to provide insulation against rapid Hfuctuations of temper-
ature, and to prevent drving out.  The temperature in one of the flats
was recorded by means of a soil thermograph. The temperature was
60° F. at the bezinning of the experiment on December 15, 1936, and
remained between 60° and 70° until Junuary ). Trom that date
until February 3 it varied between 79° and 80°, and then declined to
between 58° and 62° for the remainder of the experiment. The
cuttings were inoculated on December 15, 1936, and left undisturbed
until AMarch 14, 1937, when they were taken up, split lengthwise, and
examined for red rot infeetion.  From each node that showed indica-
tions of red rot infection n plece of tissue was cultured in ncidified oat-
meal agar.

Relative infection of P, O, J. 213 through the root primordin by
various isolates of Callettrichum folealum [rom ingeulum smesred
over the nodes after 2 months’ incubation ranging from 60°-80° F.
(al;fpmximnteiy 60 nodes inoculated with cach isolate) 1s shown as
follows:

Isolate number: Nusber af noded 1nfected
light tvpes from Lowisiana: s (olletotrichun rersofated ;
L-71 A o 12
1.-143 . I . L 1
Light fvpes from Georgia:
'_l 'l .
(i-161 A,
G-164 . N L. . .
Dark types from Alabama, Georgia, and Florida:
G101 . : e
G-167 e mm e e
G-¥6R. L ...
G170 el
G-173.
A=
F-23 .

WML DD~
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RESTLTS

It will be noted that Collefotrichum falcatum was recovered from
cuttings inoculated with five of the isolates, two of them dark types
from Geor gin, one light type from Georgia, and the two Hght types
from Louisiana. This indicated that under the conditions of the
experiment, in which the cuttings were given rather extreme Lrentment
with respect to inoculation and favorable conditions for infection,
certain isolates of holh morphological races of the fungus were ca-
pable of infecting P. Q.. 213 through the root buds. But of particular
significance was the fact that the Louisiana light-type isolsze L~71
produced infection in 12 nodes, compared with 2 cases of infeetion
with the Georgia dark type G-167 and 3 cases with G-173. Four
nodes were infected by 103, another light type from Il.ouisiana.
Cousiderable spread of the fungus through the stalks had resulted with
L~ 71, while little spread had occurred with the other isolntes.  While
the results of this experiment cannot he taken as conelusive proof,
they indicate that . Q. J. 213 1s more susceptible to nodal infection
by certein Louisiana light types (s represented by I—-71) than to the
dark types of the sirup-producing States.

COMPARATIVE VIRULENCE ON A RESISTANT HOST. €O, 281
Tesr K

Tests similar to F and J were conducted with (o, 281 a5 the host to
determine whether the same velationship between the light and dark
raeces as found in those tests would oceur on n resistant variety.  This
proved to be the case.  OF the severn! such tests earried out on Co.
231, test K, conducted in 1935, is presented to illustrate this differ-
ence, a3 well as to afford an opportunity of compuring the relative
virulenee of the dark rares, which the survey showed were rapidly
increasing at that time in Levisiona.  As already pointed out, the
survey had indieated that the predominance of the dark races on
(o, 251 leaf lesicns was one factor i the inereasing population of this
group in the State, and it seemed important to etermine whether
any forms virulent in stalks of Co. 281 were represented in this inerens-
ing population.

Twenty-seven light-raee and 42 dark-race isolnles were used i the
test.  Of the light raves, 12 were from Louislana.  Five of these wore
from Co, 281, each representing a different loenlify in the northern
and southeastern parishes.  One of these isolates, L3171, was abtained
rom severely rotted =eed cane of Co. 280 at Hounn, La., and was
ineluded beeause several preliminary tests had indieated that it pos-
sessed o high degree of virulence toward 1hat variety. Seven of the
light races were from miscellaneous commereinl vurieties, three from
the northern parishes, und two from each of the other geoeraphic
areas of the sugar distriet.  Of the 15 light races from Florida, Georyia,
and Mississippi (gr oup B}, 6 were from 2 loenlitios in southern F lorida,
3 from 2 localities in Goeorgin, and 6 from 3 loealities in southern and
central Mississippi.

Of the 42 dark-race isolates, the 12 from Co. 251 represented S
localities in the 2 geographic subdivisions of the State; the 8 from
C'. P, 807 represented 4 loealities where severe red rot injury had been
suffered by this variety; aml the 10 Holates from the miscellaneous
varietica represented 5 loealities in the western and southeaatern
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parishes. The dark races from the sirup-producing States represented
two localities in Alabama, four in Georgia, three in Mississippi, and
one in Texas. Thus, it scemed that the distribution of the isolates
of both morphological races used in the test, with respect to host
variety and geographic localities, was such as to insure g fairly repre-
sentative sampling of the red rot populution. The results of the test
are presented in tanle 10 and figure §.

The distribution of light- and dark-race Isolates with Tespect to
virulence {fig. 9} is similar to that in test F.  As would be expected
on g resistant host, however, there wus a sharper demareation be-
tween those of high and low virulence, the isolates of relatively low
virulence having a median considerably to theleft of that of the forner
test. There was also a tendency for the light-rnce isolates from
southern Flerida and several from the sirup-producing States to fall
with the dark ones from these States.

The mean virulence index of the five Co. 281 light-race isolates(sub-
group A-1} was significantly greater than that for those from other
varieties {subgroup A-2), but this difference was due entirely to the
high reading fov L-31. The remaining Co. 281 isolates tested {sub-
group A-1) were of about the same virulence as those from the other
varieties.
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Figure 9.—Frequency distribution of groups of dark- and light-race isolates of
Colletairichum  falealum from different varieties and geographic localities,
arranged according to their index of virulence on the resistant variety Co, 281

(test K). .
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TaBLE 10.—Average virulence index on the resistant Co. 281 varicly of groups of
light- and dark-race isolates of Colletotrichum faleatum from different varieties
and Stales compared with a represeniative light-race group frem Lowisiana (test K

Virulence index of each isolats based on messtrerments of lestons In 40 inocuinted stalks after 30 dnys’ iopu-

bation st 200222 C.]
A Sonree Vir- § Group
Group aud isolate No. tenca | oiffer-
fnidex o
Varioty Pigntation or Yecolity fnce
‘ i
Gronp A: X !Pmmr
LighL-race isolates from Louisiana: - ]
Subgronp A-1:
L-3 134
[y ti]
.07
L
108
115
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.| Camperdown__. 1,20
Washington_...._________. 1.0t
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. |
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TABLE 10.—dAverage virulence tndex on the resistant Co. 281 variely of groups of
light- and dark-race isolates of Colletotrichum falcatum from differeni varieties
and States compared with a representative light-race group from Louisiana (lest
K)y—Continued.

Source Yiru- | Group
Croup aod isolate No. lence | dilTer-

index | onee

Varisty Pluntallon or localily

Croup C—Continued. ) Pereant
Durk-race isglates from Louisi-
ana—Continued.

Hollywood.....______.....
| Raceland __ .
Greenwood __. _.
da.
_____ do________._
..... do_ ..
_____ do ..
Albania_ e
Mean of B isalates | | e e .63
Subzroup C-3:
L-202.. .
1-305. ..
L3068
L-307
L-309. .
1-313
L-317

134,
1~320...

Menn of 10 isolates. _______

Weighted mean, group C_. .

Percent less virulent than | oo _____ | e —— —eam——— 3nl
ETOUPR A.
Percent renuired for P=0.01__| ... croreecrec e o |macemmcem— e e n I LR
Croup D:
Dark-race Isplates [rom Alabama,
Georgin, Missizsippi, and
Texas:
Dothan, Ala. ________...._ Tl
.| Luvernes, Al ____ 76
10 miles south of Caira, Ga E
tCalrg, G0 36
Y — L1 1 T ]
N Ao e BT
Bainbridge, Ga__.......... <)
Near Calro, 8o oo 2]
Poplarville, Mis_ ... BT
.| South Poplarville, Miss. .. 64
10 miles north of Lavrel, LT
Miss.
Silsbee, TEXe e oo occeae o .67
Menn of 12 isolates
Percent less virutent than . __________._. 8.1
Froup A.
Percent requlred for P=0.00 e I 1.8

Among the Louisiana dark-race isolates (group C), the 12 from Co.
281 and the § from C. P. 807 were approximately equal to those from
the other varieties. ‘The general mean index for the dark-race isolates
from Louisiana was approximately the same as that for those from the
sirup-producing States, which contrasts with the significant differences
obtained in test J conducted on the very susceptible P. Q. J. 213
variety.

The test brings out strikingly the high virulence of the culture I.-31
on Co. 281. This is illustrated in plate 8, where the extensive rotting
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by L-31 is contrasted with the milder infections produced by repre-
sentatives typifying the different geographic collections of the fungus.
The mean virulence index of this isolate was 28 percent greater than
that of the next most virulent one studied (I.-103), and 34 percent
greater than the general mean of the other light types inchuded in the
test. On 1. O, J. 213 (test ¥}, on the other hand, it fell only at the
midpoint in the virulence seale, which in conjunction with the above
suggests thatitis differentially adapted to Co.281.

The discovery of an iselate highly virulent toward Co. 281 is nat-
urally of great potential economic significance and also of particular
interest in view of an carlier statement by Edgerton (as quoted in
the Sugar Bulletin (3)) that “Co. 281 is perhaps the most susceptible
variety thus far tested.” This would indicate that he also was work-
ing with an isolate very virulent on this generully resistant variety.
If Co. 281 were to be tested only agninst the isolate 131, it probab y
would be classed us a susceptible variety, That 1-31 and the isolate
tested by Hdgerton sre chance variants of the general population and
not representatives of & possibly specialized subgroup on the ordinarily
resistant Co. 281 would appear probable for the reason that no other
isolate from stalks of Co. 281 exhibited the same high virulence, a
result which has been obtained in all tests involving & total of 38
light-race isolates from stalks of Clu. 281 frem widely scattered sec-
tions of the Sugar Belt that were compared with L-31 on the Co. 281
variety. Therefore, if any extensive specialization of the fungus on
tiis indispensuble sand generally resistunt variety has been taking
place, 1t is inconceivable that more of sueh variants would not have
been found among the foirly widespread collections from the variety.

The reaults of this test conlirm those of tests I and J in showing
that relatively high virulence on the particulwr varieties tested and
light color of mnycelium of Culletotrichum filcatum in culture are corre-
lated characters. In tests I and J, on a susceptible host, this con-
clusion was limited to the Louistana red rot florn, but in test K, on
& resistant host, the relationship held for the culturcs tested from
both geographic areas, with the [ight types from the sirup-producing
States (group B) occupying an intermeciate position with respect to
virulence between the light ones from Louisiana (group A) and the
dark types from Louisiana and the sirup-producing States (groups C
and D). It is not implied, however, that the above relationships
woukl necessarily hold were the tests conducted on still other genet-
ically different suseeptible amd resistant hosts.

GCOMPARATIVE YIRULENCE OF DARK-RACE ISOLATES ON C. P. 807
Trar L

As noted in the discussion of the red rot survey (p. 21), the dark
cultural races of Culletotrichum faleatum appeared to have a special
aflinity for C, P. 807. Eighty-seven percent of the isolates obtained
from this variety during the years 1934-36 were dark types in spite
of abundant exposure of the variety to light types. The dark types,
furthermore, were isolated exclusively in areas where red rot injury
was severe, while light types were obtained at tie same time from
other varicties in the same locality., Y¥rom these facts it seemed
apparent that the durk types were responsible for the decline of this
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Relative virvlence of selected isolates of Colletolriciu Juleatum on the resistant
varicty Co. 281 in incenlation test . The highly viralent lighit-race isolate
- 31 is contrasted with fonr tvpical lisht-race imolates froms Mississippi (M-26),
Florida, (-1}, Georgiz (G-107), and Lonisiang (L-71), and one dark-race
isolate (L-277; from d.ouisiana,
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variety, n situation similar to the assoclation of the hight types with
the failure of P. Q. J. 213. It remained to be determined, however,
whether the dark isolates obtained from C. P. 807 represented & spe-
cialized parasitic race within the morphological group, or whether
there was merely & preference of all dark types for the variety. Test
L, in which 23 darl-type isolates from C. . 807 were compared with
18 from other commercial varieties (principally Co. 281, Co. 290, and
C. P. 28/19}, was planned to throw light on this point.

The 23 cultures from C. P. 807 were obtained it 1935 and 1938
from five plantations in the southeastern parishes and frum one each
in the northiern and western parishes. Those from the scutheastern
parishes were obtained from fields where marked reductions in germi-
nation or stand fallures had occurred. Less severe injury to the
variety resulted in the northern and western parishes. The 18 cultures
from the other commercial varietics represented 6 plantations in the
sautheastern, 2 in the northern, and 3 in the western parishes. Eight
of the isolates were from C. P. 28/19, six from Co. 281, two from Co.
280, and two from P. O. J. 36-M. | The results are presented in table
11 and figure 10,

Tanne U.—dverage virddence lndes on U P 807 of growps of durk-race isolutes of
Colletolrichnm faleatwm from that varicty in diferent yeographic areas of Louisiona
contpared wilh gronps from other varieties from the same areas (est L)

{Viruience fedex of ench isnlnte based on measaresienis of 25 Jasions in inocttinted stalks after 21 deys’ ineo-
bation at 22° te 247 (7]
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TasLE 11, —Average virulence tndex on C. P. 807 of groups of dark-race isolaies of
Colletotrichum falcatum from that variety in different geographic areus of Lovisiana
compared with groups from other varielies from the same areas (fest L)—Continued

FROM OTHER COMMERCIAL VARIETIES (QROUF B)

. . Virulence Qrog
Vo, EHLT lattl at d 7
Group and isolate No Hrriree (1l an) index difereie
From southeastern parishes (subgroup B-1): Pereent
L-312
T.6
8.3
Pereent = groun A2 L. e s e e a2t
Group B, weighted mean. .. e i ________________________ 1.39
5
L-3ig
GRQUP 8
L-325 | L-287 | (Feow oriex vamecrisa}
L-377 | L2931
L-33 L-384 | L-350 | L-270 | L-363 | L-273
- 4 L-346 | L=267 | L3231 |L-374 |L-28% [L-375 |L-376
i
3
Zio
=
S GROUP &
w { FRoM LR80T}
W
=
o<
-
o
s
1-277
H]
L-279 | L-278
L-282 | L-348
L-368 | i-349 [1-284 | L-2358 L-154
L-283 | L-370 | L-269 | L-326 | L-3435 L-324
L-382 | L4903 | L-402 | L-398 | L-401 | L-359 | L-337
e —— — e e—
7083 90-1.08 110-1.29 L30-L4R 1,30+) 89 L7GU-109 190-2.09

INDEX OF VIRULENGE (CLASSES)

Fiaunre !0.—Frequency distribution according to virulenee of 41 dark-race isu-
lates of Colleloirichum fulcatum on C. P. 807 (test L3,

The mean virulence index for the 23 isolates from C. P. 807 (1.39)
wus the sume as that for the 18 isolates from the other varieties, and
ﬁ?ure 10 reveals a rather even distribution, with respect to virulence,
of the C. P. 807 isolates among the general population tested. The
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Tvpieal virwlenee of representative izolaties of Collddotricham faleatin indicating
spocialization of Uhe fungos on the vers suseeptible variety O PO AT, Left to
rizht: L34, representative of a dark-race population framn fields of the variety
showing practicad stand failire: I~ 336 and 1. 277, dark-race isolates from fields
of P28 19 and 0. [ 807, respectively, which showed no extensive fujuary;
wed 171, tvpieal of the Lonisinna Hght-race Qora,
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| 2 3 4

Differing degrees of susceptibility of sugarcane varielies to red rot used for tlussi-
fying conveniently new secedlings tested by the laboratory method. Left to
right: L, Class 1 (resistant), inoculated intérnode only partially roited; 2, class
2 (moderately resistant), inoculated internode rottod but not spreading through
the node; 3, eluss 3 (susceptible), spreading through the nodes; 4, class 4 (very

susceptible), practically entire stalh rotted.
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frct that there is no piling up of the C. 7. 807 forms at the upper end
of the virulence seale indicates that these isolates as & group do not
constitute a speciulized parasitic race. One might assume that the
dark isolates from the other varieties would have caused equal injury
to C. P. 807 had they come in contact with is.

When all of the isolates in the test are grouped aceording to the
geographic sections of Louisiana from which they were obtained, the
average vitulence index for the 30 cultures from the southeastern
parishes (1.40) (subgroups A-1 and B 1) is not significantly greater
than that for the 11 cultures from the northern and western parishes
(1.38) (subgroups A 2and B-2). For the entive morphological group,
therefore, there wus no correlation between virulence and the geo-
graphic distribution of the isolates. But when only the C. P. 8§07
1s0lutes are considered, such a relationship is indieated. The average
virulence index (1.44) for the 19 isolates from the southenstern
parishes (subgroup A-1), most of which were obtained from fields
where red rot injury to O, P. 807 was severe, was significantly greater
(28.6 percent) than the index (1.12) for the four isolates from the
northern and western parishes (subgroup A- 2), where the disease was
less important on this variety. The striking contrast in appearance
of Inoculated stalks infected with representatives of these two sub-
groups 1s shown in pinte 9.

The greater red rot injury under field conditions in the southeastern
parishes might be explained by the more favorable environmental
conditions for the disease prevailing there; 1. ¢. heavier soils with poorer
dratnage as compared with the lighter soils of the northern and western
parishes, but the differences in virulence between the isolates from
the two arcas when they were tested under identical controlled con-
ditions could nol be so expiained. The evidence is conclusive thut
the dark eultural race isolntes as a group were associnted with the
red rot injury to (. T, 807, and this test sugezests that the more severe
damage in certain areas may have been accentuated by specinlized
parasitic races within the morphological group. This situation is
similar to that in test F for the light cultural races of Colletotrichum
felcatum in relation to the faiture of P. Q. J. 213,

DISCLUSSION

The datu from the virnlence-comparison tests definitely establish
the fact that isolates of Colletolrichum fuleatum differ in virulence as
measured by their rate of spread in both a resistant and a susceptible
host, confirming the author’s previous preliminary evidence in this
respect (/). To a certain degree these differences on all varieties
thus fur tested wre associnted with differing morphological characters,
the isolates of the light cultursl race, in general, being more virulent
than those of the dark. This is particularly true of the Louisinna
lora.  There was evidence also that certnin groups of both light and
dark-race isolates show a degree of physiologic speciatization. This
was true with respect to the light-race isolates from P. O..J, 213
test IV, the dark-race isolates from (. P 807 in test 1, and the single
light-ruce isolate L 31 in test K. The differences between the isolates
or groups of isolates in these tests were hused on their rate of spread
within the host tissues, and do not represent the high degree of
specialization demonstrated in the rust fungi, in which the differentia-
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tion of physiologic forms is based in part on immunity of certain
hosts toward certain parasitic races of the fungus. )

The resulis are somewhat contradictory to the findings of Tims
and Edgerton (67, p. 43, who state:

While those slrains have varied in their ability to produce spores and in the
type of growth, consistent physiological differences have not been noted. In
inorulntion cxperiments using resistant and susceptible varieties, consideruble

variations have heen noticed which suggest a degree of gpecinlization hut striking
exampies of this have not heen demonstrated.

HRELATION 0F SPECIALIZED Races oF COLLETOTHICHTM FALCATUM TO THE
TaiLere aoF P00 ), 213

One of the primary objects of the investigution was to determine
the cause of the sudden decline of P. 0. 4. 213, a variety that had been
consiclered highly resistant to red rot when released.  So far as the
Louistana industey is concerned a discussion of its failure is now largely
acncdemic.  Nevertheless, the variety 13 annually assuming increasing
importance in the sirup-producing arcas of the Southesstern States,
where prior to 1938 it had shown ne moere indication of declining from
red Tob than it did in the early vears of its cultivation in Louisinna,
andd an understanding of the cause of its failure in one area should be
of value in preventing similer losses to the industry in another section.
Furthermore, such informaden would be of great importuance in
wedicting the performance of new secdling canes prior to their re-
10:1.»‘,0, thereby ohvinting the serious losses sustained by the industry
when an important variety fails. If sugarcane growers are to be
freed of the constant threat of the fuilure of any one of the com-
mereial variclies on which the industry depends, from causes that
can neither be predicted nor controlled, it is of vital impertance to
them that the Miilures which have oceurred in the past should bhe
explained.

In view ol the abwenee of cultnres of Coiletatrickum faleatim from
the period prior to the release of 17, 0.4 233, when Louisin Purple
and 13 74 were the prineipal commeraal varieties of Louisiana, or
fromi the perisd of its suceessful commereisl eultivation (1926 201,
(o compare with those oblained since 1934, it is impossible to prove
definitely that the sudden deeline of the variely was due 1o a change
in {he predominating red rot flora. The data presented i this bui-
lotin, however, olfer cireumstantinl evidenee that sueh was the ease.
Such a conelusion is supported by the follawing facts:

(1) The dominance of the light cuitural race of Collctolrichum
Jufertum Trom 1034 37 on Po O 283, when in many eases 16 wos
mare abundantly exposed to the dark cultural race, which hud multi-
Phied on other varieties in surronnding fiekls.  This suggests a definite
aflinity of the former for (his varicty.

(2} Proof that these light-race isolntes as & group are relatively
more virulent on PoOUJ. 213 than the dark-race solates.

(3) The suceessful cultivation of the varicty with no indieation of
red rot injury, at least until 1935, in the sirup-producing States, where
it had been exposed to the dark race to the practieal exclusion of the
light. That this apparent resistunce is not due te escape from ex-
posure to the fungus, because of the absence of the moth borer, may




RED ROT OF SUGARCANE 69

be judged from the fuct that borer-free P. O. J. 213 cane banked in
Louisinna is invariably severely rotted as the result of penetration by
Louisiana forms of the fungus through the root primordia and into
the internodes; and that it 1s not due to differences in soil, climate,
and other environmental factors between Louisiana and the girup
States that might have an influence on red rof may be assumed, since
such differences have not operated to prevent severe red rot njury
to Cayana and Louvisiana Purple in the situp aress.

(4} Red rot inoculation tests with 1. O. J, 213 [rom gl parts of the
cane-growing arens of the South, from dillerent soil types, and witl
different fertilizer treatment, which hiave shown that under controlled
taboratory conditions the inherent susceptibility of the viariety is a
constant character.

In addition to these established ficts yelative to P. Q. J. 213 is the
evidence indicating the association of certain groups of isolates of
Colletotrichum faleatum with C. P. 807, making more plausible the
explanation of the fuilure of P, (). J. 213 on tho basis of specialized
races of the fungus.

VARIETAL RESISTANCE AND SUSCEPTIBILITY

In the Department’s coordinated sugareanc-hreeding und disease-
“testing program obtaining varieties resistant to red rot is a major
objective, and constitutes a basis for initial seedling selection.  For,
unless varieties are selected that possess some dogree of resistance
to the disense, they would he dangerous to recommend to growers.
The surprising rarity of satisfactory resistance necessitates this
emphasis on red rot resistance, which, as pointed out later under the
discussion of the control of red rot, must he the main dependence in
the prevention ol serious nnnunl losses or the periodie outbreak of
epidemics, .

In order that the resistance or susceptibility of the thousands of
seedlings produced at the Canal Point station each vear may be
deterinined before they nre selected and subjected to further ngronomie,
pathological, physiclogieal, und ehemienl studies, it has been necessary
to devise methods of testing them for their reaction to red rot as well
ns to other diseases.  With respect to noswic resistance, whigh is
also 0 major consilerntion in the initinl seelling zeloction work,
mlormation may ususlly be obtained from the results of inoculations
in the field the first year.  With root rot (54) and red rot, however,
as mentioned earlier In this bulletin (p. 45), the influence of weather
and soil conditions on the severity of the disenses in the field is such
that s susceptible variety may eseape serions injury in same years
and thus appear to be resistant.  This is particulurly true with respect
to germination injury to seed eane.  Depending solely on field ob-
servietions, therefore, would frequently require several vears before the
renction of n variety to red rot could be evaluated correetly.  Furtlier-
more, it is physieally impossible to test adequately any lurge number
of seedlings in the field in any one year.  Consequently, what may he
termed the Inborators method has been employed as o means of
providing information as to the inherent resistance or susceptibility
of large numbers of seedlings the first year alter they are produced.
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METHOQDS OF TESTING

The laboratory method consists of determining the rate of spread
of the red rot fungus in inoculated cuttings of matwre stalks of cane
under conditions favorahle for the development of the disease, as
compared with that in similarly treated cuttings of standard varieties,
the reaction of which in the ficld and in the laboratory is known,
The procedure is essentinlly the same ns that zlready described for
the virulence trinls. For testing the seedlings, however, the cuttings
are not surface-sterilized and “field-run’ cane is used without regard
to borer injurv. Elimination of natural infection is no object, since
thie purpose of these tests is to determine the susceptibility of the
variety under optimumn conditions for the development of red rot.
After inoculation, the cunes are incubated in sawdust bins or in
insulated rooms, as described for the virulence trinls, and the red rot
ratings are made on the basis of visual examination of the split stalks
in comparison with similarly treated cuttings of standard vareties,
the red rot reaction of which is known,

The laboratory comparisons are supplemented by field trials of thie
advanced agronomic selections, particularly those in red rot classes
3 and 4. The general procedure is to inoculate 100-eve bundies of
cuttings and to plant in mixed or heavy soil to fuvor red rot. In one
lot the inoculum is introduced into holes punchied in the stalks, and
in another it is smeared over the nodes (for ciass-5 ratings).  An
uninoculated control of each variety is also inctuded.  From three to
five replications are used if sufficient seed cane i svatlable. The
pluntings are generally made in October, and the effect of red rot on
germination is determined the following spring.

CLASSES OF RESISTANCE

I the beginning of the testing work only four classes of red rot
resistance and susceptibility wore used (J1), but as the great impor-
tance of resistance to nodal infection In determining the extent of
red Tot injury to seed cane became apparent, it seemed advisable to
subdivide class 4, grouping those canes thub nre susceptible to nodal
infection as well s to rapid spread in the tissues in class 5. Split,
infectod stalks illustrating the first four classes are shown in piate 10.
The definition of the five classes is as follows:

Class 1. Resistant to nodal infection and to spread in the tissues.

Class 2. Moderately resistant to spread in the tissues; resistant fo
nodal infection,

Class 3. Susceptible to spread in the tissues, but characterized by
temporary check of the fungus at the nodes; resistant to nodal infection
under most conditions.

Class 4. Very susceptible to spread in the tissues with little or no
checking of the fungus at the nodes; resistant to nodal infection
under most conditions.

Class 5. Very sasceptible to spread in tle tissues and to nodal
infection.

There are, of course, no sharply defined limits between the classes
with the possible exception of 4 and 5, and it should not be assumed
that different varieties grouped in any one class are necesserily of
equal susceptibility to the disense. Nevertheless, such n classtfien-
tion is convenient in evaluating the commereial possibilities of seed-
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lings, and in general indieates the relative degree of red rot injury,
particilarly to seed cane, that may be expected in average years,

Field tnjury from red rot is influenced by many factors, such as
the vigor of the vartety, susceptibility to borer atfack, susceptibility
Lo root rot, the type of soll in which the cane is planted, drainage, the
preparation of the seedbed, as well as weather conditions. The rela-
tion of these factors to germination and red rot injury to seed cane
have been discussed by the author {(£8) elsewhere. These are not
faken into account in determining inherent resistance or susceptibil-
ity to the spread of the disease in the tissues, but they must be con-
sidered in evaluating the commereial possibilities of a variety. C. P.
807, for example, 1s very suseeptible to red rot, yet its great vigor and
resistance to root rot have frequently enabled 1t to escape the losses
that would have been sustained by an equally susceptible but less
vigorous cane.  This variety may suffer a severe stund reduction in
the spring, and still produce o fairly satisfactory yield of cane in the
fall because of its vigor nnd root rot resistance,

. P.25,19, on the other hand, which is moderately resistant to red
rot but which Rands (#4) considers susceptible to root rot, in some
vears may be more severely injured by red rot than other varieties
that are muore susceptible to red rot but resistant to root rot, as
hronght out in the discussion of environmental eonditions {p. 45).
Rands has deseribed the extreme root rot damage that frequently
veewrs to seed roots of this varlety as they emerge, thus arresting the
normal physiological activity of the cutting and favoring the develop-
ment of red rot and other seed-cane diseases. From extensive field
examinations of seed cane of ", P, 28/18 during the winter and
spring it seems this accounts for much of the seed deterioration that
has occurred in this variety during the seasons of 1935 and 1938,
rather than inherent susceptibility to red rot.

Susceptibility to-horer attack is of importance since it lurgely deter-
mines the extent to which many varieties are subject to red rot infec-
tion. Ellisor and Jaynes * have found that Co. 280 {susceptible to
red rot) shows a relatively light borer infestation, and being resistant
to nodal infection, red rot injury to mill cune is consequently light,
(. P. 29116, on the other hand, is very subject to borer attack, and
ordinarily mill cane of this variety is niuch more severely affected by
red rot tfmn that of Co. 290,

The red rot resistance of the growing plant possessed by some vari-
elies, notably O P. 807, is also important.  Red rot spreads relatively
hittle in vigorously growing . P. 807, whereas in the semidormant
seed cuttings, spread is very mapid.  C. P, 29,99 (elass 4), and 294116
(class 3}, do not have this growing-plant resistance to any marked
dogree, red rot frequently spreading through several joints of the
growing stalk from a single point of infection,

It is obvious then, that any attempt to classify sugarcane varieties
necording to red rot resistance must be arbitrary to a certsin extent.
However, some basis of clussification Is essential in the pathological
festing of seedlings in the Department’s breeding program.  Because
of the great importance of red rot as a seed-cane disease, this point is
TAELoR, L, O and JAYSES, H. A SvSCEPTIMAITY 6F VARIQUS VAHIETIES UF SUGARCANE TO INFEN.

TATHIN BY THE ST GARCANE BURER.  Paper read at a confereqee of entomnobogises of the Sve of Loukiapy
hell ol Talhodah, L, May 740037 (Unpuhlehed
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particularly stressed, and the classes of resistance have been delined
with special relerence to this {ype of injury.

RELATION OF RACES OF THE CAUSAL FUNGUS TO SEEDLING TESTING

Proof of the existence of both morphologic and parasitic races of
Colletotrichum faleatum complicates the matter of adequately testing
for red rot resistance the hurdrels of seedlings selected each year in
the Department’s breeding program. 1t is possible timt if » v ety
were tested with only one Visolate of the fungus or representatives af
one morphologie race, it would be classed us resistunt, whereas it
might be susceptible 1o others.  The susceptibility of the generaliy
resislart variety Co. 281 to the isolate Lr 31 {see test K) illusirates
1his possibitity. As w rule, however, variction elassed ns resistant or
suseeplible to one isolate have not hael their clussifics on changed
when tested with larger numbers of isolates,

In view of the physical impossibility of testing several hundred
seedlings each year with a large number of isolutes ol . fuleatum, the
procedure has heen to inoeulele five stalks of cach of the field sclec-
tions with one light-rnce isolate of C. Joleatim. A light mace s used
sinee the comparative virulenee tesls showed that in generad this mor-
phoelogie group was relatively more virulent than the dark races; i, e,
spread tlnmwll the sugarcane stalk was faster within a given inenba-
Lan pertod. “Field selections giving a cluss—1 renction are disearded,
exrept those that the chemival inalyses have shown are high in suerose,
A spedling handieapped by high Hll-.([|]ll|)l|ll\ to red rot (or other
Mujor (Il‘-t‘:lﬁ("ﬂ) Al low or nnl\' [nir suerose Is not considered coni-
mercinlly promising, even though it may lave some other desirahle
qualitics.  Susceptible seedlings of high suerose are then planted oo
speeind red rot nursers on heavy soil where the influence of the disease
on the variefy under field eonditions may be further studied. Seed-
lings that give poor ‘»lzl!l[lw either as plant eane or stubble, nre dis-
uu(lml, but those (like (. o) 807) that appear Lo possess considerable
fiell resistance to red rot, may be assigned Clanaly Ploint) numbers
and furned over to the agronsmists for field trinls.

After the preliminary red rat ruting on the field selections deseribed
on page 70 further testing for red rot s usually reserved for the reduced
number ol seedlings that, 2 or 3 years later, ure seleeted by the agronn-
mists 4s having greatest connnereial promise. These, perhups 5 to 10
in number each yvear, are inpculated with severnl isolates of both mor-
phologice races of Colli totrichm Sedenti, and these tests are supple-
mented by observations on their red rot reaction in the fiekl on both
light and Peavy soil types. Varietios that survive these tests wilhoul
th\\mu important germination injury or stubble deteriorstion by re-d
rat are considered safe for commereinl release, so far s this diseise is
concerned,

Even alter w variety has thus been tested and rated cormmereinlly
resistant to the disense, there is no assurunee that some raee ol €
faleatum particularly v irulent Lownrd it may not multiply on it follow-
ing its releaso.  Sinee the beginning of the present l("-v[lll" procedure
this has not occurred, but that it is n pntt‘ulml danger is 1!Iu».l|ntm| hy
the discovery of an isolute virulent toward Co. 251, There is alw s
the possibility that some cambination of environmental conditions
may favor the increase of such a strain on an ordinarily resistant
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variely. This nccessitates annual speetion  of  representative
plantation fields of the commercial varicties, for it is only by such
constant vigilance that the huilding up of a specinlized red rot popu-
lation on any variety can be detected.

REACTION OF SACCHARUM SPECIES AND OF INTERSPECIFIC AND
MISCELLANEOUS HYBRIDS

Aside {rom the immedinte practical consideration of obtaining dis-
ease-resistant commereial types, an important aim of the disease-
testing program has heen the determination of the original source or
sources of resistance to red rot in order that ereater utilization of
resistant varieties or speeies might be muade in the breeding program.
Thus e a partial survey of the prineipul species and varioties of the
genus Saecharum has been undertsken.

Varioties representing the five generally accepled species of Sae-
charwm and a number of interspecific and miscellaneous hyhrids nre
histed below with their red rot ratings, us determined by the laboratory
method. It will be noted that 32 of the varieties of S. officinarum
L. (group 1) listed were very susceptible (class 4), 13 of which are
natural varieties,  Four were susceptible (vlass 3), and it seems signifi-
cant that they are nut naturally oceurring noble varieties, but hivbrids
of unknown origin. It is possible that their slightly lesser suscepti-
bility to red rot is the result of mixture of noble canes with a vuriety
of a more resistant group.  The conclusion seems justifiod, therefore,
that bigh susceptibility to red rot is charneteristic of this species, a
view which is lurther attested by the numerous references in the
liternture to the red rot hijury suffered by the noble canes in com-
mercial cultivation.

Most of the varieties of the New Guinea collection of Brandes nucl
deswict, tentutively elassed as Seccharwm officingrum, were typical
of the noble cianes in their red rot reaction, being very susceptible,
However, three were susceptible, one moderately resistant, and one
resistant.  Presumably, this might indiente that the lutter ones are of
hrbrid origin.

Group 1:
Mpecics and variety: Red rol rating
Noble canes (Naccharnm officinarum 1..1:

B.o208 __.. . . Husceptible,
3726 ... . .
Ba. GOB¥2 .. Very susceptilbtle,
Iin, G835 _ ..
Ba. 11a80 ... _Suseeptible.
Badila
Batjan
BH 10 12
Crystaiina
[REVE T
D-95 ...
D-19 .. .
Digmond 10 __ Very susceptible.
I K. 2
Fijt .
Hak-kwat-che
H. 28-5000 .
fl. 28- 5010 .
H. Q. 5
H, Q. 400
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Group I—Continued.
Bpeeies and variety—Continued. :
Noble canes (Saccharum officinarum L. )—Con. Red rof rating .

LY e
Loathers_ ______ o ..
Louisiana Purple_ . ...
Louisiena Striped___________________.___
gﬁfﬁg?& “““““““““““““““““““““ Wery susceptible.
PO J. 100, _ ...
P -3 1 SRR
8. C. 1 s
Stmpson_ . __ . ______ .. /
cd A e Susceptible,
g‘ g :i;i-l """""""""""""""""""" }Very suseeptible,
B.W. 400, ___ e Susceptible.
%ﬁg%‘;gﬂad‘m et Very susceptible.
New Guinea collection of Brandes and Jeswiet:!
Snumbers__ ... Very susceptible,
%’E. g %ggj}gg ““““““““““““ Susceptible.
4N G 124 e Moderately resistant,
N G241 ____ Susceptible.
4N G 190 e Resistant,
Group II:
Indian canes (8. barbert Jeswiet):
Chunnee_ __ . e Very suseeptible,
Hatooni___ ___ e ____ Moderately resistant.
Group TII: .
ghinese canes {S, sinense Roxb.):
Cayani . - . oo e el . Very susceptible.
Chukehe. oo oo oo
IIE?:;? ““““““““““““““““““““ Suseeptibie.
Oshima.. ... .
Merthi o e Very susceptible,
Uba_ ...l
Tekeha oo e }Susceptihlc‘
Yontanzan ________________________________
Grou ‘%
1ld canes (Y. robustum) (7): .
N G251 ___ o ________. Busceptible.
Group V:
Wild canes (S, spontanenm T..):
Indisn forms:
Assam {Gehra BonY (Iap. No. 818)._. ...
Coimbatore (Imp. No, 238).._____._____
Coimbatore (Imp. No. 4700 _.______. .. .. Moderately resistant.
East Bengal (Imp. No. 230y _________
Gedavari (Rella Gaddi) (Imp. No. 617)__
East Indian forms:
Glagah Djatiroto (Imp. No. 56%). ...
Glagah Kepandjen (Imp, No. 558; _._..__
Glagal: Kloet (I]mp. No. 564y ... ____.___Moderately resistant.
Glagal: Pasceroean i 1-np. No, 533) - _____
Glagah Tabongo (hwp. No. 578)_._._.__
Formosan forms:
dnumbers_ s Moderately resistant.
1 number___ el Very susceptible.

! Tentativaly included in Saccherum nfficinarum.
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Group VI:
Ilzltcrspeciﬁc hybrids:
(a) I]:I'de S | Eed rof rating
ind’s Speeial__.._____________________

Kassoer -~ 777 TL1ITTII I Very suscoptible.
Toledo________._ _____ .. ___________ .

{by T ¥ I—
PO J 36 ... Suseeptible,
PO J 3 ... Very susceptible.
P.O. X234 ___ . Resistant.

(e} T x ITI— :
C.oH.64=21_______ . .. Very susceptible.

Group VII:
Miscellaneous hybrids {parent and commercial varieties):
80

C. P 807, .. Very susceptible.
8. 11; L Resistant.
PGS .
C.P. 27130 T }SUEGEDﬁlbID‘
C.P.281__. . ____ ..t Resiatant.
8. %)’ gg}lQ ......................... rmme o Moderately resistant.
. L. 8B o .. .
C. P. gs}rmz ______________________________ }R"“‘Stant-
C.P 2916 ... __TT Susceptible.
C.P29fo8s . ____._ T Resistant,.
C.P.29320.__________________ T Susceptible,
Co. 218 . ___TT ¥Yery susceptible,
Co 281 . LT Resistant.
Co. 200 . ____.____ . Susceptible.
P.O.J.2322 T
PO J. 2354, . T
PO Jo23e4. . LT Very susceptible,
vorend. .. ___ T
PO 2735 ...l
am
P Q. a77s. I I T useeptivie,
P.OJ o822 . __ T Very suscepiible.
PO L2STS T Moderately resistant,
P.O.J. 2883 ___________ ... Susceptible,
q. 8783 .l i
I e —— A e T
U.S 1894 __ . .TTT
UbaMavot._.________________ ____.__.." Susceptible.

Unlortunately, only two verieties of Succharum barberi (group II).
were available for study, one of which (Chunnce) was classed as
very susceptible, and one (Hatooni) us moderately resistant. In
view of Barber’s (22) and Butler and Hafiz Kahu's (37) statements
that the Indian thin canes (S. barberi) were on the whole more re.
sistant, to red rot than the thick (S. officinarum), oue might expect
to encounter more resistant varieties in this group if larger numbers
were studied. On the other hand, the fact that these nuthors con-
sidered Chunnee to be resistant, in contrast to the high susceptibility
shown by it to the Louisiana forms of the red rot fungus in the present
study, lessens the probability of finding other varieties in this botanical
group resistant to the forms of “the fungus present in the United
States. Apparently these or certain ones of them at least are more
virulent than the Indian forms.
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The (hinese canes (8. sinense} {group 111), en the whole, were less
susceptible thun the noble canes, only two out of nine being clussed
as very susceptible.  The one representative of S. robustum was aiso
in the susceptible class.

Fourteen varieties, or collections, of 8. sponlancum were available
for testing, 13 of which were clussed as moderately resistant and 1 as
very susceptible.  Thelarge pith eavitiesin the stalks of S. spontaneum
make 16 difficutt to obtain typieal red rot symptoms comparable to
those in the solid stulic canes, the typieal mottling genevally being
absent.  In only 1 of the 14 forms of S. spentaneum tested did the
fungus spread through the nodes from the moculuted internodes.

Four hybrids of 8. officinarm X S. spontancum (group V1) and
one of S. officinarum X 8. sinense (group VI-¢} were available Tor
study, all of which were very susceptible, as would be expected
because of the hich susceptibility of the purents.

Of the threc hybrids of Saccharum officinarum X 8. barbert (group
Vi-b) P. . J. 234 was vesistant, P. O. J. 36 susceptible, and P. Q. J.
213 very susceptible. The parcents of the P. O. J. 36 (Louisiana
Striped W Chuonee) and P. O. J. 234 (Louisians Purple X Chunnee)
are all very susceptible. Whether one or both of the parents sup-
plied the resistance fnctor ean only be speculated upon, but in view of
the high susceptibility of all of the noble canes tested, and the stute-
ments of Barber (22) and Butler and Hafiz Khan (30) regarding the
relutive susceptibility of S. afficingrum and S. barbert, one might
assume that resistance would he more apt to occur in & variety of the
latter rather than of the lormer.

The miscellaneous hybrids in group V1L represent a selected group
of commercial and parent canes, constituting only a partial hist of the
several hundreds of hybrid seedlings that have been tested for red rot.
Tt will be noted that only six of these are resistant to the disease;
mamely, Co. 281 and the C. I, numbers 1161, 28/11, 28736, 28/122,
snd 26/284. Of these six, 28/11, 28/36, and 29284 are secedlings of
Co. 281, and presumably owe their red rot resistance to it. That
anly six red rot-resistant varietics should occur among the more than
100 parent canes tested that have been used in the hreeding work at
the Canal Point station emphasizes the rarity of resistance to the
disease in sugarcane varieties and the difficulty of obtaining seedlings
combining resistance with the other qualities essential in a commercial
cane.

The origin of resistance in Co. 281 might concelvably be traced to
two sonrces: to Suecharwm barbert through its female parent, P. Q. J.
213; and to 8. spontanenm through its male parent Co. 206 (a seedling
of Ashy Mauritius KX S. spontenewn (71)). A reason for suspecting
that some forns of S. spontanewm may be resistant, or possess resis-
tance os & recessive factor, is the fnct that all of the resistant seedlings
that have been encountered amnng the thousands produced at the
Canal Point station, carry nt least s trace of S. spontaneum inheri-
tance; and while some of them are also fraceable to S. barbert, many
are not.

The . P. 116!, so far as the parentage is known, is & descendant of
P. O. J. 213 {(very susceptible), and thus carries the inherited char-
acters of both Succharum officinarum and S. barberi. It is believed,
however, that S. sponteneum may have entered its lineage through
U. 8. 1484, of which it is a seedling. 1. 8. 1484 is presumably a selfed
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seedling of P, 0. J. 213 but shows certain wild cane characteristics,
whiclt make it appear probable that a form of 8. sponfaneuwm may
liave been its male parent.

The C. P. 29/122 is predominantly of 5. o fficinarum parentage, but
carries a_trace of S. spontancwm through Kassoer, and of S. barberi

through P. O. . 213.
PROGENY TESTS

Infermation as to the distribution of resistance to red rot and other
disenses among scedlings of the most valuable crosses is an aid to the
cane breeder in the choice of parent varieties, The tests for red rot
resistance require o considerable amount of time and labor, because
of which, as well as the lack of facilities for maintaining controlled
temﬁ:emtures for incubating the incculated cane, only a few complete
seedling progenies have been tested thus 7ar. Four crosses have been
studied: three that have given large numbers of promising selections,
and are thus considered most valuable commercially; and a fourth,
because it represents a backeross of a very susceptible seedling of Co.
281 on its resistant parent. The results are presented in table 12.

Crosses 1 and 2 (Co. 281 X U. 8.1694 and Co. 281 3 P. 0. J. 2878)
in table 12 were studied in considerable detail. These crosses are of
interest because of the high quality of many of their seedlings and the
wide divergence of the parent canes’ reactions to various diseases.
Co. 281, for example, is resistant to red rot and susceptible to mosaic,
while U. 8. 1694 is very susceptible to red rot and resistant or immune
to mosaie. P. O. J. 2878 is moderately resistant to red rot and re-
sistant to mosaic.

TasLe 12—Number and percentage of seedlings from four complete progenies
falling 1n four classes of ved rol resistance or susceptibility

= 1 .
Proz- N Closey |, Class 2 I s 3 PoClags 4
eny | Cross amd ved rot rating of paranist (resistant » i {uroilerately (stigeep- 5 fvery sus- | Total
No. i ; resisrant) litley f cepliblej
j- L -
! 1 :
'.\-’um-] Per- '.-\'unpl Py ;\’um-i Per- .}_\'um-i Per- 1 Num-
1 ter | ceat ¢ ber ¢ ocemd | ber | ceat | ber | eemt | ber
i oo B (1) < T80 W60 (4 (1930 17 44 ne 1 a2 178 454 a3 : o8 3490
series). ' ] X 1 1 i
L} Co. ‘.;3! (1) > P.O. J, 287G {1y (1W31 b 08 i AR 0lesg 115 i 3.3 al | 16,1 Al
series), : ' :
o PoOL I CLOP ORI (92 . a7 1A 2! 15 143 %i o6, 7 I 43 | 42,9 103
serjpsi, : :
4T Te LI X O P BRI (2, o) 807 | mesl miws) afsm4] w
» o series). - : } ! .

i
i

T

I Wamnbers in parestheses indicate Lhe ted rol rating of the pareot varisty,
=0 F 323 ks 8 seedling af o, 251 3 1L 5 1604,

Of the seedlings produced from these crosses in the 1931 Canal
Point series, 390 from the Co. 281 X 1'. 8. 1694 and 316 from the Co.
231 X P. Q. J. 2878 crosses were tested for red rot. Thesc represented
el of the scedlings from the crosses that produced sufficient mature
cane to provide a three- to five-stalk sample for a red rot test. Al
of the seediings had been inoculated with mosaie, and some of them
were so severely stunted by this disease that they did not produce any
mature stalks.  While this resuited in the elimination of some seed-
lings from the red rot tests, it is believed that the munbers testod were
large enough to give a fairly reliable indication ol the distribution of
red rot resistance in the progentes,
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Crossing the resistant female, Co, 281, with the moderately resistant
male, P. O. J. 2878 {cross 2, table 12), gave, as would be expected, a
considerably higher percentage of resistunt seedlings (elasses 1 and 2)
than crossing the same female with the very susceptible male, U, S,
1694 (ecreoss 1). The percentage of very susceptible or commercially
unsuitable seedlings was correspondingly higher in cross 1 than in
cross 2. From these figures it is ﬂpparent that crossing the very
valuable female Co. 281 with P. 0. J. 2878 may be e\pected to yield
a higher percentage of red rot-resistant seedlings than with U, 8. 1694,
The distribution of resistance among the field selections from the
two crosses will be considered later.

In cross No. 3 (table 12), the female pm'ent, P. O. J. 2723, is very
susceptible, and the muale parent, (', P. 1161, is resistant. This
cross 1s of particular interest, because many of the seedlings combine
the laree barrel, ease of shucl\mg, and other desirable Thar vesting
quahtles inherited from P. O. J. 2725, with the vigor of C. P. 1161
Unfortunately, however, many of them are below the Necessary
standards in sucrose.

Tt will be noted from table 12 that the percentage of seedlings in
the two resistant classes is the same in this cross as in cross 1, where a
resistant female was crossed on a very susceptible male, althouoh tie
percentage of highly resistant seedlings (class 1) in cross 3 was nearly
four times as great as in eross 1. Conversely, the number of very
susceptible seedlings (class 4), 1. e., those unsuited for commercial
utilization, was muech greater in cross 3 than in cross 1. Thus, so
far as these crosses may be judged by the numbers of seedlings tested,
it seems that cross | may be expected to give seedlings of gonomlh’
higher quality with respect to red rot resistance than cross 3.

In cross 4, which represents 2 backeross of a very susceptible
seedling of Co. 281 X U. 8. 1694 (C. P. 30/23) on its resistant parent
(Co. 281), there was apparently no increase in the percentage of
resistant seedlings considering the cross as a whole. The percentage
of highly resistant seedlings (t lass 1) was greater in the backeross,
but the number of very suseeptible, or commercially unsuitable canes,
was more than double thatin cross 1. This suggests that susceptibility
15 o partially dominant charactrr and that bringing together of
recessives (resistant factors) resulted 1n o double-recessive or domi-
nance of resistance in the case of the highly resistant seedlings.

DISTRIBUTION OF RESISTANCE AMONG THE SELECTIONS FROM TWO COMPLETE
PROGENIES OF COMPLEX INHERITANCE

Each of the seedlings in crosses 1 and 2 had also been rated with
respect to its growth habLt its agronomic promise, and analyzed [or
sucrose {except those that did not produce mature stalks)., With
these data available, an attempt was made to determine wheather
resistance or suscoptibility to red rot was correlated with one or more
of the other measurable characters. A previous analysis of the data
with tespect to red rot and mosaic had indicated thet there was no
relationship between resistance and susceptibility to these diseases in
these progenies (96).

Growre Hamir oF Co. 281

It would be of considerable practieal importance in making selec-
tions in the field for commercial type if a relationship could he estah-
lished between red rot resistance and some easily recognized character,
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such as growth habit. Since a considerable number of the seedlings
of Co. 281 Inherit its characteristic growth habit, knowledge of the
existence of any correlation between this character and red rot resist-
ance would be of value.

In table 13 the red rot classification of the seedlings of the Co. 281
% P. 0. J. 2878 cross, which were classed as approximating the Co.
281 type of growth habit,™ are compared with the entire progeny. It
will be noted that the perceniage of resistant and susceptible seed-
lings is nearly the same for the entire progeny and for the 63 rated as
spproximating the Co. 281 type of growth, indieating that for this
eross there is no relation between the red rot resistance of Co. 281
and its growth habit.

TaABLE 13.—Number of seedlings from ithe cross Cp. 281 X P, O, J. 2878 in four
classes of red rof susceplibilily grovwped according lo habil of growth

Hed 1ot cisss

with grg:tzl;:\ablt of Euotire progeny

Percent Number FPercent
Reststant____.._..... 17.6 &8 - 2L5
Moderately resistant. 2.8 il 25.0
Susceptible.... ... 36.5 1i8 3.3
Yery susceptibls. . . . 22,2 51 16.1

Acrovoyic UHARACTER OF SEEDLINGS

In table 14 the complete progenies and the agronomic field selec-
tions from them, i. e., those seedlings selected for good vigor, desirable
growth habit, and other characters desired in a commercial variety,
are classified according to their red rot reaction. 'The sucrose analyses
were not taken into account in making these selections.

In the Co. 281 X U. 8. 1694 cross the selections were definitely
more susceptible than the entire progeny, the percentage of selected
seedlings in the two commereially resistant classes being less than half
of those in the complete progeny. For the Co. 281 X P. O. J. 2878
cross the percentages of commercially resistant (classes 1 and 2) and
susceptible {classes 3 and 4) seedlings were practically the same for
both the complete progeny and the selections. Data from additional
samples of the progenies of these and other crosses would be necessary
to perrait any generalization as to correlation between red rot resist-
ance and agronomic churacters,

TanLg 14.—Number of scediings in four classes of red rol susceptibility for the enlire
progenies and for the agronomic selections from the progemies of the crasses Co.
281 X U. 8. 1694 and Co. 281 X P. (. J. 2878

[193% series)
Tatal Cliass 1 Class 2 Class 3 Class 4
Progeny seed- e {moderately 9 {very
Tings {resistant) resistant} {susceptible) susceptible}
Co. 251 % T, 5. 160 entire [Nuwmber' Number| Percentiumber| Perceni|Number| Percent|Number| Percent
Progeny . 39 i7 4.4 02 8.2 178 45.8 93 .8
Agronomicselections on 7 ¢ 0 i1 M7 8.7 il 28.7
0. 281 X B, . J. 2878 entire
PrOgBNY o eieaaan 316 68 A5 79 25.0 18 33 5l 6.1
Apronomic seleetions only a3 13 8.1 28 30,1 33 355 17 18.3

13 I3aen on growth habik furnished by G, B, Sartoris.
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Sucrose ConNTENT OF rie Juwes A
Table 15 shows the number of seedlings [rom the two progenies and
the number of seedlings falling in each class of red rot susceptibility,
with their average sucrose analyses.

TaBue 15.—Number of seedlings and average sucrose analyses of 1o complete
progenies and their agronemic seleetions arranged cceording {o elosses of ved rot
suseeptibility

: Class 2 Close 4 o -
Clazs 1 ; e i Clnss 3 s
Progeny : R (natberately § - LS tvery
{resistnnt® registant s i,{.\ustepllh!e) suscoptibter -

' ' : 1 .\ : f

Per- | Nuwm- . Per- P Nuw- - Per- Numi-. Per-
cent | ber cenl 1ober 1 oo v ber D cend
JLEAEE PR b I .24, 21800 37 ML

i ‘ :

.83 43110.75 1> ; 10,85 1, I0.AL
16,15 3] AL S N T R 1) 0 O%0s . 32 9,59
151 i8.a2 30 ! wayi o owmiopoe! WLoeus, W 1009

cent ber

Co. 251 X 7. 8. 16H progeny. 16 § 10,33 103
Co. 281 X U. 8. 1604 selee- % !

(S5 ] 7 ol

Co. 281 ¥ P. 3. 3. 2878 prog- !

an et eann o7 :

3
.\'uru-i Per- | Nuwm-

iﬂi
1
i

1

From these figures it is apparent that for the Co. 281 ¢ U. 5. 1694
cross there is no relation between red rot susceptibility and sucrose
for the progeny as a whole or for the agronomie selections, the average
sucrose analyses for each of the four groups being practically identical.

In the Co. 281 X P. 0. J. 2878 cross there was & tendency for the
low-analyses canes to fall in the susceptible classes, o trend that is very
consistently followed when the agronomic selections are considered
alone. Although it is of interest to note this trend, the differences in
analyses between classes are not significant. It is possible, of course,
that the apparent tendency of the very susceptible canes to fall in the
low-analysis group is due to greater borer and red rot injury to the
standing cane of the seediings in these classes, with a consequent re-
duction in sucrose.

BISTRIBUTION OF RESISTANCE AMONG SELECTIONS FROM COMMERCIAL
CROSSES

In the routine seedling-testing procedure at the Houma station, as
outlined previously ({4, 15, 58} the initial nursery selections, termed
field selections, are made by the pathologists. These are made on the
basis of {reedom from, or apparently slichtinjury by, mosaic and other
diseases, root rot resistance, vigor, erectness, stall size, ense of shuck-
Ing, and general appearance desired in a commerein} cane.  The field
selections made from severa of the bundreds of crosses tested during
the past 7 years have been such as to gain some idea of the value of
the crosses. These are listed by series in table 16. While the num-
bers here represented are probably too small to give any conclusive
evidence as to the value of the crosses with respect to red rot resist-
ance, in certain cases it is believed that the comparatively large num-
bers of red rot resistant seedlings have not resulted purely by chance,
It seems reasonable to conclude, therefore, that erusses 1. 6, and 22
(Co, 281 X P. 0. d. 2878); 2, 7, 18, and 23 (Co. 281 X . 8. 1894);
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8 (Co. 281 3 C. P.28/44); 9 (Co. 281 X . P. 28:36); and 24 (U 8,
1643 X . P. 26/284) are ﬂ('ti!ﬂ]h’ giving o larger number of resistant
seedlings.

TaBLE 16.—Number of ficld seleclions from 24 crosses of the 1928-35 Canal Point
series falling Tn four classes of red vol resistance or susceptibility

1020 . P SERIESR

1 Clags | 'i:a“isg Clazs 3 Cius-.'
- : : odre- Geler- E:-m- tvery
Noa. of c1oss o Crossand red rol cating of parentst sisg. . awely sus- | Futsl
' ants o TEET ol : e
. i i e]
i I !
I N
Co. 251 (1) %P, 0. J. 2875 {) ..eene .. 5 5 ! [ 10 7
1 Comm (XU, 5. 1604 (1), 41 T 10 3 25
PoQ.J2025 (41X, PUibadd i 1L 3 | 3 48
P00 T 2R (X CL PL 2R3 () A 33 L 1 b
(RN PPRR Y P& N ISt 04 ' S ol T X ¢ £ T f 2 a9 40 51
i .
Toeal. ... .... e e amm e e ' 1] 59 [ 86 1 908
Percent ... e e e &7 24 312 AT
1931 C. P. SERIER
Buveemmremeemeeenee. COSIILXP. O.F 988N, . ... 13 30 wloi
RO A T - U Rt T T Y 1] 2 15 1w T
TOBL. . o raes e eeemamaeemtemeameemnem e ee o 13 2 51 31{ 109
Pereent........ e e - e, Y g e WL
1932 . P. RERIEs
B e S3LIXC. PLOS A e o gz e 9 43
... L Ce B (1O PN £l o 1 [E b Wi 5l
W e PO L et XCo B N6y | L T ES 31 0! 4
|I ———— - O
Total. ... .. . L. ... L. . 32 43 . ) 4F 0 138
Pereent. . . - . . . w2 234 2 1 2 R
MR C.P SERIES
N L . [ - . , .
L CUPOHRR X O P ] . i7 | w' 41
el PIUs (O PR (L 5 5t 17 12 R}
AR 5t B Vg Ay ] | ”b‘i{l- 3 I 3 id g
SOl R K, P WIS o o 12 i 2l M)
¢ P29 307 (31 X0 P 2535 £ S 4 4 T Ee En
PR NTOXC. P 200 5 4 3 ¥2 En
L P 3EERG 02 selled 7 7 b " 2 kn
T UL N R 1Ru D 1 14 42 0] 1 3%
e e . . - WG ud | 2
Pereeni. .. . o s AN KN 26 T R,
e : N
v O P SERIES
i ... L P (X, POy 11 H 3 4 bn
i I U e, 2Rl (L O PLOIGS (3 it 4 W 12| 37
o Con 248 {10, PU20 038 {2 5 4 11 - 1 F b1
a9 O, U8l {1 P, U J. O8N (2 o 1 4 5 IR u
;:3 C e 2N e SO : 12 24 - N 13 uy
WL R Iryli(h;([‘ P oty o ! s - 5 A% 1t
Tagal .. .. - . : 34 At 7 i
Pereent. T . . 1T 5 (]
tirand totel T . .. B g =iy
Percent . . 1h. 3 g

1 The numtbers n parenlfeses mdiczm\ the read rol culing~ of the [:.m-rt sarilie-
10, Pomagis e secdling ol Co 31 x U7 2 16814

DE435° —3B--—4
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Fairly large numbers of seedlings have been available for two of the
erosses listed In this table, Co. 2817 P OL JL 2878 (Nos. 1, 6, and 22),
and Co. 281% U S, 1684 (2, 7, 18, and 23). From the lormer, & total
of 147 selections was mude during 3 years, of which 63, or 44 percent,
wereresistant or moderately resistant to redrot, Thisis approximately
the simeas the 46.5 pereent found for the complete progeny ol the 1931
series, discussed wiler the complete progeny studies (p. 79).

From the Cu. 281341, 8. 1504 eross, 134 or 40.2 pereent of the 333
selections made during 4 vears {cross numbers 2, 7, 18, and 23) were
in theresistant classes. This is somewhat higher than the 30.6 percent
found for the entire progeny of the 1931 series, and nearly three times
the 14.7 percent found for the seleetions {rom the 1931 series complete
progeny. .

Both of these eresses have given consistently a relatively high num-
ber of agronomic selections, the cross with T 8. 1694 heing particu-
larly valuable from the standpoint of the early maturity of many of
the seedlings. In view of this fact, it is fortunate that they may also
be depended upon to give a considerable number of seedlings com-
bining desirable agronomic qualities with satisfactory red rot resist-
ance. Presumably, the resistance of the secdlings from these crosses
may be attributed largely to the vesistant female parent, Co. 281,

The value of Co. 281 as o parent in trausmitting resistance to its
seedlings is further apparent from the figures for erosses 8 and 9, in
which two of its seedlings, O, P. 2838 aml 28 44, were backerossed
on it. More than half of the selections from these crosses fell in the
resistant classes. o, 281, 1n Taect, has been either o parent or grand-
parent mn nearly every eross from which any considerable number of
red rot resistant seedlinegs has been obinined.,

REACTION OF AGRONOMIC SELECTIONS

The red rot ratings of 78 agronomic selections from the 1929 to
1034 C'anal Point serips, inclusive, are given in the following list: For
the 1029, 1031, and 1932 sories the Inboratery ratings have been
verified by field observalions, but lor the 1933 and 1934 series less
opportunity has been alforded for comparing the field and laboratory
reactions. In maost cases, therefore, the ratings must be considered
tentative.

In the entire group there are but two very susceptible {class 4 or 5}
varieties. These two, (. P. 20,99 and 32243, are canes of commerelal
promise except for their high susceptibility to red rot. The 20/09
has been found to possess excellent windrowing qualities (43), and
it is more resistant to mosaie than Co. 281, the only variety suitable
for windrowing now available for commercial use in Louisiana.  Its
high susceptibility to red rot, however, has made it dangerous to
recommend to the growers.

Red rot-resistance trials with €. P, 33,243 in the field have indicated
that germination of this early-maturing varicty may be reduced 20
percent or more by inoculation either 1n the stalk or by smearing a
eulture of the red rot fungus over the root rings. While apparently
not so susceptible as . 0. .J. 213 to infection through the root buds,
the faect that invasion ol the stalks ereurs readily [rom this source
indicutes that germination of the variety might be materially reduced
during & cold wet winter.  Further field trinls with this apparently
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combine desirable agronomic qualities with red rot resistance.

Variety:

h
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Fed vol rating

Susceptible.
Moderately resistant.
Very susceptible.

. Suseceptible.

Moderately resistant.
. Susceptibie.
Moderately resistant.
Resistant,
Moderately resistant.

3160 .. .- ...
S1/161_ . ...
31/238._. .. . .
31296 . .. _ .. .
31/509__. .. . e oo ... Resistant.

BYLRI6.__ L L. .. Moderately resistant.
Y651 .. .o... .. . . cia.ua._..... Busceptible.

382 ... .. ..o.......... .. Busceplible.

32/118__ ... .. cov . —e- ... ---. Moderately resistani.
327120 ... . o
39123 ..l DR

LT Susceptible.

82124 ... LD LT DT I Resistant.
S2A126_ . ... . L

32f38_._ . .. . . .. ... ..._.... Moderately resistant,
32146 .. _ . _ e weve.--.. Resistant.
32/182___.___. _

sgfe02 oD L
321206 ... ..

B2/324 .. ... Moderately resisiant.

i Maoderately resistant,
v Buseeplible.

b3 1 Moderately resistant.
B3/88 e e immme Resistant,

3309 ... o S . o e...-- SBusceptible.

b5 1 S S Resistant.

337224 ... LTI }Moderatel_y resistant.

B8 R . elil._. Resistant.

BB 220 o e e aceaaan Moderately resistant.
B 2 e Very susceptible,
3B/288 e i ceia—u-... Moderately Tesistant,
33278 e . . Suscepiible,

3330 e Moderutely resistant.

33/820 ... .. LT Susceptible.

33/372_ . . ... o m e m————— Moderately resistant.

L 83/389 e mcmeeemao- Susceptible.

continued to determine whether its sus-
ceptibility to red rot should prevent its recommendlation to growers.

The percentage of resistant canes {(classes 1 and 2) among the agro-
nomic selections increased from 27 in the 1929 series to 65 in the 1933
series, and 73 in the 1934 series.

_ Thus, it is apparent that in the
later series larger numbers of seedlings are being produced that
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Vuriety—Continued. Red rol rating
- 2. ggﬁ'gé‘ . s o sModerately resistant.
337409 _ _ . .
33/415_ . . o . Resistant.
38/445. - - . . . -
33/4050. . A . o SBusceptible.
33/451. . o
337471 o R .. p Resistant.
3372 . L
33/485_ . . Susceptible.
gg’;égé - - rModerately resistant,
34/1_.. . - Resistant.
6. o e oo Susceptible,
34/21__ .. . e —eoea.. Moderately resistant.
3425 .. . . .. . . . ... . .... Resistant.
e - . .. . . . . . Busceptible,
-« --..-. Moderately resisinnt.
ce_ ... - -. Resistant.

c.
¢

[ ]
e T o O D R O P P P

o Moderately resistant.

S48L_ . ... ...l . .7 Susceptible.

0ANENONOEEANN

NATURE OF RESISTANCE

Within recent years important advances have been made in an
understanding of the nature of resistance to certain diseases in a
number of crop plants, but little attention has been given to the
subject in the study of diseases of sugarcane. The economic import-
ance of red rot on sugarcane in the United States and the relative
rarity of resistance to it, particularly in varieties combining this
character with other desirable commercial qualities, emphasizes the
desirability of an understanding of the nature of resistance to the
disease. Aside from its scientific interest, such information might
lead to the discovery of & relationship between resistance to red rot
and one or more other characters that would be of value in the breeding
and selection work.

The protective mechanisin of sugarcane varieties against red rot
may be concerned with resistance of the host tissues to infection by
the parasite and to its development within the tissues of the host after
infection has cecurred.

RESISTANCE TQ INFECTION

In eatlier papers (70, 11) the author reported that certain varieties
of sugarcane possessed what may be termed a functional resistance to
red rot, manifested by their escape from or prevention of invasion of
the stalk by Colletoirichum felcatum, through the root primerdia be-
causs of their early and vigorous root development. This was
particularly true of the variety C. P. 807, the internal stalk tissues of
which are very susceptible to red rot, but which does not ordinarily
become infected through the root primordia under conditions favor-
able for root formation. Whether this was due to n mechanical
escape from infection as o result of the development of the roots, or to
actual resistance of the tissues of the root primordia to invasion has
no$ been determined. In the experiments mentioned, invasion of the
stalk through the root primordia occurred if the young rootlets were
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wjured, or 1f the cultings were sublected (e conditions that nduced
dommn{‘\ snel pmvonr(‘(l root development over a prolonged period.

The experimental results, demonstrating that this type of resistance
(or escape from infection) mlgrhb be broken dawn under cortain eondi-
tions, were confirmed by actual field experience with C. 2. 807 in 1935
and 1936, when prolonged dormaney of the plunted seed cuttings in
heavy soil on several plantations was followed by red rot invasion of
the stalks through the nodes.  Such infection of seed cuttings of this
varwety has oce trred extensively, however, in only 2 of the § yveurs
(. P."807 has been cultivated on a commerciul seale,  While such
funetional resistanece or eseape from infection, therefore, is influenced
by environmental conditions and cannot be, depended on to protect
the plant against the disease under all conditions, it may he of consid-
erable nnpmtdn(c in the protective mechanisnu of some varietics.
C'omunereind e\pmmmc with sugareane varieties makes 16 evident,
however, that resistance of the tissues to invasion as well as to dev einp-
ment of the fungus alter infection is of primary importance in com-
hating red rot. Studies were undertaken with the view of determining
the nature of this type of resistance to red rot in sugarcane varieties.
The pathological anntomy was first, considered.

RESISTANCE OF HOST TISSUES
PATHOLOGICAL ANATOMY

Previous studies of the pathological anntomy of red rot have not
been concerned with a comparison of the discase in susceptible and
resistant hosts, and in very few instances has the variety of sugarcane
studied been named. Went (73) in the original study of the (]l“-(‘zlal‘
found that the fungis developed prln(‘lpullv in the parenchyma cells
of the stalk, but noted that the vascular bundles might be invaded
also.  Within the invuded cells the mycelium was clinracterized by
the presence of oil droplets, which are soluble in alcobol and ether.
Frequently the hyphal walls disselved, leaving the ol droplets in the
cells in rows, marking the course of the former hyphae. This is in
aecord with the suthor's ohservations. Butler's account (29) of the
pathological anatomy agrees essentially with that of Went.

For the present studies a very susceptible variety, P. Q. J. 213,
and a resistant one, C'o. 281, were chosen. These "vurieties have
certain similar morphologi{'al chnrncters, such as stalk size, color,
and fiber content; and while there was no evidence to indicate that
any of these characters was correlated with red rot resistance, it
seemed desirable to choose varieties that were similar in as many
respects as possible, aside from their resistance tored rot.  Free-hand
sections of both naturally and artificially infected stalks were prepared.

As noted under the discussion of the life bistory, the red rot fungus
invades the sugarcane stalk through wounds, or through the root
primordia. Regardiess of the method of entrance into the stalk
tissues, it soon invades both the parenchyms cells and the vascular
bundles. This occurs in growing cane as well as in euttings, although,
s pointed out by Fdﬂo:ton ‘111([ Moreland (8%}, spread thmuﬂh the
parenchyma is more 1*1[)1(1 in cuttings than in standing cane. In
hoth standing cane aad cuttings the fuugu-; develops more rapidiy in
P. O. J. 213 than in Co. 281. The rate of spread appears to be
governed by the characters of the cell contents rather than of their
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walls, since no indieation was found that the cell walls of Co. 281
offered any particular mechanical resistance to the progress of the
fungus. Within the invaded cells of the two varieties, however, there
is o marked difference in the rate and extent of the branching of the
hyphae. In the susceptible P. O. J. 213 the hyphae develop rapidly,
branching profusely and frequently produeing an abundance of
conidin. In Co. 281, on the other hand, the progress of the fungus is
much slower, usually only short lateral branches are produced in the
freshly invaded cells, and conidial produetion is scanty. Eventually
the invaded cells of the resistant hest may be filled with mycelium,
a5 in the susceptibie one, but the rate of development is much slower.
These observitions indicated that the resistance principle was con-
tained within the protoplesm.

Puexomie CoMrovyps 18y Revation 1o ReEsisTANCE

A study of phenolie compounds in resistant und susceptible hosts
suggested itself in view of the known oceurrence of such compounds
in the sugurcane plant, and the fact that certain polyphenols have
been found to play an important role in the resistance OFSOHIE,‘. plants
to fungus disenses. Three preliminary sxperiments have been con-
ducted.

In the first series of experiments, carried out in December 1936, n
very susceptible variety, P. O. J. 213, and a resistant one, Co. 281,
were used.  The rind was peeled from internodes in the lower and up-
per portions of mature stalks, and the juice extracted by passing the
stalle lissues through a food grinder.  After straining through cheese-
cloth, total phenols were determined on duplicate peoctions of the
juice from each vartety according to the method of Newton and
Anderson (300 .

In thie botlom internodes the phenol content in the resistant Clo.
281 was approximately 30-pereent greater than in the susceptible
P. (U J. 213, and in the upper internodes 700-percent greater.  Repe-
{ition of the experiment guve similar results.

In n second series of experiments conducted 1n September 1937, the
red rot resistant C'. P. 28/11 and the very susceptible C', P. 807 were
used in addition to the Co. 281 and P. O. J. 213. Because of the
Immaturity of the cane at this season, only the lower internodes were
extracted. The phenol content of the C. P. 28/11 was approximately
25-percent greater than that of the P. Q. J. 213 and 12-percent
greater than the C*. P. 807, while that of the Co. 281 was 11-percent
greater than the P. O. J. 213 and 6-percent greater than the C. P. 807.

These results must be considered entirely preliminary in character
and po attempt is made to druw conclusions from them. While it
appears significant that in three experinients red rot-resistant varieties
showed a higher phenot content than the susceptible ones, larger
numbers of varieties in both red rot classes must be studied before
generalizations sre permissible. Furthermore, as pointed out by
Walker and Link (72), it ig advisible to reserve judgment on the
protective role of a phenolic substance in the defense mechanism of
plants against diseases until the compound or compounds have been
1solated from the host tissue in the pure state and their toxicity to
the parasite in question determined. The results obtained thus far,
however, are such as to warrant further investigation of this phase of
the problem.
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CONTROL OF THE DISEASE
SEED SELECTION

Since the time that red rot was first recognized as & disenase of seed
cane, the use of sound seed for planting has been emphasized as one
of the principal means of contrel. This is important not only with
respect to ved rot inlection but also as to borer damage.

The difficulty under most plantation conditions in Louisiana is to
obtain borer-free and red rot-free seed, particularly in years of heavy
borer Infestation. A survey of possible sources of seed supply on the
plantation, however, will usually show some fields to be less infested
than others. Where this is Erue, the improved stands of cane that
will be obtained from the use of thie sounder sced will more than com-
pensate [or extra hauling and other incidental cosis involved.

1o the sirup sections, the question of seed selection is much simpler.
The smaller seale on which cane is grown there permits the examina-
tion of each cutting as it is taken from the seedbeds in the spring.
Great care must be exercised in the examination of the cuttings,
discarding those that show indications of red rot infection. Of the
present varieties grown to any extent for sirup preduction, Cayana
and Louisiana Purple (or Georgin Red) suffer the most severe seed
deterioration In the beds and subsoquent losses in stands. P. Q. J.
213, as mentioned previously, escaped such injury until the spring of
1938, when considerable deterioration in the seedbeds and later redue-
tions in stauds occurred.  Spoilage of (o. 260 seed also occurs com-
monly in the beds, but this is believed to he due principally to causes
other than red ref. Thus far the superior-yielding, high-cuality
sirup variety C. P, 297116 has shown no sertous deteriortion from
red rot or other discases in the sirup-producing areas, nnd the replace-
ment of Chyana aad Louisinna Purple with it 15 to be recommended.
In spite of the sced-cane spoilage that may oceur with P. Q. J. 218
and Co. 290, however, these varieties, because of their superiority in
vields, may also profitably replace Cayvana aud Louisiana Purple.

SEEDR PLOTS

Burber {22} iv India was perhaps the first to poing outb the value
of setiing aside certain fields of cane o be used solely for secd purposes
as o means of controlling red rot. This was later advocuted by Edger-
ton (33) and Edgerton, Taggart, and Tinms (37) as a generel disease-
control measure in Louisinna.  In recent years » very important
step toward obtuining better seed cune supplies has been taken in
Louistanu by several growers in the establishment of seed plots,
principally in isolated areas as a means of keeping sced supplies free
from mosaic.  While limited at present fargely to mossic susceptible
varietics, 1t is probable that the future will see the practice expanded
to include other vartetios.  [n addition to the benefits that will acerue
from the contrel or reduction of mosaic, the growing of cane solely
for seed purposes will permitb specinl attention to be given it with
respeet to fertilization and cualtivation, and should result in generally
higher quality of seed cane with consequent improvement in germina-
tion and stands.
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CULTURAL PRACTICES

A greal deal can be done toward reducing red rot injury to seed
cune h\ attention to cultural pmrstwes that tend to stimulate germina-
tion (i1, 13). Awong these “good farming” practices may “be men-
tioned thorough preparaltion of the seedbed well in advance of planting
time so that 1t will be well settied, an  uvoiding too deep covering of
the seed at planting time. I v ye - zappy stands result on some

plantations owing to too deep T oo This results in retardation
of germination, thus lavoring [ deterioration of the seed.
SUMDM, PLANTING

Planting 1 purt of the aereage in August, when excellent germination
can be obtained from immature seed cane, offers a means of escaping
considerable injury from seed-rotting diseases which affect cane planted
in the fall. This is purticularly true of varieties susceptible to both
red rot and veot rot (53}, Bummer planting enables the plants to
beecome well established on their own root systems before the winter
months, and once this is sccomplished deterioration of the seed cute
tings is of little consenquence.  Not all varieties respond well to sum-
mer planting, however, and they should be chosen for their adapta-
bility in this respect (6).

RESTRUCTION OF TRASH

The destruction of cune trash and diseased material after harvest
has heen recommended {22, 26, 30, 33, 38, 61) as a means of reducing
recd rob infection.  For several reasons, it is doubtful whether trash
destruction for the sole purpose of redueing red rot would have enough
effect on the discuse, under Loulsiana piunmmon conditions b leust
to warrant any bpi‘(‘idl eflort being made 1n this regard. In the first
place, it is practically impossible to do & complete Job of disposing of
cane refuze, and the small guantity that would slways remain would
probably carry encugh of the red rot fungus to start leaf infections in
the spring. Furthermore, seed cuttings and stubble rhizomes that
hecome exposed during spring cultivation operations serve as sources
of inoculum for leaf infections, and when the disense is once started
on the leaves it spon spreads tapidly through the fields. Many argu-
ments have heen advanesd for and against the burning of trash for
reasons other than red rot control, and so far as the sugar district of
Louisiana 15 eoncerned, the question should be decided on its merits
aside from its relation to this disease. In the sirup sections, buraing
of trash and diseased cuttings discarded from the seedbeds is to be
recommended.

RESISTANT YARIETIES

In recent yeurs the greatest dependence for the control of red rot
has rested on the utilization of resistant varieties. Unless a varlety
possesses a satisfactory degree of resistance to red rot, other control
measures witl be ineflective in many vears. ‘This i3 part-i('u tarly true
on the heavy, poorly drained lands’in the Louisiana sugar district,
where suseeptibility to boti red rot and oot rot must be considered in
the choice of varieties. Past experience has shown that large-scale
planting of canes that are susceptible to these diseases may prove ex-
tremely costly.
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The present assortment of varieties suitable for commercinl cul-
ture in the United States still leaves much to be desured with respect to
resistance to red rot and other disesses. During the past decade,
however, such great progress has been made that the Industry 1n the
Tnited States 1s now on & firmer hasis from this standpoint than at
any time inits history. Judgirg from the number of diseasc-resistant,
commercially promising seedlit % now 1! nw tested, with the prospect
that others will be produced & “rh 2 “the future outlook for the
effective reduction in losses fro: . ':_ot and other diseases appears
very promising.

SUMM...}Y

Red rot, caused by Colletotrichwm faleatum, is one of the major
dizeases of sugarcane n the southern United States, where, since the
time of its chbcovew in the country early in the present century, it has
been an annual source of losses to the industry aud at times an 1mpm -
tant contributing factor to the decline of several sugarcaue varieties.
The symptoms of the disease on the leaves and in the stalks are de-
scribed, nnd the losses caused by it in reduced stunds and vields of cane
and sugar are discussed.

In 1920-31 unusually severe losses were sustained from it in Louisi-
ana through the sudden failure of one of the leading commereial
varieties, P. O. J, 213, In seeking the cause of this failure, a detailed
survey of the red rot flora of the southern U nited Swates was under-
taken, in the course of which isclates of Colletotrichim fuleatim were
obtained from the leading conmmereial varieties in Louistana, the sirup-
producing States, and southern Florida. This revealed the presence
of two morphological races of the Tungus, distinguished by the color
and texture of the mycelium in artificial entture.  Ou the basis of

color, these were termed light and dark races, respectively.  Isolates
intermedinte in charascter botween the two 1uces were alio obtained.

During the early years ol the survey (1830 343 the light race pre-
dominated in Lowisiana, but heginning in 1934 the dark ree inerensed
in relative number:., and is now more prevatent than the light. Evi-
dence is presented to indicate that this change was influenced by the
changes in relative acreages of commercinl varieties of sugarcane that
oceurred from 1983-36. In spite of this change in the red rot Hora as
a whole, P. Q. J. 213 continued to show a preferonce for the light-race
tsolates evenr when abundantly exposed to the dork ones; and con-
versely the dark-race isolates predominated on C. P8O under condi-
tions of exposure to both. It was coneluded from tlw survey that
the light race was I’L‘fs{){)nﬁib][‘ for the failure of PoOL 0213, and the
dark race {or the dechne of (', P. 807,

In the sirup-producing States the dark vace predominated from
1930-37, but in 1938 the light race predominated on all varleties ex-
cept Clayana. In southern Florida, only light-race isolates wepe
obtained.

Detailed cultural studies of €. fuleatum are reported.  Neaszure-
ments of the conidia of 8% isolates sbowed uo correlation between
conidial size and the cultural eharacters ehifferentinting the two race-,
nor could they be differentiated on the basis of the rate of wrowth in
culture at different tempemttuea The optimum temperature for
the fungus was from 30° to 32.5° ('.; 37° was unfavoreble to growth,
growth was slow at 153°; and no D'ro“th was obtained below 107 C.
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The cultural characters of single-sporve eultures of the fungus re-
mained constant throughout the period of the investigation, mutation
or other forms of marked varintion not being observed.

Both dark- and light-race isolates of Colletotrichum Jaleatum werve
obtained from lesions on the leal midribs of Sorghum halepense, S,
vulgare, and Erianthus giganteus in Loulsiana that wore indistinguish-
able in morphology and parasitism from those obtuined from leaves
und stalks of sugarcane The grass and sugarcane isolates were com-
pared in culture with a culture of . graminicolum obtained from the
Netherlands and one from Town. Morphologically the former cul-
ture was similar to, although not identical with, some of the dark-race
isolates of (. fulcatum, whereas the Jowa culture showed little re-
semblance to (' feleatum.  In inveulation experiments neither culture
of (" graminicolum doveloped in the tissues of rod rot-susceptible
varieties of sugnreane. 1t was concluded that the two SPectes are
disfinct, and that the lungus commonly oecurring on the leaf midribs
of Jlohnson grass, plunwgrass, and sorgo in southern Louisiana is
(", faleatum.

In life-bistory studies, it was found that (he disease on the leaves of
sugareane was of importance principally as a meuns of dissemination
of condia, providing :n abundunt source ol inoculum for stalle infec-
tions. Infection of the leaves commonly oeeurs through the wounds
made by msects, buf penetration through the apparently uuinjured
epulermis may occur.  Stalk infections of standing eane occur largely
through the tunaels of the moth borer (Wigtraea saccharalls (F.)), and
in certain very suscentible varietios, through the root primordin.  In
secd cuttings, it may also occur through (he cut ends.  The <isense
develops during the winter in seed cans rom nfections that have goo
ctirred prior to cutting and planting.  In the spring, conidia produced
on trash and pieces of seed cuttings exposed in eultivation aperntions,
and on stubble rhizonies seive us sovrces of inoeulum for initinting
wfeetion of the leaves on which the discase continues to multiply
throughout the growing season.  No evidenee was obtained to i
cate that the Tungus is able to persist in the svil. Rotting of seed cut-
tings under field conditions is favored by poor drainage.

The compurative virulence of botl the light and the dark culturnl
races of the fungus wus determined on w vesistant host, Co. 281, and a
very susceptible one, P. O 2130 On these hosts, the isolates of the
light race from Louisiana were more virulent, in general, than those
of the dark, and the latter were more virulent than either the light- or
dark-race 1solates from the sirup-producing  States.  The  repre-
sentatives of the two cultural races tested from the sirup-producing
States were of about equal virulence.  From these results it was ap-
parent that there was, in general, a relation between virulence amd
the geographic origin of the isclates with respect to the prineipal
sugarcane-growing areas of the United States.

Although well-defined physiologic forms, such ax have been de-
scribed for the rust fungi, could not be differentiated, a degree of
parasitic speciulization within each eultural race was demonstrated.
When a group of light-race isolates obtained from fields of P. O, ..
213 in Louisiana where 1t uiled, for example, were compured with
those obtained from other commerein} varietios, the P. O, J. 213 iso-
lates as a group were signihicantly more virulent than groups fram
Co. 281, D-74, and miscellzneous vurietiev, with the exception of those
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from P. 0. J. 36-M. This indicated that a measureable degree of
parssitic spectalization of the P. 0. J. 213 light-race forms had oc-
curred on that variety and together with the results of the survey
showing that the light cultural race was dominant on P. O. J. 213
dlur{.ing the period of its failure, offered a plausible explanation for its
decline.

The dark-race 1sclates obtained from C. P. 807, furthermore, from
sections where red rot was severe on this variety, were significantly
more virulent on it than those from aress where the disease was less
severe. Vhile there was this evidence of a degree of parasitic speciali-
zation among certain of the isclates from . P. 807, a comparison of
all of the isclates from this variety with those from other varieties
indicated that as a group the C. P. 807 1solates did not constitute o
specialized parasitic race.

Additional evidence of specialization was found in the isolation of
one Louisiana light-race culture from Co. 281 which proved to be
highly virulent toward that generally resistant variety. The evidenece
indieated, however, that this was a chance variant and not a represent-
ative of a large population in nature.

On P. O. J. 213 the dark-race isolates from Louisiana were signifi-
cantly more virulent than either the light- or dark-race isolatesfrom
the sirup-producing States. This suggested that a partial expia-
nation for the absence for many years of red rot injury to the P. O. J.
213 in the sirup-producing States lay in the lower virulence toward it
of the races of (. falecatum present there. This tentative conclusion
was corroborated by & test in which certain Loulsiana light-race isolates
produced infection of this variety through the root primordia and
subsequent rotting of the stalk to a greater degree than representatives
of both races from Georgia.

Among the dark-race 1solates, differences in relative virulence were
found similar to those described for the isolates of the light cultural
race. As agronp, the isolates from Louisiana were more viruleat than
those from the sirup-producing Stat-s; and among certain of the Louis-
iana dark forms there was further evidence of a relation between
virulence and geographic origir.

The importance of red rot in the Department’s sugarcane-breeding
and disease-testing program is discussed, and the laboratory method of
testing large numbers of seedlings for red rot resistance is described.
Based on the results of these tests the scedlings are classified into 5
groups of resistance or susceptibility. The laboratory tests are sup-
plemented by field-inoculation tests with the most premising agro-
nomic selections, to determine the effect of the disease under actual
field conditions where the extent of injury is influenced by such factors
as the vigor of the sugarcane variety, susceptibility to borer attack,
suscepi Aty to root rot, and soill and weather conditions. I& was
found vhat susceptible varieties that are very vigorous may suffer less
{rom red rot than mere resistant ones that are less vigorous. Varieties
that are moderately resistant to red rot but susceptible to root rot
may be more severely injured by red rot than those susceptible to the
disegse but resistaut to root rot.

The red rot reaction of varieties representing the five generally
accepted species of Saccharum was determined by the laboratory
method. Thirty-two varieties of S. efficingrum studied were classed as
very susceptible and 4 ss susceptible, from which it was ccacluded
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that high susceptibility to the disease is characteristic of this species.
Twenty-eight New Guinea varieties, tentatively classed as noble canes,
were very susceptible, 3 were susceptible, 1 moderately resistant, and 1
resistant.

Q1 the two varieties of S. barberi studied, one was very susceptible
and one moderately resistant. Two varieties of S. sinense were very
susceptible and seven were susceptible, indicating that the members of
this species are only shghtly less susceptible than those of S. o#fici-
narum. ‘The one variety of S. robustum available for testing was
classed as susceptible.

Witk one exception, the varieties of S. spontaneum were found to be
more resistant then those of the other species, 13 of the 14 tested being
classed as moderately resistant, and 1 as vervy susceptible. A study
of the genealogy of the resistant seedlings produced at the Depart-
ment’s breeding station indicated that some form of S. spontaneum
was the most probable source of their resistance to the disease.

The distribution of red rot resistance smong the seedlings of four
complete progenies was studied, two of them, Co. 281 X P. O..J. 2878
and Co., 281 X U, 8. 16894, in considerable detail. No correlation was
Tound to exist between red rot resistance and the growth habit of the
female parent (Co. 281), the agronomic character of the seedlings,
ar the suerose content of their juices.

From a study of the distribution of resistance among the feld selec-
tions ol 24 commereial crosses, it was concluded that Co. 281 is of great
value as a parent in breeding for red rol resistance. This variety
entered into the parentage of nearly all of the erosses from whicl: g ny
considerable number of red rot resistant seedlings was obtained.

The red rot reaction is given of 79 of the most promising agrononic
selections from the 1929-34 Canal Point series. The percentage of
resistant canes among these selections inereased from 27 in the 1929
series to 73 in the 1934 series, indicating that in the later series furger
unumbers of seedlings were produced, which combined desirable ngro-
nomic guulities with red rot resistance.

Studies of the nature of resistance 1o red rot among sugareunc varie-
ties indicated that it might be concerned with resistance of the host to
wvasion of the parasite through the root primordia, and to the de-
velopment of the fungus within the host tissues alter invasion had
occurred.  The fitst type of resistance Is illustrated by (. P. 807,
which is resistant to Invasion through the root primordia under g verage
field conditions, but which may be invaded under environmentsl con-
ditions unfavorable to the host and favorble to the parasite, such ns
prolonged low temperatures accompaniod by oxcessive soil moisture.
Resistance of the host tissues to the sprewd of the parasite alter
invasion, therefore, was considered of greater importance.

A comparative study of the pathological anatomy of « resistant and
a very suseeptible host did not reveal differences in the character of
the tissues of the two wvarieties that would expluin their different
reaction to the disenses. It was concluded that the resistance prin-
ciple was contained within the protoplasm.

Preliminary determination of phenolic compounds in the extracted
juices of two resistunt and two very susceptible varieties are Teported,
in which the former were found to hiave a higher total phenolic content,
than the latter. While the results suggested that such compounds
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might be concerned in the resistunce mechanism, the preliminary na-
ture of the experiments did not permit such a conclusion to be drawn.

In considering measures for the control of red rot, seed selec tion, the
establishment of plots where cane is grown especially for seed, sound
cultural practices, and surumer planting of susceptible varieties are
discussed. 1t is recognized, however, that the control of the disease
must depend principally on the utilization of resistant varieties, the
production of which is one of the cardinal aims of the Department’s
breeding program.
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