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INTRODUCTION 

Red rot, caused by Colletotrich1lmfalcatllm Went, is one of the major 
diseases of suo-arcane in the 'Cnited States. Within the past decade it 
has caused the complete failure of one of the letlding commercial 
varieties in Louisiana, P. O. J. 213,3 and hns shown indications of 

I Suhmitted for publication Au!!ust I. 1938. 
'The author is indehted to Robert L. Tippett. assistant scieDtiflc airle. for assistance from 1932-37 ID the 

isolation of Collplelrichum ralcnlll.m Went in the sur,eY or the red rot flora, in the preparation o( culture 
media for the cultural studies of the fungus. and in tho inoculations reported in mrious sections o( this 
bulletin. 

"-"[any varieties of sugarcane are commonly designated by letters or other ahbre"iations IndiClltin~ the 
ori~in o( the seedling cane. The meaDiDg of such de~i~nations o( ths "arieties mentioned throu~hollt 
this bulletin are as follows: Co.=Coimbatore (India) ~eedline5: C. P.=Canal Point (Fla.) seedling!:: P. O. 
J.= Proefstation Oost Jam seedlings; P. O. J. 3f)-~[ =~fin~ka selection of P. O. J. 3r,. 

!I!)42ij'-:l8--1 
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increasing in severitv on other varieties nfter a few years of Iarge
scnIe commercinl 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 increase of parasitic races specific for them, 
is 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 breeding of resistant varieti0s. It is with these phases of 
the red rot problem that the present investi.gation is concerned. 

DESCRIPTION OF THE DiSEASE 

Red rot, attacks the stalks, stubble rhizomes, and leaf midribs of the 
sugarcane plant. It may lllyade leaf-blade and leaf-sheath tissues 
and is capable of infecting su;arcane roots (5, 27, 47)/ but it is not 
i.rnportant as a disease of thesu organs. 

RED ROT IN THE STALK 

Red rot is frequently not discernible from external exnmination of 
the sugarcane stalk wlless it has so completely rotted the imerior as to 
cause the rind to lose its natural bright color and become dull in 
appearance. Sueh an advlUlced stage of rotting of standing cane 
seldom occurs III the rnited States, although it has been obseryed in 
P. O. J. 2714 in southern Florida. Plants so affected may be detected 
by the yellowing, shriveling, and dyiLg of the lIpp\~r leaves. 

More certain identification of red rot mlly be made by splitting the 
stalk of standing cane, seed cutting, or stub :>le rhizome. The disease is 
recognized by the longitudinal reddening of the normally white or 
yellowish-white internal tissues of the inte 'Dode, especially when this 
red color is interrupted by occasional whit'! patches extending cross
wise of the stalk (plate 1). "Unless these wtitish patches are present, 
identification as red rot is often unc('rtain "without microscopic exam
ination or culturing of the causative fWlgus. Almost any sort of 
wounding, including attack by other disease organisms and stnlk 
borers, causes a 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 milling purposes. 

RED ROT ON THE LEAF MIDR.IBS 

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 fUll~us begins, the lesions are coyered with blar.k 
powdery masses of comdia (plate 2, D). The lesion from 11 single 
point of infection is usually continuous along the mibib, but some
tiInes it is broken up into 11 succession of red blotches alternating with 

j Italic numbers in parentheses refer to Litemture Cited. p. 93. 
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Typiral illtel'llal "talk '-',\'lllp(III1'- of tlu' f(Or! rllt of _~IHW.f('al.1' Oil a I"('r)" "Il~(,pptihlr 
variNy, ~ir()\\'ill~ whi(i"h pat' IIp,,; ('xtPlIIlillg :1C',.II,:' tirP mltc'r! [In':!s alld 11IattC'd 
JlIye(~1i1l1ll ill tire pith ('!lsit:; in (JIW of till' t\\11 di,Ptl.,pd "I:dk,;, c'olltra"ted with 
til(' natllral color of a healthy ~tulk, 
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o 
E. 

App('uranc~~ of red rot on the lea\"(~" of SUI-(arcall!' and .)ohnlioll 1!;ritSS. The reddi.<h 
areas on the up(Jpr side of the Ipaf midrib prochlc'p Illyriads of sporps that lUI' 

blow11 by the wind Illld constitutp tht' principal means of t'prt'ading til!' di . .;pasl' 
from plant to plant. Thrpp tY(JPs of Ip;;ions an' shown: .1, Long, continllous 
lesion on C. P. 28tU), which is \"pry slIsceptiblp to leaf infpe'tion but moderateV 
resistant to red rot of the stalk: B, very short, ["c'strictt'd lesions on P. O ..J. 213, 
which is resistant to leaf infc,ction but \'pry slIseeptibll' to rpd rot of the ,talk; 
C, discontinuolls lesion typieal of ('0. 2S I, which is sus(,pptiblP to 1(,:lJ infp('tion 
hut resistant to the dispasp in thp ~talk; I), pnlargpci lIIidrib of ('0. 2SI, ~howill1!; 
the blaek, powdery masse's of spor('s prOdll('('d Oil th(' slirface of the Ipsion: E, 
leaf uf .Juhnf"JIl gritS;; with typical lesion due tu the sallle fungns. 
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apparently healthy tissue (plate 2, 0). Microscopic examination of 
the Dormal-appearing areas will sometimes reveal strands of the 
fungus mycelium connecting the reddened spots. Frequently, how
ever, no such connection is apparent. Atkinson and Edgerton's (19) 
demonstration of the movement of conidia in the stalks of sugarcane 
through the vascular bnndles 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 
isolates of the fungus obtained from leaf lesions are capable of pro
ducing red rot in the stalks, and the stalk isolates vf producing the 
disease on the leaves. No direct mycelial connection between leaf 
and stalk lesions has ever been reported in the literuture, and while it 
is not inconceivable that such might occur, 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 lesions by direct mycelial connection. The presence of the 
disease on the leaves Cl1IUlOt 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 as a 
result of the deterioration of the seed cuttings and the stubble rhizome; 
the destruction of seed cane in the stora~e beds (in the sirup-producing 
States); and the inversion of sucrose III mill cane, resulting in low 
recovery of sugar at the factory. The effect of guppy st~nds is felt 
not only ill reduced tonnages of cane but also in the lower sucrose 
content of the juice resulting from the delayed maturity of the cane 
(11). 

REDUCTIONS IN STANDS OF CANE 

As early as 1909 deterioration of seed cane due to the disease was 
reported 1Il both Louisiana and Georgia by Edgerton (31, 32), who 
expressed the opinion that it had been present for some yeRrs preceding 
its positive identification as red rot. This opinion is borne out by the 
many references in trnde journals to the appearance of a new rot of 
seed cane during the early years of the present century. 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 thesc years indicate that it was 
an important contributing factor to their decline. According to 
Edgerton, Taggart, and Tims (37), 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 perc en t by the disease. 

During the period 1927-29 less serious losse~ were experienced by 
the industry because of the replacement of the noble canes "lith the 
P. O. J. varieties. Injury to the old varieties was severe in 1927 
(2, 40), but because of the rnpidly increasing acreages of the newer 
canes, which gave good stands, the effect was less felt by the then 
reviving industry. AccordinK to Tims and Edgerton (67), however, 
a considerable portion of the Louisiana Purple produced in 1927 was 
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so Rt'Y(,I'('h- l'ott('d thn tit wus not worth s(,IHling to the mill. Condi
tions cOlltinu('d to impron>, until the spl'ing of IH30, whcn thousunds 
of acrl's of p, 0, J, 213 thnt hud become one of the lcnding' commcl'Cilll 
yarieties of Louisiana eitlll'r complet('ly fuiled or WNO so reduced in 
stuud as to make their cultiYntioll unprofitable (fig, 1), The tremen
dous cost of this fnilure to the industry muy be nppreciated by n11 
exnminll tiol1 of fi~ure 2, in which the l)('J'('en tngc of the totnl nCl'('nf~('s 
of sugnrcnne ill I:ouisinnH, o('cupipd hy p, 0, ,J, 21:3 nnll ('prtnin othN 
vnl'ieti('s from] 928-a() nl'o gl'llphienlly l'l'eol'ded. 

It will be lIoted thut bY~1929, p, 0, ,I. 213 oecupied It third of tlH' 
entire sugn.rcune nCl'euge' of the 8tn.te, and in 1930, thc yeur of its 
first disnstrous fnilure, :j5 lWI'('ent. Probably no one hus en~r nt
temptl'd to estil1lH to the exnet {'('onomie loss il1\'o!\'ed in tbis fnilure, 
since figures nre not n vnilil hie from a suffieion tly hll'ge number of 
plnn tn tions 'with l'espt'et to the 11 umbel' of Hcres netually plowed ou t 
or the ncrenge which, in spi te of the gl'eu tly reduced stnnds, wus 
cultivntcd nt n cost considerubly nbO\'e normal. Ne\'el'theless, some 
idea of the monetary loss may be gained when it is considcl'C([ thnt it 
costs npproxinmtely $11 to $12 to plunt HllnCI'C of calle, inductillg the 
cost of laud prepnrntion, the Cllne used for seed, cutting, hlluling, nnd 
plnnting, und nil ndditional $~O pel' ncl'o for producing' the preceding 
legume crop, 1'01' dminage, nnd the Ynri()u~ fixed ndministrath-e costs, 
which must be churged ngninst the plant-cHne crop, Oil this bnsis, 
the rost of producillg the 19:30 crop of p, 0, ,1. 213 of npPl'Oximately 
25,500 acres may be estimated nt nppl'oximntely $1,058,25(1,5 On 
some plnnttttions this cost wns nendy a totullnss, nnd on all but n 
wry few it was considel'nble,o The loss to the SligH I' district us II 

whole from the f:lilul'e of P. 0, ,J, 213 in 1930 lind 19a1 may be ('on
sel'\'nti\'ely e~tint:1t(>t1 nt hom $H:{5,OOO to $1, 100,()()O, It wns It 

Se\'el'(1 blow to an industry not yet fullv 1't'('O\'PI'P<! from til(' <lebueip 
of 1 !)2n, '" 

This initiulloss, however, was not ull, for th(' drpcts of It poor stund 
of plnnt cune nrc cnl'ried into til(' succeeding stubble (,I'OPS, In order 
to maintain the llCH'rntd bnlnncc between plunt Clllle and stubble 
crops, it was neee1>t;ury for muny plulltn tions to ('lIITY stubbles of 
p, 0, ,J, 21:3 ill which the sblnds were poor, This mellnt that the 
costs of clllti\'ating, fel'tilizillg, hocing, nnd oth.::'!' field opcrn.tions 
were gl'eH tly il1cl'ens('d, even more p<'!'hn ps than in the pIll 11 t ClUte 
crop, 

The Hno expprie[lce with p, 0, .J. 21:~ WllS l'epl'tl.ted to tl con::;ide['
nble dl'gl'ee in 19:31, wh(,l1 4 I 1)('['('('11 t of tlte totu I SligH [,(,HlIe nC['Cllge 
in LouisiulIlL was still deyoU,d to tllis vll['iet\', lllld to'some extent ill 
succeeding ),('I\I'S. The lIatumll'eslIlt WlIS n: silnl'p «eeline in Ilcrcllgf' 
of p, 0, ,J. 21:~, ulltil by 19:34, when it wns ngnin SPH'l't'lv nil'eeted by 
red rot, it had cpused to be un impol'tnllt ('OIlllll('['('i;t! vai'jety, Asicie 
frolll the N'onomic nspe('ts of the failu[,e of this \';lril't.y, its loss WIIS 

exh'elllely dis('oul'llg-illg to 1I;1 illdustry, ill tllP l'<'('O\'CIT of whic'h it 
3 Al'(~orrIiIlg: to the r'niteci ~tnl(>S Dl'pnrtml'nt DC .Al!rirulture Y('arhook (pr n.r.u. llll're Wl1TO 1S0,OOO :ll'rl\$ 

de\'ot~d to sU~llr('llne in Lcuisinnll in \UaO, As;;ullling that tlw ('rop Wllg ~O pen'f'nt IJlant "me and 00 per' 
cent stut,ble, thb would lTIelln npproxlnl!ltely m,ooo Il('r~s of plunt cane, On the (02 plllntlltiGns, for which 
fi!:urt'S lire nmiiable ill (Jjirnort"~ :'[\1I1l01 of [.olli,inll11 for \V;IO-:lI, 1',0, J. 213 constituted 42.6 P<'rcont or 
tho plant mrw crop. ,\ fJplying tlH'$e figures \0 Om lotlll ~tate nerClI~o, there" ero approximately 2,J,500 
Beres of p. 0, J, 21:! pl~nt ('nlle A tan !\\,emue tOSt or $-lUI) per !lere, I he ('ost of producing the 1!k10 crop of 
this Yariel), was IIppcoxirnutl'I}' $l,O',~,2.50, ::'irniinrly, thl' ('ost of prOllucing the I!fJI crop of p, 0, J, 21:1 of 
18.200 Bcr('s was nppros:irwltelr $7.1,1,300. 

6 In rorrespowlem·p.. ,S£lvcrnl plnntntion Jnnnfll!;('r'; hil\'f' t'.::.ticmt£lt! t Iwir IO~Sf'" from rl'd rot injun- to P_n, J. 
21;! in W:IO no; (rolll a,i to liO 1'('r('NIl r 

http:l,O',~,2.50
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FIGl"RE I.-Disastrous <'ffeets of rNI rot on stands of P. O. J. 21.3 in southern 
Louisiana.: .,1, Plant cane ill late April (looking across the rowS) showing gaps 
of fr~m 4 to 20 feet in Illauy of the rom'; B, a vir\\' of a firld of sl'eond stubble, 
showing lnss of stand due to stubble deterioration in addition to the original
dccimatiou of the plant-cane stand. 
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FIGUIIE 2.-Percentage of total sugarcane acreage in Louisiana occupied by the commercial varieties, 1928-36, showing ~ o• tho vllrietlll succession nece8sitlltcd Illrgeiy by failure due to disellscs. The outstanding vllrietal failures were of P. O. J. 
2131lud P. O. J. 234, the former being due primarily to red rot, lind the latter to stubble deterioration. The dip in the ~ 
curve for P. O. J. 234 in 1931 WIIS due more to the increllsing 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 increllsing failure 
of P. O. J. 234 necessitated greater utiliLlltion of the less desirnble P. O. J. 36 and P. O. J. 36-M in 1935 until the later 
intr0' !'lced Co. 281 ano Co. 290 could be lIlultiplied. (Dahl mainly from Gilmore's Sugar Manual of Louisianll.) 
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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. varieties would follow the 
noble canes in failure. Subsequent events showed that this feeling 
was not entirely unjustified. 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. O. 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-~I, which is slightly more resistant than P. O. J. 213, also suffered 
from the disease, but because of the relatively smaller acreage devoted 
to the variety, the effect on the industry was not so marked. Again 
in 1934 several hundred acres of plant cane of P. O. J. 36-M showed 
reductions in stands estimated at from 30 to 70 percent.7 In 1935 
severe red rot injury to stands of both plant cane and 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. 

LOSSES IN SUCROSE 

In addition to the loss in tonnage due to reduced stands of cane, 
red rot also cuuses important reductions in recoverable sugar at the 
factory because of the in version of sucrose in the stalk. This phase 
of the subject was first investigated by Went (73), who found that 
the diseuse greatly lowered the quality of mill cane. Butler (27) 
confirmed this in L'ldia, pointing out that the damage was due to the 
inversion of the sucrose and not to actual consumption of sugar by 
the fungus. Lewton-Brain (46), in Hawaii, and Edgerton (33), in 
Louisiana, reported similar results. Edgerton found not only that 
the sucrose content of the diseased internodes was reduced, but that 
the joints above the diseased ones were also affected. In the epidemic 
year of 1927 in Louisiana, the reductions ill sucrose in juices of the 
noble varieties 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-~f, 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 changes. The value of the cnne was materially reduced by 
the borer ulone, but to a greater extent by the combination of borer 
and red rot, which are usually Ilssociated in injury to mill cane. The 
chemical changes in the very susceptible P. O.•J. 213 cane were 
greater than in the susceptible P. O. J. 36-~( and the resistant Co. 28l. 

Bourne (2.5) reported an epidemic of red rot in P. O. J. 2714 in 
southern Florida in 1934, which caused a 30-percent 10sR in tonnuge 
on 200 acres and a reduction of approximately .50 percent in the 
sucrose of the haryested cane. The se,-erity of the disease on P. O.•J. 
2714 resulted in its rapid replacement with more resistl1nt varieties. 

Since both P. O. J. 36-~I and P. O. J. 213 have ceased to be import
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 "Lnited States in recent years than formerly. 

, Estimates based on the \\Tlter's examination of approximately [>00 acres of P. O. J. 36-M on 13 planta·
tions. 
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While all varieties are afrected to some extent en'r)" yCnt', particularly 
those that are subject to heavy borer infestntion, the present leading 
commercial varieties nrc more l'esistnnt to the spread of red rot in the 
growing stn1k than those formerly grown, C, p, 807, which is very 
susceptIble to the spread of red rot III the semicIol'mnnt seed cuttings, 
seems to possess a degree of resistnnce to t.he diseuse in the growing 
plant, which, coupled with its resistance to borer attnck, Tenders 
the disease of little importance in mill cnne, The sallle is true of 
Co, 290, Of the present importnnt commen'inl vUl'idies in Louisinnn, 
C. p, 29/116 nnd 29/320 nre the only ones in which the disem;e spreads 
to any conside1'llble extent in standing cnne, 

HISTORY OF THE DISEASE AND GEOGRAPHIC 

DISTRIBUTION 


Red rot was first reported ns a disetlse of sugaTcnne by ,,-rent in 
Java in 1893 (73), He described in dduil the symptoms of the 
disense, proved the pnrnsitism of the orgnnism he isolnted from the 
diseused tissues, calling it Colletotricllllm falcatllm "Wen t, nnd carried 
out life-history studies. He nnnlyzed IH'u!thy and diseased mn t ure 
stalks of cane, finding that the diseuse catlspd great losses in sucrose 
content of mill cnne. He proposed "!'('d smut" us n COlllmon nnme 
for the dise!lSl'. 

Shortly after Went's description, Mnssee (-17) isolated Collftoirichllln 
falcatllm from specimens of cnne recein'd nt J(pw Gnrdens from the 
"Vest Indies, He considered it the cnuse of root disense of sugnrcnne, 
attril,uting the stnlk rotting, thpn so d£'stnl('tive in the Indips, to u 
new fungus thnt he lnter described ns Tl'iclwsplwl'l'ia sacc/wri, ~lnss. 
This led to considemhle confusion regHrding tho idcn tHy of ],P<l rot in 
the "'cst Indies, which eontinu£'<1 for a \1('cIHI£', W('nt (74) Illt£'r 
compnred the JavHn and 'Vest Indion forms of the fungus. coneluding 
it wns highly improbable thnt the "'pst Indinn J'ungus wns the eHuse 
of root rot. HownI'd (41) in 1903 finnlly erlllPd til(' confusion regnl'(ling 
the etiology of the (JpstructiYe dis('nse in the 'Yt'st 1n(\ips commonly 
called "Tind diseuse." showing thn,t it was in ]'pnlity ]'('(1 rot. He 
found thnJ, invnsioll by Afeianconium 8Clcc!wri ~rnss. (tho rind disl'l1se 
fungus) was secondary, following senre inj lIry b,\' C. ,la/ca(ll m. 

Within a decude aft('!' Went's description of the dispnsp in ,fnYn, its 
occurrence was reported in se\"ernl other ('ountries, and frolll the 
published accounts it appears probnhle th!lt it WHS widely distribllh'd 
and well established before it WflS finally ],(·cognized os 11- new diseuse 
of sugnrcune. Tryon (68) sllggpstpd thnt whnt hud been described 
ns a severe fotting of cnne in QlIepl1slnnd ns purly us JRHi5 was prob
ably fed Tot. Bnrbpr's cHrly UCCOUl1ts (22.28) indi('ated that it wns 
a very impoTtant sllgnrclIlle e1isellse in ::\Indrns. Hp foulld thnt it 
was sen're in regions wll('re borl'I's were almost pn tirl'ly II bSl'n t. lIe 
wns the first to note that the thin vnripties of cane llre more resistnnt 
to red rot than the noble vflripti('~, II e (,xpl'p~~ed t Iw lwlic-f thn t the 
apparent immunity of cprt:lin YBridie:; could. he broken down h,\" hlld 
cultivation, and found that the disease was J'n\,ol'('<l h.v poor drnill
nge, His observations on the influence of pOOl' dl'llinnge and culturnl 
conditions in favoring Ted rot hn ve been vNifipd by In t('r workf'rs in 
every country wheTe the discnse is important, und hn\'c been of busic 
conSIderation in seeking to contTol the dispnse, 
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Butler (27) conducted extensive studies of the disease in India 
(Bombay), devoting particulnr attention to the causal organism and 
to modes of infecti.on. He proposed the common name of "red rot," 
a name now ulliversnlly accepted, in preference to "Vent's "red smut." 
He noted that the fungus was parasitic on the leaves as well as in the 
stftlks. 1\ent hnd considerpd the leaf form a saprophyte, In ac
cordance with Raciborski's work in JtlYI1 (53), Butler ascribed most 
of the infection of growing plan ts to direct mycelial connection between 
the stnlk" nnd diseased cuttings. Entrance through the tunnels of 
boring insects was noted as fi. possible source of infection, but it was 
not beliewd to be important. He analyzed diseased and healthy 
stalks and found that red rot greatly reduced the sucrose content and 
purity of the juice. He concluded that this loss was due to the great 
inverting action of the fungus an(lnot to its consumption of sucrose. 

Lewton-Bruin (46) conducted cultural studies of Colletotrichum 
falcatum in Hnwaii, where he stated the disellse was of minor import
llnce. Contrnry to Butll'r's findings ill India, he concluded that borer 
tunnels p"oyided the priucipal means of infection of growing cane. 

Edgerton WlIS the first definitely to identify and study the disease 
in thl' Cnited States (31, 32, 33). He found thnt natural infection in 
Louisinlla OCClllTNI principally through borer holes, but mentioned 
that in matl'rinl receind from GeOl'gin, infection had occurred at the 
nodes without bOl"l't' injury, a situntion which is still true today. He 
stated tllll t losses from the disease were due to reductions in stands of 
cnne and in the in \'l'rslon of sucrose in mill cn.ne. He was unable to 
confirm Butler's finding-s thnt a direct mycelial connection existed 
between the sl'ed C'uttings nnd growing plants. Edgerton and :More
land (36) lah'!" suggested that the divergent results in this respect 
might be due to difl"l'rences in the strains of C.jalcatum present in the 
two countries, to differences in ellYlronmentnl conditions, or to varietal 
renction to the disense. South and Dunlop (1) also concluded froIll 
their experiments in the ",rest Indies that the disease was not com
municated to growing stalks by infected cuttings. Kulkarni (44), 
meanwhile, had confirmed Butler's results in India. 

Bec!luse of these llrgntive results obtained in the 'Western Hemi
sphere, Butll'r alld Hafiz Khan (30, p. 159) reviewed ill greater detail 
Butler's enrlier experiml'nts (with Red, Purple, and Ashy ~Ial1ritius 
CHill'S), which had It'd to such n conclusion, Hnd stated that-liThe 
('ourse of the infection lip into the stem cnn be traced in many cnses 
und direct conneetion l)t'tween the mvcelium in the sett find thnt in 
the new shoot establishl'd." They n'Iso found thnt infection occurs 
through tile root primordia. They were unuble to produce infection 
by inoculution of the If'af sellrs or the lIninjurpd buds. They proved 
by inocllhltion I'xpl'riments that tlt(' forlll,; of the fungus occurring on 
tilE' leu\"E's nnd in thl' stalks \\'('I"e equHlly pill"itsitic and idf'nti('ul. 
The USf' of dise(l,;('-frpe sl'l'd ('uttings wns I'mphnsized liS the most 
ImporttlTlt meanil of controlling the disellse, whi('h they stated was the 
greatest obst:tell' to successful sugnrC'Hl1e C'ultivntioll in muny pnrts of 
Indill. . 

Thnt red rot was one of the most widespread (or ut least widely 
recognized) sugnrcnne diseases dlll"ing the curly years of the presen t 
cer.Lury is ntt('sted by the numerous referenc('s to its ('conomic irnpor
tnn('e.. Reports of its o('culTencc in the 'Vest Indies illcludf'd those 
of South (6'3, 04), BnUou (21, pp. 33;2-342), Kowl'll (51), Johnston 

http:infecti.on
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(42), and Johnston 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 cOlmtries. Averna Sacca (20), in Bruzil, 
and Stockdale (66), in Mauritius, added to the knO\Vll geographic 
distribution of the disease. 

During the pnst 20 years, red rot has received relatively little atten
tion in the world's sugarcane pathology literature compared with the 
first 25 years of its recognition as a disense. This was proba.bly due 
in part to the fact that it was no longer new, its life history and 
importance having been fairly well cataloged in most of the sugnrcane 
countries. Perhnps of greater importance, however, was the filet tha.t 
it had actually become less destructive beca use of the chanO'es to 
more resistant varieties that had occurred in many countries. "Thile 
red rot itself was responsible for some of these chnnges (22,30,44,52), 
other diseases played a more important role ill certnin countries. 
The gradual replacement of the noble varieties with those of hybrid 
origin over the entire sugarcane world has undoubtedly lUld a great 
influence in diminishing the losses due to red rot. According to 
Shepherd (62), red rot has ceased to be a serious disease in Mauritius, 
ns the result of the cultivation of re~istnnt varietips. 

Recpnt studies of the dispnse huye been confin('(l largely to the 
United States, where rpd rot is the principnl cuuse of seed deteriora
tion. Its importance us a diseuse of seed cllne hus been considered 
by Edgerton and Morelund (36), Edgerton (34), Edgerton ns qlloted 
in The Sugtlr Bulletin (3, .i), Edgerton and Flor (S5), Edg-erton, 
Taggart, and Tims (37), Edgerton nnd TiIns (38), Tims nnd Edgpr
ton (67), nnd Abbott (8, 9, 11). Edgerton, Tims, and Mills (S.9) 
described it as one of the fnctors cUlIsing stubble deteriorn tion of 
sugnrcane in Louisiana. 

Roldan and Tecson (58) stilted thnt rrd rot is n common hilt not n. 
serious disease in the Philippine Islnnds. Abbott (7) rrported a 
similnr situation in Peru. 

This nccount of the progress in the knowledge of red rot throws "(.me 
light on the origin of the di.sease. Thnt it originatrd in the Eastern 
Hemisphere seems probnble in view of its known widespread distI'ibu
tion und the destruction it wns cnusing in Eastern countries shortly 
after its recognition as a disense. At the same time, however, it wns 
epidemic in the West Indies, assuming, us Howard has shown, that the 
so-called "rind" and "root" (lisenses were in renlitv TPd rot. But it 
seems logical to assume thnt the wider (listributioll in the Eastern 
countries was the result of longer establishment in them. Further
more, if originnlly a pnrasite of sugarcnne, it would presuma.bly be more 
widesprend whpre this plant had long been estnblished than in coun
tries where sugarcane wus of more rpcent introduction. The time and 
manner of its sprend over the world are not dt'finitt'ly known, but 
presumably it wus introduced iEto nt'w regions along with cuttingg 
of sugnrcane trnnsported fN seed. 

It is apparent from the literature review that rrd rot is n. destructiv(' 
disense primarily in subtropical countries. This is particularly tl"tIP 
insofar ns it relates to destruction of seed CHIH'. In the tropical 
countries, where higher temperatures cnuse the seed cuttinb'S to ger
minate soon after phl.11ting nnd 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 several weeks after planting 
before active growth can begin, during which time red rot may develop 
and severely rot the seed cane. Environmental conditions thus 
appear to be more favorable to the disease in subtropical countries, 
but the possibility should not be overlooked that differences in parn
sitic races of the causal organism present in various countries may 
also be concerned. 

FAILURE OF P. O. J. 213 IN LOUISIANA 

When the red rot project was lmdertaken at the United States 
Sugar Plant Field Station at Houma, La., in the summer of 1930, one 
of the primary objects was to determine the renson for the failure of 
the commercial variety P. O. J. 213 from this disense in Louisiana, 
while in the sirup-producing States, where it had been grown and 
e:\-posed to red rot for nn equal number of yeurs, it had shown no 
indication of injury. As mentioned earlier, it had become one of the 
leading commercial varieties in Loui.siana following the re1?lacement 
of the old noble canes beginning in 1926, and at the time of It.S release 
for commercial cultivation, and for sometime therenfter, published 
reports indicated thnt it was resistant to red rot (2, 3, 34). It is not 
clear, however, whether the evidence of its resistance was obtained 
from controlled inoculation experiments or from observations of its 
reaction to' the disense in the field in comparison with the old varieties. 
If its classification as a resistnnt vnriety wns bnsed 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 (67, 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 otilpr conditions were 
apparently favorable for the disease to develop." 

The records show that it gave satisfactory stands and yields on both 
light and heuvy soils from 1926 to 1929 (17,18,57) and passed through 
nt least 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 e:\-periment by FloI' 
(40) in 1928-29, who observed that it gave only 13.5-percent germina
tion in a test 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 gel'mina te, and exmnination of the seed cuttings and the 
stubbles renaled {'xtensi\'e injury by red Tot.s Stands on thousands 
of acres were complete failures, while the gappy stands on many 
others not only greatly increased cultivation .eosts per to!! of cane 
harvested but doubtless also lowered the quahty of the jUlce. This 
experience was repeated in 1931 and to a considerable extent in 
succeeding years, until by 1934 P. O. J. 213 hud ceased to be an im
portant commercial variety in the Sugar Belt of Louisiana. 

, L'npuhlisherl notes by R. D. Rands. 



12 TECHXICAL BULLETIX 6.fl, L'. S. DEPT. OF AGRICULTURE 

POSSIBLE CAUSES OF THE FAILURE 

Four possible causes for this failure have been suggested (J 1): 
(1) An actual change in the inherent resistance of the variet:,:, which would 

presume an en Illasse change in its genetic con:<titution and is therefore hardly to 
be considered tenable. 

(2) An increase in susceptibility as the result of long-continued subjection to 
unfavorable environmental conditions, resulting in nutritional or physiolo/!:ical 
disturbances. This seems improbable in view of the fact that cuttings of P. O. 
J. 213 from the Illuck lands of southern Florida, the sandy lands of Georgia and 
Mississippi, a.ld the various soil types of the Lousiana sugar belt gave all proved 
equally susceptible when artificially inoculated. 

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

(4) The development of a strain of the red-rot fungus more virulent on P. O. J. 
213 than those present in the State prior to its introduction, or of a virulent one 
previously present which had not found conditions fa\'orable for its development. 

Since the first three possibilities did not pmvide an adequate ex
planation of the failure, attention was direeted toward a study of the 
biology of the fungus itself as offering the greatest likelihood of a 
solution. Aside from the general interest in explaining the failure 
of this one variety, an understanding of the underlying principles 
involved was of great importa.nce in the breeding and varietal-testing 
programs, if such a 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 red1'0t flora as being important in such 
changes, although there was some indication that the suddl'n incrense 
of a very virulent strain of thE' fungus might have been concerned in 
the final failure of Louisiana Purple. The \'iew:; of Tims nnd Edgerton 
(67, p. 4) are of interest in this connection: 
The way in which the rcel-rot disea;:e dcvelop:.; in certain years leael;; one to :;u:,ppct 
the sudden appearance of new highly parasitic "trains of the fungu:;. Thc Purple 
cane was grown sllcce;::,fully in Louisiana for mallY year,; after it \\-11,.'; first c1e:'['rihed 
as being quite susceptible to red rot. The disea~c always de\'eloped to a greater 
or less extent but never ruined the crop. However, in thc la,:t year this variety 
was grown commercially in the State, there was the worst development of red 
rot that had ever been recorded. A plot of sc\-eral acres of Purple canc in the 
experiment station at Baton Houge on the first of September 1927 was e;;timated 
to yield from 35 to 40 tOilS per acre. A short timc later red rot be!1;an to develop 
very rapidly. When the cane was cut for the mill in early Xovember practically 
every stalk in the field was infected. Many ;:talks had completely decayed and 
the rind had shriveled. 8ueh a development of red rot is hare! to explain except 
by assuming that a highly parasitic strain of the funglls t'pread over the field:; that 
year. 

At the time of the fnil1l1'c of the noble cnnes, Purple and Ribbon 
had been successfully grown in Louisinntt fOl' over i1 century, during 
perhaps 25 years of which they bad been exposed to red rot. D-74, 
which was introduced in 1891, although not gref,tly extended on many 
plantations until 1904-5, had been exposed to the disense for nn equal 
period. If specialized forms of Gollrtotrichumfalcatum were principally 
responsible for their failure, it seems rensonahle to assume that it 
would not have required a quarter of a century to bring about such 
a result. There is a possibility, of course, that a ne'",- strain of the 
fungus was introduced into the State prior to the institution of the 
two national q uaran tines (69, 70) on sugarcanc in 1914. H.o\\ ever, 
the records show that the decline of the noblc varieties wns 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 yarieties is now generally accepted 
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 O. falcatum were responsible for the failure of the noble 
varieties. 

With respect to P. O. J. 213, however, the evidence is indisputable 
that its collapse was due to red rot, and strongly indicated that special
ized races of Oolletotrichumfalcatum. were concerned. It thus seemed 
probable that some phenomenon not previously e:xperienced in 
Louisiana was principally concerned in the failure of P. O. J. 213, 
and it was dear that some factor was operating in that State which 
had not affected the variety in the sirup-producmg States. A survey 
of the red rot flora of the southern United States was undertaken, 
theref01'e, as the first step in the study of the problem. 

SURVEY OF THE RED ROT FLORA 

METHOD OF SAMPLING AND ISOLATION 

IsolationE. of Colletotrich1lm falcatu.m were made from both leaf and 
stalk lesions of the standard varieties in plan tation and farm fields, 
and from a number of seedlings in the pathologicitl nlll"series and 
agronomic test fields. A standard procedure was followed in 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 at 
scattered points in plantation fields. If possible, they were taken to 
the laboratory for cultlll'ing the same day, but frequently severnI 
days elapsed between the time of collection and culturing. In such 
cases the samples were kept in a fresh condition by wrapping in oiled 
paper. A section of the midrib lesion about 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 chloride, 1:1,000, 
washed three times in sterile water, drained, and plated in ontmeal 
agar acidified with 1 drop of 50-percent lactic acid per 25 cc of medium. 
Sections of tissue cut from stalk 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 through cheesecloth, 
adding I-percent agar to the filtrate, and Itutoclaving at 15 pounds 
pressure for 15 minutes. 

GEOGRAPHIC DISTRICTS 

For the purposes of the survey, the sIIgUI' section of Louisillna WIlS 
divided into three geographical districts: The southeastern parishes, 
comprising Terrebonne, Lafourche, and those along the lower ~Iis
sissippi River; the northern parishes, comprising Iben--ille, West 
Baton Rouge, Avoyelles, Pointe Coupee, and St. Lnndry Parishes; 
and the western parishes, comprising those west of the Atchufalaya 
River Ilnd south of St. Landry Parish. 

As the opportunity nrose, similnr collections were made in the 
simp-producing sections of Mississippi, Aln,hllma, Georgia, and 
northern Florida.. :Most of the samples for sUITey in these Stu t<>R 
were collected on auuulll trips during the ItlLl months, but con;;ider
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able materitll from Georgia and Mississippi was collected by B. A. 
Belcher. 

The isolations from southern 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 

DISCOVERY OF TWO MORPHOLOGICAL 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 they 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. WIllie 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 morphological 
basis. 

In the late fall of 1930, a trip was made to the sirup-producing 
section of southern Georgia and northern Florida, where additional 
isolations were made. A sUITey of the n'd rot florn, of these States 
was deemed of particular importance since, as pre,,'iously mentioned, 
P. O. 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 Volletotrichu'Tn jalcat1t'Tn from Louisiana, where 
P. O. J. 213 was failing, ,,'ith those in the sirup States, where it was 
still being successfully ~rown, might have an important bearing on 
explaining the variety's behavior in Louisiana. 

One hundred isolates were obtained from the sirup States, and on 
eXI"Lmining them in culture it was immediately appal'l'nt thn.t they 
'.\'ere strikingly different in color and t('xture of the turf from the 
Louisiana isolates. They were dark grny in color and of It velvety, 
compact texture, in contrast to the light color and floccose, cottony 
t('xture of the Louisiana forms. The superficinl pink masses of 
conidia were lacking. By menns of inoculation experim('nts it was 
proved that both the Louisiana forms and those of the sirup Stntes 
produced typical red rot in sugarcane stnlks and lell'es. 

This was the first evidence of the C),;stence of two morphological 
groups of Colletotrichmn falcatum. The groups were readily dis
tinguishable in culture on oatmenl agar, yet the various isolntes of 
each were sufficiently uniform among themselves that no furth('l' 
subdivision on a morphological basis was suggest('d. That one group 
should occur exclush-ely or at least be predominnnt in one State 
where P. O .•J. 213 was failin~ from red rot, and nnother group pr('
dominate in States where it hnd shown no indication of such injury, 
was considered extremely significnnt, although it was recognized that 
differences in soils, climate, cropping conditions, or moth bor('r 
infestation mi~ht he determining factors in the diffE'rencE's in Ted rot 
injury sustained by P .. O. ,J. 213 in the two arens. The situation 
suggested, however, that the failure of P. O. ,J. 213 in Louisiana hnd 
been due to a change from an older and possibly less virulent Ted 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 
prio!" and subsequent to the introduction of the P. O. J. yarieties. 

RELATIO:-; OF THE TWO C.ROUPS TO THE OLDER RED ROT FLORA I!': LOUISIANA 

C nforLunately, isolates of Colletotrichum jalcatum f!"Om Louisiana 
priM to the time of the introduction of P. O. J. 213 were not available 
for study. In lieu of such cultures, it seemed possible that the hypo
thetical older flora might he recovered f!"Om sections of Louisiana 
where the noble canes were still cultivated and the P. O. J. varieties 
not yet introduced. The only large district whe!"e such a situation 
might exist appeared to be the sirup'-producing parishes of northern 
Louisinnn, locnted from 75 to 100 mIles north of the sugar belt of the 
State, and witem the noble vnrieties had been grown fo!" mnny years 
without any considemble coutnct with outside sources of seed supply. 
Accordingly, a trip wns made to this district in the fall of 1931. 

Cnfortunately for the purposes of the suryey, Purple alld Ribbon, 
then the principal sirup canes of northern Louisiana, rarely have 
leaf midrib lesions, and the absence or l"ilre occurrence of the moth 
bon'l' made it improbable that red rot would be obtained from stand
ing cnne. ~lany patches of these yarieties were exnmined in De Soto, 
Cnddo, Bossier, Webster, Lincoln, Jnckson, 'Yinn, Ounchitn, and 
Cnidwell Parishes without obtaining any 3pecimens of red rot. Nor 
were midrib lesiuns found in the few scattered patches of Cnynna 
encountpred. A secolld trip wns made to these parishes in the spring 
of 1932 in thl' hope that red rot might be obtained fl'om bedded seed 
CHnt', but 110 spt'cimens of the disease were obtained. Fnrmers stated 
that tlH.'ir beddt·d seed cane nlways kept perfectly, exeept for OCCll
siol1ill ''llry rot" (drying out), and that they hnd neyer seen llny 
disease in their Cilne resembling the symptoms of rl'd I'ot deseribe~1 
to them. It was therefore concluded that rl'<1 rot is absent or \'ery 
nne in the sirup-producing sections of the Stu te, mnking it in~
probllble that the older red rot flora could be obtninl'd from then'. 

Another locality where the P. O. J. varieties were not grown wus 
on BllYOll DuLHrge, about 20 miles south of Houmil, LIl. There n 
sirup enterprise is conduded with an Ilssortment of noble cnnes, 
among them Purple, Ribbon, D-74, llnd Cristalinll, nnd while there 
wns no proof that red rot contamination from the fields of P. O. J. 
vnrieties 10 to 15 miles distnnt lind not occurred, the fnrmC'rs said 
these hnd not been growll in the immedinte vicinity to tlH'ir klOwledge. 
Red rot is pre\'llient in this sirup distriet, and in the fnll of 1931 
Collr:toirichu IlL jalcatllnL wns isolated from stalks of D-i'4, Purple, tuid 
Ribbon. The isolates obtahll'd were nIl light types. Again in 1932 
light tYVes "were obtnined, but in 1933 one dnrk type was isolnted 
from D-74, which ill a compn.rati\'e virulence test (see tt'st F, p. 51) 
pro\'ed to be less virulent on P. O. J. 213 th/tIl the light types from the 
lntter variety. Therefore, while some circumstantial eyidence fa\·ored 
the hypothetical existenee of all enrlier dominnnt dnrk type popula
tion of the fungus, no sizable remnants were found to substnntiate it. 
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Since the survey did not antedate 1930, no direct evidence is avnil
able demonstrating a change in the red rot flora that may have oc
curred in Louisiana between 1924, the ti.me of the introduction to 
commercinl 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 chnnges in acreage and kinds of sugil.rcane varieties 
grO\vn. 

The results of the survey suggest two possible explanations for the 
anomalous behavior of P. O. J. 213 prior and subsequent to 1930. 
It may reasonably be assumed from the evidence that both morpho
logical races of ('ollr:totrichum fa/catum were present in the State 
prior to the introduction of the P. O. J. vaneties into Louisiana. 
The strict quarantine measures adopted by the United States De
partment of Agriculture, whi~h is the sole agency permitted to import 
foreign varieties; make it hi~hly improbable, if not impossible, that 
red rot was carned in the onginal 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 explana tions for subsequent events may b-e offered: 

FiTst, that the dark races were dominant on the noble varieties, 
and it was only after ~ew'ral years of the cultinltion of P. O. J. 213, 
which is apparently particularly susceptible to the light rtlces, thnt 
certain parasitic raN'S of the latter multiplied on it and e\Telltunlly 
caused its failure. 

Second, thnt the light races were dominant on the old varieties when 
P. O. J. 213 was introduced, but thnt certain parasitic races among 
them proved much more destructi\'e to P. O.•J. 213 thnn they had 
to the old varieties. The evidence fn \'ors the first alternative, since 
dark rnces ha\Te not been found causing injury to P. O. J. 213 in 
Louisinnn nnd in the sirup-producing Stntes where, prior to 1937, 
the vnriety hnd been exposed to infection by the dark races to the 
pl'Octical exclusion of the light ones, it had not suffered from red rot 

CHA:-IGE 1:-;' DOMI:-IANT RED ROTPOPULATIO:-;' I:-.'LOUlSIA:-IA 1:-1 R.:I.ATIO:-ITO CHANGE 
1:-1 VARIETIES 

In table 1 the number of isolates of Collr-totrichumfalcatum obtained 
from 1930-37 from fields on representative plnntntions in every parish 
of the sugar district of Louisiana, from farm fields in the sirup-produc
ing States, and from southern Florida. nre summnrized according to 
host varietv. It will be noted thnt all of the 1,029 isolntes obtnined in 
Louisialli1 In 1930 were light mces. In 1931, two dnrk-mce isolates 
were obtained. One wns from it lenf lesion on Cnyani1 from whllt WIlS 

probnbly the last remaining commercinl field of the variety in Terre
bonne Pnrish(Hollywood Plnntation), nnd the other from rotted seed 
ciUle of C. P. 807 (Ranch Plnntation). In 1932 and 1933, dark-mce 
isolates WE're obtained from le!lo\Tes of Co. 290 in Lafavette Pnrish 
(Billeaud Plantation) and in 1933 from rotted banked seed cane of 
P. O .• J. 234 in Terrebonne Parish (Woodlawn Plantation). In 1934, a 
wry definite cllilngein the relative proportions of the two mces became 
appnrent (fig-. 3). Cultures mnde from Co. 281, Co. 290, nnd P. O. J. 
36-~1 from the snme plantations, where only light rilces htld been ob
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tamed fruro 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 1934 un equal percentage of light- and dark
race Isolates was obtained 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 tuble 1 und figure 3. 

99-1:l5 C-38-2 
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This change took place coincident with the rapid e::..:pansion in acre
age of Co. 281, Co. 290, C. P. 807, and C. P. 28/19, and the corre
sponding decline of the P. O. 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 e::..:pect that they would exert a considerable influence on the 
multiplication and dissemination of races of Golletotrichurn falcaturn 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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FIGURE 3.--Percentage of light- and dark-typc isolates of Collelolrichu", falcalliTIL 
obtained from sugarcanc 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. O. J. 36-M, which then occupied It negligible acreage, 
likewise showed an increase in t,he dark races in 1934 and 1935 (table 1) 
from the same localities wh. re only the light ones 11ad formerly been 
obtained, but it :s possible tha t 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
!;'nce, of course, cannot be. plllced on the relntive percentages of the 
light and dark TllCeS for the sugar district as a whole, since unequnl 
numbers were obtained from different varieties and from different 
localities. N ('verthpless, the data show definitelv that It chunge in the 
relativ(' pr'opol'tion oC the two mOl'pholof,ricn1 groups o(,(,lIrr('d coillei
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dent with the change in sugnrcane vllri('ti('s, and indicate thnt ther(' 
was a relationship between'the two_ 

The absence of the dark rnces in tbe 1930 SUl'Y('Y, which wus ('quaUy 
a:; comprehensive as those of other Y('IU'S, and the isolation of th(,01 
only occasionally lmtil 1934, leads to sl)('culation as to the origin of 
the dark races when they finally npp('ur('d, It is entirely possible 
thnt they were present in the fi('lds of the p, 0, J, vurieties during 
these years, but in such small rdative proportions that a· more exten
siYe sm'Yey would h:lYe been nec('ssar:v to disco\'('r them, There. is a 
further possibility thnt th('y were harbor('(l on Jolm<;on gmss, This 
grnss is commonly TH'('s('nt in or near fi('lds of sllgnrcane throlighout 
the sugar district of the Stat(', nnd whiI(' (,oiletotriclmmjalcatum occurs 
l('ss abundantly on it than on Sllgnrcau(', it can usually be found in the 
lute summ('r or fnli in any fnirly large trroup of this grass (plnte 2, E), 
Isolations of C, jalcaiuln from l('nf l1udrib l('sions on it have yielded 
the dark l'llC(,S nbout two an~i a half tim('~ as fr('qllently ns the light 
ones, 'Whether the Llllgus IS nhle to e~ost on this gruss from onc 
growing senson to the l1l'xt, Ot' whether the inf('ctions on it originate 
ench :renr from sugnrcane, has not been d('termined, It is within the 
renlm of possibilitv, how('wr, that Johnson grnss mnv be capable of 
harborin~ either 11lorphological 0[' parasitie races of the rl.'d rot fungus, 
which 111Ight latcr' bl.'come' wid('ly dissl.'lllinnted on n congenial sugar
clme host. 

ASSOCIATION OF MORPHOLOGICAL RACES OF COLLEl'OTRICHUl\I FALCATUM WITH
CERTA[;o.; SUGARCANE VARIET[ES 

The surwy provided e\-idence of the associntion of c(,[,tHin morpho
logicnl mc('s of ('olletoiric/t1lln falcatum with Sl'nre 1'('(i rot injury to 
at'll.'nst two sugnrcnne vllrieties in Louisinna, p, 0, J, 213 and C\ p, 
flOt, The 3941so1atC's ohtftirll.'d from P. 0, .J, 213 on 25 r('J)['es{'utative 
plantations in nIt pnrts of the sugnrenne district vf the State during 
the Ye'ars 1930-33, which eo\-errd the p('riod of its comml.'rcial d{'C\ine, 
w('re nil the light-colorrd morphologicnl types, 'While this Illay not 
n('cessftrily inclicnte a pr('fl.'rC'lIce of p, 0, .J. 213 for the light I'I1Cf'S as 
compnred with the dnrk, sillce f('\\' of the dark races \wre obtnirH'cl in 
LOUlsinrHL from other commercial vnrietics during the saml.' pl'riod, it 
doC's not nltp!, the fnct that the light rilC(,S were predominnnt on the 
vnriety during tIll.' period of its df'cliIlI.', ulld w('re nppnrently rf'spOI1
sible for it. Xo dnrkruces were obtained from p, 0, .J, 2]3 until 1934, 
hv which time only SCll tt('rf'cl fields of the varidv 1'('mnined in C0111

nlf'rcial culth";ltion' in the SlIgnr Belt of LOllisinu-n, Of tIl(' 10 dark 
I'I1C(,S obtainl.'d from it in H)34 lind 19:3:), olllv 1 was isolated from It 

stnlk ksion, the oth('rs hi1~dng come from li-aws, TIl(' light race's 
coutinu('d to pr('(iominntl.' on 'this varif'ty nfte[' Hl:34 in spite of til(' 
fact that it wns prohl! hly f'q ually l.':\.l)()s('(l to inff'ction by the dark 
mces, since thf'Y gr('atly inrrf'a,;ed on other vllri('ti('s dllring this 
period, On Rac{'l:ind Plilntation (Lnfourche Parish) in 19:35, for 
('xnmplf', n small fif'lcL of p, O. J, 213 stllhble yil.'lded only light mel'S 
from red rot lesions in the stnlks, and a Tn tio of 4 light in 1 dnrk from 
the lenvcs, In nn adjoining IHen. of Co, 2R 1 thf' rn.tio was 3 to 1 in 
fa vor of the dnrk TtW£'S, On Ridgland Plan tation (Terr{'honne Pnrish) 
in the same Yl.'aJ', stnlks of p, O.•J. 21:3 stubble vi('ld('ti only light rH.(,(,", 

the If'nYf's a" ratio of ~ light, to 1 dnrk, while jTl nn ndjn(,pnt. sfjllarf' of 
('0, 281 the I'll tio was 2 tt, 1 ill fn YOI' of (II(' tin rk, A. sllInll fi('ld of 
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stubble on a farm near Gibson, Lu. yielded only light races from stalk 
lesions, while both races were obtained from leuves of Co. 281 adjoin
ing it. In 193i, onJy light I)ces were obtained from P. O. J. 213 
stalks from a 5-acre field in St. Mury Parish, and only dark races 
from Co. 281 surrounding it. These examples indicate greater sus
ceptibility of P. O. J. 213 to the light rnc('s under conditions of expOSl.lre 
to natural infect,ion by both. 

From C. P. 80i, 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 exclusivelv from areas where the diseuse wus most 
severe. Since during this' same period both dark and light mces were 
obtained from Co. 281, Co. 290, P. O. J. 36-M. and P. O. J. 213 on the 
same pluntations and sometimes from adjncent fields, the C. P. 80i 
was presumably expos~d to infection by both morphological mces. 
On Crescent Farm Plantutioll (Terrebonne Parish), for example, in 
fields adjucent to or not fnl' distant from the C. P. 8Oi, where only dark 
races were obtained in 1935, 4li!!ht and 4 dark l'Hces wem isolated from 
Co. 281, 3li!!ht and 15 dnrk from C. P. 28 /19, and 9 light and 10 dark 
from P. O. J. 36-:M. On Greenwood Plantation (Lnfourche Parish), 
where only durk J'nces were obtained from C. P. 807 in that year, 2 
light and 14 durk Taces were isoluted from Co. 290 in adjoining fields, 
3 light and 13 durk from Co. 281, and 3 light Hnd 1 durk from P. O . 
•1. 36-~I. On Rucelnnd Pluntatiotl (LnfoUl'che Parish), where only 
dark races were obtained from C. P. SOi, 18 light and 6 dark l'Hces 
were isolated from P. O. J. 2~4 in an adjacent field, 6 light and 16 dnrk 
from Co. 281, and 13 light and 3 dnrk from P. O. J. 213 not fnr distant. 
In 1936 on Crescent Furm Plantation, only light rnces were isolated 
from C. P. 28/1 9 in the snme heavy soil area whrre only dark races 
were isolated from C. P. 807. On Greenwood Plantation about equal 
numbers of light and dark races were obtuinNI from C. P. 28/19 and 
Co. 290, the lutter adjoining the C. P. 80i, while only dark rnces were 
isolated from the C. P. 807. SimilarJ'esults were obtained in the 193i 
survey. In view of this apparent exposure to infection by both races, 
therefore, it s('ems log-icul to assume thut the predominance of the 
dark ruces on C. P. 807 resulted from the grentrr susceptibilitv of this 
yariety to them. Thnt only dark races were obtained from .fields 
where- red rot illj ur}' to thi variety was seyrre indicates tha t this 
morphological group ,\'us principally responsible for sllch injury. 

RESULTS IN THE SIRUP-PRODUCING STATES 

It will be noted from tuble 1 th'ut only dark races were isolated in the 
sirup-producing States from 1930-33 .• In the spring of ] 934, 10 light 
races were obtained from rotting, bedded s('ed cane of Louisillna 
Purple at Cairo, Ga., find Inter in the y('ar, 4 udditionullight races 
were isolated from the leaves of tIl(' cane growing from this lot of seed. 
Light races were aguin obtained from rotting seed cane of this variety 
in 1935 and 193i. 

Cayana gave dark races exclusively from commercial fields of cane 
throughout the 8 vears included in table 1, and also in a continuance of 
the survey COJl(lticted in the spring of HJ38. The only light raee ever 
isolated from this varietv was obtained from a lraf lesion collected in 
a variety test plot at Poplarville, ~1iss., in 1935, where it had possibly 
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been subjected to infection from other vnrieties growing in ndjacent 
plots. 

All of the isolates from P. O. J. 213 from the sirup Stntes listed in 
table 1 were from lenf lesions, red rot from llnturnl infection never 
having been encountered in stnlks of this vnriety from the sirup States 
during the yenrs covered by the dnta in this tnble. The rare instances 
of deterioration of bedded seed cnne thnt CHme to nttention during 
these yenrs were due to Ceratostomella lJarado:m (De Seynes) Dade, 
C. adip081l1/1, (Butler) Snrtoris, or to drying out bectlUse of unfavorable 
bedding conditions. One light rnce was isolnted from n .field of P. O. J. 
213 ncar Cairo, Ga., in 1935, and fi"e additional ones from fnrm fields 
of the variety in centrill Mississippi in the snme yenr. 

In the spring of 1938 a distinct change in the renction of P. O. J. 
213 to red rot in southern GeorgitL wns noted. In February, moderate 
red rot injury wns found in beds of seed cnne of this Yilriety in Grady 
County, and 53 light-rHce isolates of Colletotrichumfaicatum, nIl from 
nodal infection, were obtained from thnt number of stnlks showing 
symptoms of the dise'Be. By ~Inrch, according to B. A. Belcher, 
,vhen planting operations began, red i'Ot hnd become generully severe 
in P. O. J. 213 seed cnne throughout the southem Georgia sirup area, 
thnt on mnny ftlI'ms being rendered entirely worthless by the disense. 
'rhe situation seemed compnnlble to thnt which hnd occurred se,"ernl 
.p'nrs earlier, when the vnriety suddenly failNl in Louisi:U1!l. 

"llether this increase in the incidence of n·d rot in P. O. J. 213 
resulted from t'n\'ironmentlll eonditions exceptionnlly fn,"oruble to 
infection by the disel1se during the win tel' of 1937- 38, or wns the result 
of nn i1lcrense in forms of the red rot fungus more specific toward 
P. O. J. 213, i. e., light rnces, hilS not bet'll definitely determined. 
Howe,-er, the c.vidence strongly indicates thnt it cnn be tmced to n 
chnnge in the predominating forms of the red rot fungus occurring in 
the sirup-producing tl!·eas. 

During the early venrs of the culth-ation of Co. 290 and C. P. 
29/116 in tbe sirup States, it predominance of dnrk-rnce isolates was 
obb1inell from them. The isolations were mnde from small plots of 
the vnrietif.'s growing in the vieinity of Cayann, howenr, and the 
forms occurring on them mny have been influeneed by proximity to 
the latter variety. In the spring of 1938, in isolations made from 
seed cane taken from larger areas of Co. 290 nnd C. P. 29;116, the 
light mces predomina ted in the rn tio of 40 to ]. These vnrieties now 
occupy approximately 10 to 15 percent of the sugarcane ncrenge in the 
sirup Stntes and are bring rapidly expnnded. If, ns prrsent evidence 
indicntes, they fnvor the light mceS of Colletotriclwmfalcatum present 
in these nreas, they may exert an importnut illfluence on the increase 
in the relntive proportion of this grollp in the genernl r('d rot popula
tion. Like Cayana, these varieties are very susceptible to leaf infec
tion, and by virtue of this filct thf.'Y mily be expected to have an 
equally important effect on the diss('minution of forms of the red rot 
fungus that they particulurly fi1\"Or. The nppn1'ent incre~se <;>f the 
light culturnll'llCe of the fungus as the result of the cultivation of 
these varieties imm('diately suggests a conneetioll with the increased 
incidence of red rot in P. O. J. 213. 

It is of in terest to note tbn t the tendency for ligh truces to increase 
in relative numbers in the sirup-producing Stutes occurred nt the same 
time that the reverse shift in populntion was occurring in Louisinnn. 
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Up to 193i, however, the change had not been as great in the sirup 
States as in Louisiuna. The greater stability of the red rot population 
in these States may proLably be attributed to the less extensive 
changes in varieties that occurred there during- the years of the survey. 
Cayana, by reuson of its extreme susceptibilIty to leaf infection and 
production of such enormous numbers of conidia on the lenf lesions, 
doubtless continued to exert a gl'cnt muss effect on the reel rot popu
lation of the sirup States, ill spite of the fact that it was yielding to 
P. O. J. 213 in acrenge. P. O. J. 213 carries a very low percentage nf 
leaf infection, and, as will be showlllater, appears to be more resistant, 
than Cnyaua to the stmins of Colletotrichum jalcatum occurring on the 
latter variety. The rnthcl' extensive incrense in acrenge of P. O. J. 
213, which hns occurred since 1930, npparently has hnd little efrect, 
on the dominant red rot flOI'll. 'Yhen fields of it are located at some 
distance from Cayantl, midrib lesions are seldom found. Purple and 
:Ribbon, both of which el1i'ry tt low percentage of lea.! infection and 
now occupy 111'elntin·ly sl~lall aCI'(,!lge, probnl?ly lla\'e little effect on 
the geneml red rot populntlon. As nlrendy pomted out, however, the 
['ehltive proportions of light und dark races in. the future mnv be 
greatly influencNI by the HOW rnpidly expnnding ncreages of Co~ 290 
nnd C. P. 29/116 nt the expense of Cn.ynna and P. O. J. 213. 

RESULTS IN SOUTHERN }'LORIDA 

From southern Floridlt only light raees were obtnined, which were 
morphologically indIstinguishable from the light-type isolntes from 
the other geogrnphit· l1rens. In view of the difrerences in commercial 
vnrieties in southel'l1 Florida and the other regions, 110 particular 
significance could be attached to the occul'I'ence of 11 uniform populn
tion there. P. O. J. 213 and CnylUut have never been importnnt 
commercinl vHrieties in southern Florida. P. O.•J. 2i14 is the only 
commercinl vnriety thn t hns suffered seriolls dnmage by red rot in 
that section. . " . 

CULTURAL CHARACTERS OF COLLETOTRICHUM FALCATUM 

RESPONSE TO CULTURE MEDIA 

Colletotrich1lln jalcatuln will grow 011 a variety of plnnt decoction 
media, including potato-dextrose, hean-dextrose, ontmeal, and ct1ne
leaf 01' cnne-juice ngars. Oatmenl agar was used in 1l1osL of the 
cultural work l'eport('d in this bulletin b('cl1\)se it produced the most 
luxurinnt vegetative d('veiopllwnt und fruetifientioll nnd more clearly 
emphnsized the differences betwepn the two cliiturni races. Sntis
factory, but less luxuriant growth wns ohtnined on uC'an, potato, and 
cane-leaf decoction ugtu·s (with dextrose 0)' sucrose ndded), while 
scanty and utypicul de\'elopment wns obtuined. Oil ('ommenl, currot, 
prune, und Cznpek's ngnrs. 

Oatmeal ng:u' hns the disadvantage, howevor, of being \'ery opnque 
und therefore rather unsatisfactory where it deilr medium is desired. 
V urious modification of Czapek's medium were tried in nn effort 
to find a synthetic medium on which Colletotrichum jaZcat1lln would 
grow satisfnctorily. Sources of nitrogen lIsed included peptone, egg 
albumen, ammonium snits, nnd nitrates in varying qUillltities and in 
different combinations, with slIcrose nud dextrose as ctlrbon sources, 
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Comparisun of the color and texture of the light and dark cultural races of the red 
rot fungus on oatmeal agar: it and B, Light races from Louisiana and Taiwan, 
respectively; C' and D, dark races from Louisiana and India, respectively; E, 
both races arising from a single piece of cultural tissue from a leaf midrib lesion 
on Co. 290. 
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l\<Iurphological raccs of Collptutric/nun falcalulII. Comparison of the colony ('nlor 
and texture of fOllr dark-race isolates of C. falcatll In (1.-277, 1'-23, I ndia-3, and 
Q-21 with a typical light-race isolatr rL-7J) Oil four culturc media. (L= 
Louisiana; F~ Florida; Q= Cluccnsla mI.) 
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but growth was uniformly poor on aU 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 ndopted for use, 
where a clearer medium than oatmeal ngar 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: N aN03, 5; KH2P04 , 1; :MgS04 , 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 decoctioll alone, growth was very scanty and atypical. The 
light cultural races fruited after 2 weeks, but the dark '(lues did not 
fruit in 30 days. 'Vith 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 also. Both races fruited on the dpcoc
tion plus sucrose or dextrose but with no nitrogen source added. 

DIFFERENTIATION OF CULTURAL RACES 

As mentioned in the discussion of the red rot sun'ey, two cultural 
races of Colletotl'ichum falcatwn based on the color and texture of the 
colony may be distingllisheel when It large popuintioll of the fungus is 
studied in comparati\'e culture. For convenience, these have been 
termed light anel dnrk types, respectively. The colony turf of the 
light type isolates on oatmeal agar is loose, cottony, and floccose, 
almost white in young cultures, becoming light ashy gray with brond 
white margins in 7 to 14 days, and dark gmy in older cultures (plate 3, 
A and B). These isolates usually fruit abundnntly o\'er the surface 
of the colony, frequently forming slimy pink masses of conidia. The 
turf of the dark types is of It denser, more veh'ety or felty texture and 
is dark gray in young cultures, becoming darker with nge (plate 3, 
o 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 mwelium. 

These two races are not anttlgonistic in culture, and "eddently not 
in nature from the fact tlHl t isola tps of both may be obtained from a 
single piece of cultured tissue, us shown in plnte 3, E. ).[nny COIl1

binations of representativps of the two rn('es in the same Petri dish 
have been tried in an effort to produce the perfect stage, but these 
have not been successful. 

INTERMf;()fATE TYPES 

A few light-type cultures lilwe been obtained that showed a tendency 
to grade into the color of the dark typrs, and oCC'Hsional dark-colorer! 
isolates 11ll\'e bprll encounterrd thnt tpnclecl toward the looser, more 
floccose trxture and lighter color of the light t,Ypps. Tlw occurI'PJ)CP 
of these n pparen tly in trrB1cdin te forlJls might suggest a sppnrutc 
classmcntion for them, ypt the diffprrlll'cs brtween these isoln tes as 
individuals were greater than the ditfprences between them and thr 
more typical isolates of the morphologicul 1':1(,(\ to which thry were 
assigned. "Whether they represent the T10rnuti variation which 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 
fact that similar variations did not arise in culture from any of the 
monosporous lines studied suggests the latter rather thnn the former 
possibility. 

CONSTANCY OF CULTURAL CHARACTERS 

The study of the morphological chnrncters of Colletotrichumfalcatum 
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 more thnn 500 different isolutes of the 
species hn,'e been studied at one time or nnother. Single-spore 
cultures were made of all of those included in the vurious morpho· 
logicul and physiologicnl compurisons reported in this bulletin, whIch 
involved frequent repluting and study of them. III nddition, for a 
few isolates (such us lr-3l, L-56, L-71, F-l, und G-78), Inmdreds of 
mass trnnsfer subcultures IU1Ye been mude over 11 period of from 5 to 
7 yeurs to pro\-ide inoculum for the inoculution of the seedlings that 
are each year tested for red rot in connection with the breeding pro· 
grnrn. During this time some vuril1tion hns occurred, such as sliJ;ht 
chnnges in the color of the mycelium, in the degree of fructificatIOn, 
or in the abundance of vegetati\-c growth, but sectoring or other forms 
of extreme variation ha"e not been observed. Occasionallv what 
appertred to be poorly defined s('ctors or "putch" variants a p'pea red , 
but trnnsfers from tites(' produc('d colonies apparently identical ~ith 
the originul. 

The isolat('s 1111\'(' not ollly remained stable morphologicully, but 
there hn.s bl'(,Tl no signifirnn t mensurable ('hllnge ill virulence ns the 
result of long continued cultivation 011 nn nrtificial medium (outmeal 
agar). Ho,\:ever. no nl('thocL of meusuring virulence has yet been 
devised thn t is sufficiently ac('urute to detect wry smull diff2rences 
between mces, or slight vnrintions in the virulence of a given isolate 
thut might conceivably OCCllI". The possibiiity that attenlllltion of 
virulence or morphological variations might be induced by subjection 
to unfavornble environmental conditions bas not been investigated. 

In addition to this repellt<'d routine exnmination of subcultures of 
certuin isolntes, one experiment WI1S eonducted to determine whether 
sectoring or similar forms of vnrill tion might be observed if a larger 
number of single-spore subcultur£'s were stll(:led at one time. Five 
light-type and five dnrk-typeisolntes were chosen, aJ1(1 from t.he original 
monosporous culture of ench 25 single-spore suh('d~lIres were pre
pared by the dilution method. Eneh of these wns then cnrried through 
two generations by mass transfer on both ontmenl nnd potato dextrose 
agnrs, without observing allY significnnt varia,tions from the original 
culture. 

Some of the isolntes studied lliwe shown 11 tendency to grow less 
luxuriantly or to become more lllyeelini after nn extended period of 
~rtificial culti,'ntion. ~he latter chan~e wus pnrticularly no~iceuble 
1Il the culture lr-31, wluch, when first Isolated, wns chamctcnzed by 
its early ane extremely abundant production of pink masses of 
conidia over the surface of the culture. After 5 years in culture, 
however, it no longer fruits with its former abundance. It was 
observed that successive batches of cultures of 11 ginn isolate pre
pured at different tinles varied in this respect. Incubation ill a dry 
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atmosphere, for example, tended to suppress fructification, while 
incubation in a humid atmosphere fa\'Ol'ed it. 

The occurrence of varintions in the color of the mycelium and in 
the degree of fructifica tion in both morphologicul groups was men tioned 
in R previous paper (12). At that time it WitS stated that the dark 
types from the sirup-producing States appeared to be distinguishable 
from the same cultuml mces from wuisinnu, on the hnsis of these 
chnracters. As lnrger populations of the fungus from both geo
grnphic arellS were studied, however, such a distinction wus not con
sistently muintaillcd. Wnen isolates of either cultural race are grown 
011 it vnriety of culture medin, sufficient variations occur to suggest 
thnt. subrnces might be difl"erentiilted Oil the bllsis of response to 
nutritional Yarintions, but it does not appear at present thllt such a 
sepnmtioll would sen'e any practical purpose. 

These observations on the nppllrent stability of Colletotriclnun 
falcutum in culture do not prove, of course, that new forms of the 
fungus do not arise in nnture, The demonstrated existence of races 
of the species differing in rf'udily recognizedmorphologicul characters 
as well us measumble differences in \'irulence (see Compnrative 
Yirulence Tests, p. 47) is itself e\'idellC'e thnt some influence is or hus 
been opernting in llilture to produce sueh \·tlriation. The fact that 
the perfect stl1ge of C. jalcatum has not been observed does not 
eliminate tlw possibility of the origin of new forms through sexuul 
reproduction. Compared with Illllny other fungi, howen~r, such as 
c('rtain species of Fllsariwn and llflmintlwsporillm, C. fuicatum may 
be considered lL stable sp('C'ies, nnd it seems logical to nSSlime that 
the problem of breeding for r('d rot resistHnce in sugnrcuile may be 
npprouciwd with reusonnble assurance that the progmm will not b(' 
distUl"bed by grent or sudden C'hnnges ill the C'llUSid organism of the 
diseuse. 

CONIDIAL CHARACTERS 

Since the cultuml comparisons hud shown thllt isolates of ('01
letotrichllm jaicatllm fall into two morphological groups on the bllsis 
of the color nnd texture of the mycelial growth in culture, it study of 
conidinl charncters was undertaken to d('terllline whether other 
differ('nces might be found which would serve to further differentiate 
the two groups. These included size nnd shupe of conidia and the 
degree of granulutioll of their contents. 

SIZE 0.' CONIUlA 

Conidinl measurements were mude on 20- to 30-duy-old cultures of 
the vnrious isolates OIl oatmeal agar, incubnJed at 25° to 30° C. The 
mensurements were mnde at different times extending O\'er a period of 
seyeral yenrs, and each time a new set of isolat('s was measured, one 
or more of those predously measured WitS included in the test for 
comparative purposes. At least 25, and Ils1!ally 50, conidia of euch 
isolate were measured in ench test, and 42 of the 81 isolates studied 
were included in at least two tests. A suspension of conidia in 
to-percent glycerin 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 length and width were determined 
in the beginning, but when it became apparent that ,,,-idth was less 
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varil1ble than length, only the lllttt'l' lIlCilSUrement was mude for 
most of the iSOitlteS. 

In table 2 are given the range nud meun conidiullellgths of 54 light
race nnd 27 dark-race isolates of the fungus, and in figure 4 these are 
arranged in frequency class~ of 1,1.1 grade. The extreme range of 
length was from 16,1.1 to 48,1.1 i the greatest range for anyone isolate was 
from 20,1.1 to 48,1.1 for 0-104; and the smallest WitS from 20,1.1 to 25,1.1 for 
L-242. The occurrence of conidia measuring more than 40,1.1 wns 
infrequent, the maximum l('ngth for 80 percent of the isolutes heing 
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FIGURE ,_t-Frequcncy distribution of 81 isolates of ColletotrielwlII falcatllm 
according to mean lcngth of cordelia. 

35~ or less. The coefficient of ynriability of conidinllength from II 

single Petri dish cultme was reJntiyely low, vilrying from 6.3 percent 
for L-242 to 13,7 percent for 0-104. 

It is evident from the figures presented that; there nre 110 significant 
differences between the mean lengths for the two cultuml groups nor, 
with few exceptions, between individual isolates, The smallest il1(li
vidual mean length was 21,1.1 for F-4 and thelnrgest was 32,1.1 for 0-141, 
a difference which, while statistically ~ignifican t, is of little practical 
importance in view of the muny intermedinte forms which occur, 
and the absence of nny consistent relationship he tween cultuml 
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races and spore si",e. It is likewisl' obvious that there is no association 
of isolates of allY pnrticullll' spore length with particular sugarCUll(\ 
varieties. 'When grouped according to the varieties from which they 
were obtained, the group means of isolates from any given variety 
closely approached the general menn for all of the isolates studied. 

TABLE 2.-Lenglh of conidia of 81 isolates of ColietotrichulII falcatll1n from various 
sourcc.~ 

[Cultun's !:rnwn on OlllIllClll agar at :?5-:mo (\ ror :.)( ....:ro days1 
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TABLE 2.-Length of conidia of 81 isolates of Colletotriclwllt falcatum from lIariou.· 
sources-Continued 

DARK RACES (GROUP D)-Continued 

Conidia measured 
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:\1-1 L ..____ ... __ ... 12S 20-:10 25 , ' mcun.. ___ • _ . 2. 02.> ! I 25. 5 

--,--·-~-I 
Subtotal or me."L. -IIit 1.. -----.1 24. S ,: Weighted genernlmcnIl. A 

_______________.C==I= l~ lI11d~......~=.~ __ 
The range of length of conidi:. for the 81 isolates studied is greater 

than that recorded for the species in the literature, but the weighted 
general mean of 25.1j.L is pmctically the same fiS the 25.0j.L gi \'en by 
Went (73) in his original description of the specics. Butlcr (27) 
gave the rnnge of length as 20j.L to 30j.L, nnd Roldiln and Tecson (58) as 
27 j.L to 34.2j.L, but whether thcsc represent the vnrinbility of a single 
isolate or of several WfiS not stated. 

EFFECT OF ARTIFICIAL CULTURE OS SIZE Ot' CONIDIA 

The conidial measurements reportcd in the literuture were pre
sumably mnde of materinl tnken directly from the host. For the 
accurate comparison desired in the present study, it wns necessary 
that the conidia be produced under tbe more controlled conditions 
of artificial culture than would be possible on host materinl. Artificial 
cultures also had the advantnge of economy of time and space in han
dling large numbers of isolates. Howcyer, in order to determine 
whether conidit. produced by an isolate in culture differed significantly 
in size from those on the host, measurements from both sources were 
compared for severul isolates. 

In July 1933, 10 leaves of Co. 281 were inoeulated with each of the 
follO\ving isolates: L-31, L-56, L-71, and L-103. After 30 days, It 

composite sample of conidia was collected from the 10 leaves inoculated 
with each isolate, and from 50 to 70 measured. The results are giyen 
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 It tendency for the lower 
limits of size to be sliO'htly 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 isolates of Colletotrichum falcatmn produced 
from artificial inoculations on the leaf miriribs of Co. 281 

('onidlllllleasured
i
1-- ---"-------

Isolate Xo. II ' Length 
Number \ --~"~----

~:xtrellles :-orean 

• Il 
I~3L" 1 27 
L-51L._ ·so,0 I 1l 19-30ll-33 i 24 
L-ii .,_ W 1!>-29 25 
1,-10:1 flO! 17-:11 1 24 

From tim(' to tinw ltdditionnl measur('ments of conidia were made 
from leuf lesions collected in the field from seveml varieties, without 
subsequently making measurements in culture. In all instances, the 
mnge of size fell within the limits recorded in table 2. It seems 
reasonahle to conclude thflt there is no significant difference in size 
of conidia of Colletotrichumjalcafum produced on a favorable artificial 
medium and OIL the host. 

OTHER CONIDIAL CHARACTERS 

As the conidia. wer(' mpasUlwl, observations were also made on their 
shape and the. charncter of their con tpn ts. The conidilt of some isolates 
arc mnrkpdly ClIrwd or fnkn.t(" while others are l1elldy straight; the 
majority are Illuticnte, but some lire slightly punctate; the contents 
of some nre densely granular, while others grown under identical 
conditions nrc nenrly tmnspnrent. Differellees in the degree of 
gutt.ation also occur. GralltllnJion and guttation appeared to be 
influenced by cultural conditions, and for some isolates at lCllst varied 
from time to time. ;\one of these characters, howe,'er, was corre
lated with lelJ~th of conidin, 1101' with the Il1UCl'oscopic chnrncters by 
which the light und dnrk cultul'iIIl'!lcCS arc distinguished. • 

CHLAl\IYDOSPORES 

"VUl'iou::; theOl'ip::; hnve he('l1 ndVlllH'ed as to the functi(lll of the 
chlamyc\ospol'l'::;, which nl'l' prod uced in SUdl abundance by C'olletof
rich'llTn fa{c(ltmn both in the host tissll{'s nnd in urtificial culture. 
These thiek-wnl\ed, dnrk-coiored cells, which nrc borne either within 
or terminully on the hyphue, nrc CII pable of survivul nnd germination 
nfter detnchllH'nt from the pnn'nt hypha. 'Vent (73) first described 
them nnd pl'oVNL their connection with the fungus cHusing Ted rot in 
sugnrcll11e. Butler (27) stated thnt they were better adapted to 
stand unfuyomble em'irolll1lPntnl conditions than the conidin, and 
thought they might be the l11eiUl::; of perpetuuting the diseuse ufter 
their relense in tbe soil from the rotting cnne stalks. Lewton-Brain 
(-'f6) observed that in nrtificinl culture thpy were produced in greater 
abundance where the fungus cnme in con tact with the substrate, par
ticularly along the waUs of the vessel containing the culture. He sug
gested that this migh t indicn te their natu l'e liS holC\-fnsts by menns of 
which thc fungus attnched its!'lf to the substmtum, but stated there 
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wns no evidence to support this view. Butler and Hafiz Khan (30, 
p. 170) state that it is probable thnt "they serve a double purpose of 
close adhesion to the surface of the host phmt and of accumulation of 
enzymic energy to secure penetration of Its wnlls." They found that 
the infection hyphae in lenf infections (fl'Om artificinl inoculations) 
usunlly arose 11'Om a chlnmydospore, or apprpssorium. . 

In the present study the author hilS observed that in artificial culture 
the dark cultural races produce chlnmydospores in much greater 
abundance than the light Tnces. This is particularly true, as noted by 
Lewton-Bruin (,16), at the point of contact of the culture medium 
with the glass of the test tube or culture dish. The mycelium of the 
dark rnces at this point may cOllsist Inrgely of masses of chlnmydo
spores. The mention by Went, Lewton-Bruin, nnd Butler find J-Tafiz 
IGlnn of the abundant production of chlamydospores in their cultures 
suggests to the authol' that they may have been wOl'kin~ with the dnrk 
cultural Tnces. 

Butler und Hnfi7. Khan's (80) description of the chlnmvdospores ns 
appressoria seems to offer a, logicul explnnation of the na ttlrnl function 
of these organs, nncI if sugnrctine lea\'es und stalks in nnture wpre not 
subject to aHuck b.v insects which injure the epidermis, thus permitting 
{'ollttotrichllln jalcatllm to gain ensy entrnn('(' int.o the host tissues, 
the production of chlumydospol'es ns or~ans of infection, might be 
essential to the parnsitic life of the fungus. They found thnt when 
leayes w('re artificially ino('ulnt('(\ without wounding. the J)(,lletrnting 
hypha nl'ose from all appr('ssorium nnd not dir('ctly from It conidium. 
"11eth('r the appressorium was produced prior to iIwnsion of th(' 
wounded lenn's wns not stated. The author hns found, in nrtificiallv 
inoculn tin.go sugarcane stalks with 1'('(1 rot, where It smull hole is punche(1 
through the epidermis and a cultUl'e of th(' fungus iIlSl'rt('d into th(' 
tissu('s (simulating infection through bor('r holes). tllllt til(' fungus 
hyphae peIll'trnte the adjac('nt c('l1 wnlls without the production of 
appressol'in. "lwther the infection hyphue initiatill~infections in 
borer tunnels in llature arise directlv from n. conidium or n. chlnmvdo
spore hns not been determined, btit it nppenrs improbnble thnt the 
chlnmy<lospoI'e functioning as an appressOI'iulll is essentiaiundl'r such 
conditions. 

TEMPERATURE RELATIONS 

Studies of the temperuture runge of C'ollefotricllllmfaicafum in culture 
were made at Arlington Experinwllt Farm. Arlington, Va., in 19~2, 
where a series of constant. tempernture rhambers was mude 1l\'llilable 
through the courtesy of the Division of Fruit Hnd Yegetable Crops and 
Disellses. 

Ten Petri plates of ontmenl ngnr wen' inorulated with each isolate 
used in the tests by touching a mass of conidia with n. needle point and 
then transferring fo the center of the plate. The plates were wrapped 
in paper, placed in the chnmbers, and the dinmeter of the colonies 
measured after 3, 4, G, nnd 8 days' incubntion. The chambers were 
ndjusted to mnintain the following temperntures: 0°, 5°, 10°. 15°, 
17.5°,20°,22.5°,2.'5°, 27.5°, ~OO, 32.5°, 35°, nlld 37.5° C. In some of 
them the tempernture fluctuated about 1°. Since 110 growth had 
occurred below 10° after 8 dnys, the plntes at 10° were continued for 
2 weeks Ilnd those tit 0° nnd .5° for] month. Humiditv wns mnill
tnined by placing n tl'ay of water on the floor of each clHimber. nnd n 
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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 falcatum will grow is approximately 10° C. and 
the op~dmum, 30° to 32.5° C. Sartoris (60) obtained slight growth at 
3° C. after first incubating for 36 hours at 20° C. aud then transferring 
to the lower temperature. 

The upper limit of growth is slightly nbove 37.5° C. At this tem
perature scant atypicnl development occurred, nnd in subsequent 
tests no growth WfiS obtained at 40° C. 

Edgerton and .Moreland (36) found that the orgnnism ,vould grO\\' 
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 grO\vth was very slow at 10°, rapid at 27° to 34°, lind 
slow u t 37° C. 

T ....BLE 4.-Grou·th oj tlt·o 'isolatel! 	oj Colietotrichullt JlIlcatl/.lII at various temperatures 
on oatmeal agar 

[:.reans 01 10 plates] 

Diameter 01 colonies 

TempenLture (0 ('.) lsolatc Xu. 1,-, lsolutc Xo. t'-l 
~-. '-~'-~+-'~--.---I--~.....-------~ :-~-~~- .-~..~~. 

3 days. ·1 ,lays 6 days: 8 days: :I days 14 days 6 days H ,lays 

('III ('m ('III ('m' C11I I 	 em ('m ( ~fII 
0••••••••••••• _••••••••••. _ . ___ . 0.0 0.0 ' 0.0 O. 0 . 0.0' 0.0' 0.0 0.0
5....... _._ .0 .0 .n: 1.0 .0 .0. .0 :.0
10... _ ........ . . 0 .o! .0 •'(?, cr' \ G . .0, .315 ..... . 	 r; 1.9 I ~.a I G~ G i 2.:1 3.617.5..... . _. M_ •• 	 ., I.U 3.8 1 a.1 i .9 I a.5
20 

__ 

I.:' ~.6 ;t9. S.ll 1.0 : ~:5 t :!:~ 6.4-, ...22.5 	 2,4 • :l.9 5.l! ! .~.3
2.;. 	 ;)..\ : tg k~ I (f)' 2 I 3.2 ii.3: 	 .~.2 , __ 
27~5______ ... _.~~_ 2.0 6.0. S.S! ....... . 3.4 	 ~.9 M.U • • ••• 

:~L ............ ".' . __ .. a.o n.o 1........ :. ____... 4.1 

32.5~ .. ~ 3.3 .1. i 143 '_"~"._'. 4.0 ~:~ t"M··S•5 ::~::::~: 


I.S 2.5 3.6' 4.9 1. '( 	 2.8 3.4 \ 4.6~:5~::::'::":: ... --	 ' .5 L5 2.5 3.0 
1 

(l 	 .6 , .9 1.5 

I Xo growth occurred at this lempernturo IIlter ao days.

, G indicates genninntion only. 

3 Indicates tbnt the growth had filled the plntes nnd ('Quid not he mcasurcd. 


Subsequent tests have been made with representative populations 
of both cultural rnces in constant temperature chambers nt Houma, 
La., the results of which have beell in accordance with those in 
table 4. All isolates studied were found to have the snrnc critical 
temperatures, indicnting that temperature response cannot be used 
as n basis for differentinting races. 

RATE OF GROWTH IN CULTURE 

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

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

00425°-as--a 
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the end of which time the diameter of the' colonies was measured. 
An effort was made to transfer a 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 results of three representative growth measurement tests appear 
in table 5. 

TABLE 5.-ltlean radial growth of 17 isolates of CoUetotr'ichumfulcatulII after 4 days' 
incubation on oatmeal agur at Soo C. 

!,T . 
~~~~ ,~2~3 ~5 ~ITI \ I 

Ligh~:.aI .............................................1 C"~.91~ e":i.l - Cll~.1 '-:: 

~::::.:::.:::::: ::::::::::::':::::::::::::::.:l......~~~.l ~: 8 ~:? ~: g ::: 
.L-I08... •... ....... ........................... .••••••••• 6.0 5.S 5.9 .020 

1~17L.. ....... .............................. 5.S 6.0 6.1 6.0 I .02.1 

1..-258.... ......... •••. ..... • • ........... .... 5.9 •••••.••.• 6.0 6.0 .010 


~=U:::::::::::::::::::::::::::::::::::::::::::.: ~::::::::: ~:~ I t ~ - ~: ~ :~ 
L)ark:oenernlmean ............................. ·:~:::.:.;;I.:..:.::::='.... ···· . f~ 1 1==-== 

L-I:-3... ........................................ 5.S 6.4 .......... 6.1 I' . ISO 
L-1S4... ••••. .................... ............ 5.8 ••••••••• 5.S 5.S .000 


:.,~!~~i:~~"~t:l:~~~:~l}\t\~t\::::l~I~~J~~~:.Ji.J 

\ Stlln<iard error or single isolate mean (~0.052) "'0.228; standard error or dilTerenoo hotween Single Isolate 

mesns ("'2'xO.Z.!8)=0.322; difference between individw\l means required ror significance (odds 100:1)= 
0.322X3=0.97 em or 1.0 em. 

The average mean radial growth of eight light types, 6.1 em, was 
practicnlly the same as that of nine dark types, 6.0 cm. The means 
ranged from 5.8 cm for several dark types to 6.5 em 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 OFpH OF CULTURE MEDIUM ON RATE OF GROWTH 

For the study of the influence of varying pH on the growth of 
Colletot1ichum jalcatum in culture, a large batch of oatmeal agar was 
prepared and nliquots were adjusted colorimetrically, representing a 
range in pH from 4.0 t.o 9.0 at intervals of from 0.5 to 1.0. A set of 
standards was set up \,ith Clark and Lubs indicators ac;cording 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/IO HOl 
and NaOH wer~ added to give the desired pH range. 

The acid llnd alkali were added to the medium after sterilization and 
before pouring. Five plates were poured from each nliquot for each 
isolate studied and the inoculations made by touching the center of 
the plate "ith a needle, which had been dipped into a pink mass of 

http:0.322X3=0.97
http:Ligh~:.aI


35 'RED ROT OF S"LTGARCAXE 

conidia. The plates were incubated at 25° C., and the diameter of the 
colonies measured at the end of 5 and 6 days. The results of the 
measurements for two light-type isolates, F-l and L-7, are presented
in table 6. 

TABLE 6.-Influence of varying pJT of culture medium (oatmeal agar) OIL growth of 
Colletotrich lun falcatll'lll 

[Incubllted 6 days at 25° C.; means ofth'e plates of each isolate) 

A verage diameter of colonies at pfI

'"olllle).;"o. 

4.0 4.5 I 5.0 : 5.51 ItO : ••0 I 8.0 D.O 

FI ern l~'!' ('~n_I!~I--;:-I·i~l~i•.' {'"~ ~ 
1. 8 • 6.. 8. , 9.0 I S. S b.61 S.6 I ,. ~ L-7. 1.5 ' 6.4 S.6 S. 9 S. S 8. 5 S.4 ; •. a ___..~. ______ ._____..____._______--'-1 . , 

~Ia~imum growth occurred between pH 5.0 and 6.0, with the opti
mum apparently near pH 5.5. It is of interest to note thnt this is 
approximutely the reaction of freshly expressed juice of some sugar
cane yarieties in Louisiano, (65).9 

At pH 4.0 the colonies were not typical, the growth consisting of a 
dense blackish-grn.v 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, 5.5, and 6.0 the growth 
wus normal in e\'ery res[.';'ct. At pH 7.0 to 9.0 it was similar to that 
at 4.5. 

REVISED DESCRIPTION OF COLLETOTRICHUl\i FA,LCATUl\I 

Some modification of Went's original description (73) of Colleto
trich1llnfalcatum is necessary to cover the range of variation shown by 
the hundreds of isolates included in the present study. Since he and 
later workers have given little information on the cultural characters 
of the organism, the following description hilS been pr.epared: 

Colony on olltmeal ag-nr consists of ahundant 11 t'riul myct'lium, 
hroadly sprcIHling-, 1';01l1t'tim('s zona te, dens('ly woven into a. compact, 
veh·('ty turf in some isoll1 tel'; (dnrk I'l1ces) I or a. cottony,fio('cose onc 
in others (light ),I1C(,I';). (Plate 3.) Color mngcs frolll almost white 
through lig-ht ashy gmy to dark gmy, gro\\ing darker with ag-e (pnle 
olive gray to p('url gray); no color or pigmentation in reverse or ill the 
medium. lIyphne densely interwoven, anastamosing in definite ropes. 
Conidia. formed in pink musses in stromata, or singly 011 sca,ttered 
conidiophorcs over the a('rial hyphae. Conidia one-celled, mostly 
falcntc, but some straight; muticute or slightly punctate; trnnspnrent 
to densely grl1l1lllul'; frequt'ntly guttulute; 16J.! to 48J.! long by 4JL to 
8J.! wide, fwernging 25J.! by 6J.!. Terminnl and intercalary thick-wal!t'd, 
greenish-black chlamydospores present, generally more abundant in 
the dark races. Elllpt~·, blllck pseudopycnidia. sometimes producNI. 

IInbitat.-On l(,llf midribs and in stems of specit's of Saccharum,; on 
leur midribs of Sorghum l'ulgare Pers., S. halfpfnRf (L.) P('rs., nnd 
Eriunth II.~ gign !lff1l8 (Wnlt.) ).r uhl. 

'The pH of rrl'shl), expr~5.<ed juke or mnture stalks or P. O. J. 21:1 (rjllli remO\'('II, wns ii.~; and or ('II. 
281,5.34. Electrornetic t1et(lrminlllirm:; by~. J. Breaux. 

http:281,5.34
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Growth on cane-leaf, green-bean, and potato decoction agars with 
sucrose or dextrose is similnr to that described, but less luxurinnt, as 
will be noted from pInte 4. 

The above description of Colletotl'ichum jalcatum agrees essentially 
with those of other workers, differing in thitt it covers a wider range 
of variation of characters. "-ent (73), for instance, gave the conidial 
size as 25j.L by 4j.L; Butler (27) as 20j.L to 30j.L by 5j.L to 7j.L; and Roldan 
and Tecson (58) as 27 j.L to 34.2j.L by 4.3j.L to 6.8j.L, all of which come 
within the range of size found by the author. Their descriptions 
wera of materinl from the living host, 1 owever, and not from artificinl 
cultures. 

COMPARISON OF AMERICAN AND FOREIGN ISOLATES 

At the Fourth Congress of the Internn,tionnl Society of Sugar Cane 
Tedmologists, held at Snn Juan, Puerto Rico, in 1932, it was suggested 
by the Pathology Section thnt sugarcane pathologists throughout the 
world coopel'ilie in the colledion of strains of pathogens by workers 
in responsible institu tions specializing in the stmly of them. Accord
ingly, cultures of Colletotrichum jalcatllln were requested from several 
countries where red rot occurs. Isolntes of the fungus were received 
through the courtesy of A. F. Bell, Bnreau of Sugnr E:\-periment 
Sbltions. Brisbane, Queensland, Austrnlia; B. B. 'Mundkur, Imperial 
Institute for Agrieulturnl Resenrch, PUStl, India; and Taknshi Matsu
moto, Taihoku Imperinl rniversity, Taihoku, Taiwan. These were 
compared in culture , ..-ith the American isolates. 

The Indian and Australian cultures were morphologically similar 
to the Ameriean dark-mce isolates, while the l~ormosan (Taiwan) 
culture closely resembled the American light rilces on ontmenl and 
on benn agnl' (plntes 3, 4, find .5). Conidial llwusurements of ,the 
foreign isolntes fell within tho rnngo of ynriatioll found for the Ameri
cnn forms. 

It is evident from this eomparison that both morphological groups 
of Colletotrichum j(lZc(ltum occur in the Eastel'll Hemisphere, a fllct of 
considernble importance in view of the results of the snn-ey of the 
flom in the rnited Stntes, nnd of the compnrntive virulenee tests 
(see p. 47) sho\dng differences in virulence between the two groups. 
If the light l'fleeS were known only from the Cnited States and the 
durk rneos only from other countries, it might have been presumed 
that the more vil'llient light mees ,\-ere of American origin. The 
existence of both morphological races in the Eastem Hemisphere, 
however, even though little is known regn.rdirlg their distribution, 
indieates that hoth prohnbly originated there and were introduced 
into the l'nitecl States in (,uttings of sugarcane of which numerous 
varieties were imported from these regions prior to the inauguration 
of the Federn.l qunrnntine. 

COMPARISON WITH OTHER GRASS SPECIES OF COLLETOTRICHUM 

According to Edgerton (33, pp. 7-8): 
The fungus which causes the Hed Hot of sugarcane is yery Closely related to 

two other fungi which we ha\'e in this country. These are Collelolrichum lineola, 
found commonly 011 Johnson grass and broom corn in the southern states, and 
Col/elolrichum cereale, found on wheat and other grasses in the northern states. 
These three fungi are so much alike it that is impossible to distinguish them 
with the microscope or in pure cultures. 
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('all~{" and p!tlllH'!.O':l:--" i..uhltl'''. whifl" I:' tlllll'" .... 1I·tldar Tfl ('. '/··(011 'J "OltUIl, ~ 1j" 

tUld I~' l'l'JJI'C'.-"II\ tll(' il,\I'rllwriiatl' i'1I1'1I,- ih('I'i1)1,d '01, !llt!.!I' :?,J, 
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In inoculation experiments, he failed to obtain satisfactory infec
tion of sugarcane stalks with the two grass species. Oolletotrichum 
lineola Caa. could be found within the vascular bundles of the inoc
uInted 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 Collelotrichum resembling C. falcatum found widely distributed 

in India, is C. Lineola Corda, which attacks the leaYe!! of jowar (Andropogon 
Sorghum) frequently. Morphologically the two species are 'closely allied, but 
the jowar fungus does not attack cane leaves. 

They concluded that O. jalcatum appeared to be confined to sugar
cane. 

Wilson (75) grouped the several. species of Oolletotrichum described 
from grasses and a number that had been assigned to related genera, 
into the single new combination, O. graminicolum Ces. 'Vils., including 
C.lineola Cda. and O. cereale Manns in the synonymy fur that species. 
Tlus classification now appears to be generally accepted. Boning 
and Wallner (24) added further to the synonymy, but noted that 
O. jalcatum should be excluded because of its sickle-shaped conidia 
Hnd the occasional production of two in chainlike form. 

In the present work many isolates of Oolletotrichum from leaf 
ulidrib 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 sinular in appear
ance to those produced by O. jalcatum on sugarcane leayes, and the 
isolates obtained, which belonged to both the dark and light cultural 
races, were indistinguishable in culture from those from sugarcane 
(plate 6). men inoculated into sugarcane stalks, the isolates from 
the other hosts produced typical red rot symptoms, and they were 
Teisolated from the affected tissues. A study of conidial and other 
morphological characters showed definitely that they should be 
classified as O. jalcatum. . 

Two cultures of Colletotrichum graminicolum were studied by the 
author, one supplied by J. C. Gilman, of the Iowa State College; and 
the other Teceived from the Centraalbureau voor Schimmelcultures, 
Baal'll, Netherlands (G. Bd.). Information as to the host from which 
obtained was not available for either culture. These were compared 
in culture and in laboratory inoculation exppriments with isolates of 
O.falcatum from sugarcane and other grasses. 

On oatmeal agar the Iowa culture of Colletotrichum graminicolum 
showed little resemblnnce to C. jalcaturn, the colony of the former 
consisting of scant, grayish-green aerial mycelium with abundant 
production of empty, black pSf'udopycnidia, in contrast with the 
luxuriant turf of C.falcatum and the absence of, or rare production of, 
pseudopycnidia. The Netherlands (0. Bd.) culture of C. gramini
colum, however, closely resembled some of the dark-race isolates of 
C. falcatnm (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 C. gramini
colum was identical with that of many isolates of C.ja[catum, but the 
texture of the former was more threadlike than the latter and did not 
produce the abundant aerial growth characteristic of O. falcatum. 
HoweveT, it could not be distinguished readily from many cultures of 



38 TECHXWAL RCLLETIX 641, "C. S. DEPT. OF AGRICCLTURE 

the latter species, pnrticularly some that grow less luxuriantly after 
long-continued artificial culture. . 

:Microscopically, the conidia of Colletotl'ichurn grarninicolurn were 
predominnntly strnight rather than sickle-shaped, as described by 
Boning and 1rallner (24), were shorter (luJ.! to 23J.!long) than described 
by these authors for C. gNLminicolum, und shorter than the majority 
of the isolates of C. jaZcatwn studied. Boning and ",YaHner stnted, 
howeyer, that the culture of C. graminicohtrn at Baarn differed in some 
respects from their cultures of the species obtained from corn. 

In inoculation C'xperiments with Colletotrichurn grmninicol1trn there 
was 110 spread of the fungus in the tissues of red rot-susceptible 
yarieties of sugarcane after 4- weeks' incubation at. a fayorable 
tC'mperature. 

It is C'yidC'ut from the literature and from the present study that at 
least some strains of Colletotr·ichurn jalcatllm, and C. grarn1'nicolum are 
morphologie:llly similar, although the authol' found that other strains 
benr little morphological rC'sC'mblance. It is likewise appnrent thnt 
cOllf:idernble diyersity of morphological chnrncters exists illl10ng the 
yarious fungi that hilxe beC'1l classified as C. graminicolurn, a species 
that has !lot yC't bC'C'1l adequately studied to determine the range of 
yariatiou which mily occur among the fungi properly referrod to it. 
Aside from certnin morpitologicill difl'C'rences between C. fa.icaturn 
nlld C. graminicoillm, the fnct thnt the lntter does l10tillfect sugarcane 
pl'oyides ample (',-idenrc that the sugnrcane find cerC'al fungi are 
distinct. Since the rllltnrcs of Collftotriclw./n obtained hv the fiuthor 
from the leu n'~ of ,John,;oll gruss, plllll1ogmss, and sorgo III the sugar
Cl1no district of Loui,;ialll1 weI"C morphologic-ally indi,;tinguishable 
from isolates of ('. falclIllllib ohtni'1('d from sllgnrc-nnC', nlla produced 
typicnl Rymptoms of rod rot whC'1l inoculated into sllgal"C"nne lenves 
and stnlk,;, it is ('oncluded thnt the fungu::> commonly attacking the 
IC'uyes of the grn,:;se,:; men tioned in sou thern Loui,:;iuna is C. jaicaillm. 
"rhile C. fll'1l lil in [colllnt nllly ul,:;o he P"(',:;C'n t tlH'rc-, it has not been jsoln ted 
in the present studic-", Hnll WOllld nppear to be JIluc-h IN;,; c-Olllmon thall 
the formC'r speciC',:;. 

No nttempt wu,:; mad(' to ddprmille the rnnge of hosts of Colleto
tric/wln ja/mtl/In Iwyond those on which it WiL~ found nnturall.,
oc-c-urring, fllld no e1:1im i..:; mnde thnt the hO:-lts lllC'ntionC'd nre the onl.,· 
ones on which it o('(·urs. From the pmdieul ,;tandpoin t of porsi,:;tmwC' 
nnd sp"C'nd of the l""d rot fUllgll':; in Ii('ld,; of RUgI11TllIH', its oth('l' wile! 
lind ('ulth-lIt.C'd host,:; nppeilr to be of little sigllifiC'nnce in yiew of it,; 
ullin'rsal O(,("U1TC'I1('P Oil sllgnr(':IIlO it,;(·lf :llId it~ nhility to den.lop 
uctin+.. ou thi::> nop throughout tiJl' yl'ur withollt tlil' intp'TPntion of 
a secondary ho,;t. 

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

.:\1 though red rot mny in feet tllmost nllY plU·t of the sugnl"(,lIne plan t, 
its importance is limitt·d lnrg(']y to it::; O(,CUITPnee on the leaf midrih::;, 
the interior of the stalks, nile! the rhizonw,; of the. ratoon,;. \rhile in· 
fection of thC' roots mny oc(,ur (.5, ;27), red rot is not importnnt ns n root 
disease. 
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ON THE LEA n~s 

A consideJ'fltion of tho lif(' history of the fungtls ll1ilY ('onnmiently 
begin with the lesions prodw,t'(l on the I('nf midrib. These lesions 
111'0 usulllh' IIhUlldunt ill the fit'ld during the Inte sumll1el' and fnll 
months, pnrti('ulnrly on the ('ornmeJ'einl\'orietit':'; Co. 281, Co. 290, 
C, P. 28{lI, C. P. 28!H), Hnd C. P. 20,'116. On these ynrietips the 
spots fl'l'(Ptentl~r(\xtt'nd nlmost thl' ('ntiro )('ngth of the midrib (plllte 2). 
Otht'r Yllrietips, sll('h os P. O.•1. :n :~, C. P. 807, flnd Lotlisinnn. Pm'plp, 
tho stulk tiSSllPS of \\'hi('h nJ'c YNY SUS('('ptible to red rot, gCllel'nlly 
sho\\-little Il'11£ iufN'tioll. lIowo\,t'J', such Illl ilwerse correlation docs 
1I0t exist with mnllY Yilril'til'S. 

In Louisinnn., the first leuf infections um lIsllnlly noted timing ~[ny 
or .lune. "-hile the ll1ujOl'ity of t,hps(' It'sions probnhl~- originnte in 
pUllctur('s lllnclt' h~· inst'('ts, Butler and Hnfiz Khan (80) found, and tilt' 
writt'r hus obtoilwd ('onfirrnntor~- e"idl'IH'e, thnt inrN,tion will tnkt' 
pineo through the nppnl'l'ntly llninjuJ't'd ppid('rlllis. Frudificntion 
bogins in 10 to 14: dnys follo",ing inoculation, Ilnd ns tho lesions extend 
longitudinnlly nlong the midrib, lhe fl'uiting aren. likewisp incl'('HsPS 
liO thnt old lpsionli firo usunll,' covPI'Nl with blll('\~ mnssps of nSl'el'\'uli. 

The diseuse on tho Il'fI,'es l)l'obnbly hns little erred on the growth of 
the plan t, ulthough it somptimps ('n uses prpmn t.urp drying of the lower 
1el1\'ps of some vuriptit's (prin('ipnlly ulll'elpnsed se('dlings). The im
portnllce of the Ipnf Il'sions lips in the filet thnt the,v pl\)"ide the prin
eipnl sour('e of inocululll for stulk inrpetions nnd for dissl'millu.ting the 
disel1se during the growing SetlSon. 

This 1l1uitiplicittion of the fungus on the Ipl1\'es mity be of consider
nble importitn('e whl'n u. Yl1ript~T ypry suscpptibl(, to lrl1f infection is 
introdu('ed into It sedion wlH're nnothpl' "nrirty grown tll('r(' mny br 
very sllsceptiblr to tll(' dispn;;e in the stnlk, but normnlly hns httlp I('Hf 
infection. This npIH'tlrpd to 1111\'(' O('('UITPd on lit h,tlst 011(' plnntution 
nenr Bunkil" Ln., in 10a5-:3G, whpll til(' first importunt reduction in 
germination 0('('111'1'('(1 in the ypry sus(,pptibl(' P. O .•J. 21:~, whieh hnd 
breTl grown thNe for H. c\p('n(\e without su('h injury. TIl(' e"idrn('(' 
in(\icl1 ted thnt this inj ury wus ('()!Tl'ln ted with tilt: expnnsion in ncrcugp 
on this pl:lIltntion in Hl35 of till' I'l'('ently intl'odul'Nl C. P. 28;19. 
plantings of whieh wpre mnc\e udjac(,lIt to tllOSP of p, O. J, 213. It 
wns l10tpd in the fnll of 19,{5 thnt the P. O . •T. 213 ndjll(,l'llt to the C. J>. 
2Sn 0, llenrly e"ery IPllf midrib of whkh hnd long I'l'd rot lesions. 
showpd a gn'ntt'l' incidl'l1cP of I'('d rot ill till.' stalks thun hnd e"el" bepl1 
obsernc\ ill this Yl1ril'tv in thn t section of the Stn.tl'. Isolatiolls from 
the leu,"('s of the C. P. '2::-;; 1nand the stalks of 01(' p, O. J. 21:3 showed 
thn.t the forms of C()lldotricllllln fllicatum from both YHri('ties were of 
the liO'lIt-('olol'ed morphologi('nl TIlCl'. 

Fnll plnntings on), O.•J. 21:) wer(' mnde Oil the plnntation with s('('d 
cane from this field udjn('ent to thl.' C.1). 28/1 O. In the spring. It gu.ppy 
stnnd 1'('su\ted in this vtlrirtY, whi('h in this s('('tion of til(' State hnd 
Inrgely ('s('nped tile ,;l'\'erp h1ssrs ('xp<'l'iel1(,l.'d during th(' l'urlier ppi
c\emics nffp('ting it ill othel' pH l'ts of the SlIgur distriet. Examination of 
the seNI ('uttings sllo",('d tllHt thr redll('tioll in g<'I'millutioll wus due 
to 1'('([ rot, und light J'I1(,O i:iolnt('s were ohtnillPd from the rotted cut
tings. This instnnee illustrntps thl' possibility of building up strnin 
populations of Culletotrich1lln falcatun~ on tbe leaves of one Yflricty. 
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which may cause a destructive increase of the disease in the stalks of 
another variety on which such an increase would not have occurred 
because of its resistance to leaf infection. 

Unless the population of Colletotrich-wm Jalcatum so multiplied is 
virulent toward the susceptible vnriety exposed to it, there mny be 
little influence on the incidence of the disense in the susceptible vnl'lety. 
This is illustrated in Georgia where, as shown in the surveys, the 
production of enormous qunntities of inoculum of the dnrk morpho
logical fUce of C.Jalcafum on the leln-es of Cnynnn, a hi~h percentnge of 
the leaves of which always hnve an abundance of leSIOns, hns not re
sulted in an incrense in the disense in the stnlks of P. O. J. 213. Con
versely, Cnynna grown in Louisiana seldom has more thnn a trnce of 
leaf infection, even though it be exposed to henvy inoculum from 
ndjncent varieties, such ns Co. 281 nnd C. P. 28/19, on which both 
light and dnrk rnces nre present. 

IN THE STALKS 

STANDING CANE 

The fungus mny enter the sugarClllle stalk through various chnnneis. 
'Went (73) concluded thut nutural infection occurred chiefly through 
the holes mnde by boring insects. Butler (27) and Butler and Hafiz 
Khnn (30), howenr, found little or no nnturnl infeetion through borer 
holes in India. Lewton-Bruin (46), Edgerton (33), nnd South and 
Dunlop (1) agreed with \Yent thnt borer holes were the principal means 
of nntural infection of the stalk. Rnciborski (53) descnbed the spreud 
of the fun/?us from the seed piece to the growing stnlk, whieh wus 
confirmed 111 Indill (27, 30), but not in Louisiallll (33) or the West 
Indies (1). The root primordia (30), leuf scars (41, 73), mechunical 
wounds, and growth crncks 10 (30) have also been described ns points 
of entrnnce. According to Butler nnd Hafiz Khnn (30) old leaf sears 
nre not rendily penetrnted, and sinee the leuf seurs are lJormully not 
exposed until the lenf hns completely withered, they were not con
sidered un important point of entranee. Naturnl infeetion through 
the leaf scars hns not been reported in the 'United Stutes. 

In Louisiaml and sou them Floridll infection of the growing stalk 
occurs prineipally through the tunnels of the moth borer (Diatraea 
saccharalisF.) (plnte 7, C) and) in some vari('ties, through the root pri
mordia (plnte 7, .t1 nncl B). The latter type of infection is limited 
largely- to certnin very suseeptible vnrieties, such as P. O. J. 213 in 
LouiSIana find P. O. J. 2i14 in southern Florida. Cnderground por
tions of the stnlk mlty beeome infected through injlll'ies mude by the 
sugnrcnne weevils (AflClcentrlls sp.). Infedion from this souree seldom 
extends into the abo\-e-ground internodes, but tonnnge mny be re
duced through retardution in the growth of the cnne. The prineipnl 
effeet of infection of the rhizome is thnt it mlly lend to stubble dete
riorntion. 

In most of the sirup-produeillg areas of the South, there is little 
development of red rot in the stalks of growing calle due to the nbsenee 
or infrequent occurrenee of the moth borer. Infection through the 
root primordia and subsequent spread in the stalks usunUy do not 

10 LOUISIAS.\ STATE (·SJYERSITY. DEPARTlIEST OF PI.,\ST PATnOLOG1' REPORT 01' TIJE roST.\CT CO)I· 
MlTTEE. July 12, 1035. [:\limeographcd,] 
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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 01' to other 
letwes, or by trickling over the leaf lesions and down to the stalk, 
where drops of water containing conidia may be held for severnl hours 
by the cuplike ligule. The fungus continues to develop in the tissues 
of both the midrib and the stnlk until the cane is cut in the fall for 
seed or for the mill. In the stalks, longitudinal spread through the 
\'ascular bundles is more rapid than lateral spread through the paren
chymn, as Edgerton (33) has pointed out. The cane that goes to the 
mill plays no further piut in the life history of the disease, 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 bagasseY 

SEED CANE 

MODE OF INFECTION 

In Louisiana, where a large percentage of the CI'OP is planted in the 
fnll, seed cnne is commonly laid down with many of the leay~s and 
shcnths adhering to the stalks, This means that an nbundant 
supply of Cvlletotrichum jalcatum goes into the soil with the seed 
cuttings, in addition to that which already may have established 
itself within the stnlk and in the soil. Further lIlfection may then 
tnke plnce from this inoculum through borer holes or through the 
nodes. Some very susceptible varieties, such as P. O. J. 213, in 
Louisinna show 11, high degree of infection from the lntter source 
(plate 7, C). Other varieties, such as C. P. 807, the internal tissues 
of semidonnnnt cuttings of which are highly susceptible once the 
pil.thogen hilS gnined entrance, are resistant to nodal infeetion under 
usual field conditions. DllrinO' the epidemics of 1934-35 and 1935-36 
on this Yflriety, howenr, nodal infection occurred commonly, and wns 
in fnet responsible for much of the injury which occurred (J O. 

Inoculation experimen ts have shown that infection through the 
cut ends of seed pieces may also occur. Cuttings of P. O. J. 213, 
obtained from northern Louisiana where the moth borer is rnre and 
where red rot hilS not beell recorded in standing cane of the Ynriety, 
were inoculated by smenring all agar culture of Colletotrichumjalcatum 
over the cut ends. Borer-free cuttings of C. P. 807, which usually 
shows little red rot infection as standing cane, were seleeted at tho 
Houma StutiOIl and inoculated in the same manner. Both varieties 
wel'o planted in the field in October unci dug up for examination at 
intervlIls during the winter. A small pereentuge of the cuttings of 

II ColltiolrichuTn falcatum was recovered in culture on two occusions (December 1931 Rnd January (932)
Irom bagasse 01 P.O. J. 21:1 collected IrOlIl the Inst roller (I2·roll Fulton mil\) 01 the Southdown Plantation 
lactory, HOUlIlR, La. The lungus was rcco"ered-immediately alter collecting the bagasse by culturing the 
pieces 01 the bagasse on acidified oatmeal agar. and lor 3 months therealter Irom a pile stored under shelter 
outdoors. Alter April it could not bereco"ered in culture by direct plating 01 pieces 01 the bagasse, possibly 
because 01 overgrowth 01 the plates by Trichoderma and othcr rapid·growlng saprophytes. Inoculations 
into stalks 01 P. O. J. 213 were then resorted to, using pieces 01 the bagasse as inoculum. Viability 01 C. 
[a/crUu Tn was pro\'ed by the production 01 red rot In the Inoculated ellne up until August 1932. alter which 
the inoculations were negath·e. This pro,'ed that the red rot IllngU5 may sun'h'e in bagasse lor at least 
7 months alter coming Irom the mill. 
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both showed. penetration of the fungus from the cut ends through the 
nodes find into the adjacent internodes. In subsequent experiments 
in the laboratory, ill which borer-free and reel rot-freo cuttings of 
P. O. J. 213 and Co. 281 were inoculated as above and placed in 
moist cbamber<;, the fungus spread tlu·ough the nodes from the cut 
ends and invaded the internodes. 

While these experiments pro\"ed that red rot infection of seed 
cuttings may OCCllr through the cut ends, extensive examination of 
seed cane of seveml commercial varieties in plantation fields over a 
period of seveml years indicates that this source of infection is of 
relatively little pl'adicul significance, the other modes of infection 
described being of fur greftter importance. The ends of seed cuttings 
soon become overgrown with )Teusts und other organisms, as pointed 
out by Edgerton und ~[orelnnd (86'), or they ferment, both of which 
serve to prevent t11e growth of the Ted rot fungus. 

SPREAD "'"ITHIX THE STALK 

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

Lncler favorable conditions, the red rot fungus spreads rapidly 
through both the vascular bundles and the parenchyma, and all of 
the intel"l1al tissues of the stalk may be invaded within 2 or 3 months 
after planting (sec Pathological Anatomy. p. 85). Dense wefts of 
mycelium cleye]op in the pith ca,"ities, and in the advanced stages of 
rotting fructification may occur in these cuxities und on the exterior 
of the stalk. In the spring, when the cultivation operations begin, 
pieces of seeel cuttings ure frequently left exposed along the rows, 
which, together with the tmsh from the previous season's growth, 
serve us sources of inoculum fOL" the lea\'es of the new crop. Stubble 
rhizomes also sen-e the same purpose. 

SIRUP-PRODUCI:>OG SECTIONS 

III the sirup-pwducing areilS, cane is not plllllt('d in the fall but 
stored for spring plunting in pil('s commonly termed "bunks" or 
"beels." The bedding is done by muking low piles of mature stalks 
with tops ullCl ]ea\'es adIH'ring, so placed thut the tops of some plunts 
cover the stalks of otllers. The beds, which ure commonly about 3 
feet wide und 2 to 3 feet in height, UTC completed by conring the cane 
with several inehes of soil. In these beds the seed cane may become 
infected by Ted rot through the Toot buds during the winter (fig. 5), 
und to some extent tluough the cut ends, the conidia on the udhering 
leaves providing an abundant SOlUTe of inoculum. Because of this, 
a vuriety like Caynna, the leuYes of which are vcry susceptible t<> the 
disease, is subjected to henvier infection in the beds than a variety 
like P. O.•J. 213, the lfil.ves of which seldom enrry more than a tmce 
of Ted rot u t bedding tlme. 
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Whcn the runc j,.; 
tnkell up in thC'spring 
fOl' plull tillg, the ell t
tings showing cyidC'lIC'l' 
of J:cd rotare.dis('urJl'd. 
bu t ovcn though ex
trcmc cure is cxerei::;C'd 
ill the sclcction of 
sOllnd enne, the di,.;C'n,.;l' 
mn y not be det('('tetl in 
SOIl'W ell ttin!!;; a 1111 Sli b
s('«lIl'nt ,,;pl~cad of thl' 
(1llIglls after plnlltill~ 
mH,'" J'esul tin p (I 0 I' 

stnnd,.;. Thl' ract jill"; 

uln'H(h- bl'l'1I It\C'n
tionC'd" t ha t los,;(',.; of 
bedd('(\ sl'ed en nc of 
Cit '"n IHlllJa v bc .IS h ig\t 
as ',,)() pc]'(:('n t. wh'ill' 
dl'stl'll('tioll of thl' s('C'd 
(,lIttin~s nftl'r planting 
fn'q 1Il'1l t ly rpsult::; in 
s('I'ioll-; staIHI reduc
tion,;. P. O..J. :21:3. 
OIL til(' otl1('r hand. 
which in LOllisinn<l is 
likpwisp ,"pry SU';('PP

tiblp to inft'etioll 
thl'OlIgh thp mot buds 
lind tll spn'n{\ of thl' 
di:'C':tSl' in tlte ti,;,;u(',.;. 
('s('n ppd s('riou:> illj lUT 
prior to 1 \las. .\. pui·
tinl p~plallttti()11 fur 
thi~mla ,- b(' foundin t h(' 
dif1'('I'(,liC'l' i Jl mass inoc
ulum to whirh tll(' t w() 
vnrit'ties .tn' sllbj('ett:'d. 
As will bC' shown later 
(p. ;')0). howcyt:'r, n 

furtlwl' ('xplanation is 

ull'onled In' the difrpl'

cnec in rci:lti,'c SUS('('[l 


tibilitv of thl' two 

vuri('til's to infectioll 

through the root bud,; 
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FW['RE 5.-R('(1 rot infection through the !lolics of [eto/ric/tum fa/catulII 
Cayaua. \)(,dc1ed s('('(1 cane from G(·or)!ia. BPI'fUlS!)prcs(;,lIt in -the sil'up of its rrrul.t 511:;ceplibility to thl" tyP(' of inf('('tion,

pro<!u('ing fircRS (:;N' 50-]Jerrent los,; frolll rl'rI Tnt nlll~' ill' ~ll"tniucd in 
experiment ~1, p. 51). ~\'cdb('(b (Jf this nl.ril'ty in t1.(· ,..imp dbtrids. 
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PERSISTENCE OF COLLETOTRICHUM FALCATUM IN TH}~ SOIL 

The longevity of C'olletotl'ichum falcatwn in the soil under field COII

ditions and the role that soil contamination may play in the life 
history of the organism has not been extensively investigated. Butler 
(28) stu.ted that the fungus can live in the soil or on decnying leaves 
in the absence of cane, but the evidence indicated that it could 110t so 
survh'e for more thun 3 to 4 months. Butler and lltlfiz Khun (30) 
found that the fungus died out rapidly in moist soil, but cultures kept 
dry and exposed to the air retnined their vitality for 5 months. 

While it seems possible thnt the fungus may' be able to sUl'yive for n 
considerable time on buried trash in the soll and could pt'esumably 
infect seed cane, this source of inoculum would be }'elntively unim
portant in the l:nited States in view of the mass inoculum to which 
the seed cuttings are subjected as growing cnne, and from the adhering 
lenves after planting. 

Attempts to isola te C'olletotrichum falcatwn directly from the soil 
11lwe failed, both in the present studies nnd in a prfwious survey of 
the Louisinna soil flora (6). It could hnrdly be e)..'-pected that the 
fungus would be obtained by the ordinalY methods of plnting dilute 
soil suspensions, because of the relntively smnllnumbers that would 
exist in the soil in compnrison with the common soil-inhibiting snpro
phytes, which ovel'grow the plntes. A selective mediulll favoring 
C'.falcatllm and inhibiting the common saprophytes would be helpful. 
hilt such has not bE'E'n de\'eloped. 

The best test of the occurrence of Colletotrichum fa{catllln in the soil 
seemed to be the possibility of obtninillg it throtigh the infE'ction of 
disease-free C\l ttings of a \'ery susceptible vuriety. On senral OCCil

sions in the presl'nt. ;;tud.'~ nppurently red rot free, surfllce-sterililwd 
cuttings of P. O .•r. :n:3 wen' plunted in the fall in hea\'y soil thl1t hll(! 
heen in cline the previous yellr. These were exnmined for rl'd Tot 
infl'ctioll the following spring. Although invnded by species of Fusa
rium and other fungi, none of these cuttings showed typical symptoms 
of rl'd rot, nor was it possible to isolnte the orgnnism from the tissues. 
These experiments do not justify the conclusion thilt C'. fa/cotum is 
unnble to persist in the soil from one crop yen I' to unother, bu t togethPr 
with the other p\'idenc(' presented, the." indicflte that the soil ns n 
source of inoculum is relatively IInimpOl·tnnt in the life history of the 
organism in Louisianu. 

DIRECT INFECTION OF SHOOTS FROM DISEASED CUTTINGS 

The diyet'gent opinions regarding the infection of growing shoots h.Y 
direct myceliul conllection with the fungus in disensed cuttings hUH' 
nlrelldy been re\riewed. Because of the importance of this question in 
the prnctical control of the disense, some attention hilS been given to 
it in the present inyestigntion. 

In an enrlier publication (11) inoculation e).:periments in the field 
designed to detE'rmine the effect on germination of inoculating seed 
cuttmgs with red rot, were described in detHil. In these e)..l)l'riments, 
cuttings of seyeml commercinl vnrieties nnd promising seedlinb'S were 
inoculnted in nlternate internodes with C'olltlotriclwrn f(l1('(lilull, 
plunted in the fall, find examined in the following spring to detNminc 
the extent of red rot injury. Obsen'utions extending o\'er n. pl'riod 
of years were thus mnde on the spread of thE' diseuse In seed ('uttingB 
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on several su~m'cane varieties. Similar observations luwe been made 
of seed cune m commercial fields, with particulur attention given to 
the very susceptible vurieties, P. O. J. 213 nnd C. P. 80i. Examina
tions were made by splitting the shoot longitudinnlly down through 
its connection with the seed cutting.. Free-hund sections of the 
connecting tissues were also mnde for microscopic exnminntion. 

In no instnnce wns tbe red rot. fungus obsel'Yl'd sprending f!'Om tbe 
disensed cutting into the shoots nrising froIll tbe buds thereon. 
Sometimes the cuttings were so badly rotted thnt tbe shoots would 
die before establishing their own shoot-root systems, un efreet due 
indirectlv to the diseuse through the destruction of the source of 
nutrients for the young plunt, but not to the penetrntion of the fungus 
into the tissues of tbe sboot. As mentioned nbove, the presence of 
the fungus could not be demonstrated by eitber macroscopic or micro
scopic eXllminntion. In ,-iew of the mpidity ,,-itb which it sprends 
through the pnrenchyma of very susceptIble vtuieties following 
infection, it seems improbable thnt it would be able to develop longi
tudinnlly through the vnsculnr bundles from the seed cutting into the 
shoot without suffi('i('nt penetrntion of the pnrenchymn, occurring us 
to permit ready detection by mncroscopic exnminntion. The nuthor's 
results confirm those of Edgerton (S3) in sho\\-ing thut direct myceliul 
connection between the seed cutting nnd the growing shoot does not 
occur in LOllisiunn, or n t lenst is so l'Ilre ns to be of no irnportnnce in 
initiating stalk infections. 

INFLUENCE OF ENVIRONMENTAL CONDITIONS 

TEMPERATURE 

After the seNL cuttings nrc pluut('d, soil tempNntur('s have un jm
portnnt b<.'aring OIl the developnwnt of T('d rot within the stulk. 
Contrary to wbnt might he expect€'c\ from the filet thnt tbe optimum 
temp('nlture for ('olletotrichllm fa[caium is r('ln ti\'('ly high (30° to 32° 
C.), the dis<.'llse is more destruetiye to s('ed ('ane w\ll'n soil t(,ll1pern tur('s 
following plunting lire low mt\wr than when th('y nre high. W\\(:n 
cune is plant('d during August, for <.'xHmple, soil t('mpel·ntLU·<.'s In 

Louisinnn, usually fluctunte hetw<.'en 27° und 32° C., which, while 
n<.'ur the opt:iulll for C. falcatum, tire suflici<.'nt\y high to CHuse qui('k 
germination of the sugn r('nne buds und ('stll blishmellt of illdt.'pcnden t 
~hoots before l'NL rot IHlS un opportunity to CHuse 8('Yer<.' injul',\- to tbe 
CHne cutting. ""hile this growth ucth-ity on the purL of t\w- ('une 
plant mny also hl)Y(' II retarding ('fi'<.'C't on tlw.fungus, it j,; indil·<.'etly 
a temperntUJ'e influen('('. 

Fnll-phlllted s<.'('d cune usuully sufl'ers more ::;('Y('r('\v from red rot 
thun thnt p'lanted in tlw SUI11111('r. During the lut(' fnll nnd wint('r 
months, soIl temp('rntur<.'s low enough to J.>artly or compldely pr<.':cnt 
the growth of sugarcane milY not so inhibIt the rNt rot fungus. Smce 
the optimum for Colletotric/wmfa[catllliL is about 5° C. helow thut for 
cane, it would he e:o.:perted thut red rot would be uble to d<.'Yelop 1110re 
rapidly than cane nt temperntur<.'s h('low the optimum, such us 15° to 
20° C., at which f(·mpernture the cnne remnins inactiw. Both field 
observations and Inborntory experiments hu..ve shown this to be tnI('. 
It was found, for example, in inoculation experiments with controlled 
temperatures, that C. falcatwn would completely rot cuttings of 
P. O. J. 213 held at 20° C. for 4 to 6 we{'ks, dUI'ing: which time there WfiS 
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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 lminoculated 
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 at 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 
while the red rot fung

cane 
us is 

cuttings remain dormant 
able to develop continuously. 

or nearly so, 
The lower 

eo fro r7~""" 

75 .. 

I 
j 

fEBR~RY 

FIGrRE 6.-Typical differcnces in mean winter soil temperatures characterizing 
mild and SC\'CIC red rot damage to fall planted cane: A, Tcmperaturcs pre
vailing during the mild seasons of 1931-32 and 1933-34, showing but brief 
periods lower than 600 F., contrasted with thc cllrvcs in B, 1930-31 and 1935-36, 
whcll rcd rot damagc was severc 011 sllsceptiblc \·aricties. 

limit for the growth of sugarcane is approximately 12° to 14° C. (59), 
depending to some extent on the variety, and growth is very low at 
20° C. Colletotrichu7n falcatum grows well at 20° and fnirly well at 
15° C. The winters of 1930-31 and 1935-36 were severe red rot 
years, and the records show that they were seasons oC abnormally 
low 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 cane. 

In some seasons, as pointed out by Edgerton and ~Ioreland (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 content in favoring red rot as a 
seed-ca.ne disease has been mentioned frequently in the literature 
(22,27,44, 67). In Louisiana it is a common observation that red 
rot is most severe on the heavy or "black" lands, which are usually 
poorly dl'llined. It is on such soils that the most disastrous failure 
of P. O. 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 sugarp,ane plant, as 
well as by the direct favorable effect of high moisture on the fungus. 

COMPARATIVE VIRULENCE TESTS OF ISOLATES OF 

COLLETOTRICHUM FALCATUM 


It was e\rident from the extensive survey of the red rot flora that 
the races of Colletotrichum Jalcatum present in the United States 
were of variable morphology, and the constant association of one 01' 

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 virulenc(' within groups of the fungus. 

LEAF COMPARISONS 

Since the disease attacks both leaves and stalks of sugarcane, com
parisons of the r('lative virulence of isolates of the fungus might be 
made on eithN. For making such studies on a large scale, compari
sons of pathogenicity on leaves seemed to offer some ndvilntages 
o\'er stalk compnrisons. Leayes would be ayailable for snch tests 
during a mueh 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 thnn in stalks beeause of the bulkiness of the latter. 
the great('r time r('quired for making the inoculations, nnd the neces
sity for storing th('m under controlled temperature conditions during 
the period of incubation. For these reasons, the first comparisons 
of pfLthogenicity w('re lIltule on leaves. 

During 1931 several leaf-inoculation tests were conducted with 
isolates of both morphological races vf the fungus, using the com
mercial varieties of sugareane and a number of seedlings as hosts, to 
determine which might he most suitable as differential hosts. The 
inoculntions were made by placing a drop of an aqueous suspension of 
conidia of Colletotrichurn Jalcatum 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 

http:seed-ca.ne
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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 were 
similarly treated, using a drop of sterile water instead of the spore 
suspension. No infection resulted in the controls.. After 10 days 
the length of the lesions was measured and recorded. 

On most sugarcane ·nu·ieties, the leaf midrib lesion produced by 
Oolletotl'ichum falcatum from 8, single point of inoculation is a con
tinuous one, but frequently on a few varieties and occasionally on 
most varieties the lesion breaks up into a discontinuous series of red 
blotches. Nricroscopic and sometimes macroscopic examination of 
the apparently healthy intervening tissue may l'eveal the fungus con
necting the blotches of diseased tissue. Such examination requires 
time, but without it one cannot be sure whether the sepamte 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 ,vhether the measurement should include 
only the continuous lesion or the entire area of discontinuous blotches. 
As mentioned earlier, Atkinson and Edgerton's (19) work suggests 
that these sepamte blotches arise from conidia carried in the trans
piration stream. This proved to be one of the difficulties in obtaining 
l'eliable results with leaf inoculations. 

It soon became apparent also that any differentiation of parasitic 
l'aces that nught be made on the basis of parasitism on leaves would 
be very different from those based on pamsitism 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. This may be seen from 
an examination of the results of a representative leaf-inoculation test 
which was carried. ou t 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, ilvernged longer than those produced by the same 
isolates on the very susceptible varieties P. '(). J. 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 this respect the results obtained were 
contrary to those of Tims and Edgerton (67), who found in their leaf 
inoclllation experiments thai; the rate of spread in leaves of different 
varieties agreed quite closely with that in the stalks. '1'he average 
length of the lesions produced on P. O. J. 234 and Co. 281, for example 
(resistant varieties in the stalk), wus less than thnt on C. P. 807 and 
P. O. ,J. 213 (very susceptible in the stnlk). Their results indicated 
that there is a relation between resistn.nce or susceptibility in the 
stalk n.nd in the leaf. -

Both the writer's experimental results and field observations illcli
cate, however, thnt ill genel'lll lIO such relation exists. Under field 
conditions in Louisiunu, P. O. J. 36-~I (susceptible) und Co. 281 
(resistant) usually show a high percentnge of lenf infection by red rot, 
while the very susceptible vnrieties P. O. J. 213, D-74, and Louisiana '. 
Purple have a low percentnge of infection. From observing this 
condition in the field Olle might presume that the lenves of the latter 
varieties were more resistant to the disease than those of the former. 
The results shown in table 7, however, indicate that this condition is 
due to the absence of, or resistance to, infection rnther than to actual 
resistance of the tissues to the spreud of the fungus, since there was 
no indication of such resistance when the leaves were ul'tificiaily 
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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 attractive to the insects that usually provide 
the means of entrance for Oolletotrichum 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 stalks. That some varieties 
are more susceptible than others, however, seems obvious from field 
ob8ervations 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 (plate 2, A and B). 

TABLE 7.-Average length of leslons produced by 11 light-race and 5 dark-race 
isolates of ColletotrichlLmfalcatlLm on leaf midribs of several varieties of sugarcane 

[10 days' incubation; means of 50 replications] 

LIGHT-RACE ISOLATES 

Mean length of midrib lesions 

Isolat.e Xo. 
P. o. J. P. O. J. ! ('0 981 C P SO-I' D-7' ILouisiana36-M 213 - . - -.. I ~ Purple 

-----------1------1-----_,__-,___ 
Crn Cm em Cm Cm j Crn

L-l. ___________________________ . ______ .. 11.1 11.4 13.7 7.9 __ ... _____ ._. ________ _ 
L-2 __ ••• _._._._ ..•.._. ___ • __ ...... ___ .. _ 12.0 12. i 9.2 . _._. ____ • __ . _______ __ 
IrQ....____ ...._____ .... _____ .._______ .. 30.3 23.8 26.5 17.0 . ______ • __ .......___ __ 

~~~;i~~~;;ll;:;:i;~iii~i[i;;;:::~;:: .....~1·1.....~~ 1·····~i· ......i!l;. :rI::~~.: ::1[11 
Averageoflightraces____ ...._____l 15.11 1"Oi 19.0l 11• .1 12.71 12.:1 

DARK·RACE ISOLATES 

The figures in table 7 indicate that the ditrk-ruce 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 Oolletotrichum falcatum might be 
differentia.ted on the basis of their parasitism on leaves of a series oC 
differential hosts, it soon became apparent that the races so dif
ferentiated might be very different from those differentiated on the 

!l9425°-3R----t 
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basis of parasitism in the stalks, and would thus bear no relation to 
the failure of sugarcane varieties due to red rot. The leaf inocula
tions were therefore discontinued. Furthermore, as pointed out by 
Tims and Edgerton (67), the gre'.1t variation between the length 
of lesion on different leaves of the same variety tend to make the leaf 
inoculations Jess reliable than those in the stnlks, from whieh more 
uniform results cun be obtained. The leaf inoculations, however, 
brought out two points: (1) That although consistent difl'ereuC'es nre 
seen in nature, there is less marked difference in resistnnce or SllS

ceptibility to red rot in the leaves from artificial inoculation of different 
sugarcane varieties such as is exhibited by the stalks, none having 
been found that could be classed as resistant; and (2), they ga"e the 
first indica tion of differences in virulence between the light and dark 
morphological races of the fungus. 

STALK COMPARISONS 

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

HOST VARn:TIES 

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 susceptible canes, the Purple and 
D-74 proved ullsuitable not only because of heavy borer infestation 
and the high percentage of natural infection by Colletotrichum falca
tum, but also because their large stalk diameter and conseq uen t bulk 
made them inconvenient to handle in large quantities. C. P. 807 
had the disadvantage of a very hard rind, which made it difficult to 
punch the holes rapidly for making the artificiul inoculntions. Becnuse 
of relatively low borer infestation and resistance to root ring infection 
by C. falcatum, howeyer, the stalks usually show relnti,'ely little 
natural infection. 

P. O. J. 213 was finally selected as the most suitnble among the 
susceptible hosts because of the relntiye softness of the rind, long 
internodes, which permitted the fungus considemble sprend bdore 
being retarded by the nodes, and the small diameter, whi('h permitted 
econof\lY of storage space. In the sugar district of southem Louisiann, 
however, P. O. J. 213 usually suffers heavily f!"Om borer infestntioll, 
nncl even when not bored may show considerable nnturnl infection 
by red rot through the root nngs. To obtain suitable mnterinl for 
the inoculations, therefore, it was necessary to go to north-centrnl 
Louisiana, where both the borer and red rot are not importnnt, nnd 
where cane could be obtnined in large qutmtities that could be rendered 
relatively free of natural infection by surface disinfection. Co. 281 
was chosen as the most suitnble resistant hORt. 
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CHOICE 0.' ISOLATES 

The number of isolates used in nny one test was necessarily limited 
to about 50 by the spuce lwailable for storing the ino('ulated cuttings, 
as well as by the supply of red rot-free cuttings whieh ('ould be ob
tained conveniently at one time for such tests. This mennt the (,Olll

par'ison of relatively small snmples of the red rot populu tions froll1 
IIny one host val'iety ol·loeulity. Since there was no wuy of knowing 
which isolates WNe most I'epresentntive of the populations in nature, 
the. choice of cuitUl'es for the tests wus made n t rnndom, This wus 
done hy plul'ing in baskets the totnlllumbcr of culture tubes frolll til!.'. 
varieties or' loenlities to be compared, nnd then tnking them out at 
rnndom until the number to be lIs('d in the t(>st hnd 1)('('11 ohtailll'd. 
\nll're it was desin'd to indude (,prtaill indh'id ual l'uJt.url's in the tN;ts, 
the I'l'nson for their dloi('c is explained in the dis('ussioll of the tt'sts 
ill whieh tht·" W{,/,l' us('(1. The results would doubtless he morc rt'li
n bit· if In rgel: Sa III pll's of the populutions ('ould hnye been corn pa red, 
but in view of the fairly libl'rul sampling of the fiplds studied, their 
wid('sprl'ad g('ogrnphic distribution, nlld the rundolll sri('('tiOll of 
isolates from the totnl nUT.lb('l' obtnined, it is believed thut the isolatl's 
included in the tl'sts aI',· rensonably representative of the red rot 
po",:.I1Iltion as it O(,CUI'S in Tlaturl'. 

METHOD 0.' iNOCULATION 

Thl' stalks of ('aIle W('fl' pl'l'pared for the tests by r('moying til(' 
5hl'l1tlls nnd tops, ('utting into 4-foot lengths, washing, nnd im
mersing ill a solution of formnldehydl', 1:240, for 2 houl'S, to elirniuut(, 
('onidia of Collr:totriclulIlt j([[c(ltU7n thnt might be udhl'I'ing to the 
surfu('l'. ,\llNl dry, holl'S Wl're puneill'd in the ('('uteI' of t\\'o inter
no<l(',; of (':\ch ('utting, l(,llving at lenst one and, wherc possihlp, bn) 
intl'J'(lod('s 1)('t\\'(,l'11 thosc pUll('hed. A specinlly de\'isNI pundt similul' 
to 11 cork hol't'r with an opl'uing 2.5 mm in dillm('ter wus used. 

\Yith 11 stt'rile instrulll('ut It piecc of 11 15- to 20-dlly-old culture of 
the Colleiotric/tum 011 011 tn1('n I ugur wus insl'I't('d into thesl' holes. The 
ino('ulated cuttings w('re tiNt in buudles of 10 ench and inC'ubntl'd for 
20 to 30 days tit ~WO to 250 C., after which thl'Y were split l('ngthwis(' 
nnd the spl'Pltd of 1'('(1 rot m('HSllred. The rf'suits Wl're l'xpressed liS 
th(' "ind('x of \'il'ulpn('l'," which WIIS obtllinl'd by multiplying the rntio 
of Il':>ioll wid til to stnlk diameter by the mtio of lesion length to intN
node length. 

COMPARATIVE VIRULESCE ON A SUSCEPTIBLE HOST, P. O. J. 213 

TEST F 

The pu rpose of tl'st F wns to l'ompare the yirull'Il('l' of thl' ligh t !lnt! 
dark l'lll'es of C'olletotricltu7n ja[catum on the Yl'ry suseeptible vnril'ty 
P. O.•J. 213, in ordl'r to detl'l'Il1ine wll('tiler therl' wns IL eorrelntioll 
betwl'en yirull'nee and the morphologil'al ('huradl'I'S differentiating 
the two culturul rtlces. Evideu('e of sudl n, correlation, i. l'., high 
virulence with light ('0101' of mycelium, would offer support to til(' 
hypothesis that the fnilure of this variety in Louisiana rl'sult('d from It 
change in the dominant red rot flora in the Statl', from the dark to thp 
ligh t mel'S, coincident with its widespread commercial utilizn tion. III 
addition, the inclusion of groups of ligh~race isolutes from P. O. J. 213 
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and other varieties offered an opportunity to compare the virulence 
of the various ~TOUpS, to determine whether there was evidence of 
parasitic speciahzaf;'on of the P. O. J. 213 isolates on that variety. 

Fifty-five isolat(~ were used in this test,. as follows: 8 from P. O. J. 
213, representing i localities; and 7 from Co. 281, representing 3 
localities, in the 3 geographic areas of the sugar district; 8 from P. O. 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 varieties, representing 4 
localities in the 3 geographic subdivisions of the sugar district. 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 Stat~. 

The results, which are the means of 16 readings for each isolate, 
appear in table 8 and the frequency distribution according to viru

15~------------------------------------------~ 

r---
L-16 

_~::31_. 

~ID~---------------- L-~~~~ ________________~ 

~ :.:6~~ 
% I L-16 L-11 
~i - 1
:!: I. ,--- ..'::~3 .':~~ 
~ : G-44 L-61 L-7B L-N 


~ G-66 L-ID6 L-1I3'~ 

'" 5 r--'-- ---- --- ---- -- ----------------1 

\ G-78 G-92 _ L-15D L-127 L-\36 _ 

G-83 L-141 L-169 L-153 L-12B L-145 L-51 
,-.--1- "-- ---~'. "----r-'--

1\ I--G~~8_ ~!42 L-112 L.-'55 L:15~ _:~!:r..t-L_-_ID_3t----, 
~140 L-164 L-144 ~~~6.'l. L-16D ~5!. L-IOB ..:.:-~ 
L-175 L-174 L-161 L-171 L-165 L-110 L-163 t:=79j fL-7Ol0, 

~~z31-~~o~,~,I-~,?o~,I-~,o~'=I_~l.o~o~I~=,I~.ZO~lz3,_~,~?O~I..31_~u~okl.3.1_~,.•~okL311_~2_~ook~~OI~.U70~~ 
INDEX OF VIRULENCE (CLASSES) 

DIFFERENCE REQUIRED FOR P-OOI-O.30 

F!GUIlE 7.--Frequency distribution of 55 isolates representing both light and 
dark morphological groups of Col/elolrichl/In fulcajum arranged according to 
the mean virulence index on P. O..J. 213. (Dark-race isolates in boldface type.) 

lence classes in figure 7. In the figure, the culture numbers of the 
dark-colored isolates nppear in boldface type to distinguish them 
from the light ones. 

Itmay be seen from table 8 Ilnd the frequeney distribution that, con
sidered as groups, the light-race isolates from Louisiana (group A) 
were 57.1 percent more virulent on P. O. J. 213 than the dark ones 
from Louisiana (group B), and 67.2 percent more vimlent 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 vjrulence in Colletotiichwmfalcatum 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 fllilure of 
P. O. J. 213 in Louisiana; and when considered in the light of the 
fllct that the dark cultural race is dominant in Ge0tWa indicate that 
the absence of red rot injury to the vllriety there pnor to 1938 may 

http:P-OOI-O.30
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have been due to the absence of the more virulent light races which 
caused its fnilure in Louisiuna. 

TABLE S.-Average virulellce 'iude:?; on P. O. J. Bl.'J of grolt7ls of light-race isolates of 
Colletotr-ichnlll frr/catuln frollt differe1lt varieties in LOI/.,isill/l(/ COlli pared 'with 8 
dark-race isolllies from Lou.isiunlL (/,lId 6 from Georgia (test, F) 

[Virulenl'" iml.,. of ench i!;olnle bnsed on measurement of 16 lesions III inoculnt",l stalksafler28 <luys' incuba. 
tioll at ~>()o to 2'20 (',] 

(irou)) and isolate ~o. 
\"nriel.), 

SourCl' 

Plnlltntion or IO('nHtr 

Ylru· iGroup 
lence I dif·
inde.. ference 

Group A: 
Light'nll'" isolnt.'s frolll Louisi· 

--:--!PtTunl 

BDa: 
Sub;:roup A~I: 

L-I6................... . 
L-51L ......... . 
L-77H~~+~ ... _+_ 

L-78 ....... ". 

r. O. J. 213. 
....do ......... . 

.do...... . 
•. do ... . 

'"outh<lown........... . 
ArmllnL .......... 
.1.11(llyeltc.• 
... do ....... . 

1. 751 
1.01 I
1.11 
1.13 

L-i~J. .. _ ~_ ~ .&,_" · do....... .. Xcw lberill...... . 1.69 
L-1O:1 ............ .. 
L-!OIi............. .. 

· do ....... . 
· .10 ........ . 

('lllllperdown .•. 
J~nnerctte.." ... .. 

US 
.9-1 

L-IOS........... .. do....... . .. do........... . 1.~5 

)lcall of S lsoble,. ·i:3;1 
Sub~roup A~2: 

1,-57.. [' O,J ,3(, .. )[ ! AIIIIII ................ 1.41 
.I.ro.'\8 .• 
1~ 

• do 
.• do 

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

... do .... . 
1. 2.'1 
1.02 

lrf>1 
L-70. 
L-il 

do. 
do. 
do. 

..do, . 
Ashlnn!! (Bunkie' 

do •... 

.~4 
~.l'It 

L~ 
L-73 
lriot 

do 
do 

do. 
do. 1..261L26 

;\[can of ~ 150Inl(·5. 

Per('t.\nt h'~~ yinJil'llt ; 
thlln suh~nlllp A·1. 

1.30., 
1.5 

rt'r(",nt r"'lulrcd 
P=O.o;. 

lor;
I 

8.3 

Sub~roiJP A 3: \ 
I,-at 
Irf>. 
[riM 
Ir-I:m 

' ('0. 2SL •. 
i . tlo. 
I do .. 
! dO. 

~OllLhd()WII "_ 
,\shhlnd (Bllnkiel ... 
~(}uthdown 

110 ..•. 

1.29 
I. :19 
L31 
1.36 

L-1-I5. do. . .. do .••.. l.27 
Ir-If)S 
Irlfi9 

do.... 
do .. 

IIl11ellud •. 
110 

.9;\ 

.70 

I. IS 
! 

r~r<~'nt 1~'s "im I~nl ! 
tlmn5uh~rOllp .\-1 I 

Per<'(~nt n~ql1inld (tir 
!,=Q.OI. I •.... 10.6 

1>.3 

Sllb~roll[1 A-I: 
lr"1:!7." . 
Irl:!S•.. 

))'71. . 
do 

, <,outhdl)wn. 
• do.... 

1.12 
1.17 

1.-1.10. 
1.r-152 

,10 
•10 

,
i 

. do. • 
do .... . 

.M 
1.02 

L-15,\ 
L-15.=. 

do 
do 

, do .. .. 
do ......... . 

•liS 
.86 

L-15i 
Irlf., 

do 
do 

Bayou elu Lnrg.e (J(oumnl 
do. 

1.33 
1.27 

L-Ifj(J do 110 1.15 

)Iean of 91501ullc< I. {)oJ 

Percent Ic,,~ Y1rulcnl 17.4 
than subgronp A-I. 

Percent require.1 for 
P=O.Ol. 

7.6 
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TABLE S.-Average virlliellce index on P. O . .I. 213 of grolLlIS of light-race isolates of 
Colle!otrichtl-1fl falt-attun from different varieties -in LOItisianCL compared -with 8 
dark-r(lce iso/a It'S from LOILisiana a lid 6 frollt Georgia (test F)-Continued 

I $ouree I\,iru~--' Grou~ 
Group amI i~olale XQ_ ! t lence dif·------------1 '-nrietr 1'lllntutiun or localilr . index ,ference 

Group A ·-ronlilll!ed. i 1Perc",1
Light·nlce i~olntes from Louisi· 


ana-COnLinued. I 

Sub~roup A-5: I 


L-16 ...... __••••____.... _ C. P. SO............. 80uthdown.. __.......... _, l.'261 

Ira:! .........."....... . I.ouisian[1 Purple . '\.....110..... ............... .90 

L-76 ................... _ l.ouisittnll Striped. .\5hlll",1 (Bunkie)_ .......1 1.17 


tlM: ~:~:~~~-:.::.::. Wi\~~;;illOli. :::_ .... ! l:~. 
1~1fI.'i. .............. _. ;._ . do ...... __ ' .. do ... _ ._ ... _.__ ' I.OS i 

l~g~::: ...::::::::::: .I ~:~.I~~J~~.::::::::h':ciu;t:i~\~:n .-:':-:::: .. I:~! 
L-li2_____ ._~.~ .. _.. ___ ._~_ .. __ do ..... ____ .. "_~ :~ ~~ do __ ~_. _~.~" __ .~_~~~_, ,,''''' 

~lennur9i;;()lates __ .•. _............... ____ .... _.................. _... _\ 1.10 i 
Pertent IpAA ,-inl1l)nt: .. ~ .. _" .. _...... _~ .. ~.~~_! ... __ ...._.. _.. _____ .... ___ ~_ .._.. _~ .. -:~~~ Itt; 

than suhgro,!p A·1. ! ; !,
PercenL re<llllred for :_ .....................1............................ _....... 7.6 

P=O.OI. . ; ' 
Group .-\, wei~hted menn..........___......_____......................- ...........1 1.19 t 

~==:;::::= 

Group B: 
Dark·race i;olates from Loui:;i· ! 

aw: , IL-140•. _ •••.••••.••••••.•..• 1'. O. J. 2:H..•.•._ Woodlawn (Houma) •.•••.' .36 

Irl~I. .. . , •.. - .... , ....... --I"" _do... •••••. , .•.1.••• _do•.•••••--••••••-.- •• ' •~3 

L-142 .•• _ ............ _dO..... _....... \•..• _clO.................... l .~s " 

L-I~•... _ _....... ___ • ('0.281.. _........ SQuthdown .......... , .66 , 

lrI61. •• ................... D-H.......__ ..... Bayou du Lsrge(Uoumal., .61: 

L-lfH ........................ ('0.2IlO......... • Blllcnud... .............. .f,O' 


tn;: ::::::::::::::::::::::>-::: il~ .::: ::::'. -, _~~}~~r~:~~~:_.~:.:::::::::::,_--:~~ 1 
~Ie.~n of S isolates.. _ , .................... _·....-- ...............•...... i ~I I 
P';;r';;~~ ~~s virulent than 1.·...·...·.········..+..·...·...·..···..........'1" .....·: 57.1 

P'[~~t required for ...........................---.-•••------....- ...TP= .......t~ 


Group r: I
Dark·race isolutes from Georgia: . 


G-+I_ ....................... _ ('ayana... .......... Farm near Cairo. ""''''1 ..\ij

0-66........................ P. O. J. 213••••••__ • U. S. Sugar Plant Field . ·12 

Laboratory. Cairo. Ga. 
G-7B..... ___ ... ___ ... __ P.807............... ,.... _do __ •• _.......... _.' .3:1 


gli:::::::::::::::::::::::::;:~~y~r:::::::::::::l.~~~~~~~~:c~~~~:~:::::::, J~ ! 
. ! I ,--

Mean of 6 Isolates......... .. __ ................. :, ............................ ; .39 I 


;;!~ ~:u~:le~: t~:~ :::::::::::::::::::::1::::::::::::::::::::::::::::.::::::.:1 6::: 
0.01. I I! 

The eight cultures from P. O. J. 213 (subgroup 1\.-1) proved to be 
significantly more virulent than those from the other varieties, with 
the exceptIOn of the group from P. O. J. 36-M (1\.-2). The high 
average index for the latter group was due to the exceptionally high 
reading for the culture L-70. The highly significant differences 
between the isolates from P. O. J. 213 and those from Co. 281, D-74, 
and the miscellaneous varieties (and for those from P. O. ,T. 36-M 
without L-70) may be interpreted as evidence of parasitic specializa
tion of the former group on that variety. More conclusive evidence 
might have been obtained if a much larger number of isolates from 
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P. O. J. 213 and the other varieties had been tested. Such might have 
been revealed also if cultures of the fungus from Ule period prior to the 
widespread expansion of P. O. J. 213 had been avuilable. It is possible 
that at the time these cultures were obtained, themultiplication of the 
mce or races causing the fnilme of P. O. J. 213 on tins variety, and 
subsequent dissemination to other commercinl varieties, had resulted 
in the dominance of these rnces 011 other varieties. Consequently, at 
least some of the isolates 
obtained from the varie 5~-----------------------------~ 

ties other than P. O. J. 
213 may have originated 

LIGHT TYPESon that variety. 

TEST J 

Test J was conducted 10----------------------------------~ 

primarily to determine 
A·4 A-Iwhether the dark-ruce 
~:z7- --;;-;- DARK TYPES FROM ALA8"MA. iisola tes are a uniform 
••- .- -::. - GEORGIA. AND MISSISSIPPI 1 
G-142 G-133 'group parusitically, 0 r ________.___ ,i 

whether they exhibit a G-143 G-131 

range of virulence on P. ;; 5 0=;48 IG~140 I
O. J. 213 similar to that ~ ...--- ~~S5. G·151 r- 

shown by the light-rlU'(' ~ M·25 G·156 G-153 G-121 
,-.--. t-----~isolates in test F. A :; G·126 G-151 G-154 G-138 

comparison of tll e iso- ~ ~-;-- G-159 G:I~O G-'1sS ~ ! 
lates from Cayalla and ~ 0 

P. O. J. 213 from the II> 10-------


sirup-producing States 

~seemed of pnrticular in I 1----, DARK TYPES FROM LOUISIANA L-289terest also because of the 
L-299severe red rot injury I .---

L-210 L-305suffered by the fomler 5 ~,---------- - . ----" ----------1 
L-213 L-30Svariety ana the absence ! 
L-219 V307of injury to the latter in 


those States. The 52 II L·2ao L-3ca 


isolates used in the test .---_,-------/_':-." 2 93 L- 309 iL-302l I' 


included 20 dark-type _ L'291 L-267 L-296 L-326 IL-;~;~

OL-<=~t=~~~~=*~~~~~f_~cultures from Louisialln, ,n-80' .81~90 t.9HoO ;01-!10 :1.II-lZ0 !12H30d.3l-t40tI 

I ~ I •• I 

LINES OF'SIGNIFICANCE p.O 01representing 9 wi dely 
ItlDEX OF VIRULENCE (CLASSES)separated localities in 

FWCRE S.-Frequcncy distribution of 52 isolatcs the sugar district; 25 
of Colle/otric/mm ja/ca/ull! according to the index

dark-t~Tpe isolates from of \'irulence on P. O. J. 213, ill test J. 
localities in Alabama, 

Georgia, and Mississippi; and i light-type isolates from Florida, 

Georgia, Mississippi, and Louisiallll, which were included in order to 

compare the 2 culturul races. Tile results uppear in table 9 and 

figure 8. 


It is aprarent from these results that the dark-ruce isolates exhibited 
a range 0 virulence similar to that shown by the light-type isolates in 
test F. Those from Louisiana (group A) were significantly more 
virulent (18.6 percent) than those from the sirup-producing Stntes 
(group B), and both groups were less virulent than the single Louisi
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ana light-type culture, L-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 Louisiana 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 
cultural races were approximately equal in virulence. 

T.-I.BLE 9.-Average virulence inde;z; on P. O. J. fd13 of a grolLp of dark-race isoiates 
alllI olle light-race 1'solate from Louisianf£ compared with groups of light- and 
dark-race isolates from the sirwp·]li <Jducing Slates (test.f) 

Virulence Ind~x of ~nch isolate hllSt'd on mess_, aments of lesions in 20 Inoculated stalks acter2S days' ineu. 
h3ti"n at 20° to 2"2° ('.1

----------".--.---- ---,..----;--- --~-----------~ 

~ourcc 
\'iru· Group

GrOUIl and isnllllH Xo. ------.------~"" lence differ· 
\'l1riet~· Plantation or 10l'llllty Index ence 

1---'__-

Oroup .-1.: I 1 
Dnrk·rllt'e isolates Irom Louis I I 

nnn: I I 
L-~i--- .. --.--".--.-- .. ___ '1 c. ~. 2.5/19..______"1 Cinclarc__.......____ ••••.• 1.00

lr_/O...__ ...__ ....... ____ ... Co.2.5I.. ____ .•. __ . "\Ima..... ____ ........... . 
 I. OS
L-2i3..__ "______ . ____ • __ .... I'.0.J.36-l\£. ... " Albani".. __ ....."__ •.• __ ." 1.0i
1.-2;;...... ____ .......... "". C. P. 80i...... __ .. " Hollywood __ ....... "... "" 1.31

1.-2;9._............ __ .... ,____.do...__...... On'enwood._ ... ".... "."_ 
 1.10 

1.03 
I. Ii 
1.1i~i~~~:~~:~:~~:'~~~:~~:~: "I'~~~;,~~~~:n:~: -' 'l~fi~Jf~:~~..;>::.::-' 
1.10 
I.~ 

1....29i" __ .... "..... " P. O. J. ZI4 __ . I~acl'I"nd ..• "" ......... . .84 
1.-299.". "..... "." ..... " ('o.2iL."",. . _.do..... "" ... " 1.16 
1.-302..... "."." .... ".. 1>.0',J.213_. 'I rIo...... .. ".. "" 1.27 
L-30.1...... "........ 1'.O.J.36-.\f Gn·enwood .... "". . 1.24 

L-305." ... "." ....... " ('0.2~O.. . ."do ____ ..._ 
US 
1.-3(1).--"" ..... "..... "do" __ ".• ". ""do ••• 1.IS
1.-30i" __ " ." "__ . __ .. __ du ..... "_ ""do" __ 1.16 
L-308.. __ "." ... ". __ .". I ""do. __ "__ . "." do... " 1.19IL-30<J .. ____ .. ". .." Johnson gr!ll;.'" ". do.. _" ..... . 1.16
1....326 .... "............... P.O,J.3ihH. __ • i U1enwild........ .. 


:-'fenn of 20 Isolates __ ..... ." ... ". -0"..... .. ....... __ ....... ___ " 

;-:: 'I' 

Group B: •-== 
Dark·rnce isolates from .\Iahnma. ' 

Georgia, and :\Iississippi:, I 
Subgroup B-1: i 'I 

::~ 

" 
A-I.••• _ ............... "' C'ayana............. Dothan, Ala____ ...__ ... ".! LOQ, 
A-3.. __ ", ""do. __ " ."" .. do "•.. "... " ." .... : "9, 
0-126." .. "" ... " ...... ! do __ • IOmill'ssouthofCniro, Oil.; .~O 
0-127_,,,_ do_~.. _ . dr) .... ~ __ ._.~. -"-1 1.02 
0-13i_. -.-- ... -_. do" _ Cuiro. G".'" ..." i .98 I 
0-138. .\ d(L.. ".do".... . , L 0.1 
0-140." "do" _. . do.__ ".93 
0-141, rio.. do..... " ." ".""... i6\ 
G-142.. .rlo. . I" do.•.. "."."- "'1 "iY.l
0-151."_.... __ ._ .• _.,," , "(10.". B"inhrid~p.,On ____ .". .96 
0-15.1.",," .. "."" •• " " " rio... . ""do."" __ .. "... """" .!H I
0-15L_" .. "" ...... do.... '" "do.. __ . 1000"' 

l\fean of 12 isolates_" ,,".! .94 

Subgroup B-2: I
A-I ....... ___________ __ I


1 P. O. J. 213 •• __ . "Luwrne, Ala. ___ • __ "_ " 
0-13,. ____ ......... " ""do. __ I ('airo, On.I." . ""."" __ " 
0-155........ __ .," .. " .do." do. 

G-I5(L ... do" • do.".

0-15i __ " do • do.",
0-15L .. do .. (10

G-159." do.• 
 do"
G-I60. do... ""do.".
M-2L •. "do"" !

Poplnn·iIIe. l\fiSS 

l\f-2i .•• do .. I.Burel, l\fL~s 


l\fean of 10 isolates. 


I From ditTerent farms In the "Ielnity of ('airo, 08. 
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T .... BLE 9.-Average virule/lce index a/I P. O. J. iUS of a grOltp of dark-race isolales 
and one liqht-race isolale from LOitisiana compared wilh groups of light- and 
dark-raceisol(ll~s froll~ the sirup-producing Stales {lest J)-Continued 

----  ------~ 
Source 

Vlm- Oroup 
OrOIlJ1 1lnd isolnw Xo. lent" difTer

I'llIntlllion Qr \o('nUty Imll,'.'( encc 

Orollp D··(·onlinucd. 
Dark'nll" isolnles (rom .\ 11I11I1IUil, 

Geor~ill, IIIHI M ississijlpi-Cou. 
Sub~roup ll-:!: 

(l-l:t:l , ('u. ~hl ;0

(1-143 .• : C'o.515 
(1-BS. I ('0.21>1. 

\Y~i~hll'd JJ1t.'lt1 uf :!j
isolllh-s. 

1'ert'Nlt 1('ss virult'lll I i ...... I IS.6 
thru! group A. I I \ 

'P('fl'i'Ut n'quirl'Ci (or , I 3.5 
P=O.OI. '==1.,=

(1rolljl C': 
Li~ht·ra",' j" Int~s (rom Flori,itl, 

OrOf/:iIl, Ilnd Mississippi: ! I 
i 

~--t '. ! fJonwswnd, FIn..... ..! 
0-,,(,17. j Cuiro, Oil. ... . , 
(J-IOI 110 llllil'S snulh oCC'nirQ, On.:
:.r-2'2
:.r-21. _ I'OP)l:~\·~I.il" :'fiss .. ' . 'II 

:.r-~~l. . l.flUrc'i, :.rrss........ , 


:'.[,lun of f1 i!;o)aws_ 

Pt'fl't'llt Itoss: \'iruh-ut 11tUl : 
groUI) A. , 

P('rf"£int rNluin'fl for P= ' 
0,01. 

Group il: 
Light·r:!l'11 isolaW (nHn l.tJlU:'ot.. ; 
nnB~ 

1,,1 P. O. J. 3t...:.r I Ashinnd (Bunkie'). 

:\ftoan 

Pl'r<'N1t mOrt' \'irulNll than ?!.lI 

gn'lllp ,\. ' 
Pt'r(,,(lnt rl'tluicNI for P= ItS 

0.01. ' 

Within group 13 (sirup-producing States dark types) the isolates 
from P. O. J. 213 nnd Caynnn. were appro:-..i.matcly equul in ...-irulence, 
while the isolnte L-71, whieh in t('st Ii' was found to be intermediate 
in ...-irulencc among t\t(' LouisilUla light types, proyed in tius test to be 
50 percent mom vir'uleEt thun the isohltes of group B. Assuming 
that L-71 is repn's('ntntivc of the Louisiann light-mel' flom (Imd 
numerous inoculatioll t('sts hitve indieH ted thn t it is), and thn t the 
isolnt('s of f!:roup 13 nrc reprcs('ntntin~ of the red rot population Gf the 
sirup-produeing Stllte~, t\t(' results suggest thn.t It partial explanation 
for the abgen('e oC rl'd rot injury to P. O. J. 213 in those Stat.es prior to 
1938lics in the ]ow('[' \'irulence toward it of the ruces of Golletotrichurn 
falcaturn predominant thc['e. 

TEST :\1 

The object of test ~I WI1S to t'ompare the virulen('c of isolates of 
Colletotrichurnfalcaturn from .Lollisinna and th('. girup-produring States 
with respect to thei[' nbility to illfc('t P. O. ,J, 213 through the root 

http:I'OP)l:~\�~I.il


primordia. It wus fdt that ~in('t' root ring infl'ctioll of this nll'iety 
is l'nre in t,he sirup-prociu('ing Stutes, the informntion gained from 
such a test ll1igl~t :lid in explnining its freedom from red Tot injury 
for mnny yenrs III that rl'gion. 

~IETI\OIl ~w IXOlTI.,\'I'IOX 

Tweh-e isoln tes wt'rl' u8t'd 1n tltl' tt-st liS follows: Two light-met' iso
Int('s from Louisiann,; three light-/'H('(' 1801ntes from Georgiu; and seY('n 
durk-I'llce i80111tt's from Gl'orgin, Alahllll1!l, nnd Floridn. Cuttings of 
P. O.J. 21:~ wl'rl' obtnin('d from Cairo, (i:l. Tltl'Y w('restripped cleun of 
trnsh in the fil'ld, cut into nbout 3-foot ll'llgths, nnd treated with hot 
wuter ut 50° to 52° C. for 20 minutes before bl'ing trnnsportecl to 
Houmn, La. It ~'l'emed thn t the complete fl'eedom from borer injUl'Y 
nnd the light infection of red rot on the leitYl's in the field shoul'l 
render th('ill fnirlv free of nuturnll'('d rot infl'ction. 

On arrival nt HOlUlllt they w('re dh-ided into 13 lots of 20 cuttings 
ench, und oY('r the nodes of ell('h lot WitS sll1l'nred nn ontmenl-ngnr 
culture of one of the isoln tes of Collftotrjch urn jalcafllm. One lot wns 
left without ino('ullltion us n control. Eneh lot of cuttings wns then 
('oYer('d with moi~t, stl'nIlled soil in n. flut, 31~ fN,t long nnd 8 inches 
deep, nnd plnced under it "hed outdoors. About 3 inches of fresh snw
dust was pin ('I'd under the flnts nnd n. ('overing of nbollt 6 in('hes wns 
pIllced oyer the top for the purpoge of prewnting con tnminn tion from 
the outside, to pro\-lde inglllntiOll ngninst rapid f1uetuntions of temper
ntme, and to preYl'nt drying out. Thp tl'mpel'lltul'e in one of the f1nts 
WIIS re('ordecl by menns of a soil thl'l·mogrnph. Till' temppl'ltture wns 
60° F. nt the beginning of the expl'riment on December 15, 1936, nnd 
remnined bl'twe('n 60° uncI 70° until Jnnunl'Y 10. Fl'om thnt date 
until Februnry 3 it ynried between 70° und Soo, und then declined to 
betwN'n 58° uncI 620 for the rl'11111inder of the experiment. The 
cuttings were ino(,lllated on Dpcemhel' 15, 19:3G, nnd Idt undisturbed 
until )'fnr('h 1-!, 1937, when tIH.'Y wl'I'e takl'1l up, split ll'ngthwise, nne!. 
exnlninNI for l'pd rot infpction. From eHe'h noe\e thnt g]lOwed indi('ll
tions of red rot infection n, pie('e of ti;;gu(' was cultured in ncidified ont
menl ngar. 

Rein'tlY{' in feet inn of P. O.•1. 213 through the mot prirnordill. by 
ynrlOllS i;;oln.tes of (,1I11"fufrichuJn ja/catum from inoculum gmenred 
oyer the nodes nfter 2 months' in('ubntion I'llnging from 600~SO° F. 
(approximntel}T (iO nodes ino('ulated "-ltlt ea('lt~ isolate) is sho\~'1l ns 
follows: 
ISO\llt(' IlIlmiJC'r: Sumba of nod.. Inftcttd 

1.igh t tYPl'~ from Louisiana: 
L-7\ 

I.CalldotTlrhum tei,lolaUd) 

12 
L-IOa ·1 

Light typ('~ frolll G<'IJrgia: 
0-10,\ 1 
0-161 o 
0-16ol. . .. o 

Dark typ<'s from Alnlmma, Gt'orgin, and Florida: 
O-lI\ o 
0-167 2 
G-IGiL 
0-170 

.•." _•.• ____ .... ____ •. 
... _•.... __ . ______ . __ ._ 

o 
o 

G-I78. a 
A-4 o 
p-n o 
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RESCLTS 

It will be noted that C'ollefotrichum falcatuln was TecoY(~red from 
cuttings inoculated with fiye of the isolates, two of them dark types 
from Georgitl, one light type from GeOl'gin, and the two light types 
from Louisiaua. This indicnted thnt under the conditions of the 
experimeut, in which the cuttings were giYenmther extreme treatment 
with respect to inoculntion and fnyornble conditions for infection, 
certain isolntes of both morphologknl rnces of the fungus were ca
pable of infecting P. OdJ. 213 through the root buds. But of pnrticular 
significnnce wns th{' fnct thnt the LouisilU1l1 light-type isoll,~t' lr-71 
produced infection in 12 nodes, ('omplllwl with 2 cuses of infection 
with the Georgia dark type 0-167 lind 3 cuses with 0·,173. Four 
nodes were infected by L 103, another light type fWIll Louisin,lla. 
Considernble sprend of the fungus through the stnlks hnd resulted with 
lr-71, 'while little spreucl hnd occurred with the other i!)olntes. nllile 
the results of this experiment cannot be tnken ns conclusiye proof, 
they jndiente thnt P. O. J. 213 is mOl'e suseeptiblt' to nodal infection 
by certnin Louisinn:t light types (ns represented by [;-71) than to the 
dnrk types of thl' sirup-producing Stntes. 

('OMI'ARATn'E \,/ltuu::,<c.: 0:'< A RESISTA:'<T 1I0ST. CO. 281 

TEST K 

Tests similar to Fund .T wen' conducted with Co. 281 nil the \to:;t to 
determine whether tllp slime l'elntionsilip b('tween the lil!ht nnd dark 
/'l\CPS It..-; found in tho:,t' tt'st...;; would OC('ur on n resistunt Ynriety. This 
pro\'N! to he the ('nse. Of the S('YN:tI stich U's!s clnried oul on Co. 
2l'i I, testK, condueted in 10:35. IS presellted to illustnl tt' this differ
ence, ns w('11 as to afrOI'd an opportunity of ('omphrin~ tlw relnth't' 
\"iru!t'nee of the dark rar('5, which the SUI'\"('Y showed w('I'e mpidly 
illcr£'nsing Ht that timl' in Louisiullll. As nlrrndy point('{l out, the 
sun'ey h:ld illdicated tllll t UH' prpdomin:lllc(' of till' dnrk mees on 
Co. 28111':\1' l('sio'ls WIIS 0111' fu('lor in thl' illrrensinl! populution of this 
~r()up in thl' Stlltp, :lIId it st'l'l11('{l illlportnnt to dt'tt'nnin(' wlwth(>r 
nny forllls \"i ruh'll t ill :;t:ll ks of ('0. 2~ 1 w('rp l'epl'esl'lI ted in this i ncrPlls
ill~ population. 

Tw£'nl\"-:;('\'I'II light-I':lre and 42 durk-rncl' isolnt£'s W('rt' u:;('d. in tilt' 
test. or thl' light'l':H'PS, 12 Wl'r(' from Louisi:lllll. Fin of thl'st' weI'£' 
frolll Co. 2l'i1. ('II('h rpprt'sellting :1, clifre!'t'nl lo('n!il." in thp nortIH:'rn 
tlnd southp:lst(,l"ll pllrisltps. 0111.' of tilt's£' isolnl('s, L :31. wus oht:lined 
fl"OlI1 s('\'crph' rot\t'd ;;t'l'd (,HilI' of Co. 2k 1 nt UOUIHII. Ln" unci. WI1S 

includt'<l I}('~nllst' ;;t'\'('I':l! pn'limilll1ry tests III\(! indit'H.t{'d thnt it pos
se5s(>(1 n, high dt'gn'(> of yit'lIlell(,p tOWllrll t 11Iit Y1U'i('t L S('\'ell of the 
light nlt't's \\"('1'1' 'fl'Om mist'£'lhlIlPOll:-; CotlllHt'l'('inl \':1 riP t i{',.;, till't'e from 
the northt'1'l1 p:ni:;l1(>s. fllld two fl'olll (>Ht'h of the otht't' g('o!!rtlphi(' 
flreasaf tllPsugal'distl'ict. Of til(' I;') li!!ht rtH'(':; fr(J1ll Flol'id:l. (il'orgin, 
find ~[ississipl)i (group B). (j wert' fl'oll12loenlitie,.; in sllllthNIl FIOl·idn, 
3 from 2 lo('nIHi(>:-; in GNm!:in. and 6 from a lo('nlitip,.; in sOl1thern and 
eentnll ~li:;:;is:;ippi. . 

Of the 42 dUl'k-l'ace isolate::;, thl' 12 from ('0. 'lSI I'(>presented 8 
IOCfilitie:; in th(' ~~ l!l'ogrnphic :;ubdi\'j,.;ion" of thp Stnt£'; till' X from 
C. P. R07 I'I'Iwt':;t'nt('d 4loenlitil's wll(>rt' :'1'\'£'1'1' 1'('(1 rot injury !lnd bN'n 
sufrl'rl'd In' this \"l1l'iel\·; !tnl! the] () i:iOlntt's frolll th{' mis('pll:lII('()II::; 
Yflri£'ties I:PPI'I'':;l'll tNI Ii lo(,n Ii tie,.; in t hI' wt'stl'rIl nnc! sou th(>fl:;t£'rn 
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parishes. The dark races from the sirup-producing States represented 
two localities ill Alabama, four in Georgia, three in ~fississippi, and 
one in Texas. Thus, it seemed that the distribution of the isolates 
of both morphological rnces used in the test, with I'espect to host 
variety and geographic localities, was such us to insure a, fnirly repr~
sentative sampling of the red rot popuitLtion. The results of the test 
a,re presented in tnole 10 a,nd figure 9. 

The distribution of light- und durk-mcL' isolntes with respect to 
virulence (fig. 9) is similar to that in test F. As would be expected 
on a, resistant host, 11o\\,e\'er, th('re wns a, shal'p(,l" demarcation be
tween those of high and low yirulenc(', the isolut('s of r('la tively low 
virulence haying a, ll1('diall consid(,rHbly to theldt of thnt of the former 
test. There was also a tend('ncy for the light-race isolates from 
southern Florida, and s('vernl from the simp-producing States to fall 
with the dark OI1(,S from these States. 

The mean 'virulence index of the fi\'e Co. 28 llight.;race isolates (sub
group A-I) was significnntly gr('nt('r thun that for those from other 
varieties (subgrollp A-2), but this difl'erence WIIS due entirely to the 
high reading fot' L-31. The remllilling Co. 281 isolates tested (sub
group A.-I) were of IIbout the slime virulence as those from the other 
varieties. 
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INDEX OF VIRULENCE (CLASSES) 

FIGURE 9_-Frequency distribution of groups of dark- and Jight~race isolates of 
Colletotrichum falcatum 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 variety of groups OJ 
light- and dark-race isolates of Colletotrichum falcatum from different varieties 
and States compared with a representative light-rClce group from Louisiana (test K) 

[VIrulence index oC each isolate based on measurements orleslons In 40 inoculated stalks after 30 days' incu. 
bation at 20°-22" C.) 

Source 
Viru· Group

Oroup and isolate No. lence ditTer· 
index enceVariety Plantation or locality

----------------1---------1.------------;---1---
OroupA: IPerc",1Light·race isolates Crom Louisiana: 

Sub~roupA-I: 
L-3L ..••_•••.•._.............. Co. 281..••••..•_.... Southdown............... 
 1..14
L-253••••.•••••_............... ,••.••dO. _••_. •.••.••. La Place.............. _... 
 l.W 

.94 
1.08t!::,;;:;:~~=:::::::-::,:::_~_~:--.:::'-••:.~~~~';'::::'."-: •• 
1.07 

1.15 

Subln"oup A-2: 

L-il.. _..•.•.•_. __••.•..•.._.•. P. O. J. 36-,\[...... . Bunkie (Ashland) •.••••••! 1.19

L-103.. _••••••••_•.•_••.•.••••• P. O. J. 213. __..... . 
 Camperdown.•••••.••••.. 1· 1. 20L-206.•••••_••••••••••••••• _.••.•••.do. _.......... . 
 Wa.~hington............... 1.01 

L-216..••••••••••_......_••••.• D-74...__......... __ 


~f6~~~t~.~~~~~.~~~~1~~~:~ :~ t=~~~======:=:===:=::==:=:::::: ~: 5: i:~'fg::=~::::: Cedar OrO\·e••••••••••••••1 I. OJ
L-316.••____ .••••••___•..••••.• P. O. J. 36-M••••••• Crescent Farm............ • j7 


C\Iean oC 7isolates••....••_..••••.••.•••....••••..•..• _•.••••••••••••••••• "'" l---:!i9jI 1~ __· 

p~~~oJ~~_i~rulent than I····..·······..·· ···l .. ········-········· .. ·· 13.9 

Percent reqUIred Cor P=O.OL.I .•.••••••.••.••....•. 6.1
Oroup_\, weighted mean.•..••••. :.•.....••••• __.......... "" ............ . 

Oroup B: I ! 
Light·race isolates Crom Florida, 


Oeorgia, Bnd Mbsissippi:

F-I. .............._.••.•.••_•• ___ P. O. J. 213. ____ ••.• TIomestend, }·la •••••• _. 
 .n5F-IO__________ • ___• __ ._••• _•••__ • P. O. J. 2714.••••• _. CleWiston. Fla .• _........ . 
 .70F-I L ...__...__.... _......•__.... _._..do _____ . __ ._... __... do. __ ._••.•••••••..•. : .65
F -13. __ •.•••.••_.•___••••.••.•.•.•...•do__•._..............do. _.................. 
 • CoO
F-H.••___._.. ..... •••• .•......•. • .••do_._.•. __ ••••.•.._•.do__ ................ . 
 .IUi 
F-15•• _._._...........................do._.................do................... . 
 .64 
0-107........................... Louisiana Purple ••• Cairo. Oil ................ . .74 

0-146............................ Co. 281................... do............... '" .5;;

0-161. ........................... P. O. J. 213 ......... South oC Cairo. On ....... . .58 

M-19••• __ •.•_•••.•..•.•••••. _... C. P. 29/116..•••••• Poplarville. Miss........ I .77 


~~=~:::::::::::: ::::::::::::.... 8~~~~~~~:::::::: ..::J~:: :::::::::::::::.::I 1.07 
1.13 

1\[-23... •.••.•..•.. .......... Cayana.......... _..•••• do ................... . .70 

1\[-2-1. .............._...... .1 P. O. J. 213. .•. 2ntilessouthoCPnnhm·iJle. 
 .n·I'i ~Ii..s. . I 
:\C-2I\ _ __ .................... ' ....do........ _..• Xeur Lnurel. :\liss .. .SIi ;


'- :\Iean oC l.'iisolates............1................... _ 
 i~1 
Percent less \'irulent than! .......
0, ••• 

group A. i 30.5 
IPerc-ent required Cor P=O.OI ••.. 4.S 

Oroup c: 
Dark·race isolates Crom I_ouisinnn: , 

Sul'~m~I~.c:~!: ............ __ ..... Co. 281............ __ Southdown••••• 90 .
IJ-270. ~ ~".~~ *_~ __ .. ,. .. - .... _ .... ~ ____ t ____ .do_ ~ ____ .. 
 Alma......... . 

I....287.•...•.•••••.. """ ...... ! .••••do........ .. ('inclare........ _ 

1..-29:1. .. " ••.".'•. '. __ " ......1•••• do .•.•.• __ ..... PorL\llen ..• __ . 

l..-29tL ....................... _ .•••. do ......... __ . ('inclarc ••. '" 

Ir-299 •.•..•••• ................... do ........ . f RncelamL... 

L-300.......... do....... ·..... _ •. llo"... __ 
0, ............... __ • 


L-301.. __ .......... __ • . do ••.... 
 . :•••• do....... .

1..-304.................... . ,In .•. ___ . 
 'j Orcenwo(){,l •
1,-312... ............ ' .... clo. . I Crescent.F arm. . ... 

1,-320••• _.. __ ••• .. ... ' •• do ........ .. DIlYou ,III Large (/lOlIlllll)
j 

L-321..~............... ,10 __ ..... do_ 


c\fean oC 12 isolates.•••_._._•• .r~~ t 



RED ROT OF SUGARCANE 63 

TABLE lO.-Average vintlence index on the res-ista1lt Co. 281 variety of groups of 
light- and dark-race isolates of Colletotrichum falcatum from diffe)'ent varieties 
and Statcs compared -with a representative light-race group from Louisiana (test 
K)-Continued. 

Source Viru Group 
Group and isolate No. lence ditTer

index cncc 
Variety Plantation or !ocality 

Group C-Continued. Percent 
Dark-race isolates from Louisi

ana-Continued. 
Subgroup C-2:

L-277__________________ ._______ C. P. 807____________ Hollywood________________ 0.67 
L-278__ . ____________________________ do_ _ ____________ Raceland__ _______________ .60 
L-279_______________________________do______________ Greenwood_______________ .72 
L-280_______________________________do ___________________do____________________ .53 
L-28L ______________________________do ___________________do_ ___________________ . CO 
L-282__________________________ .____ do ___________________do__ __________________ .64 
L-283_______________________________do ___________________do ________________ _ _ _ _ .68 
L-28L ______________________________ do______________ Albania___________________ .58 

:Mean of 8 isolates____________ ______________________ ____________________________ .63 

SubgrQup C-3:
L-202__________________________ Louisiana Purple____ Franklin__________________ .59 
L-305. _________________________ Co.290______________ Greenwood_ __ ____________ .54 
L-306_______________________________ do___________________do_ ___________________ 6" 
L-307_______________________________ do ___________________ do_ ___________________ .62 
L-309_ _ ________________________ Johnson grass ____________do_ __ _________________ .62 
L-313 __________________________ C. P. 28/19__________ Crescent Farm____________ •it 
Ir317 _______ •__________________ P. O. J. 213_________ Bayou du Large (Houma)_ .69 
L-31S_______________________________do ___________________do ______ .70~._____________ 

Ir325 ______ ~_ ~ ________________ P. O. J. 36-M _______ GJenwild__________________ • i3 
L-326_______________________________ do___________________do__ _ _________________ .86 

)orenn of 10 isolntes _________ ~ .67 

Weighted mean, group C ___• ___________ .__________ ____________________________ .66 

Percent less "irulent than _____________________ ____________________________ ___ _____ 37.1~ 

Percentgroup requiredA. for P=O.OL_ ______________________ ____________________________ ________ 3.8 

Group D: 

Dark-race isolates (rom Alabama, 


Georgia, Mississippi, and 

Texas:A-L ___________________________ Cayans_____________ Dothan, Ala. _____________ .71 

A-4 ____________________________ P. O. J. 213 _________ Luverne, Ala______________ .76 
G-I27 __________________________ Cayana_____________ 10 miles south o( Cairo, Oa.. .59 
G-132__________________________ Co. 28L_____________ Cairo, GIL________________ .56
0-134__________________________ P. 0.1. 213 ______________do____________________ .66 
0-140_________________________ _ Cayana__________________do_ _ __________________ .67 
G-I53 ___________________________ . ___ do ______________ Bainbridge, Ga___________ .63 
0-160 ________________________ .. P. O. J. 213 _________ Near Cairo, Ga___________ .59 
M-21_ _________________________ C. P _ 28/19____ ______ Poplarville. Miss___ _ _____ .57 
M-25 ___________ .._____________ P. O. J. 213 _________ South Poplarrille, Mlss___ .64 
:IIf-27 __________________________ .. __ .do______________ 10 miles north o( Lanrel, .70 

Miss. 
T-3____________________________ Cayana_____________ Silsbee, Tex______________ .67 

Mean of 12 isolates___________ ______________________ ____________________________ .65 

! --Percent less virulent than ___________________________________________________.. ____ 38.1 

groupA.Percent required for P=O.OL_ :____ __________________ ____________________________ ________ 4.8 

Among the Louisiana dark-race isolates (group C), the 12 from Co. 
281 and the 8 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. O. J. 213 
va:ciety.

The test brings out strikingly the high virulence of the culture L-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 geogrnphic collections of the fungus. 
The mean virulence index of this isolate was 28 percent greater than 
that of the next most virulent one studied (L-103), and 34 percent 
greater thall the general meall of the other light types included in the 
test. On P. O.•J. 213 (test F), on the other hand, it fell only at the 
midpoin t in the virulence scale, which in conj unction with the above 
suggests thatit is differentially adapted to Co. 281. 

The discover'y of an isolate highly virulent toward Co. 281 is nat
urally of grCltt po ten tial economic significance and also of particular 
interest in vicw of all enrlier statement by Edgcrtoll (ns quoted in 
the Sugar Bulletin (3)) that "Co. 281 is pcrhaps the most susceptible 
variety thus fill' tested." This would indicnte that he also was work
ing WIth un isolate very virulent on this genemlly resistnnt variety. 
If Co. 281 were to be tested only nguinst the isolate L-31, it probably 
would be clnssed ns a susceptible vnriety. Thnt L-31 and the isolnte 
tested by Edgcrton ure chilllce vnrinuts of the geneml population and 
not represclltati ves of It possibly specialized subgroup on the ordinnrily 
resistnnt Co. 281 woul~L app('nr probnbLe for the renson that no other 
isolate from stnlks of Co. 281 exhibited the same high virulenC'e, a 
result which hns bCl'1t obtained in nil tests involving a total of 38 
light-mce isolates from stalks of Co. 281 from widely sC'attered sec
tions of the Sugnr Belt that WNe cOlllpllre(L with L-31 on the Co. 281 
variety. Thcrefore, if nny cxtensive specialization of the fungus on 
this indispensable nnd gcnel'lllly resistan t vltriety hus been tnking 
place, it is illconceivllble that more of such variants would not have 
been found among the fllirly widcspread collections fl'Om the variety. 

The rcsults of this test COnfi1'l1l those of tests l!' and J in showing 
that rel!Ltively high vil'ulcnce on the particular vltrieti('s tested Ilnd 
light color of mycelium of CoUrtotrichllrnjtilcatl1,m in C'ulture are corre
lated chumcters. In tests l!' and J, on a susceptible host, this COIl

clusion WflS limited to the Louisiana red rot flom, but in test K, on 
a resistant host, the l'elationship held for the cultures tested from 
both geographic Ilreas, with the light types from the simp-producing 
States (group B) occupying nn intcl'lncdiate position with respect to 
virulence between the light ones from Louisianll (group A) nnc! the 
dark types from Louisinnll and the sirup-producing Stntes (groups C 
and D). It is not implied, however, that the nbove relationships 
would llcccssllrily hold WNO the tests conducted Oil still other genet
icnlIy differ(,llt ;,;useeptiblc nllt! rcsistant hosts. 

COMI'ARA'l'IV.; VIRUI,ENCf; Ot' DAIlK-nAC.; ISO(,ATES ON C. P.807 

'J'Es'r L 

As notcd in the discussion of t111) rcd rot survey (p.21), the dark 
cultumlmces of Colletotrichum .falcaturn appeared to have a special 
afflllity for C. P. 807. Eighty-seyen pcrcent of the isolates obtained 
from this vllriety during the YCllrs 19:34-:36 were dnrk types in spite 
of Itbundltnt exposure of the vltl'iety to light typ('s. The dnrk types, 
furthermore, were isolated exclusively in areas where red rot injury 
was severe, while light types were obtained at the same time from 
other vnrieti('s in the same locality. }'rom these facts it seemed 
nppn,rcnt thllt the dark types wcre rcsponsible for the decline of this 
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Relath'c virulcncc of seleeted i$olates of ('oildoiric/lIl11t fa/cllillln on tll(> rf'sistnnt 
varieh- Co. 281 in ino(,lIlatiQll h'st K. Thc hitd!lv virulent lig-ht-race isolate 
L-31 is contrasted with four typicallight-racp i:<olat'''H frolll :'Ii:<~issippi (:'I-2/j), 
Florida ([o"-ll, Georg-ia le-IOI), and Loubit1Jla (1.-71), aud ouc dark-race 
isolate rL-277) fro III Louisiana. 
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variety, n situation similar to the nssociation of the light types with 
the fallure of P. O.J. 213. It remained to be determined, however, 
whether the dark isolates obtained from C. P. 807 represented a spe
cinlized parusitic l'Uce witllin the morphologicnl group, or whether 
there was merely a preference of nIl dark types for the variety. Test 
L, in which 23 dnrk-type isolntes from C. P. 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 obtnined in 1935 and 1936 
from five pifmtations in the southeastern parishes and frum one each 
in the northern nnd western parishes. Those from the southeastern 
parishes were obtained from fields where mnrked reductions in germi
nation Ot· stund failures hud occurred. Less severe injury to the 
,-nriety resulted in the northel'll IlI1eL western parishes. The 18 cultures 
from the otllet· commercial varieties represented 6 plnntntions in the 
southeastel'll, 2 in the northern, and 3 i.n the western parishes. Eight 
of the isolates were from C. P. 28/l9, six from Co. 281, two from Co. 
290, and two from P. O. J. 36-~I. . The results are presented in table 
11 and figure 10. 

TABLg II.-AL'erag/' L'inllC1!l'C iulie.r; on C. P. 8117 of groll!ls of dark-race isolates of 
C'olielotric/lll1nfal('(lillllLfrOlnlhat variel!! in dijferwt geogrnphic (lreas of LOll,i.~i(£IUL 
COlli pared With groll ps frv/IL othel' varieties froll! the same areas (test L) 

[Yirulelll'c index ofench is<'late h31'ed on tnmsurelllents of251esious ill inoculated stalks after~1 days' ineu, 
hal iOIl at 22° [0 25° C. J 

FftO.\[ C. P. Sf'; WIlOt'P Al 

i 
(1roup anti b:olatt- Xo. I ';oun'" (plantation) ! \"iruJencc j nroup 

index i difTerNH'C 

From ~outh(la"",{(lrl1 pnrblw..; l:'lJh~rutlp ~\- LI: 
L-'.!i7 
lr1iS 
1.."·2,0 
L-Z"'2 
1..-2S:l 
Ir31~ 
1.-319 

i lIolly,'·o{),L. 
i Huc"lund
! Orf'cnwood 

'io. 
dl) 

i Racelllnd 
.. rio _ . 

... --I.~~-
\..[:1 
I .~7 

l.-W 
L ~\[I7,
10., 
1 I~ 

Pe;r~'lIt 

L-350" 
1 ... 35!J 
[.36-1 
1.-3-'>2 
1.-394_ 
fr3u5_ 
L-:JYIi 
1.r;~!l7 
tr-:ms 
L-4()[ 
1,--1112 
L~.lrq 

. 

t Cn~!'('>tmt F"nTul 
. tlo 

HeSeTV(l 
f Crp"'('ent Farm 
i Hureland 

do 
_do 
_do 
rio 

i 1I':i~l~'(JO" 
. __ .do 

Lfil 
I .3 
1 U2 

711 
1 (14, 
I .\0 
[-In: 
t.9tJ t 
I :!2 ! 
1 57 i 
110: 
I llj I 

L.H t 
from Ilorllwrn aud \\P~t~nll'dri...}I(·~ ("Ub~T/ll1p.\':!i 

tr:!..""4 .\lhnnJa 
. 

I :l2 ~ 
1.-:11'., 
L-3r.U 
IrJ;O 

; Alma 
,._ do 

do 
t ~~ f 
1 lin I 

L 12 [ 

Prrct'nt Ic"'; \irul(,nllh~n ,ubgroup AI 
PerC'enl ft'lllllrtltl for p::::;o HI 
(;rouJl ..;\, \\pit!hted menn 

22,2 
IL~ 
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TABLE H.-Average virulence index on C. P. 807 of groltlls of dark-race isolates of 
Colletotrichumfalcatumfrom that variety in different geographic areas of Louisiana 
compared with groups from other varieties from the same areas (test L)-Continued 

FROM OTHER COMMERCIAL VARIETIES (GROep B) 

Virulence I GroupGroup and isolate No. \ SOUft'll (plant ation) inde.~ difference 

------------------------------1 
From southeastern parishes (suhgroup B-1): Percell!L-312___________________________________ ______ ______ Crescent Farm_______ _ 1.16

L-313 ____________________________________________________do_____ ---- ---- -- _. .77L-346____________________________________________________do_____ -------- __ •• .88L-3.50_____________________________________ ______ ____ Raceland ______ •______ • 1.40L-363_______ ___ _____ ___ __ _______ ____ __________ __ ____ Reserve___ •__________ • 1.i4 

L-375_______________________________ •_. _________ •_. _ • ____do___________ •___ .• 

L-374 _________________________________________ ._. __ • Georgia______________ _ 

1.4i 
1. iOL-376 _____________________________________________ -_ . ____ do_____________ •__ _ 
1. 95L-377_____ _____ _______________________________ _____ _ Southdowu __________ _ 1.28L-384_________ ___ ___ ___ __________________ _____ __ __ _ _ Grcenwood __________ •• 1.21L-39L_ __ __ __ __ ___ _ _ _ ___ __ _____ ____ __ _ _ _ __ ___ _ _ ___ _ _ _____ do__________ - __ •_.. 1.10 

1----1:Mean ot 11 isolates._____________________________________________ ._________ 1. 33 

Percent less virulent than suhgroup A-1. _________ ._________________ . ____ •• _. ,_",_" _. i.6 
Percent required tor P=O.OL ____________________ •_____________________ • '"._._._____ S.3 

From northern and westem parishes (subgroup B-2}:
L-26i_•••• __ ._.____ •••_________ •_____ ._•••• _____ .___ Cincillre_. __ .. _. ____ •__ . 1. 08 
L-2iO_. _________________ .___________________________ Alma________________ . 1.6i 

L-2i3 •• _______________________________ c____________ Albania..___________ ., 1.94 

L-2Si_______________________________________________ Cinclare____________ . _. 1. 48 

L-2S9_________________________ • __ • __________________ Roy________ • _______ .__ 1. 03 

L-291. ______________________________________________ Cinclare__ .• ___ . ___ .. _. 1. 38 

L-325____________ ._________ _________ ________________ Glenwild_____________ • 1. 19 


Mean of i isolates______ . _____ •___________ •__ • _____________ •____ ._ .. ___ •. 1.48 

Percent ± group A-2_ -- -------------- --.- ..•-.- .. ,-. ---.-.'.- -. -.- - - -- -'-'-'i:39-1Group B, weighted mean. ___ •..• ______ . _____ . ___ .. ,... _. __________ •____ . 

L-312 
GROUP B 

L-325 L-2B7 (FRDM OTHER VA",CTIC.J) 

L-377 L-291 

fl-3i3l L-3B4 L-350 L-270 IL-363 IL-273 I 
! L-346! L-267 L-391 L-374 L-2B9! L-375 ! L-376! 

;; 0 ... 
III 


~ 10 

z.... GROUP A 

(FI/OM C.P. 807)oJ>... ..... 
..J 
o 
oJ> -

L-277 ,
L-279 L-27B 

L-2B2 L-34B 
~ 

L-36B L-349 L-2B4 L-35B L-364 

IL'2B3 L-370 L-369 L-"396 L-395 L-394 

! L-3B2 L-403 L-402 L-39B L-401 L-359 L-397 
o 

,70-..19 90-tO' 1,10-1.29 1.30-1.41 1,50-1.159 1.70-1.89 190·2.09 

INDEX OF VIRULENCE (CLASSES) 

FIOlJRE lO.-Frcqucncy distribution according to viI"Ulence of 4l dark-race isu
lates of CoUelotrichum falcatum on C. P. 807 (test L). 

The mean virulence index for the 23 isola.tes from C. P. 807 (1.39) 
was the same as that for the 18 isolates from the other varieties, and 
figure 10 reveals a rather even distribution, with respect to virulence, 
of the C. P. 807 isolates Hmong the general population tested. The 

http:190�2.09
http:1.70-1.89
http:1.30-1.41
http:1,10-1.29
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Typi('ul yint\('u('{' of n'llI'('';('lltatin' j,;"lat!'s IIf ('(jUdo/nch/1I1! fa/c'lllllll illdicatillg 
"pc('iuli;mtioll (If the fllll.glls 011 the n!ry slIsceptilJlc varil'iy C. P. i'>07. Ll'ft to 
right: L-:3O-I, n'prcs('ntatin' of a dnrk-ra('(' pn(JIIl1ltioll frrJm fields of the \'nricty 
showing pra('timl staur! failllre; L-311i and L 277, dark-race is()lat{'~ from fields 
of C. P. 2~. 1() alld C. P. X07, resp('{'th'('ly, whieh sho\\'(~d 110 cxt\'Il~i\'e injury; 
tllld L-7I, typieal {,f the l.()lIi.,inlllL light-m('f' flura. 
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2 3 4 
Differing degrees of susceptibiliiy of sugarctlne \'arieti('s to red rot used for classi

fying conveniently new seedlings tested by the laboratory method. J,eft io 
right: 1, Class 1 (resistant), inoculated internode only partially rotted; 2, ('!nss 
2 Cmodcrntely resistallt), inoculated internode rott('d but lIot spreading throllgh 
the node; 3, class 3 (susceptible), spreading through the nodesj 4, class '1 (very
susceptible), practically entire stalk rotted. 
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fact that thl'l'I~ is no pilin~ up of the C. 1'. R07 forms at the uppet' end 
of the virulence sCllle indientes that these isolates fiS a group do not 
constitute IL spccinlized pnrnsitie .l'Ilee, One might assume tlmt the 
dark isolat('s from the other Vilrieties would have caused equal injury 
to C, P. 807 hud they come ill contnet with it. . 

'YI\('n nil of the isolates in the test tire gl'ouped uecol'(ling to the 
~eo~rnphie sedions of LouisiitnlL fl'Om whieh they wero obtained, the 
II vera~e virulcnee index for the :30 cui tures from the southeastel'll 
pnrislws (iAO) (subgroups 1\-1 lind B 1) is not signifiellntiy greater 
thull thnt for the 11 cultures from the northern and westem pll.rishes 
(1.:35) (subgroups A2 and B~2). :For the entire ll10rphologicnl group, 
thNl'fore, there "nls no eorrelntioll between virulence and the geo
~rnphie distribution of the isolates. But when only the C. P. 807 
isola tes uro considered, su('h a reIn tionship is indieated. The averllge 
\'iruleneo in<il'x (1.4-0 fot· the 19 isolu.t{'s from the southeastern 
plll'ish('s (sub~roup A-I), most of which were obtained from fields 
where Tl'cI rot injury to C. P. 807 wns S(,H'I'(', WitS significantly greater 
(28.6 percell t) thun the ind('x (1.12) for the four isolates from the 
Ilorthem and westl'I'n pnrishes (subgroup A2), where the disease was 
l('ss important on this ,'ariety. The striking contrast in appearance 
of inoculated stnlks inf('eted with representatives of these two sub
grou ps is shown in pin te 9. 

The gr('uter 1'('(1 rot injury under field conditions in the southea..<;tem 
parishes might be rxplllillNi by the mQre favomble endronmentnl 
eondi tions for the disruse pn'\'uilillg thNt'; i. e. heR\'ier soils with poorer 
drninHgc as ('om pared with the light('r soils of the northem and western 
parishrs, but the diff('rN)(,l'S in virulence betwe(,11 the isoilltes from 
the two nrellS wh('n til('Y wrI'C testcd ulld('r identieul eon trolled con
ditions could not be so' expiain('d. The evidelwe is ('onelllsive thnt 
the dark eulturnil'lIce isoint('s ns It ~rOllp were nssoeiu.tcd with the 
red rot inj ul'y to C. 1'. 807, and this test sug~ests that the more severe 
dnmuge in ('ertain areas mny hH.ve bl'en llecpntlllLt('d by specialized 
pnrnsitic 1'n('('s within the morphological group. This situution is 
similar to thnt in test F fOl' the light culturnl rnces of CoUetotrichum 
.1alcatmn in relation to th(' fnilure of P. O. J. 21:3. 

D1SCUSSIO:-l 

Thp dahL from the \'irulrnee-rompnrison t('sts definitely establish 
the fuct thnt isoiutes of ('olht()tridlllln fa[cat'llm !lifrer in virulenee as 
lllemwrpd by their rllte of spr('lld in both II rpsistllnt und a sllsceptible 
host, confirming the Huthor's previolls preliminury e\'idellce in this 
rrsp('ct (JO). To fl ('ertnin d('gT(,C tiH's(' difl'el'('n('('s on all varieties 
thus Jur tpsted arc nss()('iat('d with dilr('ring morphologieul charactcrs, 
thc isoilltrs of the Ji~ht (,llitul'nll'uc(', in g-l'!lNni, bring morc virulrnt 
t han those of the dnrk. This is partieulllrly true of the Louisiann. 
IIora.. Tht're was ('yidcnec also thn t e('rinin groups of both light and 
dark-raer isoillt('S show a d('grer of physiologic: sp('eialization. This 
was true with J'Pspl'd. to the light-rn{'(: isolnh's from P. O. ,1. 21:3 III 

trst F, the dnrk-rn{'(' isolnt('s from ('. P. 807 in tpst L, nncl the sing-It' 
light-l'Ilec isolate If :31 in tl'St 1(, Thl' difrt'n'!l('t's brtwc('n the isoilltps 
or ~rOllps of isolnt('s in thl's(' t('sts wel'c bns('d on th('ir rate of spread 
within the host tissups, nnt! do not rrpl'rspnt the Ili~h d('grcc of 
spl'cinlizll.tion demonstrated in the rust fUllgi, in wbieh the difl'ercntia



6R TEC.HSrCAL Bl'LLET1S (l41, L ~. IJl~PT. UF .\UlUUlJLTlJH1~ 

tion of pln'siologic forms is bnsecl in part on immunity of certuin 
hosts towul'd certnin pnrnsi tie rllees of the fungus, 

The results nre somewhat con trndirtory to tllP finding::; of 'rims 
!\lId Edgerton (6/, p, 4), who stute: 

'Yhile thC's(' ;;tmins lw\'(' \'ariNI in their ability to pl'orillee spores and in tho 
type of growl h. ('onsistent physiolog;ical differences ha\'c lIot been noted, III 
ino(,1I1lltioll expE'riments t1~illg- re~istant and 811sccptiblc Yllrieties, consirieruble 
\'ariations ha\'e h(,(,11 llotiel'ct whi('h slIgg('st a degree of specializlltion but striking 
exampll's of this hll\'C not l)('en cll'1I101l",tmt('c\, 

RELATIOX 0(0' SI'E(,I.\I,IZED H.H't],.; OF ('OLLET()T!(((,I{('~I FAL(,AT\J~l TO THE 

FAILt:TRE O~' p, 0, .J. 213 


Olle of the primary ohjeds or the illHstigation WIIS to detCl'lllilH' 
tilc ('Huse of thc sudden decline of P. 0, ,T, 213, n. vlIriety thnt had bcell 
('Ollsic\('red highh- rcsistnllt to red rot when relcHsed, So fllr us the 
LouisiillHL in «(miry is cOll('cl'IlNI n dis('ussioll of its failure is 1l0W largely 
HClldcmiC', ;\e\'ertheless, the vnriety is nnllwdly nssllming increasing 
imporbl:)CC in the siru p-prod u(,ing m'ens of the Sou theustel'll Stntes, 
where prior to 1 r);lS it had shown no more indiention of declining from 
red rot than it did in the early yenrs of its cultivation in Louisiunll, 
nIHt an understanding of the ('ause of its failure in olle nren. should be 
of vnllle in preY('nting similnr losses to the industry illllI10ther section, 
F'urtlwrI11ore, su('h Infonnarion would be of ii'eat importance ill 
predicting the pNfon11l1ll('e of new seedling ('nnes prior to their rr 
Irase, thercby oh\'iating the serious losses sustuined by the industry 
when an important varil'ty fails, If sugar(,ane grower" nre to be 
frN'd of the ('onsttlnt thl'('nt of the fniture of anyone of the COIlJ
nH'I'('ial VH riP( ips on which the i nd ustrv depends, from causes thn t 
('HIl l1Pithpl' hp prC'di('tl'l1 1101' ('ontro!lc(C it is of vitnl importancc t(l 
thrill that thp fuilul'('s which ha\'e oc(,urred in the past should hp 
t'xplnilH'd.

III vipw or til(' :1il-;I'I((,/' of ('llltlln's of (,olh/fllric/mm (II/c(/tmn frolll 
til(' Iwrio<i Ill'ior (o till' 1'l'll'a-;(' of p, 0, ,1, ~l:{, whcn LoilisiHIl:t Purplp 
und ]) "b \\'PI'I' Ill!' pl'il1!'ipnl eOlllltH'ITilll "uri('ti('s of Louisiann, or 
from lh!' 1)(,l'ind of its slI('('pssi'lll (,OIlUllI'ITinl ('ulti\'lltioll (1n~{)~ 2!)1. 
to ('ol1q>arp with tho.../' oiJlnilll'<i. "il«'P 1!l:Hl, it is irnp()ssibl(~ to proV(' 
([plillitpl", thul (Il(' sudd!,11 (\pC\illf' of tlw vnriety wns (\11(' to a ('hlln~1' 
in the prl'd(IJllillnlill~ n'd rot flora, 'I'll(' data, PI'f'sPllted in this hlll
lelill, how('\,pr, orr('r ('il'(,IlIll:;(ulltint p\'idp!l('o that slJ('h was the ('U::;l', 

Su('h n (,ollclu~i()11 is supported h,\: tlw followillg fn('ts: 
(I) Th(' dOlllilltll(('" of the li~ht (,lIlt,mal J'lH'O of ('o/ltlotric/wlIL 

(rt/c((tum frolll 10:)-1 :n 011 p, 0, .1. 21:), wh('11 in mUllv ('n:;p,; it Wll'; 
-1ll01'C 	nblllldull{ I,v pxpo,;pd to HII' dark ('ultlll'Ul TlH'C, wh'ieh hud lI1ulti
plied Oil oUIPr \'llrif'til's in SlIlTollllding fields. 'I'hi::; suggest,; a (\pfini((' 
ufIinitv of the fOI'llH'r for thi,; yuripty. 

(2) 'Proof thut tlw,;e light-ra(,e {snlftles as n. group HI' r!'lntivply 
more yirlllpllt 011 p, 0, .J, 21:i than the dnrk-ru('(' isolatcs, 

(~) The sU('('t'ssflll (,lIltinltioll of the Vilriety with no indieatioll of 
red roh illjury. at !('il,;hllntil In~s, ill tll(' sirllp-iml(\u('illg Stnt('s, will'r{' 
it hnd bC(,1l ('xpo,;ed to t11(' dnrk race to til(' pructieal t'x('lusi(Hl of tl((' 
light. Thnt this nppllrC'llt ]'('sistnnc(' i,; Ilot dup to ('s('np(' frolH ('x
pOSIIl'e to til(' fungus, hC'CHuse of the nbsPII('e of til(' Illoth bOl'pr, muy 
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be judged from the fnct fnat borer-free p, 0, J, 213 cnne bunked in 
Louisiana is ilwariably seyerel~y rotted as the r(,Rult of p('netration by 
LOllSitllla forms of the fungus through the root primordia and into 
the illtel'llodesj unci that it is llot due to difr('rences in soil, climate, 
and other elwironmentnl fnctors b('t\n.'en LouisiillHt and the sirup 
States that might hnve an influence Oil red rot 111fty be nssumed, since 
such difi'erences haYe not opern ted to pl'e\'ent se\'('I'e red rot inj UI'Y 

to Cayanlt and Louisiana Purple in the sirup nl'eHS, 
(4) Red rot inoculation t('sts with p, O.J. 218 frolll nll purts of the 

cnne-growing MeHS of the Soutb, 1'1'0111 difrC'rent soil types, nnd with 
difl'eren t feltilizer tren tment, which hn \'I' shown thn t under controlled 
laboratol'Y conditions the inherent susceptibility of the ynriety is n 
eonstnnt chnmcter, 

In nddition to these established fliets relntin" to P. O..J. 213 is the 
e\'idence indic!lting the nssoeiatioll of ('('I'tuin groups of isolates of 
Colleiotrichum falcatum with C, P. 807, making more phtusible the 
explanation of the ftlilUl'P of P, 0, .1. 2 I 3 (111 thl' basis of spl'rialized 
j'nces of the fungw:;, 

VARIETAL RESISTANCE AND SUSCEPTIBILITY 

In t~l~ DepnrtIlwnt's eool'{linntNl sugm'cllll('-bre('dillg tlnd disease
.	testin~ pl'ogrnm obtaining Ynri('ti('s J'l'::iStilll t to rl'd rot. is tL major 
objpctlve, nud ('ol1stitutl's {L bnsis for illitini sl'('dling' s('l('dioll. For, 
unless YHril'ties He sele('t('(l thn t POSS('SS sOllie de!!I'('(' of rc'si"tan('p 
to the cLisens£', thl'y would he dn.ngl'rous to rp('olllll1el1d to growers, 
The sUl1)1'ising mrity of sn tisfactory r('sisblllC'(' IlN'l'ssitlltl'S this 
emphasis on TPd rot r('sistatH'(', whi(,h, IlS pointp<L out lutt'l' IIndpr til(' 
discussion of the con trol of 1'('(L rot, m list 1)(' the main dl']lNHIl'IH'e in 
the preY(,lltion or sl'l'ious nl1nunL 10,.;s('s 01' til(' ppriodic (Jutb!'('nk of 
epidemiC's. • 

In order thnt the re:,istnlH'p 01' suscpptibilit), of the thousands of 
seedlings produced nt the Cnnnl }Join t stu tioll (,Hch yell I' mny ~)e 
dpterrllll1pd b('forl' th('y nr(' S('I('('tNI nnd su bj('ctpd to fllrtlH'r ngronOl1llC, 
pntbologiC'al, physiolog1C'ul, find eh(,llIicn.l stll<iips, it has bN'1L !1N'l'ssnrY 
to (Il'yis(' nwtito<is of t{'sting tlwlll fOl' thpir rpuC'tion to rl'd rot ns well 
ns to other disN1S('S, \rilh rpsl){lct to Illosnic resistnll('(', whidl is 
nlso n major consid{,l'tltion in thl' illitinl s('p(lling :,pll'dioT1 work, 
informntion Illny USllllllv bp obtnined JI'OIll til(' r('slllt., or ino('ulations 
in the fil'ld tlt(' 'first yPilr, ·With root rot (64) fllld n'd rot, ho\\'pwr, 
liS I1lpntiOIlPd eurii('r 111 tltis blllll'tin (p, 4:), the inflllt'IH'P of \\'pittltl'r 
nnd soil ('onditions on th(' se\'pritv of th(' dis!'Hs('S in tltt' fi('lll is ;;llC'h 
that a susc('ptihlf' YHriety mny PS('llP(, serious injury in SOIlH' yt'nrs 
and thus nppeur to h(' rpsistnnt. This is pnl'ti('uillriy tl'lIe with J'('sl)('C't 
to gwminntiol1 inj ury to s('('(l cnne, Ikp<'ndil1g sol pI.\' on fipid ob
s(,ITations, thl'rpf()I'(', would fr('qllently r('qllil'e s('vprul :rP:l!'S befOf(, tht' 
reuction of n yuri('tv to I'(,d rot ('ollid b(' pvUlulltNL ('01'1'('('[1\', FlIrtbpl'
IllOr£', it is physienily impossiblp to t('st n<i('(lIlllt('ly uny Inl'g(' Jlull1l)(,1' 
of s(,pdlinf,rs in tlte fipld in uny on!' yenr. ('OI1S('(III(,l1tl.\', whnt mny bp 
termed thf1 Inbol't1tory m('tho(t hus b(,PI1 ('mplo'y('d us fI, nWHIlS of 
proyiding informatiol1 ns to til(' inlwrent rpsi"tnn('(' or slI"c('ptibility 
of Inrgp numlwl's of sppdlings tlIP first ."1'111' nftpl' thp,\' Ill'!, Pl'odll(,NI. 
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METHODS OF TESTING 

The Inborntory mE'thod consists of dE'tE'nnining thE' rntE' of spr!.'IHi 
of the red rot fungus in inocuiuted cuttings of Illuttu'c stnlks of cnne 
under conditions fnvornblc for the development of the diseuse, ns 
compnred with thnt ill simililrly tren,ted cuttings of stnndnrd vnrieties, 
the renctioll of which in the fil'\d nnd in the labomtorv is known. 
The procedure is essentinlly th!.' slime ns thnt nlr!.'ndy descril)('d fOI' 
the vil'ulence trinls. For t!.'sting th!.' s!.'Nllings, how!.'\,!.'r, the cuttinf,"S 
ar!.' not surfnce-steriliz!.'d nnd "Ii!.'ld-run" ("nne is USN\ without r!.'gnn\ 
to bor('r injlll"~'. Elimination of natuml inf!.'ction h; no obj!.'ct, sinc!.' 
th!.' purpos!.' of thl',;e tl'sts is to dptl'rminp thl' SlIsl'('ptibiiity of thl' 
vnril'ty UlH.\l'r optimulll ('oll(\itions for til(' d!.'\'('iopmt'nt of r('(\ rot. 
AftN inocuintion, thl' ('Hnl'S nr!.' ilH'uhntl'd ill snwtlust bins or in 
insuln.ted room,;, as d('s('rii>Nl for thl' virul!.'ncc trillls, and til(' rNI Tot, 
rntings nrc ll1ude on thl' busis of visunl l'xnrninntion of the split st:llks 
in comparison with similnrly tl'('ntl'd ('uttings of stnndunl \'llrieti('s, 
the Ted rot r<'ilction of which is known. 

The Inborn tory compnl·isollS am supplement('d hy oeM trill\'; of tht' 
advnncN\ agronomic se\t'ctions, purti('ulurly those in ]'('(1 rot ('Insses 
3 und 4. The g('nt'rul procl'durt' is to inoculatc 100-('y(' bundles of 
cuttings find to plunt in mixNl or hpiI\'y soil to fllyor 1'('(\ rot. In on(' 
lot the inoculum is introdu('('(\ into hol('s pun('\l('d in the stnlks, nnd 
in nnother it is SIl1('UI,(,(\ 0\,('1' tlH' nocil's (for c111SS-5 rntings), An 
uninoculutN\ control of eneh vurit,tv is nlso illeludt'd. From three to 
fi \'e rep\icn tiolls firE' USN\ if sufIlcil'n t se('(l (,fllle is uYniln.bl('. Th(' 
pluntings HI.' g('Ilt'rnlly mud(' in OetobN, und tiu' eCf('ct of 1'('(\ rot on 
germinn tioll is d('i('rrnin('d til(' following spring. 

CLASSES OF RESISTANCE 

In thl' I)('ginning of th(' t('sting work only four elUSS('f; of rN\ rot 
r('sistl1nc(' nnd susl't'ptibility WNe USN\ (11), but us tll(' gr('nt illlpor
tnnce of r!.'sistnnce to nodnl inf('etion in dPt.('nnining the exten t of 
red rot injury to s('('d cnne becume fippnrent, it set'lIIed udvisllhle to 
subdivide cluss 4, grouping those C{lIleS thut nre suseeptibl(' to nodul 
infeetion as w('H liS to rn pid spl'end in the tissues in clnss 5. Split, 
inf('et('d stnlks illustr!lting the- first four clnss('s nre shown in plnte HI. 
The d('finition of the fi n~ rlnss('s is ns follows: 

Clnss 1. Resi~tunt to nodn\ inf('etion and to sprend in til(' tissu('s. 
('Iuss 2. ~lod('rnt('lr r(',;istnnt to spr(,lId in til(' ti-.;slles; r('sistllllt to 

nodal infection. 
Cluss 3. RlIsc('ptibl(' to sprpnd in the tissues, but ehurnet('riz('c\ by 

t('mpornry ("I)('ck of tl\(' funguR n t the nod{'s; l'('sistnnt to nodn\ illf('dioll 
1Illd('r most ("onditions. 

Class 4. VNV susceptibl(' to spr('nd in tht' tissu('s with littl(' or no 
clll'cking of tl)e fungus nt th(' nod{'s; r('sistunt to nodal infedion 
UTldl'l' most eonditiolls. 

('luss 5. Vt'rY ~L1sct'ptibl(' to spr('nd in the tissues und to nodnl 
infeetion. . 

There nrc, of course, no shurply defined limits b('tween the clnss{',; 
with the possible exception of 4 und 5, und it should not be. nssumed 
that different yarieties grouped in nny one Cll1';5 ar(' Il('C'(';;snri\y of 
equal sus('eptibility to the di;;ens('. X('\'('rtll('I(',;s, sll('h n. elnssificn
tion is conYeni{'nt in eyuluating the C'ommereinl possibilities of seed

http:uYniln.bl


71 HEll HOT OF :;l'U.\H('t\XE 

lings, nnd in gl'n£'rnl inciient£'g th£' l"('latin' d('gl'('e of r('(l rot injury, 
plUticulllrly to H('('(L (,:In{', that mily b{' ('xpcet('d in 11\'(,l"Ilge y('nrs, 

Fil'lrl injury frolll rl'd rot is in!lU('ne('d by many fnctors, such as 
tIl(' vigol' of tIl(' ntriety, susceptibility to bOI'('1' att.ack, suse('ptibility 
to root rot, th(' typ(' of soil in whieh the cline is planted, dl'llinnge, the 
pn'pnrntion of the seedbed, IlS wPiI ns weather ('onditions, The reln
tion of tll('se fnelots to gl'l'lllinlltion and red rot injUl'Y to se('d calle 
hnn' b('('n disl'uss('d by the author (18) ('lsewh('r('. These nre not 
tnk('n ill to H('('oun t in d ,·tNlllining inh(,I'en t 1'('SiStIUl('(' or susceptibil
ity to the sprend of the dis('lIs(' in the tissu('s, but tlwy must be COll

sidNNI in ('\'uillflting the ('oll1l1l('reinl possibiliti('s of a variety, C. p, 
X07, fm' ('xHmple, is w'ry sus('!'ptible to red rot, :yet its gr('at "igor nnd 
rpsistuIH'(' to root rot. hnY(~ fl:N(Ut'lltly pnnbled It to ('scape the losses 
that would hn,'(' h('('n SUHtllUl('d by IlIl equnlly susceptible but less 
Yii;OI"OUS eUIl('. 'l'his \'nri(·t Y IIlIlY sufrer a sen'l'('. stand reduction ill 
tli{' spring, nnd still produe(; a faIrly satisfHetory yipld o[ (,line in the 
fnll bt'('tllIs(' of its \'i~ol' nnd root, rot J'Psi:;;tnn('l'. 

C. p, 28j1 n, on th(' olh('r hand, which i5ll1od{'mtely rpsistnnt to red 
rot but which Hnntls (~,D considers sus('{'ptiblc to root rot, in some 
yl'HrS IIIHy b(' more s(',yr£'iy injuI'ed by red rO,t thnn other vilneties 
that an' 11101'(' su::;('('ptlble to rNl rot but r{'slstnnt to root rot, as 
brought out in til(' di5C'ussion of endronm('ntnl conditions (p. 45). 
l{nnds hus deseribed the l'xtreme root Tot damage that frequently 
oc('urs to s{,pd roots of this "Ilri('t.y as they emer~e, thus Ilrresting the 
Ilorlllal physiologieul ueti \-ity of the eut~ing and fnvoring the ~ev('lop
IlWIlt· of red rot nnd olh('r sN'd-cunc dIS('US('s, From extensive field 
{'xulllinutions of seNI cune of (t. p, 28/19 during the winter and 
spring it S{'(,IllS this n('('ounts for much of the seed deteriomtion that 
hns o('cul'lwl in this variety during the seasons of 1935 nnd 193t.i, 
mther tlum inh{'n'Ilt slIs(,pptibility to 1'('(1 rot. 

Sus('eplibility to-borpr aUnC'k is of impor:tuncc since it largely d('ter
mines the ('xten t to whieh mlllly vnrieties are subje('t to red rot infec
tion, Ellisor lind ,JaYI1{'S 12 hiwe found that Co, 290 (suseeptible to 
red rot) shows a relnti\-ely light borer infestlltioll, alld being resistnnt 
to nodal infection, red rot injury to mill ('lIl1e is consequently light, 
C. p, 29/116, on tlH' oth('1' hand, is \-ery subjeet to borer attllck, and 
ordillarily mill ('un(' of this vnri('ty is much more severely affected by 
.I'P(\ rot, thnn thnt of ('0,2\)0. 

The l'l'd rot rl'sistunee of tllf.' growing plnllt possessed by some vnri
!'ti('s, notably ('. .P. S07. is uls() importllnt. Red rot sprends relnti\'ely 
littlf' in yigorously growing (" P. 807, wherens in the semidormnnt 
seC'd euttings, slll'cad is wry rapid. C, p, 29/99 (elass 4), and 29/116 
("Inss 3), dc) not IHl\'(' this growing-plnllt 1"('sistnnce to !lny mnrked 
dpgr('(', 1'('(1 rot fr.·('qu('ntly spr('nding through severnl joints of the 
growing stHlk frolll It single point of infection, 

It is oln'ious th('n, tllltt uny aU('mpt to elussify sugnrcHne "!lrieties 
!l('eol'ding to )"NI rot I'Psistun('c must be nrbitl'llry to a certnin extent. 
Howen>r, som(' basis of elnssifielltion is essential in the pnthologicnl 
tpstiug of seedlings in the Depftrtment's br{'eding progrnm. Becnusc 
of the grNlt import!ln('{' of red rot as a s{'('(I-cnne disense, this point is 

"ELI.J"r!R. L. 0 , and J'\1'S.:5, II. A. 81·;;("EI'TIlHl.I1\' IIF 1".\RIOl·S ,',\RIETIES OF 51·O,\RC.\SE TO ISF£S
TAT((JS II\" Til.: sn;.\R'AS': BORER. PUIlI'r rear I at n ('onrerpm'e "r entomologL<ts ul til(' ~tate 01 Louisiana 
11.1.1 lit Tallulah, Lu • ~[ny 7 J', W:l; n· npublbhed ) 
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pnrti('ulnrly stressed, find the clnsses of resistnn("e 1111\'p b('C'n dC'fined 
with sjweinl r('[e!"l\Il('e to this type of injury. 

In~LATION OF ItACES OF Tl-fE CAUSAL FUNGUS TO SEEDLING TESTING 

Proof of til(' ('xistC'n('e of both morphologiC' nnd pHl'Hsiti(' mc'ps of 
('ollell)trichuln fa/eatllm ('ompli('ntl's the mntll'I' of ndl'quntl\lv tl'sting 
fOl' rpd rot l'Psistnn('c the. hundrl'ds or sN'dlings splN'll'd (,lIl'it ypur ill 
the DC'pnrtnH'nt's Im'('(ling prognlll1, Jtis p()sgible thut if It ~"tlri('ly 
WNe. tC'st('d with only one isolnt(' of the fungus 01' n'prpspntnti\'ps of 
one morphologic ril<'p, it would 1)(' einsspd liS rpsistant, Wh('rNlsit 
might be susC'PptihlC'. to otll('rs. The sus('C'ptibility of' the gPIlC'ndlr 
1'C'sistul't vnripty Co. 2Rl to th(' isolate L·:H (s(>(' tpst K) illustrutes 
this possibility. As H. rul(', howC'\'pr, vnriPlips ('Ius;;('d us rf'sistunt or 
sllseept ihle to olle isoln tl' hu venoi hne! tla,i I' C'inssifi('u tioll ('hungl'd 
whC'1l t('stNl with 111I'!!(lr 1lI1l1lbprs of isolntt's. 

In.Yip\\" of the pliysi('nl impossibility of t('sting SP\'('I'lrl hlllldrru 
!WNUrngs ('neh ypnr WIth It Inrg<' llllmbpr of' h;ollll('s of C./u/catutn, thp 
pl'orl'dul'c hns b(\('n to ino('lIlntp fi\'(\ stnlks of (\lI('1t of the fil'ld f'cl('('
tions with 011(' lil!ht-rn('e isol:ltc of C,Il/lcft/11l11. A lil!ht, 1'11('0 is m;('d 
Sill('C' the ('ompnl'llti\'('\"il'ulpl1re tests shO\\'(,d thut ill W'IH\I'ul this mol'
pltologic group W;IS relnth'rly mOl'e vinrll'nt thun tltl' dlll'k rn('rs; i. r., 
spl'l'ud t!lrough,.lhl' sUl!nr~nne s~H!k WitS f'I1S((,I' withi.1I II l!i\"(\I~ inrllhll
tlOI1 p(,l'1od. ]'I('ld s('lpl'llOns gl\'lng II ('Im;s-·~ J'('nelloll nl'C' dls{'lll'ded, 
PXl'Ppt those thnt t1H' (\H'1l1i(,:tl Hllal."sc's 1111\'(' showll HI'(\ hil!h in SUC'I'OSl'. 
A sC'pdling hnndieupppd by high slls('pptibilit.v to l'pd rot (01' othpl' 
1l1lljor dh;PflSPS) nnd low 01' 0111\' fnil' sur'l'ose is not ('oll;;irl('l'pd (,OIl1

11H'I'('iully pl'Omising, l'\'pn t\tough it mn,\' ha\'e SOIllt' (J(IIl'I' dt'sil'llhlp 
qlllllitit's. Sus(,pptihlc s(,pdlings of high Sl1(,I'O"P. H(' t1IPIl plnntpd ill a 
spl'('inl 1'('d rot 1I111'spry Oil lWHvy soil wll('I'r t11P inflll('n('(' of titP di"l'Hst' 
011 the vnriptv und£'[' fi(·lel conditions lIla\" I>p flll'th{,1' s(lldil'd. SlO(·d
lillgs thnt gi,'c poor stallds, l'it\H'1' 115 pllint ('1111(' 01' stllbblp, fll'(\ dis
('nr<iNI, but thost' (lik!' C, p, 807) tlwi lIPPPtu' to po",,;pss ('ollsidpl'Hhlt' 
fi(,ld ]'l'sistnllcc to I'pd rot, mny bl' nssi!!lwd ('(HIlUI J P(Oillt 1 1ll1l11bl'l's 
and tlll'Twd O\'C'I' to tlrp H!!ron(imists fOI: fic,ld tl'ink . 

Aft('r t\tC' pl'C'lilllifllllY /:Nl rot I'll f illg 011 till' fil'\d ~l'lpl'li(J/I:-l dp:-l('l'ilwd 
OTI pnge i() flll'tlw[' t('Stlllg fol' I'ed rods lI:-lwlll.v I'l's('I'nd fol' t Irp I'l'dlll'pd 
nlllll\)PI' of s('C'dlings (llUt, 2 Ol':~ yl'HI'", hltN, HI'P sl'l('('(('d by til(' HI!I'OIlCl
Illi,;ts ns having gl'C'nt(';;t ('olllmPITiul pl'olllisp. TIr<'s!', Pt\I'!JUPS i; to 10 
in llumlwl' ('nrb ypnr, IIl'l' ino(,lIlntl'd with SP\'('I'III i"ol:ttp,; of hoth JllOI'
pllOlogie ra('('s o"f ('(JlIltlltril'ltlun fa/clltll Itt, nlld t hps£, l('-;ts lire HlI pplp
lII('nl('(1 hy obRC'/Tiltiol1s 011 t\wil' J'(\d rot I'pnctioll .in the' fipl(l on both 
light nnd "rllTY soil typC's. VUl'iptips thnt slI/,\·i\,p tlll'S(\ [(Ists without 
showing impol'tant g('rminfltioll injury 01' stllbb\l' dl't('l'i(lrntioll by 1'f,~1 
I'Ot nrC' ('onsideJ'('d saft' for (,OIllIllPI'('illl I'PI(\HSl', so fHl' II'; tlris dis('HSP is 
('OllC'Pl'lwd. 

E\'('n nft('r tl \'nri('ly lws thus IH'('II tpstpd lind rat(,1i ('OIIlIlll'I'('iulh' 
r('sistnnt (0 thp dis('ns(', th('/'p is no USSUI'HIl(,(' t1l1lt Solllp J'H('P of ('. 
(II/catum particulnrly virlllpnt towflnl it IlIny Ilot Illultiply 011 it follow
ing its I'pl('Ilsr. Sin('!;' the bpgilllling of th(' PI'('S('nl t('sllng PI'O('('dlll'P 
this hus not ()('rllITNI. IHlt thnt it js H. polt'lltild dUllg<'r is illustmted by 
thp disco\'!;'!"v of nil isolntp virulent towa/'d CO. 2Hl. '1'11('1'(' is nhnH's 
thp pORsibilrty thuL 80l11P ('ombilln(ioll of (111\'iI'OIlIll(,lltnl ('OIl!litioilS 
mlly fl1"or tl~p inc/,pnsr of sllch it stmill on IIIl ()/'dillil/'il~' l'('Sistlllll 
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YtHirty. This llC'cessitatrs lInnunl inspection of represrntnti\'l-\ 
plantation firlds of the commercial yurieties, for it is only by such 
constant \'igilunce that the building up of it specinlizl'd 1'C'd I'Ot popu
lation on lIny Yltriety (,fin bC' detected. 

REACTION O}' SACCHARUM SPECIES AND OF INTERSPECIFIC AND 
MISCELLANEOUS HYBRIDS 

AsidC' from thC' illllllC'diutp pl'HeticlIl ('ollsiderntion of obtllillillg <li;:;
puse-l'C'sistllnt (,(Hnmel'('iul t,"pC's, lIll importnllt !lim of the dis('usp
trsting prog-rnm has bC'C'1l the dC'tel'lninntioll of the ol'igillnl source 01' 
sour('C's of I'Psistnncc to ]'('d rot in order thnt gTC'utC'r utilization of 
resistant YUl'iC'tiC's 01' spC'rips mig-ht be mnrie in the breeding pl'O£!rllm. 
Thus flu' It partinl SUI,\,('y of the prin('ipnt slwcit''l illltl YnrietiC's of thc 
genus Saccharum hns been undertaken. 

YnridiC's rt'presC'nting thC' li\'e generally 1l('cC'ptC'd spe('iC's of Sa('
tlwrurn lind n lIumber of intC'I'specific and mis('elluneous hybrids nrc 
listed below with thC'ir rpd rot ratings, itS dl'tel'll1ined by tl\(' Inboratory 
method. It will bp noted thnt 32 of the \'IlI'idies of S. offieillal'llnJ 
L. (group 1) listed W('I'(' wry susceptible «('Inss 4), 13 of which Ilre 
nntlll'ni Ytl l'ie ties. Foul' \\'(,I'P sus{'C'ptible (':Iass 3), Hnd it sPC'ms signifi
{'ant that tllC'y nrC' not nnturnlly oc(,urring noblC' Ynrietips, but hybrids 
of unknown origin. It is possible thnt theil' slightly lessC'r su-;eepti
hilit" to red Tot is the result of mixture of noble ellnes with It \'ilriC'b' 
of n"more resistant group. The ('oneiusion seC'ms justifiNI, thf'rC'iore, 
thnt high sus('eptihility to rpd rot is eharneteristie of this spec'i('s, n 
yiew whieh is further attested by the llllmel'OllS l'eferpneC's in til(' 
literature to the red rot injury stlfl'erC'd by the 110bl(' ('nnC's in (,Olll 
mereial ('ultiyutioll. 

~Iost of the Yflrirtic's of the XC'\\' GUilH'1l ('ollC'('tion of BrnndC's nne! 
.Teswil,t, tpn ttl ti \'Ply dnss('(l as Sa/'charum offici llarllm, wC'rp typienl 
of the noble cnnes in thpir rpd rot l'pnction, being yet'}' StlscC'ptiblt'. 
Ho\\'(n~('!', thrpc \\'C'I'P suseeptiblC', one moderately resistant, and on(' 
resistant. Presumably, this might indicate that tbe luttC'[' ones nrC' of 
hybrid ol'ig-in. 

Group T: 
Hp('C'ics ancl y!tl'i('ty: Red rot railllq

XobJc call1's (Sarrharllm ollicinaru1n L.): 
B.208 . HusC'('ptibl(',
B.726 
Ba. (i032 }\'('ry sus('('ptillir.

Ba. !iS3.> 

Bit.lli'itiO . ~'ls('('Jltilll('. 

Badila 

Batjail 

BH 10 12 

CrTstulina

D-:U. ___ _ 
D-O;j 
D~lOO __ •. 
Diarnond I () \'cry SlIscC'ptibll'.
K K. 2 
Fiji 
Huk-kwut-ch!' 
H.285000 
ff.28-,jOlO 
H. Q.;) 
H. Q. ·100 
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Group I-Continued. 
Species and variety-Continued. 

Noble canes (Saccharum ojJicinarurn L.)-Con.L-511 ______ .. ________________________ _ 
Loethers_____________________________ _ 
Louisiana Purple_____________________ _ 
Louisiana Striped_____________________ _ 

Mahona_ --- -- - - - - - - - -- -- - - - - - - - - - - - - -Otaheite_____________________________ _ 
P. O. J. 100__________________________ _ 
Q. 813 ______.________________________ _ 
S. C. 12/4________________________ • __ _ 
Simpson ________________ . ____________ _ 
S. J. 4________________________________ 

Red rot rating 

Very susceptible. 

Susceptible. 

W. 3-------------------------------}Very susceptible.S.S. 'V. 111 ____________________________ _ 
S. W. 499____________________________ Susceptible. 

Y~llow Caledonia_ ---- - - - - - - - -. - - - - - - - - - }Very susceptible.'Vlt Ceram__________________________ _ 
New Guinea collection of Brandes and Jeswiet:1 

28 numbers _________________ • _________ Very susceptible. 

~. 106--408__ -- - - - - -- - - - - - - - - - --- - -} Susceptible.N. G.G. 106--426_______________________ _ 
14 N. G. 124__________________________ 
14 N. G. 241. _________________________ 
14 N. G. 190__________________________ 

Group II: 
Indian canes (S. barberi Jeswiet):

Ch unnee_________________________________ 
HatoonL__ ___ ___ ________ _______ ___ ______ _ 

Group III: 
Chinese canes (S. sinen.'le Roxb.):

Cayana__ _____ __ ___ ______ __. ___ ________ _
Chukche_________________________________ ) 

Moderately resistant. 
Susceptible. 
Resistant. 

Very susceptible. 
Moderately resistant. 

Very susceptible. 

K!Iera_________ -- - - -- - - -- - - - - - - - -- - - ~ - - - - - Susceptible.Kmar ____________________________________ _ 
Oshima__________________________________ _ 
MerthL __________________________________ Very susceptible. 

¥~k~h;_~Yontanzan== = = = = = = = = = = === = = _ = = = = == = = = = = = = == =}susceptible. 

Group IV: 
Wild canes (S. robusillm) (?):

N. G. 251. _______________________________ 
Group V: 

Wild canes (S. sponianenrn I,.): 
Indian forms: 

Assam (Gehra Bon) (1I11p. No. 618) ______)
Coimbatore (Imp_ No. 238) ____________ _ 
Coimbatore (Imp. No. 470) _____________ 
East Bengal (Imp. No. 230) ___________ _ 
Godavari (Rella Gaddi) (Imp. No. 617) __ 

East Indian forms: 
Glagah Djatiroto (Imp. No. 569). _______ )
Glagah Kepandjen (Imp. No. 558i ______ _ 
Glag9.h Kloet (Imp. No. 564) __ __ _____ ___ 
Glagah Pasoeroean I.~,np. No. 555) _____ _ 
Glagah Tabongo (Iulp. No. 578) ________ _ 

Formosan forms:
3 numbers ____________________________ 
1 number_____________________________ 

1 Tentatively included in Saccharum nfficinarum. 

Susceptible. 

Moderately resistant. 

Moderately resistant. 

Moderatelv resistant. 
Very susceptible. 
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Group VI: 

Interspecific hybrids: 


(a) 	 I X V- Red rot rating 
Hind's SpeciaL___ --- -- ______ --- -- ___ --J 
I. 108L______________________________ Very susceptible.]{assoer_____________________________ _ 
Toledo ______________________________ _ 

(b) 	 I X II-
P. O. J. 36___________________________ _ 
P. O. J. 213__________________________ _ Susceptible. 

Very susceptible.P. O. J. 234__________________________ _ Resistant.
(c) I X III-

C. H. 64-2L__________________________ Very susceptible. 
Group 	VII: 


Miscellaneous hybrids (parent and commercial varieties): 

C. P. 807_ - -- -- ------ - - ___________________ Very susceptible.
C. P. 116L ____________________________ .___ Resistant. 

C. P. 1165____ - --- ---- -- - -- - - - - - - -- - - - --- -}Susceptible.C. P. 27/139 _____________________________ _ 
C. P. 28/1L - - _- - __ - ______________________ Resistant. 
C. P. 28/19_________________________ ~----- Moderately resistant. 
C. P. 28/36------------- __________________ }R . t t 
C. P. 28/122______________________________ eSls an . 
C. P. 29/116 ______________________________ Susceptible. 
C. P. 29/28,L _____________________________ Resistant. 
C. P. 29/320_ - - - -- ________________________ Susceptible. 
Co. 213 __ - - --- -- - --_ - ____________________ Very susceptible.

Co. 281.: - - - - - - --- - - ______________________ Resistant. 

Co. 290_ - - -- -- - - - ________________________ Susceptible.

P. O. J. 2222______________________________}
P. O. .T. 2354_____________________________ _ 
P. O. J. 2364______________________________ Very susceptible.
P. O..r. 2714_____________________________ _ 
P. O..r. 2725_____________________________ _ 
P. O..r. 2727___________________ . - ---------}S fbi 
P. 0 .•1. 2775_________________ ________ _____ uscep I e. 
P. O. .T. 2822______________________________ Very susceptible. 
P. O. J. 2878 ______________________________ Moderately resistant. 
P. O..J. 2883___ - __________________________ Susceptible. 
U. S. 785 ________________________ ---------J 
U.U. S.S. 16431078__ - - -- ------- - - -- - - --- - -- - - -- - - -________________________________ Vdry susceptible. 
U. S. 1694_______________________________ _ 

Uba Marot ______________________________ Susceptible. 


Unfortunately, only two varieties of Saccharum barberi (group II) 
were available for study, one of which (Chunnce) was claseed as 
very susceptible, and one (Hatooni) as moderat~ly resistant. In 
view of Barber's (22) and Butler and Hafiz Kahn's (30) statements 
that the Indian thin canes (S. barberi) were on the whole more re
sistant to red rot than the thick (S. ojficinanlm), one might expect 
to encounter more resistant varieties in this group if larger numbers 
were studied. On the other hand, the fact that these authors 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'tbe fungus present in the United 
States. Apparently these or certain ones of them at least are more 
virulent than the Indian fonus. 
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The Chinese CHnes U'>'. 8i IIcnsl') (~r{lll j> Ul), Oil t he whole, were Ipss 
slIsceptible thnnthe noble CH.nes, only two out of nine being classed 
as very susceptible. The one representative of S. rubustum was also 
in the susceptible class. 

JTourteen varieties, or collections, of S. spontane1l1n weI'e IWililable 
for t<lsting, 13 of which were elnssC'd as moderately rC'sistallt and 1 as 
v('ry susceptible. Tho large pith en \'iti('s in the stalks of S. 6ponicmellm 
make it difficult to obtain typic'ai red rot symptoms comparable to 
those in tho solid stalk CHnes, the typienl mottling general.ly being 
absent. In only 1. of the 14 forms of S. ,~pont(/nel/.m ksted did the 
fungus sp1'C'nd through the nodes from the inoGuiatC'd in ternodes. 

li'our hybrids of S. ojficinanun X S, spo'lltmwum (group VI) and 
olle of S. ojjicillal'lun X S. sillells6 (group VI-c) were antilable for 
study, nil of which were VNy sllscC'ptible, us would be expC'cted 
becnuse of the high susceptibility of the parents. 

Of the thrC'e hybrids of Saccharum officinarum X S. barber£ (group 
VI-b) P. O. J. 2:14 wns resistant, P. O. J. 36 susceptible, and P. O.•J. 
31:3 vC'ry susceptible. Thc ptU'l'll ts 01' the P. O. J. 36 (Louisiallll. 
Striped X ChunnE'e) and P. 0, .J. 234 (Louisiana Purple X Chunnee) 
are all very susceptiblE'. \YhethC'l' Olle 01' both of the parents sup
pliE'd the l'esistance factor can ollly he spC'culateu upon, but in view of 
the high susceptibility of nil of thc noble calles tC'sted,.alld the state
ments of Barbel' (B2) and Butler and HnJiz Khnn (30) regarding the 
relativc suscrptibility of 8. 1J.f!icirwt'lun and S. barberi, one might 
aSSllmc tha~ resistance would be more apt to occur in it variety of the 
lattrl' rather than of the for111el'. 

The mis(,E'llnneoLls lwbrids in group VIl represent a selected group 
of commereial find pal'E'nt cnnes, constituting only il. pnrtiallist of the 
several hundreds of hybdcl seedlings that IHLVe bC'en tested for red rot. 
It will be noted that only six of tl1f'se arc resistant to the disease'; 
namely, Co. 281 and tbe C, P. numbers] 16l, 28/11, 28/36, 28/123, 
il.nd 29/284. Of these six, 28/11, 28/36, und 291284 are seedlings of 
Co. 281, nncl presumably owe their red rot resistfLnce to it. Thut 
only six red rot-resistant varieties should occur among the more than 
100 parent canes tested that have been L1secl in the breeding work at 
the en.nal Point station emphasizes the rarity of resistance to the 
disease in sugarcane ynrieties and the difficulty of obtaining seedlings 
combining resistance with the other qualities essential in a. commercial 
cnne. 

The origin of J'esistance in Co. 381 might conceivably be traced to 
two somces: to Snccha1'um barberi through its female pnrent, P. O. J. 
2 t3; and to S. spontaneI(m th'rough its male parent Co. 206 (a seedling 
of Ashy Mituritius X S. sponiane1l1n (71)). A reason for suspecting 
that some forms of 8, spolltaneum may be l'esistnnt, ot' possess resis
tance as a recessive fnctot', is the fact that a1l of the resistant seedlings 
that have been encountered among the thousnnds produced at the 
Canal Point stntioll, curry at lenst,a truce of S. 8pontaneum inheri
tance; and while some of them nre also tI'lwea ble to S. bnrbel"i, many 
are not. 

The C. P. 11.01, so fnr' ns the parentage is known, is 11 descpnclant of 
P. O.•T. 213 (very susceptible), nnd thus carries the inberited char
acters of both Saccharum o.fficinarwn and S, barberi. It is believed, 
however, that S. spontaneum may hllye entered its lincflge through 
U. S. 1484, of which it is a seedling. r. S. 1484 is presumably a scHed 
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seedling of P. O. J. 213 but shows certain wild CUlle clmmcteristics, 
which mitke it appear probable that it form of S. spontaneum may 
have been its male parent. 

The C. P. 29/122 is predomillantly of !::l. oJ!icinanun parentage, but 
carries a trace of S. spontallPllln through Kassoer, and of S. barberi 
through P. O. J. 213. 

PROGENY TESTS 

Information as to the distribution of resistance to red rot and other 
diseases among seedlings 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 a considerable amount of time and labor, because 
of which, as well as the lack of facilities for maintaining controlled 
temperatures for incubating the inoculatod cane, only a few complete 
seedling progenies have been tested thus far. Four crosses ha,-e been 
studied: three that have gh-en large numbers of promising selections, 
and are thus considered most valuable commerCitlllYi and a fourth, 
because it represents a backcross 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 XU. S. 1694 and Co. 281 X P. O. 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 
,vide dh-ergence of the parent canes' reactions to various diseases. 
Co. 281, for example, is resistant to red rot and susceptible to mosaic, 
while U. S. 1694 is very susceptible to red rot and resistan t or immune 
to mosaic. P. O. J. 2878 is moderately resistant to Ted rot und re
sistan t to mosaic. 

TABLE 12.-Xn1llber and percentage 0/ seedlings from four complete progenies 
falling in fonr classes of red rot resistance 0,. slisceptibliity 

Prog· I ('I i (,Inss 2 I ('Ins' 3 I (,Inss ,(
en" Cross and red rot rating of pIlrenh I Ire.i~t~~t I i (mol.lerately (suseep' I (\'er): SlIS' 'rota!
:-'-0. ' . i resIstant) I tlPle) t eepttbl~) 

--1---------1 I ,.~----.-
·xum-I Per- ","um·1 P'r· !slim.! per.IXumJ Per· Xu,m· 

- I bu_ I ceTlt ber Icen,; be! i c~lIt t ber cent b~r 
1 _ .•• Co.?S1 (I) X L s. 16!U (4). (1931! I, I 4. -, 102 26. - J ,S '. 4".6 93 2:1,8 390 

senes). , ! 
2 _..... ('~er~~/I) X P.O. J. 2878 (2) 11931 I flS I 21.;' ,9 25.0 liS 37.3 iii 16.1 :116 

3 .... _ P.O..J.,2725(41Xl'.P.1161(1109:l2jl 1'116.2 1.; H.3 28j26.7 4542.9 105
I senes.>. 1

4 _:Co.281(l)XC'.P.30j23'(4J{!932, 9 s.n 16 1,,8 ~~1 19815055.4 101 

! series). __ ______ _____ ~ ._ 1 _. __. _ ~ I.<- • • __ 

1 Xnmbers in parentheses indic'J.te the red rot rating of the parent \urif'ty. 
,(', P 30123 is a ~eedling of ('0.281 X t', 8. 1694. 

Of the seedlings prod ueed from these crosses in the 1931 Canal 
Point series, 390 from the Co. 281 X D. S. Hi94 and 316 from the Co. 
281 X P. O. J. 2878 crosses were tested for red rot. These represented 
all of the seedlings from the crosses that produc(>d sufficient maturp 
cane to provide a tltree- to fi\-e-stnlk sllmple for a 1'('(1 rot tpst. All 
of the seedlings had been inoculnted with mosaic, lllld some of them 
were so severely stunted by this disease that til(>y did llOt produce allY 
mature stalks. 'Yhile this J'(>sulted in the elimination of some s(>('(I
lings from the red Tot tests, it is belie\'pd that tlie l1umbel'S tested wen' 
large enough to give a fairly l'pliublt' inilieation 01' the distribution of 
red rot l'esistanee in tb~ progenies. 
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Crossing the resistantfemale, Co. 281, with the moderately resistant 
male, P. O. ,J. 2878 (cross 2, table 12), gave, as would be e:-.:pected, a 
considerably higher percentage of resistant seedlings (clnsses 1 and 2) 
than crossing the same female with titt' very susceptible male, U. S. 
1694 (CTOSS 1). The percentage of very susceptible 01' commercially 
unsuitable seedlings was correspondingly lligher in cross 1 than in 
cross 2. From these figures it is apparent that crossing the very 
valuable female Co. 281 with P. O. J. 2878 may be expected to yield 
a higher percentage of red rot-resistant seedlings than with U. S. 1694. 
The distl-ibu tion of resistauce among the fit'ld st'lt'ctions from the 
two crosses will be considered later. 

In cross No.3 (table 12), the female parent, P. O. J. 2725, is very 
susceptible, and the male parent, C. P. 1161, is resistant. This 
cross is of pnrticulnr interest, because many of the seedlings combine 
the large barrel, ease of shucking, and other desirable harvesting 
qualities inht'ritt>d from P. O. J. 2725, with the vigor of C. P. 1161. 
Unfortunately, however, many of them are below the necessary 
standards in sucrose. 

It 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, although the 
percentage of highly reslstant·seedlin,€fs (rIass ]) in cross 3 was nearly 
four times as great as in eross 1. cOIlYersely, the numbt'r of very 
susceptible set'dlings (class 4), 1. e., those unsllited for commercial 
utiliz.ation, "was much greater in c("oss 3 than in cross 1. TI1U::;, so 
far as these crosses may be judged by the numbers of seedlings tested, 
it seems that noss 1 may be expected to give seedlings of generally 
highl·r quality with respect to red rot resistance than (,I"OSS 3. 

In cross 4, which rt'presents a backcross of a ve,'Y susceptible 
seedling of Co. 281 X U. S. 1694 (C. P. 30;23) on its resistant parent 
(Co. 281), theTe was apparently no increase in the percentage of 
resistant seedlings considering the cross as a whole. The percentage 
of highly resistant seedlings (etass 1) was greater in the backcross, 
but the number of very susceptiblt', or commercially unsuitable canes, 
was more than double that in CI"OSS 1. This suggests that susceptibility 
is a partially dominant chanLChr and that bringing together of 
recessives (resistant faetors) resulted in a double-recessive 01' domi
nance of resistanee in the ('ase of the highly resistant seedlings. 
DISTRIBUTION OF RESISTANCE AMONG THE SELECTIONS FROM TWO COMPI,ETE 

PROGENIES OF COMPI,EXINHERITANCE 

Each of the seedlings in r.rosses 1 and 2 hnd also been rated with 
rm,pect to its growth habit, its agronomic promise, and analyzed for 
sucrose (except those that did llot produce matme stalks). \Vith 
these data available, an attempt was made to determino whether 
resistance or susceptibility to red rot was correlated with one or more 
of l\}e other measurable characters. A previous analysis of the dllta 
with Tespect to red rot and mosaic had indicated that them was no 
relationship between resistance and susceptibility to these disease" in 
these progenies (.56). 

GROWTH HAHn OF CO. 281 

It would be of considerable practical importance in making selec
tions in the field for commercial type if a relationship could be estab
lished between Ted rot resistance and Rome 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 tIlls character and red Tot resist
ance would be ·of value. 

In table 13 the red rot classification of the seedlings of the Co. 281 
X P. O. J. 2878 cross, wruch were classed as approximating the Co. 
281 type of growth habit,l3 are compared with the entire pro~eny. It 
will be noted that the percentage of resistant and susceptible seed
lings is nearly the same for the entire progeny and for the 63 rated as 
approximating the Co. 281 type of growth, indicating that for this 
CTOSS there is no relati.on between the red rot resistance of Co. '281 
and its growth hahit. 

TABLE I3.-Number of seedlings from the cross Co. 281 X P. O. J. 2878 in four 
classes of Ted Tot susceptibility grouped according to habit of growth 

With growth habit ofRnd rot class Entire progenyCo. 281 

.iVumber Percent Numbtr Percent 
ResistanL __ ............. ~ ..........................._. 11 17.6 68 21.5 
J\Ioderately resistant.... "'.'" ~ ..•• , .•.••••....••••..• 15 23.8 79 25.0 
Susceptible.....••.• __ .. _... _~ ......... _. ______ ...• __ • 23 36.5 118 37.3 
Very sllsceptlble._ .... ~ ~ ~ ... _•.. I~ 22.2 51 16.1 

AGRONOlUC CHARACTER OF SEEDLINGS 

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

In the Co. 281 X U. S. 1694 cross the selections were defirutely 
more susceptible than the entire progeny, the percentage of selected 
seedlings in the two commercially resistant classes being less than half 
of those in the complete progeny. For t,he 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 t,he selections. Data from additional 
samples of the progerues of these and other crosses would be necessary 
to permit any generalization as to correlation between red rot resist
ance and agronomic characters. 

TABLE 14_-Number of seedlings 1'nfour cla.~ses of red Tot susceptibility for the entire 
progenies and for the agronomic selections from the progenies of the crosses Co. 
281 X U. 8. 169), and Co. 281 X P. O. J. 2878 

[1931 series] 

Total Class 2 Class 4 Class 1 Class 3 Progeny seed· (moderately (very(resistant) (susceptible)liugs resistant) susceptible) 

Co. 281 X U. S. 1694 entire Number Nllmber Percent iVllmber Percent Nttmbtr Percent Nllmbtr Percent progeny___ • ______________ 390 17 4.4 102 26.2 178 45.6 93 23.8 
Agronomicselections only___ 75 0 0 11 14.7 « 58.7 20 26. 7 
Co. 281 X P. O.J. 2878 entireprogeny_______• ___________ 316 68 21.5 79 25.0 118 37.3 51 16.1 
}\gronomic selections only __ 93 15 16.1 28 30.1 3.3 35.5 17 18.3 

13 Data Oll growth habit furnished by O. B. Sartoris. 
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SUCRO:3E CON1'EN'1' OF TIIB J U[('B 

Table 15 shows the number of seedlings from the two progenies and 
the number of seedlings falling in ench ChlSS of 1'('<1 rot sllsc('ptibility, 
with their average sucrose annlyses, . 

TABLE 15,-"':""Xumber of seedlings and llL'erage slI.crose ana/yse,~ of [!l'O complete 
progenies and their agronomic sple('tioTl.~ arrnngNI (lccordillg In rlll.~.~f'S 0/ 'l'ed rnt 
s!lsceptibility 

'l'otnl 

Class 1 Class 2 i (' Inss 3 i Cln,,' ~ or. - " 
Progeny (resistant' (moderately, (' , Cbl I ! (\'ery ~ <:: ",O? 

resistant) i 'Imep Ie! susc·cptihle, ~ \!~ ~ 

IX,W,' PCf·lxlLm.1 Per· jXllm.' per'!XIL11I': ;::;-;;::.!-;:::
btr C(1,1 ber <wi ber I cent I blT " cenl ! ber j cenl 

Co. 281 X t:. S. 1694 progenY'j 16 10.32 103 IO.I~ I 176, 10.20 92 I 10.01 i :{&" 10.14 
Co. 281 X U. S. 1694 selec· I 

'I'. 

tions...................... , 0 I....... : 12 10.S3 45 I 10.75: 17 I' 10.05 7·1 I 10.81 
Co. 281 X P. O. J. 2378 prog· I

enr... ____ •__ . __ ........... , 67110.15 81 9.9S: Iltl: s.g,,! ·IS! 9.6S, 312 9.59 
Co. 281 X P. O. J. 2878 gelec." ',"3 '9~t : 

lions....................... : 151~~5~__ ~O Ilo.49! ., 1J,1J~_~19.331 10.09
u 

From these figures it is apparent; that for the Co. 281 xes. 1694 
cross there is no reI a tion betv,,-een red rot sllsceptibility and sucrOse 
for the progeny as a whole or for the agronomic selections, the an'rng(' 
sucrose analyses for each of the four groups being practicl1lly identical. 

In the Co. 281 X P. O. J. 2878 cross there was a tenr\£'ncy fot' th(' 
low-analyses canes to fall in the susceptible class('s, a trend thn tis Yery 
consistently followed 'when the agronomic selections are considNNI 
alone. Although it is of interest to note this trend, the differenc('s in 
iuul.lyses between classes are not significant. It is possible, of course, 
thnt the apparent tendency of the Yery susceptible can('s to fall in the 
low-analysis group is due to greater borE'!' and red rot injury to the 
standing cane of the seedlings in the.;c eiasses, with a consequent re
duction in sucrose. 

mSTRlBUTJON O~' R~;SISTAN(;f; AMONG S.~LEC'rIONS .'Ro~r COMMERCIAl. 
CROSSES 

In the routine seedling-testing procedure at; the Houma station, ns 
outlined previously (14, 15, 56) the initial nursery selections, termed 
field selections, are made by the pathologists. These are llHHle on the 
basis of freedom from, or appal'en tly sligh tinj ury by, mosnic Itnd other 
diseases, root rot resistance, vigor, erectness, stnlk sit~e, ense of shuck
ing, and general appearnnCl' desired in a comn]('reial ("une. The field 
selections mude from severnl of the hundreds of CI'OSS(,S tested during 
the past 7 years have been i3ueh fiS to gain some idel1. of the value of 
the crosses. These are listed by series in tn ble 10. 'Yhile the n um
bers here represented are probably too small to give nlly ('onc1usive 
evidence as to the value of the crosses with TE'Spert to 1'('<1 rot resist
ance, in certain cases it is believNl that the comp!11'n ti\'('ly large num
bers of red rot l'eSis~fint seedlings have not l'£'slilted purely by chance. 
It seems reasonable to conclude, therefor(', thnt, rro:;s('s I, 6, and 22 
(Co. 281 X P. O. J. 2878); 2, '7,18, and 23 (Co, 281 X U. S. 1694); 
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8 (Co. 281 X C. P. 28/44); 9 (Co. 281 X C. P. 2S:3G); nnll 24: C1.'. S. 
1643 X C. P. 29/284) lue ndllully ~i'Ting a larger 1ll1l11J)(,l" of resistunt 
seedlings. 

TABLE 16.-Su'IIlber 0/ field selections from 2.} crossrs of the 19.!!J-S.} Canal Point 
series falUlIY in jOllr classes 0/ red rot resis/ancl' or .~ltsce7itibility 

1929 ('. P. f:ERfE" 
.--------- -. -,.----c-

('10"-5 I ' C"lU552 ('lass 31 Cl~ss 4 I 
(r~· ! l~lO<I~r. (sus. I 1\ ery ,

Ko. ofrro5.~ ('ross and r~d rot rutin!! of parent. I sisto i .n~l~ rep. sus· rowl 
ant \ , re>l>t· I tible) I' ~ep· 

I ' ant i • tlble) 

-1.-·.-·-,·-·-.·-'-··-·-··-··-·-··-·I-C-O-.-2-81-(-I-)-X-P-•. -o-.-J-.2-g-'.-5-(2-)-.• -••-.-••-.-•.-..I" --;I---lj'--I!--lO-'~ 
" 

2.•.__ ._ •._._._ •. _•... Co. 25l (llXe. S.1694 (4}............... 4 , 10 ' 10! 2 26 
3•.•.•.•.••••.•••••... P. O. J. 2i25 (4IXC. P. 1165 (3)._ ••• __ .. ' I . 11 ! 33 I 3 48 
C._........._....... ! P. O. J. 2i25 (4)XC. P. 2iii3 (?l ..... __ 6 ! 2~ . I" , 11 5. 
5~ __ .. ~ ... ___ ~________ .. P. O.J~2i'5..1(·nXC. P~S.30(3L_~ .. ,. .. ___ ~ 0: 2 i g, 40 51 

; 1------:--'- 
~~:g!ni.::::::::j::::::::::::::::::::::::::::::::::::::':::, S.I~, 2~~~. 3/~ I 31~ I..2~ 

1931 C. P. SERIES 

6.. .•••••__.......... Co. 251 ([)XP. O. J. 2818 (2). ........ __ I;' 30 33 i Ii , 95 

7.......__ •••• _....... Co. 2Sl (11;«('. ". l694 (4)......... 0 12 45 ' 17 74 
-------.--

TotaL... __ ... ! ..................__ ............... 15' 42 is 1 341 169 

Pc7cent..... ... ........ -. U 2·1. U -It;' 2 I 20. I , __ .• __ • 
_______ . ______~____________________________~________________ f f 

1932 ('. P. SERrEi' 

8.. __•.•••_..•__ • ___ 
9..__ •••••••••••••.• 
10......... __ •••. 

.: Co.2S1 (L1XC, P.2R'4·1 n, 
Co. 281 (LXC. P. 2\130 (I .. 

. p, O. J. 2.2,1 CoI,X('. P. IInI (I) 

1'2 
13 

12 
J:l 
'" 

HI f 
ii 

13! 

9 j
19 { 
16 f 

43 
51 
44 

'fotal. •. 
Percent. 

32 
23.2 

3:1 , 
23. U· 

29 
21. IJ 

44' 
31. 0 I 

135 

1933 C.P :<ERrE:l 
.---.~~---- .. ~ ......--- ..-~~--

I L ................ .. C. P.11fl5 (a.xc. P. 2~:.J.I (.1) to , 17 10 ·11 
12__..••..•_...••_••. C. P.U65 fa,XC'. P. 2i!IOH (41 ... /) .; 12 -10I, 

I 

13.. _........... __ •. c. P. 28!U (3)XC. P. 31,2i;,~ (,II ;j lU s 15.1 3li 
14........ _...... .. C. P. 29,142 (2IXC, P. 2iil08 H, .j 1'1 1:! ')11 .;0 

-; :;.)15....... __ •.•..•. c. P. 29.20. (3IXC'. P. 2"4S (,!. -I -I :I,
.,16. .. •••• __ • __ ... c. P. 31'lli (·IIXC. P 2S:100 (;3, ~ 3 21 
17._ ~."~~~~._ •• _. __ ('. P. 3l12k9 (2) s~lfed t .. , W: 2,,18 •.••••• ____ •. Co. 281 (I;)<T. i'. lIW-I III !!U H -I:!l :~ ! 13,1 

~---  " 

Total. __ .. (;6 tit; Ill) ; 
114 ! 392 

Perrent. llj ~ 21..1 -19.6 

~~~-
(.IU:H 1'. REHIE~ 

Hi 
2!l 
21 
22 __ 
~3 
2·1 

- - -- -~ ..  ....... -. i C. P.2S,11 (lIXC. P.2.;".1I('0.2'1(1.)({'. p.lln,,(:!.
Co.2-'H (I IXf'. P. 29.13,'; <2' 
('0.2,1 (lIXP. O. J.2~'~ (2. 

' CO, 2S1 (1);<1'. ". In91 (.!j 
' l~ ~ It;'f.3 (.JtX('t P 2t1!:!~1 tt, 

II 
II, 

d ; 
I 

U 
I,~ 

4., 
·1 

2l 
13 

5
w\ 
II I 
S 

~x 
2':i; 

, 
-I 

I12 
11 II:j 
:lti 
t,:; 

27 
37 
:!l 
:!l3 
99 

III 

Total 
Percent:' 

:,,~ 

Ii, !i 
.1(; 

HI. !I 
"S7 

~G.a 
l:m 

:llJ :l 
:w 

Grand total 
P~rcent 

I~!) 
1[•. ;l 

:1"'1; 
Z:{ I 

iii:' 
:1O :j 

;~% 
:1I ;j 

1.2;JS 

1 'I'he numbers in parentheses indicate th~ rt:'d rot rulHJ.~"" of tllP pnrc-ot \ ura·tii.' .... 
'C'. P.~1/289isaSeedlingof(''' :!.~Ixr· ~ 16U-I 

fJ94:25'--38----B 
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Fuirly lIlrg!.' numbers of sP!.'lllinf!s iUlY(' b!.'en u\'uilnhlp for two of tIll' 
cross!.'s listE'd in this tnbl!.', Co, 2!-iL>"P. O,.J. 2878 lXos. 1,6, nnd 22), 
and Co. 281 XC S . .tti\)4: (2, 7,18, and 23). From till.' fornwr, it totnl 
of 147 s!.'lertiolls wns l1lati!.' dUI'ing:~ Y!.':1rs, of which tii}, or 44: p!.'I'l'!.'nt, 
wCl'er!.'sistnn t or l11od!.'rn.t!.'I~T I'l'SistHII t to l'l'ti rot. This is npPl'oximn.tely 
the same ns the 4G.5]ll'rcE'nt found for the compll'tC' progC'n." of the 1931 
series, discussed undE'I' the compl!.'tE' pl'Og!.'ny studil'S (p. 79). 

From the Co. 281 Xr:. S. l(HH eross, l:i4: or 4(),2 pt'r(,pnt of the 333 
selcctions mude during 4: yenrs (cross llunrbl'l's 2,7, ]8, and 23) \\'!.'I'e 
in the r!.'sistnnt clnss!.'s. This is somewllllt highpl' thnn the 30.6 1)('l'c!.'11 t. 
found for the E'ntire pl'Ogl'ny of the:' 1n:~ 1 RNil'S, nnd lll'nrly tim'!.' times 
the 1-1.7 p!.'rcent found for the ,;el(,rtion,; from the 1931 sNil's complE'tt' 
progE'ny. , 

Both of these crosses hny!.' ginn consistently a relatin'ly high nUlll

ber of agronomic selprtions, till' Cl'O';S with r, S. 1694 being pnrticu
ludy ynluubl!.' from til!.' stnndpoint of the early mnturity of mnny of 
the seedlings. In vi!.'w of this fact, it is fOl,tunute thnt they mny also 
be depelHled upon to giye n. cOllsidNnble Humber of seNlJings com
bining desirnble agronomic. ([lialiti!.'s with satisfactory red rot resist
nnce. Presumably, the l'l'sistnnc!.' of the s!.'edlings from these crosses 
may be attributpd largely to the resistanti'!.'mnle ])llr('nt, Co. 281. 

The vtllne of Co. 2Xl us a pnrl'nt in trnnsmitting resistance to its 
seedlings is [mtlle!' nppnrpnt from thE' figures for c!'Ossps 8 nnd 9, in 
which two of its seedlings, C. p. 2~.;3G nnd 28.-l-t-, w('('!.' b:lckcrossed 
on it. ~[()!'!.' than half of til(' RPIE'rtions from these noss!.'s fell in the 
resistal1 t rlnsses. CO, 2S 1. in fnd, has be!.'n ei t hel' I\' pHren t, or grnnd
pnrl'nt in nendy e\'er~- {'ross from which filly ('onsidernble number of 
red rot l'esi,;ttlnt sel'dlin~s has bppn obtnilwd. 

The red !'Ot ratings of 70 ngl'Onomic selections fmlll the 1\l:29 to 
1934 Cnnnl Point ::;Nil'S , inclllsi\'l', al'l' giY!.'n in the following list: For 
the H120, 1n:31, ulHl 1 \)32 sNi!.'s the 'labol'tl tory ratings hn ve been 
Yel'ified by field ohs(,lTn tions, but for the 1n:{:3 nnd 19~-~ sel'ies It,ss 
opportuni'ty hUR tH'en afl'onlPd for comparing the fi!.'ltl and. labOl'utory 
r!.'uctioTls. In most cuse::;, therefore, the rutings must be cOllsider!.'d 
t!.'ntiltive. 

In the !.'ntire group ther(' ill'!.' but two very susceptible (ClilSS 4 01' 5) 
vurit'ties. These two, C. p, 20;09 nnd ~:)!243, uw ('[mes of commercial 
pl'Omise !.'xC'ept for their high slIsc!.'ptibility to red rot. Th!.' 29!9H 
has be!.'n found to poss!.'ss excpIIellt windrowing <jullliti!.'s (45), and 
itis more resi,;tnnt to mosaic thnn CO, 2HI, the only YHl'il'ty suitablr 
for windrowing now nntilahle 1'01' COll11l1!.'rcinl llsr in Louisiana, Its 
high susceptibility to red rot, howenr, Ilns made it dung!.'rous to 
recommend to the groW!.'I'S. 

R!.'ll rot-resistance trillls with C, P. ~3i24:) in the field hnv!.' inciicatrd 
thnt germination of this eal'ly-maturing YUI'i(lty may be l'edUCNl 20 
percent or 11101'!.' hv inoculation rither in the stalk or by smenring a 
culture of thc red 'rot fungus oyer thE' root rings. ,,\Yhile nppnl'!.'ntly 
not so susceptible as P. 0, .J. 213 to infection through the root buds, 
the fact tllllt iIlYnsion of the stalks (1ccurs l·!.'ndily frenn this source 
indicates that germination of the nU'iety migllt he 'materinlly reduced 
during a cold wet \\'illtpl', Further lh'lcl tl'inls with this npplu'!.'lltly 
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valuable variety are being continued to determine whether its sus
ceptibility to red rot should prevent its recommendation 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 
combine desirable agronomic qualities with red rot resistance. 
Variety:

C: P. 29/89. ___ . _______ . _. ___ .. _. _. __________ 

C P. 29/9·L.________ . __ ._ .. ___________ .. _. 

C. P. 29/99. __ .. _______ . _______ .. _____ .___ 
C. P. 29/103 ___ . _. __ ., ____ _'" _., ••.... _... }
C. P. 29/108___________ .. _____ . ___________ . 
C. P. 29/120 __ . _______ . ___ • _. _________ . _. 
C. P. 29/13L _______ ._ .. __ . __ . _________ . 
C. P. 29/137. _. .. _____ . _.... _...... _• _.. __ 
C. P. 29/142 ____ .•. _______ . ____ .. __ -.,- _ 
C. P. 29/283_ __ .. _ ___ . ___ . ___ . _... 
C.P.29/30L ____ .. __ • _____ . __ .. _ .. ____ 
C. P. 31/89____ .• _..... __ •. __ . ___ ... _.. 
C. P. 31/110____ ..... _'" ________ . __ ... ___ .. 
C. P. 31/114__ .. _. - .. - _.. - _. - - - _... - __ - ___]
C. P. 31/146__ . ____ . _____ • __ .. ___ . __ _ 
C. P. 31/152_ ____ _____ _. ____ . __ 
C. P. 31/160_ _ . ____ ... _. _. ___ __ .. _ . _ .
C.P.31/16L ______________________ .. __ 
C. P. 31/258___ .. ____ .• ____ .. ___ .• __ ._ 
C. P. 31/296__ .. _________ . ___ . ____ . __ _._ 
C. P. 31/509__ .. _ _ 
C. P. 31/516__ . .. __ . ___ _ .. .. __ . ___ 
C.P.31/55L ___ . _________ .... 
C. P. 32/2 ___________ .______ ... ___ . 
C. P. 32/118__ . __ _. ___ _.. _ __ ____ 
C.P.32/120_________ __, __ . ____ } 
C. P.32/123__________ - .- .... --- 
C.P.32/124___ ... _. _____ .... . 
C. P. 32/126_____ ____ _ _. _ .' __ _ 
C. P. 32/138______ .. ___ ... _ 
C. P. 32/146______ .. _____ .. 
C. P. 32/182 ________ .. 
C. P. 32/202 ______ .. _ . . _ ____ . 
C. P. 32/206________ ... ________ } 
n P. H2/209
6. P. 32j324 ==~ __ _______ _ _. _ _ ____ _ ... __ 
C. P. 32/334. ______ _ _. ". _ _ _. __ • _.. _.. _ 
C. P. 32/336___ . _ __ _____ _ _. _ . ___ ___ ___ 
C. P. 33/5L ______________ .. _.. ______ . ______ 
C. P. 33/53 _________ . ____ . __________________ 
C. P. 33/99_______ .. _____ -e. 
C. P. 33/12L _____________ • ___ ..... _. _______ 

Red rot raling
Susceptible. 
Moderatelvresistant. 
Very susceptible. 

Susceptible. 

Moderately resistant. 
Susceptible.
Moderatelyresistant. 
Resistant. 
Moderately resistant. 

Susceptible. 

Resistant. 
Moderately resistant. 
Susceptible.
Susceptible. 
Moderately resistant. 

Resistant. 

Moderately resistant. 
Resistant. 
Moderately Tl'sistant. 
Susceptible. 

Moderately resistant. 

Moderately resistant. 
Resistant. 
Susceptible.
Resistant. 

33/165_ - -- - - - - -- - - .. - - - --- --- -- -- -- .. -}Moderatelv resistant.C.C. P.P. 33/224 _________ . ________ . ______ ___ .. _ -
C. P. 33/228____________ ... __ .. __________ . __ 
C. P. 33/229 ___________________ ... __ • ____ . __ 
C. P. 33/243 ________________ ... _____________ 
C. P. 33/253 _________________ . ____________ 
C. P. 33/278_______ - __________ •. __________ 
C. P. 33/30L _______________________________ 
C. P. 33/309 
C. P. 33/310
C. P. 33/320
C. P. 33/366 
C. P. 33/372
C. P. 33/389 

_____________________ . _' ________} 

____________________________ o. 

____________ . ___________________ 

Resistant. 
Moderately rcsistan t. 
Very susceptible. 
Moderately Tcsi/;tallt.
Susceptible. 
Moderately resistulll. 

Susceptible. 

Moderately resistant. 
Susceptible. 



84 TECRXT('AL neLLE'rrs 641, U. S. DEPT. OF AGRICULTrm, 

Variety-Continued. Red l'Ot 1'alillll 
C. P. 33/39·L_ }Moderately resistant.C. P. 33/-106 __ 
C. P. 33/409._
C. P. 33/415 __ }Resistant. 
C. P. 33/445 __ 
C. P. 33/450 __ Susceptible. 
C. P. 33/451.._
C. P. 33/471._ }Resistant. 
C. P. 33/472 __ _ 
C. P. 33/485 __ SusceptiblE'. 
C. P. 33/49-L_ • _Jl\'loderatel~' ff'sistant.C. P. 33/500 __ 
C. P. 34/L __ _ Resistant. 
C. P. 34/16__ _ __ SusceptiblE'.
C. P. 34/2L __ _ ______ • _ Moderately resistant. 
C. P. 34/25_. __ Resistant. 
C. P. 34.'27. __ _ Susceptible,
C. P. 34/59.. __ _____ . _ _ _ Moderately resistant. 
C. P. 34/75. __ _ _. __ _ _ . _ Resistant. 
C. P. 34/77. __ _ 
C. P. 34/79__ ._ ~: ~ : ~ _~ ~ ~ : ~ _} Moderately resistant_
C. P. 34/80 ___ . _ _ 
C. P. 34/8L. _________ • _' _____ . ___ '. _. __ . _ _ Susceptible. 

NATURE OF RESISTANCE 

,Yithin recent years important advances have. been made in an 
lmderstanding 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 resistnnce to the 
disease. Aside from its scientific interest, such information might 
lead to the discovery of a relationship between resistance to red rot 
!lnd one or more other characters that would be of value in the breeding 
and selection work. 

The protective mechanism of sugarcane varieties against red rot 
may be concerned ,,,ith resistance of the host tissues to infection by 
the pax-asite and to its development within the tissues of the host aftet· 
infection lws occurred. 

RESISTANCt: 'ro INFECTION 

In earlier papers (10, 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 01' prevention of invasion of 
the stalk by Golletotrichu,m jalcat7tm, through the root primordia be
cause of their early and vigorous root development. This WfiS 

particulnrly 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 primordiu, under conditions favor
able for root formation. ",,11ether this was due to a mechanical 
escape from infection as a result of the development of the roots, or to 
actual resistance of the tissues of the root primordia to invasion has 
not been determined. In the experiments mentioned, invasion of the 
stalk through the root primordia occurred if the young rootlets were 
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lujul"rd, or if thr· ('lIltingH WNt' Hubjcdpd to ('()f)dilioIlH thul illduerd 
dormaney and prpvcn fpc[ root dpyploPfllplI t ovpr a prolongcd Period. 

The pxperimell tal rPHtIlts, drlllollstrnting tha t this type o[ l'esisblJlcP 
(or escnpe from infpdion) might be broken down un<ipr cprtuin condi
tionH, were confirmed by uetunl fipld experience with C. P. 807 in ] 935 
nne! 193H, whpn prolongrcL dOI'mtUl('y of the p\unted sppd cllttings in 
hCltyy Roil on RevNal plantations wns followcd by rr(\ rot inY(1Hioll of 
the RtnlkH through the 110drR. Sueh infceti.on of seed ('uttingH of thiH 
YHrirty hns o('clIl'1'ed rxtrnsivcly, ho\\"ry('1', in only 2 of the 6 yr:tI'H 
C. P. 807 hns brrn ('lIltivutrd on a eommrrcinl scalr. 'Yhilc such 
functional rrsistnnce Ol' rHcape j'1'01ll infrctioll, thrrrforr, is influencr(\ 
by rnvironmental t'onditiolls nncl eannot be. drprndrc\ on to protrct 
thr plant ngllinHt the disruse undcr nil eonditions, it ma~' be of consid
rl'Hble importance in the pl'Otectiyc mechanism of Rome yarietirs. 
C'ommrrcial experirl1ce with sugarcune varietiPR makes it evident, 
however, thn t resistance of the tiRRues to invasion as wrlL as to den'lop
ll1ent of the fungus after infedion iR of pI'imHI'Y importiu1('e in COIll

bating rrd rot. Studirs were undrrtaken with the view of (\rtermining 
the 11:1 turl' of this type of resistance to red rot in sugarcane yarieties. 
The pathological anatomy wus first ('onsiderrd. 

RESISTANn: Ot' HOST TISSUES 

PNrnOLOGI(,AI, A:-.'ATOMY 

Pre\'ious st uelir:; of the pa thologicul ullutomy of red rot hl"(",e not 
been ('oncerned with a ('ompnrison of the disease in suscrptible and 
resistant hosts, nnd in \"ery fr\\' instances has the yariety of sugarcanr 
studied been namrd. Well t (73) in the original study of thB diseasl' 
found tha t the funguH den'loped prinripully in the plll'C'nrhYl11tb c('Us 
of the stalk, but noted that the vaseular bundlrs might be iJwudc'd 
nlso. "'ithin the ilwnded ('ells the mycelium WtlS characterized by 
the presence of oil droplets, which are soluble in ttleohol and ethel'. 
Frequently the hyplwl walls (\issolvrd, leaving the oil dl'Oplets in tilr 
cells in rows, marking the course of the former hyphne. This is in 
accord with the author's obsernltions. Butler's account (20) of the 
pathological anatomy agrees essentially with that of Went. 

For. the present studies a vcry susceptible variety, P. O. J. 21:3, 
and a resistant one, Co. 281, were chosen. These ynrieties haw 
('ertain similar morphological characters, such as stalk size, color, 
and ftber ('on tent i and while there was no evidence to indicate that 
any of tbrse cilflrncters was correlated with red rot resistance, it 
seemed desirnble to choose varieties that 'were similar in as many 
respects as possible, aside from thri1' resistance to red rot. Free-hand 
sections of both naturnLly and artiftcially infected stalks ·wcre preparcd. 
. As noted under the discussion of the life history, the red rot fungu~ 
l1lvades the sugarcane stalk through wounds, or through the root 
primordia. Regardless of the method of entrnnce into the stalk 
tissues, it soon invades both the parenchyma cells and the ynscu\ar 
bundles. This occurs in growing cane as well as in cuttings, although, 
as pointed ou t by Edgerton and ).Ioreland (30), spread t1u'ough the 
pnrel1chyma is more rapid in cuttillgs than in standing canr. In 
both stnnding cune nuLl euttings the fungus develops more rnpicl\y in 
P. O. J. 2]:3 than in Co. 281. The !'ilte of spread appears to be 
governed by the chamcters of the cell contents rather than of thrir 

http:infceti.on
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willis, sinee no indieution was found that the cell walls of Co. 281 
oUeTed any pnrtieuinr meehanicul resistance to the progress of the 
fungus. \Vithin the invaded eells of the two varieties, however, there 
is a marked difl'erence in the rilte and extent of the branching of the 
hyphne. Iil the susceptible P. O. J. 213 the hyphae develop rapidly, 
brnnching profusely and frequently producmg an abundnnce of 
conidia. In Co. 281, on the other hnnd, the progress of the fungus is 
much slower, llSlllllly only short laternl branches nre produced in the 
freshly invaded cells, nnd conidial produetioll is seanty. Eventually 
the inntded cells of the resistnnt host may be filled with mycelium, 
as in the susel'ptible one, but the mte of development is much slower. 
Tiwsc obsen"utions indiriltNI timt the resistance principle was COIl

tained within the. protoplasm. 

PIIEXO(,(C CO~(l'onw:; (X RELATION TO R~;SISTANCE 

A study of phenolic compounds in resistant and suseeptible hosts 
suggested itsl'If in view of the kno'.m occurrence of such compounds 
in the sugal'{'llne plunt, and the fact that certuin polyphenols have 
been found to piny un important role in the resistance of some plnuts 
to fungus diseases. Three prelimillnry I)Xperimellts have been con
ducted. 

In the first seri('s of ('xperiments, curried out in December 1936, a 
wry susceptible vllriety, P. O. J. 213, and It resistant onc, Co. 281, 
w(,l'e used. The rind wus ]>('eled from internodes in the lower and up
per portions of mature stalks, and the juice cxtl'Ueted by passing the 
stalk tissu('s throu~h It food grinder. After straining through cheese
cloth, total phenols were determined. on duplicate portions of the 
juice from ('aeit variety according to the method of Newton und 
Alld ersOIl (/j()). 

III the bottom ill \.Pl'I1odes the phenol ('011 tell t ill the ..esistan t CO. 
:!X 1 wus a PPl'Oximat('ly 50-p('r('cll t great('r thun in the susceptible 
P. 0 .•1. 21:3, unci in thn upper intel'l1odes 700-percent greater. R('pe
titioll of the (\XIWriment gn\'e similar r('sults. 

In u. second series of experiments eonducted in Septcmber 1937, the 
red rot resistant C. P. 28/11 and the very susceptible C. P. 807 were 
used in addition to the Co. 281 llnd P. O. J. 213. Bepause of the 
immnturitv of the cane nt this seagon, only the lower intemodes were 
extmcted.· The phenol content of the C. P. 28/11 was upproximately 
25-percent greater thun that of the P. O. fJ. 213 und 12-percent 
greater than the C. P. 807, while thnt of the Co. 281 was ll-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 
nnd no attempt is made to draw con elusions from them. 'Vhile it 
appears signifieall t that in three experimen ts red rot-resistan t varieties 
showed a higher phenol content than the susceptible ones, larger 
numbers of varieties in both red rot classes must be studied before 
genernlizatiolls are permissible, Furthermore, as pointed out by 
Walker and Link (72), it is ad visible 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 
isolated from the host tissue in the pure state and their toxicity to 
the parnsite in question determined. The results obtained thus fill', 
however, arc 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 reeognized us fl. diseuse of seed 
rane, the use of sound seed for planting has b(lell emphnsized as one 
of the principal menns of control. This is importunt not only with 
respect to reclrot infection but nlso as to borer damage, 

The difficulty under most pluu tation conditions in Louisinn!L is to 
obtain bOl'er-free nnd red rot-free seed, particularly in years of henvy 
borer infestation. A survey of possible SOlUTes of sped supply on the 
plflIltation, however, will usuully show some fields to be less infested 
thnn others. \Yhere this is true, the impmvl'd stands of cnne that 
will be obtained from the llse of the sountlet' seed will more than com
pensate for extra. hauling and other incidentnl costs invoh'ecL 

In the sirup sections, the question of seed selection is much simpler, 
The smaller scnle on which cane is grown there permits the examina
tion of ench cutting flS it is taken from the seedbeds in the spring. 
Great care must be exercised in tbe examination of the cutting1:i, 
discarding those that show indicn.tions of red rot infection. Of the 
present vnrieties grown to any extent for sirup production, Cayana 
and LouisinnlL Purple (or Georgia Red) suffer the most severe seed 
deterioration in the beels und subsequent losses in stands. P. O. J. 
213, ns mentioned .preYiously, escaped sueh injury until the spring of 
1938, when considerable deterioration in the seedbeds and later reduc
tions in stands OCCUlTed. Spoilage of Co. 2no sced also oc('llt's com
monly in the beds, bllt this is believed to be due principally to causes 
other than rcel rot. TilLIS far the SlI perior-yieltlillg, Iligh-q unlity 
sirup vn-riety C. 1>. 20/11 (j has shown no sNious dctet'iorntion I!'Om 
red rot or other dis('ases in the sil'up-pl'Odu('ing Ul'eHS, nnd the replace
ment of CayUUtL and Louisiuna Purple with it is to be rc('omm('nded. 
In spite of the seed-cane spoilage that IlIHy OCl'lIr with P. O. J. 213 
and Co. 290, hO\\'C'Yl'r, these varieties, bC'(,Hlise of their superiority in 
yields, Illfly also profitably repittee CaytLIHL allti LouisiaIlIL Purple. 

Budler (22) in llldiu W:IS pNhups tile first to p()int Ollt the ynIlie 
of setting aside ('ertain fields of ('ilI}(\ to be used. solely for seed purposes 
ns H, means of COil trolling red rot. This was later' nd vocnted by Edger
ton (88) und Edgcrton, Taggart, nnd TilliS (iJ7) as a general disense
control mellSlll'e in Louisillnu. In recent yenrs n, very important 
step toward obtaining better seed ('ulle supplies hus been taken in 
LouisianlL by several growers ill the <,stnblishment of seed plots, 
principally in isolated urcus as it mcum; of keeping seNt supplies free 
from mosnic. \Vhilc limited. nt presen t largely to mosttie susccptible 
Yarieties, it is p!'Obable that the fll ture will see the prnctiee expanded 
to include other vtlrietirs. In addition to the benefits that will aCCl'Ue 
[rom the control 01' reduetion of mosaie, the growing of cane solely 
for seed purposes will pt'rmi t sl)('('inl atten tion to be given it with 
respect to fertilization and ('ulti\'atioll, and should result in generally 
higher quality of seed CilIle \'lith consequent improvement in germina
tion and stands. . 
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CULTURAL PRACTICES 

A greut dpnl eall hr cLo[1E' toward redueing red rot injmy to seed 
cane hy attention to clutuml pmetiees that tend to stimulate germina
tion (11, 13). Among these "good fa nning" pruet.icps may be men
tioned thorough prppnration of the seedbed well in adyance ofplnnting 
time S(l that it wilt be wE'll ;;pHl!,'d, nn avoiding too deep covering of 
the seed nt planting time. 1 T y~ . gappy stnnds result on some 
pltlntation;; owing to too depp ;!. This rpsluts in retardation 
of germination, thus fnyoring r . dpterioration of the seed. 

SUl\ll\. PLANTING 

Plan ting 11 pnrt of til€' acreagp in August, whel1 pxcellent germinntion 
('an be obtained from immature seed cane, offprs n, menns of escaping 
considprH ble injury from sppel-rotting diseases which afl'ect cane planted 
ill tbe f~tll. Tili;; is particularly true of nuiptips Suscp.ptible to both 
red rot and root rot (55). Slimmer planting enables tile plants to 
b('('OI11<.' wdl establisbed on their own root systems before the 'winter 
months, and onee this is accomplished deterioration of the seed cut
tings is of little consequence. X ot nil yarieties respond well to sum
m('r plnnting, bowe\'E'I'. and th('y should be chosen for their adapta
bility in this respect (16). 

DESTRl'('TION OF TRASH 

The destructioll of cane trash and diseased ma terial nfter harvest. 
bas been recommended (22, 2f1, ,:In, 33, 58, 61) as n, means of reducing 
red rot infection. For s('veml reasons, it is dOli btful whether trnsb 
destruction for tbE' sole purpose of reducing red rot would ba ve enougb 
effect on tbe di;;euse, under Louisiana plantation conditions at least, 
to warrant allY speciill effort being made in this regard. In the first 
plnce, it is practically impossible.to do u, complete job of disposing of 
Clllle l'efui'p, aud the sm/tIl quantIty that wowd always remain would 
probably carry enough of the red rot fungus to start 1eaf infections in 
tbe spring. Fmthermore, seed cuttings and stubble rhizomes that 
become exposed during spring culti\'ation operations serve as SOlll'ces 
of inoculum for leaf infections, nnd when the disease is once stnrted 
on the leaves it soon spreads rnpidly through the :fields. ~Iany argu
IllPlltS have been aciyancecl for und against the burning of trash 1'01' 

reasons other than red rl)t control, nnd so far as the sugar district of 
Louisiana is concerned, the q llestion should be decided on j ts merits 
nsicle from its relation to this disease. In the sirup sections, burning 
of trash nne! diseased cuttings discarded from the seedbeds is to be 
recommended. 

RESISTANT VARIETIES 

In recent ,V'ears the greatest dependence for the control of red rot 
hus rested on the utilization of re:i~stant yarieties. -enless n, yarietv 
possesses n, satisfilctory degree of resista nce to recll'ot, otb('r con tro1 
measures will be illeffective in milny years. This is particularly true 
on the heayy, poorly drained lands in the Louisinnn. sugar district, 
where susceptibility to both red rot and root rot must be considered in 
the choice of yarieties. Past experience has shown that large-scall' 
planting of canes that are susceptible to these diseases may proye ex
tremely costly. 

http:impossible.to
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The present assortment of yarieties suitable for cOltunercial cul
ture in the rnited States stillleaY('s lUuch to be desired with l'espect to 
resistance to l'ed l'ot and other disenses. DUling the past decade, 
however, such great progress has been mnde thn t the industry in the 
United States is now on a finner basis from this standpoint tbm. at 
any time in its history. .Judgi1"i;irom the number of disease-l"esistnnt, 
commercially promising seedlh ..)~ now" !;ing tested. with the prospeet 
that others will be produced. 'C'h , " the future outlook for the 
effective l'eeluction in losses frOl ,,',ot nncl other diseases n ppeill's 
very prollllsmg, 

SUMM'H}Y 

Reel rot, cRused by C'olletotrichum falcatlliH, is Olle of the major 
diseases of sugarcane in the southern rnited States, where. sitlre the 
time of its discovery in the COlll1try early in the presmt (,PlltUI'}", it has 
been an anllual source of losses to the industry and nt tillH's nn impor
tant contributing faetor to the dpcline of SPYel'lti sllgarcane ynrieties. 
The symptoms of the disease on the leans und in the ~tnlks HI'P de
scribed, unci the losses cHused by it in reduced stands a nd yields of cane 
and sugar are discussed. . 

In 1929-31 unusually seyere losses were sllstnilwd from it in Louisi
ana tluough the sudden fnilure of one of the letlding ('olllmelTial 
varieties, P. O.•J, 2] 3. In seeking the eause of thi5 faihl'P, iI detailed 
survey of the Ted rot flora of the soutllPl'1I CnitNI Stat!'s ",ns umlf'l'
takerl, in the course of whieh isolates of Co/ltt(Jtrich II lit fa/('atlllll wpre 
obtained from the lE·ading commercial ynridic·s in Lonisiallll, titl' sirup
pl'Odueing States, and soutllPl'Il Florilltl. This I'(>\'('aled tilf' I)I'(,S(,I]('(' 

of two morphologiC'HI ruC'('s of the l'ungus. distinguisiH'd h)' till' {'olor 
and trxture of the myCelium in altifil'iul ('ultuI'P. On til(' basis of 
('0101', these were ternied light aud d!lrk rac('s, J'P,;pl'l'ti\'t,jy. Jsolutl':-l 
intermediate in ebaracter hetw('en the two )'UC('S W(,I'(, also ohtaillPd. 

DUTing th.e early yE'lll'S of the SlU'YPY (H):~() :~-1) t Itt' lig-II t 1'<1('P PI'I'
dominated in Louisiana. but bpginning inl na4 t h(' dtll'k TtlCP ilH'reasPII 
in relati\~e number~., untl is 110\\' mol'P' prent\Pllt than the light. E\·i
dence is presentNI to indicate that this rhang£' WU:-l inlllll'IH'pd by till' 
changes in relati\'e acreages of cornmpl'l'inl YtU'lPtip:-l or sllgal'elllH' that 
occul'I'ed from 1933-:)6. In spite of this dlUllgl' in ill<' n'd rot 110m u,; 
a wbole, P. O. ,1. 213 continued to sbow it pl'('f('rt'nc(' 1'01' tIll' Light-rIll'!' 
isolates even whpll i1 bUlldilll tly pxpos('d to tilt' d 11 rk lIllPS; u nd ('Oll
versely the dn.rk-l't1ce isolat('s PI'C'dolllintlt('t! Oil C. p. ~07 under ('011(1 i
tions of exposUl'e to both. It wus ('ont'lut!pd fl'OlTl til(' StlITt'}" that 
tbe light mee W!IS J'P:-lpOllsib1t' fOl' til(' fuilul'(' or p, n..J, ~1:L Hilt! the 
dark race for the dedillP of ('. .P. kOI. 

In the sirup-producillg SUltC'S tl\(' dUl'k nu'e prt'dolllillu (t'd fl'oll1 
] 93(}--37 , but in 1H38 tile ligh t mel' predOlnina tt'd Oil nil YHl'iptip,; ps
cept Cay/tl1il. III sou thern Florida, only ligh t-J'tl('(' is(Jlu tp,; WPI'P 

obtained. 
Detailed cuHural studies of ('. falcatllln. are r('por!rd. :\1 ('n";l1 1'(,

ments of the conidia of 81 isolntes silowt'd 110 ('()[TPlntio!1 l)ptw('('n 
conidial size and the cultural ehn.metel's difTerPlltinting tht' two rnCt'~. 
nor could they be differentiated on tltr basis of tht' r;lte of !!l'owtli ill 
('ulture at different tE'll1perntur('s. The optimum tt'1ll (H'I:at un' for 
the fungus was Jl'Olll 30° to 32.5° C,; :11° was l111fnYOI'ublp to growth, 
growth was slow at 15°; and no growth WitS obtainf'd below J ()"J C. 
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The cultural churacters of single-spore cultm'C's of HI(' fungus ]"('_ 
mained constant throughout tlIP 1)('I"iod of the illYestigution, mutat.ion 
or other forms of marked Yfu'iution not J)('ing observed. 

Both durk- und light-race isolutes of ('ollttoil"ichutn Jalcatum were 
obtained from lesiorls on the leaf midribs of Sorghum halepense, S. 
rulgal'e, and EI'ianth1lS gigullte1/8 in Louisinna thnt were indistinguish
able in morphology und pnmsitism from those obt.nined from leaves 
!U1d stalks of sugarculh' Tlle gl'llss illld sugurcune lsolntes werC' com
pared in culture with a cultUl'e of ('. grami7licoi1l1T1 obtuirl('cl from thC' 
Netherlands and one from ]OWI1. 1Jorphologicully the former cul
ture wns similar to, ulthough not jclC'ntical with, sOlUe of the durk-rll('C' 
isolfttes of C. fa/catum, whel'ens the 10\m ('ultUl'C' showed little rC'
semblance to C·falcatUTIl. ]n il1o('ulatioll expet'inH?I1tf; neitl1l'l' culture 
of e. graminicoluJn dC'\'(·lopNI in tile tissll{'s of ]'('d ]'ot-sus('cptiblC' 
varieties of sugnrCl1llP. It was con('ludl'd that the two spl'ci('s art' 
distin('t, und thn t the fungus commollly OCCUlTing 011 til(:' It,nr midribs 
of ,10hnson grass, pl1\P\~'~rH:;", and sorgo ill southcrn Louisiana is cr. falcafum. 

in life-history studies, it was found thnt the disensc on the lean" of 
sugul'culle was of importance ]Jri[]cipnlly a:; n. meuns of disscmination 
of conidia, pl'fwidillg :.ll abundant sourcc of illO('ululll 1'01' stillk inf('c
tions. Infe('tion of thc l('!l\'('S conullollly o{'curs through the wound:; 
mndc by ins{'{'ts. hur penetration thnHigh the apparclltly uninjured 
('pid{'J'[llis mny Ol ;'ur. Stalk inf('diollS of stnnding- ('.nlle O('cur In.rgely 
through the tunncls (If the moth oOl'cr (])iafraNL s(lccharali,'1 (F.», nnt! 
in ('ertnin "ery susC'f:,')tible vurit'ties, through the root primordin. III 
seed cuttings, it nwy also oCt'ur through ~il" ('ut pnlis. The diseuse 
develops during thc willtt'!' in seed Cllll" Hom :nfe('tiolls thnt hn\'e 0('
eUIT('d prior to ('utting and plunting. In the spring, ('onidin, produ('ed 
on tL'!i"lh and pi(l('C's of sped cuttings c:ipo,,{'d in <'Ilitinllion operutions, 
ami On stubblt' rhizOIll{'s sel n~ as SOI1l'('es of inot'uluW for initiating 
infec tion of the leH,\'{'s on whic' h the (iisem;e ('on tillll('Rto m ul ti ply 
throughou t the growing SPUSOII. X 0 n-j(it-II('e waR obtltined to indi
cate that the fungus is nhle to ])('rsist in the soil. Rotting of sped cut
tings ullder fieLd conditions is fnv()l'e(1 b.\T poor drnillnge. 

The ('ornpnruti\'1.' yil'llll.'nce of bot.h the light alld tht' dark culturnl 
I'UCt'S of the fungus wns dl'tel'milled on U J'(·si.;.;tunt host, Co. 281, nnd 1\ 

very susct'ptible onE', P. O..J. 21:3. 011 tLl('st' hosts, til(' isolntes of the 
light rilce hom LouisinutL W('I'(' mOl'!.' "inriellt, ill gpllPrnJ, than thos(' 
of the dark, and the bUt'r W(,I'(' more yirult'llt tlll1l1eith('1' th('lil!ht- or 
dnrk-mce iso!u tes from the sirup-prod uC'ing- Stat('s. ThE' rE'pr('
sentatives of tile two ('ultul'HL rilC('S test('d frol11 the sirup-pl'Oducillg 
Stntes were of ahout ('ctunl yirulellc('. Frol11 these I'{':;uits it was ap
pnrent that there "WUS, ill gt'IH'l'Ul, H, 1'(·lntion bt'tw('('11 yinri('nce and 
the geogrnphie origin of thE' isolntes with l'('spect to the prin('ipnl 
sugarcane-growing tU'Nl" of the l' IIi ted Stn tes. 

Although weU-defined physiologie forms. sll('ll us lw\'(' been de
scribed for the rllst fungi, could not be di[I'('['cl1 tiDtpd, it degree of 
parasitic specialization withill ('ncb ('ulluru I race WilS dcmonstmted. 
H11en a group of ligbt,-nlce isolates obttlillPd from fidels of P. O.•J. 
213 in Louisiana \"uem it failpd, for example, wpre compilred with 
those obtained JrOIll other ('0I11m(,l'eiI11 ntrieties, the P. O. J. 213 iso
lutes as a group were signiflcalltly Jllort' "indent than groups fl'OlI1 

Co. 281, D-74, and miscellaneous Yl.ll'i (' tip" J with the excpptioll of those 



91 RED ROT OF ;;;lTOAR('ANE 

from P. O. J. 36-1'1. This indicated that a measureable degree of 
parasitic specialization of the P. O. J. 213 light-mce forms llad oc
curred on thilt variety and together with the results of the survey 
showing that the light cultural race was dominant Oil P. O. J. 213 
during the period of its failure, ofl:'ered a plausible explunation for its 
decline. 

The dark-race isolates obtained from C. P. 807, furthermore, from 
sections where red rot was severe on this variety, were significantly 
more virulent Oil it than those from areas where the disease was less 
severe. While there was this evidence of a degree of parnsitic speciali
zation among certain of the isolates from C. P. 807, a comparison of 
all of the isolates from this variety with those from other varieties 
indicated that as a group the C. P. 807 i"olo,te" did not constitute a 
specialized parasitic rnce. 

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 evidence 
indicated, however, that this was a chance variant and not a represent
ative of a large population in nature. 

On P. O.•T. 213 the dark-race isolates from Louisiana were signifi
cantly more ,irulent than either the light- or dllrk-race isolates from 
the sirup-producing Stntes. This suggested that a partinl expla
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 C. falcatu1n present, there. This tentative conclusion 
was corroborated by a testin which certllin Louisiana light-l'llce isolates 
produced infection of this variety through the root primordia and 
subsequent rotting of the stalk to a greater degree thun representatives 
of both rllees from Georgia. 

Among the dark-race isolates, differences in relative virulence were 
found similar to those described for the isollltes of the light cultural 
race. As a gr01\p, the isolates from Louisillna were more virulent thM 
those from the sirup-producing Stau,s; and among certain of the Louis
iana dark forms there was further evidence of a relation between 
virulence and geographic origin. 

The importance of red rot in the Department's sugarcane-breeding 
and disease-testing program is discussed, and the lllboratory method o[ 
testing large numbers of seedlings for red rot resistance is described. 
Based on the results of these tests the seedlings are classified into 5 
groups of resistance or susceptibility. The laboratory tests are sup
pleniented by field-inoculation tests with the most promising ngro
nomic selections, to determine the effeet of the disease under uctuul 
field conditions where the extent of injury is infiueneecl by sueh factol'fi 
as the ~1g~r of the sugarcane vil~ety, suseeptibility t? .borer attack, 
susCep~-'111ty to root rot, and soil and ''lea ther ('omlItlOns. It was 
found that susceptible varieties that are very vigorous may suffer le"s 
from reel rot than more resist-ant ones that are less vigorous. Yarieties 
that are moderately resistant to red rot but susceptible to root rot 
may be more severely injured by red rot tbnn those susceptible to the 
disease but resistaHt to root rot. 

The reel rot reaction of varieties representing the five generally 
accepted species of Saccharum was determined by the laboratory 
method. Thirty-two varieties of S. officinarum studied were classed as 
very susceptible and 4 as susceptible, from which it was cc.<1cluded 
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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. 

Of the two varieties of S. bal'bel'i studied, one ,vas very susceptible 
und one moderately resistant. Two varieties of S. sinell8e were very 
susceptible and seven were susceptible, indicating thnt the members of 
this species are oIlly slIghtly less susceptible than those of S. offici
narum, The one variety of S. 7'Ob1tstum availab~e for testing was 
classed as susceptible. 

Wlth OIle 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 very susceptible, A study 
of the genealogy of the resistant seedlings produced at the Depart
ment's breeding station indicated that some for.r:n of S. spontaneum 
,vas the most probable SOlU'ce of their resistance to the disease. 

The distribution of red rot resistance among the seedlings of foW' 
complete progenies was studied, two of them, Co. 281 X p, O. ,J. 2878 
lmel Co. 281 X r. S. 1694, in considerable detail. No correlation was 
founel to exist between red rot resistance and the growth habit of the 
female part'nt (Co. 281), the agronomic c!JuradeI' of the seecUings, 
(II' the Sllcrose content of their juices. 

From n study of the distribution of resistimee among the firld 5elr('
tions of:.?4 eommert'ial t'rosses, it was conduded that Co. 281 is of great 
ndue as a ptU'ellt in brertiing for l'E'll rot, l'('Sistullce. This Yai'iety 
rn',ered into the pnrentage of nenrly nil of the crossps from which nny 
cOllsiderable l1uml)E'r oJ red rot resistunt seedlings was obtnilled. 

The red l'ot reaC'tion is giYell of 79 of the most promising agl'ollotllie 
spleC'tions from the] 929-:34 CHlHll Point series. The percentnge of 
resistnnt nUles nmong these selectiolls increased from 27 ill the] B2H 
sl:'ries to 7:~ ill tlte ] ~);i4 series, indicnting thnt ill the latt'I' srries larger 
llUl1ll>ers of seedlings were procluced, wldC'h combined desiruble 1lg'I'O
llomic qnulitips with rpd rot resistanC'e. 

Stutlies of tbe l1ature of l'esistnnce to red rot nmong sugnrCtllle Yllrie
ties indicated that it migh the cOllC'el'llpd wi tit resistallce of the host to 
in \'I1;.;ion of tbe parasite thl'Oug'h the root primorc1 in, and to the dp
velopnwllt of the fllnglls within the host tissues nftl:'l' illYHSi(}Il laId 
()c('uITPd. The first type of l'esist:u)C'e is illustrn ted by C . .P. 807, 
whiC'h is resistnn t to inn1sion through tlte root primordia und('[' u \'el'uge 
field conditions, bu t which llIay be inYtlded under em'il'Onlllen tul cOil, 
<litiOl1:> unJ'nyomhle to the 110st und Ja \'()mble t.o the pn I'Usi te, such us 
prolonged low temperntures uc'compallied by pxC'essin' soillllOi::ltUI'P, 
ResistHllce of the host tissuc's to the spl'Pltd of the parasitp nftN 
inYllSion, tlH'1'l:'fore, was considered of g'rent('[' importan('p, 

A compnrutiye study of the patitologiculul1atolTl.\- of H, J'('sistunt and 
a velT slIsceptihlr host did not l'evrn.1 cliIl'el'(,IlC'(,s in thp dmnwt.pl' of 
the tissues of the two Yal'i(,tirs that would exp1ain their difl'eren t 
renction to the diseases. It was concluded that thr l'(';:;istnnC'r prin
ciple WitS ('ontainrd within thr protoplasm. 

Preliminary detrrminution of phenolic compounds in the extracted 
juices of two resistant and two vel'Y susceptihle vnrirties are reportrcl, 
ill which the former ,\'ere found to hilye it higher totul ph('nolic ('ontent, 
than the latter. 1111ile the results suggested that such compounds 

j 
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might be concerned in the resistance mechanism, the preliminary na
ture of the e:\.-periments did not permit such a conclusion to be drawn. 

In considering measures for the control of red rot, seed selection, the 
esta,blishment of plots where cane is grown especiallx for seed, sound 
cultuTal practices, and summer planting of susceptible varieties are 
discussed. It 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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