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The eye-spot disease of sug·ar can e became serious in Porto Rico 
jn 1922-2 3. Like most diseases which suddenly app ear as menace 
to a crop it was r eferre d to by the growers as a new and mysterious 
disease and was given several local names. Along the north coast 
it was frequently r eferred to as the Manat i disease because it was 
first 'found n the vicinit y of Man ati. Along the south coast it was 
sometimes referred to as Santa Rita disease although that name was 
not used so extens ively as ManatL Fortunate ly these two nam es 
have gone out of use and the disease is now generally known as '' eye 
spot ", a name which is very generally used in other cane-growing 
regions of the world . The first studies made by the wri ter showed 
considerable variatio ns in the spots and in size of the spores which 
led us to suspect that that spotting might be due to two-species of 
organism causing the disease but later studies have shown that this 
is not true. 

Although the disease was at first referred to as new and myste-
riou s, the studies made by the wri ter very soon showed that it is the 
rommon "eye spot" which is caused by a fun gus ( H elminthosporiw,n 
saccha1·i Butler) and is well known in other pa rt s of the world. It 
was first reported from Porto Rico by Johnston and Stevenson (8) 
in 1917, but it was no doubt pre sent on th e Island ma ny year s 
pre vious to that date. I ts sudd en appearance as a severe disease in 
Porto Rico was no doubt due to the growing of an increased acreage 
of susceptib le varieti es and to the climatic condit ions in 1922-2 3 
which were especially fabarable to the g1·owth of the fungus. In 
1923-2 4 the disease was less severe, due to unfa vorable conditions but 
it has been quite severe dur ing the following years. The threaten ing 
character of this disease lead us to make studies which have be~n 
carried out during a period of four years and are recorded in this 
1,aper . 

HISTORY 

The prevalenc e, wide distri bution and genera l character of thi<J 
disease give ample reason for believing that it is very old although. 
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we have no aut hent ic records pr evious to 1892 when it was first 
reported and described from J ava by L. van Br eda de H aan (5) 
who demonstrated that it was in fectious and due t o a fung us which 
h() named Oercospora sacchari. A more complete account of the 
disease and a colored plate was published from J ava in 1898 by 
Wakker and Went (18). In 1901 the disease was discussed in 
another publication from J ava by Dickhoff and Hein. 

In 1907 the disease was reported from Hawaii by Lewton-Brain 
(15) who stated that the disease had been known previously as 
''rust''. In 1909 the disease was again reported from Haw aii by 
Cobb (3) who also publish ed a colored plate which corre sponds quite 
well to th e disease as found in the greater part of Porto Rico, but 
his spor e drawings are of H elmin th ospo1·,ium. In 1922 Lar sen (9) 
reported the isolation of the fungus and the r eproduction of the 
disease by spraying cane leaves with a spore infu sion. 

In 1913 it was reported and described from India by Butler (2) 
und er the name of H elmin thosporjum sacchari who comments on 
previous work as follows: 

"In Hawaii it has been briefly described by Cobb. Fr om the figures pub-
lished in Wa,kker and Wentl's well-known textbook of sugar-cane diseases, it ap-
pears probable th at t his fungus is r eally a. Helminthosporiwm and not a. Cercos-
pora. A comparison of the two fungi has not been possible and could a.lone 
settle the question of their identity.'' 

Butler's nomenclature is very genera lly followed by mycologists . 
and plant patholog ists. Butler report ed that the disease had '' not 
been found to damag e the crop mat erially". 

The disease was first reported fr om Porto Rico in .1917 by 
John ston and Steven son (8) who evident ly did not consider it of 
much importanc e. It was next reported from Porto Rico by the 
writer ( 4) in 1924 in a preliminar y paper as a disease which 
threatened to be of major importance . 

The latest publi cation is a series of papers from Hawa ii by Lee 
(7, 10- 14, 16, 17) and other s in which various phases of the disease 
and discussed. These publications will be referred to from time to 
tim es in this paper. In the :first of this series Lee (10) calls att ent ion 
to th e fact that early publi cations indicate that the disease probab ly 
existed in Hawaii as early as 1854, that it was considered as serious 
and was known as "fire blight". This is 39 years .earlier th an the 
first authentic record by van Breda de Haan . 

Although th ere is r eason to believe that the disease is widely 
distribut ed throughout the sugar -cane-growin g regions of the world 
the only report s of seriou s outbreaks are from Hawaii and Porto 
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Rico and the only important vari eties that have proved , especially 
susceptible in Porto Rico, are D. 109 and F.C. 306. H. 109 has 
been introdu ced into Porto Rico but has not been grown extensively . 
It is less susceptible in Porto Rico th an D. 109 and F.C. 30'.3. 

The preceding discussion includ es references to the most important 
publications but there ar e many other brief references which show 
the wide distributions of the disease throughout the sugar-cane-
growing countries of the world. These records show that the disease 
is known in Ja va, Hawaii, India, Philippines, Formosa, and Southern 
United States. It has been reported from West Indies, from Cuba, 
Jamaica , Santo Domingo, Barbado s, Trinidad and Reunion. 

SYMPTOMS 

The eye spot is usually well defined and characteristic but is sub-
ject to many variations, depending on variety, age, severity of in-
fection, climatic and possibly other factors. The disease occurs on 
the lower half of the blade, sometimes attacking the sheaths but 
rarely attacking the outer half of the leaf except in the case of young 
plants, when the entire leaf may be attacked. · 

The disease usually starts as very small reddish, occasionally 
black spots. If the variety is very resistant, this character may 
disappear with the growth of the plant. If the variety is susceptible, 
the spot increases in size and developes other colors. Most spots on 
susceptible varieties are red when young but usually develop black 
center s and yellowish borders. The arrang ement of these colors and 
the elongated , pointed form have given rise to the common name 
"eye spot" . However, the spots are not uniform in either shape 
or color. Any one of the colors may predominate. Sometimes the 
spot remains red until one-fourth inch in length before showing a 
black center. Sometimes the colors have rather definite outlines and 
sometimes they blend. Sometimes the spots have the definite eye 
form and at other times they take the form of long narrow black 
streaks of various lengths; usually one-fourth inch to 3 inches but 
occasionally more . Sometimes they are long, dark in color and of 
a rather irregular outline. Sometimes they unite, usually at the 
end . In young spots, the colors are usuall y bright and clear but as 
the spots grow old the colors become dull and almost disappear 
,vith the dying of the leaf. As the spots grow old, they usually 
develope ashy-colored centers as a result of a dying of the central 
tissues. In the case of the more susceptible varieties, such as F.C. 306 
and D. 109, the entire leaf may dry , and in the case of severe out-
breaks it is not uncommon for three -fourth or more of the leaves to 
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be killed. Entire fields become brown, except for a few green leaves 
at the tops of the plants. The spots may occur on any part of the 
lower half of the leaf from midrib to margin but do not occur on 
the midrib . In the case of severely infected young plants and seed-
lings the entire plant may be varying shades of red, the tips and 
outer leaves die and become brown very soon and in many cases the 
plant is killed. In some cases the spots are blunt, with a predomi-
nance of red and purple colors which darken with age. Sometim~s 
the spots coalesce, become irregular and develop into blotches which 
may enclose small areas of apparently healthy green issues. The 
margins of these blotches are frequently yellow. These blotch char-
acteristics were originally attributed to the so-called "Santa Rita" 
disease, but a more extensive study indicates that we have but the 
one species of the fungus. Therefore, the blotching must be consid-
ered one of the variations of the disease symptoms. Although the 
character istic blotchings are most common on the south coast, they 
do occur in other parts of the Island and the writer has produced 
them und er green -house conditions by heavy infection of the young 
~anes. The top-rot symptom which is described in publications from 
Hawaii is rare in Porto Rico but the '' fire blight'' which is also 
described in the Hawaiian publications is quite common, especially 
on D. 109 when grown on the higher elevations . Many of these 
variations are no doubt due to varieties and to climatic conditions, 
hut some of them may be due to soil conditions as previously referred 
to by the writer ('4) or to the presence of other fungi which are 
more or less common on the spots. 

The disease attacks the lower half of young leaves of growing 
cane while they are unrolling. The spores are appar<-mtly carried 
by the wind and fall into the tops of the cane, and since the arrange-
ment of the leaves is especially favorable for the collection of mois-
ture , the conditions are most favorable for the g1:owth of the fungus. 

The 1·ing spot of sugar cane is due to . an entirely different fungus 
r Leptosphaeria sacchari J. van Breda de Haan ) . It is possible that 
this disease might be confused with the "eye spot" by inexp erienced 
observers, but a little study will enable any one to distigu.ish the two 
diseases in most cases. This spot occurs on the outer half of the 
older leaves. The spots are much broader and shorter than the eye 
spots and are usually not more than two or thr ee times as long as 
wide, more or less irregular in outline , and tending to unit e, so that 
in many eases the outer-one-fourth or one-half of the old leaves are 
entire ly dead. The ring spots are brownish or reddish but the colors 
are never so bright as in the eye spots. Gray dead centers develope 
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very early so that in a very short time the spots show as large gray 
areas surrounded by a narrow zone of brown, black or reddish tissue. 

IJOSSES 

It is extreme ly difficult to estimate the losses due to a disease of 
this type with any degree of accuracy, but it is very evident that 
the losses must be considerable in the cases of the severe outbreaks. 
Since the greater part of the manufacture of sugar is in the leaves 
of the plant, the destruction of any considerable part of the leaf 
must necessar ily reduce the working power of the plant proportion-
ately. And since the disease attacks the leaf so early in its de-
velopment, the areas that are destroyed have practically no part in 
the manufactur e of sugar or in furnis hing elaborated foods for the 
growth of the plant . Therefore, the greater the destruction of the 
leaf tissue, the greater the redu ction in growth and manufacture of 
sugar. The writer has seen very large areas of B. 109 and F.C. 306 
in which 80 per cent of the leaves were entirely dead long before 
maturity. Furthermore, the disease frequently kills canes varying 
in height from a few inches to four feet. In one field of F.C. 30tt, 
fifty-seven per cent of the .canes were killed. In the case of very 
susceptible varieties, many young canes of ratoon growths are killed. 
Seedlings are frequently destrc;iyed in great number s. The writer 
has seen outbr eaks in the seedling flats which resulted in the death 
of many hundred seedling s, and Mr. Robert L . Davis of the Porto 
Rico Agricultural Experiment Station writes that in the case of one 
variety "onl y 250 out of 1,106 snrvided ". When young canes are 
blled, they are very frequently attack ed by the rind disease (Me-
lanconiwm sacchari Massaee) whi ch finishes the work of destruction, 
althoug h it is primarily a saprophyte . 

THE ORGANISM 

The organism was described by But ler (2) from India in 1913 
[,s follows : 

' ' The infected leaves first show small red spots, which spread rapidly, chiefly 
in the longitudina l direction and, especiaJly towards the tip of the leaf, may run 
together to form long st reaks. The center of the spot soon changes to a dirty 
straw color , around which the margin remain s red for a time aud then changes 
to dark -brown. The spots occur equally on the midrib, where they may be con-
fused wit h those caused by the leaf form of Colletot1'icwm falcatwm and on the 
thinn er part of the leaf . When numerous, they cause death of the leaf tissues 
beyond the .J-imits of the spots; the tip of the leaf often. wi thers completely and 
there are many long withered strips down the margi ns. 

'' The sporophores are stout, erect, rather rigid hyphae, which arise from the 
peripheral cells of the stromata, (P l. VI, Fig. 4). They are usually unbranched, 
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3 to 10 septate, dark greenish-brown below, paler above and several t imes bent 
or 'geniculate '. Spores are produced at each bend and at th e apex , the lowest 
being due to the spores being always apical at first and being then pushed to 
one side by continued growth of the sporophore from ju st below the insert ion of 
the spore . '!.' he sporop hores are 100 to 190 microns long,, by 5.5 to 7.5 microns 
broad. 

'' The spores (Pl. VI, Fig. 5] are borne single and readily fa ll off. They 
are cylindrical or long ellipti cal in shape, with very th ick walls, and divided into 
from 4 to 11 compartments by broad thick partitions. The colour vari es fro m 
olive green to brown and the size from 35 to 60 microns long, by 8.5 to 12 mi-
crons broad. 

'' Helminthos poriwm sacchari Butl. n. sp. Maculis amphigenis, elongatis , init io, 
rubri s, dein avellanei s, vel st ramineis ac ferrugin eo-marg inatis, 3- 25 X 2-6 mm.; 
caespi tulis minut ia, at ri s; hyphi s fertilbus erectis simplicib us, 3-10-septatis, 
genicul at is, olivaceo-brunneis, apice pallidioribus, 100-190 X 5.5-7 .5 microns; 
conidiis acr ogenis, cylind raceis vel oblongo-elliptic is, utr inque rotundatis, 3-10 
septatis, cars sissime t unicatis, olivaceo-brun nels, 35-60 X 9.5- 12 microns." 

The description given by Johns ton and Stevenson reads as fol-
lows: 

' ' Hyphae dark, cobwebby, arising from the center of an elongated brown 
spot on the leaf-bl ade; sporophores more or less erect with single termina,l spores; 
spore s several septate with very thick walls, rounded at both ends, 32-90 X 9-14 
microms , on conidiophores 120- 160 mm. long.'' 

The writer measur ed several hundred spores (Fig. 1) the mini-
mum being 22 X 6.6 u while the maximums were 92. X 13 u and 
88 X 15 u . The average was 58.7 X 11.1. The septa ranged from 
3 to 11. The minimum sporophor e (Fi g. 2) was 44 u while the 
maximum was 337.5 u. These measur ements were made from sporPS 
and sporophores from leaves of 23 varieties of cane which had been 
in moist chamber 24 hours. It was impossible to correlate the meas-
ur ements with the varieties of cane. · 

The size of the spores appear to depend primarily on· humidi ty. 
Both in the field and laboratory , und er dry conditions , the spores 
were few and larg e while und er moist condition s they were many 
and small . However , in th e laboratory the spor es formed in moist 
chamber during the first 24 hours were usuall y larger than thoo;;e 
for any succeeding 24 hours . 

The young sporophores are more or less straight and the spores 
are borne apically. Possibly it would be better to say that the 
youngest spore is borne apically . Following the formation of the 
:fi.rst spore , there is a new growth sta rting just back of the point of 
attachm ent which extends forward and at a slight angle. A new 
spore is formed at the tip of the new growth and another new gr owth 
is started . This occur s r epeatedly and r esults in a geniculate spo-
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rophore with scars at th e angles. 'rhe attachment of the spores is 
so delicate that ver y few are seen in place. 

LABORATORY STUDIES 

The spores are very bri tt le and £all from the sporoplor e very 
rnadi ly. Ther efore, it is difficult to find them on leaves. fresh from 
th e field unl ess the leaves are collected early in th e mornin g and 
handled carefu lly. However , th ey can be secured in great abun -
rlanc~ on leaves kept in a moist chamber £or 24 hour s. However, 
the spores produ ced each succeeding 24 hours are likely to be smaller 
than th e preceding. Fur thermor e, the spores grown in cultur e are 
very generally smaller than those found in nature. The spore s are 
borne more abundantly on the lower than on the upper surfa ce of: 
th e lea£. The sporopho res vary great ly not only in size but also 
in each group or cluster. When single they were usually longer 
and more spores are produced than when in groups. They ara 
geniculate, a single spore being produc ed from the convex side of 
the bend or angle. The spores originate from the apex, a new 
growt h starts just below the spore and is forced slightly to one side, 
causing the first bend. This is repea ted and results in alternate 
l'ight and left bends. 

The spores germinate very fre ely in water (Fig. 4) usually with 
a singl e tube and usually from one end of a spore . I£ grown on a 
piece of glass, the tube twists around and grows in various directions 
(Fig. 6) but if grown on the lea£ it advances but a short distance 
and then penetrates at a point between the veins or fibro-vascular 
bundles without regard to the presen ce or absence of stomata (Figs. 7 
and 10) . Spores will germinate on and penetrate either surface of 
the leaf, but inocula tion experiments have shown that the upp er 
surface is more susceptible than the lower surface. Thi s was dem-
onstrated by applying agar containing spores at various points along 
the surfaces of the leaf or along th e entire surface. This film ()f 
agar was removed after 48 hours. These experiments were repeated 
a number of times , and the plants kept in a greenhouse. The spots 
were always more numerous on the upper than on the lower surface. 
Very young leaves are suscept ible from base to tip on both surfaces, 
but as they grow older they gradually loose their susceptibility, 
beginning with the tip; the upper surface remaining susceptible 
longer than the lower surface. The upper surface of a reasonablv 
young leaf is susceptible nearer the tip than the under surface ~£ 
the same leaf. The sporophores will also germinate and are prob-
ably as important in spreading the disease as the spores. 
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The penetration of the leaf by the germ tube is very quickly 
followed by a discoloration and formation of a spot (Figs. 7 to 10). 
In some cases the spot can be detected by the unaided eye within :30 
hours after inoculation. This spot increases in size, the greater 
growth being lengthwise and between the larger fibro-vascular bun-
dles. It appears to be rather difficult for the fungus to penetrate the 
fibro-vascular bundles , although this does occur. 

The germ tube appears to be able to penetrate at any point be-
tween the fl.bro-vascular bundles or veins. It was not seen to pent3-
trate immediately over or under a fl.bro-vascular bundle, nor into n. 
stomata. The first growth of the mycellium after penetration is in 
the paren chyma tissues and is either inter- or intra-cellular (Fig. 12) 
and the · septa are comparatively few. The spots increase in size, 
especially in length with age, the discolorations usually extending 
beyond the range of th e fungus. The mycelium becomes more and 
more abundant and the septa more numerous. It frequently acquirns 
the power to penetrate the fl.bro-vascular bundles (Figs. 13 to 15), 
but age and the resistance of the hard walls of the cells of the fibro-
vascular bundles results in the formation of masses of fungus cells 
resembling sclerotia, usua lly just within the epidermis and next to 
the fl.bro-vascular bundles ( Figs. 9 and 11). The resistanc e exerted 
by the hard cell walls of the fl.bro-vascular bundles appear to be t he 
stimulus which leads to the formation of septa and the sclerotia- like 
irrow-th. This growth breaks , tJ?.rough the epidermis and forms 
sporophore s. It also frequently produces a growth which spreads 
over small areas of the surfac e of the leaf (Fig. 11). The sporophores 
were also seen growing out through stomata. 

A carefu l study was made of the str ucture of the leaves of a larg e 
number of varieties and a comparison of the most resistant with most 
8Usceptible varieties indicated that the varieties with num erous, close 
fibro-vascular bundles were more resistant than the variet ies in which 
the fibro-vascular bundles were rather widely separated by large 
quantities of parenchyma tissue. This is in harmony with the larg e 
amount of mycelium in the parenchyma as compared with the :fibro-
vascula r bundles. 

INOCULATION EXPERIMENTS 

The inoculations were made in both greenhouse and :field for the . 
purpose of determining the relative susceptibility of the many va-
rieties. Inoculations are easily made either by the use of spore 
infusions applied with an atomizer or by pouring the infusion into 
the tops of the cane plants. The simplest an/i easiest method, was the 
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application in the top of the cane by means of a glass tube. When 
the spore infusions are applied to the base of the young leaves, in-
fections can be obtained in very nearly 100 per cent of the cases, 
but if applied to the old leaves or tips of leaves the results are 
usually negative . The best time for inocul ation is late in tl: after -
noon, probabl y because the plants retain the moisture during th e 
night better than under the bright sunshine of the day. It is not 
necessa ry to injure the surface of the leaf. Infe ctions may be ob-
tained at any season of the year but the plants respond more readily 
<luring the cooler months of November, December, January and Feb-
ruary and March, which is the season the disease is most abundant 
in the fields. During the warm, summer months, infections are 
easily obtained, but un der cond itions he·re at the Insular Experiment 
Station there is very litt le spread of the disease from the infected 
to the neighboring plant s. All varieties can be infected, but in the 
most resistant varieties the spots can not be seen without close study . 
Uba may be conside red most resistant, and close examinations made 
48 hours after inoculation showed minute black spots . Varieties do 
not always respond in the same manner Elven though the experiments 
are made in the same place and as near ly as possible und er the same 
-conditions. This is well shown in the following tables: 

TABLE I 
GREENHOUSE INOCULATION 

The groups are arranged in order of susceptibility, the most susce ptibl e first 

D. 433 F.C. 214 
F.C. 306 s.c. 12(4) 
D. 109 B.H. 10(12) 

P.R. 460 P.R. 328 
B.H . 10(12) P.R. 329 

B. 3412 
B. 67 H. 109 
D. 109 D. 1135 
Ba. 11569 P.R. 492 
P.R . 433 P.R. 440 

B. 6450 Cristalina 
D. 109 P.R. 333 
P.R. 729 Uba 

Ba. 6032 Badila 
D. 448 P.O.J. 105 
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T AI!LE II 
GREENHOUSE . INOCULATION 

'l'h c group s nr e nrr nng ed in ord er of suscep t ibi lity, the most sus cep tible fir st 
F.C. 306 P.R. 440 
D. 109 P.R. 328 

P.R. 492 
H. 109 Yellow Caledonia 
P .R. 433 B. 67 
Ba. 11569 P .O.J. 105 
D. 448 P .R. 440 
D. 109 

B.H . 10 (12) 
Ba. 6032 s.c. 12(4) 
P .R. 329 Crista lina 
F.C. 2H B. 3412 

P.R. 333 
D. 1135 BadHa 
B.H. 10( 12) Uba 

In Table I it will noted D-109 was used in three and B.H. 10(12) 
in two different containers with different re sults, although the con-
tainers were separated by spaces of less than 10 feet. 

It will also be noted that , the results in the two tab les are slightly 
diifferent. This is especially true in the case of B. 67. However , 
F.C . 306 and D. 109 can be depended on as very generally showing 
the greatest susceptibi lity. 

TA BLE III 
PL ANTS KILLED I N GREE N HOUSE AS RESULT OF HEA VY 

INFECTION 
These plant s were gr own in 5-gallon oil cans and four buds planted in ench can. 

F ir st Second Third 
record record record 

D. 117 ------------------------------------ all 
Crista lina__________________________________ 5 1 1 
Ba 6032 ---------------------------------- 1 2 all 
D. 448 ------------------------------------ 2 all 
D. 433 ------------------------------------ 1 
B.H. 10 (12) ------------------------------- 4 
B. 6450 ----------------------------------- 1 2 
P.R. 711 -------------- - - -- -- ---- ---------- - 1 1 Bad ila __________________ _________________ _ 

Ba. 11569 ------------ ----- - --- -- ----------
F.C. 306------------- -- - - -- - ---- - - - - - -----
P .R. 328 --- - - - - - - -------- -- -- - -- ----------
B. 3412 ------------- - - - - -- -- --------------
II. 109------------- - - - -- - -- - - - ·-------- ---
P.R. 460 ---------- - ---- -------------------
P.R . 433 -------- - - --- - --------------------
P .R. 704 -- - ------ -- ------- - ------ - --------
P .R. 440 - - ------- -- - -- ------------ - -------

1 
1 
1 
1 
1 
1 

1 

2 
1 
1 
1 



'fHE E YE -SPOT DI SE ASE OF SUGAR CAN E 217 

In comparing the results given in Table III with the results of 
Tables I and II it will be readily seen that the varieties showing 
the great est leaf infection in Tables I and II did not show the highest 
mortal ity. However, the number of plants used in Table III was 
so small that no definite conclusions can be drawn from this ' experi-
ment. Furthermore, the field observations showed a greater mor-
tality in FC-306 than in any other variety. 

TABLE IV 

INOCUL ATION MADE ON PLOT WITH OVERHEAD IRRIGATION 

Records made every week for six weeks 
xxxxx = Yery sever e; x..".:xx = severe; xxx == medium; 

Fir st 
Rank Variet y r ecord 

1. F.C. 306 __________ =xx 
2. D. 109 ___________ xxxxx 
3. H. i09 ----------- xxxx 
4. P.R. 433 _________ _ XXX 
5, P.R. 460 _________ _ 
6. P .R. 328 __________ xx 
7. B. 3412 -------- - - XXX 
8. P.R. 440 _____ _____ x 
9. B.H . 10(12) ______ - -- --

10. B. 6450 __________ _ 
11. P.R . 792 __________ x 
12. P.R. 329____ ______ x 
13. F.C. 214 __________ xx 
14. D. 433 ____________ x 

15. B. 67-- -- - - -------
16. Cristalina --'------ -
17. P.R. 726 _________ _ 
18. Ba. 6032 _________ _ 
19. Ba. 11569 ______ __ _ 
20. Badila ___________ _ 
21. D. 448 ______ _____ _ 
22. D. 1135 _______ ___ _ 

P .R. 492 _____ ____ _ 
D. 117 _______ ____ _ 

23. Uba _____________ _ 

Second 
r ecord = == 
n:xx 
xxxx 
xxxx 
XXX 

XXX 
XXX 

xx 

xx 
xx 
xx 
X 

'I'hird 
1·eco rd 
x...xxxx 
== 
xxxx 
xxx...x 

= 
XXX 

XXX 
XXX 
xx 

X..."{ 

X..."{ 

= 
X 

xx= sligh t ; x = very slight 

Fourth Fif th Sixth 
r ecord r ecord record 
xxxxx == LUXX 
xxxxx xxxxx xxxxx 
xxxx xxxx = xxxx xxxx xxxx 
xx.x.x xxxx xxxx 
XXX XXX = 
XXX XXX XXX 

XX.'( XXX XL'-: 

xx XXX XXX 

XXX = xx XXX XXX 

xx xx LX 

xx xx xx. 
X X X: 

xxxxx = = xxxxx 
XXX XL"'!: 

XXX XXX 

xx xx 
xx X..."{ 

X 
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Tables V, VI and VII are made from a field at the entrance of 
the Insular Experiment Station. The land is low, the humidity 
high and the temperature favorable during the winter months. The 
disease r.ppeared here in advance of any other place on the Insular 
Experiment Station and was more severe. 

TABLE V 

xx:xxx == very severe; x..x.xx = severe; xx .... x = medium ; x...x = slighi ; x = very slight 

First R nnk Variety record 
1. F.C. 306 ---- -- ------------------ ---- ---- -- --- xx= 
2. D. 109----------------- ------ ----- ----------- xx.xx 

Second 'l.'hird 
record record 

= xxxxx 
xx.xx XX.'OC 

3. P.R. 329--------- -- -------------------------- xx.xx xxxx = 4. B. 3412--------------------- - ---- -- ---------- xxxx = xxxx 
5. D. 448 ______ · --- --- -------------- ---------- -- xxxx xxxx = 6. F.C. 214 -------- --- --------------- --------- -- xxx XXX = 7. D. 433------------------ ------------ -- - ----- - x.-,;x LU xxxx 
8. B.H . 10 (12) ----- --- ------------------------ - m-x XXX XXX 9. H. 109 _______________________________________ xxx 

XXX XXX 

10. P .O.J. 36 --------- ----- ---------------------- xxx XXX XXX 11. M. 36 ________________________________________ XXX 
XXX XXX 

12. P.R 440 --------- - --------------------------- xxx XXX XXX 

13. Cristalina ----------- - -------- -- -------------- xx xx XXX 

14. Yellow Caledonia----------------------------- xxx xx X 

15. D. 1135----- ------------- - --- --- ------------- xx xx xx 
16. P.R. 492 ------ -- --------- - ------------------- xx xx xx 
17. P.O.J. 228 ----------------------------------- xxx.u 
18. B~. 6032--- -- - ------ ----- - -- --- -------------- xxxx X 19. P.R 460 _____________________________________ XXX 

X 20. D. 117 _______________________________________ XXX 
X 

21. B. 61---------- -- ------------------ - --------- x.~ X 

22. P.R. 328------ ------- ------------------------ ~-:x X 

23. P.R. 729------------- ----------------------- - xx X 24. B. 6450 ______________________________________ x 
X 

25. P.O.J. 234 -- ------ -------------------------- - xx 
26. Ba. 11569------------------ -------- - -- ------- xx 
27. s.c. 12 ( 4) ---- ---- ---------------- ----------- xx 
28. Uba ----------------------- ------------ - . ---- -----

Table V is a composite made up from studies following inocula-
tion. The first reading was made 4 days after inoculation and the 
second two months later and the third one month after the second. 
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A comparison of Tabl es IV and V shows that although F.C. 306 
and D. 109 are the most susceptible and that Uba is th e most re-
sistant, the other varieties do not occupy the same positiollb in the 
two tests . 

T AB LE VI 

NATURAL INFECTION IN THE SAME FIELD 
December 8th, 1926 

F.C. 306- ---------- -- -------- xxxxx Ba,. 6032 _____________________ x.xxxx. 

D. 109 ______________________ : _ xxxx 

P.R. 329- -- -- -- ----- - -------- - xxxx 
F.C. 214---------------------- x.xxx 
D. 216------- - ---------------- xxxx 
P.R. 328--- -- ------ -- -- ----- - - xxxx 
H. 109 - ---- --- - ----- -- ------ - xxxx 

B.H . 10 (12) - -- ------ -- -- ------ ::1.-xx 

M. 36 ----- ----- ---- -- --------- LXX P .R. 440 _______________________ XXX 

B. 6450 -------- - - - ------ ---- -- =..x 

P.0. J. 36 -- - ----------------- -- - xx 
D. 433-------- - -- - --- - ---------- xx 
D. 1135----- ----- - - ---- --- ------ xx 
P_R. 492-------- -- -------------- xx 
P .R. 460-------------- - --- - ----- xx B. 67 _____________________ ______ xx 

. . 
P .R. 729 ________________________ x 

P.0 .J . 234 
P .O.J . 228 
D. 117 
Ba. 11569 
U ba 

TABLE VII 

NATURAL INFECTION IN THE SAME FIELD 
J anua ry 14 th , 19 27 

F.C. 306-- - - ------- -- - - - - -- -- xxxxx D. 109 _______________________ YXXXX 

Ba. 6032--- - -- --- -- -- -------- xx.xxx 
Y. Caledonia --- -- -- -- - --- - - - - xxxxx 

fl. 109 ________________________ xxxx 

P.O.J. 36 -- -- - --------------- - - xxx 
M. 36 ----------- - --- - --- - --- - - xxx B. 3412 ________________________ xxx 
P.R. 440 _______________________ XXX 
P.R. 328 _______________________ xxx 
P.R. 329 _______________________ xxx 
F.C. 214 _______________________ xxx 

Cristalina_______________________ xx 
P.R. 729 ________________________ xx 

B.H. 10(12) - - --- - --- - --- - ------ xx D. 433 __________________________ xx 

D. 448- - - --- - - - -- ----- - --- - ----- xx 
P.R. 492 _________________________ x 
P.R. 460 _________________________ x 
B. 67 _______________________ _____ x 
Ba. 11569 ________________________ x 
B. 6450 __________________________ x 

P .O.J . 228 ____________________ trace 
P .O.J. 234----------- - -- -- -- -- trace 
D. 1135 -- -- -- -- -- -- -- --- - -- -- trace 
D. 117 ----------- -- - --- -- -- - - trace 
Uba ________ _____________________ 0 

A comparison of Tables V, VI and VII shows that although the 
varieties do not occupy exactly the same relati ve positions, F.C. 306 
and D. 109 ar e most susceptib le and tha t Uba is the most resistant . 
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TABLE VIII 

Th is field wa s par t of the prop er ty of Central Cnmbaln ch e. I t h ad been plan ted to var ie, 
t ies for tbe pu r pose of st ud ying resis ta nce of " ar iet ies to mosai c bu t b ecam e infe cted 
with Ji elmi11thosporium sacchari . Th is field is loMt cd on low land , near th e coast. 

Var iety 
F .C. 306-- -- ---- - -------- - ---
D. 109 - - - - ----- - - - - -- ----- - -
P.R. 329 - - - -- ---- - ----- --- - -D . . 448 _____________________ _ 

B. 3405 ---- -- ---- -- -- - -- -- --
B. 3412---- ---- - ---- - ------ -
P .R. 662 --- -- ---- --- -- ----- -

Sc\Terity = xxxxx 
xxx..xx 
:xxxx..x 
xxxxx 

= xxxxx 

Remark s 

P.R. 433 ----- - ---- -- - -- -- ---
B. 67 ------ - -- - - --- ---- -- ---

xxxx..x Very few livin g leaves. 

Raya da _____________________ _ 
xxx..·c, Lea ves yellow, long narrow streaks. 
xxxxx Apparently less damage than on others. 

l:I. 109 ______________________ ·xxx.x 

D. 625 ______________________ XXX 

B. 208 ---- --- - - -- --- --- ---- - m 
P .R. 545 - - --- - ---- - - -- --- --- XXX 

s.c. 12(4)-- ---------- - ----- - xx 
B a. ll569 - ---- --- --- -- ----- - xx 
P.R. 328 --- --- --- - ---- ---- - - xx 
P.R. 414 --- - --- - -- - - -- ---- -- xx 
P .R. 440 - - -- - - --- - ---- -- - - - - xx 
P .R . 561 -- --- --- - - - ---- -- - - - xx 
D. 117 ----- - - ---- -- -- --- - -- - xx 

B. 3696 --- -- --- - -- -- - - --- - - - x Crista lina ____________________ x 
L . 511 _________ ., ____________ x 

No great damage. 

Many small spot s. No great damage . 
Many smal.J spots. No greait damage . 

Very small spots . 

Very few small spots. 

Ver y few spots. 
P .R. 417 _____________________________ 0 ccasional spot . 
P .R. 492 _____________________________ 0c casional spot . 
r.R. 433 _____________________________ 0 ccasional spot . 
B .H. 10(12) _________________________ Occasional spot. 
P .R. 260 _____________________________ 0 <:tasional ~pot. 

Uba __ - -- -- -- - - - --- - - - - ---- -- --- - ----P ractica lly immune. 
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TABLE I X 

In an oth er reco rd at a differ ent date, fr om th e sam e field; also a gr oupin g wi th refer ence 
to age, p uri ty and sucr ose content of the varie ties . The field data wns t aken by the 
wr ite r. The in forma tion ou age, puri t y and sucr ose wa s furnished by Mr. P edro Oli-
venci a of Oent r al Oambal ache. 

Age in 
Variety Seve rit y Rem ark s months 

B. 3412 ________ XD...."\...."L, Most severe of aJL ___________ 12 
P.R. 433 ------- .== Most leaves die ______________ 11 
B. 6'1" - - -------- xxxxx Most leaves very yellow _______ 12 
P .R. 329 ------- xxxxx 
P .R. 662 -·· - - --- xxxxx 
E'.C. 306 ________ xxx:xx 
B. 3405 _ ----- - - xxxxx 
Rayada _________ xxxxx 
D. 448 --- - --- __ xxxxx 

P.R. 545 ________ xx 
B. 208 -- ---- --- xx 
P.R. 440--· ·----- xx 
P .R. 561-- -- ---- xx 
P .R . 414 ________ xx 
P.R. 328 ________ xx 
P.R. 569 ________ xx 
H. 109 --- ------ xx s.c. 12(4) ______ xx 

P.R. 412 ________ x 
Cristalina _______ x 
D. 117 --------- x 
B . 3696 ----- --- x L. 511 __________ x 

B.IT.. 10(12) ---- x 
D. 433 -- ----- -- x 
P.R. 260----------- -- --

12 
11 
12 
12 
12 
12 

No great damage ____________ 12 
12 

Many sma,ll spots ____________ 12 
Many small spots -- - -- - ------ 12 

12 
Many small spots ____________ 12 
Very small spots- - ----------- 12 
Many small spots _____________ _ 
Many small spits____________ 12 

Resistant, slig ht infection _____ 12 
Resistant, few small spots -- ·-- 11 
Resistant, many small spots___ 15 
Resistant, very few small spots- . 12 
Very resistant _______________ 14 
Very resistant_ _____________ _ 12 

15 
An occasiona,l spot_ __________ 12 

Purity 
86. 37 
91. 19 
90.63 
88. 70 
90.5 8 
79. 01 
80. 70 
83. 46 
90.40 

83. 38 
.86. 90 
88.49 
79. 18 
86. 90 
84. 88 
90.40 

87.30 

72. 08 
89.22 
84. 13 
88.24 
86. 50 
76.91 
81. 29 
86.02 

Sucrose 
15.35 
16. 87 
17. 22 
15. 79 
17. 80 
13.54 
12. 28 
15.61 
19. 12 
' 

14. 68 
14.40 
15.00 
13. 92 
13. 61 
15.11 
17.37 
15. 51 
13.85 

12. 63 
15. 48 
15.06 
15.3 1 
15. 65 
13.85 
14.49 
15.70 

A comparison of the Tables VIII and IX is not possible because 
they do not record exactly the same varieties but they do show some-
what the same relationship of hosts to the disease. 

Table IX also shows a grouping with reference to purity and 
sucrose, but these figures are only approrimately correct as other 
analyses where no field studies were made have given different results. 
These variations in purity and sucrose content are due to factors 
which do not come within the scope of this paper. They indicate 
that there may be some relationship between susceptibility and resist-
ance to purity and sucr~se content . However, it also appears that 
there are other factors, such as climatic conditions and structure 
which are more important. 
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VARIETAL SUSCEPTIBILITY AND RESISTANCE 

.A study 0£ these tables and our notes on field observations shows 
very definitely that F.C. 306 is the most susceptib le commercial 
variety grown in Porto Rico. D. 109 is a close second. H. 109 
can be 11laced third in the list but is much more resistant than D.109. 
Uba is the most resistant variety grown on the Island. The records 
on the other varieties show more or less variations but they can be 
group ed as follows : 

F.C. 306 P.R. 440 
D. 109 D. 117 
H. 109 s.c. 12(4) 
D. 433 D. 1135 
P.R. 460 P.R. 492 
B.H. 10(12) P.R. 333 
B. 6450 Cristalina 
Ba. 6032 Badila 
D. 448 
F.C. 214 P.O.J. 105 
P.R. 329 P.O.J . 36 
Yellow Caledonia ' 

P.O.J. 228 
P.O.J. 234 

B. 67 M. 36 
P.R. 729 
P.R. 328 Uba 
B. 3412 

In general it may be said that the disease is so severe on F.C. 306 
and D. 109 under most conditions in Porto Rico and that we cannot 
1·ecommend their use. H 109 is more resistant but cannot be recom-
mended. B.H. 10 (12) and S.C. 12(4) which may be looked upon 
as the leading varieties in Porto Rico at this time are fairly resistant 
under most conditions in Porto Rco, but the writer has seen several 
severe outbreaks of the disease on B.H. 10(12) and a few severe 
attacks on S.C. 12 ( 4). .Although Uba is so resistant that for a 
time the writer considered it pra ctically immune, one field was found 
in which this variety was heavily infected and a few fields in which 
there was a slight infection . 

.A comparative study of the structure of the leaves of a large 
number of varieties was made and it was found that resistance was 
corre lated to a greater of less degree with structure, although this 
may not be the only factor involved. Varieties in which the fibro 
vascular bundles of the leaves were closely placed were more resistant 
than those varieties in which they were widely separated by paren-
chyma tissue. This is in harmony with the fact that the fungus 
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penetrates between the veins of the leaf and makes its first growth 
and in fact most of its growth in the parenchyma tissue . 

A limited study was made of the roots but no injuries were traced 
to H. sacchari. Cultur es of th e organism were applied to the roots 
of growing cane in the greenhouse but we failed to find any evidence 
that the organism attacks the roots . 

CLIMATIC FACTORS 

Very early in our studies on this disease, it became evident that 
there were three very important factors in its severity: variety, 
temperature and moistur e. The question of variety has already re-
ceived consideration in the preceding pages. 

Although the disease is much more severe in Porto Rico during 
th e winter than during the summer months, it can be found at all 
times during the year. Fortunately , the U. S. Weather Bureau has 
excellent rainfall and tempera ture r ecords for th e three points where 
we made our studie s. Tables X and XI are made from these records 
and is an average for 1922 to 1926 inclusive ( except for the tempera-
ture record at Rio Piedras which covers only three years). Hydro-
~raphs were plac ed at two poin ts on th e pro pert y of Central Cam-
halache ; one near the coast where the re cords c:ontained in Tables 
VIII and IX were made and the other in the hills. The later in-
st rum ent was removed to th e Granja and was broken by the wind 
storm th at swept over the I sland Jul y 23rd , 1926. We have no rec-
ords of value from this inst rument . Two inst ruU:ents were placed 
on the prop erty of th e Fajardo Sugar Co.; one in the localit y of 
high humidit y and the other in a localit y of low humidity , a hydro-
th ermograph was placed in the field on th e Insular Experim ental 
Stat ion F arm from which the records of Tables V, VI and VII were 
made. All these records have been of va.lue in our studies, but the 
hydrograph record s have not been sat isfacto ry as we had hoped for 
when the work was .star ted . 

TA BLE XI 
SHOWING AVERAGE RAINFALL AND TEMPERATURE OVER FIVE 

YEARS (1922 - 26) 
Except for Rio Piedras, where the temper ature covers three years only 

AV ER AGE RAINFA LL 
Jnn. Feb. Mar. .Apr. May Ju ne Ju ly Aug. Sep t. Oct. Nov . Dee. 

R io Piedras ___ 4 .65 5.17 4 .35 4 .44 8.10 6.5 5 10 .5 6 7 .50 6.68 6 .44 7. 26 6.3 5 
Ar ccib o ____ ___ 4.24 6 .9 4 8.88 4.4 0 1.50 8.2 4 4.2 1 5. 20 4.82 4 .38 5.88 7 .22 
Fajardo _ ____ __ 2 .75 3.71 2 .84 3.0 1 2.88 S.68 4.48 6.9 9 4 .07 7 .65 8.2 9 8.33 

AVERAGE TE MPERATU RE 
Rio Pi edrns ___ 7 3.1 75. 1 74.4 75 .7 77 .S 77 .8 7 7.7 7 8 .7 78.8 78.2 76 .8 75 .2 
Aree ibo _______ 73.7 73.9 75.8 77 .6 7 9.5 80.0 80.4 81.1 80.9 79 .7 77.9 74 .7 
F ajar do _____ __ 77. 1 76.5 77.1 78.9 80 .9 8 1.6 82 .0 82 .4 82 .8 81.2 79.8 77.8 
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The compilations from the U. S. Weather Bureau records (Tables 
X and XI) show a gradual decline in temperature from September 
to January and then a gradual rise until June. The coolest months 
·are November to February inclusive and the warmest months are May 
to October inclusive. Of course the temperature was slightl y lower 
during the night and somewhat higher during the day than is shown 
on the chart. The disease is most severe during November, Decem-
ber, January and February, and March the period of lowest tempera-
ture. The average rainfall for the same period is also shown on this 
chart. It will be readily seen that the greatest r ainfal l with one 
exception coincide s fairly well with the period of low temperatura. 
Our studies indicate that a low temperature and a high atmospheric 
humidity are most favorab le for the development of this disease but 
it is very evident that the disease is more sensiti ve to var iations in 
temperature than to variations in rainfall. 

The thermograph records at Rio Piedras showed the lowest tem-
perature during the winter months and the highest during the sum-
mer, the most not iceable being about November 1st which was also 
the date of a rapid increas e in the eye spot. The hydrograph showed 
a higher humidity during the summer months than p.uring the winter 
1nonths. 

The hydrogr aph at Arecibo was placed near the ocean, where h 
was under the influence of a wind current from the ocean practically 
all the time, and" showed a slightl y higher humidity during the sum-
mer months. This is in harmon y with the rain fall records although 
the ranges at Arecibo are not so pronounced as at other points. The 
average temperature records are lowest from December to March 
inclusive, the period of greatest severity for the disease. 

' At Fajardo, the range of lowest rainfall according to the U. S. 
Weather Bureau reports was from December to June in clusive and 
the lowest temperature from December to March inclusive, whi,:ih 
was also the period of greatest severit y for the disease. However, 
there was one r ecord at Fajardo that was especially interesting. At 
one point (Para iso) the r ainfa ll rang ed from 1.20 inches in March 
to 3.20 inche s in October greater than the average for nine years for 
the Centra l zone. The disease was always more severe at this point 
than at two other points (Fortuna Centron and Santa Rita) where 
the local rainfall coincided quite well with the average for the 
Central zone. 

However , a paper on "Relation 0£ Temperature to the Growth 
of the Eye Spot Fungus" by Halma and Fawcett (6) was published 
in Phytopathology, August 1925, which has been valuable to us in 
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our work; according to the studies 0£ these workers the fungus makes 
its most rapid · growth under laboratory conditions at about 84°_ F. 
It grows more slowly at both higher and lower temperatures, making 
no growth at temperatures above 95 and very slow growth at 56 
degrees. ' 

We do not have the equipment £or extens'fve experiments on either 
temp eratures or humidity, but the results obtained with the one 
thermograph here at the Experiment Station and a study of the 
disease in connection, with the U. S. Weather Bureau records indicate 
that the organism makes its best growth with an average outdoor 
temperature ranging from 73 to 77 degrees F. which is lower than 
the optimium temperature in the laborato ·ry experiments with the 
organism in Hawaii. Of course it must be remembered that Weather 
Bureau records are not made in cane fields and that temperatures 
vary with local conditions and character of plant growths within 
short ranges of distance. 

We have not done any experimental work £or the control of this 
disease. The F.C. 306 and D. 109 ;which are our most susceptible 
varieties are gradually giving way to the more desirabe canes, sue~ 
as B.H. 10(12) and S.C. 12 (4) which are much more resistant to 
the disease and this is solving ·our problem of control at this time. 
The futu re development or introduction of more valuabl e canes 
which are suscepti ble to the disease may force stud ies for the contro l 
of the disease in the future. 0 

SUMMARY 

1. The '' eye spot'' disease which is caused by H elminthosporiuni 
sacchari Butler is serious on certain varieties of sugar cane in Porto 
Rico. 

2. It is most severe on F.C. 306 and D. 109 with H. 109 as a 
poor third. The Uba and P.O.J. canes are most resistant. 

3. The susceptibility varies with leaf str uctur e, the higher the 
fiber content the greater the resistance. However, there appears to 
be some slight correlation with sucrose content. 

4. The young leaves are more suscept ible than the old leaves; the 
bases and upper surfaces more susceptib le than the tips and lower 
surfaces. 

5. The spores and sporophores germinate readily in water and 
penetrate the leaf without regard to the stomata. The greatest 
mycelial growth is in the parenchyma tissues. The spores are borne 
more abundantly on the lower than on the upper surface of the leaf. 

6. The disease is most severe during the cool, wet months of the 
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year. Temperature appears to be the most important environmental 
factor. 

7. The most satisfactory contro l for Porto Rico at his time con-
sists in the use of resistant varieties. 

ThE. writer wishes to express his thanks to the Hon . C. E. Char-
d6n, Commissioner of Agriculture of Porto Rico; Mr. Rafael Me-
nendez, Director of the Insular Experiment Station at the time the 
work was started; Mr. F. A. Lopez Dominguez, present Director of 
the Insular Experiment Station; Dr. 0. L. Fassig of the U. S. 
Weather Bureau in San Juan; Mr. R. A. Veve of the Fajardo Sugar 
Company; Mr. Pedro Olivencia of the Cambalache Sugar Company 
anJ many others for their assistance in this work. 
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EXPLANATION OF PLATES · 

Fig. 1.-Spores of H elminthosporium sacchari, showing a variety of 
sizes and variation. 

Fig. 2.-Sporophores of H. sacchari, showing variations. 
Pig. 3.-Sporophore and spore. 
Fig . 4.-Germination of spores . 
Fig . 5.-Germination of sporophore. 
Fig. 6.-A spore germinating on a ·glass slide. 
Fig . 7.-Germinating spores on leaf of sugar cane. No discolora-

tions. 
Figs. 8 a and b.-Germinating sporophores on cane leaves. a shows 

the first trace of the formation of a spot. In b shows the dotted 
line indicates the size of the spot which lies between two fibro-
vascular bundles. 

Fig. 9.-A diagram of the lower margin of the leaf showing myce-
lium masses on the surface and also next to the fl.bro-vascular 
bundle. ( Cross section.) 

Fig. 10.- A germination spore on a leaf. One branch of the germ 
tub e has penetrated the leaf and a spot is forming ~ · 

Fig. 11.-Showing the massing of the fungus near the lower surface 
of the leaf, the breaking through the epidermis , the growth on 
the surfa ce and the formation of the sporophor es. ( See fig. 9) . 

Fig. 12.---The inter and intra-cellular growth of the m.ycellium. 
Figs. 13-15.-Th e growth of the fungus in the cells. The large cir-

cles in 14 and 15 are tracheary tubes. 
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