
RECENT DEVELOPMENTS IN THE STUDY OF THE NATURE 
OF MOSAIC DISEASE OF SUGAR CANE AND OTHER 
PLANTS. 

By JULIUS MATZ. 

Mosaic diseases of plants, including mosaic of sugar cane, have 
of recent years come to be generally considered as infectious and 
obviously caused by microorganisms which were supposed to be 
ultramicroscopic and invisible even with the aid of th e usual stain
ing materials. Most investigators have apparently relied in the 
past, in the studies of mosaic diseases, on the culture method to 
detect the existence of organisms; having failed in that and not 
recognizing any familiar forms of bacteria or fungi in the host 
tissues the problem was left in the field of inexplicable phenomena. 
More recently , however, within the last three years, new light was 
thrown on the subject , and it seeJ?S that the causes of mosaic dis
eases are in a fair way to become clear . The new procedure in the 
investigation is centered along cytological line s and is based on 
comparat ive studies on the contents of cells from diseased plants 
and contents of cells from similar but healthy plants . 

In 1919 the wr iter started histological studies of sugar -cane 
mosaic and it was soon found that in advanced stages of the dis
ease small portions in the interior of mosaic cane stalks become 
slight ly bleached, as well as light brown and dark brown . In thes e 
discolored or darkly color ed t issues the cells are filled with a more 
or less hardenc,d, or compact, densely but finely granulated, often 
slightly browned plasma . ., 

Since th e pub licat ion of the above facts in an article enti t led 
" Infection and Nature of the Yellow Stripe Disea se of Cane (Mo
saic, Mottling, Etc.)" in the JOURNAL OF TI-IE DEPART~EN'r OF 

AGRIOUL!URE OF PORTO Rico, Vol. ~II, No. 4, Oct. 1919, two in
vestigators, namely , Dr. Kunkel, writing in 1921 on corn mosaic 
in Hawaii (1), and more recently Dr. Palm, in his Bulletin treat
ing on the cause of tobacco mosaic ( 2 ), refered to my finding s in 
sugar-cane mosaic diseased tissues as something similar to what 
the first author found in corn mosaic and the second author in 
tobacco mosaic. Kunk el stated that in addition to the larger bodies 
which he found in the leaves of corn mosaic, he is '' able to confirm 
the observations of Matz as regards the occurrence in diseased cane 
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tissue of cells filled with a hardened, gran ular slightly brownish 
f'lubstance. '' He further states that '' Cells filled with exactly the 
same kind of granular materia l are also present in the sta lk tissues 
of corn suffering from mosaic. * * * What this substance may 
be or \vhat relation it may have to either th e cane or the corn dis
ease the writer · is unable to suggest.'' 

H e published some very carefu lly executed drawings (plate 5, 
figs. A to :i.\I.) of what he calls intracellular bodies and which he 
considers as fore ign bodies believed to be a living organism in the 
diseased cells of mosaic corn plants. These bodies are shown at
tnched in var ious positions to the nucleus of the host cells. 

FI G. !.-Section through a healthy sugar-cane leaf , sh owin g 
chloropl ast s in cells. 

Jwanowski in his studie s of tobacco mosaic publi shed in ·1903 
(:J) illustrates (in Tabl e II , fig. 8) str ikingly similar bodi es, to 
those shown by Kunkel , in identic al positions attach ed to the nu clei 
oE the host cells, but I wanowski disregards thesf:: as a possible cause 
of the mosaic disease on · the grounds that these bodies are alto
gether too large for the fine pore s of filters to pass through. The 
inf ectious principl e of tobacco mosaic is known to filter th rough 
fine-porous filter s. 'rh is invest igator consid ers these lar ger bodies 
as abnorma lit ies in the cytoplasm of th e cells due to mosaic infec-



24 THE JOURNAL OF THE DEPARTMENT OF AGRICULTURE . 

tion, but mosaic itself he maintains to be caused by a minute bac
ter ium which he differ entiates from the other cell contents by using 
Loefl.ers methelene blue and eosin, the chloroplast and protop lasm 
taking the red sta in while the nuclei and the bacteria take the blu e 
stain . 

The writer bas ·applied these stains to sugar-cane mosaic leaf tis
sue and the . two colors differentiated the chloroplasts from the 
nucle i but no blue bacteria were detected. However, the behavior 
of tobacco mosaic is not like the sugar-cane mosaic, as will be pointed 
out later, and it is possible that the "bacteria" are not localized 
in the same elements in the two host plants' tissues. 

Palm in his very recent work with tobacco (2) states: "In a 
large number of cells of the mosaic-diseased tissues it was possible 
t o observe the occurrence of foreign elements, viz., of fairly large, 
mor e or less peculiarly shaped corpuscles, or very small granules 
of varying size." He adds in a note: "Matz (1919) has found 
such corpuscles in mosaic-diseased sugar cane in West Indie, and 
Kunkel (1921) in mosaic-diseased maize in Hawaii . * * ·* " He 
further states : '' In the cells with the above-descr ibed larger cor
puscles or in others where they apparently did not occur, it was 
possible, especially in the late r stages of th e disease as already 
mentioned, to find a second foreign cell element, consisting· of. ex
traord in ari ly small granu les.'' 

'' These granules * '* ·* occur in the cells in larger or smaller 
numbers. They fre quently lie in irregular ly shaped conglomer ates 
in the cell plasm somet imes the cell lumen being completely filled.'' 
'l'his point agrees very well with my observations on sugar-cane 
mosaic. 

In my art icle above refered to I stated that the gra nular sub
stance in the cane mosaic is made up of a mass of small hya line 
gr anules, more or less unifor m in size, but that thei r exact size 
and form coul d not be ascertaine d, due to the fact that the whole 
mass is in the form of a compact plasma, that the gra nul es are 
smaller in size than ord ina ry bacter ia and appear like nuclear grari:
~les in a mass of cytoplas m. This character ist ic granular plasma 
was also found in cells of mosaic leaf sheaths of cane. 

While Dr . Ku nkel lays more emphasis on the larger bodies in 
'the cells of corn mosaic and is not able to define -with certainty 
tl\e re lat ion of the minute foreign gran ules in either the corn or 
cane mosaic, Dr . P alm, however, :finds it conven ient to compare 
these minute gr anul es of Iwanowski, Matz and Kunkel to the gran -
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ules found as a consequence of vario la infection and othei· virus 
diseases in hum an beings and animals. From this he draws the 
c-onclusions that mosaic disease belongs to the chlamydozoonoses; 
that the different forms -of granu les foun d in mosaic-diseased plants 
are either different stages of Strongyloplasma or by-products of 
this organism, and be names the organ ism which causes the mosaic 
of tobacco Strongyloplasma iwanowskii, giving the honor to I wan
owski who twenty years ago maintained that he saw bacteria in 
tobac.co mosaic-diseased plants. Although Dr. Pa lm states that the 
organ ism which is foun d in tobacco is similar to the substance which 

FI G. ·2.- Cross sect ion thro ugh mosaic leaf of sugar cane , showing 
dest ruction of chloroplasts. 

I foun d here in sugar cane, we do not necessari ly h ave to accept S. 
iwanowskii as th e n ame for th e plasma found with the sugar-cane 
mosaic disease in view of th e fact th at the tw o diseases do not be
have in a similar mann er . Tobacco mosaic is tran smitte d by con
t act while sugar -cane mosaic is t ra nsmitte d by sp ecial carri ers or 
special method s only. The in fection of tobacco mosaic may take 
pl ace through diseased pl ant res idu e in th e soil, while such is not 
the case with the sugar-can e mosaic. P erhaps the most import ant , 
distin ction between the two diseases is their app are nt specific char 
acte rs. Tobacco mosaic is not known t o ha ve been tr ansmit ted in 
the field to cane from the tobacco, nor is it known that can e mosaic 
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is transmitting itself to tobacco. There exist extensive tobacco plan
tations free from mosaic in the Cayey District where cane is heavily 
diseased with mosaic. Evident ly the organisms which cause mosaics 
in plants are of a groupe which have common general or generic 
characters, but there must exist specific differences between these 
since they exhibit marked differences in their behavior, and the 
sugar- cane plasma if it is to have a name it will have to have one 
of its own. Further work was continued at the Insu lar Experiment 

Station on the same phase of this 
problem and new and int er esting facts 
have come to light that may be stated 
briefly in the following. 

Of the numero us methods em
ployed in- studying plant tissues, 
J e:ffreys' formu la of corrosive subli
mate and picric acid, with the addi
tion of 5 c.c. glacial acetic acid, was 
fo~d convenient to use . Healthy 
and diseased porti ons of sugar-cane 
leaf were killed and fixed in the 
above mixt ure for two or three hours, 
passed . thr ough several washings in 
70 p er cent, 85 per cent and 95 per 
cent alcohol, th en the mater ial was 
tr ansfer red to buty l alcohol and left 
tirnre unt il it lost all it s green color, 
then it was p laced in melte d pa r affin 
an d embedded. 

Sect ions of cane-leaf t issu e were 
st ained with ir on-alum haemat oxylin, 
orange G, an d meth elene blue and 
eosin. One featu re was very pro-

FIG. 3.-Early stages in mosaic d th h t 1 h 
diseases of sugar-ca ne leaf : nounce rou g OU , name Y, t e very 

evident destru ction of chlor oplasts in 
the diseased portion s of the leaf ti ssue. Fi gur es 1 ,jn d 2 are pho
tograph s of_ a healthy and diseased leaf por tions r espectively . The 
two leaves were as nearly alike in size and age as could be estimated . 
Jn th e health y leaf the larger cells sur r ounding the fibr o vascular 
bundle s conta in many chloropl ast s; th e par enchyma between the 
bundle s are also filled with num erou s chlor oplasts, while in the 
diseased tissue th e chlorop1ast s are few . an d are evidently IDJ.S.-
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shaped and broken up. In stained sections they look like mere 
ink spots, one or two in a cell. This destruction of chlorolpasts 
is a symptom of sugar-cane mosaic and it fixes the seat of the 
disease more definitely. Apparently the cell walls and other cell 
contents are not affected', but the chloroplasts are gradually de
i;,troyed. 

Sections of single discolored stripes of a leaf in an early stage 
of infection were made (Fig. 3), and it was seen that the breaking 
up of the chloroplasts begins with a reduction in their size. The 
chloroplasts in the healthy or green parts of the same leaf were 
11ormal in their size and numbers, while in the discolored or pale
green str ipes chloroplasts in all stages of reduction were noted. 
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