
THE EFFECT OF SOME MOSAIC DISEASES ON CELL 
STRUCTURE AND ON THE CHLOROPLASTS 
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The early studies on the mosaic diseases of plants brought out 
two points which have been accepted very generally by most of the 
workers who have studied the histology and cytology of these 
diseases. They are : ( 1) the modifications of the cell struct ure of 
the leaf and (2) the modification s of the chloroplast s. Attention 
was called to the modification of the cell structure by Beijerinck in 
1899, by Woods 1900 and 1902, by Iwanowski in 1903 and by many 
others since that t ime. In 1899 Beije r inck expressed the opinion 
that mosaic of tobacco was a disease of the chlorophyll bodies and 
finally became a disease of the plast ic conte nts of the cells. In 
1899-1900 Konig stated that the chloroplasts were disorganized and 
the cell walls disappearing . Unfortunately th is idea was quickly 
followed by the very widespread belief that the chlorosis or mosab 
disea ses were due to the disintegration of the chloroplasts and this 
opinion is very generally reflected in the literature of the past thirty 
years. H owever, the fact that the chlorotic areas of many diseased 
plants gradually become green with age and exposure to sunl ight 
tends to throw doubt on the theory of disintegration of the chloro -
plasts. Furthermore , it is very evident that this theory could not 
be applied to all types of virus disease of pla nts. 

The author of th is pape r has made a study of these two phases 
of the subject and is of the opinion that the active agent in the 
mosaic diseases recorded in this paper is inhibitory in both cases. 
In the first case the cells of the chlorotic areas ar e inh ibited so that 
there is a redu ced growth with little or no differ entiation of cell 
and tissu e struct ures . In the second case the chloroplasts of the 
chlorotic areas are small and few in numb er as a r esult of the 
inhibitory action of the disease, but these areas tend to develop the 
normal green color with age. 

'rhis paper will be devoted to a review of the literature and to 
the results of the author's stud ies on these two points. However , 
it should be 1'.emembered that these studies do not include- a study 
of the lesions which frequently occur in connection with virus dis-
eases of plants. 

r;9 
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CELL STRUCTURE 

Mayer (27 ) published the first important paper on a mosaic 
disease of a plant in 1886 but he did not record any histological 
studies. Iwanowski (19) says that Mayer made microscopic exami-
nations of the juices only. 

In 1899 Beijerinck ~3) published the results of his studies in 
which he made two important statements: (1) that the green areas 
were diseased and the chlorotic areas normal, and (2) that the 
dividing or meristematic cells only could contract the disease. The 
first statement is incorrect because we now know that the active 
agent exists in both green and chlorotic areas and because later 
studies show that the chloro sis is the most conspicuous sympt om of 
the · disease. The second statement is more nearly correct because 
recent researches have shown tha t the histological modifications occur 
only when the active agent comes in contact with the meristematic 
cells before the tissues are fully differentiated. 

In 1899 and 1900 Koning (23 ) and (24) published the results 
of histological studies on mosaic tobacco leaves including drawings 
of cross sections but did not report anything of importance. Bis 
statement that int ercellular cavities occurred among both the pali-
sade and mesophyil cells leads one to suspect that his studi es did 
not include the very young leaves. 

In the year 1900, Heintzel (17) published a paper on tobacco 
mosaic in which he called attention to the greater prominence of 
intercellular spaces in the dark green, bloated areas than in the light 
green areas and expressed the opinion that these spaces were filled 
with gas. Later studies ha ve shown that the intercellular space s 
or the dark green areas are normal, or nearly normal, and that the 
reduced intercellular spaces in chlorotic areas are abnormal. There-
fore, we are inclined to believe that Heintzel was influenced by 
Beijerinck's idea which was prevalent £or a time, that the dark 
green areas were abnormal and the cholorotic areas normal. 

In this same year Woods (35) published a paper on tobac co 
mosaic which gives the first clear statement that has come to our 
attention concerning the histological character of the chlorotic areas 
as compared with the tissues from normally green plants. H e says: 

'' A st udy of the histology of the diseased leav es ha s now revea led a 
his~ological difference which makes it very clear that the light -colore d area ~ 
are not norm al, and this difference consists in the fact that in badly 
diseased plants the palisade parenchyma of the light-color ed areas is not 
developed at all. All the tissue between the upper and lower epidermis con-
sists of a spongy or respiratory parenchyma rather more closely packed than 
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norm al. I n moderately diseased plants the palisade parenchyma of th e light 
area is greatly modified. Norma lly the pa lisade parenchyma cells of a healthy 
plant are from four to six times as long as broad. In a moderately diseased 
plant, however, the cells are nearly as broad as they are long, or at most not 
more than twice as long as broad. As a rule, the modified cells of the leaf 
pass abruptly into the normal cells of the green area. In a badly diseased 
leaf simply looking across the surface with the naked eye shows depressions 
where the light areas occur, or where the leaf is most ly diseased the dark green 
pa tches are raised above the genera l surface . '' 

• In 1902 Woods (36) also wrote as follows: 
'' Somewhat later I pointed out an important structura l difference between 

the cells of the green areas and those of the light. In the latter, in the less 
pronounced cases of the disease, there is a shortening and broadening of the 
palisade parenchyma cells, and in the more pronounced cases there is an entire 
suppression of these cells, so that on simply looking across the surface of the 
leaf depressions are seen where the light areas occur and apparent blister-
like development in the gree n areas. As a rule the modified cells pass abruptly 
into the normal cells of the green areas. The palisade cells of healt.hy leaves 
and of the healt hy • areas of diseased leaves are from three to four times as 
long as broad. Some plants are dark green, and these have the longest and 
narrowest pa li sade eells, closely packed with dark green chloroplasts, which 
seldom conta in large starch grains . Other plants are much lighter in eolor. 
These have relatively broader pali sade cells, approac hing more in size and 
shape the spongy parenchyma cells of the same leaf. In bot h the light and 
the dark leaves the spongy parenchyma cells are about isodiagramet ric, the 
diameter being about twice the length of the continuous palisade cells of the 
mature leaf.'' 

In this same paper he commented on the differences m the cell 
structures of the chlorotic and green ar eas as follows : 

'' The conditions which cause the disease are certainly only effeetive when 
aeting on meristem atic or dividin g cells. It eannot be induced ar tificially , and 
never appears naturally in cells which have stopped dividing. A diseased spot, 
th ere fore, never inereases in size in a leaf except as the disease cells th emselves 
enlarge. The mosai e na tur e of the trouble and the fact that under some con-
ditions the pla nts may grow out of the disease suggests that it must arise in 
such cases in the meristematic tissues behin d the growing point, or where the 
plant i s not mosaic, but evenly diseased, the path ologic.al condition must be 
present throughout the cells of t he growing point. " 

In 1903 Iwanowski (19 ) published the r esult s of extensive studies 
on tobacco mosaic and called att ent ion to the error of Beijerin c1t 
who believed that the green areas was a true symptom of the dis-
ease. He says : 

''When a diseased lea f is examined with care and compared with a sound 
one, a retardation of the development of th e yellow spots is noticed; the se are 
thinner than the greenish ones, and show a weak development on the obverse 
side." 
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He also says : 
'' A cross section of a green part gives the impression of a normal sound 

leaf, somet imes better , developed than a sound one. The palisade and spongy 
parenchyma tissue are conspicuously differentiated. 

* * * * * * * 
"We obtain a different appearance when the preparation is made from 

the yellow part of the leaf. In this place the leaf is thinner than the green 
one, in a proportio n of 2 : 3. It was believed that the palisade tissue. was not 
yet developed, in its place we :find other cells; a eomparison with the green 
parts showing that the longitudinal walls have not been formed but are already 
in their development stage. The inter-cellular spaces are completely formed; so 
that we can differentiate at once the green from the yellow parts with which the 
weak tissue has correlation. " 

In this same paper he said: 
'' The parenchyma of the diseased leaves is more vigorou sly developed than 

those of the sound organs. In general the green parts seem hypertrophied and 
remind one of the forced development of tissue, on account of the presence of 
a parasite or insect injuries. This circumstance makes investigators of the 
mosaic diseases (Beijer inck ) believe that the green spots are diseased and that 
the yellow are completely normal, and that they are only checked in their 
development or account of the deviation of the nutritive substances to the green 
parts of the leaves.'' 

In this same year Bouygues ( 4) published a paper in which he 
reported the loss of the epidermis which was due probably to faulty 
technique. 

In 1910 Westerdijk (33 ) published the results of studies on 
tomato mosaic, but the histological part did not add anything to 
our knowledge of the subject. 

The next paper on this subj ect was by Melchers (28) in 1913 
who made some studies on both tomato and potato. He reports 
that he did not :find any abnormalities in the tomato, such as were 
described by Woods and Iwanowski for tobacco. However, he says-
" * * * at times in the yellow areas this tissue (palisade) appeared slightly 
less developed than usual. The yellow areas were slightly thin ner than the adjace nt 
green areas, especially in older leaves.'' 

Concerning the potato he says-
" A microscopic study showed that the yellow areas were thinner at all ages; 

in some cases they were only 90 mic. thick as compared with 120 mic. in the 
normal leaf. This thinness was largely due to a shor tening of the palisade 
cells which were of a striking cuboidal form. Sections from mottled areas were 
eas ily distinguished by the shape and size of the palisade cells. The cuboidal 
cells begaµ very abruptly in some sections, while in other cases there was an 
intergradation between them and the normal palisade cells. In t he yellow areas 
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as a rule, these cells were generally quite regular in shape, bu t sometimes there 
was less regularity. Their length varied from one-half to one-third that of normal 
cells and their thickness was usually slightly greater. The spongy parenchyma 
appeared normal in all areas, except that in the yellow regions, there were some-
what fewer chloroplasts.'' 

In 1917 Chapman (6) published a bulletin in wh_ich he gives 
some attention to , the histology of the tobacco leaves which showed 
mosaic. He agrees in general with Woods but says-

'' Occasionally the dark green _areas showed a more closely packed parenchyma 
than in normal leaves, and always the palisade was well developed and ap-
proached the normal in character. The development or non-development of the 
palisade layer, as Woods hinted, is dependent on the degree of severity of the 
disease . The lighter the attack the less are palisade cells and parenchyma tissue 
altered and vice-versa. ' ' 

Chapman gives illustrations of cross sections from the normal 
tobacco leaf and from the green and chlorotic areas of mosaic leaves. 
These illustrations show that the palisade cells of the green areas 
and the intercellular spaces of the mesophyll are reduced as com-
pared with the normal leaf. Also that the chlorotic areas are much 
thinner than the green areas, that the palisade is reduced to cubo1dal 
cells and that the mesophyll is reduced and compact. 

In 1920 Doolittle (13) published the results of his stud ies on 
the mosaic disease of cucurbits in which he described the anatomy 
of the leaves as follows: 

"When sta ined sections of the leaves are examined, the palisade cells of 
the green areas are found to be crowded closely together and to be somewhat 
narrow and longer than those of the normal leaf. The palisade cells of the yel-
lowed portion on the other hand, are more nearly isodiametric and less in number 
per unit area than in the norma l _leaf. 

'' The spongy parenchyma of these yellowed areas is also more compact and 
the intercellular spaces smalle r than in the green portions . '' 

In 1922 Matsumoto (26) published the results of his studies on 
the az'Uki-bean in which he said-

'' The anatomy of the diseased leaves is found to be identical with that of 
cucumber mosaic as described by Doolittle. The mesophyll of the dark-green 
parts of t he diseased leaves is strikingly thicker than that of the light green 
or yellowed parts. The palisade cells of the former are markedly long er and 
narrower than those of the normal t issues. The corresponding cells of the light-
green parts are much shorter than those of the normal ones, more or less iso-
diametric, and show a tendency . to crowd together so closely that their inter-
cellular spaces are almost invisible. The second important difference between 
these two different portions occurs in the spongy parenchyma . The spongy 
parenchyma of the Hght-gre en parts is also strikingly compact as c~mpared with 
that of the dark-green areas. The chloroplasts of the former, as in cucumber 
mosaic ·, are slightly smaller and less in number than in the darker areas.'' 
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In this same year R,and (29) publi shed an ext ensive paper on 
the peca n rosette in whi ch he says- · 

"Wit hin the yellow thin areas between t he larger side veins (secon dary 
stage) th e tissue is usually less developed than norma l, an d the cells are more 
closely packed together . In less severe cases the palisade t issue is well developed, 
but the intercellular spaces become almost obliterated. In other instances the 
palisade cells are differentiated, but the individual cells are great ly shortened 
ver tically and may be only two -or three times as fong as broad, instead of seven 
to ten times, as in the normal leaf. In the most severely affected leaves with 
extreme variation in leaf diameter there is no differentiation into palisade and 
sponge tissue at all in the center of these yellow spots, but the tissue within 
these parts of the leaf consists entirely of closely packed, more or less isodia-
metric cells without conspicuous air spaces. Under these conditions the number 
of cell divisions may be somewhat increased, the cells remaining smalle r th an 
normal. Usually, however, the number of divisions is reduced, and in some 
instanc es a parenchyma tissue only three cells deep has been found. Occasionally 
the entire tissue between the margin and midrib consists of undifferentiat ed cells. 
That this lack of differentiation is not due to immaturity was shown by examina -
tion of young healthy leave s just after their emergence from the bud. Even at 
this young and only pa r tially expanded stage the palisade tissue of healthy leaves 
was found to be well differentiated . 

"In the thickened portions along the veins, or someti mes throughout the 
laminae in the aborted non-mottled leaves of depauperate rosettes, the size oi 
cells may become increased in all three dimensions without essential change in 
ratio between spongy and palisade tissue. In some cases a slight increase in 
number of cell divisions also takes place . The individual cells appear abnormally 
healthy, and increase in leaf thickness here is due largely to increase in size 
of the individual cells. Along ·with this in crease in cell size there is a reduction 
in size of iutercellular spaces within the spongy parenchyma, and in the severely 
attacked leaf an almost complete obliteration of air spaces results. 

"Linear leaves may or may no t show a differentiation into palisade and 
spongy tissue , but where the palisade cells are developed they are usually shortened 
vertically and the spongy cells of the parenchyma are more closely packed to-
gether than the cells in healthy leaves . The average thickness of these leaves 
tends to be less than normal and this reduction is due partly to decrease in the 
number of cell divisioi;.s and partly to the shortened vertical axis !)f the palisade 
cells. The elongated shape of the leaves, however, is not due to variations .in 
cell shape but rather to a decrease in number of cell divisions in which the central 
spindles are perpendicular to the midrib. This would tend to keep the cells 
closer to the main water supp ly of the leaf.'' 

Various other workers have called atte_ntion to the reduced thick -
ness of the chlorot ic areas and to modifications of the cell structures , 
but the most extensive work to date was published by Dickson (12) 
in 1922. His work was especially valuable because of the large 
number of species and var ieties of pl ants which he used . He also 
appears to have been the fir st to r eport th at in some cases two lay-
ers of pa lisade cells were developed, which he believed to be a hype r-
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plasia caused by a late or slight stimulation of the meristematic cells. 
In speaking of the tobacco he says- . 

"In a diseased leaf, however, there is a striking differen ce in the lamina 
'thickn ess of the light and dark areas, the relative thickness being 180-200 and 
270-300 microne, respectively, or a ration of 2 to 3. This is referable mostly to 
the difference in development of the palisade tissue in the two cases as was shown 
first by Woods. In the ligh t areas the palisade parenchyma cells do not length en 
or do so to a limited extent depending on the sever ity of the infection. In most 
cases when leaves are severely infe cted the cells are cuboidal or is odiamet ric actual 
measurement s showing variation from 20 to 60 microns in length and 17 to 28 
micron s in width .. The cells of the spongy parenchyma in a healthy leaf are 
approximatel y twice as long as the palisade cells are wide, but in th e light areas 
of diseased leaves the palisade cells are appr oximat ely equal in diamet er to the 
und erlyin g cells. This is due to th e fact that the mesophyll cells are slightly 
smaller than in a healthy leaf, and that the normal division of cells in the pali-
sad e region is probably inhib ited to some extent while the cells are meristematic. 
Th ese cells are therefore in a hy poplast ic conditi on as far as gr owth is concerned 
and the same applies to the cell contents as will be seen later. 

''By contrast the palisa de cells of the dark areas are well developed and in 
all cases they are at least normal in size. The writer has found, however, a very 
common modificat ion when the disease is severe. Instead of the palisade cells 
occupying a single layer there are two layers, the lower comprising cells some-
what shorter than those in t he upper layer but being obviously palisade cells. 
In such cases the individual cells are also narrower so that equal lengths of cross 
section from moderately and severely diseased leaves gave pa li sade cells in the 
proportion of 6 to 10, respectively, count ing the upper row only in the latter. 
This pa lisade tissue consequently occupies a rela t ively greate r volume of the leaf 
and there is a considerable incr ease in the number of cells. Since they are well 
supplied with chloroplas ts able to function we may assum e that the photosyn · 
thetic efficiency of th is tissue is increased. In view of the incr ease in volume it 
is obvious that the palisade tissue in sever ely diseased leave s i s in a conditio n 
of hypertrophy and because of the increase in numb er of cells the hyper throphy 
may be accounted for by assuming a condition of hyperplasia when the tissue 
was meristematic. Woods considered the palisade cells of the dark areas to be 
normal for he states that the 'm odified cells pass abruptly into the nor mal cells 
of the green area s '. Chapman however, while using the ter m 'healthy cells ' 
say that 'their structure may be somewhat modified by the increased functioning 
thrown on the healthy cells'. It is the writer's view that when infe ction is 
severe in any given meristematic cell that cell will be hypop lastie, but if it is 
infected later, or only slightly, then it will be stim ulated eit her to hypertrophi<.>, 
growth or to hyperplasia. This would acc ount for such in sta nces above men-
tio ned,'' 

Space will not permit the quoting of Dickson's stud ies on other 
plants but in his summary he says: 

" Pre vious studies by other authors have been concerned chi efly. with tobacco 
and in one or two cases with tomato and potato. In . these no agreement is 
·~eaehed except in the :findin·g of hypoplastic pal isade tissue in lighter gree n 
areas of tob acco and pot ato and of fewer and paler chloroplasts in those areas. 
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'' As a result of my studies with tobacco, toma to, potato, black heubane, 
petunia, pepper, sweet pea, Canada :field pea, kidney bean, Windsor bean, rasp· 
berry, red clover, crimson clover, alsike clover, white Dutch clover and black 
medick it is clear that certain micros copic features are common to all the mosaic 
diseases studied. It is not to be understood , however, that in any leaf section 
from a diseased plant all characteristics, equally well developed, are to be ob· 
served. Much depends upon the growth rate and environment of the host plant 
but if sect ions are made from rapidly grown leaves of well-infected plants most 
of the following findings can easi ly be verifi ed. 

'' There is a difference in the lamina thickness of light and dark parts of 
the leaf varying in amount and in the majority of cases giving a relative va,lue 
of 2 to 3, respectively, where the disease is ordinari ly severe. If the infection 
be slight there is less reduction in thickness of the lighter green parts but if 
the attack be unusually severe there is more reduction in the .lighter parts and 
an incr ease in thickness of such parts as are dark green. Usua lly the dark 

' gre en is but little thicker than an ordinary healthy leaf. This reduction in leaf 
thickness is due to hypop lasia of bot h palisade and spongy mesoph yll cells but 
more especially to the fo rmer. There are all gradatious from slight hypop lasia 
to that in which the cells are isodiametric and can only be determined as pali-
sade cells by their position. It would appear that the hypoplastic condition of 
such cells is incl,icated also by the fact that they are usually somewhat wider 
that normal palisade cells. In a health y leaf of tobacco, for example, a spongy 
mesophyll cell subtends approximately two pa lisade cells. Allowing that there is 
hypopla sia of the spongy mesophy ll cells their reduced size is not very marked 
and yet only one hypoplastic palisade cell is needed to equal one mesophyll cell. 
This will be referred to again, bu t the poin t of view with regard to these pali-
sade cells is that not only are t hey unable to develop in length but they must 
have been inhibited from furt her division when meristematic. In leaves where 
the attack is mild t.l1e palisade cells are narrower and longer, in fact nearly 
normal. 

'' The spongy mesophy 11 cells are also hypoplastic to a greate r or less extent 
and when the disease is more severe they are equal in leng th to the ,tldth of the 
palisade cells above them. There is thus a very noticeable regular arrangement 
of the cells in the lighter green leaf parts." 

* * * * * * * 
'' Thi s regularity in cell arrangement necessarily redu ces the proportion of 

inter cellular space in the leaf, and by contrast the re is usually an increase over 
normal in the int ercellul ar spaces of hypertrophied parts.'' 

Rawlin s and Johnson (30) in 1925 published a paper on the cy-
tology of mosaic tobacco in which they say-

'' As has been found by other workers, the palisade cells in the chlorotic-
tissues are shorter and more nearly square in section than those in the non-
ch~orotic ti ssues of a mottled mosaic leaf or than those in healthy leaves.'' 

In speaking of a section made from a p lan t which did not shown 
any symptoms of disease and in which . the palisade cells were well 
developed, they say : 
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'' A leaf of this age -will probably never become badly mottled. At least 
part of the chloroti c appearanee in mottled leaves seems to be due to the failure 
of the palisade cells in the chlorotic part to elongate. It is a common field 
observation that, when old plants are inoculated with mosaic virus, the older 
leaves do not become mottled, only the young growing leaves developing this 
symptom.'' 

In 1926 Goldstein (16) published the results of extensive studies 
on the cytology of healthy and diseased tobacco plants in which she 
says: 

"I :find that the presence of the virus in the ear ly stages in the histogenic 
development of the leaf re sults in the more severe types of mosaic patterns. 
Sections through the diseased leaves of tobacco plants, at all stages of their 
development, show that histogenic development was arrested in every case by the 
entrance of the virus. The distribution of the virus in the tissue is indicated 
by the stage in histogenic development which the various cell regions show. The 
lighter green regions of the leaf patterns were invaded before the dark green or 
normal green areas, which have continued their histogenic development to a latter 
stage. Sections through mature leaves, infected during the :final stage of leaf 
development, show that the pattern is due to the effect of the disease upon 
the cell contents. In certain areas distributed through the leaf blade, such 
infections of leaves in later stages of histogenic development result in tlie 
faintly mottled apperance. 

* * • • • .. • 
'' In my oprmon the dark green areas represent regions which have escaped 

infection in the early stages of the entrance of the virus into the leaf primordium. 
They are able to go through their histogenic development for a time, but soon 
the toxins of th e virus hinder the completion of histogenesis, as far as differ-
entiation is concerned. The cells continue to enlarge, and can only do so by 
elongating, since they are bounded by cells which, owing to the presence of the 
virus, are not enlarging to any extent, and are rather rigid . When the cells of 
the dark regions divide, they are likewise under pressure from the surrounding 
light green regions which are enlarging more slowly, so that a buldging upward 
to form a blistered or puckered region (savoying) results. 

* * * * * * * 
'' As indicated in this seriation of the mosaic pattern types, the anatomical 

structure of a diseased leaf is correlated with the stage of it s development 
when the virus entered it. When cuboidal cells are found in the light green 
areas of a given leaf, infection must have occurred at a very young stage and 
these cells have simply remained undifferentiated. The double palisade layer of 
the dark green areas, when studied from the developmental and histog enie stand-
point, can be shown to be characteristic of young healthy green leaves at a 
certain stage of their development; neit her has the hyperplastie developmen t of 
a second layer of cells taken place, nor has hyperplasia of the cells themse lves 
occurred in the dark green areas; the corresponding palisade cells of a leaf 
of mature development upon a mature plant may be much larger both in width 
and length than I have ever found them to be in the dark green regions of 
diseased leaves.'' 
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She also says : 
"I find that Iwanowski ' s and Dickson's statements as to t he his tology of 

the dark green areas are not incompatible. Both conditions can be found, de-
pending on the age of the leaf at the time when infection took place. My 
sections through mature heal thy leaves of mature p lants show that in tobacco 
as in many other plants, a second layer of less elongated palisade cells may 
normall y occur. The term hyperplasia as implying the development of a second 
layer of palisade cells sho~ld not be used in connection with the dark green 
areas of diseased tobacco leaves . These areas consist of seven layers of cells 
such as are characteristi c of healthy mature leaves. 

'' The cells found in the sections of the light green areas do constitute 
a. hypopla stic condition due to severe infection, and represent the origina l em· 
bryonic condition of the leaf at the time when infection took place . Cytological 
11tudy of very young leaves leads unquestionably to the conclusion that the en-
trance of the virus int erf eres with the histoge nic development of the leaf. 
Embryonic cell layers of leaf primordia, which have been given an opportunity 
to develop before the entrance of the virus, show a normal palisade · development . 
. Furthermore, I find that the dark green areas, contrary to the opinion of Dickson 
are in reality also hypoplastie, and show a cell-form condition characteristic 
of a young stage in development of a normal leaf. The cells in such infecte d 

leave s soon cease to differentiate, and the palisade cells have simply elongated. 
J?roducing the double palisade layer whose cells never attain the size of the cells 
-found in mature healthy leaves . In accord with Kiister's (1904) view of hy-
ploplasia, such an arrested development should be considered as representing a 
hypor plastic condition . '' 

In this same year Smith (31) published the results of her studies 
on mosaic diseases and leaf variegat ions. She states that the leaves 
of both healthy and diseased plants were of approximately the same 
age and the drawings show that these leaves were well advanced. 
Concerning her studi es on Datura stramonium she says : 

"It was found in the histological studies that neither the green nor the 
chlorotic areas of the mosaic -infected plants are comparable to the normal, the 
green being thicker than the health y, but showing normal tissue diff erentiation 
and distribution of pla stid s ; whereas the chlorotic areas are approximately 
equal in thi ckness to those of the healthy, but have poor ly differentiated pa lisade 
tissue and show a decrease in the numb er of plastids.'' 

Concerning the Phytolacca decandra she says : 
'' Her c, as in Datura, it can be seen that the mosaic disease modifies the 

entire leaf, the dark green area being thicker than normal and the chlorotic 
region being r educed, par ticularly in the palisade layer. In this case also the 
healthy leaf is thinner than the dark green mosaic ar ea but thicker than the 
chloroti c region. The thinness of the chlorotic sect ions is due chiefly to a lack 
of differentiation of the palisade layer." 

She also report s a loss of the palis ade cells in the chlorotic areas 
of a hybrid A.quilegia, a decr ease in the thickness of the mesophyll 
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and that '' the healthy leaves ar e thinner than the dark green areas 
and thicker than the chlorotic regionfi' ''. 

In 1927 Sorokin (32) pub lished a paper on tomato mosaic in 
which she agreed with the finding of Dickson. Speaking of a chlorotic 
region she says : 

'' .All cells are nearly isodiam etr ic; there is no differentiation into palisade 
and spongy parenchyma; the intercellular spac e volume is very limited; the 
epidermal cells are hardl y distinguishable from the parenchyma cells. The chlorotic 
region s in less severely diseased leaves are characterized by the h .ct that the 
first row of parenchyma cells are slight ly longe r than those of the other three 
or fo ur rows .' ' * * * '' The spongy parenchyma and intercellular spaces are 
present and the epiderma l calls are somewhat hypertrophied.'' 

So far as the writer is able to determine from the descriptions 
and illustrations, none of the investigator s with the exception of 
Goldstein have given careful attention to the ages of the leaves 
which they have studied . · In many of these papers it is very evident 
that the studies were confined to the old leaves in which the tissues 
were differentiated so far as possible . 

It is unnecessary to call the attention of the readers of this 
paper to the fact that a young leaf is composed of undifferentiated 
cells which undergo rapid differentiation with the growth of the leaf , 
resulting in the well known tissues of the leaf, long before the leaf 
is £ull sized. It is reasonable to suppose that the reaction of the 
plan ts would vary somewhat with the age and development of these 
merist ematic cells and more or less well developed tissues at ti me of 
coming in contact with the active agent which causes the disease. 
In studies recorded in this paper and in others by the writer, a series 
of leaves from the youngest in which the disease could be detected to 
the oldest in which the pattern was sufficiently well de.fined to permit 
the selection of material, were studied. Comparative studies were 
made between the chlorotic and green areas of the same leaf and be-
tween chlorotic areas of diseased plants and leaves of the same age 
from healthy plants. It is the opinion of the writer that these 
studies have made it possible to follow some of the reactions of the 
plants to th e diseases with a fair degree of accuracy. 

In genera l it may be said that chlorotic areas are thinner than the 
normally green areas and that these areas vary in thickness, not only 
in different plants but in different leaves, and also in different areas 
of the same leaf . In general .it may also be said that the histological 
variations are not so pronounced in the monocotyledonous as in the 
dicotyledonous plants . 

The differences in the thickness of the leaves of diseased and 
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healthy plants can be detected in very early stages of their devel-
opment by studying buds from corresponding parts of diseased 
and healthy plants. Variations will be found frequently in a single 
leaf from a mosaic plant. :F'urthermore the cells in these th in areas 
are usually smaller than in normal leaves of app roximat ely the same 
ages. These points are shown in figures 11 a and 11 b in which it 
will be readily seen that the diseased leaf (fig. 11 b) is thinner and 
the cells smaller than in the healthy leaf (:fig. 11 a). As the leaves 
grow older the leaves from the healthy plant will develop the normal 
structure ( figs. 12 a, 13 a & 14 a) . The leaves from the diseased plant 
increase in size but the cell structure of the chlorotic areas are never 
normal. Sometimes th ey r eta in the structural character of undif-
ferentiated cells throughout the life of the plant (fig. 12 b) while in 
other cases they approach the normal ( figs. 13 b, 14 b, & 14 c). Some-
times they are almost normal in structure but modifications of the 
chloroplasts indicates that they are diseased. 

Studies on other tobacco plants gave about the same hi story except 
that in most cases the chlorotic areas were thinner than t he normal 
green leaves of the same age and the palisade poorly developed. '£he 
studies in general lead the author to believe that the poor differentia-
tion in the first two leaves studied (figs. 11 b, & 12 b) as compared 
to the next two leaves studied (figs. 13 b & 14 b) was due to the fact 
that the first two leaves were younger at time of attack than the last 
two leaves. 

The tomato plants used in these studies were infected with the 
same virus as the tobacco plants. The infections were severe and 
th e symptoms very pr onounced on the upper leaves; but the symp-
toms gradually disappeared with the increased age of the leaves. 
Several plants were used for study but all the drawings were made 
from the green and chlorot ic areas of a single plant. The studies 
began with the youngest leaves in which the patterns could be de-
tected with certaint y. By this time, the palisade cells had developed 
in the green areas (fig. 15 a) but were very difficult to detect in the 
chlorot ic areas (fig. 15 b) . The chlorotic area was slightly thinner 
than the gr een area ( figs. 15 a, b). 

In the second leaf the development of the green area may be 
considered norma l and complete (fig. 16 a). Sections from two chlo-
rotic areas from opposite sides of the midrib of the same leaf (figs. 
l 6 b, c) showed a variation in thickness, which is very common in 
all species that the writer · has studied. The cell structure in both 
sections was very uniform , the palisade undeveloped and the interce l-
lu lar spaces small. 
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The green area from the third lea£ (:fig. 17 a) was somewhat under 
developed as compared with the preceding lea£ (:fig. 16 a). The 
section from the chlorotic area (fig. 17 b) was slightly thinner than 
the green one (fig. 17 a), the palisade under developed and the 
mesophyll quite uniform. 

The green part of the fourth lea£ was thinner than the green 
parts of the third and second leaves but the structure may be con-
sidered normal or nearly normal. Sections from two chlorotic areas 
of this same leaf showed variations in thickness and structure (figs. 
18 b, c). In one (:fig. 18 b) there was practically no differentiation 
into palisade and mesophyll, while in the other (:fig. 18 c) the differ-
entiation was practically the same as in the green part. 

The £act that the green areas of the third, and fourth leaves (:figs. 
17 a & 18 a) were rather thin and under developed may or may not 
have been due to the disease. The aut hor has noted that there may 
be considerable variation in the thickness of leaves of apparently 
healthy plants, regardless of ages. The partial development of the 
palisade cells in the chlorotic areas of the third and fourth leaves 
( figs. 17 b & 18 b) as compared with the lack of development in the 
first and second leaves (figs. 15 b & 16 b) is apparently due to the 
age of the leaves at time of attack. However it will be noted that 
sections from two chlorotic areas (:figs. 18 b & c) of the fourth leaf 
show great variat ions in the development of the palisade. It is 
reasonable to suppose that this variat ion in development is due to an 
unequal distribution of the virus in the leaf. 

The diseased cowpea plants used in these studies were very severely 
infected. Two sections from young normal leaves (figs. 19 a & b) and 
one section from an old leaf (fig. 20 a) show the line of development. 
In the very young leaf (fig. 19 a) the cell structure is undifferentiated. 
The differentiation is shown in figures 19 b and 20 a. The chlorotic 
areas in leaves of about the same age from diseased plants show 
remarkable variations in both thickness and structure (figs. 19 c, d, & 
20 b, c, d, e). Here as in the tomato we find that two chlorotic areas 
from the same leaf may show variations in both thickness and .struc-
· ture. This is illustrated in figures 19 c and d which are from the same 
young leaf. Figure 19 c shows what is to be expected in a severely 
infected leaf; the re is practically no differentiation. Fig. 19 d shows 
some differentiation but the condition of the chlorop lasts indicate the 
infection. The variations in an old er leaf are shown in figures 20 b, 
c and d . The section shown in figure 20 b was from a slightly ch lo-
rotic area. The thickness is the same as in the normal leaf ( figure 
20 b), the palisade consists of two layers of cells and the mesophyll 
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cells are somewhat smaller and more compact than in a normal leaf 
or green area of a diseased leaf. Figur es 20 c, d, e, were made from 
sections from old, severely diseased leaves. They are thinn er tha n a 
normal leaf of the same age (fig. 20 a) . The cells are rather large 
but meri stematic in character except in figur e 20 d in which there is 
a tendency towards the development of a palisade. These variations 
are probably due to the age of the leaves at the tim e they were 
penetra ted by the active agent, or to the virulence of the active agent , 
or to un equal distribution of the active agent . 

DISCUSSION 

It is very generally r ecognized that the active agent is distributed 
throughout all parts of 'the plant, except the seeds, in which it has 
been found in only a few cases. It is also very generally recognized 
that the chlorotic areas are thin ner than the green areas of the same 
leaf or a normal leaf of the same age. These studi es show that these 
chlorotic areas may vary in thickne ss, even in the same leaf. In 
bri ef a leaf from a mosaic plant of tobacco, tomato or cowpea may 
show variations in thickness and structure r angin g from a green area 
of normal thickness to a chlorotic ar ea which is very t hin and com-
posed of undiff er enti ate d mesophyll supported by an imperfect fibro-
vascular structure. All grada t ions in thicknes s and structure may 
occur between th ese two extremes. In some cases the only modifica-
tion of structure is th e formation of two layers of palisade cells. 

So far as the author has been able to learn , Woods was the 
first to call attention to the !'educed thickness of the chlorotic areas 
and this has been confirmed by most investigators since that time. 
He also called attention t o "the fact that in badly diseased plants 
the palisade par enchyma of the light colored ar eas is not developed 
at all. .All the tissue between the upp er and lower epidermi s consists 
of a spongy or respiratory parenchyma rather more closely packed 
than normal". He also stated that "the conditions which cause the 
disease are certainly only effective when acting on the merist ematic 
or dividing cells". 

Since that tim e many investigat ors have confirmed Wood's opinion 
that chlorotic areas were thinner than the green area s and that the 
palisade was unde veloped. However , no one appears to hav e been 
impressed with the idea that the structural var iations were due to the 
action of the active agent on th e meristematic tissue until the publica-
tion of Dickson's paper (12) in 1922. He said: 

"It is the writer's view th at when the inf ection is severe in any given 
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meristematic cell that cell will be hypoplastic; but if it is infected later, or 
only slightly, then it will be stimulated either to hypertrophic growth or to 
hyperplasia. ' ' · 

'l'he writer agrees with the first statement of Dickson but not . 
with the latter. The studies on which this paper is based indicate 
tb.at the active ·agent which causes the disease is inhibitory. It 
produces a hypoplasia by inhibiting the differentiation of the mer-
istematic tissues. The writer does not find hypertrophy in any of 
the cases studied, ,which are usually classified under the general term 
of mosaic. 

So far as the writer has been able to learn Goldstein (16) was 
the first to assert that '' the virus interfered with the histogenic 
development of the lea£'' and that '' the distribution of the virus was 
indicated by the stage in histogenic development". The studies of 
the writer very generally confirm the results reported by Goldstein. 

It is very evident to the writer that the active agent inhibits the 
growth and differentiation of the meristematic cells. It is also 
evident to the writ er that the active agent does not cause a change 
on any of the ·lea£ tissues after they have completed their normal 
development. The variations in the histogenic structures found in 
the different chlorotic areas as recorded in this paper may be due to 
any one of several causes : 

1. The amount of the virus or active agent injected into the 
plant and carried to the meristematic region. 

2. The growth activity of the host plant at the time. 
3. The relative viru lence of the active agent. 
4. The relative ·age of the tissue at time when it comes in con-

tact with the active agent. 
5. The unequal distribution of the active agent throughout the 

leaf. 

The growth of the tissues of chlorotic and green areas is not the 
same. In some cases the differences in growth are so great as to 
cause a deformity. This is especially noticeable in the tobacco where 
it results in the formation of pockets in the green areas. This pocket-
ing is evidently due to the fact that the growth in the chlorotic areas 
has been slowed up while that of the green areas appears to be normal 
or nearly normal. · 

The differentiation of the tissues in the chlorotic areas is inhibited 
and the growth _ and division of the cells is slowed up to some extent. 
The result is that the chlorotic areas increase in size as a result of 
the division and growth of the cells. However, there is no · evidence 
to indicate that it increases in size as a result of the invasion of the 
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activ e agent after the tissues are mature. Woods (36) appears to 
:have been the fl_rst to call attention to this point when he said: • 

'' A diseased spot, therefore, never increases in size in a leaf except as the 
diseased cells themselves enlarge. ' ' 

The writer of this paper confirmed this id ea for sugar cane in a 
'paper published in 1926 (10) by the following statement: 

'' These areas increases in size with the growth of t he leaves, but so far 
as the writer has been abl e to determine they do not encroach on the surrounding 
tissues and do not coalesce. The increase in size appears to be by cell division 
and growth and not by infection of surrounding cells.'' 

CHLOROPLASTS 

It is very generally recogn ized that the very young leaves of 
most plan ts ar e white or very light green and that those which hav e 
a mosaic disease show very faint or no mosaic patterns whatever 
:until they have been exposed to sunli ght and begin to turn green. 
In the case of normal plan ts the young leaves become uniform ally 
green very rapidly when exposed to sunlight. In the case of plants 
inf ected with mosaic, certain areas become normal green very quickly 
-yvhil e certain others remain light green or yellowish for a time dis-
playing the well known pattern of mosaic and then in most cases 
gradually become green until the pattern almost or completely dis-
appears. This has been observed by a number of writei ·'! aua. ap-
pears to be true for most plants. The most notable exceptions are 
th e lett uce as reported by Ja gger and the Abutilon hirtum which will 
be discussed by the wr iter in a later paper. Jagger (20) in his 
discussion of the lettuce mosaic says : 

'' The first symptom of disease was a yell owish discoloration along the 
smaller veins of the younger e:iqJanded leaves. This symptom was usually evident 
for only a few days, giving way to a genera l yellowish, discolored appea rance 
of the whole plant. All gradatio ns of discoloration occur re d from very marked 
to conditions not dist inguishable with certa in ty from normal." 

This statement indicat es that the discolorations become more 
pronounced with age which i's not in har mony with most descriptions 
of mosaic symptoms; but he furt her says : 

'' Often plants that showed ma rked discolorations, mottling, and stunting 
soon after bei;oming diseased would later seem to recover in part and to make 
a more or less normal growt h with only slig ht discoloration and mottling.'' 

This la st statement indica tes that the pat terns disappear in some 
·cases and the plants tend to become green with age as described for 
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most mosaic diseases. In the Abutilon hirtum which will be discussed 
in a later paper some of the spots become slightly greener wit h agP 
whil e other s remain chlorotic. 

'i 'h is tend ency for the chlorotic ar eas to become gree n witn age 
and exposur e to sunlight led the writer to doubt the generally ac-
cepted idea that the chlorotic condition was the resul t of a disintegra-
tion of the chloroplasts as state d by several writers. If the chloro-
pla sts und ergo disintegration, these chlorot ic areas ought to become 
more chlor otic instead of green. Therefore, the writer began a ser ies 
of studies on this pha se of the mosaic problem some years ago and the 
re sult s were first presented in a paper publi shed (9) in 1925. Thi s 
was followed by a paper (11) which was read befor e the Phil adelphia 
meeting of the American Phytopatho logical Society in 1926 and 
publ ished in 1927 ( 10). These pap ers were r eceived with more or 
less differences of opinion. Th e wri ter having made his studi es 
almo st entir ely on sugar cane, which had not been used by any of 
th e other workers on this phase of the subject, decided to continu e 
the stu di es an d to use a numb er of oth er species of plants . The 
plants used were the common r ed canna (Canna indica), tobacco and 
tomato, all of which have been studie d by other workers, cowpea 
whi ch has been studied to some extent and Abutilon hirtum . The 
read ers will not e that the sugar cane and canna are both monocoty-
ledonous while all the other are di coty ledonou s. Thi s may be of 
some importance because in the first two the leaves ar e roll ed while 
in all the others they are folded and because the cell structures are 
somewhat different. 

Before giving the results of these studies on chloroplasts, it is desir-
able to give a bri ef review of th e literature to date. Mayer (27) 
re ferred to the chloroplasts in mosaic of plants and said that mosaic 
was a disease of the plasmat ic cell contents . Koning (23 & 24) 
r eported a disorganization of chloroplasts and a disappearance of the 
cell wa lls, which leads the writer to suspect that he studied old leaves 
and that the conditions were due to other causes. The statement 
th at the chloroplasts were disorganized or disintegrating appears to 
ha ve been generally accepted unti l the writ er of this paper published 
(9 ) evidence to the contrary in 1925 (see page 88). 

Beijeri nk (3) defined the mo'saic of tobacco as a disease of the 
chlorophyll bodies which finally became a disease of the plasmatic 
cont en ts of the cells. However, he did not give an explan at ion of 
hi s results. Th e wr it er is of the opinion that he also was work ing 
with old leaves. 

Woods (35) in the conclusions of his first paper makes the very 



86 THE JOUR NAL OF THE DEPARTME N T OF AGRICULTURE 

definite state ment-'' Chloroph yll is destroyed rapidly by oxidizing 
enzymes, of which two groups are 1·ecognized,--0x idases and p er ioxi-
rases ", but he does not explain why the chlorotic areas become green 
with age. 

In 1902 he said (36): 
"That the disease is not primarily of the chloroplasts, as Beijerinck thought, 

is evident from the fact that in th e less pronou nced cases the chloropl asts, though 
fe wer in number ar e not decreased in size or activit y. * * * In some pro-
nounced cases the chloropla sts are light colored or wholly without color. '' 

Iwanowski (19) published a paper in 1903 in which he said: 
"If we now turn our attention to the cell conte nts, there is a lack of chlo-

roplasts whi ch are not regularly distributed in the palisade pare nchyma. Inves-
tigation on the live -stage shows swollen chloroplasts whi ch l1a,·e the a ppearnnce 
of big drop s with green, fine circles around them. Sometimes these drops fill 
the whole cell, rarely the chloroplasts are scatte red and the cell contents is of a 
pale green color . As in the beginning of the obsen,ation and be cause of the 
rap id preparat ion of the solution, such formations appear rarely, we ha ve to 
accept that they are more pro perl y an artificial product, a continuation of the 
re sist ance capacity of the chlorop lasts of the yellow parts in compa ri son with 
the green. In the last ones 110 such scatteri ng of the chlorop la.sts ha s bee!:! 
seen. 

"The chloroplasts on the yellow parts have a. pale yellow color, with a 
granul ar structure . At first there is 110 vigor, cuts on new leaves treated with 
iodine showed a great difference; in the gree n pa r ts an intense color, in the 
yellow, not a vigorous granule. Examinations wit h the naked eye showed tha t 
a diseased leaf after being treated with iodine showed color in dark blue and 
yellow sectio ns, whi le th e dark blu e sectio ns correspo .nding to the green par ts. 
Lat er on, the vigo r shows on the yellow parts also.'' 

Baur (1) reported in 1904 that in Abittilon thomp soni there was 
no eviden ce of a causal organism but that the plastids in th e chlorotic 
area s wer e reduc ed in size and numb er. 

In 1910 Westerdijk (33) report ed the chloroplasts of tomato 
mosaic as slightl y smaller than normal , yellowish and containing but 
little starch. Melcher s (28) ·reported in 1913 that the chloropl asts 
in th e chlorotic areas of mosaic potatoes were fewer and of a pale 
yellowish green. Doolittle (13) reported in 1920 that th e chloropl asts 
in the cells of th e chlorotic areas of the cucumber were smaller t han 
in green leaves and that they were located so very close to the cell 
wall s as to be almost invisible. 

In 1915 Clinton (7) said: 
"Ver y frequen tl y, especially where the chlorosis is of the mosaic or varie-

gated type , it seems to start in the ,ery young tissues, and not after th e leaves 
are fu lly grown. 
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In 1920 Doolittle (13) published a paper on the mosaic of cucur-
bits in which he said : 

'' The chloroplasts of the cells of the yellowed portions are decidedly smaller 
than in normal cells and are often pressed so closely to the walls of the cells as 
to be almost invisible. In contrast to this the chloroplasts in the dark-green 
areas are so large and numerous as to seem to :fill the cells. The vascular 
elements of mosaic show littl e var iation from the normal.'' 

Kunkel in 1921 in his paper (25) on a mosaic disease of corn says: 
'' Even before the leaves unfold and while they are still quite white the 

diseased areas appear translucent and can readily be distinguished from the 
portions of tissue, which on exposure to light will become deep green. As the 
leaf unfolds in the light and becomes gre en the outlines of the diseased spots 
or stripes become more clearly marked. The light color of the diseased areas 
is due to a failure of these portions to develop the normal green color rather 
than to a fading of the green color after it has once been produced.'' 

Dickson (12) in his studies on a large number of plants :frequently 
refers to the reduced number of chloropl asts in the chlorotic areas 
but shows that he is a believer in the disintegration theory by several 
statements. In his discussion of the tobacco mosaic he says: 

'' The carbohydrate content is not the same in light and dark-green areas 
is indi cated by the iodine test. The chloroplasts and grains in the lighter-green 
areas take on a brown stain, even when there is little obvious change in the 
chlorophyll apparatus , and the amount of carbo hydr ate is less because of the 
fewer chlorop lasts. 

'' The chlorotic condition of the lighter areas is not due to lack of iron in 
the plastid as is clearl y indi cated in the following tests." 

.After giving these tests he continues: 
'' The only cells in which this was difficult to demonstrate for individual 

plastids were those containing many t iny hyaline masses resulting from their 
br~ak down. It is possible of course, that in such cases we ha ve a hypoplastic 
condition under which the normal plastids did not develop originally but it ap-
pears mor e probable from my observations that this is a case of degeneration.'' 

In his discussion of the potato mosaic he says : 
'' The chloroplasts of the cells of the light areas are fewer in number and 

paler in color than in th e dark green but there are fewer instances of chloroplast 
degeneration than in tobacco. In the dark green tissues the chlorophyll content 
is always at least equal to the normal and sometimes above that of healthy 
tissue.'' 

.Again in his summary of the results of microscopic studies (p. 49) 
he says : 

''' Corresponding with the hypop lastic condition of the cells there is a 
gradation of hyploplasia and degeneration of the cell contents. Cells, slightly 
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affected as far as growth is concerned may be different from healthy cells only 
in the slightly paler green of the chlor ophyll while the chloroplasts appear to 
be present in nearly normal number. With increase in severity of effect on cell 
size there is a very definite reduction in the number and of depth of color of 
the chloroplasts and in some instances they are also reduced in size.'' 

Johnston (22) says in speaking of sugar cane that-
'' This mottling character is most clearly seen in the inner newly developed 

leaves, often fadi ng out in the mature leaves. It is not seen in any very young 
shoots.'' 

He also says-
" A gradua l disappearing of the mosaic in old leaves." 

In 1925 Rawlins and Johnson (30) published their studies on the 
cytology of mosaic tobacco in which they said: 

"From the drawings it is evident that in this lea£ the palisade cells and 
their chloroplasts are well developed. A leaf of this age will probably never 
become badly mottled. At least part of the chlorotic appearance in mottled 
leaves seems tp be due to the failure of the palisade cells in the chlorotic part 
to elongate. It is a common field observatio n that, when old plants are inocu -
lated with mosaic virus, the older leaves do not become mottled, only the young 
growing leaves developing this symptom.'' 

In the writer's first paper on this subject in which the studies 
were restricted almost entirely to sugar cane attention was called to 
smaller number and small size of the chlorop lasts in the chlorotic 
areas as compared with the green areas and normal cane. The 
writer said: 

'' A study of the cells of these leaves shows that the chloroplasts are more 
numero1,1s in the dark geen than in the light green areas. Therefore, it appears 
,that in the case of the light green areas the formation of the chloroplasts is 
inhibited but that with the exposure to sunlight this inhibition is gradually 
overcome. 

* * * * .. * * 
"The chloroplasts in the white or yellow areas were £ewer in number and 

smaller than in the green areas. 

* * * * * * * 
'' The sma ll chloroplasts of the mosaic cells are usually spoken of as having 

undergone a process of degeneration . The writer has studied the chloroplasts 
in the very young unrolled leaves and is satisfied that these chlor oplasts are 
undeveloped rather than disintegrated. They have never reached normal devel-
opment. Furthermore a study in a series of leaves from those just unrolling to 
the outermost on a plant shows that the chloroplasts of both normal and mosaic 
cells increase in size after being exposed to light. These changes which are 
apparently due to age or · light are so pronounced that there is very little dif-
ference in size of chloroplasts in old leaves of diseased plant and the chloroplasts 
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in a leaf of the same age from a healthy plant. The writer is very doubtful 
if disintegration over occurs in case of primary infe ct ion (i. e. infection from 
the seed)." 

In the paper (11) read before the Phliadelphia meeting (1926) 
of the American Phy topath ological Society the wri ter expressed th e 
opinion that-

' '' The chl oroplasts are not destroyed nor even injured by the diseases. Their 
development however is inhibited ." 

In the more complete paper (10) on this subj ect the wr iter said: 
"The chlorop lasts in the sheathing cells of a healthy plant are large and 

the markings well defined as compared with the chloroplasts from the corre-
sponding cell of a diseased plant which are small and with poorly defined 
markings. The chloroplasts in the ordinary mesophyll cells of a healthy plant 
are large and regular as compared with the chloroplasts from the corresponding 
cells of a diseased plant. However, as previously stated, the chl oroplasts in 
the chlorotic areas in the older leaves of a diseas ed plant are very ne;i,rly or 
quite normal in appearance. No disintegration of the chloroplasts was observed 
in any case except in very old leaves which were decaying from old age or in 
tissues which were decaying as a result of attacks of fungi . '' 

The writer also said : 

'' The tendency of leaves of diseased plants of both sugar cane and tobacco 
to become more or less uniformily green with age and exposure to sunlight is 
no doubt due to tendency of the chloroplast s in the cells of the chlorotic areas 
.to increase in number and size. This could not possibly be the case if the 
'chloropla sts were undergoing disintegration.'' 

In 1926 Eckerson (15) reported the finding of flagellate organisms 
livin g in and destroying the chlor oplasts in plants infected with tomato 
mosaic. 

In this same year, Jones (21) described a mycetozoan (Plasmo-
diophora tabaci) from tobacco plants. H e says: 
'. ' 

"Disintegration of chloropl asts apparently is the first visible response on 
the part of the cell to the presence of the organism. Later the cell walls dis-
int egrate and disappear.'' 

In the following year Sorokin (32) published a paper on "P he-
nomena Associat ed with the Destruction of the Chloroplasts in Tomat o 
Mosaic" in which she gives a short review of the lit erat ure and a 
lengthy discussion of her experiments. 

In the summary of the paper Sorokin says: 

"The chloroplasts are destroy ed through the dissolution of the proteins of 
the stroma. This fact is easi ly demonstrated by dire ct observation of the living 
material and by microchemical tests . The same is confirmed by study of the · 
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material :fixed und er the microscope, or :fixed and stained by usual cytological 
methods. 

'' The normal chloroplasts are rather solid. The first indication of a patho-
logi cal condition is the appeearance of rapidly moving hyaline bodies within the 
chloropla sts. The movement of these bodies is possible only after liquificatio n 
of the stroma of the chloroplasts has taken place. Therefore it is assumed that 
a proteolytic enzyme, possibly secreted by an org anism, is present. An increased 
osmotic conce,ntration resylts inside of the chlorop lasts, and water is taken in 
from the surro unding medium . Finally, the entire body of the chlorop lasts goes 
into solution and, if sufficient water is present in the surrounding medium, 
spherical transparent vesicles result. 

'' The sphere represents a membrane resulting from the digest ed chloroplast 
in which the digestion products and water are retained, the whole being sur -
rounded by a surface film at the interface. The spheres give negative protein 
reactions, and are soluble in alcohol, acetone, or acid s. They are soluble in 
weak alkali . They can be :fixed and stained by methods used in the study of 
the inclu sion of the animal virus diseases.'' 

In this same year Bremer (5) published the results of his studies 
on the , cytology of the stri pe disease of suga r cane and other plants 
in which he gave some attention to the chloroplasts. He reports a 
reduction in the size of the chloroplast s in some species and varieties 
but not in others. In one place he says: 

'' The chlorophyll grains are very irregularl y scattered and are absorbed to 
a larg e extent by the st ripe-diseased body" 

which indicates a belief in the theory of disintegration. 

In another place he says: 
"I also found that, in most cane species, the chlorophyll had a lighter green 

color, in the light-green areas, the chlorophy grains not having reduced in size. 
In Beto eng I Rokan and Kapoer I R-0kan, both species showing entirely white 
str ipes on the leaves, most of the chlorophyll grains had remained small, owing 
to the disease. There even were chlorophyll grains that could hardly have been 
seen when strongly magnified, while they were ent irely wanting in many cells. 
The very small chlorophyll grains were colorless. In mosaic Hippeastrum and 
Eucharis, I found also that in cases where the color of the leav es was lighter 
gre en, the chlorophyll grains had remained smaller than in healthy plants.'' 

However,- his figure No. 1 shows a healthy cell in which the chlo-
roplasts are large and a diseased cell in which they are small. 

In 1927 Hoggan published the results of her studies on the virus 
diseases of Solanaceous plants (18 ) in which she made the following 
statement : 

"Where the exte rnal symptoms of mottling or chlorosis were marked, the 
cJi}orophyll had changed from green to yellow, and the plastids were reduced in 
size, in severe cases of disease sometimes disintegrating and apparently breaking 
up into small particles . .1.n leaves infected when very young, the chloroplasts 
did not develop normally but remained small and fewer in number than in the 



r 

EFFECT OF SOME MOSAIC DISEASES 91 

healthy cell. When placed in water, these plastids often swelled up to :form 
colorless vesicles as described by Iwanowski ( 19), and it is thought possible that 
this may have some bearing on the formation of the 'spheres' reported by Soro-
kin (32)." 

This brief r eview of the literature will show that the theory of 
'disintegration of the chloroplasts as advanced by Koning and Beije-
rin ck was very generally accepted by most workers without question 
until 1925 when the writer (9) advanced the theory of inhibition. 

This theory of inhibition of the chloroplasts was well received 
by some workers but was not accepted by others. This difference of 
opinion led to the more extensive studies which are reported in this 
paper. However, before taking up the additional data we will review 
the results of the work on suga r cane as given in the . authors last 
paper. In this connection the attention of the reader is called to the 
fact that the leaves of the sugar cane do not have a well defined layer 
of , palisade cells such as is found in the leaves of most plants. How-
ever, the leaves of the sugar cane do have two distinct types of 
parenchyma cells: (1) a sing le layer of long tubular cells forming 
a sheath around the £.bro-vascular bundles, and (2) ordinary paren-
chyma cells which are irregular in size and form and constitute the 
true mesophyll of the leaf. 

Cross sections of leaves of healthy plants beginning with the in-
ner leaves ( figs. 1 a, l c, 1 e) • show that the number and size of the 
chloroplasts is practically the same throughout the series from oldest 
to youngest leaves. This is also shown in longitudinal sections through 
these sheathing cells (figs. 3 a, 3 c, 3 e) and in sections through the 
ordinary mesophyll cells (figs. 5 a, 5 c, 5e). But similar sections 
through the chlorotic areas of mosaic leaves of the same ages and 
positions as the leaves on the healthy plants showe!l that the chloro-
plasts were few and small in the cells of the inner leaves but increased 
in size and number in successive leaves from the youngest or inter -
most to the oldest or outermost leaf (figs. 2, 4 and 6). These studies 
were made on a number of different plants and the results were al-
ways the same. There was no evidence of disintegration of the 
chloroplasts except in the very old leaves in which some of the cells 
were abnormal as a result of old age or the attacks of fungi. .All 
these studies were made from sections cut from leaves fresh from the 
plant and studied immediately and from sections made from leaves 
which had been killed and fixed a few minu tes after collecting. 

It appears to the writer that this tendency of the chloroplasts to 
* This series includes five leaves. The drawings have been made from numbers 1, 8 

and 5. However, studies have been made on a series of seventeen leaves from a single 
J>lant. 
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become norm al in number and size is due to the exposure to sunlight 
rather than to age. Both nor mal and diseased canes were germinated 
and grown so far as possible in a dark room and both remained 
chlorotic. 

The mosaic disease was discovered in our plots of red canna 
( Canis indica) but unfortunately all the plants were diseased and it 
was impossible to compare the nor mal with the mosaic plants. The 
patterns disappeared very quickly with age and exposure to sunlight, 
so that is was imposs ible to find the patterns on the fifth leaf. How-
ever, it was very easy to compare section from the green and ligh t 
colored ar eas of the four youngest leaves. Sections were made from 
the leaves that were just unrolling as soon as the patterns were suf -
ficiently distinct to show the boundaries and from the second, third 
and fourth leaves. No sections were made from the fifth leaves 
because the patterns were practically lost and because they were 
infected with rust fung i (Pitccinia cannae (Went.) P. Henn.) 

An examination of sections (fig. 7 a) from the green parts of the 
innermost or youngest leaves showed numerous, well developed chloro-
plasts while an examination of sections (:fig. 10 a) from the green 
parts of the fourth leaf showed no differences or only slight increases 
in size and number of chloroplasts. An examination of sections 
(fig. 7 b) from the chlorotic areas of the inner or youngest leaf 
showed very few and small chlorop lasts, while an examinatio n of sec-
tions from the light areas from the second (:fig. 8), third (fig. 9) and 
fou rth (fig. 10 b) leaves showed a gradual increase in the number 
and size of the chloroplasts from th e innermost or younges t to the 
oldest or outermost of the leaves. This is in harmony with the con-
ditions recorded for the leaves of the suga r cane and indicates that 
there is a true inhib ition of the development of the chloroplasts in 
the chlorotic areas which is partially overcome by age and exposure 
to sunlight. 

Sect ions were ma de fro m a series of leaves of a healthy tobacco· 
plant beginning with very small leaves and ending with leaves about 
seven inches in length (figs. 11 a, 12 a, 13 a, 14 a) showed a gradual 
increase in th e nu mber and size of the chloroplasts . This differ s from 
the sugar cane and canna in the fact that the chlo~·oplasts ar e fewer-
an d smaller in the youn g than in the old leaves. A study of sections 
from the chlorot ic ar eas of corresp onding leaves fr om diseased pla nts 
showed that in the youngest leaves (fig. 11 b) there wer e no chloro-
pl asts , in th e second leaf th er e were a few s.mall chlor oplasts (fig. 
12 b), while in th e third leaves there was an incr ease in numb er and 
size of th e chlor oplasts (fig. 13 b) but tha t th e incr ease was n ot so, 
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great as in the corresponding leaves from healthy plants (figs. 12 a, 
13 a). However, in the fourth leaves from the diseased plants (figs. 
14 b, 14 c) the chloroplasts were almost equal in number and size to 

c those in the healthy leaf (fig. 14 a) . The presence of the palisade 
layer of cells the third and fourt h leaves ( figs. 13 b, 14 b . and c) . The 
short pa lisade cells in 14 c indicates a more severe infection than in 
14 b. The tendency of the chloroplasts to increase in size an<J. number 
with age and exposure to sunlight is in harmony with the preceding 
studies. 

In the study of the tomato plants there was some doubts as to 
whether any of the plants were absolutely free from the disease. 
Therefore, it was considered advisable to compare sections from the . 
green and chlorotic areas of the same plant. The youngest leaf in 
this study was not so young as the youngest leaf used in the tobacco 
studies as shown by the fact that the pa lisade in the green area of 
the youngest leaf ( fig. 15 a) was farther advanced than the · palisade 
in the green area of _the youngest leaf of the tobacco (fig. 11 a). The 
chloroplasts in the green areas of the tomato plant were very nume-
rous · and fairly regular in size in all the leaves from the youngest 
to the oldest (figs. 15 a, 16 a, 17 a.,,18 a). However, the cell structure 
of both the third and fourth leaves (figs. 17 a and 18 a) indicates a 
slight infect ion as compared with the second leaf (fig. 16 a). In the 
chlorotic area of the first leaf (fig. ·15 b) there were no chlorop lasts; 
in the chlorotic areas of the second leaf (fig. 16 b and c) the chloro-
plasts were few and small. In the section from a chlorotic area of 
the third leaf (fig. 17 b) which showed a palisade layer, indicating 
late or slight infection, the chloroplasts were larger and much more 
numerous than in the second leaf. Sections from two chlorotic areas 
of the fourth leaf (figs. 18 b and c) show an increase in number and 

, size of chloroplasts . These sections also show a condition which is 
quite different in both the tobacco and the tomato in that the struc -

r tural development is more advanced in one than in the other, which 
the writer interprets as indicating that the infection was either more 
severe or earlier in the one than in the other. It should also be noted 
that in the section from a chlorotic area in which the palisade was 
well developed (fig .. 18 c) the chlorop lasts were fully as abundant as 
in the sections from green areas (fig. 18 a) but that they were much 
smaller. In this as in the preceding, the study of the sections indi-
cates an inhibition of the chloroplasts which is partially overcome 
with age and exposure to sunlight. 

The studies on the cowpea were less extensive than on the other 
plants but included both healthy and diseased plants. The very 
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youngest norm al leaf studied did not show any differentiation into 
the palisade and mesophyll yet the chloroplasts were numerous and 
large (fig. 19 a). In a slightly older normal leaf in which the pali-
sade was fairly well developed the chloroplasts were equally numerous 
and larger (fig. 19 b). In a fully developed normal leaf the chloro-
plasts were abundant and considerably larg er (fig. 20 a). Two sec-
tions (figs. 19 c, and d) from a young mosaic leaf of about the same 
age as the second normal leaf (fig. 19 b) showed quite different con-
ditions although they were from the same chlorotic area. In one 
(fig. 19 c) the palisade was very slightly developed and the ch]oro-
plasts few, small and very irr egular in size. In other sections from 
the same area (fig 19 d) , th e palisade was almost normal , the chloro-
plasts almost as abundant as in the section from the normal leaf 
(fig. 19 b) but very irregular in size. A section (fig. 20 b) made 
from the green part of a severely infe cted leaf showed the same 
th ickn ess as the section from the normal leaf (fig. 20 a) but the 
chloroplasts were fewer and irregular in size. Thre e sections made 
from chlorotic areas of the same diseased leaf ( figs. 20 c, d, e) showed 
that these areas were less than one-half as thick as the normal leaf 
(fig. 20 a) or the green areas of the diseased leaf (fig. 20 b) and that 
the palisade in all cases was und er developed. The number of the 
chloroplasts varied in three sections but they were smaller than in 
the normJal leaf . These studies also show inhibition of the chloroplasts 
but that the inhibition is overcome with age and exposure to sun-
light . They also show that the disease vari es in different parts of 
the same leaf as in the tobacco and tomato which may be due to the 
age of these areas at time of infection or to severity of infection. 

A study of the chloroplasts in a series of leaves from the· youngest 
to the oldest in which the mosaic patterns can be distingui shed shows 
very clear ly that the chloroplast s are fewer and smaller in the chlo-
rotic areas than in th e green areas of diseased plants or than in the 
leaves of normal green parts of corr esponding ages. They also show 
that the chloroplasts increase in size and numb er with age and ex-
posure to sunlight. It should also be noted that there are variations 
in different areas of the same leaf and in the same area. These 
variations are appa rently dependent on the age of the various arras 
of the leaves at time of infection or on the severity of 'the'se infections 
or on both. The fact that the leaf is not of a uniform color indicat es 
variations of infection of some kind. The writer is inc]ined to believe 
that the active agent spreads un evenly throu gh the leaf and that 
those areas which are attacked earliest or most severely by the active 
agent show the greatest amount of inhibition. 
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These studies on the plastids indicate that in the case of the 
normal plant and in the green parts o.f the diseased plants, the chloro-
plasts are well developed when the leaves open_ There is some in-
crease with ag e but it is not marked. The plastids in the chlorot ic 
areas are few in number and small in size but incr ease rapidly in 
number and size with age and exposure to light, and in some cases 
become almost norma l. The writer failed in finding any evidence 
of disintegration of any kind in . either the chlorop lasts or cell walls. 

Iwanowski (19) figures large circl es or spheres and the writer has 
found the same thing in both tobacco and suga1~ cane. It was impos-
sible to trace any connection between them and the plastids and they 
appear to be :quite different from the spheres described by Sorokin 
(32). 

In 1926 Beauverie ·published a paper (2) on the degeneration of 
chloroplasts, especia lly in paras it ised parts in which he also discussed 
degeneration as provoked by artificial methods but the author of this 
paper is unable to determine to what extent his results are comparab le 
to the results described by the students of virus diseases. 

1'he writer found many plastids that appeared to be swollen and 
eithe r empty or filled with a colorless fluid. They varied in form 
from spherical to spind le shaped. These were formed in abundanc e 
in both diseased and apparent ly healthy tissues. 

Very little has been done in the way of chemical stud ies on the 
mosaic diseases of plants but there are two papers that have a bear-
ing on the work of the author. In 1919 Colon (8) published a paper 
on the mosaic disease of the sugar cane in which he said: 

"Now, the absorption spectra obtained for the alcoholic ( ethy l ) solution 
of chlorophyll from newly yellow-striped young leaves did not in our tests and 
under the same conditions exhibit any differences from the absorpt ion spect ra 
obtained for the alcoholie (ethyl) solution of l1ealthy yotmg leaves. 

* * * * * * * 
'' Should there have occurred any decomposition of the chlorophyll in the 

diseased leaves, the absorption spect ra obtained form the examination of the 
alcoholic solution of their chlorophyll would not have, in the first place, been 
identical with the absorption spectra similarly obtained from healthy leaves. 
New bands or a modificatio n of the old bands would in all probabilities have 
been noted, since other cane pigments and many decomposition products of 
chlorophyll ar~ known to hav e characteristic absorption spect ra. The fact that 
the decompo sit ion of the chlorophyll woulrl, in the case of the suga r cane, have 
developed in au acid medium would have defined all the more the changes to be 
expected sil1ce th e acid derompositio n products of chlorophy ll are fair ly well 
known.'' 
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In 1928 Dunlap (14) published a paper which he summarized as 
follows: 

"1. The mosaic disease of tobacco reduces the chlorophyll ( a-b) content 
below that of normal plants. 

"2 . A lower-than-normal chlorophyll content is characteri st ic of mosaic 
tobacco plan ts at all stages of growth . 

'' 3. The amount of green pig ment in any mosaic leaf of a tobacco plant 
is below normal. 

'' 4. The clorophyll content of young tissues is somewhat more seriously 
affected by tobacco mosaic than older tissue s. 

'' 5. Older tobacco plants, after infection with mosaic virus, were found to 
contain subnor mal amounts of chlorophyll, especially in the leaves that devel-
oped afte r infection. 

'' 6. The total chlorophyll content of mosaic tobacco plants is seriously 
reduced.'' 

The results given in these two papers appear to be in harmony 
with the work of the writer of this paper. 

Motile bodies were found in the cells of tobacco, tomato and sugar 
cane. They were found in the mesophyll, epidermal and hair cells 
of both dise~sed and healthy plants. 'l'hey were never found in the 
cllloroplasts as described by both Eckerson and Sorokin. 

SUMMA.RY 

1. This paper is a record of comparative studi es on mosaic and 
healthy plants of sugar cane, canna, tobacco, tomato and cowpea. 
They deal entire ly with the cell structure and cell contents of the 
chlorotic areas as compared with the green ar eas of the same plants 
and with healthy plants. 'fhey do not include stud ies of lesions. 
'rhe comparisons in every case were made on tissues of correspond-
ing ages. 

2. The cell structure of a very young leaf of a normal plant is 
very uniform, but the differentiation begins very early and is practi-
cally complete long before the leaves are full sized. 

3. 'l'he chlorotic areas of mosaic leaves are thinner than the green 
areas of the same leaves or than norma l leaves of correspondi ng ages. 

4. The act ive agent inhibits the differentiation of the cell structure 
from the time that the two come in contact. If the active agent 
comes in contact with the meristematic tissue at an early period in 
it s development , the structure r emains undifferentiated; if at a later 
period, the tissues remain in the stage of development at time of 
attack. 

5. The spread of the act ive agent through the leaf appears to be 
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very uneven, which accounts for the mott ling and the variations in 
development in different par ts of the leaf. 

6. The reaction of the leaf may depend on the age of the leaf 
. at the time of infection, to the virul ence of the virus or to the 
amount of viru s; but the fact that we find variations in both thick-
ness and cell structur e in a singl e leaf and sometimes within a single 
area indicates that there may be an unequal distribution of the virus 
throughout the plant or throughou t an organ of the plant. This is 
substantiated by the many r ecord s of plants ( especially tobacco 
pl ants) in which one side only showed the symptoms and of leaves 
in which the symptom s were mor e severe on one side than on the 
other. 

7. There is no rea son to believe that the cell structur e is modified 
by the virus or active agent. Th e tissue is inhibited in its devel-
opment and remains at practically the same stage as when attacked 
by the virus. There is so~ e growth but it is rarely if ever as rapid 
as in the green ar eas or in normal leaves . 

8. There is no evidence that the chloroti c area incr eases in size a& 
a re sult of the spread of the virus into the green cells adjacent to 
th e chlorotic areas . The chlorotic areas increase in size as a r esult 
of cell division and growth of chlorotic areas. 

9. The variations in growth of ti ssues in the bloating of the gr een 
areas or pocketing ·which is so common in mosaic tobacco and to th e 
various deformities in other plan ts. 

10. The development of the plastids is inhibi te d in both size and 
number. In th e very young, growing leaves, it is difficult to locate 
th em in either fresh or staine d material but they develop rapidly with 
tige and exposure to sunlight . The mosaic pattern gradually fad es 
and in many case's cannot be detected in the older leaves. 

11. Th e chloroplasts increase in size and number with age and 
exposure to sunlight. 

12. The author did not find any evidence of disintegration of the 
chloroplasts. 

13. In cases of non-infectious chlorosis, the plants did not become 
green with age and the chloroplasts did not inl'.rease in size and 
numb er with age and exposure to sunlight. 
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Fi gs. 1 a, c, e. 

Figs. 2 a, c, e. 

EXPLANATION OF PLA'l'ES 

PLA'l 'E III 
Cross sections of normal leav es of suga r cane. 

a. leaf ju st open ; c. 3rd. leaf; e. 5th leaf. The 
larg e cells ar e sheathing cells which l ie next 
to the fibro vascular bundles. Note that the chlo-
ropla sts are normal and practically the same 
thr oughout. 

Cross section from corresponding leaves from mosaic 
plant. Note that th e ch loropla sts are few in num-
ber and sma ll but improve with age. 



100 THE JOURNAL OF THE DEPARTMENT OF AGRICULTURE 

PLATE IV 
Figs. 3 a, c, e. Longitudinal sections through sheath cells of same 

as Fig. 1. 
Figs. 4 a, c, e. Same for mosaic plants. 

PL.A.TE V 
Figs. 5 a, c, e. Section through par encbyma or mesophyll cells. 

Same as 1 & 3. 
Figs. 6 a, c, e. Same as 2 & 4. 

Fig. 7 a. 

Fig. 7 b. 
Fig. 8. 
Fig. 9. 
Fig. 10 a. 
Fig. 10 b. 

Fig. 11 a. 

Fig. 11 b. 

F ig. 12 a. 
Fig. 12 b. 
Figs. 12 a & b. 

Fig. 13 a. 

Fig. 13 b. 

Fi/:i. 13.c. 

PLATE VI 
Canna green part. Fir st leaf roll ed. .All leaves 

diseased. 
<Janna chlorotic part. First ~eaf roll ed. 
Canna chlorotic part. Second leaf unrolled. 
Canna chlorotic part. 3rd leaf unro lled. 
Canna green part. 4th leaf unroll ed. 
Canna green part. 4th leaf unrolled. 

PLATE VII 
Tobacco. Normal leaf m bud. Slightly younger 

than llb. 
'fobacco. Mosaic leaf in bud . Note that the cell 

st ructure of a and b are practica lly the same. 
Also that there are pla stids in 11 a and none in 
11 b. 

Tobacco. Normal leaf . About 2 inches in length. 
Tobacco. Mosaic leaf. Less than 2 inches in lengt h. 
Same age. Note the differ(;lnce in thickness and 

that 12 a ha s the palisade tissue. Also the dif-
ferenc e in the chloroplasts. 

PLATE VIII 
Tobacco. Normal leaf. About 3% inches; rathe r 

thin. 
Tobacco. Mosaic leaf. About 3% in ches. Note that 

these two leaves are pr act ically the same except 
that development of the chlorophyll is better in a 
than in b. 

Tobacco. Mosaic leaf . Same age as 13 b. The in-
fection mor e severe and palis ade poorly developed. 

PLATE IX 
Fig. 14 a. Tobacco. Norm al leaf. About 6 & 8 inches. 
Figs. 14 b & c. Tobacco. Mosaic leaf. About 6 & 8 inches. The 

disease in both b and c is mild ; the pali sade is 
well developed but the chloroplasts reduced. 



Fig. 15 a. 
Fi g. 15 b. 

Fig. 16 a. 
Figs. 16 b & c. 
Figs. b a11d c. 

Fig-. 17 a. 
Fig , 17 b. 

Fig. 18 a. 
Fi~s. 18 b, c. 

Fi g. 19 a. 
Fig. 19 b. 
Fig. 19 c. 
Fig. 19 d. 

Fig. 20 a. 
F .ig. 20 b. 

Fig. 20 c. 
Fig. 20 cl. 
l?ig. 20 e. 

EFFECT OF SOME )fOSAIC DISEASES 101 

PLATE X 
Tomato leaf. Green part. Y oungcst leaf. 
Tomato leaf. Chlorotfc part. Youngest. leaf. Note 

the difference in cell stru cture and chloroplasts. 
Tomato leaf. Green part. 2nd leaf. 
'l'omato leaf. Chlorotic part. 2nd . leaf. 
From same sect ion of leaflet . One on one side of 

midrib and one on oth er. Note difference in 
st ru cture and chloropla sts . Also compare with 
16 a and with 15 ci and b. 

PLA'l 'E XI 
Tomato leaf. Gr een part. 3 leaf. 
'l'omato leaf. Cholorotic part. 3 leaf. 'l'his leaf 

was attacked lat er than 16 a.. 'l'he strnct ur e is 
slight ly reduced and the chlorop lasts decidedly 
reduced. 

'l'omato leaf. Green part. 4 leaf. 
Tomato leaf. Chlorotic part. 4 leaf. 
Ji"'ig. b was attacked earl y and c late. Note dif-

fere nce in structu r e. Compare chloropla sts with 
18 a. 

PLATE XII 
Cowpea. Very young leaf. Normal. 
Cowpea. Young leaf. Normal. 
Cowpea . Young leaf. l\Iosaic. 
Cowpea. Same leaf. Mosaic . 
Compare structure and chloroplasts; c and d arc 

from same leaf which shows that the disease was 
more severe in one part than in the other. 

PLATE XIII 
Cowpea . Old leaf. Normal. 
Cowpea. Old leaf. l\'Iosaic. Green pa rt. Note the 

doub le layer of pali sade and compa re chloroplasts. 
The disease in this case "·as very mild . 

PLATE XIV 
Cowpea. Old leaf. Mosaic. Severe. 
Cowpea. Old leaf. Mosaic. 
Cowpea. Old leaf. Mosaic. 
Note that the cell str uctur e in c, d & e is abnormal 

but that the chloroplasts tend to recover. 
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