THE EFFECT COF MOSAIC ON CELL STRUCTURE
AND CHLOROPLASTS

MewvicLe 7. Coox

This is a continuation of previous studies, the results of which
were presented at the meeting of Ameriean Phytopathological Soei-
ety, December 1926 and at the DesMoines Meeting of the same soclety
in December 1929 and which have been published in the Journal of
the Department of Agriculture of Puerto Rico {(Vol, X Nos. 3 & 4,
1996 'and Vol XTIV, No. 2, 1930).

In the previous studies the writer called attention to two points
in the reaction of the hosts to the diséase. {1) The disease inhibits
the development of the meristematic tissue so that there is very little
or no differentiation after the virus ecomes in contaet with it. (23
The inhibition of the chloroplasts for a time. These points have
Leen diseussed to a greater or less extent by other writers previous
{o my own studies. Woods (1902), Twanowski (1903), Melchers
{1913), Doolittle (1920), Matsumota (1922), Rand (1922), Dickson
(1922), Rawlins and Johnson (1925) and Goldstein (1926).

During the. past. vear opportunity was offered to continue this
work on ofher plants and it was thought desirable to do so, in order
to determine if the laws held true in all eases.

The first plant for consideration at this time is the pepper which
confirms in every detail the results of the writers studies on the
tobaceo and  tomato, except that the process is much more rapid
which.is in harmony. with. the growth of the plant. The pepper
leaves open. and attain full size more rapidly than either the to-
baceo or tomato and the leaves on the new shoots are much closer
together,

These studies were made. on severa] plants. Seven leaves were
taken from:the one selected for the drawings. The first three did
not show the mosaic pattern. The next showed a distinet pattern
and in the gixth and sevenih ehlorotic areas were becoming green and
the pattern indistinet. A eorresponding series of leaves were taken
from a healthy plant, .

The section of the first leaf showed an undiffeventiated tissue,
with very few small chloroplasts (Fig. 1). The second showed the
formation of a palisade layer and a larger number of chloroplasts
(Fig. 2) while the third showed that some of the palisade cells hal
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Givided which is an indieation of a mild form of the disease (Fig.
8). The fourth showed practically the same conditions except that
the chloroplasts eontinted to increase In size and number (Fig. 4}
and the mesophyll was slightly better developed. A series of four
drawings made from the leaves of the normal plant (Figs. 6 to 8)
showed that the voungest Ieaf was more advanced in cell and
ehleroplast development than the second leaf from the diseased plants.
The second leaf of the normal plant (Fig. G) was better developed
than the fourth leaf of the mosaic plant {Fig. 3}, The third leaf
of the healthy plant (Fig. 7) was nearly equal to the fifth leaf of
the diseased plant. The fourth leaf of the normal plant (Fig. 8)
was better developed than the fifth leaf of the diseased plant. In
general, it may be sald that the results correspond to the results of
my previous studies. although not so pronounced,

An cutlreak of the mosaic disease on (rofalaria striata gave the
writer an opportunity to study the eifects of the disease on this
plant. A series of six leaves were taken from hoth diseased and
rnormal plants. The results are as follows:

The first and second leaves cn all plants studied were unopened
and of eourse did neot show the symptoms of the disease. In the
section of the first or very youngest leaf of a diseased plant it was
possible to distinguish the areas that were to become chlorotic from
those that were to become green (Figs. 9 & 10}, In the seetion
from the chlovotic areas, the eells were undifferentiated and the
chloroplasts few and small (Figs. § & 10) while in the sections from
the aveas that would have become green the palisade was slighily
developed and the chloroplasts wmueh more numerous and larger.
These two drawings {Figs. 9 & 10) were made from a single sec-
tion of a leaf. The third Jeaf of the diseased plants was not open
and there was no visible pattern. Two seetions from its leaf of
the mosaiec plant showed an increase in thiekness, slight advance 1m
cell structure which was greater in the section from the green area
(Fig. 12) than in the section from the chloretic avea (Fig. 11) and
a mueh greater development of chloroplasts in the green than in the
chlorotic area. The development of both eell struecture and chlore-
plasts was more advanced in the eorresponding leaf from the normal
plant than from the green area of the diseased plant.

The seventh leaf of the mosaie plant was open and the pattern
distinet, The section (Fig. 13) from the chlorotic area was thin,
tha palisade very poorly developed, the mesophyll open, the chlorn-
‘plasts few. and about normal in size when eompared with the c¢hloro-
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plasts of the normal leaf. (IFig. 14). The seetion (Fig. 15)
from the green avea of the diseased leaf was thicker but the cell
structure showed the effects of the disease in the porly developed
palisade. The ehloroplasts were more numerous than in the chlon-
otic section (Fig. 13) but fewer than in the seciion from the
mormal leaf (Fig. 14). The ninth leaf of the diseased plant (Fig.
16) was thin, the palisade almost undeveloped but the cehloroplasts
were larger and mere normal. The section from the green arca was
2lmost mormal in every particular.

The papaya (Carica papeye L.) is a plant of the tropics and
near tropics. A few years ago I noticed a disease of this plant on
the station grounds, but the gardener destroyed it before I had time
{0 study it. This or a similar disease was reported later by Dr.
Ciferri of Santo Domingoe under the name of curly leaf. Both
Dr. Ciferri and myself ave in doubt as to the exaet cause of this
disease but T am inclined to believe that it is due to a virns. A com-
parison of a section of a very voung diseased leaf {IMig. 17) with
o section of a very voung normal leaf (Fig. 18) shows that the
diseased leaf is thinmer than the normal leaf and that the palisade
is not so well developed. Passing to the fifth leaf of the diseased
plant (Fig. 19) and the fifth leaf of the normal plant (Fig. 20) we
find that the diseased leaf is about ome-half as thick as nermai
Jeaf and not so well developed. The chloroplasts of the diseased
leaf at this stage arve almost equal to the ehloroplasts of the normal
leaf.

Two monocotvledonous plants were studied. The Amazon lily
(EBueharist amazonica) and a hybrid Amarillis.  The results of the
studies on these plants were so nearly the same that drawings were
made from the first onme. Tt was Impossible at the time this mate-
rial was collected to find any plants that were not diseased. There-
fore the sections are made from the chlorotic and the green aveas
of diseased leaves. These plants produce two or three leaves in
rapid succession and then rest for a few months hefore producing
another cluster. Two clusters are usually to be found on a plant.
The material from which these studies were made was collected in:-
mediately following thie unfolding of the voungest leaf of a new elus-
ter and was from the three young and twe old leaves. .

The section from the chloretic area of the youngest leaf was thin-
ner than the section. from the green area and without chloroplasts.
The section from the green area of the same leaf showed many small
chloroplasts (Figs. 21 & 92). The sections from next leaf weve
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thmher than those from the first leaf but the one from the chlorotie
sréas was thinner than the one from the green area. Both sections
showed chlomplasts hut théy weré more vinmerous in the thiclk than
in the thin aved (Figs. 23 & 24).- Tn the third leaf both areas were
thin but the section from the green area showed a higher develop-
ment in that there were numerous intercellular sp'aees Also the
chloroplas‘cs m the green alea Yere larger and more numerous than

The two older leaves were less sueéﬂient than the three youmng
leaves and the sections showed that they were thinner. In hoth old
leaveés the ‘seetions showed more chloroplasts in the green than in
the chldrotic aveas but for some unexplained reason those of the green
areas were slightly smaller than “those from the ‘third leaf of the
new cluster.

BXPLANATION ON PLATES

Fig. 1.—Section from youngest leaf of mosaic pepper.’
' Fig. 2—Section from second leaf of same plant

Fig. 3—Section from the third leaf of the same plant. Note
the divisions in three of the palisade cells which indicates a mild
form of “the disease and the inerease in number and size' of chlorg-
plasts which is probably the result of age and exposure to sunlight.

Fig. 4—Section from the fourth leaf. Note that palisade is not
so well developed as in the normal leaf (Fig. 8). Also note the in-
crease in the gize of the chloroplasts as compared with Fig. 8.

Pigs. 5 to 8—Sections from the four youngest leaves of a healthy
plant for comparison with the corresponding leaves of the diseased
plant (Figs. 1 to 4).

Figs. 9 & 10.—Sectiony from the chlorotic areas of a young leaf
of a mosaic plant of Crofalaria striaie. Note that Pig. 10 is hetter
developed than Fig. 9. o
+ Iig. 11.—Section from the chlovotic area of the next older Iea‘c’
of the same plant.

g, 12-—Section from the green area of the same leaf Note
the greater development in hoth eells and’ chlomplasts

Pig. 13.—Section frem the chlorotic area of the seventh leaf of
the same plant. '

Fig. 14.—Section from the seventh leaf of a healthy plant.

Fig. 15.—Section from the green area of the same leaf as Fig. 12

Fig. 16.~Section from the chloiotm area of the ninth leaf of
the ‘diseased plant.
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Fig. 17T—Section from a very young diseased leaf of Papaya
carica.

Fig, 18.—Section from corvesponding leaf of a healthy plant.

Fig, 19.—Section from an older leaf of a diseased plant.

Fig. 20.—Section from a corresponding leaf of a healthy plant.

Figs. 21, 23 & 25.—Seetions from the ehlovotic areas of a diseased
plant of Eucharist amazonica.

Figs, 22, 24 and 26.-—Sections from the green areas of the same
Teaves,
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