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ABSTRACT
In Dolichos lab lab infected with Dolichos enation mosaic virus
(DEMV) symptom expression is more severe in winter than in summer,
while relative virus concentration, assayed serologically, is higher in
summer than in winter. The virus concentration reaches its highest peak
on the 8th day after inoculation in the first trifoliate leaves that emerge
after inoculation of primary leaves, thereafter reaching the lowest concentration on the 10th day in all the leaves.
Respiration is higher in the infected leaves during the initial increase
in the relative virus content. But when the concentration of virus is
highest (on the 8th day), the rate of oxygen uptake is significantly lower
than in the healthy controls. Thus the sudden decrease in the virus
concentration on the 10th day is preceded by a low rate of respiration
on the 8th day, when the RQ also is much lower in the infected tissue
than in the corresponding healthy controls.
INTRODUCTION
INCr.~ASE as well as decrease in the rate of respiration has been reported in
plants following infection by viruses (BunzeU, 1913 a, b; 1914; Dnfrenoy
a n d Dufrenoy, 1934; Caldwell, 1934; Glastone, 1942; Wynd, 1943;
Takahashi, 1947; Hirayama, 1951; Gondo, 1952; 1954). Owen's work
(1955, I956) has drawn attention to the effect of environmental condition
a n d seasonal variations on the respiratory rate of virus-infected plants.
* Present address: Plant Physiologist, Central Coconut Research Station, Kayamkulam,
Kerala, India.
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However, only a few published reports are there concerning the virus concentration and respiration (Takahashi, 1947; Woods and Du Buy, 1947, Wynd,
1943; Menke and Walker, 1963) while very little is known regarding the
relation between symptom expression and virus concentration. It is known
that virus infection of plants is greatly influenced by environment (Bawden,
1950). In the-present work an attempt has been made to elucidate these
aspects with reference to Dolichos enation mosaic virus (DEMV) infection
of Dolichos lab lab.
MATERIALS AND METHODS

Dolichos lab lab (var. DL. 231) plants, raised in earthern pots in the
glasshouse and maintained under insect-proof conditions were used for the
studies. Seven-day-old plants were inoculated with a standard inoculum
of DEMV (one gm. of highly infected young leaves macerated with 1 ml.
of distilled water) (Capoor and Varma, 1948) by rubbing the inocuhim on
the surface of primary leaves using celite as abrasive. Plants rubbed with
water suspension of celite alone were maintained as control. Daily
temperature variations in the glasshouse were recorded.
Assay of Virus
Virus concentrations in the leaves were estimated serologically employing
the precipitin end-point method as described by Mathews (1957). The antiserum for DEMV was prepared as described by Badami (1959).

Measurement of Respiratory Rates
Leaf tissue for respiratory studies was prepared by punching out discs
of 3 mm. diameter from the intervenal areas of leaves with a cork borer.
The discs were washed in glass-distilled water and suspended for a few minutes
in Sorensen's phosphate buffer of desired pH before being transferred to
reaction vessels.
The rate of oxygen uptake and carbon dioxide output were measured
using Barcroft manometers by direct method (Dixon, 195I) with air as gas
phase. The temperature of the water-bath was maintained at 30° C. in all
experiments. The shaking system was adjusted to 120 oscillations per minute.
All measurements were made in total darkness and readings were taken at
half-hourly intervals over a period of 3 hours.
During the experiments the reaction vessels contained 3 ml. of Sorensen's
phosphate buffer of desired pH and 0.4 ml. of 20% KOH solution or water
in the central well with a small roll of Whatman No. 41 filter-paper.
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The rate of O~ uptake (Qua) has been expressed as Cram. O~/mg. dry
wt./hr.

The Respiratory Quotient (RQ)
The RQ was calculated by dividing the total CO2 evolved in 3 hours
by the total 02 consumed during the same period.
EXPERIMENTAL AND RESULTS

(1) Changes in Virus Concentration and Symptom Expression
Changes in virus concentration were studied in winter and summer
seasons. Sap extracted from primary, first trifoliate and second trifoliate
leaves was assayed separately for virus concentration, on 2nd, 4th, 6th, 8th,
10th, 12th and 16th day after inoculation. Since the trifoliate leaves unfold
later, samplings of first trifoliate leaves were done on 8th, 10th, 12th and 16th
days after inoculation. The mean temperature in the glasshouse in winter
(November-January) was between 22-27 ° C. and in summer (April-June)
it was between 29-32 ° C. The symptoms produced in the inoculated plants
also were recorded in both. The results are presented in Text-Fig. 1, a and b.

Results.wThe first observable symptom of the disease is stunting of
the infected plants which becomes visible 10-12 days after inoculation. In
summer, the first trifoliate leaves do not exhibit any symptom on the 10th
day while the second trifoliate leaves exhibit vein clearing by the 16th day.
On the other hand, in winter, the first trifoliate leaves exhibit mild mosaic
symptom by the 10th day, while the second trifoliate leaves exhibit acute
mosaic symptom by the 16th day. Thus symptom expression is more severe
in winter than in summer. However, virus concentration is generally higher
in summer than in winter. The maximum virus concentration is attained
on the 8th day when foliar symptoms are not evident. The second trifoliate
leaves showing acute mosaic symptom on the 16th day after inoculation in
winter contains only a low to litre of the virus as compared to ~ first
trifoliate leaf with mild mosaic symptom on the 8th day after inoculation. The
primary (inoculated) leaves do not show any symptoms, although changes
in virus concentration is detectable.
In both the seasons the relative virus concentration in the primary leaves
increases between 2nd and 8th days after inoculation, although in winter
virus is not detectable on the 2nd day serologic,ally. A sudden decrease in
the virus concentration is recorded on the 10th day in both the seasons in
the primary as well as first trifoliate leaves, which is followed by a slight
increase. In the first trifoliate leaves also the maximum virus concentration
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is reached by the 8th day as in the primary leaves. It may also be noted than
in the first trifoliate leaves which emerge after inoculation a higher concen.
tration of virus is recorded, the concentration being much higher in summer
than in winter.
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TExT-FxG. 1. The relative virus concentration (serological titre) in the leaves of D. lab lab
infected with DEMV in winter and summer. (a) Primary leaves; (b) First and second trifoliate
leaves.

In the second trifoliate leaf, in summer, there is no appreciable change
in virus concentration between the 12th and 16th days; however, in winter,
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the concentration drops from 1/12th to 1/16th on the 16th day after inoculation. Here also the virus titre is higher in summer than in winter.
(2) Oxygen Uptake of Healthy and DEMV Infected Dolichos lab lab Leaves
All the measurements of rate of oxygen uptake in the healthy and diseased
leaf tissue were confined to winter season alone, since a more rapid progress
of the disease was observed in winter than in summer. Leaf tissue for the
study was taken from the same experimental plants used for virus assay and
on the same days and the measurements of oxygen uptake were made in
primary, first trifoliate and second trifoliate leaves separately. The results
are presented in Text-Fig. 2.
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The results show that except on the 6th, 8th and 16th days after inoculation the inoculated primary leaf has a higher rate of respiration than the
healthy. The infected first trifoliate leaf that unfolds later shows a higher
rate than that of the healthy by the 10th day after inoculation (of the primary
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leaves) but subsequently the rate of the infected leaves drops off rapidly and
is significantly lower than that of the healthy by the 16th day. The rate of
oxygen uptake of the infected second trifoliate leaf is also higher than that
of the healthy on the 12th as well as the 16th days after inoculation.
(3) The Respiratory Quotient (RQ) of Healthy and DEMV Infected Leaves
of Dolichos lab lab
Leaf samples for the study were taken from the same batch of plants
as in the previous experiment. The RQ was measured in the primary leaves
on 2nd, 4th, 8th, 12th and 16th day after inoculation; in the first trifoliate
leaf on the 8th, 12th and 16th day after inoculation, and in the second trifoliate leaf on the 12th and 16th day after inoculation. Results (mean of
two replicates) are presented in Table I.
TABLE I

RQ of healthy and DEMV-infected Dolichos lab lab leave8
Days
after
inoculation

Primary
leaves

First
trifoliate
leaves

Second
trifoliate
leaves

H

I

H

I

H

I

2

0.98

1.00

.

.

.

.

.

.

.

.

4

0-90

0.95

.

.

.

.

.

.

.

.

8

0.90

0.86

0.99

0.99

12

1.00

0.91

1.05

0.90

1.11

1.10

16

1.00

1.10

1.10

0-99

1.01

0.97

. . . .

The RQ of the healthy leaves is almost unity at all age levels. The
RQ of the infected primary leaves, however, shows a decrease after 2nd day
after inoculation up to the 8th day. In other infected leaves the RQ is nearly
unity at all age levels.
DISCUSSION

The present studies indicate that in leaves of Dolichos lab lab infected
with DEMV there is no correlation between symptom expression and virus
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concentration. When maximum virus concentration is attained on the
8th day in the first trifoliatc leaves in summer the foliar symptoms are not
visible. Moreover, in the primary leaves which do not show any foliar symptoms, the relative virus concentration increases between the 2nd and 8th days
after inoculation, records a drop on the 10th day and thereafter shows a
slight increase. In the winter season when the virus concentration is generally
low the symptom expression has been observed to be very severe, while in
summer, when the symptom expression is very mild, virus concentration
is much higher than in winter. These results, thus, are in sharp contrast
with those in the case of cabbage infected with mosaic virus a and b
(Pound, 1952) and with two strains of turnip mosaic virus I (Pound and
Walker, 1945) where a general correlation between symptom expression
and virus concentration has bcen reported.
Temperature is known to influence the rate of multiplication of viruses
in plants (Kassanis, 1957). Harrison (1956) has reported that increase in
temperatures within optimal levels (which vary with viruses) increases the
virus concentration. Thus the increase in the virus titre in DEMV-infectcd
Dolichos lab lab leaves in summer may be due to higher temperatures.
However, the sudden decrease in virus titrc in the primary (inoculated)
and first trifoliate leaves between 8th day and 10th day after inoculation
under both winter and summer conditions does not seem to be a temperature
effect. It may be noted here that in Spinach infected with cucumber mosaic
virus it has been reported that at 28 ° C. the decline in virus concentration
commenced on the 8th day, at 24 ° C. on the 1lth day, and at 20 ° C. on the
13th day after inoculation (Cheo and Pound, 1952). The decline of virus
concentration in DEMV-infcctcd Dolichos lab lab leaves, thus, may be either
due to a depletion of mctabolitcs (Bawdcn, 1960) or due to the h~ vivo inactivation of the virus, as in the case of tobacco infected with alfalfa mosaic
virus (Ross, 1941).
In the infected primary leaves a correlation may be observed
between the initial increase in virus concentration and the increased
rate of respiration. However, whcn the virus concentration reaches its
maximum by the 8th day, the rate of respiration by the inoculated primary
leaves is significantly lower than that in the healthy. Thereafter, the respiration of infected leaves follows a trend similar to that of the hcalthy. By
this time, the virus concentration also attains a steady level. Similar observations have been made in tobacco infected with TMV (Owen, 1956).
Increased rate of respiration of inoculated primary leaves, even before
the appearance of detectable quantities of virus in them (in winter), is in all

280

A. RAMADASAN

probability a result of disturbed metabolism of host cell following entry of
virus. Owen 0955) has stated that in tobacco inoculated with TMV, since
changes in respiratory rate begin within an hour after inoculation it is
unlikely to be associated with formation of new virus.
The enhanced
respiration following entry of virus may bca prerequisite for active virus
multiplication.
In the infected first trifoliteleaf (i.e.,the leaf that has emerged after
inoculation of primary leaves) the rate of respiration on the 16th day is significantly lower when the symptoms become intensified. In TMV-infccted
tobacco plants also the respiratory rate of leaves unfolding after inoculation
decreases when visible symptoms appear (Owcn, 1956). The significantly
low rate of respiration of the infected primary leaves coinciding with presence
of maximum virus concentration may bc duc to an increase in dry weight
of infected tissue. Indeed, John (1960) has recorded a decrease in fresh
wt./dry wt. ratio in the DEMV-infccted plants with increasing age.
The decrease in RQ on the 8th day (Table I) corresponding to the
increased virus titrc in the infected primary leaves coincide with a corresponding decrease of respiration at this stage. The total carbohydrate content
in the infected tissue has also bccn found to be lowest at this stage (Ramadasan, unpublished).

In the resistant cucumber plants inoculated with cucumber mosaic
virus respiratory, rate has been reported to be unaffected although virus
synthesis takes place, while in the susceptible varieties virus infection enhances
respiration, although no correlation between respiration and virus synthesis
hasbeen recorded (Menke and Walker, 1963). In the case of Dolichos lab
lab infected with DEMV, active increase in virus concentration in the uninoculated leaves up to the 8th day preceded by enhanced respiration between 2nd and 4th day after inoculation, and a sudden decline of virus titre
by the 10th day preceded by a significantly low rate of respiration, a low
RQ and a low carbohydrate content on the 8th day are noteworthty. ' These
results probably indicate the dependence of virus on the active metabolism
of host cell for its synthesis.
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