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Abstract: Tn present study effect of Mungbean yellow mosaic virus on the
chlorophyll, total nitrogen, protein, total phosphorous and carbohydrate content
in three varieties of mungbean plants HUM -2 (Malviya Jagriti), ML-192, Pusa
Baisakhi were studied. Total chlorophyll, chlorophyll a, chlorophyll b content and
carbohydrate content were lower in virus infected mungbean plant varieties. Total
nitrogen, protein increased and total phosphorous content was found to be high
m virus infected mungbean leaves. Estimation of chlorophyll in healthy and
diseased leaves of mungbean plants at 15, 30, 45, 60 and 75 days were done and
absorbance were recorded by spectrophotometer at 663 and 645 nm. Total nitrogen
of leaves was measured by modified microkjekldahl method and total protein
content was determined by multiplying the total mitrogen content with 6.25. Total
phosphorous were estimated by digestion with Tri-acid mixture and reading was
taken in spectrophotometer at 470 nm. Determination of carbohydrates were done
by total water soluble sugars and starch content.

Key words: Chick pea, pigeon pea, virus, sugars and starch

INTRODUCTION

Green gram, commonly known as Mungbean or mung 1s an important pulse crop next to
chickpea and pigeon pea in India. The major causes for low productivity are the incidence
of insects and diseases. Tt was reported that Mungbean yellow mosaic virus MYMYV) alone
could cause losses to the tune of 30 to 70% in green gram. In present study effect of MYMV
on the chlorophyll nitrogen phosphorous, protein, carbohydrate content on three varieties
of mungbean plant has been recorded. All various macroscopic and microscopic symptoms
of disease must originate in biochemical aberrations induced directly or indirectly by the
viruses (Matthews, 1970). Virus diseases provide simplified system for studies on
physiology of host pathogen interaction since no metabolic activity has been associated
with isolated plant viruses. The MYMY 1s the most destructive viral disease of mungbean
and blackgram in the Indian subcontinent and adjacent areas of Southeast Asia. The MYMV
was reported in 1955 in mungbean growing area in TART, Delhi (Nariani, 1960). The MYMV
mnfects practically all the major kharif pulses (Vigna radiata) (Mungbean) V. mungo
(Urd bean ), V. aconotifolia (mmoth bean), V. lathyroides (Lathyrus), Glycine max (Soybean),
Dolichos biflorus (Horse gram), Phaseolu wulgaris (French bean), Cajanus cajan
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(Pigeon pea) throughout India (Srivastava et al., 2010). The chlorophyll content was studied
by Mali ef al. (2000) i moth bean nfected by Yellow mosaic virus (Gill and Singh, 2000) in
mungbean. Various workers have made different prepostitions on the effect of various
mfections on mitrogen metabolism of the host (Farrag and Ramakrishnan, 1969; Smgh and
Bhargava, 1984). Total phosphorous content has been studied by Chakraborty (1993) and
Chakraborty et al. (1995). Total carbohydrates in virus-infected plants has been reported in
Cucumis melo 1.. leaves infected with Cucumber mosaic virus (Konishi et ai., 2004) in
Soybean leaves infected by Soybean mosaic virus (Xiaoyan ef al., 2000).

MATERIALS AND METHODS

The whole experiment was done at Department of Mycology and Plant Pathology,
Tnstitute of Agricultural Sciences, B.H.U., Varanasi, India during January 2009 to Tune 2009
for studying the chlorophyll, protein, mtrogen, phosphorous and carbohydrate contents of
three varieties HUM-2 (Malviya jagriti), ML-192 and Pusa Baisakhi of Mungbean plants were
collected at 15, 30, 45, 60 and 75 days after inoculation.

Chlorophyll Content

For estimation of Chlorophy1l healthy and diseased leaves of 15, 30, 45, 60 and 75 days
were taken. The leaves were washed with distilled water and the water was soaked by butter
paper. Then, the leaves were cutted mto small pieces with scissors and 100 mg were taken
for grinding mto mortar and pestle with 80% acetone. The ground solutions were taken mto
test tubes and the final volume made to 10 mL by adding 80% acetone. The tubes were
wrapped with black paper and were kept in refrigerator overnight. Next day the solutions
were centrifuged at 5000 rpm for 10 min. The supernatant was taken in clean test tubes
separately. The absorbance was recorded at 663 and 645 nm mn a spectrophotometer
(Brumsona, 1963). Chlorophyll a, b and total chlorophyll were calculated by using following
formula;

Chlorophyll a (mg g™ tissue) = [12.7 (D663)-2.69 (D645)]xV / 1000=<W
Chlorophyll b (ng g~ tissue) = [22.9 (D645) - 4.68 (D663)]<V/1000xW

Total Chlorophyll (mg g tissue) = [20.2 (D645) +8.02 (D663)]xV/1000 xW

Where:
D = Optical density at respective
V = Final volume of chlorophyll extract in 80% acetone

W = Fresh weight of the tissue extracted

Estimation of Total Nitrogen and Protein

Primarily, the total nitrogen of leaves was measured by the modified microkjekldahl
method (Lang, 1958). For this 100 mg of dried and uniformly powdered leaf sample was
digested with 1-2 mL of concentrated H,30, (1 g salicylic acid was dissolved m 20 mL of
H,30,) in presence of 1-2 pieces of sodium thiosulphate and about 1-2 mL of 60% perchloric
acid (0.05 g copper sulphate was added per 100 mL of perchloric acid). This mixture was
heated till to get a clear solution .The solution was made up to 100 mL by adding distilled
water. Nitrogen content was determined by Nesselerization and with the help of standard
curve of NH, (S0,), total protein content was determined by multiplying the total nitrogen
content with 6.25.
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Determination of Total Phosphorous

The plant samples were digested by digestion in Tri-acid mixture of concentrated HNO;:
HCLO,H,30, = (10:4:1). The phosphorous content of the digest was determined
colonmetrically by vandomolybdate yellow colour method described by Tackson (1973). Two
gram of 15, 30, 45, 60 and 75 days after inoculation both healthy and virus infected plant
material and 15 mL of Tri-acid mixture were taken in digestion tubes. These tubes were placed
in one litre beaker containing concentrated H,30, (LR grade) and digested on heater. After
complete digestion, when the solution became clear white (in some cases, additional amount
of HNO, was added to make the solution clear) the digested material was filtered by No. 1
filter paper through repeated washing with distilled water and the volume was made up to
100 mL of volumetnc flask. Ten milliliter of plant extract was taken mn 50 mL volumetric flask
and 10 mL of vandate molybdate solution was added and the volume was made up to 50 mL
with distilled water and reading was taken in spectrophotometer at 470 nm.

For preparing standard P solution, 0.2195 g of potassium dihydrogen phosphate
(KH,S0O,) was dissolved in 400 mL of distilled water in one litre volumetric flask. Then 25 mL
of 7 NH,80, was added m the solution and the volume was made up to the mark. The
strength of the solution was 30 ppm. Then, 0, 1, 2, 4 and 5 mL of standard solution
was talken in 50 mL volumetric flask and added 10 mI. of vandate molybdate reagent. The
volume was made up to mark with distilled water. Color was developed immediately but the
reading was recorded after 10 min m the colorimeter at 470 nm. A standard curve was
prepared by reading the standard P solutions. Then the amount of total phosphorus was
determined.

Determination of Carbohydrates

Carbohydrate fraction consisted reducing and non-reducing sugars, total sugars
and starch contents. Anthrone colorimetric method as described by Snell and Snell (1961)
was followed to determine the reducing sugar content. The non-reducing sugars were
measured by converting them to reducing sugars by the methods of Somogy1 (1952).
The sum of amounts of reducing and non-reducing sugars gave the value for total
water-soluble sugars. The starch content was determined according to the method described
by Snell and Snell (1961).

RESULTS

Results are presented in Table 1 indicate a loss of total chlorophyll, chlorophyll a and
chlorophyll b content due to virus infection in mung bean varieties viz., HUM-2 (Malviya)
b have been observed in the leaves of all varieties at 75th day of infection. Chlorophyll a
ranged from 0.04 to 0.09 in healthy mungbean varities and in diseased it ranged 0.02
to 0.07 mg g~ Chlorophyll b ranged from 0.04 to 0.09 mg g~ in healthy mungbean varieties
and in diseased it was 0.02 to 0.07 mg g~ . Tetal chlorophyll in healthy mungbean varieties
were (.09 to 0.18 mg g~' and in diseased it was 0.03 to 0.12mg g—".

The results summarized in Table 2 shows that total nitrogen (N) are higher in the
virus-mnfected plants in all 3 varieties viz., HUM-2 (Malviya Jagriti), ML-192 and Pusa
Baisakhi that 1s 1t ranged from 1.78 to 2.69 mg/100 mg dry wt. in healthy varieties of mung
bean plant and in diseased mungbean plant it was 2.43 to 3.22 mg/100 mg dry wt.

Results presented in Table 3 indicates an increase in total protein in virus infected
mungbean plants than their healthy counterparts. In healthy mungbean varieties total protein
was 1.11 to 1.59 mg/100 mg dry wt. and in diseased total protein was 1.64 to 1.99 mg/100 mg
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Table 1: Chlorophyll content (mg g™") in var. HUM-2 (Malviya Jagriti), ML-192, Pusa Baisakhi leaves at different
periods of MYMYV infection

Days of infection

Varieties 15 30 45 60 75
HUM-2 (Malviya jagriti)
Healthy
Chlorophyll a 0.05 0.07 0.07 0.085 0.07
Chlorophyll b 0.05 0.09 0.09 0.09 0.09
Tatal chlorophy 1l 0.09 0.15 0.16 0.17 0.16
Diseased
Chlorophyll a 0.05 0.04 0.03 0.02 0.02
Chlorophyll b 0.07 0.06 0.06 0.05 0.04
Tatal chlorophy 1l 0.12 0.10 0.09 0.07 0.06
ML-192
Healthy
Chlorophyll a 0.04 0.05 0.06 0.07 0.06
Chlorophyll b 0.06 0.08 0.09 0.09 0.06
Tatal chlorophy 1l 0.10 0.13 0.15 0.16 0.14
Diseased
Chlorophyll a 0.05 0.04 0.03 0.02 0.01
Chlorophyll b 0.06 0.06 0.05 0.04 0.02
Total chlorophyll 0.11 0.09 0.07 0.06 0.03
Pusa Baisakhi
Healthy
Chlorophyll a 0.04 0.04 0.06 0.09 0.07
Chlorophyll b 0.05 0.07 0.09 0.09 0.08
Tatal chlorophy 1l 0.09 0.11 0.15 0.18 0.15
Diseased
Chlorophyll a 0.03 0.03 0.02 0.02 0.01
Chlorophyll b 0.05 0.05 0.04 0.03 0.03
Tatal chlorophyll 0.08 0.08 0.06 0.05 0.04

Table 2: Effect of MYMV on total nitrogen content (ng 100 mg™! dry wt.) of mungbean leaves at different periods of

MYMV infection
HUM-2 (Malviya Jagriti) MI.-192 Pusa Baisakhi
Days of infection Healthy Diseased Healthy Digeased Healthy Diseased
15 1.78 2.43 1.84 2.52 1.89 2.66
30 2.07 2.74 2.38 2.85 2.42 3.22
45 2.16 2.86 2.48 2.93 2.59 3.05
60 2.46 2.99 2.55 3.13 2.69 3.05
75 2.35 2.82 2.47 3.05 2.42 2.96

Table 3: Effect of MYMYV on total protein content (mg 100 mg™' dry wt.) of mungbean leaves at different periods of
MYMYV infection

HUM-2 (Malviy a Jagriti) ML-192 Pusa Baisakhi
Days of infection Healthy Diseased Healthy Diseased Healthy Diseased
15 1.11 1.73 1.20 1.69 1.30 1.78
30 1.25 1.79 1.22 1.77 1.42 1.84
45 1.29 1.86 1.29 1.90 1.44 1.92
60 1.42 1.93 1.36 1.96 1.59 1.99
75 1.38 1.77 1.29 1.79 1.43 1.64

dry wt. An increased protein level in virus-infected plants has also been reported in
several cases by previous workers (Erdiller and Ozyaner, 1983; Chakraborty et al., 1995,
Shivaprasad et al., 2005; Hofius et al., 2001; Szczepanski and Redolfi, 2008).

The findings summarized in Table 4 revealed that total phosphorus (P) was higher in
virus infected mungbean leaves then their healthy counterparts. Total Phosphorous in
healthy mungbean ranged from 0.35 to 0.49 mg/100 mg dry wt. and in diseased it was 0.46 to
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Table4: Effect of MYMYV on total phosphorous content (mg 100 mg™! dry wt.) of mungbean leaves at different periods
of MYMV infection

HUM-2 (Malviya Jagriti) MI.-192 Pusa Baisakhi
Days of infection Healthy Diseased Healthy Diseased Healthy Diseased
15 0.35 0.46 0.35 0.47 0.37 047
30 0.37 0.47 0.37 0.48 0.39 0.49
45 0.38 0.45 0.37 0.44 0.38 0.53
60 0.49 0.47 0.39 0.48 0.49 0.54
75 0.37 0.47 0.37 0.46 0.39 0.50

Table 5: Total sugars content (mg 100 mg~" dry wt.) of mungbean leaves at different periods of MYMYV infection

HUM-2 (Malviy a Jagriti) ML-192 Pusa Baisakhi
Days of infection Healthy Diseased Healthy Diseased Healthy Diseased
15 2.68 1.97 4.19 2.06 4.11 1.99
30 374 2.55 6.08 345 5.84 293
45 4.19 3.46 6.66 34 6.42 3.36
60 5.24 4.27 8.22 5.19 8.14 4.18
75 3.66 3.16 5.72 3.44 6.41 3.11

Table 6: Starch content (mg 100 mg™! dry wt.) of mungbean leaves at different periods of MYMYV infection

HUM-2 (Malviya Jagriti) MI.-192 Pusa Baisakhi
Days of infection Healthy Diseased Healthy Diseased Healthy Diseased
15 2.52 1.95 2.49 1.86 2.51 1.77
30 3.65 3.08 372 2.90 3.68 2.52
45 5.37 4.46 5.29 4.14 5.26 4.07
60 6.29 532 6.31 5.05 6.16 5.16
75 5.04 4.19 5.41 4.01 543 3.9

0.54 mg/100 mg dry wt. General increases of the total Phosphorus in virus infected plants
have been reported for a number of host virus combinations by earlier workers (Chakraborty,
1993; Chakraborty et al., 1995). The above findings clearly indicate that changes in levels of
total P contents occur as a result of virus infection.

Tt is evident from the Table 5 three varieties viz., HUM-2 (Malviya Jagriti), MI-192 and
Pusa Baisakhi showed that maximum total sugars were found in leaves of healthy plants
which were 5.24, 8.22 and 8.14 mg /1000 mg dry weight on 60th day of inoculation but in
MYMYV infected leaves it decreased to 4.27, 5.19 and 4.18 mg respectively i all three varieties
.The virus infection reduced the total sugars of the plant.

The result presented in Table 6 shows that starch content at 60th day of infection
decreased m infected plants. The amount of starch in infected plant were 5.32, 5.05 and 5.16
mg as against 6.29, 6.31 and 6.16 mg in healthy plants of all three varieties, respectively at
60th day. The starch content was always lower m diseased leaves as compared to ther
healthy counterparts. However, the starch content decreased beyond 60th day. The
carbohydrate contents (Total sugars and starch) were reduced in MYMYV infected mungbean
leaves.

DISCUSSION
Reduction in chlorophyll content has been reported i many host plants infected with

different viruses by Pandey and Joshu (1989), Rathore and Agmhotri (1995), Thind et al.
(1996), Dantre et al. (1996), Sutha and Rajappan (1998), Mali et al. (2000), Gill and Singh
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(2000), Milavec et al. (2001), Funayama-Noguchi and Terashima (2006), Pineda et al.
(2008), Arora et al. (2009) and Singh and Shukla (2009). There are differences of opinion as
to whether the virus destroys the chlorophyll or inhibits its synthesis. According to Sheffield
(1933) the virus of tomato acuba mosaic did not affect the chlorophyll in fully developed
leaves at the time of infection but did prevent the formation of plastids in young growing
leaves. On the other hand, viruses like cucumber mosaic and tomato stripe produce
chlorosis-showing destruction of already formed chlorophyll However, stimulation of
chlorophyllase which attack chlorophyll and inhibition of chloroplast development have
been reported m virus infected plants. The main reason for mmcreased activity 1s the
disruption of chloroplast in chlorosis-induced tissues.

Concurrent with the present findings a general increase of the total N m virus infected
plants have been reported for a number of host virus combinations by Chakraborty (1993),
Chakraborty et al. (1995), Thind et a. (1996), Selman and Grant (2008). The main component
of total N was probable insoluble protein, free amino acids, nucleic acids and amides.
Alteration in any one of the components may disturb the nitrogen metabolism. A few viruses
such as tobacco mosaic virus and potato virus protein contributes significantly to the total
protein of the host and as a consecquence there is an increase in total N. This might be one
of the possibilities in the present case too.

The higher percentage seems due to virus multiplication which entails the synthesis of
virus specific abnormal protein that accumulates an ultimately raises the percentage over
healthy. Increase m proten contents observed m infected mungbean plant leaves may also
be correlated with respiration. Increased nitrogen uptake by diseased plants associated with
rapid respiration probably helps m the synthesis of more amino acids (Shivaprasad et af.,
2005; Hofius et al., 2001; Szczepanski and Redolfi, 2008).

Since, phosphorus compounds have fundamental functions in many metabolic
processes, virus induced disturbances of any of these fractions m many metabolic
processes, virus induced distuwrbances of any of these fractions could have far reaching
effects on the metabolic machinery of the cell. The rise in the contents of total P suggest that
during the course of disease infected plants, a large fraction of inorganic phosphorus was
absorbed from the soil and was subsequently converted in to the organic form which was
probably incorporated in the synthesis of viral NA (Chakraborty, 1993; Chakraborty et af.,
1995). Synthesis of viral NA is primary process of virus replication and its accumulation leads
to and increase in the total phosphorous in comparison to healthy plants.

The findings related to carbohydrate are in concurrence with those reported by earlier
workers (Ashraf and Zafar, 2000, Gonealves ef al., 2005; Handford and Carr, 2007, Adomako
and Hutcheon, 2008, Goodman et al., 2008; Singh and Shukla, 2009). Due to virus infection,
there is an increased demand for abnormal protein production required for the rapid
synthesis of virus particles and for this purpose there has to be increased diversion of
assimilated carbon compounds towards protein synthesis resulting in the decreased
production of carbohydrates level of plant leaves. The decrease m carbohydrate content may
be explained on the basis of possible reduction and (or) faster breakdown of carbohydrates
due to mcreased respiration and conversion of carbohydrates mto amino acids, which are
ultimately used for protem synthesis. It has been noticed that the various carbohydrate
fractions rise till 60th day and later on their level falls in both healthy and MYMYV infected
plants. This decrease might be due to mcreased damage to the chlorophyll by increased age
of virus infection of both.
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