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Abstract
Alteration of cellular components and host physiology due to five biotypes of Cucumber
mosaic virus (CMV) were investigated to know the effects on ultimate growth and yield of
chilli. Severe reduction of cellular components like chlorophyll-a (59.31%), chlorophyll-b
(68.40%), total chlorophyll (63.20%) and β-carotene (51.14%) were observed in plant
infected by mosaic and stunting (MoS) as compared to healthy plant. The ratio of RNA to
DNA was increased in the infected leaves. The reduction of photosynthesis rate was
found 6.32 to 17.10% in CMV infected plants as compared to healthy plants. Stomatal
conductance and inter cellular CO2 was found lower in CMV infected plats. Considerable
yield reduction (28.80 to 78.11%.) was found infected with five symptomatic isolate of
CMV. The present findings indicate that multiplication of virus particles in the infected
cells alter the biochemical compounds of cells that disrupt the physiological process
which affect the growth and yield of chilli.

Introduction
Cucumber mosaic virus (CMV) is considered as the most important viral disease of chilli in
Bangladesh. It is the type member of the genus Cucumovirus under the family
Bromoviridae, is a single-stranded, positive-sense RNA plant virus (Palukaitis and
Garcia-Arenal 2003). CMV infects more than 1200 plant species and induces the typical
mosaic symptoms including monocotyledons and dicotyledons (Kim et al. 2011). It
spreads naturally by more than 60 aphid species in a non-persistent manner (Palukaitis
et al. 1992) and reduced yield by 33 to 60% in chilli (Montasser et al. 1998). CMV infection
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causes mild to severe mosaic, vein bending, vein clearing, puckering of leaves, stunting
with or without leaf deformation, yellow discoloration, shoestring, top necrosis, necrotic
rings spot on leaves and fruits (Fujisawa 1986).
The biochemical alterations of cellular constituents are reported to be directly related
to morphological deviation of virus infected plants and the extent of crop loss is largely
determined by visible symptoms (Levy and Marco 1982).
Biochemical changes in virus infected plants result in decrease of both quality and
quantity of infected crops (Al-Musa 1982). The symptoms specificity and its severity are
concerned with the changes of specific cellular components due to virus infection
(Sreenivasulu et al. 1989). Multiplication of virus particles in the infected plant cells alters
biochemical compounds of cells such as chlorophyll, β-carotene, organic carbon, nucleic
acids etc. and disrupt the physiological process which affect the growth and yield (Fraser
1987). External manifestations of disease symptoms are the results of altered host
metabolism. The extent of crop loss is mainly associated with severity of visible
symptoms (Sreenivasulu et al. 1989). Greater understanding of the cellular and
physiological changes may increase the accuracy of disease loss assessment, which helps
to know about the nature of the virus. In Bangladesh, there is no report on the impact of
CMV on host physiology and cellular components in chilli, which is important to
determine the nature of the host pathogen interaction. Considering the facts stated above,
the present investigation was undertaken to determine the effect of CMV infection on
cellular components, host physiology as well as plant growth and yield of chilli.

Materials and Methods
Chilli plants infected with Cucumber mosaic virus showing characteristic symptoms were
selected and tagged from the experimental plots of Bangabandhu Sheikh Mujibur
Rahman Agricultural University, Gazipur. Leaf samples were collected from the infected
plants from the similar position and the similar age showing distinct symptoms to
maintain the uniformity of the samples. Leaf samples were also collected from
apparently healthy (HL) plants which served as control. The healthy and infected plants
were checked for CMV infection using mechanical inoculation and DAS-ELISA methods
as described by Clark and Adams (1977). A double beam spectrophotometer (Model No.
1200-20, Hitachi, Japan) was used to measure the absorbance value. Standard analytical
methods were followed for determination of contents of different components both for
healthy and CMV infected leaf samples as described below.
Chlorophyll content was determined extracting cell sap with 80% acetone method as
proposed by Witham et al. (1986). Also a digital chlorophyll meter (SPAD-502, Minolta
Co. Ltd. Japan.) was used to record SPAD from the fully expanded three leaves from
each selected plants. For each leaf three reading were taken at basal, middle and terminal
part of the leaf.
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β-carotene was estimated by the formula described by Nagata et al. (1992). One gram
of leaf sample was crushed thoroughly and mixed with 10 ml acetone : hexane (4 : 6)
solution. This sample was centrifuged and optical density of the supernatant was
measured using spectrophotometer 663, 645, 505 and 453 m. Content of nucleic acids
(DNA and RNA) was determined following the method proposed by Spirin (1958).
Leaf photosynthesis and other physiological parameters like stomatal conductance,
mesophyll conductance and intercellular CO2 concentration were determined by a
portable photosynthesis system (LI-6200, USA). CMV infected plants showing different
symptoms along with apparently healthy three replicated plants were selected for data
collection. Readings were taken from fully expanded fifth leaf (from the top). Averages of
3 readings were taken from each sample. Data on photosynthesis and other physiological
parameters were taken from 14-week-old plants (9 weeks after transplanting) in a clear,
bright and sunny day between 11:30 a.m. to 01:30 p.m. Mesophyll conductance was
measured by the formula suggested by Kubota and Hamid (1992).

Results and Discussion
Forty samples were tested by DAS-ELISA against the antisera of Cucumber mosaic virus
(CMV), Papaya ring spot virus (PRSV), Zucchini yellow mosaic virus (ZYMV) and Watermelon
mosaic virus 2 (WMV-2). The positive reaction of five symptomatic isolates of CMV (Table
1) against the CMV antisera indicated that the virus produces five distinct symptoms like
mild mosaic (Fig. 1A), mosaic (Fig. 1B), mosaic and stunting (Fig. 1C), shoe string (Fig.
1D) and vein banding (Fig. 1E-F). The optical density (OD) value from ELISA reader of
the positively reacted samples (Table 1) was in between positive and negative control. It
was further confirmed that the samples were infected with CMV. Therefore, the results of
ELISA conclusively revealed the presence of CMV with all the five symptoms (Table 1).
The present investigation is in conformity with the findings of Zitter and Murphy (2009)
and Fujisawa (1986). Kapoor (2012) had detected different CMV biotypes by biological,
serological and molecular assay and reported that natural infection of CMV causing
mosaic, leaf deformation, and ring spots on leaves and fruits of bell pepper plants. These
findings also supported the present study.
Chlorophyll contents of the infected plants in all the cases were found to be
decreased significantly in leaves infected with all five symptomatic isolate of CMV
as compared to healthy plants (Table 2). The maximum contents of chlorophyll-a (69.58
mg/100 g), chlorophyll-b (44.12 mg/100 g) and total chlorophyll (113.70 mg/100 g) were
found in leaves of apparently healthy chilli plants. The degree of reduction varied with
the symptomatic isolates of the virus. Severe reduction of chlorophyll-a (59.31%),
chlorophyll-b (68.40%) and total chlorophyll (63.20%) was observed in mosaic and
stunting (MoS) infected chilli leaves (Fig. 2). The lowest reduction of all chlorophyll
partitions was found in MM infected chilli leaves, which was followed by leaves infected
with vein banding (Vb). The lowest chlorophyll-a (28.94 mg/100 g) and chlorophyll-b
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(13.53 mg/100 g) content was found in MoS infected leaves. The total chlorophyll content
was the lowest (41.84 mg/100 g) in leaves infected with MoS, which was followed by Mo
(46.85 mg/100 g), SS (61.43 mg/100 g) and Vb (67.18 mg/100g). The ratio of chlorophyll-a
to b was observed to be higher in the entire virus infected leaves as compared to healthy
ones (Table 2). The highest ratio (Chl.-a : b) was (2.14) in the leaves infected with the
MoS, which was followed by the mosaic (Mo) (2.01), SS (1.96), Vb (1.93) and MM (1.92). It
was the lowest (1.58) in healthy chilli leaves.

Fig. 1. Five biotypes (symptomatic isolate) of CMV in naturally infected chilli plants. A - Mild mosaic,
B - Mosaic, C - Mosaic and stunting, D - Shoe string and E-F - Vein banding symptoms.

The content of β-carotene (0.85 mg/100g) was maximum in healthy leaves of chilli.
Reduction of β-carotene was common in all the five biotypes of CMV. The highest
reduction of β-carotene was observed in leaves infected with MoS (51.14%) followed by
Mo (40.53%), SS (34.89%), Vb (34.10%) and mild mosaic (MM) (23.04%) (Fig. 3). The
lowest reduction of β-carotene contents was found in leaves infected with MM. The
inhibition of chlorophyll production or degradation of chlorophyll result in the reduction
of chlorophyll content in virus infected plants as reported by Esau (1956). It could be
concluded that the virus infected leaves have been attributed two causes-stimulation of
chlorophylase which degrades chlorophyll into chlorophyllide and phytol and inhibition
of chloroplast development which leads to the development of colour deviations like
mosaic, yellowing, chlorosis, etc. The reduction of total chlorophyll was 60% in case of
soyabean infected by Soya bean yellow mosaic virus (Narayanasamy and Palaniswami
1973). Multiplication of virus particles in the infected plant cells alters biochemical
compounds of cells such as chlorophyll, β-carotene, organic carbon, nucleic acids, etc.
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and disrupt the physiological process which affect the growth and yield (Fraser 1987).
Haider and Hossain (1994) observed similar trend of reduction in chlorophyll and
β-carotene in the Yellow vein mosaic virus infected okra and CMV infected tomato leaves.
The findings of the present study showed that different partition of chlorophyll and
β-carotene reduction followed the similar trend as described earlier. High chlorophyll-a
to b ratio indicates more degradation or lower synthesis of chlorophyll-b than
chlorophyll-a due to virus infection.
Table 1. Serological (DAS-ELISA) detection of five symptomatic isolate (biotype) of CMV.
Major

Reaction against the antiserum of

symptom

CMV

PRSV-P

ZYMV

WMV-2

OD value at 405 nm
(Av. of 5 positive
samples)

- Control

0.14

+ Control

0.40

Mild mosaic (MM)

+

-

-

-

0.27

Mosaic (Mo)

+

-

-

-

0.24

Mosaic & Stunting (MoS)

+

-

-

-

0.22

Shoe string

+

-

-

-

0.24

Vein banding (Vb)

+

-

-

-

0.29

+ Positive reaction, - Negative reaction.
Table 2. Pigment contents in chilli leaves infected with five biotypes of CMV.
Symptom
type

Chlorophyll-a
(mg/100 g
fresh wt.)

Chlorophyll-b
(mg/100 g

Total chlorophyll
(mg/100 g

fresh wt.)

fresh wt.)

Chl. a:b

β-carotene
(mg/ 100 g
fresh wt.)

MM

51.79 b

27.00 b

78.79 b

1.92 c

0.65 b

Mo

31.30 e

15.55 e

46.85 e

2.01 b

0.50 d

MoS

28.94 f

13.53 f

41.84 f

2.14 a

0.41 e

SS

40.66 d

20.77 d

61.43 d

1.96 bc

0.55 c

Vb

44.19 c

22.99 c

67.18 c

1.93 c

0.56 c

HL

69.58 a

44.12 a

113.70 a

1.58 d

0.85 a

CV

3.21 %

4.11 %

3.33 %

2.67 %

3.97 %

Means followed by same letter are not significantly different at 1% level by DMRT. MM - Mild mosaic, Mo Mosaic, MoS - Mosaic and Stunting, SS - Shoe string, Vb - Vein banding, HL - Healthy.
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Fig. 2. Per cent change of pigment (chlorophyll-a, b, total chlorophyll and chlorophyll-a : b) in chilli leaves
infected with five symptomatic isolate of CMV as compared to healthy. Mosaic and stunted exhibited
highest chlorophyll reduction over healthy plants. Vertical bars indicate the LSD value at 1% level of
significance. MM - Mild mosaic, Mo - Mosaic, MoS - Mosaic and Stunting, SS - Shoe string, Vb - Vein
banding, HL - Healthy.

Fig. 3. Per cent reduction of β-carotene of chilli fruit infected with five symptomatic isolate of CMV as
compared to healthy. Mosaic and stunted exhibited highest beta-carotene reduction over healthy plants.
Vertical bars indicate the LSD value at 1% level of significance. MM - Mild mosaic, Mo - Mosaic, MoS Mosaic and stunting, SS - Shoe string, Vb - Vein banding, HL- Healthy.
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Table 3. Nucleic acid content in chilli leaves infected with different biotypes of CMV.
Symptom

Nucleic acid content

type

RNA mg/g

DNA mg/g

RNA : DNA

MM

13.95 d

0.95 b

14.68 d

Mo

17.11 c

0.71 c

24.09 c

MoS

17.15c

0.72 c

23.81 c

SS

19.43 a

0.59 d

32.93 a

Vb

17.46 b

0.70 c

24.94 b

HL

12.26 e

1.07 a

11.46 e

CV

1.07 %

2.11 %

1.33 %

Means followed by same letter did not significantly different at 1% level by DMRT. MM - Mild
mosaic, Mo - Mosaic, MoS - Mosaic and stunting, SS - Shoe string, Vb - Vein banding, HL- Healthy.
Table 4. Effects of five symptomatic isolate (biotype) of CMV on SPAD, photosynthesis rate,
plant height, canopy and yield of chilli.
Symptom
type

SPAD

MM
Mo
MoS
SS
Vb

HL
CV (%)

Photosynthetic
rate (µmol/m2/s)

Plant height

Canopy

Yield

(cm)

(cm)

(kg/ha)

39.83 c

25.81 b

37.43 b

47.61 b

7874.80 b

(−35.66)

(−6.32)

(−9.85)

(−11.09)

(−28.80)

32.91 d

23.41 c

35.04 bc

37.21 d

4303.60 c

(−46.84)

(−15.03)

(−15.61)

(−30.51)

(−61.09)

30.43 e

22.84 c

23.63 e

25.37 f

2420.40 e

(−50.85)

(−17.10)

(−43.09)

(‒52.62)

(−78.11)

33.41 d

22.98 c

31.61 d

34.30 e

2809.20 d

(−46.03)

(−16.59)

(−23.87)

(−35.95)

(−74.60)

45.39 b

25.33 b

33.73 cd

41.25 c

4426.80 c

(−26.68)

(−8.06)

(−18.76)

(−22.97)

(−59.97)

61.91 a

27.55 a

41.52 a

53.55 a

11069.60 a

3.97

2.75

4.91

4.83

3.20

Means followed by same letter did not vary significantly at 5% level by DMRT. Figures in the
parentheses indicate per cent change over healthy plants. MM - Mild mosaic, Mo - Mosaic, MoS Mosaic and stunting, SS - Shoe string, Vb - Vein banding, HL - Healthy.
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The lower contents of DNA and higher contents of RNA were found in chilli leaves
infected with five biotypes of CMV as compared to healthy (Table 3). The highest content
of DNA was found in healthy leaves (1.07 mg/g) which was statistically different from
leaves infected with five biotypes (0.59 to 0.95 mg/g). RNA contents in the leaves were
increased while that of DNA was decreased (Fig. 4). DNA and RNA content of healthy
leaves was 1.07 and 12.26 mg/g, respectively where RNA contents increased 13.72 to
58.48% in leaves infected with five biotypes of CMV as compared to healthy leaves. The
highest content of RNA (19.43 mg/g) and lowest content of DNA (0.59 mg/g) was found
in leaves infected with shoe string (SS). The highest reduction of DNA (44.48%) was
found in leaves infected with SS and the lowest (11.43%) in MM. The highest increase of
RNA was found (58.48%) in leaves infected with SS and the lowest (13.72%) in MM
(Fig. 4). The ratio of RNA to DNA increased in the infected leaves and the highest 32.93
was found in SS and the lowest 11.46 in healthy (Table 3). The DNA and RNA ratio of
other symptomatic isolates of CMV ranged 14.68 to 24.94. Similar results in Yellow vein
mosaic virus (YVMV) infected leaves of country bean were reported by Hossain and
Haider (1992). This might be due to enhanced activity of RNA synthesis and RNA
polymerase after virus infection. These two enzymes are suggested to be responsible for
higher RNA content. Lower content of DNA in infected leaves of country bean by YVMV
and papaya by Papaya ring spot virus- papaya strain was also demonstrated by Hossain
and Haider (1992) and Rahman et al. (2008). Based on findings of the present
investigation, it may be concluded that the reduction of DNA content in leaf samples
might be due to the breakdown or denaturation of nucleotides, the sub-structures of
DNA (deoxyribose sugar molecules, nitrogenous bases and phosphate groups).
Table 5. Effects of five symptomatic isolate (biotype) of CMV on stomatal conductance,
CO2 concentration and mesophyll conductance in chilli.
Symptom
type

Intercellular CO2
(ppm)

Mesophyll conductance

(µmol/m2/s)

MM

0.323 a

218.45 a

0.118 a

Mo

0.180 b

202.58 b

0.116 a

MoS

0.169 b

203.71 b

0.113 a

SS

0.187 b

196.72 c

0.116 a

Vb

0.190 b

205.15 b

0.123 a

HL

0.360 a

221.11 a

0.125 a

2.96

1.02

3.10

CV (%)

Stomatal conductance

(µmol/m2/s)

Means followed by same letter did not vary significantly at 1% level by DMRT. MM - Mild mosaic,
Mo - Mosaic, MoS, Mosaic and stunted, SS - Shoe string, Vb - Vein banding, HL - Healthy.
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Changes in chlorophyll (SPAD), photosynthesis, growth and yield characters due to
infection with five symptomatic isolate of CMV are presented in Table 4. Chlorophyll
content (SPAD) and rate of photosynthesis showed significant variation in almost all
cases. The MoS plants had the significantly lower amount of SPAD as compared to
healthy and other symptomatic isolates. The highest SPAD value (61.91) and
photosynthesis rate (27.55 µmol m2/s) was found in healthy plants and the lowest SPAD
(30.43) and photosynthesis rate (22.84 µmol m2/s) was observed in MoS plants. Reduction
of SPAD ranged 26.68 to 50.85% in CMV infected plants whereas photosynthesis rate
varied from 6.32 to 17.10%. The highest SPAD and photosynthesis rate reduction was
observed in MoS plants and the lowest in MM. The variation in growth parameters like
plant height and canopy spread and yield was considerable. The reduction in plant
height and canopy spread was 43.09 and 52.62%, respectively in MoS plants. Appreciable

Fig. 4. Per cent change of nucleic acids (DNA, RNA) in chilli leaves infected with five symptomatic isolates of
CMV as compared to healthy. Shoe string exhibited highest beta-carotene reduction over healthy plants.
Vertical bars indicate the LSD value at 1% level of significance. MM - Mild mosaic, Mo - Mosaic, MoS Mosaic and Stunting, SS - Shoe string, Vb - Vein banding, HL - Healthy.

yield reduction was found in plants infected with five symptomatic isolate of CMV that
ranged from 28.80 to 78.11%. The highest yield reduction was found in plants infected
with MoS (78.11%) and the lowest in MM (28.80 %). Other physiological parameters like
stomatal conductance (0.360 µmol m2/s) and inter cellular CO2 (221.11 ppm) was
observed high in healthy plants. Effect of other symptomatic isolates like Mo, MoS, SS
and Vb on those parameters did not vary significantly. Mesophyll conductance did not
vary significantly (Table 5). Results of the present investigation indicated that CMV
causes changes in growth and physiological parameters which are responsible for yield
reduction. Findings of the present study indicated that the host physiology changes due
to infection with five symptomatic isolate of CMV that affect the growth and yield of
chilli. The photosynthetic rate varied little bit among the five biotypes of CMV but
appreciably varied with the healthy plants. Virus infected leaves are usually
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characterized by reduced photosynthetic rate (Goodman et al. 1986). Similar results were
observed in the current experiment. In the present study photosynthetic rate was
measured in per unit leaf area only but total or gross photosynthesis was not measured.
Plant height and canopy spread was greatly reduced in the virus infected plants.
Therefore, gross photosynthesis in the infected plants should have been very low. Most
probably that was the reason for poor yield in the virus infected plants.
CMV caused considerable reduction of growth parameters as well as physiological
parameters studied. The results indicated that yield reduction due to CMV is attributed
to changes in host physiology which ultimately affect the growth parameters (plant
height and canopy spread) of chilli.
Substantial crop loss is common with most of the viral diseases. The yield loss is,
however, related with the severity of the symptoms (Bos 1976). Yield reduction of
different crops, even when their vegetative organs are infected by virus, has been
reported by Haider and Hossain (1994) and Alam et al. (1996). Levy and Marco (1982)
reported the alteration of cellular component in potato tuber due to infection of Potato
virus Y (PVY) and Potato leaf roll virus which ultimately affected the growth and yield of
potato. Tajul et al. (2011) reported that Tomato yellow leaf curl virus alters the
physicochemical constituents in tomato and reduced fruit number as well as fruit size
that reduced the ultimate yield of tomato. The symptoms specificity and its severity are
concerned with the changes of specific cellular components due to virus infection
(Sreenivasulu et al. 1989).
The results of the present study revealed that CMV affects significantly on cellular
components that altered the host physiology which reduced the ultimate yield of chilli.
Further, yield loss is related with the alteration of the growth parameters that
consequently associated with the severity and symptomatic isolate (biotypes) of CMV
where mosaic and stunting, and shoe string appeared to be the most destructive.
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