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Introduction
Bell pepper or sweet pepper [Capsicum annuum var. grossum 

(L.) Sendt.] is regarded as one of the most popular and nutritious 
vegetable. Bell pepper is not only rich in nutrients but also adds a 
dash of colour to food. A wonderful combination of tangy taste and 
crunchy texture, which are the Christmas ornaments of the western 
world. Although, peppers are abundant and tasty during the month 
of August and September, however they are consumed throughout 
the year [1]. During cultivation, this vegetable is attacked by a large 
number of diseases caused by various plant pathogens, which reduce 
the potential yield drastically. These pathogen also attack during 
transit and storage. Major fungal diseases of capsicum are damping 
off (Phythium aphanidermatum and Phytophthora spp.), leaf spots 
(Cercospora capsici and Alternaria solani), anthracnose and ripe rot 
(Colletotrichum capsici) and fruit rot and leaf blight (Phytophthora 
spp.), powdery mildew (Erysiphe cichoracearum and Leveillula taurica), 
early blight (Alternaria solani), wilt (Fusarium oxysporum), frog eye 
rot (Phaeoramularia capsicicola), leaf spot (Septoria lycopersici), fruit 
spot (Phoma destructiva), stem rot (Macrophomina phaseoli), dry rot 
(Sclerotium rolfsii) and fruit rot (Phomopsis spp.), respectively. The post 
harvest rots are caused by Aspergillus terrues, A. candidus, A. niger, 
Fusarium moniliformae, F. sporotrichoides, Paecilomyces varioti and 
Penicillium cyolophilum [1-3]. Sharma and Sohi [4] reported a new 
disease of chilli caused by Drechslera sp. during kharif 1977-78 causing 
leaf blight and fruit rot of cv. NP-46A. They found symptoms on 
margins of leaf lamina, spots on stem, branches and fruits; symptoms 
on fruit consist of water soaked brown black areas. Seed from infected 
fruit show very poor germination. Deena and Basuchoudhary [5] 
reported D. bicolor on seeds of Capsicum annuum at Varansi (UP) and 
same was also compiled by Jamaluddin et al. [6] During the month of 
August 2006, a fungal blight caused by Drechslera bicolor was observed 
on the leaves of bell pepper plants (cv. Bombay red and Nun 3020 
yellow) at Hi-tech Polyhouse Farm, RCA, Udaipur and later on fungal 
rot was also observed on fruits. The diseased plant parts were brought 
to the laboratory and pathogenicity was proved. Fungal culture was 
sent for identification at ITCC, IARI, New Delhi and identified (id. No. 
279/6513-07) as D. bicolor (Mitra) [7]. The adjoining farmers’ fields 
around Udaipur were also getting infection of this fungal pathogen. 
On the basis of its regular occurrence on the emerging vegetable crop 

in the Udaipur (Rajasthan), and very little information is available on 
physiology of blight infected bell pepper plant, it was decided to study 
this disease. Therefore, the aim of the present study was to assess the 
extent of deviation in physiology of blight infected bell pepper plant. 
The information on physiological resistance of bell pepper plant against 
D. bicolor can be utilized by breeders and pathologists for resistance
breeding.

Materials and Methods
For the present study, part of Ph.D. thesis, an experimental trial 

conducted at the pathology research field of Rajasthan College of 
Agriculture, Udaipur, Rajasthan, India (73°42 E longitude, 24°35 N 
latitude) in the year 2008 where 15 days old seedlings of susceptible 
cultivar (cv Bombay red) were sprayed with conidial suspension 
of 2 week old culture of Drechslera bicolor isolate @104 conidia/ ml 
using hand sprayer. The observations were taken at 30 days after 
transplanting (DAT). For monitoring changes in chlorophyll content, 
leaf area index and gas exchange parameters of blight infected bell 
pepper leaves, the plants were randomly selected and single leaf from 
plant was tagged. Fully expanded leaves, well exposed to sunlight, free 
from any abnormalities and of similar age (4th to 5th leaf from top) 
were taken as healthy. Similar leaves having initiation of leaf blight 
infection showing mild chlorosis were selected for diseased category. 
For each sampling, six replicates were maintained and six leaves were 
selected per treatment. Same plant and leaves were taken as sample for 
further analysis. Chlorophyll, carotenoids contents and chlorophyll 
stability index (CSI) of samples were estimated quantitatively by 
spectrocolorimeter. Membrane permeability [electrolyte leakage] was 
estimated by electronic conductivity method. Carbon assimilation 
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Abstract
A study using susceptible cultivar (cv Bombay red) to D. bicolor grown under inoculated (infected) and non- 

inoculated (healthy) conditions in the field at Department of Plant Pathology (R. C. A.), Udaipur. Data were recorded 
on different physiological parameters i.e. chlorophyll ‘a’, total chlorophyll, carotenoids content, chlorophyll stability 
index, photoactive radiation, leaf temperature, leaf area index and photosynthesis decreased in the infected plant 
compare to healthy plant while chlorophyll ‘b’, membrane permeability, transpiration rate, cuvette temperature, 
stomatal conductance, internal CO2 concentration, relative humidity and vapour pressure deficit increased in the 
infected plant compare to healthy plant. In addition, total sugar, mineral status, water status were also decreased in 
the infected plants compare to healthy plants. However, the superoxide dismutase enzyme activity was very high in 
healthy plants compared to infected plants. These results indicated that the maintenance of physiological function 
during leaf blight infection could result in improved bell pepper yields under diseased conditions.
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Figure 1: Chlorophyll, carotenoid and chlorophyll stability index (CSI) in 
healthy and blight infected leaves of bell pepper.
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Figure 2: Membrane permeability [electrolyte leakage] of healthy and blight 
infected leaves of bell pepper.
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Figure 3: Transpiration, photoactive radiation, cuvette temperature, stomatal 
conductance, leaf temperature, photosynthesis, internal carbon dioxide 
concentration, relative humidity and vapour pressure deficit, in healthy and 
blight infected leaves of bell pepper.
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Figure 4: Total soluble sugar in healthy and blight infected leaves of bell 
pepper.
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Figure 5: Leaf area index (LAI) of healthy and blight infected leaves of bell 
pepper.
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Figure 6: Nutrient status of healthy and blight infected leaves of bell pepper.
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Figure 7: Water status of healthy and blight infected leaves of bell pepper. 
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Figure 8: Super oxide dismutase enzyme activity in healthy and blight infected 
leaves of bell pepper.
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rate were measured between 10-12 h AM by CIRAS-2 Portable 
Photosynthesis System under natural radiation. Total sugar was 
estimated by anthrone method, Hedge and Hofreiter [8]. Leaf area index 
(LAI) was measured between 10-12 AM by Canopy Analyser (LP80) 
under natural radiation and was expressed in lux. The concentrations of 
phosphorus were estimated using Kjeldahl flask, and sodium, calcium, 
potassium and magnesium were estimated using flame photometer 
method. The total nitrogen and protein contents were estimated by 
micro-kjeldahl method. The water status was estimated by oven dry 
method. The relative water content and leaf water deficit in leaves 
were estimated by micro- oven dry method. Superoxide dismutase 
(SOD) enzyme activity by scavenging O2

−, is a key component in the 
free radical detoxification process. SOD enzyme activity measuring the 
ability to inhibit the photochemical reduction of NBT in presence of 
riboflavin in the light at 560 nm. One unit of SOD activity was defined 
as the amount of enzyme which caused 50% inhibition of the initial rate 
of reaction in the absorbance of enzyme. The superoxidase dismutase 
(SOD) enzyme activity of the plant material was measured as described 
by Beauchamp and Fridovich [9]. Data on healthy and infected leaves 
were subjected to paired t test at p=0.05.

Results
In infected leaves, chlorophyll ‘a’ was decreased to 30.20 per cent 

(Figure 1) while an increase in chlorophyll ‘b’ was recorded as 131.87 per 
cent, and per cent decrease in total chlorophyll was 17.73 per cent. The 
carotenoid content in healthy leaves was 0.11mg/g fresh weight (f.w.), 
whereas it was 0.05 mg/g (f.w.), in infected leaves giving a reduction of 
48.79 per cent. In infected leaves the CSI was 0.04 mg/g (f.w.), whereas 
it was 0.07 mg/g (f.w.) in healthy leaves and shows reduction of CSI as 
42.86 per cent in infected leaves.

The Figure 2 clearly indicates that membrane permeability in 
infected leaves increased appreciably (7.32 per cent) as compared 
to healthy leaves. The healthy leaves had 1.78 µmhos membrane 
permeability against 1.91 µmhos in infected leaves. The per cent 
conductivity in infected leaves was 93.17.

It is evident from Figure 3 that transpiration, photoactive radiation, 
cuvette temperature, stomatal conductance, leaf temperature, 
photosynthesis, internal carbon dioxide concentration, relative 
humidity and vapour pressure deficit, were deviated in the infected 
leaves of bell pepper. It was observed that in infected leaves, the 
transpiration rate was higher 102.77 per cent as compared to healthy 
leaves. In other physiological factors the per cent deviations were 50.77 
in photoactive radiation; 7.08 per cent in cuvette temperature; 428.01 
per cent in stomatal conductance; 19.98 per cent in leaf temperature; 
203.99 per cent in photosynthesis; 56.45 per cent in internal CO2 
concentration; 26.41 per cent in relative humidity and 60.75 per cent in 
vapour pressure deficit, respectively. The total sugar content was 23.29 
mg/gm (f.w.) in healthy leaves against 21.58 mg/gm (f.w.) in infected 
leaves. The amount of total sugar was decreased to 7.34 per cent in 
infected leaves (Figure 4).

Figure 5 revealed that LAI in infected leaves was decreased 
appreciably (38.46 per cent) compared to healthy leaves. The healthy 
leaves had 0.26 lux against 0.16 lux in infected leaves. The amount of 
five elements varied in infected leaves (Figure 6). Figure 6 indicated 
that the total nitrogen and protein contents in infected leaves decreased 
appreciably (13.91 and 13.97 per cent, respectively), phosphorus, 
sodium, calcium and magnesium contents decreased up to 21.42, 
37.60, 13.67 and 95.23 per cent, respectively, while potassium content 
increased up to 19.42 per cent, compared to healthy leaves. The Figure 7 
indicated that the water status in infected leaves decreased appreciably 

Percent Deviation

Pe
rc

en
t

Treatment

30.2 17.7
48.8 38.542.9

-7.3 -7.1 -7.60.0

50.8
20.0

204.0

26.4

10.3

102.8

14.0 21.4

-19.4

20.0
37.6

13.7

95.2

13.9
35.6

7.3

-131.9

-428.0

-56.5 -60.8

300.0

200.0

100.0

0.0

-100.0

-200.0

-300.0

-400.0

-500.0

Per cent Deviation

Chlorophyll        “a”

Chlorophyll “b”

Total Chlorophyll
Chlorophyll Stability Index (CSI)

Leaf area index

Transpiration
Cuvette temperature
Leaf temperature

Photosynthesis
Relative humidity

pour pressure deficit

W
ater content

Relative water content

Leaf water deficit

Protein
Phosphorus
otassium

Sodium
Calcium

SOD / hr./ 100 mg. fresh leaf weight

M
agnesium

Nitrogen

Total soluble sugar (mg/gm fresh wt.)

Internal CO2 concentration

Stomatal conductance

Photoactive radiation

Conductivity in μ Mhos

Percent conductivity of diseased leaves

Carotenoid

Figure 9: Per cent deviation in infected plant compare to healthy plant.
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(10.34 per cent) as compared to healthy leaves. Figure 7 indicated that 
the RWC in diseased leaves decreased appreciably (7.59 %) compared 
to healthy leaves. The LWD in diseased leaves decreased appreciably 
(20.00 %) compared to healthy leaves. The healthy leaves had 27.5 per 
cent of LWD as against 22.0 per cent in diseased leaves. The results in 
Figure 8 indicated that the difference in SOD activities between healthy 
and infected leaf tissues were significant; the decrease over healthy was 
35.60 per cent. The results in Figure 9 show the Percent deviation in 
infected plant compare to healthy plant.

Discussion
Drechslera bicolor (Mitra.) Subram and Jain causes leaf blight in 

bell pepper [Capsicum annuum var. grossum (L.) Sendt.] which leads 
to necrotic lesions, early leaf senescence and yield losses. Detailed 
physiological analysis can contribute to an improved understanding 
of bell pepper-disease interaction and cultivar improvement. The 
photosynthetic activity decreased in the bell pepper blighted leaves and 
similarly John [10] and Aguirreolea et al. [11] detected reduced levels 
of photosynthetic activities in rice cv. IR-2 (H. oryzae) and bell pepper 
cv. Morron (Phytophthora capsici). The reduction in chlorophyll was 
correlated with symptom development and disease severity while in 
the present case chlorophyll ‘a’ was decreased in diseased leaves and 
chlorophyll ‘b’ was increased. Singh and Singh [12] studied infection 
by cucumber mosaic in capsicum and found reduced total chlorophyll, 
chlorophyll ‘a’ and chlorophyll ‘b’ but to a greater extent in susceptible 
cultivars than resistant ones. Verma et al. [13], Kumar and Singh [14], 
Singh et al. [15] and Hossain et al. [16] also reported reduction in 
chlorophyll contents in cases of Colletotrichum falcatum (sugarcane), 
Alternaria alternata (sunflower), Puccinia calcitrape var. centaureae 
(safflower) and Colletotrichum gloeosporioides (mango) leaves. In 
the present studies, protein contents were appreciably decreased in 
diseased bell pepper leaves. Sharma and Sharma [17] concluded that 
increased concentration of proteins and other biochemicals in resistant 
variety may play a role in the inhibition of infection. Singh and 
Waraitch [18] also reported reduction in protein content in diseased 
leaves of sugarcane by Colletotrichum falcatum. The total nitrogen and 
protein were decreased in bell pepper diseased leaves but Jeyarajan and 
Ramakrishnan [19] studied potato virus Y infected chilli leaves and 
found total nitrogen, protein N and amide N contents increased and 
the nitrate N decreased compared to healthy leaves, but ammonium N 
and non protein N levels were not affected. The superoxide dismutase 
enzyme activity (SOD) was very high in healthy leaves compared to 
diseased leaves during present investigations whereas on contrary 
Scandalios [20] observed an increased SOD activity in tissues of oat 
at 40 h with Drechslera arenae but no such increase was observed in 
oat leaves inoculated with D. nobleae by Gonner and Schlosser [21]. 
The results on the decrease in SOD activity during present studies by 
D. bicolor was strongly supported by the work of Rawal et al. [22] and 
Jingao et al. [23] where this activity decreased significantly in plants 
inoculated with Fusarium solani (Sponge gourd) and Alternaria 
brassica (Chinese cabbage), respectively.
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