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Abstract
Powdery mildew disease of Black gram, Mung bean and Pea are major constrain in the production. The
resistance of plants to various pathogens depends on synthesis and level of various defense enzymes
like hydrolases; peroxidases and antimicrobial compounds like phytoalexins (Kuc, l991 et al
Kauffmann et al. l987; Boiler, l987; Mauch et al., l988; Kale and Choudhary 200l, Koche and
Choudhary, 2005). Present study focused on visual screening of selected crop cultivars against the
powdery mildew and its biochemical correlation with chlorophyll content, sugars, phenols content, PRproteins and Phytoalexin activities. From the field studies, it was observed that, selected crop were
found with powdery mildew incidence. This disease incidence data was correlated with biochemical
changes and level of chlorophyll, sugars, phenols, PR-protein and Phytoalexin activities.
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1. Introduction
Black gram (Vigna mungo (L.) Green gram (Vigna radiata (L.) Wilczek), Pea (Pisum
sativum L.) and. All these selected pulse crops are important as a nutritional value and
production point of view but biotic and abiotic diseases are major challenges to control.
Minimize the disease incidence and severity. One of biotic disease is powdery mildew
causing to Pigenopea, Green gram, Black gram, Pea and chickpea by the many specialized
races of fungal species in the genera Erysiphe, Microsphaera, phyllactinia, podosphaera and
Uncinula. Powdery mildew of Black gram (Vigna mungo (L.) Green gram (Vigna radiata
(L.) Wilczek), Pea (Pisum sativum L.) are caused by Erysiphe polygoni DC, Erysiphe
polygoni and Erysiphe pisi are major diseases.
Infection of this disease can significantly reduce yield (by up to 25%) by reducing
photosynthetic leaf area also other biochemical changes in infected leaves compared to
health and resistant to this diseases. Sanjay Guleria et al. (1997) reported post-infection
decrease in chlorophyll a, chlorophyll total chlorophyll and reducing sugar content in the
leaves of both resistant (DPP68 and JP71) and susceptible cultivars (Bonneville and Lincoln)
of pea against powdery mildew (E. polygoni). Baka and Aldesuquy (1992) reported that
decrease in reducing sugars in sqush affected by powdery mildew caused by Sphaerotheca
fuliginea. Similarly Awad (2000) reported positive correlation between susceptibility to
powdery mildew and leaf sugar content in most cucurbit varieties. Sindhan and Jaglan (1987)
reported higher amounts of total phenols in resistant genotypes of ground nut affected by
tikka leaf spot as compared to the susceptible ones. Avtar et al. (2003) [1] observed higher
levels of total phenols in resistant genotypes (NLM and HM 350) than susceptible (T8 and
HM 65) fenugreek genotypes before and after the appearance of powdery mildew (E.
polygoni) in artificially inoculated and natural environments.
Dinesh (2009) showed that initially healthy leaves of susceptible variety of Sunflower
(Morden) had 1.204 mg/g of total phenols and it was increased to 3.980 mg/g after infection
by E.cichoracearum. The synthesis of biochemical compounds and their level in plant offer a
particular characteristic to it. Presence of various biochemical compounds in plant during its
different developmental stages of indicates their importance for their survival. Production
and level of plant hormones and some enzymes determine the percentage of germination,
growth rate, development and reproduction (Abeles et al. l97l; Jones. 200l and Dangl. 200l).
The resistance of plants to various pathogens depends on synthesis and level of various
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defense enzymes like hydrolases; peroxidases and
antimicrobial compounds like phytoalexins (Kuc, l991 et al
Kauffmann et al. l987; Boiler, l987; Mauch et al., l988;
Kale and Choudhary 200l, Koche and Choudhary, 2005).
Thus all these reports suggest that the synthesis and level of
biochemical compounds in plants play vital role in shaping
various traits of all plant species. The objective of this
research was to determine the roles of biochemical
compounds, in the interaction of selected crops with
powdery mildew fungi.
2. Material and Methods
2.1 Germplasm Procurement and field experiment:
Germplasm Procurement and field experiment: The
germplasm of Black gram, Green gram, pea, was procured
from Dr. P. D. K. V. Akola and M. P. K. V. Rahuri (MS).
Germplasm are used for further sowing in field and in vitro
experimentation.in vitro experiment carried out at
Department of Botany, Government institute of science,
Aurangabad.
2.2 Disease incidence and Severity analysis
In all experiments, disease incidence (percentage) and
severity were assessed at 2-day intervals. Severity of
symptoms on individual plants were rated on a scale from
0–4 according to the percentage of foliage with yellowing or
necrosis in acropetal progression: 0 = 0%, 1 = 1–33%, 2 =
34– 66%, 3 = 67–100%, 4 = dead plant. Incidence and
severity data (0–4 scale) within a pot were used to calculate
a disease intensity index (DII) by the equation: DII = [(ƩSi x
Ni)/ 4x Nt) x 100]
2.3 Estimation of chlorophyll content
About 100 mg of healthy and infected leaf samples of mung
bean, chickpea and pea were collected from the field. The
chlorophyll was extracted in Dimethyl sulfoxide (DMSO) as
described by Hiscos and Israelstan (1979) [10]. The leaf
samples were placed in a test tube containing 7 ml DMSO
and incubated at room temperature for 24 hours. The
extracted liquid was transferred to graduate test tubes and
volume was made up to 10 ml with DMSO, and the stock
solution was diluted to 50 per cent with DMSO. About 3 ml
sample of chlorophyll extract was transferred to cuvette and
OD values were read at 645 and 663 nm along with DMSO
blank in the spectrophotometer. Chlorophyll content was
calculated by formula (Arnon, 1949). Reducing sugars for
the leaf samples were estimated by Nelson’s modification of
Somogyi’s method (Nelson, 1944) [16]. Non-reducing sugars
were hydrolyzed by using 1 ml 1N H2SO4 and then
estimated as in case of reducing sugars to get the total
sugars. Non-reducing sugars were calculated by subtracting
the reducing sugars from that of total sugars.
2.4 Estimation of total phenols
Estimation of total phenols in the plant samples was carried
out following Folin-Ciocalteau reagent method.
Reagents: Folin - Ciocalteau reagent (FCR) - 1% and
Sodium carbonate - 2%
Procedure: One ml of alcohol extract was taken in a test
tube to which one ml of Folin-ciocalteau reagent was added
followed by two ml of sodium carbonate solution. Then the
tubes were shaken well and heated on boiling water bath for

exactly one minute and cooled under running tap water. The
blue solution was diluted to fifteen ml with water and its
absorbance was read at 650 nm in spectrometer. The amount
of phenols present was calculated with the help of a standard
curve prepared from catechol.
2.5 Extraction and PR-protein assay
Chitinase and  -1,3-glucanase were extracted by
homogenizing 1g of frozen tissues in 1 ml and ice cold
extraction buffer (0.1M Sodium citrate buffer, pH 5), in prechilled mortar and pestle. The extract was centrifuged at
10,000 rpm for 15 min. 1ml of supernatant was taken in 1.5
ml centrifuge tube and proteins were precipitated by adding
ammonium sulphate to saturation. The precipitated protein
were centrifuged at 10,000 rpm for 15 min and supernatant
was discarded. The protein pallted resuspended in 1ml
extraction buffer and used as enzyme source for glucanase
and chitinase activity. The assay of -1, 3 glucanase was
performed according to method given by Kauffmann et al.,
(1987). The assay mixture was prepared by mixing 0.48 ml
of 01M Sodium acetate buffer (pH, 5.2), 100 l of enzyme
extract, and 200 l Laminarin (Sigma) solution. The mixture
was incubated at 37 °C for 3 hrs. Then, 0.5 ml alkaline
copper tartrate was added to it and mixture was heated at
100 °C, in the boiling water bath for 5 min. The mixture was
then cooled to room temperature and 0.5ml of arsenomolybdate reagent was added to it. After the development of
blue color, 3ml of distilled water was added to each sample
and absorbance was recorded at 660 nm against the blank
containing the enzyme extract and all other reagent except
Laminarin. The chitinase activity was analyzed according to
the method of Reissig et al., (1954) and Boller et al., (1983)
[5]
. The enzyme assay mixture contained 100 l of sodium
acetate buffer (pH 4.5), 100l Sodium azide solution, and
200 l colloidal chitin and 100 l enzyme extract. The
volume of this enzyme extract was adjusted to 1 ml by
extraction buffer and incubated at 37 °C for 3 hrs. Then 100
l of Sodium borate buffer (pH 9.1) was added to it and
heated to 100 °C in water bath for 3 min. The mixture was
then cooled in tap water and centrifuged at 1000 rpm for 5
min. The clear supernatant was collected and to it 3 ml of
DMAB reagent was added. The mixture was then incubated
for 20 min at 37 °C. The absorbance was recorded
immediately at 585 nm against the blank containing all the
reagents and enzyme except chitin.
2.6 Phytoalexin analysis
In this investigation the accumulation of phytoalexin
metacarpi, in response to natural infection by powdery
mildew fungi, was analyzed, by high performance liquid
chromatography (HPLC) following the method adopted by
Edward and Strange (1991). The phytoalexin was also
analyzed in infected and healthy leaves as well as in
seedlings of different cultivars. One gram of sample was
extracted with 5 ml of 80% methanol. The methanol extract
was reduced to 1/4th of initial volume, under vacuum and
extracted (3x) with ethyl acetate. The pooled ethyl acetate
extract was reduced to dryness and contents were dissolved
in one-ml acetonitrile. The 20 l acetonitrile extract was
injected for quantitative analysis. The samples were
chromatographed on Shimadzu HPLC system with ODS C18
(Spherosphere) column (4x250 size) maintained at 35 oC
temperature. The flow rate of mobile phase (50% aqueous
acetonitrile) was 1.5ml/ minute. The medicarpin was
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detected at 290 nm using a PDA detector with retention time
of 23 minutes. The retention time was determined by cochromatography of standard obtained from Sigma
3. Results and Discussion
The field experiment reveals that cultivar of black gram,
BDU-1 and TAU-1 is showed 3% and 19% disease
incidence against powdery mildew 50 days after
germination respectively. BDU-1 is resistant and TAU-1 is
susceptible to powdery mildew. In cultivar of Green gram
LGG, K-851 and cultivars of Pea, JP- 71 and Arkel showed
that 5%, 37%, 2.7% and 48% disease incidence respectively
(Table. 1). On the basis disease incidence index showed that
cultivar BDU-1, LGG and JP-71 is resistant against the
powdery mildew and TAU-1, K-851 and Arkel is
susceptible against the powdery mildew. The chlorophylls
loss in resistant and susceptible cultivars of Black gram,
Green gram and pea due to development of powdery
mildew.
The quantity of chl. a, chl, b and total chlorophyll in healthy
and infected leaves. In susceptible Cultivars of selected
crops that is TAU-1, K-851 and Arkel, the chl.a content in
healthy leaves was 1.77,1.89 and 1.23 mg/g respectively and
it has been reduced in infected leaves by powdery mildew
that estimate the chl.a 1.2, 0.89 and 0.41 mg/g respectively
and in resistant cultivars of selected crop that BDU-1, LGG
and JP-71, the chl.a estimated in healthy leaves1.89, 1.98
and 1.81 it has been reduced to 1.71,1.82 and 1.63 mg/g
after infection of powdery mildew. Chlorophyll b and total

chlorophyll content in healthy and infected leaves are same
trends in resistant and susceptible cultivars leaves (Table 2).
The amount total sugars, reducing and non reducing sugars
in both healthy and infected leaves of selected crops cultivar
were estimated. The estimated data showed that highest total
sugar content found in infected leaves compared to healthy
also same trends for phenols content (Table.2).The
accumulation of phytoalexin and PR-proteins in infected
and healthy leaves showed highest value in infected leaves
of Resistant and susceptible cultivars than healthy leaves of
resistant and susceptible one (table.3&4).
Chlorophyll, sugar, phenols, phytoalexin and PR-protein in
plant could be positively correlated with the disease
incidence index in case of black gram, green gram and pea
of powdery mildew pathosystem. The Similar correlation
was reported by Cachinero et al. (2002) in three Chickpea
cultivars. Koche and Choudhary (2005) [14] also reported that
the level of PR- protein in Mungbean cultivars could be
positively correlated with its resistance status. In 2007,
Badere et al., reported the positive correlation of
phytoalexin accumulation and resistant status of seven
mungbean cultivars. These findings are also supported by
the reports of Koche and Choudhary (2011) [13]. Balerao and
Kothekar (2013) have reported the positive correlation
between Resistance of crop with its biochemical content.
Khandare (2015). The present study are in accordance with
above reports and could be exploited further at molecular
level for developing powdery mildew resistant selected crop
cultivars.

Table 1 Disease incidence and disease severity of powdery mildew in each two naturally grown cultivars Green Gram and Pea.
Crop name

Cultivar
Number of plant observed
BDU-1
1028
Black Gram
TAU-1
856
LGG
986
Green Gram
K-851
587
JP-71
867
Pea
Arkel
953
Note: the values are mean of triplicate analysis

Disease incidence (%)
3
19
5
37
2.7
48

Resistant Status
Resistant
Susceptible
Resistant
Susceptible
Resistant
Susceptible

Table 2: Biochemical changes due to powdery mildew disease in Resistant and susceptible cultivars of Black gram, Green Gram and Pea
BG TAU-1 S
IL
HL
Chl.a
1.2
1.77
Chlorophyll
Chl.b
0.27
0.83
(mg/g)
T.Chl.
1.47
2.60
R.Sugar
6.09
9.01
Sugar (mg/g) N.R.Sugar 18.03 7.14
T.Sugar
24.12 16.15
Phenols (mg/g)
7.42
4.97
Note: The values are mean of triplicate analysis
Biochemical parameters

BG BDU-1 R
IL
HL
1.71
1.89
0.46
1.09
2.17
2.96
3.78
4.92
3.01
6.79
6.79 11.71
15.59 9.23

GG K-851 S
IL
HL
0.89
1.89
0.24
0.57
1.13
2.46
5.23
9.12
18.42 5.59
23.65 14.71
6.68
4.25

S=Susceptible cultivar, R= Resistant Cultivar, IL= Infected
leaves, HL= Healthy leaves, Chl.a= Chlorophyll a, Chl.b=

GG LGGR
IL
HL
1.82
1.98
1.13
1.07
2.95
3.05
3.58
4.67
3.11
8.06
6.69 12.73
17.02 9.15

Pea Arkel S
IL
HL
0.41
1.23
0.22
0.98
0.63
2.21
7.05
9.01
16.12 6.89
23.17 15.90
7.56
5.69

Pea JP-71 R
IL
HL
1.63
1.81
1.03
1.43
2.66
3.24
4.23
5.01
8.01
3.89
12.24 8.90
15.26 7.57

chlorophyll b, T.chl= Total chlorophyll, R. sugar= Reducing
Sugar, N.R. Sugar = Non-Reducing Sugar.

Table 3: Medicarpin analysis in Healthy and infected leaves of naturally grown selected cultivars
Phytoalexin Medicarpin content (µg/g) in leaves (days after germination).
After 40 days
After 60 days
After 80 days
Infected Leaves
56.12
68.25
51.01
TAU-1 (S)
Healthy leaves
43.7
59.14
41.02
Infected Leaves
69.01
88.69
56.06
Black Gram
BDU-1 (R)
Healthy leaves
58.23
71.28
53.15
Note: the values are mean of triplicate analysis
Cultivar
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Table 4: Glucanase & Chitinase activity in healthy and infected leaves of naturally grown selected cultivars
(µkats/mg protein) 80 days after germination
Crop name

Cultivars
Infected Leaves
TAU-1(S)
Healthy leaves
Black Gram
Infected Leaves
BDU-1 (R)
Healthy leaves
Note: the values are mean of triplicate analysis
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Chitinase activity
09.92
06.23
32.23
22.12

Glucanase activity
08.25
5.96
17.10
16.97
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