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Pigeonpea [Cajanus cajan (L.) Millsp.] is an
important Kharif pulse crop grown in India. It ranks
sixth in global legume production and worldwide it
is cultivated in about 4.70 mha area with an annual
production of 3.69 mt and a mean productivity of
783 kg/ha (Anonymous, 2018). It has a high
nutritional quality with 20 to 25 Per cent of protein
on dry seed basis, which is almost 2.5 to 3.0 times
of the value normally found in the cereals (Tamboli
and Lolage, 2008). Due to its rich source of protein,
pigeonpea is prone to the attack of insect pests. The
major constraints for low productivity of pigeonpea
are biotic and abiotic stresses and poor crop
management. Of the biotic stresses, the insect pests
cause a greater loss of 78 Per cent in India (Lateef
and Reed, 1983). About 250 species belonging to 8
orders and 61 families are observed to infest
pigeonpea from its seedling to harvesting stage
(Upadhyay et al., 1998). Spotted pod borer (Maruca
vitrata), gram pod borer (Helicoverpa armigera) and
pod fly (Melanagromyza obtusa) are the major pod
borers of pigeonpea which significantly reduce the
crop yield to an extent of 60 to 90%. These pod
borers have developed resistance against many
insecticides (Kranthi et al., 2002 and Singh et al.,
2009). Researchers in many parts of India have

confirmed that seed yield and seed quality are being
adversely affected by pod borers. Farmers find it
very difficult to manage these pod borers with
commonly available insecticides and dependence on
only these chemicals lead to several ill effects on
non-target organisms and environment. Hence,
adoption of integrated pest management technology
is the need of the hour which utilizes all the suitable
technology in compatible manner. The first line of
defence against insect pests is the host plant
resistance (HPR). It can be considered as the
principal component in the pest management besides
cultural, mechanical and chemical control measures
(Tayo et al., 1988; Oghiakhe et al., 1991a, 1991b,
1992).Various biophysical characters of the plants
like trichomes on stems, leaves, pods, their length
and density, pod length, pod width, pod wall
thickness, number of pods or clusters and angle
between the pods play an important role by providing
resistance to the plants against M. vitrata (Halder et
al., 2006). Among the plant characters, trichomes
and trichome exudates on plant surfaces play
important role in the host selection process by insect
herbivores (Bernays and Chapman, 1994). The type
of trichomes and their orientation, density and length
have been correlated with reduced insect damage in
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(7.27%), PA 515 (7.79%), PA 529 (7.83%) and other 38 least susceptible germplasms as promising cultivars of pigeonpea against
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several crops (Jefree,1986; David and
Easwaramoorthy, 1988; Peter, 1995; Lam and
Pedigo, 2001; Karkkainen and Agren, 2002;
Simmons and Geoff, 2004). Since pigeonpea
growers pay huge cost for inputs like pesticides, it
becomes significant to search the available
germplasms for the sources of resistance against
pigeonpea pod borers. The HPR is one of the most
viable, adaptable and economically sound
component in pest management which involves no
extra cost of the farmers (Sharma, 2016). The
biochemical constituents present in quantities and
proportions to each other in host plants have been
reported to exert profound influences on the growth,
development, survival and reproduction of insects
in various ways. HPR involves screening of available
germplasms for sources of resistance against major
insect pests and use of such germplasms in breeding
programmes to develop an intensified resistant
cult ivar. For effective selection to improve
resistance, it is necessary to have an understanding
of various associated traits and nature of their
association with host plant resistance.
Thus, in the light of above key problems, present
study was conducted to identify the sources of
resistance through biophysical and biochemical
analysis in selected pigeonpea germplasms under
field conditions.

MATERIALS AND METHODS

Varietal screening of 63 pigeonpea germplasms
against pod borers was conducted at N.E.B. Crop
Research Centre, G.B. Pant University of
Agriiculture and Technology, Pantnagar,
Uttarakhand for two cropping seasons i.e., 2015-16
and 2016-17 in triplicate RBD. The plots were kept
without insecticidal umbrella to allow pod borer
complex to thrive throughout the cropping season
and test for the pod borer resistant germplasm.
Resistance and susceptibility in the germplasms were
screened out on the basis of Per cent pod damage
and pest susceptibility rating used by Lateef and
Reed (1981).

Based on PSR (Lateef and Reed,1981), the
performance of each cultivar was rated on scale from
1 to 9 which are as follow:

Pest Susceptibility Grade Category
100% 1 Highly resistant
75 to 90% 2 Resistant
50 to 75% 3 Least susceptible
25 to 50% 4 Least susceptible
10 to 25 % 5 Least susceptible
-10 to 10 % 6 Moderately

susceptible
-10 to -25% 7 Moderately

susceptible
-25 to -50% 8 Highly susceptible
<50% 9 Highly susceptible

After two years of varietal screening, resistant and
least susceptible germplasms were subjected to
physiochemical analysis to identify the sources of
resistance. Observations taken on biophysical
parameters were pod length and pod width using
Vernier Calipers, pod wall thickness with the help
of screw gauge, number of grains per pod and
number of pods per plant were counted from five
plants of each germplasm. For trichome length,
selected pods were cut into small bits of 0.45 mm
size and observed under the binocular microscope
to measure them with help of a computer software
MG-HDMAX. The trichome density of the pods was
measured by cutting the walls of the pods into bits
of 1 mm2 using a hole punching machine and dipping
in Dimethyl sulphoxide (DMSO) for overnight.
These bits were then used for making slides and
number of trichomes present on the epidermis was
counted under a binocular microscope. Also, for
biochemical analysis fresh green pods of the selected
pigeonpea germplasms were collected from three
replications and finely grinded to make the extract
for further analysis of total sugars, phenol and
protein contents.

Extract preparation: For extract preparation, in a
conical flask 10 g of powdered sample was mixed

Pest susceptibility rating (PSR) = 
%Pod damaged in check cultivar-%Pod damaged in test cultivar 

x 100
%Pod damaged in check cultivar
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with 90 ml of methanol 80% (v/v) for 48 hours with
continuous shaking. The resultant suspension was
filtered using Whatman No.1 filter paper. The
solvent was evaporated at 500 C to obtain crude
methanolic extract and finally stored at 40 C. Extract
was used in concentration 10 mg/ml for further
assessment of total phenols, total proteins and total
sugars.

Estimation of total phenols: The total phenols in
the pigeonpea pods were estimated as per the method
given by Swain and Hillis (1959) with slight
modifications. The reagents used were: i) Folin-
Ciocalteau Reagent: Folin-Ciocalteau reagent was
diluted with distilled water in 1:1(v/v) ratio before
use. ii) 7 % Saturated sodium carbonate solution:
Anhydrous sodium carbonate was dissolved in 100
ml of distilled water.

Procedure: The total phenol in the extract was
determined by using Folin-Ciocalteu’s colorimetric
method described by Singleton and Rossi (1965)
with some modifications. Different concentrations
(10, 50, 100 μg/ml) of the methanol extracts (100μl)
were diluted with distilled water (400μl) and mixed
with Folin­Ciocalteu’s reagent (50μl). After 5
minutes of reaction, the mixture was neutralized by
7% sodium carbonate (500μl) and then left for 90
minutes in the dark at room temperature. The
absorbance of the developed blue colour solution
was measured at 765 nm using UV- visible
spectrophotometer. Quantification of total phenols
was done on the basis of standard curve of Gallic
acid prepared in 80% (v/v) methanol.  The
concentration of total phenolic content was
determined in mg Gallic acid equivalent (GAE)/g
fresh weight in In vitro samples using an equation
(y= mx+c) obtained from the standard Gallic acid
graph. The experiment was performed in triplicates
to reduce the error. Total phenolic content (TPC) of
extract was calculated.

Estimation of total proteins: Different
concentrations (10μl, 50μl and 100μl) of the extract

were taken and to this 3ml of Bradford dye reagent
were added and absorbance was recorded at 595nm
in UV-Visible spectrophotometer against blank
reagent. A standard calibration curve is drawn by
using Bovine Serum Albumin (BSA) (Bradford,
1976). The protein content was expressed as mg/
gm.

Procedure: Bradford dye was prepared by mixing
100 mg Coomassie- Brilliant Blue dye (CBBG-250)
in 50 ml ethanol and 100ml (85%) orthophosphoric
acid and later volume adjusted upto 1 liter with
double distilled water.Solution was filtered and
stored at 4ºC in amber coloured bottle. 1000 ppm
stock solution of BSA was prepared in methanol. A
standard curve was established by using various
concentrations of BSA.

Estimation of total sugars: Total soluble
carbohydrates were determined with the help of
method given by Yemm and Willis (1954). The
reagents used were Anthrone reagent prepared by
dissolving 0.2 g Anthrone in 100 ml conc. H2SO4.

Procedure: To perform this, 0.5 ml of the extract
and 1.5 ml of distilled water were taken in a test
tube. Then 4 ml of Anthrone reagent was added to
it. The tubes were shaken and allowed to cool for 30
minutes and the absorbance was read at 625 nm on
Spectrophotometer. The concentration of total sugars
was calculated from the standard curve of glucose
prepared simultaneously and the data is expressed
as mg glucose equivalent g.
The data obtained from field and laboratory
experiments were subjected to square root
transformation (“x+0.5) and angular transformation
using statistical analysis of variance (ANOVA).

RESULTS AND DISCUSSION

Out of 63 pigeonpea germplasms, one germplasm
showed resistance, 41 germplasm were found least
susceptible, 17 were moderately susceptible and 3
germplasms were found highly susceptible to pod

Total phenolic content (TPC) =  
Concentration from curve (y= mx+c)×Extract volume

Mass of sample in gram (g)
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borers as compared to check. Hence, total 42
germplasm (One resistance and 41 least susceptible
germplasm) were selected for further study on the
biophysical and biochemical traits of resistance
(Table 1, Figure 1). Results of field screening
revealed that germplasm PA 517 showed resistance
against pod borers with highest  mean Pest
Susceptibility (76.68%) and 2 grade on PSR. While,
remaining 41 (PA 506, PA 508, PA 509, PA 510, PA
511, PA 512, PA 513, PA 514, PA 515, PA 516, PA
518, PA 519, PA 520, PA 521, PA 522, PA 523, PA
524, PA 525, PA 526, PA 527, PA 528, PA 529, PA
530, PA 531, PA 532, PA 533, PA 534, PA 535, PA
551, AL 1495, AL 1735, AL 1747, AL 1770, AL
1790, PA 406, PUSA 2012-1, PA 409, AL 201, PAU
881, MANAK and PA 291) were found to be least
susceptible against pod borers damage in which
mean Pest Susceptibility was ranged from 11.77%
(PSR Grade 5) to 63.58% (PSR Grade 3).

Influence of biophysical traits of pigeonpea on
incidence of pod borers: There were significant
differences in pod length, pod width, pod wall
thickness, number of grains per pod, number of pods
per plant, trichome length and trichome density of
selected 42 germplasm of pigeonpea (Table 2).
The average pod length, pod width, pod wall
thickness of least susceptible pigeonpea germplasms
varied from 42.8 mm in PA 531 to 59.2 mm in PA
291, 3.00 mm in PA 551 to 7.86 mm in PA 291 and
0.38 mm in PA 509 and MANAK to 0.54 mm in
PUSA-2012-1, respectively. Also, the average
number of grains per pod and average pods per plant
ranged from 2.66 in PA 527 to 4.66 in PA 509 and
41.00 in PA 535 to 77.50 in PA 509, respectively.
Trichome length and trichome density of 42 least
susceptible germplasms ranged from 2.15 mm in PA
526 to 4.85 mm in MANAK and 12.22 /mm2 in PA
522 to 18.06/mm2 in AL 201, respectively.
The average pod length of tolerant germplasm PA
517 was lower (54.3 mm) in contrast to check
cultivar, UPAS 120 (58.7 mm). Also, the average
number of grains per pod (4.03) and average number
of pods per plant (50.2) were low in PA 517 in
contrast to check cultivar UPAS 120 (5.6 and 57.3).
The average pod width and pod wall thickness of
resistant germplasm PA 517 was significantly higher

(6.76 mm and 0.42 mm) than UPAS 120 (6.56 mm
and 0.34 mm). The average trichome length and
trichome density of pod walls of PA 517 (3.69 mm
and 17.86/mm2) were higher than UPAS 120 (2.52
mm and 14.29/mm2).

Influence of bio-chemical traits of pigeonpea on
incidence of pod borers: There were significant
differences in total phenols, total sugars and total
protein of selected 42 germplasms of pigeonpea
(Table 2). The total phenols in the pod walls of least
susceptible germplasms significantly varied from
24.00 mg/g in PA 517 to 14.00 mg/g in PA 508. The
total sugars present in the pod walls of least
susceptible pigeonpea germplasms ranged from 17
mg/g in PA 517 to 3.3 mg/g in PA 518 and PA 524.
Also,  the total proteins present in the least
susceptible germplasms varied from 18 mg/g in PA
517 to 9.8 mg/g in PA 406, respectively. Tolerant
germplasm PA 517 showed higher phenols (24.00
mg/g) in comparison with check cultivar UPAS 120
(12.00 mg/g). Also, the total sugars and proteins in
the pod walls of PA 517 were significantly lower
(17 mg/g and 18 mg/g) in comparison with UPAS
120 (22.1 mg/g and 15.4 mg/g).

To substantiate the physiochemical results,
correlation studies between Per cent pod damage by
pod borers viz., H. armigera, M. vitrata and M.
obtusa and physiochemical traits was performed
which also showed that pod width (-0.061, -0.422
and -0.099) pod wall thickness (-0.394, -0.369 and -
0.646), trichome length (-0.140, -0.168 and -0.155),
trichome density(-0.067, -0.171 and -0.180) and total
phenols (0.016, -0.164 and -0.344) were negatively
correlated with Per cent pod damage by respective
pod borers. Whereas, it was observed that pod length
(0.389, 0.325 and 0.539) was positively correlated
with Per cent pod damage by H.armigera, M. vitrata
and M. obtusa, respectively. Also, it was observed
that number of grains per pod (0.007) was positively
correlated with Per cent pod damage by Per cent
pod damage by M. vitrata and number of pods per
plant (0.315 and 0.228) was in positive correlation
with H.armigera and M. vitrataincidence. Similarly,
total sugars (0.211, 0.300 and 0.300) and total
proteins (0.003, 0.650 and 0.053) were also
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Table 2: Biophysical and biochemical parameters of selected Pigeonpea germplasm
Germplasm Average Average Average Average Average Average Average Total Total Total

pod pod pod  no. no. trichome trichome Phenols Sugars Proteins
 length pod width thickness of grains of pods length density (mg/g) (mg/g) (mg/g)
(mm) (mm) (mm) per pod per plant (mm) (mm2)

PA 506 *52.9 5.45 0.40 4.23 71.2 3.21 12.68 22.0 9.2 13.2
PA 508 50.5 6.30 0.44 4.00 67.2 3.2 13.00 14.0 16.2 14.3
PA 509 53.9 6.73 0.38 4.66 77.5 3.41 13.86 20.4 7.4 13.3
PA 510 52.1 5.23 0.48 4.63 43.5 3.00 12.45 21.0 10.0 12.0
PA 511 51.2 5.78 0.43 3.33 45.2 3.23 12.56 19 9.0 14.8
PA 512 50.7 5.50 0.45 3.33 62.0 3.45 13.86 18.2 8.5 14.1
PA 513 52.7 6.49 0.46 3.66 41.2 3.35 12.77 22.3 10.2 14.7
PA 514 56.4 6.23 0.45 3.59 42.2 3.26 13.77 19.5 8.5 12.0
PA 515 50.7 5.22 0.45 3.33 50.2 3.45 13.50 20.0 10.0 11.0
PA 516 53.3 6.22 0.35 4.55 55.3 3.18 13.22 20.5 11.0 10.1
PA 517 54.3 6.76 0.42 4.03 50.2 3.69 17.86 24.0 17.2 18.6
PA 518 54.5 5.43 0.41 3.00 33.6 3.31 12.64 18.0 3.3 10.0
PA 519 51.4 5.44 0.44 3.00 64.8 3.09 12.27 18.5 12.5 13.4
PA 520 50.2 6.05 0.43 3.24 62.4 3.33 12.33 21.0 8.2 12.5
PA 521 55.0 6.28 0.43 3.55 63.4 3.58 13.00 23.2 6.4 12.2
PA 522 52.7 6.44 0.43 3.20 70.2 3.48 12.22 19.5 9.2 13.2
PA 523 52.6 5.66 0.4 3.55 65.3 3.64 13.22 21.3 4.7 10.0
PA 524 54.5 6.06 0.44 3.33 52.6 2.75 13.77 18.8 3.3 11.5
PA 525 55.0 6.11 0.49 3.27 55.2 2.68 13.45 19.0 10.3 12.6
PA 526 56.6 5.68 0.40 4.00 56.4 2.15 11.45 20.4 5.6 12.3
PA 527 52.5 5.90 0.42 2.66 55.6 2.25 12.33 21.2 9.3 13.3
PA 528 54.0 5.82 0.43 4.00 42.9 2.45 13.36 19.6 10.2 12.7
PA 529 56.1 6.55 0.44 4.00 56.4 3.08 13.39 18.5 11.1 11.4
PA 530 50.6 6.03 0.45 3.52 45.2 3.00 12.55 17.4 9.5 10.2
PA 531 42.8 6.64 0.44 4.12 50.8 2.54 13.64 19.3 10.2 13.2
PA 532 53.3 6.40 0.43 4.00 35.6 2.95 13.83 18.6 11.0 14.4
PA 533 56.6 6.26 0.45 4.30 45.2 3.53 14.86 17.3 8.8 13.2
PA 534 52.8 6.40 0.42 4.46 43.2 3.44 15.42 16.5 11.2 15.3
PA 535 52.7 6.49 0.46 3.66 41.0 3.30 13.00 18.0 11.4 15.0
PA 551 56.4 3.00 0.60 3.59 42.2 3.26 13.77 16.5 10.2 13.4
AL 1495 50.7 5.50 0.45 3.33 62.0 3.45 13.5 18.4 11.6 12.2
AL 1735 52.7 6.49 0.500 3.66 41.2 3.02 13.86 17.2 8.4 13.3
AL 1747 50.7 5.22 0.45 3.50 50.2 3.35 12.77 16.4 11.6 14.2
AL 1770 51.4 6.40 0.400 3.20 62.0 3.26 13.00 18.5 10.4 15.0
AL 1790 52.0 6.40 0.46 3.66 41.2 3.45 13.50 17.6 9.6 11.6
PA 406 51.0 5.40 0.44 3.15 55.2 3.66 13.45 20.4 12.4 9.8
PUSA 2012-1 48.8 5.88 0.54 3.60 42.6 3.15 13.80 20.9 13.1 15.2
PA 409 46.1 5.44 0.51 3.60 43.6 3.31 12.05 19.2 10.2 10.4
AL 201 50.5 6.22 0.51 3.30 42.0 2.81 18.06 13.7 10.5 12.5
PAU 881 48.0 6.00 0.40 3.44 65.2 4.67 13.24 19.2 11.2 12.4
MANAK 45.5 5.11 0.38 3.23 66.3 4.85 13.33 23.7 10.7 10.1
PA 291 59.2 7.86 0.34 3.12 62.3 2.83 13.86 18.3 15.0 11.6
UPAS 120 (Check) 58.7 6.56 0.34 5.6 57.3 2.52 14.29 12 22.1 15.4
Sem ± (0.89) (0.15) (0.42)  (0.24) (0.68) (0.12) (0.10) (0.91) (0.11) (0.11) 
CD @ 0.05 (0.25) (0.43) (0.12)  (0.66)  (0.20)  (0.35)  (0.28) (0.26) (0.30) (0.31)

*Indicate that the values in parenthesis are      X+1 transformed values

positively correlated with Per cent pod damage by
H. armigera, M. vitrata and M. obtusa,respectively
(Table 3, Figure 1).

The present findings for correlation with M.
vitrataPer cent pod damage are partially collaborated
with Sunitha et al. (2008) among the physical
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Table 3: Correlation of physio-chemical parameters of selected pigeonpea germplasm with per cent pod damage by pod
borers during 2015-16 and 2016-17

Resistant traits Per cent pod damage due to Per cent pod damage Per cent pod damage due to
 H. armigera (R value) due to M. vitrata(R value) M. obtuse (R value)

Pod length 0.389* 0.325NS 0.539**
Pod width -0.061NS -0.422* -0.099NS

Pod wall thickness -0.394* -0.369NS -0.646**
No. of grains per pod -0.231NS 0.007NS -0.061NS

No. of pods per plant 0.315NS 0.228NS -0.140NS

Trichome length of pods -0.140NS -0.168NS -0.155NS

Trichome density of pods -0.067NS -0.171NS -0.180NS

Total phenols 0.016NS -0.164NS -0.344NS

Total sugars 0.211NS 0.300NS 0.154NS

Total proteins 0.003NS 0.650** 0.053*

characters, pod wall thickness (-0.84), trichomes
length on leaves (-0.95) and pods (-0.96) and
trichome density on leaves (-0.95) showed a highly
significant negative relation with Per cent pod
damage. Other physical parameters viz., pod length,
width and trichome density on pods did not show
significant relation. While, Kumar et al. (2015)
found that pod length (0.389*) and pod width
(0.380*) are significantly positively correlated
whereas, trichome density (-0.745**) showed
significant negative correlation in correlation
between Per cent pod damage by M. obtuse.
Moudgal et al. (2008) also reported that pod wall
thickness and trichome density in the pod walls of
pigeonpea genotypes were negatively associated
with the susceptibility to pod fly damage.

CONCLUSION

From above results, it can be concluded that varietal
screening of 63 pigeonpea germplasm for two
consecutive years resulted in an outcome of one
resistant germplasm (PA 517) and 41 least
susceptible germplasms. With the study of screening
of different germplasms, resistant and least
susceptible lines can be discovered and further bred
for selection of superior germplasms. Identifying the
sources of resistance is essential for increasing the
levels, broadening the source and transfer
mechanisms of such resistance into high yielding
cultivars. These sources, be it morphological or
biochemical, can be isolated from the respective
germplasms and further exploited in the breeding
programmes for selection of advanced and superior

variety against pod borer complexes. Biophysical
and biochemical traits of resistance showed that
germplasms having lesser pod length, higher pod
width, higher pod wall thickness, lower number of
seeds per pod, lower number of pods per plant,
higher trichome length, higher trichome density,
higher phenols, lower sugars and lower proteins were
less attacked by pod borer complexes.  The
combination of these easily measurable biophysical
and biochemical traits can be used effectively as
reliable selection criteria to select resistant plants.
Genotypes selected through screening process can
be used in breeding programmes as sources to
enhance resistance/tolerance to pod borer in
commercial cultivars. Such resistant and least
susceptible lines can be recommended to the farmers
to minimize the losses and cost of production.
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