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ABSTRACT

Article Information

Host plant resistance is an important component for minimizing the losses due to the pod borer,
Helicoverpa armigera and other pod borer complex. Among pod borer, which is the most devastating pest
of pigeonpea. An understanding of different morphological and biochemical components of resistance is
essential for developing strategies to breed for resistance to insect pests. morphological and biochemical
components associated with expression of resistance to pod borer complex in Pigeonpea hybrids and
cultivars to identify accessions with a diverse combination of characteristics associated with resistance
to this pest. Among the genotypes ICPH 3461, ICPH 3762, BSMR 853, ICPL 332 WR, ICPH 2740,
ENT 11 showed least preference for pod borer complex as compared to susceptible check ICPL 87. In
context to morphological factors pod wall thickness, trichome density of type C and D on calyx and
pod with correlation coefficient (r) (-0.508%), ( -0.717*%*, -0.748*%*), (-0.810%**, -0.749**) exhibited a
strong negative association with percent pod damage by pod borer complex: Among the biochemical
factors protein, sugar content in pigeonpea seeds exhibited significant positive correlation with correlation
coffecient (r) being (0.710%*, 0.843**), respectively with percent pod damage by pod borer complex.
Whereas, total phenols, tannins, total flavonoids present in seeds showed significant negative correlation
with correlation coffecient (r) being (-0.729%*, - 0.650%*, -0.783**), respectively with percent pod
damage by pod borer complex. Thus genotypes with maximum pod wall thickness, high non glandular
trichome density and high phenol, tannins, flavonoids content in pigeonpea genotypes showed tolerance
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INTRODUCTION

Pigeon pea (Cajanus cajan (L.) Millspaugh) is one
of the major grain legume crops in the tropical
and subtropical regions of the Asia and Africa and it is
considered to as a second important pulse crop of India
after chickpea. It is commonly known as arhar or red gram
or tur in India. India is the largest producer of pigeonpea
contributing > 93 % of the global production. It is grown in
an area of 4.46 million hectares with production of about
4.18 million tonnes and the productivity levels range from
937 kg/ ha during 2017-18 (DAC, 2018).

Among various constraints for low productivity, the
insect pests are one of the major biotic constraints for
the production, especially pod borer complex which can
cause an estimated annual loss of over $2 billion in the
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semi-arid tropics, despite application of insecticides
costing over $500 million annually (Sharma, 2005). Pod
borer’s causes 60 to 90 % loss in the grain yield under
favourable conditions. Economic losses due to biotic
factors have been estimated to be US § 8.48 billion. The
pod fly, Melanagromyza obtusa alone causes a yield loss
of 60 to 80% and the losses have been estimated at US §
256 million annually (Patange and Chiranjeevi, 2017).
Under field condition a wide range of insecticides were
used for control of insect pest but due to indiscriminate
use of pesticides leads to resistance build up, resurgence
of pests, secondary outbreak of minor pest takes place.
So keeping in view above facts adoption of host plant
resistance by using tolerant cultivars or hybrids with
integration of integrated pest management for sustainable
production (Halder et al., 2006). Host plant resistance is
association of morphological characters viz. plant height,
pod length, pod width, pod wall thickness, trichome
density. Biochemical traits viz. protein, sugars, phenols,
tannins, flavonoids were responsible for susceptibility/
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resistance against pod borer complex.

MATERIALS AND METHODS

Plant material

Fifteen pigeonpea genotypes with hybrids (ICPH
3461, ICPH 2740, ICPH 3762, ICPH 4503, ICPH 2671,
ICPH 2702, ICPH 3467) and cultivars (ENT 11, ICPL
87091, BDN 711, BDN 716, BSMR 853, BSMR 736)
one susceptible check (ICPL 87 and resistant check
ICPL 332 WR) were screened under field condition for
resistance/susceptibility against pod borer complex. The
seeds of hybrids, along with those of cultivated pigeonpea
genotypes were sown on deep black soils (Vertisols) during
the rainy season 2018-19. There were three replications for
each genotype, and the genotypes in each maturity were
planted in a randomized complete block design. The seeds
were sown on ridges 75 cm apart, and there were four
rows in each plot, 4 m long. The plants were thinned to a
spacing of 30 cm between the plants 30 days after seedling
emergence. Standard agronomic practices were followed
for raising the crop, including application of basal fertilizer
[N:P:K:100:60:40 kg ha'] and top dressing (urea 50 ha'').
A fungicide (metalaxyl) spray (1.0 kg active ingredient (ai)
ha'') was applied to control Fusarium wilt.

Morphological parameters

Data on certain morphological traits viz. plant
height, pod length, pod width and pod wall thickness
were recorded for the variations in incidence of pod
borer complex damage. The uniformly developed ten
pods from each genotype were collected randomly and
used to assess the length and width of pods with the
digital vernier callipers’ and expressed in millimetres.
The trichome density on pods and calyxes was recorded
by collecting a minimum of ten uniformly developed
pods and flowers, from each accession there were three
replications. The material was preserved in acetic acid,
absolute alcohol (2:1) and to record the trichome types
and their density, the calyxes and the pods were examined
under a compound microscope at a magnification of 10x
under a stereomicroscope (Carl Zeiss, Inc., Thornwood,
New York), with an ocular measuring grid. The number
of different types of trichomes (type A, B, C, and D) and
their density within the microscopic field were recorded
(Shanower et al., 1997).

Assessment of pod damage

Percent pod damage and grain damage were recorded
at maturity stage, pods were harvested from randomly
selected five plants and pooled from that randomly 100
pods were taken randomly and examined for pod damage

and grain damage and was calculated by using formula
given by Gupta et al. (2018).
Number of infested pods

P t pod d = 100
er cent pad damage Total number of pods ®

Biochemical composition of seeds

Biochemical parameters viz. proteins, sugar, total
phenols, tannins, total flavonoids present in seeds were
estimated at maturity stage. To determine the amounts of
total soluble sugars, soluble proteins, condensed tannins,
total flavonoids and total phenols, the seeds of each
accession were collected from respective accessions, and
oven dried at 55C for 3 days. The oven-dried material was
powdered in a Willey mill and defatted by using hexane
solution (100 ml g-1). The amounts of sugars, proteins,
condensed tannins, total flavonoids and polyphenols were
determined for each accession. There were three replicates
for each estimation in a.completely randomized design.

Estimation of proteins

Total protein was estimated by Lowry et al. (1951).
0.5 g of the seed sample was ground with a suitable solvent
buffer in a pestle and mortar and centrifuged at 10,000 rpm
for 20 min. The supernatant was used for estimation of
protines and expressed in mg/g.

Estimation of sugars

Sugars were estimated by method given by Hedge
and Hofreiter (1962). 100mg sample was hydrolyze by
keeping it in a boiling water bath for 3 h with 5Sml of
HCI and neutralized it with sodium carbonate until the
effervescence ceaseds. The volume was made up to 100ml
and centrifuged to collect the supernatant for estimation of
sugars expressed in mg/gm.

Estimation of total phenols

Total phenols were determined by the method of
Bray and Thorpe (1954). 0.5 g of the sample was griound
with 80% ethanol in a pestle and mortar and centrifuged
at 10,000 rpm for 20 min for 5 times. The supernatant
was evaporated to dryness, dissolved in water (Sml) for
estimation of phenols expressed in mg/gm.

Estimation of tannins

Tannins were estimated by vanillin-hydrochloric acid
method (Price ef al., 1978) for which 0.5 g of the sample
was hemogenized in methanol in a pestle and mortar
and centrifuged at 10,000 rpm. For estimation of tannins
expressed in mg/gm.

Estimation of total flavonoids
Total flavonoids were determined by vanillin reagent



Morpho-Biochemical Parameters Associated with Resistance to Pod Borer of Pigeonpea 3

method (Swain and Hillis, 1959) for which 0.5g sample
was hemogenized in ethanol and centrifuged at 10000 rpm
for 20 min. The supernatant was evaporated to dryness,
and dissolved in water (5ml), and used for estimation of
flavonoids expressed in mg/g.

Statistical analysis

The data was statistically analyzed by standard
analysis of variance in GENSTAT software version 14.
Simple correlation was worked out between morphological
parameters and biochemical parameters with percent pod
damage.

RESULTS AND DISCUSSION

Morphological traits

Morphological traits viz., plant height, pod length,
pod width, pod wall thickness showed significant variation
among the genotypes (Table I). The genotype ICPL-
332 WR recorded maximum plant height of 169.00 cm,
whereas, ICPL-87 recorded 78.11 cm, pod length and the
pod wall thickness was maximum in ENT-11 (88.97 mm,
0.69mm, respectively), whereas, pod width was highest in
BSMR-853 (11.17 mm).

Table I. Plant height, pod length, pod width and pod wall
thickness of different pigeonpea genotypes screened
against pod borer complex during kharif 2018-19.

S.  Genotypes Morphological parameters

No. plant  Pod pod pod wall
height length = width thickness
(cm) (mm) (mm) (mm)

1 ICPL-87(S) 78.11 = 67.15  8.89 0.41
2 ICPL-322 WR (R) 169.00 59.33  8.57 0.44
3 ENT-11 12422 88.97 10.57 0.69
4 ICPL-87091 86.67 7538 11.01 047
5 ICPH-4503 136.11 6525 9.71 0.50
6 ICPH-3461 150.89 60.11  9.13 0.56
7  ICPH-2740 153.67 61.12  8.21 0.51

8 ICPH-3762 156.22 5693 9.1 0.61
9 ICPH-2671 137.11 63.57 9.71 0.42
10 ICPH-2702 136.89 62.79 8.25 0.44
11 ICPH-3467 15433 58.61 7.12 0.49
12 BSMR-736 146.56 60.71 10.04 048
13 BDN-716 143.00 59.53  9.79 0.58
14 BDN-711 126.67 62.10 1041 0.64
15 BSMR-853 138.00 5935 11.17 0.57
SE. m (%) 1.64 0.79 0.12 0.02
CD(5%) 4.75 2.25 0.34 0.03
CV% 2.09 2.46 2.5 4.6

R, resistant check; S, susceptible check.

Significant differences were observed on trichome
density of type A and B (glandular) on calyx (Table II).
The highest trichome density was observed in ICPH-3467
(24.50),ICPL-87(15.39), whereas on pods (Table I1I) it was
maximum in ICPL-87 (12.89, 7.94). Significant variation
was also observed in trichome density of type C and D
(Tables II and III). Data revealed that maximum density of
type C on calyx was highest in BSMR-853 (173.61) and
lowest density was observed in ICPL-87 (38.39), whereas
on pods it was maximum in ICPH-3461 (146.06). Type
D trichome density (Tables II and III) revealed significant
differences among the genotypes tested, it showed that
trrichome density of type D was maximum in ICPH-3461
(63.56 ,24.83) was maximum in both calyx and pods.

Table I1. Different types of trichomes and their density
on calyx of different pigeonpea genotypes.

S.  Genotypes  Trichomes on calyx/10x microscopic field

No. Trichome Trichome Trichome Trichome
A B C D
I ICPL87(S) 15.25¢ 15.39¢ 38.391 10.971
2+ ICPL332 8.70°¢ 1.75M 142.34¢  32.87d
WR (R)
3 ENTI1I 6.07¢ 2.33 % 124.82¢ 29.00°¢
4 ICPL87091 2555  8.13¢ 81.00 " 16.78
5 ICPH 4503 8.67¢ 293¢ 96.37¢ 17.18 "
6 ICPH3461 12.67¢ 1351 169.81* 63.56*
7 ICPH2740 7.55f% 3.05¢ 106.277  41.60°
8 ICPH3762 16.39°¢ 7.50¢ 154.20°% 36.13°¢
9 ICPH2671 21.11% 7.49¢ 124.94¢ 2492f
10 ICPH2702 16.83¢ 224fi  9335¢  20.00¢
11 ICPH 3467 24.50* 3.77¢% 142.51¢ 3494«
12 BSMR 736 12.72¢ 11.67° 134.61¢ 20.44c¢
13 BDN716  9.78< 8.17°¢ 155.64°% 21.72¢
14 BDN 711 1499¢ 41114 130.50 % 19.72¢
15 BSMR 853 6.11¢ 2.11 e 173.61* 29.02°¢
SE. m (%) 0.70 0.29 2.17 0.82
CD (5%) 2.03 0.84 6.28 2.39
CV (%) 8.80 9.17 3.01 5.12

Cd, critical difference at 5%; Cv, critical value; R, resistant check; S,
susceptible check; SE.m, standard error of mean. The values followed by
same alphabet did not differ significantly at P < 0.05 (DMRT).

Studies revealed that plant height, pod length,
pod width showed no significant role for resistance/
susceptibility towards pod borer complex, whereas, pod
wall thickness showed significant negative correlation
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(Table VI) with (r) value being -0.580** against damage
caused by pod borer complex, Similarly trichome density
of type C and D on calyx and pods exhibited strong
negative correlation (Table VI) against pod damage by
pod borer complex with correlation coefficient (r) being
(-0.717**, -0.748**), (-0.810%*, -0.749**), respectively.
The results were in agreement with Rana ez al. (2017),
Kumar et al. (2015), Shanower et al. (1997), Romeis et
al. (1999), Halder et al. (2006), Sunitha et al. (2008) who
reported that maximum pod width and pod wall thickness
offered resistance against pod borer, similarly higher
density of type C and D (non glandular trichomes) showed
negative association with pod damage. Whereas, type A
and B (glandular trichomes) showed positive association
with pod damage by pod borers.

Table II1. Different types of trichomes and their density
on pods of different pigeonpea genotypes.

S. Genotypes Trichomes on pod/10x microscopic field

No. Trichome Trichome Trichome Trichome
A B C D
1 ICPL87(S) 12.89*  7.94° 61.11" 1239
2 ICPL322 7.22¢% 1.78 % 136.78° 23.78*°
WR (R)
3 ENTI11 8.00 < 1.941 92.00°  16.33¢
4 ICPL87091 12.83*  561° 75.678  10.22%
5 ICPH4503 5.72°F 6.06° 84227 8.00"
6 ICPH 3461 8.56° 1.83 % 146.06* 24.83*
7 ICPH2740 5.22f 3.28¢ 89.83F 1228 ¢
8 ICPH3762 6.17° 2.00f 132:50°  19.00°
9 ICPH2671 12.00* _7.61%° 86.33°"  11.33 ¢
10 ICPH2702 10.83°  2.83° 98.61¢ 822"
11 ICPH 3467 6.22¢ 3284 100.39¢  8.89 ¢
12 BSMR 736 7.56< 1.941 86.44F 4891
13 BDN716 7.78< 1.50¢ 122.22¢ 522"
14 BDN711 8.56¢ 3.50¢ 84.12% 13334
15 BSMR 853 3.06¢ 1.78 % 12521¢  17.28°¢
SE.m (%) 0.36 0.12 1.91 0.49
CD (5%) 1.04 0.36 5.52 1.42
CV (%) 7.63 6.08 3.25 6.50

R, resistant check; S, susceptible check. For abbreviations and statistical
details see Table II.

Pod damage to pigeonpea genotypes due to pod borer
complex

Overall pod damage by pod borer complex was
observed in the range 17.64 to 64.04 %. The genotype
ICPH 3461 (17.64 %) was least preferred by pod borer
complex (Table IV). Whereas, susceptible check ICPL 87

(33.16 %) was highly prone to pod damage.

The results were in tune with Chakravarthy et al.
(2016) who screened 10 promising genotypes against pod
borer complex. The percent pod damage by lepidopteran
borers varied significantly and ranged from 11.82 % to
21.03 % as compared to 16.98% and 15.99 % on checks,
Manak and UPAS120. The pod damage due to pod fly
ranged from 6.79 % to 15.42 % as compared to 13.29 %
and 11.74 % on check Manak and UPAS120.

Protein

Significant differences were observed in protein
content of 15 pigeonpea genotypes. The protein content
was observed in the range of 174.35 mg/g to 65.76 mg/g
(Table V). The highest protein content was estimated from
ICPH2671(174.35 mg/g) and the least in [CPH 3762 (65.76
mg/g). Correlation studies revealed significantly highly
positive correlation' between protein with percent pod
damage by pod borer complex (r = 0.710**) (Table VI). It
clearly explains that high protein content was responsible
for pest susceptibility. The results of present investigation
are in conformity with the findings of Sunitha ef al. (2008)
who also observed similar trend that protein content in
pods was significantly higher (25.5%) in susceptible ICPL
88034 when compared with resistant ICPL 98003 (16.5%)
against the M. virata in short duration pigeonpea cultivars.

Sugars

Sugar content in pigeonpea genotypes ranged from
45.09 mg/g to 100.60 mg/g (Table V). The maximum sugar
content was measured in BSMR 736 (100.60 mg/g), and
lowest in BSMR 853 (45.09 mg/g). Total soluble sugars
also exhibited highly significant positive correlation with
percent pod damage by pod borer complex with correlation
coefficient (r = 0.843**), respectively (Table VI). It
clearly shows genotypes with high sugar content offered
susceptibility to pod borer complex. The result were
similar to Sai et al., (2018) who reported sugars present
in pod walls exhibit a strong correlation with correlation
coefficient (r) 0.642, against pod damage due to M. vitrata.

Total phenols

The phenol content was showed significant variation
among different genotypes. It was ranged from 61.67
mg/g to 12.80 mg/g (Table V). The highest phenol content
was measured in ICPH 3461 (61.67 mg/g), followed by
resistant check ICPL 332 WR (59.17 mg/g). Lowest
phenolic content was observed in ICPH-4503 (12.80
mg/g). Correlation studies between phenolic content
and pod damage by pod borer complex showed highly
significant negative association with r value (-0.729%%)
which clearly shows that high phenol content exhibit
critical role in offering resistance to pod borers in field
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Table IV. Pod damage by pod borer complex on different pigeonpea genotypes.

S.No. Genotypes Pod damage by pod borers Pod damage by pod fly Overall pod damage by pod borer
(%) (%) complex (%)

1 ICPL 87 (S) 30.881(33.76) 33.16' (35.16) 64.047(53.15)
2 ICPL 322 WR (R) 10.71%¢ (19.10) 14.60%* (22.46) 25.31*(30.20)
3 ENT 11 15.72%% (23.36) 17.00%¢ (24.35) 32.72% (34.89)
4 ICPL 87091 28.97" (32.56) 32.04" (34.47) 61.017(51.36)
5 ICPH 4503 18.54% (25.50) 22.74%(28.48) 41.28% (39.98)
6 ICPH 3461 8.26* (16.70) 9.38*(17.83) 17.64* (24.83)
7 ICPH 2740 14.34%4 (22.25) 18.80 (25.70) 33.14%4(35.15)
8 ICPH 3762 9.47% (17.92) 15.17% (22.92) 24.63% (29.76)
9 ICPH 2671 27.76& (31.79) 31.05" (33.86) 58.817(50.07)
10 ICPH 2702 27.558 (31.66) 30.57# (33.56) 58.121(49.67)
11 ICPH 3467 21.82¢f" (27.85) 24.72°%" (29.81) 46.54° (43.01)
12 BSMR 736 26.98% (31.29) 29.86%" (33.12) 56.841(48.93)
13 BDN 716 20.70% (27.06) 21.99%(27.97) 42.69°* (40.79)
14 BDN 711 19.98% (27.06) 23.31%% (28.87) 43.28% (41.14)
15 BSMR 853 11.68%¢ (19.98) 11.56" (19.88) 23.24%(28.82)

SE.m =+ 1.55 1.53 1.93

LSD (5%) 4.48 4.42 5.60

CV (%) 10.40 9:50 8.35

Figures in parentheses are angular transformed values. For abbreviations and statistical details see Table II.

Table V. Biochemical profile of different pigeonpea
genotypes.

S.  Genotypes Protein
No (mg/g)

sugars Total _Tanins flavo-

(mg/g) phenols (mg/g) noids
(mg/g) (mg/g)

1 ICPL87(S) 161.70° 100.272 3486  3.15¢8 1.62"

2 ICPL332 70.59% 59.09¢ 59.17° 12.20°* 3.63°

WR (R)

3 ENTI1 122.94¢ 68.30

4 ICPL 87091 154.24¢ 81.90¢

5 ICPH 4503 133.657 75.50¢

6 ICPH 3461 100.00°" 62.09 ¢

7

8

9

46.21°¢
1557«
12.80"
61.67* 7.90°
42534 8.40°
3430f% 9.75°
16.10% 6.651

5.60°¢
5.60°¢
5.45¢

2.17¢
1.50¢
1.68"
4.59°
3.21¢
3.59°
2.11¢
2.63°¢
3.10¢
1.167
336¢

ICPH 2740 125.20° 82.60 ¢

ICPH 3762 65.76' 59.00¢

ICPH 2671 174.35% 96.23°
10 ICPH2702 141.53¢ 90.90°¢ 20.573 6.50¢
11 ICPH 3467 150.82¢ 79.20% 2343 7.05¢
12 BSMR 736 149.30¢ 100.60°* 32.90¢ 6.60¢
13 BDN716 84.129 5832¢ 38.57°¢ 8.05°
14 BDN711 11459 68.82F 30.03" 4707 2.47°
15 BSMR 853 144.47° 45.09" 42.87¢ 7.90° 3.13¢
SE.m + 1.12 1.28 0.51 0.27  0.05
CD (5%) 3.23 3.71 1.46 0.83 0.13
CV (%) 1.53 2.96 2.57 6.8 2.96

R, resistant check; S, susceptible check. For abbreviations and statistical
details see Table II.

condition (Table VI). The results were similar to Cheboi
et al. (2019) who reported significant negative correlation
was also observed between total phenol with pod damage
with correlation coefficient (r) -0.923**,

Tannins

Significant difference was observed in different
pigeonpea genoptypes with respect to tannin content
(Table V). The tannin content was ranged from 3.15 mg/g
to 12.20 mg/g. The highest tannin content was recorded in
resistant check ICPL 332 WR (12.20 mg/g), and least was
measured in ICPL 87 (3.15 mg/g). The correlation between
tannin content of genotypes and pod damage by pod borer
complex showed significant negative association (r=
-0.650*%), respectively, which clearly shows genotypes
with high tannin content offered resistance against pod
borer complex. The results were in accordance with the
results were in tune with Jat et al. (2018) who reported the
tannin content in pod walls exhibited negative correlation
with H. armigera, M.virata, M. obtuse pod damage
with correlation coefficient (r) -0.812%*, -0.411, -0.763%*,
respectively.
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