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ABSTRACT

The maximum H. armigera and M. vitrata infestation was recorded in Pusa-992 (3.72% and 7.90%) and in D, (1¢
week of July) sown crop with infestation of 4.54 and 13.08 per cent, respectively. Whereas, the infestation of pod
fly, M. obtusa was maximum in Manak (2.72%) and 2.58 per cent pod infestation in D, (1** week of July) sown
crop. The infestation of pod borer complex was negatively associated with pod wall thickness (-0.909**, -
0.739*,-0.870%,-0.834%*,-0.840*, -0.705* and -0.745*) and non-glandular type A (-0.730*, -0.945**, -0.768*,
-0.766*, -0.923** and -0.728%*) and (-0.751%*, -0.759*, 0.766*, -0.852*, -0.802*, -0.895** and -0.832%)
glandular type B (-0.864*, -0.734*, -0.871* and -0.858*) and (-0.729%*, -0.705*, -0.730* and -0.845*) density
of pod trichomes of top and middle canopy of the plant. Fat (-0.884**, -0.754*,-0.743*, -0.871* and -0.750%)
phenol (-0.900** and -0.806*) and tannin (-0.792*, -0.812* and -0.763*) content showed negative correlation
with the pod infestation, whereas, crude protein (0.740*, 0.881**, 0.734*, 0.810*, 0.823*, 0.856*, 0.844*
and 0.711%*) and total soluble sugar (0.738*, 0.792%*, 0.793*, 0.898**, 0.714*, 0.816*, 0.888** and 0.819%)
showed positive association. Based on the results, it can be concluded that the variety Pusa-992 and Manak was

author most susceptible to the pod borers.

INTRODUCTION

In semi-arid tropics (SAT), pigeonpea [Cajanus cajan (L.)
Millspaugh] is one of the significant grain vegetables (Nene et
al., 1990). Pigeonpea is cultivated in more than 50 countries
of Asia, Africa and the Caribbean as lifeline saver prerequisites
(Sharma et al., 2003). Worldwide more than 200 species of
insects have been accounted to cause overwhelming yearly
misfortunes (Reed and Lateef, 1990; Mubarak et al., 2014).
Among them, the pod borer complex viz., gram pod borer,
Helicoverpa armigera (Hubner), spotted pod borer, Maruca
vitrata (Geyer) and pod fly, Melanagromyza obtusa (Malloch)
are of prime significance all through the world which sustains
on reproductive parts of the plant (Sharma, 2001; Taylor, 1967;
Shanower et al., 1999; Devi, 2005; Ahmad, 1938) and yearly
misfortunes because of these unit pod borer complex harm
have been accounted to be US $ 400 million by H. armigera,
US $ 30 million by M. vitrata and US $ 256 million by M.
obtusa (ICRISAT, 2007; ICRISAT, 1992a; ICRISAT, 1992b).

Insect pest damage is influenced regularly and impressively
by the compound organization and morphological elements
of the plants. Distinguish proof and use of cultivars resistant to
pod borer complex can have momentous favorable
circumstances, especially for generally low esteem pigeonpea
crop (Sharma et al., 2003). These resistant or less susceptible
cultivars can be utilized as a part of creating resistance which
would give ecologically solid instrument to sustainable pest
management (Sharma, 2005). More than 14,000 cultivated
genotypes of pigeonpea tried against H. armigera and M.
obtusa resistance indicated low to direct level of resistance

(Reed and Lateef, 1990; Singh and Singh. 1990). High level of
resistance to H. armigera, M. vitrata and M. obtusa in some
pigeonpea lines have been reported by several workers
(Sharma et al., 2001; Green et al., 2006; Lateef and Pimbert,
1990; Sunitha et al., 2008).

Several morphological or structural traits of plants, for example,
trichome density, trichome length on leaves and pods and
pod wall thickness have been reported to be associated with
resistance to pod borers (Shanower et al., 1997; Halder et al.,
2006; Jeffree, 1986; Lateef and Reed, 1981; Shanower et al.,
1996). As indicated by David and Easwaramoorthy (1988)
and Duffey (1986), trichomes act as an insect resistance
component as a physical obstruction restricting an insect’s
contact with the plant, by creating poisons mixes which harm
the insect through contact, ingestion/ inhalation and by
producing gummy, sticky or polymerized concoction
exudates which hinder the insects. Notwithstanding, the pod
wall toughness did not assume any appreciable role on
cowpea resistance to the M. testulalis larvae (Oghiakhe et al.,
1992). Similarly, trichome orientation, their types, density and
length impacts on the host plant resistance/ defenselessness
susceptibility to the insect pests (Sharma et al., 2009; Valverde
et al., 2001; Aruna et al., 2005; Bernays et al., 2000). In
quantity of yield plants, trichomes have been exploited as an
insect defense mechanism in soybean (Lam and Pedigo, 2001).
Conjectured has been specified that glandular trichomes works
as physical obstruction resulting mortality of arthropod pests
(Muigai et al., 2002) because of some lethal mixes delivered
by the trichomes (Kennedy, 2003).

Alike the manner of morphological characteristics, role of
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chemical attributes for example aggregate phenols, fat
substance, tannin substance and lower amount of crude
protein, total soluble sugar, reducing and non-reducing sugars
and total amino acids as an insect defense mechanism has
been very much archived against pod borer complex (Pandey
et al., 2011; Sharma et al., 2009; Moudgal et al., 2008). The
chemical mixes in trichome exudates and pod wall surfaces
also influences the host plant determination and colonization
by pod borer complex (Bernays and Chapman, 1994; Hartlieb
and Rembold, 1996; Green et al., 2002, 2003). The
significance of antixenosis mechanism of resistance against
H. armigera and M. vitrata in pigeonpea has been documented
well by a few workers (Sharma et al., 2009; Sunitha et al.,
2008). Hostile and nutritious elements for example phenols,
tannins, protein inhibitors, oligosaccharides and phytic acids
have additionally been accounted for influence the host plant
suitability (Singh, 1988). Keeping the above actualities as
imperative components of resistance against pod borer
complex, the present studies were undertaken to legitimize
the part of biophysical and structural traits in connection to
expression of resistance and different sowing dates against
pigeonpea pod borer complex.

MATERIALS AND METHODS

Planting material

To know the resistance mechanism against pod borer complex,
six cultivated pigeonpea varieties were grown during 2013
and 2014 at Pulses Research Farm, Department of Genetics
and Plant Breeding, CCS Haryana Agricultural University,
Hisar, India. Six varieties viz., Paras, Manak, AL-201, Pusa-
992, H03-41 and PAU-881 were sown at four distinct dates
i.e. D, (third week of June), D, (first week of July), D, (second
week of July) and D, (third week of July) with three replications
in randomized complete block design. The plot size was of 4
columns of 4 m length (1.8 m x 4 m). The spacing of 45 cm
distance between the plants x 15 cm distance between lines
was kept. The standard recommended agronomic practices
(Anon, 2004) were followed to raise the crop.

Pod damage by pod borer complex under natural infestation
in the field

The test varieties were assessed for pod damage in all the
sowing dates under natural infestation in the field. Per cent
pod damage by borer complex viz., H. armigera, M. vitrata
and M. obtusa was recorded at maturity in pods harvested
from randomly selected plants in every plot every replication.
The per cent pod damage was worked out from all the four
diverse sowing dates. 150 pods were randomly plucked from
each plots and replicates in four distinctive sowing dates and
conveyed to the research laboratory and examined critically.
The pod damage by H. armigera and M. vitrata was identified
by the circular and irregular bored holes with webbed excreta
at the entrance of the holes on the pods. In case of pod fly, M.
obtusa infestation, pin head sized bore holes closed to the
septum and shrinking of developing seeds or half eaten seeds
can be seen inside the pods. The total number of pods and
pod borer complex damaged pods and seeds were counted
independently and the outcome was expressed as per cent
pod damage.

Morphological and chemical components

Data on certain morphological and chemical components of
the test varieties viz., trichome density of pods of top, middle
and bottom canopy of the plants (Sass (1964), pod length,
pod wall thickness, seed length and seed width and number
of seeds per pod was measured by digital Vernier Caliper).

Chemical constituents of seeds and pod wall

To study the biochemical constituents from seeds as well as
pod wall, the sufficient numbers of pods of 15 days old were
plucked from each replication of each plot and from all the
different sowing dates. The pods were kept in marked brown
paper bags having wax coated inner side. The samples were
brought to the laboratory, kept in airtight plastic container,
and stored at 4° C in deep freeze during the study period. Pod
wall and green seeds of these pods were taken for further
biochemical analysis. The one set of pods were oven dried at
60° C for 2-3 days. After drying, the test samples were grind.
Grinded samples of seeds as well as pod wall were then kept
in a paper envelop in oven at 50° C for one day to ensure
complete drying of the samples. The completely dried samples
were used for the estimation of biochemical constituents viz.,
Crude protein (AOAC, 1985); Moisture content (Mehta and
Lodha, 1979); Total soluble sugars (Dubios et al., 1956); Fats
(AOAC, 1975); Total phenol (Bray and Thorpe, 1954); Tannins
(AOAC, 1965) and Chlorophyll content (Hiscox and
Israelstam, 1979) was used.

Statistical analysis

The data of the two seasons were subjected to analysis of
variance (ANOVA). The ANOVA was carried out by using
SPSS statistics, 19 version statistical packages as suggested by
Steel and Torrie (1980). The association of different
morphological and chemical components with the per cent
pod damage was determined by correlation analysis.

RESULTS

Per cent pod damage by pod borer complex under field
condition

H. armigera

The maximum per cent pod damage (3.72%) was recorded in
Pusa-992 (Table 1) and it was statistically at par with Manak
(3.71%), PAU-881 (3.59%) and Paras (3.24%), respectively,
whereas, the minimum per cent pod damage (2.45%) was
recorded in AL-201 and it was statistically at par with H03-41
(2.77%) and Paras (3.24%). Among different sowing dates,
maximum pod damage (4.54%) was recorded in D, (1% week
of July) sown crop, while minimum pod damage of 1.70%
was observed in D, (3 week of July) sown crop and it was
followed by D, (2" week of July) and D, (3" week of June)
sown crops. The interaction effect between varieties x sowing
dates was observed significant.

M. vitrata

M. vitrata pod infestation was observed minimum (4.30%) in
AL-201 and it was statistically at par with H03-41 with the pod
damage of 4.48 per cent (Table 1). Whereas, maximum pod
damage of 7.90 per cent was observed in Pusa-992 and it was
followed by Manak (6.25%), Paras (5.97%) and PAU-881
(5.91%), respectively. Pod damage among different sowing
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Table 1: Per cent pod infestation by major pod borer complex in different pigeonpea varieties and different sowing dates (Pooled)

A = Non-glandular pod trichomes

B = Glandular pod trichomes

C = Non-glandular lengthy pod trichomes

* Significantat P = 0.05; ** Significantat P = 0.01

Borer complex Sowing Varieties Mean
Paras Manak AL-201 Pusa-992 AL-881 H03-41
H. armigera D, 3.92(11.41) 3.40(10.62) 2.62(9.31) 4.34(12.02)  3.46(10.71) 3.65(11.00)  3.56(10.85)
D, 5.64(13.71) 3.60(10.87) 3.41(10.59) 4.45(12.17)  5.58(13.63)  4.56(12.25)  4.54(12.20)
D, 2.00(8.12) 5.51(13.33) 2.42(8.90) 4.07(11.41)  3.27(10.10) 1.84(7.70) 3.18(9.93)
D, 1.39(6.75) 2.32(8.75) 1.33(6.63) 2.02(8.02) 2.06(8.24) 1.07(5.73) 1.70(7.35)
Mean 3.24(10.00) 3.71(10.89) 2.45(8.86) 3.72(10.90) 3.59(10.67)  2.77(9.17)
S.Em.+ Factor A (Dates of sowing) 0.34
Factor B (Varieties) 0.42
FactorA x B (Dates of sowing x Varieties) 0.84
CDP = (0.05) Factor A (Dates of sowing) 0.97
Factor B (Varieties) 1.19
FactorA x B (Dates of sowing x Varieties) 237
M. vitrata D, 3.23(10.35) 3.35(10.51) 1.58(7.19) 3.69(11.07)  3.52(10.80)  2.19(8.45) 2.93(9.73)
D, 14.86(22.66) 13.44(21.49) 9.29(17.74) 15.62(23.27) 13.92(21.90) 11.37(19.70) 13.08(21.12)
D, 3.81(11.25) 6.25(14.46) 2.79(9.61) 10.73(19.11) 2.58(9.24) 3.17(10.19)  4.89(12.31)
D, 2.00(8.10) 1.97(8.00) 3.53(10.82) 1.57(7.18) 3.59(10.89) 1.18(6.19) 2.30(8.53)
Mean 5.97(13.09) 6.25(13.61) 4.30(11.34) 7.90(15.16) 5.91(13.21)  4.48(11.13)
S.Em. + Factor A (Dates of sowing) 0.19
Factor B (Varieties) 0.23
FactorA x B (Dates of sowing x Varieties) 0.47
CDP = (0.05) Factor A (Dates of sowing) 0.55
Factor B (Varieties) 0.66
FactorA x B (Dates of sowing x Varieties) 1.33
M. obtusa D, 1.87(7.87) 3.21(10.29) 1.36(6.67) 1.96(8.05) 1.80(7.67) 1.97(8.05) 2.03(8.10)
D, 3.26(10.39) 2.22(8.55) 2.08(8.29) 2.9909.95) 2.24(8.60) 2.69(9.44) 2.58(9.20)
D, 2.46(9.02) 2.65(9.34) 1.24(6.39) 2.72(9.49) 2.75(9.54) 1.72(7.52) 2.26(8.55)
D, 2.29(8.64) 2.79(9.59) 1.74(7.58) 1.50(6.94) 3.77(11.11)  0.63(4.48) 2.12(8.06)
Mean 2.47(8.98) 2.72(9.44) 1.61(7.23) 2.29(8.61) 2.64(9.23) 1.75(7.37)
S.Em.+ Factor A (Dates of sowing) 0.18
Factor B (Varieties) 0.22
FactorA x B (Dates of sowing x Varieties) 0.44
CDP = (0.05) Factor A (Dates of sowing) 0.51
Factor B (Varieties) 0.62
FactorA x B (Dates of sowing x Varieties) 1.24
Table 2: Correlation of pod borer complex with morphological parameters of pigeonpea (pooled)
Pod borer complex Morphological traits
Trichomes on plant canopy (/mm?) Pod Podwall  Seed Seed No. of
Top Middle Lower length  thickness length  width  seeds/
A B C A B C A B C (mm) (mm) (mm) (mm)  pod
D1
H.armigera -0.730*  -0.864*  0.646  -0.751* -0.729* 0.964** 0.129  0.059  0.019 0.774* -0.909** 0.746* 0.860* 0.535
M. vitrata -0.945**  -0.577 0586 -0.759* -0.514 0.857* -0.350 -0.444 -0.171 0423  -0.594 0312 0.797* 0.111
M. obtusa -0.304 -0.360 0200 -0.604 -0.299 0.807* 0.153 -0.056 -0.161 0.552  -0.460 0.044  0.271 0.476
D
H.Zarmigera -0.768*  -0.734*  0.803* -0.766* 0.048  0.639 -0.725% -0.099 0.129 0.825* -0.739* 0.638 0577 0.780*
M. vitrata -0.766*  -0.871*  0.721* -0.852* -0.705* 0.755* -0.497 -0.793* -0.408 0.663 -0.870* 0.415 -0.007 0.233
M. obtusa -0.146 -0.691 0.594  -0.802* -0.611 0.192 -0.219  -0.444 -0.471 0.643  -0.834*  0.727* 0.228 0.354
D
H?armigera -0.531 -0.662 0.139  0.414 -0.730* 0.510 -0.088 -0.384 -0.794* 0.185 -0.612 0.169  0.228 0.267
M. vitrata -0.537 -0.858*  0.177  -0.895** -0.845* 0.821* 0.077 0.183  -0.808* 0.810* -0.840* 0.699  0.713* 0.673
M. obtusa -0.923**  -0.408 0.797* 0.418 -0.513  0.794* -0.219 -0.041 -0.746* 0.597 -0.705* 0.667 0.173  0.460
D
H.Aarmigera 0.133 0.416 0.742* 0.832* -0.337 -0.492 -0.760* 0.103 -0.801* 0.014  0.289 0.759* 0.133 0416
M. vitrata -0.289 0.286 -0.451  -0.634  0.491 0.144 -0.678 -0.699 0.044 0.636  -0.601 0.567  0.905**0.769*
M. obtusa -0.728*  -0.136 0.233 -0.248 -0.273 0.752* -0.718* -0.809* -0.652 0.201 -0.745*  0.129  0.649 0.684

dates was significant and maximum pod damage (13.08%)
was observed in D, (1 week of July) sown crop, while
minimum pod damage was recorded in D, (3™ week of July)
sown crop (2.30%) as compared to 4.89 and 2.93 per cent
pod damage in D, (2™ week of July) and D, (3" week of June)
sown crops, respectively. The interaction effect of pod damage
between different varieties x different sowing dates was

observed significant.
M. obtusa

Infestation of pod fly, M. obtusa among different pigeonpea
varieties (Table 1) revealed that low pod damage was observed
in AL-201 (1.61%) and it was statistically at par with H03-41
(1.75%). Similarly, maximum pod damage (2.72%) was
observed in Manak and it was statistically at par with PAU-

523
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881 (2.64%) and Paras (2.47%). Per cent pod damage among
different sowing dates was observed significant and maximum
pod damage of 2.58 per cent was in D, (1 week of July) sown
crop, while minimum pod damage (2.03%) was observed in
D, (3" week of June) and it was statistically at par with D, (3"
week of July) and D, (2" week of July) sown crops with the
pod infestation of 2.12 and 2.26 per cent. The interaction
effect of pod infestation by M. obtusa between varieties x
different sowing dates was observed significant.

Morphological traits
Types of trichomes and their density on pods

Trichomes (types and density) were counted on top, middle
and lower pods (Table 4). Trichome density and types (type A
and B) were comparatively higher in AL-201, H03-41 and
PAU-881. In all the different sowing dates these trichomes
were higher in moderately resistant genotypes. In AL-201 and
HO03-41, very high trichome density of type A and B was
observed, whereas, in Paras, Manak and Pusa, the density of
former trichomes was very low. However, the density of type
C trichomes was higher in these genotypes as compared to
AL-201 and H03-41.

Pod length, seed size (length and width) and number of seeds
per pod

Table 3: Correlation of pod borer complex with biochemical parameters of pigeonpea (Pooled)

Pod borer Biochemical constituents
complex Chlorophyll (mgg") Moisture (%) Crude protein (%)  Fat (%) Phenol (mgg") Total soluble sugar (%) Tannin (ugg")
Seed Podwall  Seed Pod wall  Seed Pod wall ~ Seed Pod wall  Seed Pod wall  Seed Podwall  Seed Pod wall
D]
H.armigera 0.485 0.626 0.391 0.435 0.304 0.740*  -0.884** -0.060 -0.900** -0.656 0.738*  0.698 -0.792* -0.086
M. vitrata 0.008 0.615 0.459 0.739*  0.537 0.320 -0.754* -0.607 -0.475 -0.699 0.792*  0.242 -0.502 -0.078
M. obtusa 0.281 0.404 0.559 0.546 0.881** 0.407 -0.069 -0.121 -0.041 -0.379 0.690 0.198 -0.096 -0.217
D,
H.zarmigera 0.384 0.465 0.815* 0.119 0.639 0.104 -0.675 -0.743* -0.625 -0.697 0.793*  0.898** -0.812* -0.630
M. vitrata 0.595 -0.025 0.123 0.058 0.066 0.598 -0.552 -0.871* -0.275 -0.806*  0.142 0.571 -0.411  -0.363
M. obtusa 0.247 0.487 0.023 0.578 0.498 0.734*  -0.655 -0.750* -0.242 -0.395 0.417 0.246 -0.763* -0.321
D
H.iarmigera 0.655 0.219 0.119 0.595 0.810* 0.497 0.580 -0.547 -0.547 0.361 0.250 0.543 0.149 -0.585
M. vitrata 0.667 0.302 -0.004 0.174 0.395 0.823* 0.811* -0.312 -0.312 -0.211 0.522 0.714* -0.347  -0.661
M. obtusa 0.861* 0.228 0.489 0.760*  0.856* 0.844* 0.020 -0.606 -0.606 0.231 0.816* 0.888** -0.614 -0.066
D
H?armigera 0.753* 0.206 0.023 0.313 0.711* -0.253 -0.080 -0.113 0.028 0.181 0.356 0.819* 0.676 0.262
M. vitrata 0559 0390 0362 0355 0347 -0417 0412 0085 0049 0284 0477 0240  -0.383 -0.408
M.obtusa ~ 0.719* 0316 0.099 0127 0425 0288 -0.128 -0.467 -0.167 0.104 0335 0682 0214 0.09
* Significantat P = 0.05; ** Significantat P = 0.01
Table 4: Morphological traits of various pigeonpea varieties in different sowing dates
Genotype/ Variety  Trichomes on pods (/mm?) Pod Podwall  Seedsize (mm) No. of
Top Middle Lower length thickness seeds/
A B C A B C A B C (mm) (mm) Seed Seed  pod
length width
D1
Paras 108.34 5.76 9.17 65.24 4.33 4.2 62.29 0 0.06 52.09 0.83 6.92 4.65 33
Manak 110.8 4.82 6.01 7542 4.14 3.8 81 0.01 0.02 53.24 0.97 6.88 4.42 35
AL-201 152.3 8.06 1.68 135.24 6.92 1.87 71.94 0.03 0.02 47.63 2.19 6.72 4.01 2.7
Pusa-992 80.64 2 6 85.84 0.04 5.07 82.31 0.02 0.05 54.12 0.67 7.22 4.56 34
PAU-881 105.7 5.78 8.55 97.46 7.98 4 64.38 0 2 49.57 1.67 7.00 457 29
HO03-41 151.46 3.88 8.07 96 6.34 3.8 121.04 1.03 293 54.41 1.06 7.26 4.48 4
D
Pazras 107.42 4.18 9.27 55.44 4.39 3.87 59.33 0.07 0.5 49.15 0.71 7.76 4.66 3.68
Manak 116.28 5.34 6.53 86.22 4.04 4 83 0 1.02 40.31 1.39 6.21 4.12 3.31
AL-201 146.78 8.49 1 119.14 7.66 2 83.44 0.8 1 35.62 2.28 6.74 4.58 341
Pusa-992 95.12 4.72 6.27 78.31 1.1 5.17 83 0.04 0.5 50.47 1.15 8.22 4.40 3.81
PAU-881 66.32 5.00 8.13 82.66 7.89 6.14 61 0.6 1.87 51.00 1.45 7.56 4.61 4
HO03-41 140.33 5.22 7.66 88 6.51 3.78 95.66 0.9 2 50.33 1.44 8.04 4.33 4.06
D
Paaras 113 7.67 8 80.8 4.29 4 60.44 2 1.55 47.44 1.28 7.06 4.55 3.56
Manak 110.06 233 6.71 93.07 0.5 4.12 78.34 0.82 0.80 43.17 1.18 6.58 4.39 3.66
AL-201 155.03 6.88 0.88 125.87 6.88 2 80.56 0.61 222 37.58 1.88 5.92 4.41 33
Pusa-992 78.08 0 7 79.73 1 4.91 67 1.19  0.51 57.29 1.02 8.33 4.68 3.86
PAU-881 79.15 5.778 8.46 88.26 7.69 3.14 70.39 0.07 177 44.08 1.76 7.25 4.06 3.51
HO03-41 153.73 3.88 7.16 96 6 3.19 109.47 146 2091 45.61 1.83 7.02 4.12 3.79
D
PE:ras 110.33 9.22 9.27 78 4 4 62.13 0.1 0 43.00 1.42 5.56 4.44 3.00
Manak 114.8 2.66 6.53 92 1.18 4.36 82.67 0 0.1 48.67 1.28 6.14 4.25 3.26
AL-201 142.1 8.58 1 121.02 9.49 2 84.53 0.09 3 52.42 1.55 7.00 4.76 3.36
Pusa-992 86.91 0.9 6.27 66.44 1.58 4 70.93 1 0 47.35 1.39 6.48 4.45 3.31
PAU-881 67.2 4.46 8.13 85.17 5 4.19 66.66 0.02 0.06 52.71 1.45 7.36 4.86 3.53
HO03-41 151.46 6.27 7.64 94 6.59 1.08 118.66 2 3 49.45 1.88 6.76 3.92 2.88
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Table 5: Biochemical constituents of pigeonpea varieties in different sowing dates (dry weight basis)

Genotype/ Variety  Pod wall composition on dry weight basis Green seed composition on dry weight basis

TSS (%) Protein Phenol Chlorophyll  Moisture ~ Fat(%) Tannins TSS(%) Protein  Phenol Chlorophyll Moisture Fat Tannins

(%) (mgg") (mgg") (%) wgg") (%) (mgg") (mgg") (%) (%) (ugg")

D1
Paras 2.68 12.25 0.65 241 73.2 2.6 59.80 5.00 23.46 0.75 1.58 734 33 73.94
Manak 2.69 11.91 0.78 2.26 72.8 24 50.54 4.45 24.51 0.42 1.54 714 33 61.22
AL-201 1.92 10.51 1.92 1.96 69.8 29 97.34 2.88 22.76 1.24 1.55 65 4.7 118.87
Pusa-992 2.38 12.25 0.45 2.04 71.6 23 34.63 3.04 21.36 0.34 1.43 67 4.0 67.39
PAU-881 2.24 9.46 1.74 1.68 71.2 2 58.03 4.35 21.01 0.68 1.39 67.6 4.2 85.17
HO03-41 2.29 11.91 1.99 1.80 69.4 5.2 51.48 4.37 22.10 0.89 1.72 68.2 34 94.53
D
Pazras 2.01 10.54 1.52 1.59 70.8 2.90 38.71 6.01 21.01 1.35 0.63 64.6 4.8 42.12
Manak 3.26 10.16 1.94 0.98 69.2 1.90 27.16 3.85 21.71 1.14 0.47 62.4 35 72.08
AL-201 1.88 10.18 297 1.54 70.00 2.00 55.22 5.93 20.31 2.12 0.53 63.2 52 81.43
Pusa-992 2.65 10.51 1.21 1.56 69.6 3.00 30.88 4.21 23.46 1.1 0.66 62.2 3.1 29.87
PAU-881 2.50 8.400 2.24 1.47 68.8 3.20 37.44 5.03 19.96 1.63 0.63 68 59 53.35
HO03-41 2.06 10.86 1.92 1.51 69.2 2.70 33.69 4.54 23.11 1.59 0.29 64.6 4.6 52.41
D
P;ras 2.59 11.56 1.68 1.25 68.2 3.2 59.90 4.03 23.41 0.52 0.57 68.6 3.6 37.88
Manak 4.68 10.51 0.69 1.26 69.8 33 46.80 5.58 25.56 0.48 0.58 69.2 3.9 45.89
AL-201 1.66 9.11 1.77 0.95 70.4 3.8 117.00 3.35 24.16 0.76 0.71 68 4.6 116.34
Pusa-992 4.10 11.21 0.89 1.03 69 25 75.81 4.17 23.46 0.53 0.74 62.2 34 90.79
PAU-881 2.37 10.16 1.07 1.03 69 29 104.83 4.84 19.96 0.66 0.54 68.6 4.1 121.68
HO03-41 3.71 9.81 2.36 1.14 68.6 3.2 63.64 5.87 22.14 0.49 0.74 66.4 3.8 116.06
D
P;ras 3.80 12.61 1.59 1.04 72 2.1 34.66 2.74 23.11 1.18 0.95 734 34 98.28
Manak 6.56 9.11 1.33 1.06 734 2.6 73.95 3.96 21.71 0.33 0.93 74 3.6 78.65
AL-201 3.19 9.81 2.69 1.26 70.4 4.3 23212 253 20.31 1.19 0.7 68.6 55 239.61
Pusa-992 3.65 12.96 1.46 1.02 70.4 33 87.04 1.60 24.16 1.12 0.46 67.4 5.4 136.65
PAU-881 343 11.23 1.74 0.81 69.6 4.6 184.39 2.28 25.56 0.98 0.61 68 55 120.74
HO03-41 2.66 11.68 241 1.25 70.4 3.7 82.36 4.08 23.21 0.42 0.58 70.4 4.9 131.97

Pod length of AL-201 was comparatively less in comparison
to other genotypes in all the different sowing dates (Table 4).
Seed size (length and width) of AL-201 in all the different
sowing dates was slightly less as compared to other genotypes.
The number of seeds per pod also comparatively low in AL-
201 and in the other genotypes, number of seeds per pod was
higher in all the different sowing dates.

Pod wall thickness

Among different genotypes, the thickness of the pod wall was
higher in moderately resistant genotypes AL-201, H03-41 and
PAU-881 as compared to other genotypes (Table 4). However,
the thickness of the pod wall was observed higher in all the
genotypes as in delay the sowing time as compared to normal
sowing time.

Biochemical composition of seed as well as pod wall

Total soluble sugars

Less than 5 per cent of the total soluble sugars were recorded
in pod wall on dry weight basis (Table 5) in all the genotypes
(AL-201, HO03-41, PAU-881, Pusa-992 and Paras) across
different sowing dates except in genotype Manak (6.56%) in
D, (3 week of July) sown crop. In moderately resistant
genotypes viz., AL-201, H03-41 and PAU-881, the amount of
total soluble sugars were comparatively low from 1.92 to 3.71
per cent. Whereas, in remaining genotypes, higher amount of
total soluble sugars was observed. Total soluble sugars on dry
weight basis in green seeds was also less than 6 per cent in all
the genotypes. Low level of per cent total soluble sugars were
observed in genotype AL-201 (1.92, 1.88, 1.66 and 3.19%),
HO03-41 (2.29, 2.06, 3.71 and 2.66%) and PAU-881 (2.24,
2.50, 2.37 and 3.43%).

Per cent soluble proteins

Soluble per cent protein content in pod wall composition on
dry weight basis was observed lower in genotype AL-201
(10.51,10.18,9.11 and 9.81%), H03-41 (11.91, 10.86, 9.81
and 11.68%) and PAU-881 (9.46, 8.40, 10.16 and 11.24%)
as compared to other genotypes in all the different sowing
dates (Table 5). Per cent protein content on dry weight basis in
green seed composition was also observed lower in genotype
AL-201, H03-41 and PAU-881.

Phenol content

Phenol content in pod wall composition of genotype AL-201,
HO03-41 and PAU-881 on dry weight basis was observed higher
(1.07 t0 2.97 mg g") in all the different sowing dates (Table 5).
In the remaining genotypes the phenol content was observed
less than 2 mg g'. In green seed composition on dry weight
basis, the phenol content in moderately resistant genotypes
was higher (0.42 to 2.12 mg g') as compared to susceptible
genotypes (Paras, Manak and Pusa-992) with the phenol
content of 0.33 to 1.12 mg g"'.

Per cent fat content

The per cent fat content was 2 to 5.2 per cent (Table 5) on dry
weight basis in pod wall composition in moderately resistant
genotype AL-201, H03-41 and PAU-881 in all the different
sowing dates, whereas, in genotype Paras, Manak and Pusa-
992, the fat content was 1.90 to 3.3 per cent on dry weight
basis. In green seed composition, the fat content was also
observed higher (3.4 to 5.9%) in genotype AL-201, H03-41
and PAU-881 on dry weight basis as compared to other
genotypes with lower per cent fat content of 3.1 to 5.5%.

Condensed tannins
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The level of condensed tannins in green seed composition
was higher than those in pod wall composition (Table 5). On
dry weight basis, the amount of tannins in pod wall
composition was comparatively higher (33.69 to 232.12 ug g
') in genotype AL-201, H03-41 and PAU-881 in all the different
sowing dates. Lower amount of tannins was observed in
genotype Paras, Manak and Pusa-992 (27.16 to 87.04 ug g").
In green seed composition on the dry weight basis the amount
of tannins was also registered higher (52.41 to 239.61 ug g")
in moderately resistant genotypes (AL-881, H03-41 and PAU-
881) as compared to genotype Paras, Manak and Pusa-992
with the tannins amount of 29.87 to 136.65 ug g") in all the
different sowing dates.

Correlation coefficient of morphological and biochemical
traits with expression of resistance to pod borer complex

H. armigera

A significant and negative association (-0.730*, -0.768*, -
0.864*,-0.734*,-0.751%,-0.766* and -0.729*) was observed
between per cent pod damage by H. armigera and density
and types of trichomes (type A and B) of top and middle canopy
of the pods in D, (3 week of June) and D, (1% week of July)
sowing dates (Table 4). In D, (2™ week of July) and D, (3" week
of July) sowing dates the correlation between per cent pod
damage and density and types of trichomes was unusual and
not frequent. Per cent pod damage and pod wall thickness
was significant and negatively correlated (0.909** and 0.739%)
in D, (3" week of June) and D, (1* week of July) sowing dates.
Significant and positive association (Table 5) between pod
damage and crude protein content of pod wall (0.740*) and
total soluble sugar of seed (0.738*) was observed. Whereas,
significant and negative correlation was observed between
per cent pod damage and per cent fat content (-0.884*) and
amount of total phenols (-0.900*) and condensed tannins (-
0.792%*) of seed, respectively.

M. vitrata

Infestation of M. vitrata was significantly and negatively
correlated (-0.945**, -0.766*, -0.871%*, -0.858*, -0.759*%, -
0.852%,-0.895%*,-0.705* and -0.845*) with the density and
types of trichomes (type A and B) of the top and middle canopy
of the plant (Table 4). With the pod wall thickness the
correlation of M. vitrata was also significant and negatively
correlated (-0.870* and -0.840*) in D, (1 week of July) and
D, (2" week of July) sowing dates. Per cent fat content of seed
was significant and negatively correlated (-0.0.754* and -
0.811%) with M. vitrata pod infestation (Table 5) in D, (3
week of June) and D, (2" week of July) sowing dates and with
fat content (-0.871%*) and amount of total phenols (-0.806*) of
pod wall in D, (1 week of July) sowing date. Concentration of
total soluble sugars (0.792*) of seed was significantly positively
correlated in D, (3" week of June) and total soluble sugars
(0.714*) of pod wall in D, (2 week of July) sowing dates.
Non-significant association was observed between M. vitrata
pod infestation and condensed tannins.

M. obtusa
Non-glandular pod trichomes (type A) was significantly and
negatively correlated (-0.923** and -0.728*) with pod fly

infestation in D, (2" week of July) and D, (3™ week of July)
sowing dates (Table 4). Whereas, the correlation between pod

fly infestation and non-glandular lengthy (type C) pod trichomes
of the middle canopy of the plant was significant and positive
(0.807*, 0.794* and 0.752*) in D, (3" week of June), D, (2"
week of July) and D, (3" week of July) sowing dates. Pod
trichomes (type A, B and C) of lower canopy of the plant was
significantly and negatively correlated (-0.718*, -0.809* and
-0.746*) in D, (3" week of July) and D, (2" week of July)
sowing dates. Pod wall thickness was also significant and
negatively correlated (-0.834*,-0.705* and -0.745*) with pod
fly infestation in D, (1 week of July), D, (2" week of July) and
D, (3" week of July) sowing dates. Infestation of pod fly was
significant and positively correlated (0.861* and 0.719*) with
chlorophyll content of seed as well as pod wall in D, (2" week
of July) and D, (3" week of July) sown crop (Table 5). Crude
protein content of seed during D, (3" week of June) sown crop
was significant and positively correlated (0.881**), during D,
(1t week of July) sown crop with crude protein content of pod
wall (0.734*) and during D, (2" week of July) sown crop with
crude protein content of seed as well as pod wall (0.856* and
0.844%*), respectively. Fat content and condensed tannins of
pod wall was significant and negatively correlated (-0.750%)
and (-0.763*) in D, (1% week of July) sown crop. Total phenol
content of seed as well as pod wall did not show any significant
relationship with pod fly infestation. Total soluble sugar of
seed and pod wall showed significant and positive correlation
(0.816* and 0.888**) with pod fly infestation in D, (2" week
of July) sown crop.

Non-glandular lengthy pod trichomes (type C) of top and
middle canopy of the plant showed their significant and
positive relationship (Table 4) with the pod bore complex
whereas, the non-glandular lengthy pod trichomes (type C) of
lower canopy of the plant showed significant and negative
relationship.

DISCUSSION

For cultivation of short duration pigeonpea varieties,
morphological traits and biochemical components are quite
important components of resistance against pod borer
complex. Types of trichome, their orientation, density and
length inGluence the host plant resistance/ susceptibility to
insect pests (Jeffree, 1986; David and Easwaramoorthy, 1988;
Peter et al., 1995; Valverde et al., 2001; Gurr and McGrath,
2001). However, according to Chu et al. (2000), trichomes at
times also impart susceptibility to whiteQy, Bemisia tabaci (Gen.)
in cotton. Among the types of trichomes, glandular trichomes
and their exudates act as an important resistance mechanism
to insects owing to the compounds exuded by them (Ranger
and Hower, 2001; Frelichowski and Juvik, 2001). Among all
the genotypes, non-glandular pod trichomes (type A) and
glandular pod trichomes (type B) was high on the pods of AL-
201, HO3-41 and PAU-881. The hypothesis given by Hartlieb
and Rembold (1996) stated that glandular secretions from
trichomes in pigeonpea act as attractants to the adults of H.
armigera.

Additionally, biochemical components present in the tissues
of the host plant exert a profound inGluence on biology of
insect pests (Beck, 1965; Smith, 1989; Sharma, 2009). In wild
relatives of the pigeonpea, the total soluble sugars were less as
compared to the pods of cultivated pigeonpea with higher
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sugar content, and this may be one of the factors leading to
greater feeding by H. armigera larvae on the pods of cultivated
pigeonpea compared to that on the accessions of wild
pigeonpea (Sharma et al., 2009). MacFoy et al. (1983) recorded
high concentrations of sugars and amino acids in the cowpea
cultivar Vita-1, which is susceptible to spotted pod borer,
Maruca testulalis (Geyer). Low amounts of phenols in the
pods and flowers of pigeonpea cultivars might be another
reason for their high susceptibility to H. armigera and M.
testulalis (Ganapathy, 1996). Phenol content and condensed
tannins were observed in high amounts in later sowing crops
or late maturing genotypes and were observed in high level in
AL-201, HO03-41 and PAU-881 as compared to other
genotypes. According to Smith (1989), condensed tannins in
plants act as insect growth inhibitors owing to their presumed
binding to the proteins.

REFERENCES

Ahmad, T. 1938. The tur podfly (Agromyza obtuse Mall.), a pest of
Cajanus cajan. Indian J. Agri. Cul. Sci. 8(1): 63-67.

Anonymous, 2004. Package of Practices for Kharif crops. CCS Haryana
Agricultural University, Hisar, India.

AOAC, 1965. Tannin estimation by Folin-Denis reagent as modified
by Christensen (IAEA-1974).

AOAC, 1975. Fat estimation by official methods of analysis, 12t Ed.
Analytical Chemists. Washington, D. C.

AOAC, 1985. Official Methods of Analysis. 16" Ed. Analytical Chemists.
Washington, D. C.

Aruna, R., Rao, M., Reddy, L.J., Upadhyaya, H.D. and Sharma, H.C.
2005. Inheritance of trichomes and resistance to pod borer
(Helicoverpa armigera) and their association in interspecific crosses
between cultivated pigeonpea (Cajanus cajan) and its wild relative C.
scarabaeoides. Euphytica. 145: 247-257.

Beck, S.D. 1965. Resistance of plants to insects. Ann Rev Entomol.
10: 207-232.

Bernays, E.A. and Chapman, R.F. 1994. Host-plant selection by
phytophagous insects. Chapman and Hall, New York.

Bernays, E.A., Chapman, R.F. and Singer, M.S. 2000. Sensitivity to
chemically diverse phago-stimulants in a single gustatory neuron of a
polyphagous caterpillar. J. Comparative Physiol. 186: 13-19.

Bray, H.G. and Thorpe, W.V. 1954. Analysis of phenolic compounds
of interest in metabolism. Methods of Bioch. Analysis. 1: 27-52.

Chu, C.C., Natwick, E.T. and Hanneberry, T.J. 2000) Susceptibility
of normal-leaf and okra-leaf shape cottons to silver leaf whitedies and
relationships to trichome densities. In: Herber DJ, Richter DA (eds)
Proceedings of the Beltwide Cotton Production Research Conference,
San Antonio, Texas. National Cotton Council of America, Memphis,
Tennessee, USA, pp 1157-1158.

David, H. and Easwaramoorthy, S. 1988. Physical resistance
mechanisms in insect plant interactions. Pp 45-70. In T N
Ananthakrishnan and A Raman (ed.) Dynamics of insect-plant
interactions. Recent advances and future trends. Oxford & IBH Publ.,
New Delhi.

Devi, S. S. 2005. Studies on the bio-ecology, economic injury level
and management of the pod borer complex on pigeonpea agro
ecosystem in Manipur. Ph. D. Thesis submitted to Manipur University,
Manipur. p.132.

Dubios, M., Gilles, K.A., Hamilton, J.K., Rebers, P.A. and Smith, F.
1956. Colorimetric method for determination of sugars and related
substance. Analytical Chem. 28: 350-356.

Duffey, S.S. 1986. Plant glandular trichomes: Their partial role in
defense against insects. 151-172. In Insects and the plant surface,
edited by B.E. Juniper and T.R.E. Southwood, Edward Arnold
Publishers Ltd., London, U.K.

Frelichowski, J.E. and Juvik, J.A. 2001. Sesquiterpene carboxylic acids
from a wild tomato species affect larval feeding behavior and survival
of Helicoverpa zea and Spodoptera exigua (Lepidoptera: Noctuidae).
J. Econ. Entomol. 94: 1249-1259.

Ganapathy, N. 1996. Bio-ecology and management of spotted pod
borer (Maruca testulalis (Geyer) in pigeonpea. Ph. D. Thesis, Tamil
Nadu Agricultural University, Coimbatore, Tamil Nadu, India, 171
pp-

Green, P.W.C., Sharma, H.C., Stevenson, P.C. and Simmonds, M.S.).
2006. Susceptibility of pigeonpea and some of its wild relatives to
predation by Helicoverpa armigera: implications for breeding resistant
cultivars. Aust. J. Agric Res. 57: 831-836.

Green, P.W.C., Stevenson, P.C., Simmonds, M.S.). and Sharma, H.C.
2002. Can larvae of the pod borer, Helicoverpa armigera, select
between wild and cultivated pigeonpea, Cajanus sp. Bull. Entomol.
Res. 92: 45-51.

Green, P.W.C., Stevenson, P.C., Simmonds, M.S.J. and Sharma, H.C.
2003. Phenolic compounds on the pod surface of pigeonpea, Cajanus
cajan, mediate feeding behavior of larvae of Helicoverpa armigera. J.
Chem. Ecol. 29: 811-821.

Gurr, G.M. and McGrath, D. 2001. Effect of plant variety, plant age
and photoperiod on glandular pubescence and host-plant resistance
to potato moth (Phthorimaea operculella) in Lycopersicon spp. Ann.
Appl. Biol. 138: 221-230.

Halder, )., Srinivasan, S. and Muralikrishna, T. 2006. Role of various
biophysical factors on distribution and abundance of spotted pod
borer, Maruca vitrata (Geyer) in mung bean. Ann. Pl. Prot. Sci. 14:
49-51.

Hartlieb, E. and Rembold, H. 1996. Behavioral response of female
Helicoverpa (Heliothis) armigera (Hub.) (Lepidoptera: Noctuidae)
moths to synthetic pigeonpea (Cajanus cajan L.) kairomone. J. Chem.
Ecol. 22: 821-837.

Hiscox, J.D. and Israelstam, G.F. 1979. A method for the extraction
of chlorophyll from leaf tissue without maceration. Can. J. Bot. 57:
1332-1334.

ICRISAT 1992a. The Medium Term Plan. Patancheru 502 324, Andhra
Pradesh, India: International Crops Research Institute for the Semi-
Arid Tropics. (Limited Distribution).

ICRISAT 1992b. The medium term plan, Volume 1. Patancheru,
Andhra Pradesh, India, (International Crops Research Institute for the
Semi-Arid Tropics), 80 pp.

ICRISAT 2007. The medium term plan. International Crops Research
Institute for the Semi-Arid Tropics, Patancheru, Andhra Pradesh, India,
3.

Jeffree, C.E. 1986. The cuticle, epicuticular waxes and trichomes of
plants, with reference to their structure, functions and evolution. In
B.E. Juniper and T.R.E. Southwood (ed.) proceedings of international
conference. Insects and the plant surface. Edward Arnold Publ. Ltd.,
London. P. 23-64.

Kennedy, G.G. 2003. Tomato, pests, parasitoids and predators:
tritrophic interactions involving the genus Lycopersicon. Ann. Rev.
Ent. 48: 51-72.

Lam, W.K. F. and Pedigo, L.P. 2001. Effect of trichome density on
soybean pod feeding by adult bean leaf beetles. J. Econ. Ent. 94: 1459-
1463.

Lateef, S.S. and Pimbert, M.P. 1990. The search for host plant resistance
of Helicoverpa armigera in chickpea and pigeonpea at ICRISAT. In:
Proceedings of the Consultative Group Meeting on the Host Selection

527



B. L. JAT et al.,

Behavior of Helicoverpa armigera, 5-7 March 1990. Patancheru,
India: International Crops Research Institute for the Semi-Arid Tropics
(ICRISAT), 14-18.

Lateef, S.S. and Reed, W. 1981. Development of methodology for
open field screening for insect resistance in pigeonpea, pp.315-322.
In Proceedings of the International Workshop on Pigeonpea, 15-19
Dec. 1980. Vol 2 International Crops Research Institute for the Semi-
arid Tropics, Patancheru, Andhra Pradesh, India.

MacFoy, C.A., Dabrowski, Z.T. and Okech, S. 1983. Studies on the
legume pod borer Maruca testulalis (Geyer)-VI. Cowpea resistance to
oviposition and larval feeding. Insect Sci. Appl. 1-2: 147-152.

Mehta, S. L. and Lodha, M. L. K. 1979. Laboratory manual on
assessment of grain protein quality. Nuc. Res. Lab., New Delhi.

Moudgal, R.K., Lakra, R.K., Dahiya, B. and Dhillon, M.K. 2008.
Physico-chemcial traits of Cajanus cajan (L.) Millsp. pod wall affecting
Melanagromyza obtusa damage. Euphytica. 161: 429-436.

Mubarak, K., Srivastava, C.P. and Sitanshu 2014. Screening of some
promising pigeonpea genotypes against major insect pests. The Ecoscan.
6: 313-316.

Muigai, S.G., Schuster, D.)., Scott, J.W., Basset, M.). and McAuslane,
H.J. 2002. Mechanisms of resistance in Lycopersicon germplasm to
the whitefly Bemisia argentofoli. Phytoparasitica. 30: 347-360.

Nene, Y.L., Hall, S.D., Sheila, V.K. (Eds) 1990. The Pigeonpea.
Wallingford: CAB International.

Oghiakhe, S., Jackai, L.E.N. and Makanjuola, W.A. 1992. Pod wall
toughness has no effect on cowpea resistance to the legume pod borer
Maruca testulalis Geyer (Lepidoptera: Pyralidae). Int. J. Trop. Insect
Sci. 13: 345-349.

Pandey, V., Srivastava, C.P. Nath, T. and Raha, P. 2011. Chemical
traits of pigeonpea (Cajanus cajan) pod wall affecting pod fly
(Melanagromyza obtusa) damage. Indian J. Agric. Sci. 81: 1059-62.

Peter, A.)., Shanower, T.G. and Romeis, J. 1995. The role of plant
trichomes in insect resistance: a selective review. Phytophaga. 7: 41-
64.

Ranger, C.M. and Hower, A.A. 2001. Role of the glandular trichomes
in resistance of perennial alfalfa to the potato leafhopper (Homoptera:
Cicadellidae). J. Econ. Entomol. 94: 950-957.

Reed, W. and Lateef, S.S. 1990. Pigeonpea: pest management. In: The
Pigeonpea. Ed. by Nene, Y. L., Hall, S. D., Sheila, V. K. Wallingford:
CAB International, 349-374.

Sass, J.E. 1964. Botanical micro techniques. Oxford and IBH
Publications Company, Calcutta, Bombay.

Shanower, T.G., Romeis, J. and Minja, E.M. 1999. Insect pests of
pigeonpea and their management. Annu. Rev. Entomol. 44: 77-96.

Shanower, T.G., Romies, J. and Peter, A.J. 1996. Pigeonpea plant
trichomes: Multitrophic level interactions, pp.76-88. In

Biotechnological perspectives in chemical ecology of insects
(Ananthakrishnan, T. N., ed.). New Delhi, India: Oxford and IBH.

Shanower, T.G., Yoshida, M. and Peter, A.G. 1997. Survival, growth,
fecundity and behavior of Helicoverpa armigera on pigeonpea

(Cajanus cajan (L.) Millsp.) and two wild Cajanus species. J. Econ.
Entomol. 90: 837-841.

Sharma, H.C. (Ed) 2005. Heliothis/Helicoverpa management: emerging
trends and strategies for future research. Oxford and IBH Publishers,
New Delhi, India. p. 469.

Sharma, H.C. 2001. Cotton bollworm/legume pod borer, Helicoverpa
armigera (Hubner) (Noctuidae: Lepidoptera): Biology and
Management. Crop Protection Compendium. Wallingford: CAB
International, 70.

Sharma, H.C. 2009. Applications of biotechnology in pest management
and ecological sustainability. CRC Press Taylor and Francis, Boca
Raton, USA. p. 526.

Sharma, H.C., Green, P.W.C., Stevenson, P.C. and Simmonds, M.S.).
2001. What makes it tasty for the pest? Identification of Helicoverpa
armigera (Hubner) feeding stimulants and location of their production
on the pod surface of pigeonpea [Cajanus cajan (L.) Millsp.].
Competitive Research Facility Project R7029 C, Final Technical Report,
London: Department for International Development, 11-26.

Sharma, H.C., Pampapathy, G. and Reddy, L.J. 2003. Wild relatives
of pigeonpea as a source of resistance to the pod fly, Melanagromyza
obtusa and pod wasp, Tanaostigmodes cajaninae. Genetic Reso. Crop
Evol. 50: 817-824.

Sharma, H.C., Sujana, E.G. and Manohar Rao, E.D. 2009.
Morphological and chemical components of resistance to pod borer,
Helicoverpa armigera in wild relatives of pigeonpea. Arthropod-Plant
Interactions. 3: 151-161.

Singh, H.K. and Singh, H.N. 1990. Screening of certain pigeonpea
cultivars sown at Kharif and Rabi crops against tur pod bug, Clavigralla
gibbosa and pod fly, Melanagromyza obtusa. Indian. J. Ent. 52: 320—
327.

Singh, U. 1988. Antinutritional factors of chickpea and pigeonpea
and their removal by processing. Plant. Foods Hum. Nutr. 38: 251-
261.

Smith, C.M. 1989. Plant resistance to insects: a fundamental approach.
Wiley, New York, USA.

Steel, R. G. D. and Torrie, J. H. 1980. Principle and procedures of
statistics. Second Edition, Mcgraw Hill Book Company, Inc., New
York.

Sunitha, V., Rao, G.V.R., Lakshmi, K.V. and Reddy, Y.V.R. 2008.
Morphological and biochemical factors associated with resistance to
Maruca vitrata (Geyer) in short duration pigeonpea. Int. /. Trop. Insect
Sci. 28: 45-52.

Taylor, T.A. 1967. The bionomics of Marucu testuldis (Geyer)
(Lepidoptera : Pyralidae), a major pest of cowpeas in Nigeria. J. West
African Sci. Assoc. 12.

Valverde, P.L., Fornoni, J. and Nunez-Farfan, J. 2001. Defensive role
of leaf trichomes in resistance to herbivorous insects in Datura
stramonium. J. Evol. Biol. 14: 424-432.




