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Abstract: Helicoverpa armigera is one of the most devastating known pest causing major economic losses. Development
of insect resistance against chemical pesticides and the environment concerns are forcing researchers to pave way
towards biopesticides. Our study aimed to test the efficacy of seed flour from ten pigeon pea genotypes against H.
armigera development. H. armigera fed with diet containing pigeon pea seed powder exhibited larval and pupal
weight reduction and certain abnormalities. Larval weight reduction varied from 19 % (AL 1495) to 37 % (AL 1677).
Increase in larval duration was seen in genotypes containing higher trypsin inhibitor, phenols and phytic acid. AL
1677 was found to be the most resistant genotype with 37 % larval weight reduction followed by AL 1735. Larval-pupal
intermediates were observed in diets containing AL 1495 and AL 1747 seed powder. The pupal weight reduction
varied from 15.5 % to 44.5 %. Results from this study suggest the inhibitory potential of Pls and other bioactive
compounds such as phenols and phytic acid from pigeon pea cultivars against H. armigera development, that can
be further exploited in pest management.
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INTRODUCTION development of the larva (Jadhat al., 2012a).

Heli . : feeder is th ¢ Mature seeds of pigeon pea have been shown to
ICoverpa armigera, a voracious 1eeder 1S the€ most ., \ain 5 number of antinutritional factors (Nwaostu

Qestructlve insect pest causing losses to econ_djymca al., 2013). Engineering plants with the protease
important crop plants. It decreases crop yield by:.

hewing | f| q d develoni inhibitors, amylase inhibitors and other defendateel
chewing leaves, TIowers, greéen pods and developing, qing jg becoming a rage these days. This helps
seeds. Larval midgut contains a complex enzymati

. . . . strengthening the natural defense system of plants
system including trypsin, chymotrypsin, elastases a (Kuharet al., 2012). It has been well documented that
carboxypeptidases which help in protein digestion. N |

L . h .“crude/purified protease inhibitor from differenusces
Protease inhibitors (PIs), which are predominant N hibit digestive enzymes such as trypsin and

legume seeds, disrupt the growth and development o hvmotrvosin which results in larval and pupal ctiow
insect by interrupting protein digestion (Nas_erial., rec)i/uctioﬁp(Naserét al., 2010, Pandest al., IC;0p14).g"|8m0
2010, Shaikhet aI.,_ 2014).‘ .Health and e_nwronment far no pigeon pea genotype has been reported to be
haz_ards of sypthetlc pesticides alqng with _d_evedope resistant toward$l. armigera (Jadhavet al., 2012b).
resistance of insect towards chemical pesticide® ha The objective of the present study was to test the

made researchers to explore other ways to confegﬁ- : -
. . ! ) icacy of whole seed in flour form of ten pigepea
insect resistance (Kranttét al., 2002). Pigeon pea genotypes containing different levels of Pls alerth

_(CaJar;ust Icajan L-#h a lt:ablac_eﬁje fm(_ember IS sdan other antinutritional factors, againkt armigera and
important legume. The actual yield of pigeon peasdo e ito tolerant genotypes.

not meet the potential yield because of the insect
attacks. Pls are present in significant amountarage = MATERIALSAND METHODS
organs of plants, especially seeds (Midadl., 2014).
Seeds of legumes also contain a humber of secondal
metabolites including polyphenols, flavonoids, ilest
enzyme inhibitors, and other antinutritional fastor
which interfere with the digestion process of insec
affecting the metabolism, disrupting growth and

eeds of ten pigeon pea genotypes AL 1770, AL 1495,
L 1747, AL 1735, AL 201, AL 15, AL 1755, AL
1677, AL 1753 and PAU 881 were procured from
Department of Plant Breeding and Genetics, Punjab
Agricultural University, Ludhiana, Punjab. Uniform
fourth instarH. armigera larvae were weighed and
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then reared individually at 25 °C with 60 % relativ
humidity in vials. Larvae were fed on artificial edi
prepared according tdamed and Nadeem (2008). The
diet was mixed with equal amounts of seed powder of
pigeon pea genotypes to test the efficacy aganssict
development (Fig.1). Diet was changed every day to
avoid any microbial contamination. Change in larval
weight was monitored every day till the formatioh o
pupa. Afterwards, pupal weight was observed. The
values were subjected to ANOVA using SPSS 16.0.
Tukey's test was used to study significant differn
between genotypes.

RESULTSAND DISCUSSION

There was an initial increase in weight of larvaeta

4 days when fed on artificial diet containing seed
powder (Table 1). This could be due to initial
assimilation of seed proteins. Physiological effidat
general sluggishness along with reduction in weight
was observed after 4 days of treatment. There was
continuous reduction in larval weight with all the
genotypes from fifth day onwards, except in AL 15,
where the reduction in weight was observed on fourt
day after treatment. Reduction in larval weightiedr
from 19 % to 37 % prior to pupa formation, amonlg al
the genotypes (Table 2). The minimum reduction in
weight was observed in diet containing AL 1495 seed
flour and maximum with AL 1677 seed flour. This
weight reduction could be due to cumulative effefct
varied content of protease inhibitors and other
antinutritional factors present in seed flour. Tigsult
was supporting then vitro results of our earlier study,
where AL 1495 was shown to contain least amount of
trypsin inhibitor units (114 TIU/g), lower phendic
(0.28 mg/g) and phytic acid (0.32 mg/g) contenintha
AL 1677 (158 TIU/g, 0.43 mg/g and 0.44 mg/q,
respectively). A significant reductiono£0.05) in
larval weight and increase in mortality rate was
observed when protease inhibitors fro@apsicum
annuum, chickpea and kidney bean was incorporated
in artificial diet for bioassay during feeding taaf H.
armigera (Tamhaneet al., 2005; Kansakt al., 2008;
Mittal et al., 2014) In a study to test, the efficacy of
phenolics on growth and survival bff. armigera and
Spodoptera litura, rutin was found to cause inhibition
of H. armigera larvae which might be due to its
interferencewith the prothoracicotrophic hormone and
ecdysteroid action, thus, affecting molting process
(Curtis et al.,, 1984; Jadhavet al., 2012a).
Polyphenolics, tannins in particular, offer resis&
against herbivory by forming complex, denaturingl an
precipitating proteins including digestive enzymes
(MacManuset al., 1985). There was found a positive
correlation (r =0.46) between the gut protease
inhibition and total phenols present in these ggred
(data not given for total phenols, Table 3). Thuyst
protease inhibition and larval weight reduction ¢en
attributed to the interference of inhibitors anckpblic

Table 1. Weight profile ofH. armigera larvae after administration of diet containing miggea seed flour.
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0.503
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0.343
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0.200
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AL 1770
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0.440
0.259

0.433

0.368

AL 1495

0.263
0.364

0.379

0.275 0.300 0.330
0.477 0.515

0.253
0.372

AL 1747

0.339 0.335

0.336

0.340
0.343

0.345

0.402

0.468

AL 1735
AL 201
AL 15

0.328

0.334

0.305 0.361 0.435 0.470 0.427 0.408 0384  0.362
0.249
0.280
0.309

0.299
0.302

0.307 0.300 0.242
0.416

0.280
0.319

0.308
0.319

0.308
0.328
0.340

0.348 0.326 0.310
0.371
0.325

0.379

0.416

0.390

AL 1755

0.309
0.321

0.333

0.356

0.493 0.433 0.390
0.388
0.350

0.442

0.376

AL 1677

0.334
0.318

0.364 0.350
0.333

0.358

0.378

0.406 0.451 0.403

0.354
0.372

0.170

0.168

AL 1753

0.312

0.379

0.464 0.434

0.407

PAU 881

634

* (-) sign indicates formation of pupa
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Table 2. Effect of pigeon pea protease iuhibitors on groarid development ¢i. armigera.

. Larval-pupal . .
Genotype Larval_ weight inter mediates Malformed Pupal mortality Pupal weight reduction
reduction (%) pupae (%)
formed
AL 1770 28.0 + 445
AL 1495 19.6 + - - 17.5°
AL 1747 20.6 + + + 30.5
AL 1735 34.8° - + + 55.9
AL 201 30.8% - + + 42 0"
AL 15 21.G - - - 24.0F
AL 1755 26.8 - + + 39.5
AL 1677 37.6 - - - 16.0°
AL 1753 29.6° - - - 15.58
PAU 881 33.6¢ - + + 19.9
Mean 28.0 30.45

*Different letters show statistical differences amgoused genotypes (Tukey' test, 0.05). *(+) indicates presence and (-)
indicates absence

Table 3. Correlation between per cent gut protease inhihitiypsin inhibitor status, phenolic content, Erweight reduction
and number of days taken to form pupa.

Trypsin inhibitor Total Larval weight
content phenols reduction

No. of daysto form pupa

% gut proteases 0.61 0.46 0.6 0.46
inhibition

compounds present in seed flour with the insectvary within genotypes. AL 15 and AL 1747 were the
proteases. Positive correlation (r = 0.6) betweewal earliest genotypes to form pupa, 5 and 6 days after
weight reduction and inhibition of gut proteasesswa treatment, respectively. The pupae formed were
observed (data not given), which justifies the fmdles smaller in size in genotypes with earlier pupa
role of inhibition of gut proteases resulting imiied formation (Fig. 2). Inspite of being insignificatitere
availability of amino acids for larval growth. Ibald was found positive correlation (r =0.46) betweem pe
also be due to hyperproduction of gut proteases byent gut protease inhibition and number of dayeriak
larvae in response to protease inhibitors presedidgt  to form pupa. This increase in larval duration den
that exerted insect for energy and essential amina@xplained by the physiological changes in larvae tu
acids, leading to retarded growth (Nastral., 2010).  the presence of bioactive compounds in seed flbur.
Phytic acid incorporated in diet leads to larvaight may be due to the interference of trypsin inhilstand
reduction and mortality irDepressaria pastinacella phenolics present in mature seed with the molting
and Trichoplusiani insects (Greemt al., 2001). This  process, which resulted in delayed development.
might be due to the interruption of the metabolism Actually proteins located in insect cuticle areessml
larvae as phytic acid acts as metal ion and proteirfor the production of new adult tissues and enzymes
chelator. The body was further found to be paralyse These proteins are synthesized from free aminosacid
with dark brown to black skin and green colour wasfollowing a reorganization of peptides without amin
observed in the leg region of the mid gut segmants acids degradation. Serine and cysteine proteinages
AL 1495 and AL 1735. Gradually, whole body turned involved in proteolytic activity which is requireith
brownish to black leaving a slight faded portiorthie this reorganization. It might be due to interfererof
posterior part though the legs were all black andinhibitors with this proteolytic activity or resuin
paralysed. With time, dry appearance of body,elevated proteinases production, thus limiting the
crumpled skin, overall shrinkage of body segments a number of amino acids (Pandegt al., 2014).
reduction due to shortening of body segments waskeduction in pupal weight varied from 155 %
observed in all the ten genotypes. Abnormality in (AL 1753) to 55.5 % (AL 1735). This suggests the
molting and subsequent death was observed in sompossible interference of bioactive compounds presen
larvae under treatment with AL 1747 and AL 1755.in these genotypes with metabolism, resulting in
Larval-pupal intermediates were observed in dietsweight reduction due to starvation. Malformed pipa
containing AL 1495 and AL 1747 seed powder (Fig. 2) could be seen in some treatments (AL 1770, AL 1747,
The number of days taken to form pupa was found teAL 1735, AL 201, AL 1755 and PAU 881), which
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Fig. 1. Larvae fed on artificial diet with seed powder from different genotypes (a=AL 1770, b=AL 1495, c=AL 1747, d=AL
1735, e= AL 201,f=AL 15, g=AL 1755, h=AL 1677, i=AL 1753, j=PAU 881).

- (b)
—
4—

Black feet of larvae observed Larval-pupal intezdiates
Fig. 2. Variations and certain abnormalities observed in larvae and pupae formed under different treatments.

possess comparatively higher Tl content. In generalother than trypsin like protease might also be
pupal mortality was observed where pupal weight re-susceptible to inhibition by pigeon pea inhibitorshe
duction was higher (Table 2). The resulting pupalin vivo assays, which led to retarded growth and devel-
weight reduction and pupal mortality is due to ffisu = opment of larvae. Instead of purified inhibitorse w
cient nutrient accumulation during the larval stage used seed powder which would give clear picture of
which is crucial for assimilation of food and engrg potential of mature seeds of the pigeon pea geestyp
required for development. Tamhasaeal. (2005) ob-  against théd. armigera.

served delay (3-8 days) in pupae formation, reducti .

in pupal weight and increase in formation of mal- Conclusion

formed pupae in Pl-fed larvae compared to control.The present study concluded that all the genotypes
Kidney bean purified trypsin inhibitor incorporateéd  possess the potential to affect growth and devetopm
artificial diet has been shown to significant=0.05)  processes ofH. armigera. Interference of various
increase the larval and pupal duratiorHofrmigera  bioactive components present in seed powder with th
when added to the artificial diet. The workers foun gut enzyme system starve the insects of required
the significant differencen0.05) of 3 days and 1 day nutrition and is responsible for starvation andagiéh

in larval and pupal duration, respectively betweenmetamorphosis. Presence of higher amount of
control and inhibitor containing diets (Mitta al.,  antinutritional factors in seed flour might be
2014). Udamaleet al. (2013) reported that factors responsible for delaying the process of developrirent
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larvae, suggesting some metabolic inference irakarv V.K. " (2012).  Cloning,  characterization  and
This delay in larval period can be used as a tool t expression analysis of a novel gene encoding
provide resistance against the insect damage. A7 16 Kpnltz-type protease inhibitor fromolichos biflorus. 3
was found to be the most resistant genotype witP637 Biotechnology, 2:199-209.

. . MacManus, J.P., Davis, K.G., Beart, J.E., Goffney{.S
larval weight reduction followed by AL 1735. The Liley, TH. and Haslam, E. (1985). Polyphenol

study _Can be further explored_ to determin? theusta interaction. Part 1. Introduction: Some observation
of various secondary metabolites responsible fer th the reversible complexation of polyphenols with

resistance. proteins and polysaccharidedournal of Chemistry
Society Perkin Transactions, 2:1429-1438.
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