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Abstract

Present studies were conducted on chillies Capsicum spp against whitefly in field and greenhouse
screening. Forty five chillies accessions were subjected to field screening against whitefly, Bemisia
tabaci. Varietal resistance is further evaluated in the greenhouse condition by studying the categories of
resistance on whitefly. Accessions selected as “‘promising’” for resistance (low whitefly populations) and
susceptible accessions were reevaluated at greenhouse condition. Ten accessions of Capsicum were
screened against whitefly, under greenhouse condition for categorization of the mechanism(s) of
resistance. Accessions P2, P4, ACC1 and ACC12 were found to be less preferred for adult settlement,
whereas accessions P1, P3, P5, ACC10, ACC26 and ACC27 were the most preferred one. In resistant
accessions of chillies accumulative reduction in pest population was noticed by reduced rate of
reproduction and increased developmental period. The number of eggs laid and the percentage of
nymphal and adult emergence were low on resistant accessions viz., ACC12 (4.33 no of eggs /pair/leaf,
with 76.92 % hatchability), P2 (5 no of eggs /pair/leaf, with 80% hatchability), P4(5.33 no of eggs
Ipair/leaf, with 81.25 % hatchability) and ACC1(4.67 no of eggs /pair/leaf, with 85.71 % hatchability). In
population build-up study, significantly lower numbers of progeny were observed on accessions ACC12
(0.33 adults/pair/leaf), P2 (0.67 adults/pair/leaf),) and ACC1 (0.67 adults/pair/leaf),). Conversely, the
number of progeny produced by F2 was significantly greater on ACC 10 (7.93 adults/pair/leaf)). The
accession P2, P4, ACC1 and ACC12 has displayed strong antixenotic and antibiotic effect against
whitefly, Bemisia tabaci.
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1. Introduction

Chilli (Capsicum annuum L., 2n = 24) (Solanaceae) has originated from South and Central
America ", It is a vital spice due to its pungency, taste, appealing colour and flavor and has
its unique place in the diet as a vegetable cum spice crop. India is a major producer, exporter
and consumer of chillies in the world and production of chillies in India is about 1492 million
tonnes from an area of 775 million ha with an average productivity of 1.9 million tonnes per
ha ¥, In Tamil Nadu, the estimated production of chillies is 23.06 million tonnes from an area
of 50.67 million ha 33 Chillies suffer from ravages of several biotic stresses by the occurrence
of pests and diseases in tropical and subtropical regions of India. The crop is infested by more
than 21 insect and non-insect pests 2! particularly, whitefly transmitted geminiviruses (WTGs)
(begomoviruses). The chilli leaf curl disease (ChiLCuD), caused by Chilli leaf curl virus
(ChiLCuV) and transmitted by B. tabaci is a serious challenge to yield of chillies in south
India ('], The severity (100% crop loss) of the problem could be realized from the fact that in
the recent years, farmers have withdrawn chilli cultivation in India 1%,

The whitefly, B. tabaci lays whitish eggs usually in circular groups, on the underside of leaves,
and is anchored by a pedicel which is inserted into a fine slit made by the female in the tissues.
The eggs turn brown on age and hatch after 5-9 days at 30°C depending very much on host
species, temperature and humidity Bl A female whitefly can lay 300-400 eggs in her four
weeks lifespan [31. On hatching, the first instar, or "crawler", is flat, oval and scale-like and
nymphal stage that is mobile. The crawlers find a suitable feeding location on the lower
surface of the leaf, settle for feeding with its legs are lost in the ensueing moult and thus the
nymphs becomes sessile. The first three nymphal stages last 2-4 days each and the fourth
nymphal stage, called the 'puparium’, lasts about 6 days, dependent on temperatures [,
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The adult emerges through a "T"-shaped rupture in the skin of
the puparium and copulation begins 12-20 h after emergence
and takes place several times throughout the life of the adult.
The female could live up to 60 d whereas male live shorter (9
and 17 d). The B. tabaci produces eleven to fifteen
generations within one year B,

The visible, direct damage caused by whiteflies are leaf
deformation and honeydew secretion on which sooty moulds
can grow as well as physiological disorders and irregular
ripening of the fruits 31 B. tabaci transmits more than 200
plant viruses efficiently “°1 90% of them are begomoviruses
1471, Viral infection starts at early plant growth stage as leaves
curl towards midrib and become deformed. The characteristic
field symptoms were upward curling, puckering and reduced
size of leaves. Severely affected plants were stunted and
produced no fruit 63,

The partial control of viruses may be achieved with the
application of certain pesticides controlling the vectors, but
complete and environmental safer protection from the virus
through host plant resistance may be preferred and is an
effective  contribution to ChiLCuD and B. tabaci
management. Host plant resistance (HPR) by using three
functional categories: antibiosis, non-preference (antixenosis),
and tolerance . Antibiosis describes the negative influence
of the plant on the biology of an insect attempting to use that
plant as a host 1 and may be explained after reduced body
size and mass, prolonged periods of development in the
immature stages, reduced fecundity, or failure to pupate or
eclose when trying to explore the host plant for nutrition.
Antixenosis resistance occurs when the plant acts as a poor
host and is not favored by the arthropod as food, shelter, or an
oviposition site.  Non-preference results in reduced
colonization of a plant by arthropods, thus reducing losses
caused by the pest 6 &1 To cope with potential damage
caused by B. tabaci in horticultural agroecosystems, the
exploration of host plant resistance has been considered a
promising alternative in sustainable agriculture ©4. Chillies
have a considerable growing cycle (6 months or more).
Whitefly HPR research has increased considerably since
1990, primarily due to the rise in importance and damage
caused by the B. tabaci species complex. To explore the
possibilities of developing whitefly resistant accessions, it is
essential to identify resistance in chillies germplasm. Thus,
the best way to reduce the whitefly population is to
understand the resistant mechanisms [ among the
accessions. Hence the following objectives were undertaken,
such as screening of chilli germplasms for whitefly Bemisia
tabaci resistance under field condition, Greenhouse screening
chilli germplasms for whitefly Bemisia tabaci includes
antixenosis and antibiosis.

2. Materials and methods

2.1 Screening of Chilli Germplasms for whitefly Bemisia
tabaci resistance under field condition

Field trial was conducted at Kullursanthai with a coordinate
of 9.5427° N, 77.9810° E, Virudhunagar district, Tamil Nadu,
India in summer planting season (January to June, 2016) to
evaluate the resistance against whitefly, B. tabaci and
ChiLCuD incidence. The trial was laid out in a randomized
block design (RBD) with 45 genotypes and each genotype
was considered as one treatment in a plot size of 5x4 m?
Forty to forty five days old seedlings of forty five numbers of
germplasms (Table 1) were transplanted on ridges and
furrows at a spacing of 60 cm. The crop was maintained well
by adapting standard agronomic practices as per the

recommendations of Tamil Nadu Agricultural University
except insect control. Each plot consisted of approximately 30
plants. From each plot ten plants were selected at random for
the observations. Two replications were maintained. The adult
population of B. tabaci were counted on the lower surface of
three fully-opened trifoliate leaves, one each from the upper,
middle and lower canopy using an hasting triplet 10X hand
lens at weekly intervals in the morning between 6AM-7AM,
when the whiteflies were not very active [

2.2 Greenhouse screening chilli germplasms for whitefly
Bemisia tabaci

2.2.1 Insect culture

Adults of cotton whitefly, B. tabaci were collected from
chillies (C. annuum) and cotton (Gossypium spp.) near
Srivilliputhur, Virudhunagar district, Tamil Nadu, India and
were cultured in the greenhouse of Insectary, Agricultural
College and Research Institute, Madurai on mixed host plants
of cotton (cultivar ARBH 1401), Black night shade (Solanum
nigrum) and chillies (C.annuum) (cultivar: K2).

The plants were grown on cocopith and soil medium with
proper fertigation and irrigation. The plants were maintained
in cages 150cmx150cmx150cm and covered with 100 micron
mesh cloth. Thirty to forty day old pest free fresh plants were
introduced inside the culture cages every fortnight. For
collection of naive whitefly adults for use in experiments
individual plants were caged for 3-4 days separately and the
adults emerged and trapped inside the 200 micron mesh cloth
cage were collected using glass tubes [25 by 150 mm (width
and height)].

2.2.2 Plant material

The seeds of promising chillies test accessions from field
screening were taken for greenhouse experiment studies viz.,
P1, P2, P3, P4, P5 ACC1, ACC10, ACC12, ACC26 and
ACC27.

Unless otherwise indicated all the experiments were
performed in the greenhouse where plants were grown in
cocopith and soil potting mix in 13cm dia x15 cm height mud
pots. Plants were maintained at 30-35° C temperature and 70-
80% of relative humidity. Antixenosis (non-preference),
antibiosis, and tolerance resistance in chillies were determined
by using modifications of the methods as described then and
there.

2.2.3 Antixenosis (non-preference)

The procedure suggested by Firdaus et al, [ with
modification was followed. Seeds of each accession were
treated with 1% KNOs in a petridish for overnight and single
seeds of each accession were planted at centre of a single pot
(13cm dia x 15 cm height). At 4 to 6 leaf stage of seedling
growth, three pots (replicates) for each accession were
selected for uniform growth and pest free condition and were
arranged in a completely randomized block design. Then each
seedling was individually covered with in a glass chimney
(6.5 cm dia x 15 cm height) in an inverted position with
mouth to the bottom and base at the top that was lined with
100 micron mesh cloth to prevent the escape of adult
whiteflies. To each pot 10 pairs of freshly emerged adults
were released.

The number of adults (male and female) settled on individual
plants were recorded at 4, 8, 12, 24 and 48 h after release
(HAR). The experiment was repeated twice to confirm the
results.
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2.2.4 Antibiosis

2.2.5 Fecundity test

The modified method as described by 8 was followed. The
test accessions were raised as described in antixenosis
experiment. Ten pairs of newly emerged adult insects were
released. Then, each seedling was individually covered with
in a glass chimney (6.5 cm dia x 15 cm height) in an inverted
position with mouth to the bottom and base at the top that was
lined with 100 micron mesh cloth to prevent the escape of
adult whiteflies. At 3, 5, 8 and 12 d after release (DAR), the
adults were removed and eggs were counted.

2.2.6 Egg hatchability

The test accessions were sown in protrays (98cavities, width
300mm, length 485mm; depth 38mm, thickness 0.75mm)
after treatment with 1% KNOj3 overnight soaking. When the
seedlings reached six leaf stages, healthy seedlings were
transplanted individually in mud pots (13cm diax 15 cm
height). Ten days after transplanting (DAT), each plant was
infested with five pairs of adult whiteflies to each seedling
and covered with glass chimney as described in fecundity test.
At 3 DAR the number of enclosed eggs and nymphs on each
seedling was counted using destructive sampling method and
the per cent hatchability of nymphs were observed [8],

2.2.7 Nymphal development

The test accessions were raised in small mud pots (13cm dia x
15 cm height). Seeds of each accession were treated with 1%
KNOs in a petridish for overnight and single seed of each
accession was planted at centre of a single pot (13cm dia x 15
cm height). When plants reached 30-day-old, the pots were
arranged in a completely randomized block design in 5
replicates. Each plant was infested with five pairs of adult
whitefly over the test seedlings. Then each seedling was
individually covered with in a glass chimney (6.5 cm dia x 15
cm height) as described in fecundity test. At 10 DAR, the
number of nymphs on each seedling was counted and
recorded 81,

2.2.8 Population build-up

The method described by Jindal and Dhaliwal 1 was adopted
with modifications. Test accessions were raised in protrays as
previously described in hatchability test. Twenty days after
germination, the healthy seedlings were transferred to (50 cm
x 50 cm) grow bag covered with 45cmx45cmx45¢cm micron
mesh cage. At 6 leaf stage (30 day old), each seedling was
infested with five pairs of adult whiteflies to each accession.
Totally 20 replicates were maintained. At 15 DAI, out of the
20 replicates, 10 were, used to estimate the F1 adult
population and the remaining 10 replicates were left
undisturbed for further monitoring of F2 population build-up.
At the end of 30 DAL, destructive sampling was used to assess
the progeny build up in each plant. When P1 produced its first
nymph (F2), the time (in d) was recorded. The F» progeny
build-up was recorded and expressed in numbers.

2.2.9 Statistical Analysis

Data from resistance category experiments were analyzed by
using a one-way analysis of variance (ANOVA) [%3, The mean
values were separated using Duncan’s Multiple Range Test
(DMRT) [22 (P=0.05).

3. Results

3.1 Screening of chilli germplasms for whitefly Bemisia
tabaci resistance under field condition

In field screened results revealed that 0.12 and 0.20

adults/3leaves on P2 and ACC 12 accessions respectively
followed by ACC 1 (0.22/ adults/3leaves) P4 (0.23
adults/3leaves), ACC 16 (0.32/ adults/3leaves) ACC18 (0.36
adults/3leaves) ACC 23 (0.37/ adults/3leaves) and P6 (0.38
adults/3leaves). These accessions were considered as
resistant, while higher populations were observed on ACC 26
(0.83 adults/3leaves), ACC 26 (0.80 adults/3leaves), ACC 25
(0.60 adults/3leaves), ACC 10 (0.62 adults/3leaves) and ACC
08 (0.60 adults/3leaves). These accessions were considered as
susceptible (Table 1). (F=6.70; df=44,; Pr > F = <.0001).

3.2 Greenhouse screening of chilli germplasms for whitefly
Bemisia tabaci

3.2.1 Non-preference (Antixenosis)

3.3.2 Settling behaviour

The settling behavior of adults differed significantly among
different accessions. The maximum number of adults had
settled on susceptible accessions whereas less number of adult
had settled on resistant accessions at different times of
observations (Table 2; Fig.1) viz., 4 hours after release (HAR)
(F=4160.92; df=9,: Pr>F = < 0.0001), 8 HAR (F=3808.64;
df=9,: Pr>F = < 0.0001), 12 HAR (F=3355.32; df=9; Pr>F
= < 0.0001), 24 HAR (F=3847.17; df=9,: Pr > F = < 0.0001)
and 48 HAR (F=6381.16; df=9,: Pr>F = < 0.0001) among
ACC10, ACC26, ACC27 and P5 after infestation (Fig.1). It
was noticed that whitefly adults settled on resistant accessions
with longest time intervals, whereas as on susceptible
accessions most of the released whiteflies were seen settled
on the plants (Table 2).

3.4 Antibiosis

3.4.1 Fecundity test

The fecundity of whitefly differed significantly among
different accessions (P2, P4, ACC1 and ACC12) in each
interval recorded at 3 days after release (DAR) (F=450.70:
df=9,: Pr > F =< 0.0001), at 5 DAR (F=985.41; df=9,: Pr > F
= < 0.0001), at 8 DAR (F=135.52; df=9,: Pr > F = < 0.0001),
at 12 DAR (F=177.69; df=9,: Pr>F = < 0.0001) (Table 3).
Significantly lower number of eggs were laid on ACC 12
(4.55 no/ leaf), P2 (4.58 no/ leaf), P4 (4.85 no / leaf) in
comparison to the more number of eggs laid on ACC 10 (9.23
no/leaf) and ACC 26 (8.45 no/leaf) (Table 3).

3.4.2 Egg hatchability

The nymphal emergence was noticed to be significantly lower
on resistant accession ACC12 (3.33 nymphs/leaf) followed by
ACC 1 (4.00 nymphs/leaf) compared with susceptible
accession ACC 10 (7.67 nymphs/ leaf) (F=401.72; df=9,
Pr>F =<.0001) (Table 4).

The maximum egg hatchability was observed in susceptible
accessions ACC 10 (95.83%) followed by ACC 26 (95.65%)
and P5 (95.65%). However, significantly lower egg
hatchability was observed in resistant accession ACC12
(76.92%) (F=15.94; df=9, Pr > F = <.0001).

3.4.3 Nymphal development

The nymphal development recorded had revealed significant
variations among the accessions at 10 DAR (F=2602.78;
df=9, Pr>F = <.0001) (Table 5). The number of nymphs
developed was high on P5 (9.33 nymphs/leaf) and very low
on ACC 12 (3.67 nymphs/leaf) followed by P2 (4.0
nymphs/leaf) (Fig. 2).

3.5 Population build-up
The population build-up of whitefly on test accessions
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differed significantly with each other (Table 6 & Table 7).
Significantly lower numbers of progeny were observed on
accessions

ACC 12 (0.33 adults/ leaf) followed by ACC1 (0.67
adults/leaf) and P2 (0.67 adults/leaf). Conversely, the number
of progeny produced by F, was significantly greater on P5
(8.17 adults/leaf) had high population build-up followed by
ACC 10 (7.93 adults/leaf) (F=4972.94; df=9, Pr>F =
<.0001) (Table 6). In addition, the mean prereproductive
period (d) for F. production was significantly longer on
accessions ACC12 (16.17 d), P2(15.83 d), P4 (15.33d)
compared to susceptible accession P3 (13d) (Table 7).

4. Discussion

Host plant resistance (HPR) has offered the simple solution
for insect pests and insect vector transmissible disease
management on several agricultural and horticultural crops
from time to time. Breeders are always in search of resistant
parent material to develop improved resistant accessions of
crops for introduction to cultivation against whitefly critical
issues. The mechanisms of resistance need to be understood
before the degree of resistance among plants could be
ascertained. The whitefly, B. tabaci, a polyphagous insect pest
that desap the plants is known to cause serious damage to
chillies (Capsicum spp) by sucking the phloem juice and
destabilizing the growth, but also attained destructive status
by transmitting begomoviruses Schuste et al., [

Forty five chillies accessions were subjected to field screening
against whitefly, Bemisia tabaci Out of the forty five
accessions P2, P4, ACC1l and ACC12 accessions were
considered as resistant, ACC26 and ACC27 were noticed as
susceptible (Table 1). The accessions P2, ACC12 ACCL1 and
P4 had a whitefly population of 0.12, 0.20 and 0.22, 0.23
adults/3leaves respectively. The results are in line with Rajput
et al., ® has registered GCh 3 and GCh 1 genotypes as
resistant which exhibited less than 3.88 whitefly/3 leaves and
GCh 2, JCh 722, JCh 725, JCh 740, JCh 754, JCh 756, JCh
759, JCh 782, JCh 788 and JCh 800 genotypes as susceptible,
which showed more than 3.88 whitefly/ 3 leaves in C. annum
L. The accessions ACC26 and ACC27 had whitefly
population of 0.83 and 0.80 adults/3leaves respectively. These
accessions were considered as highly susceptible (Table 1).
According to Sagar Tamang et al., 3 the lowest (0.23)
number of whiteflies per leaf was observed in Sonali (B-1),
lower than those of both Bireswar (WNM-34-1-1) and
Sukumar (WBM-29), whereas, the highest (1.33/ leaf) was
observed in Panna (B-105) during first season. Whereas, in
second season lowest (0.65/ leaf) whitefly incidence was
observed on Sonali (B-1) highest (1.83/ leaf) whitefly
incidence was observed in Sukumar (WBM-29) followed by
Panna (B-105) and Bireswar with 1.80 and 1.20 numbers per
leaf, respectively in mungbean germplasms. Similarly,
Boissot et al., [*% screened 80 genotypes of Cucumis melo L.
for resistance to B. tabaci and observed that on the basis of
insect density, three Indian accessions namely, Pl 414723, PI
164723 and 90625 and one Korean accession, Pl 161375 had
field resistance. On those accessions, recorded 3.6 to 6 times
fewer adults than the most susceptible genotypes (AR Top
Mark).

Varietal resistance is further evaluated in the greenhouse
condition by studying the categories of resistance on whitefly.
The categorization of resistance in chillies (Capsicum spp)
against whitefly B. tabaci there was formidable and
significant difference among the chillies accessions for the
two different categories of resistance viz., antixenosis (non-

preference) and antibiosis.

From the present study it could be concluded that P2 P4,
ACC1 and ACC12 were the least preferred one for whitefly
adult settling (Fig.1). The settling behavior of the whitefly is
much important for the insect to establish progenies by
utilizing the host plants for feeding, oviposition and shelter.
The non preference test performed under no choice condition
has revealed that the whiteflies preferred only the most
suitable chillies accessions and stay away, from the least
preferred accessions. The preference by whitefly may be
influenced by several factors. The cues emanating from the
host plant mediate the preferences by the insects. The leaf
architecture and colour Sippell et al., 8 |eaf pubescence
McAuslane 14, cuticle thickness Channarayappa et al., 'land
metabolites were known to play a role as repellent or
attractant Chermenskaya et al., [® for the whiteflies.
Whiteflies choose the most suitable host not only because
they can feed on it, but also because the offspring should be
able to survive when they oviposit (Nomikou et al., 5%,
Tomato young leaves were more susceptible to whitefly
oviposition than old leaves in the in vitro tests of cultivar
9706 (Guo et al., %), Oviposition preference and host plant
selection by the female whitefly has a profound effect on the
fitness of its offspring (van Lenteren and Noldus ). Guo et
al., %% observed wild tomatoes had fewer whitefly eggs than
cultivars, in both in vitro and in vivo experiments.

The results of the present investigation are from the no choice
method of test and there is every chance that these varieties
might not further be performed if given with a choice test.
Earlier studies by Firdaus et al., ] suggested that those
chillies accessions preferred under no choice condition were
not preferred under a choice scenario. Further, Firdaus et al.,
27T had suggested that those difference for preference could be
the outcome of the plants ability to produce repellents (or)
expression of physical barriers that culminate with the
avoidance by the whitefly. However, B. tabaci could live on
the non preferred accessions with difficulties in its
performance. It was reported that soybean whitefly, Bemisia
argentifolii had a strong preference for hairy-leaf varieties of
cotton and less preference for glabrous-leaf varieties
(McAuslane) 4. According to Berlinger Bl, whiteflies had
two different flight patterns: short distance and long-distance
flights. Short-distance flights remained within the plant
canopy and the insect traveled from plant to plant within a
field. The short flights are less than 15 ft in distance and
mainly involved the flight from the lower leaves, whereas, the
long flights were from border to border of the chamber in
search of suitable host plant where they prefer to lay eggs. In
the present study, the adults showed no long-distance flights
and they just remained consistent within the experimental
arena (glass chimney). Also, Oriani et al., % from their study
suggested that, high levels of antixenosis for oviposition was
related to type IV glandular trichomes of tomato accessions
against B. tabaci. LA716 (Lycopersicon pennellii), P1134417
and PI1134418 (Lycopersicon hirsutum f. glabratum) had
ovipositional nonpreference resistance to B. tabaci B biotype
related to the presence of glandular trichomes, which can
release allelochemicals (Toscano et al., "4 Muigai et al., 1*4;
Fancelli et al.,) ?°. Also, Channarayappa et al., % have
suggested that the trichome type V found on Solanum
habrochaites is associated with a physical resistance to
whitefly infestation and proliferation and would be helpful in
prevention of the spread of viruses. Chu et al., ! observed
that the density of stellate trichomes on under leaf surfaces
was the basic factor influencing the varietal susceptibility to
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adult B. tabaci on cotton. In Capsicum spp. Firdaus et al., [?7]
had found that there was not only a highly positive correlation
of non-glandular trichome density with whitefly density and
oviposition rate, but also suggested that the glandular
trichomes had an important role in whitefly preference.
However, trichomes were not the only architecture of the
plant that influenced the whitefly preferences Firdaus et al.,
(27, According to the optimal oviposition theory, the
oviposition preference of female herbivores is positively
related to host suitability for offspring, i.e., females are
expected to oviposit on high-quality hosts to maximize
offspring fitness by Jaenike %I, Gripenberg et al., 2 Pepper
genotypes (Qianhong, Zhongjiao, Hangjiao, Zhonghuahong
which has high levels of resistant compound and low levels of
nutrients) had antixenosis resistance to B whiteflies (Jiao et
al., (36D,

Antibiosis seems to be the most noticeable category of
resistance. Whitefly mortality on resistant plants could be
caused by starvation resulting from chemical compounds such
as secondary metabolites. Such a resistance mechanism to
different kinds of phloem feeding/piercing insects has been
reported in tomato, cotton and cassava (Bellotti and Arias I;
Jindal et al., 80, Other plant secondary metabolites such as
methyl-ketones and derivates of sesquiterpene carboxylic acid
could have negative effects on population development of
insects (Williams et al., "I Eigenbrode et al., 3. These
compounds could be present in the leaf mesophyll or they can
be released as volatiles that could play a role as an repellent or
antibiotic substance to herbivores (Antonious and Kochhar ;
Chermenskaya et al., [!81), Repellent volatiles from host plants
can substantially affect B. tabaci host choice and fitness
(Bleeker et al., B [ [} Shj et al., T Chen et al., I,
Solanum habrochaites strains (LA1777, P1134417) contain
volatile organic compounds (Fridman et al., B% that have
shown high levels of repellent and fumigant activity against
adult whitefly (Muigai et al., 5%, Resistant plants with
trichomes producing the methyl ketone 2-undecanone,
sesquiterpenes and acylsugars would impart stable resistance
to Bemisia argentifolii (Mugai et al., ). These expressions
of resistance and their underlying chemical mediation are
broad-based and should provide stable resistance. Thomas et
al. "% observed that, when the tryptophan decarboxylase
(TDC) gene (isolated from Cantharanthus roseus (periwinkle)
when expressed in transgenic tobacco, the 55-kD TDC
enzyme and tryptamine accumulated had caused 97%
reduction in B. tabaci reproduction. Production of tryptamine,
its derivatives, or other products resulting from TDC activity
may discourage whitefly reproduction (Thomas et al., ['%).
Tomato-produced 7-epizingiberene and R-curcumene act as
repellents to whiteflies (Bleeker et al., (8 B1171 Shj et al., 7]
found that the volatiles methyl salicylate and d-limonene from
tomato repelled biotype Q. Similarly, the landrace genotypes
of Capsicum annuum L Amaxito, Tabaquero, and Simojovel
showed resistance to B. tabaci and observed more than 50%
nymphal mortality, while in the commercial susceptible
genotype Jalapefio mortality of B. tabaci nymphs was not
higher than 20%. And also found that activity of chitinase
enzyme generally was higher in non-infested plants with B.
tabaci than those infested. Instead polyphenoloxidase
(‘Amaxito’ and ‘Simojovel’) and peroxidase enzymes
activities (‘Tabaquero’) increased in infested plants
(Latournerie-Moreno et al., 41D,

In the present study, lower numbers of eggs were noticed on
chillies accessions P2, P4, ACC1 and ACC12. The visual and
olfactory cues (Prokopy and Owens % Visser ") offer the

directions for phytophagous insects to select their host plants.
The ovipositional difference among the chillies accessions
might be due to the morphological traits or the production of
defense compounds in the leaves of such accessions. These
traits are characterization of leaf surface, colour or odour that
made the foliage less attraction to B. tabaci. (Walker and
Perring, [®)). Gomez et al., 9 reported reduced number of B.
tabaci eggs on chillies accessions.

As discussed previously the trichomes may play a major role
in the ovipositional preference of whiteflies by Oriani et al.,
551, Further, the release of volatile compounds and defense
against phytophagous insects may be another reason for
reduced fecundity (Frantz et al., ?%; Kashiwagi et al., %)
The number of eggs significantly varied among the chillies
accessions. The lower eggs production received on ACC 12
(4.33 no/leaf) and ACC1 (4.67 no/ leaf) and the lower level of
eggs hatchability found on ACC12 (76.92%). In a similar
study Gomez et al., Y had reported the lowest percentage of
egg hatchability of B. tabaci on resistant chillies accessions.
Another similar study reported that susceptible genotype
showed 100.0% survival of nymphs, except for Sandy, with a
63.9% mortality rate during the young phase of whiteflies
since sandy expressed high antibiosis levels against whitefly
nymphs Baldin and Beneduzzi [ in Squash Cucurbita pepo
varieties.

Previous studies with other crops such as tomato (Oriani et
al., B3 Muigai et al., B4; Fancelli et al., 24) cotton (Torres et
al., ) and bean (Campos et al., ) had shown such
differences in egg hatchability and (or) nymphal survival.
Nombela et al., % and Rodriguez et al., ¥4 had found that
oviposition of B. tabaci on tomato leaves was higher in those
with higher sugar esters in the glandular exudates of type IV
trichomes). In Solanum pennellii, acylsugars are major
components of the exudates produced by glandular trichomes
(Burke et al., [*U; Fobes et al., %) and had shown to reduce
oviposition of B. tabaci B biotype in a dosage-dependent
approach (Liedl et al., [42),

The developmental time of insect pests may vary with the
quality of the host plants and Coudriet et al. 2 had reported
time difference to complete development by B. tabaci. The
developmental period is much influenced by the plant texture,
metabolites in the sap, plant nutrient status and plant volatiles
(Nombela et al., B3; Mansaray and Sundufu *3l; Pontes et al.,
58D, Thus a shorter developmental time of B. tabaci and
coupled with high survivorship of immatures may cause
population to build-up faster to a threatening level (Mansaray
and Sundufu 3 in B. tabaci.

Population build-up gives a cumulative antibiosis effect of
specific chilli accession. In the present study, the population
build-up of B. tabaci on different chilli accessions was
significantly different with each other. The accessions viz.,
ACC1, ACC 12, P2 and P4 had recorded a lower progeny
production and a prolonged nymphal prereproductive period
(Table 6). Similarly, Jindal and Dhaliwal B registered that,
when F2 generation whiteflies were released on test
accessions such as LD694 recorded the significantly lowest
(0.28/cm?) number of eggs, which indicated it was least
preferred for egg laying, followed by PA183 and LK861 in
cotton.

According to Munthali 2, among several biological
characteristics, the duration of development of an insect is
most useful to categorize accessions as resistant and
susceptible. Among the chillies accessions test of ACC 10, P5
and ACC 26 had high population build-up with a lower
nymphal prereproductive period (Table 6) and are thus tend to
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be susceptible. The mean prereproductive period (d) for F,
production was significantly longer on accessions ACC1,
ACC 12, P2 and P4 when compared to susceptible accessions
ACC 10 (12.67d) and P3 (13d). this difference in the
developmental period may be related to the different
environmental conditions used. According to Van Lenteren
and Noldus %, a shorter development time on a plant reflects
the susceptibility of the host to the whitefly. Increased
nymphal periods of whiteflies on resistant than on susceptible
accessions of tomatoes (Muigai et al., ) and cucumber, the
longest and the total developmental time on resistant varieties
of beans (Berlinger, ®; Boica and Vendramim ©I) for B.
tabaci were reported. Biology of B. tabaci biotype B on six
genotypes of cowpea, Rodrigues et al., 54 found that the
periods of development from egg to adult vary between 17.3
and 23.6 days. Similarly, varietal preference of B. tabaci in
eight varieties of Squash Cucurbita pepo were studied, the
variety Sandy (25.1days) showed the highest mean for total
development period (egg-to-adult) of B. tabaci B biotype,
followed by AF-2858 (20.2days). Fekri et al., [?%1 appraised
that egg-adult cycle of B. tabaci varied from 26.02 days
(Ergon) to 26.66 days (CAL-JN3) on tomato. Zang et al., L8]
noticed that a Bemisia argentifolii B biotype culture
maintained on cotton for 17 or 18 generations had a higher
level of survival on cotton. Morillo and Marcano “® also
recorded differences in egg and nymphal periods and total life
cycle of whiteflies on resistant and susceptible tomato
accessions. Jindal and Dhaliwal B explained that LD694 was
rated as resistant; LK861, Supriya, RS2013, CNH911 and

PA183 as moderately resistant; 1S-376/4/1/20/72, NHH44,
TxMaroon2-78, Bt 6304 and RS2098 as moderately
susceptible; and F846 as susceptible. LD694 was found to be
resistant in three consecutive (F1, F2 & F3) generations of
whitefly in cotton genotypes. In conclusion, we have
identified chillies accessions that differ in whitefly resistance
and preference.

5. Conclusion

Whitefly resistance and preference seem to be present in the
accessions evaluated and the results revealed that the
accession P2, P4, ACC1 and ACC12 has displayed strong
antixenotic and antibiotic effect against whitefly, Bemisia
tabaci.

6. Future perspectives

Whitefly resistance and preference seem to be present in the
accessions evaluated, and this offers opportunities for doing
genetic studies and breeding whitefly-resistant varieties.
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Table 1. Field screening of chillies accessions against whitefly Bemisia tabaci

Accessions Whitefly count per trifoliate leaf* Accessions Whitefly count per trifoliate leaf*
Pl 0.68 (1.09)™° ACC14 0.40 (0.95) €M
P2 0.12 (0.78)° ACC15 0.43 (0.96)"
P3 0.68 (1.09)mno ACC16 0.32 (0.90)Pcdfg
P4 0.23 (0.85)* ACC17 0.52 (1.01) i
P5 0.75 (1.12) ACC18 0.36 (0.93)dfni
P6 0.38 (0.94)¢fa ACC19 0.53 (1.07)iikim
P7 0.52 (1.01)"™ ACC20 0.45 (0.97) K
P8 0.45 (0.97)1Mk ACC21 0.41 (0.95) *fohi
P9 0.42 (0.96)"" ACC22 0.50 (1.00) P
P10 0.45 (0.97)fhii ACC23 0.37 (0.93) ceefoh

ACCO01 0.22 (0.85)2¢ ACC24 0.39 (0.94)efanii
ACC02 0.45 (0.97) Nk ACC25 0.60 (L.05)K™
ACC03 0.48 (0.99)"™ ACC26 0.83 (L.15)°
ACC04 0.38 (0.94)efahii ACC27 0.80 (1.14)°
ACCO05 0.26 (0.87)> ACC28 0.45 (0.97)hK
ACCO6 0.43 (0.96) " ACC29 0.30 (0.89)P<C¢f0
ACCO7 0.53 (1.01)iKIm ACC30 0.47 (0.98)ghiik!
ACCO08 0.60 (1.05)kImn ACC31 0.38 (0.94)efanii
ACC09 0.52 (1.01)hik! ACC32 0.42 (0.96)ahii
ACC10 0.62 (1.06)"™ ACC33 0.50 (1.00)MK!
ACC11 0.40 (0.95)¢fanii ACC34 0.42 (0.96)fahii
ACC12 0.20 (0.84)%® ACC35 0.46 (0.98)gnik!
efghij SEd 0.0419
ACC13 0.38 (0.94)¢n CD(.05) 0.0845

Mean of two replications per trifoliate leaf *

The mean values were separated using Duncan’s Multiple Range Test (DMRT) (Duncan, 1951) (P=0.05).

Values in parantheses are square root transformed.

Table 2: Non-preference for whitefly Bemisia tabaci adult settling among different chillies Capsicum spp accessions

Settling response of whitefly*
Accessions 4 HAR 8 HAR 12 HAR 24 HAR 48 HAR Total number settled
P1 2.00 (L58)° | 3.00 (L.87)° | 3.00 (L.87)° | 1.00(L.22)° | 0.00 (0.71)" 9.00 (3.08)°
P2 1.00 (L22)° | 0.00 (0.71)F | 0.00(0.71)° | 1.00 (L.22)° | 5.00 (2.35)° 7.00 (2.74)°
P3 2.00 (L58)° | 3.00 (L87)7 | 4.00n (2.12)° | 1.00 (L.22)° | 0.00 (0.71)¢ 10.00 (3.24)°
P4 1.00 (L58)° | 0.00 (0.71)7 | 1.00 (L.22)° | 0.00 (0.71)F | 4.00 (2.12)3 6.00 (2.55)"
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P5 7.00 (2.74)9 | 2.00 (1.58)° | 1.00 (1.22)° | 0.00 (0.71)* | 0.00 (0.71) 10.00 (3.24)°
ACC1 0.00 (0.71)* | 1.00 (1.22)° | 4.00 (2.12)° | 2.00 (L58)° | 2.00 (1.58)° 9.00 (3.08)°
ACC10 | 6.00 (2.55)" | 2.00 (L58)° | 2.00 (L58)° | 1.00 (L.22)° | 0.00 (0.71)° 11.00 (3.39)¢
ACC12 | 0.00(1.87)* | 0.00(0.71)* | 1.00(1.22)° | 3.00 (L58) | 2.00 (L58)° 6.00 (2.55)"
ACC26 | 4.00(2.12)7 | 3.00 (1.87)7 | 2.00 (L58)° | 2.00 (158)° | 1.00 (1.22)° 12.00 (3.54)°
ACC27 | 5.00(2.35)° | 4.00(2.12)° | 1.00(1.22)° | 1.00 (1.22)> | 0.00 (0.71)° 11.00 (3.39)°

SEd 0.0161 0.0126 0.0111 0.0083 0.0113 0.0380
CD(.05) 0.0335 0.0262 0.0231 0.0173 0.0235 0.0793

* Mean of three replications, HAR - hours after release
The mean values were separated using Duncan’s Multiple Range Test (DMRT) (Duncan, 1951). (P=0.05).
Values in parantheses are square root transformed

ACC26;12.00

ACC12;6.00

&
ACC10;11.00 &

ACC27;11.00

Total number of whitefly B. tabaci settled

P1;9.00

P5;10.00

ACC1;9.00

Fig 1: Non-preference for whitefly Bemisia tabaci adult settling among different chillies Capsicum spp accessions
Mean of three replications
The mean values were separated using Duncan’s Multiple Range Test (DMRT) (Duncan, 1951). (P=0.05).
Values in parantheses are square root transformed

Table 3: Number of eggs laid by whitefly Bemisia tabaci on different chillies Capsicum spp accessions under greenhouse condition.

Number of eggs/leaf* Average
Accessions 3 DAR 5 DAR 8 DAR 12 DAR

P1 5.70 (2.49)° 6.00 (2.55)¢ 6.70 (2.68)¢ 6.90 (2.72)° 6.33

P2 3.00 (1.87)2 4.10 (2.14)2 5.50 (2.45)® 5.70 (2.49)® 4.58

P3 5.00 (2.35)¢ 5.80 (2.51)¢ 6.00 (2.55)° 6.80 (2.70)° 5.90

P4 3.30 (1.95)° 4.40 (2.21)° 5.80 (2.51) 5.90 (2.53)° 4.85

P5 7.80 (2.88)" 7.80 (2.88)° 8.30 (2.97)° 9.70 (3.19)° 8.40

ACC1 3.33 (1.96)° 4.42 (2.22)° 5.70 (2.49)¢ 5.80 (2.51)® 4.81

ACC10 7.70 (2.86)9" 8.70 (3.03)¢ 9.70 (3.19)9 10.80 (3.36)" 9.23

ACC 12 3.10 (1.90)® 4.20 (2.17)? 5.40 (2.43)? 5.50 (2.45)2 4.55

ACC 26 7.40 (2.81)% 7.70 (2.86)° 8.80 (3.05)f 9.90 (3.22)° 8.45

ACC 27 7.10 (2.76)f 8.00 (2.92)f 8.50 (3.00)¢f 8.80 (3.05)¢ 8.10
SEd 0.0302
CD(0.05) 0.0631

* Mean of three replications, DAR — days after adult release
The mean values were separated using Duncan’s Multiple Range Test (DMRT) (Duncan, 1951). (P=0.05).
Values in parantheses are square root transformed

Table 4: Per cent hatchability of nymphs of whitefly Bemisia tabaci on different chillies Capsicum spp accessions

Per cent hatchability of nymphs/pair/leaf*
Accessions No. of eggs laid/leaf No of nymphs emerged/leaf Per cent hatchability
P1 6.33 (2.61)° 5.67 (2.48)¢ 89.47 (71.08)¢
P2 5.00 (2.35)° 4.00 (2.12)° 80.00 (63.46)%
P3 6.67 (2.68)" 6.33 (2.61)¢ 95.00 (77.36)°
P4 5.33 (2.42)¢ 4.33 (2.20)° 81.25 (64.35)%*
P5 7.67 (2.86)¢ 7.33 (2.80)i 95.65 (78.43)°
ACC1 4.67 (2.27)° 4.00 (2.12)° 85.71 (67.80)
ACC10 8.00 (2.92)" 7.67 (2.86)i 95.83 (78.94)°
ACC 12 4.33 (2.20)2 3.33 (1.96)* 76.92 (61.33)%
ACC 26 7.67 (2.86)¢ 7.33 (2.80)i 95.65 (78.43)°
ACC 27 8.00 (2.92)" 7.00 (2.74) 87.50 (69.35)«
SEd 0.0247 0.0271 2.4244
CD (0.05) 0.0515 0.0565 5.0572

* Mean of three replications

The mean values were separated using Duncan’s Multiple Range Test (DMRT) (Duncan, 1951). (P=0.05).

Values in parantheses are square root transformed

~ 1910~




Journal of Entomology and Zoology Studies

No of whitefly B.tabaci nymphs/leaf)

9.33
8.00
5.37 6.67
467 5.00
4.00 I - 167
Pl P2 P3 P4 PS  ACCL ACCI0 ACCL2Z ACC26 ACC27
Fig 2: Number of nymphs of whitefly Bemisia tabaci developed on
seedlings of chillies Capsicum spp accessions

8.67 8.33

* Mean of five replications

The mean values were separated using Duncan’s Multiple
Range Test (DMRT) (Duncan, 1951) (P=0.05), Values in
parantheses are square root transformed

Table 5: Number of nymphs of whitefly Bemisia tabaci developed
on seedlings of chillies Capsicum spp accessions

Accessions No. of nymphs/leaf)*

P1 6.37 (2.62)°

P2 4,00 (2.12)°

P3 6.67 (2.68)f

P4 4.67 (2.27)°

P5 9.33 (3.14)

ACC1 5.00 (2.35)¢

ACC10 8.00 (2.92)9

ACC 12 3.67 (2.04)?

ACC 26 8.67 (3.03)'

ACC 27 8.33 (2.97)"
SEd 0.0113
CD(0.05) 0.0228

* Mean of five replications

The mean values were separated using Duncan’s Multiple Range
Test (DMRT) (Duncan, 1951). (P=0.05).

Values in parantheses are square root transformed

Table 6. Population build-up of whitefly Bemisia tabaci on chillies Capsicum spp accessions under greenhouse condition

Population build-up/ pair/leaf*
F1 | F2
Accessions | No of adult emerged | No of adult emerged | No of eggs | No of nymphs emerged | No of pupa | No of adult emerged

P1 5.05 (2.36)4 5.05 (2.36)¢ 4.33 (2.20)¢ 3.67 (2.04)° 3.33 (1.96)° 2.67 (1.78)¢
P2 2.33 (1.68)2 2.33 (1.68)2 2.00 (1.58)2 1.67 (1.47)3 1.00 (1.22)3 0.67 (1.08)P
P3 5.11 (2.37)¢ 5.11 (2.37)¢ 5.00 (2.35)° 4.67 (2.27)¢ 4.33 (2.20)¢ 4.00 (2.12)¢
P4 2.99 (1.87)° 2.99 (1.87)° 2.67 (1.78)° 2.33 (1.68)° 1.67 (1.47)° 1.00 (1.22)°
P5 6.97 (2.73)° 6.97 (2.73)°f 8.50 (3.00)¢ 8.50 (3.00)" 8.50 (3.00)¢ 8.17 (2.94)"
ACC1 2.60 (1.76) 2.60 (1.76) 2.33 (1.68) 1.67 (1.47)? 1.00 (1.22)? 0.67 (1.08)°
ACC10 6.67 2.68)° 6.67 (2.68)° 8.27 (2.96)¢ 8.27 (2.96)f 8.27 (2.96)™ 7.93 (2.90)¢
ACC 12 2.33 (1.68)% 2.33 (1.68)% 2.00 (1.58)2 1.67 (1.47) 1.00 (1.22)? 0.33 (0.91)2
ACC 26 7.73 (2.87)9 7.73 (2.87)¢ 8.20 (2.95)¢ 8.20 (2.95)" 8.20 (2.95)" 7.87 (2.89)¢
ACC 27 7.00 (2.74)f 7.00 (2.74)f 7.33 (2.80)f 7.33 (2.80)¢ 7.33 (2.80)¢ 7.33 (2.80)f

SEd 0.0286 0.0286 0.0318 0.0279 0.0231 0.0183

CD(0.05) 0.0597 0.0597 0.0663 0.0583 0.0483 0.0382

* Mean of ten replications

The mean values were separated using Duncan’s Multiple Range Test (DMRT) (Duncan, 1951) (P=0.05).

Values in parantheses are square root transformed

Table 7: Mean of whitefly Bemisia tabaci F2 nymph prereproductive period (d) and No of progeny produced by P1 (F2) adults on chillies
Capsicum spp accessions

Accessions Mean + SE F2 nymph prereproductive period (d) Mean + SE no. of progeny produced by P1(F2) adults/leaf*

P1 13.50+0.77¢ 1.78+0.02¢

P2 15.83+0.242 1.08+0.01°

P3 13.00+0.552 2.12+0.00¢

P4 15.33+0.40° 1.22+0.01°

P5 14.00+0.20% 2.94+0.02"

ACC1 15.00+0.37¢ 1.08+0.00°

ACC10 12.67+0.49% 2.90+0.019

ACC 12 16.17+0.37% 0.91+0.002

ACC 26 14.17+0.49" 2.89+0.029

ACC 27 13.1740.37%¢ 2.80+0.01°
SEd 0.0807 0.0183
CD(0.05) 0.1631 0.0382

* Mean of ten replications

The mean values were separated using Duncan’s Multiple Range Test (DMRT) (Duncan, 1951). (P=0.05).

Values in parantheses are square root transformed
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