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1. INTRODUCTION

Tremendous attention has been paid to increase the vegetable production in
India. As a result, the country has emerged as the second largest producer of
vegetables after China. The production has touched new heights in the recent past,
reaching 90 million tonnes. However, as the country’s population is increasing @ 1.8
per cent, our vegetable requirement up to 2010 will be around 135 million tonnes.
In Kerala, the production is much less than the requirement, if balanced diet is
provided to every individual. Kerala depends on neighbouring states to meet the
requirement of vegetables. Hence it is an urgent need to increase the vegetable
production substantially to attain self sufficiency by bringing additional area under
vegetable crops, using hybrid seeds and use of improved agro- techniques. Another
potential approach to increase the vegetable production is enhancing the pollination
process and promotion of integrated pest management practices in cross pollinated

vegetables.

The cucurbit crops form one of the largest groups in the vegetable kingdom
with their wide adaptation from arid to the humid tropic environments. The Asian and
Pacific region produce many edible cucurbits and is considered to be the centre of
origin for some of them. Cucurbits is considered as one of the largest botanical

families of vegetables produced and consumed (Prem, 2007).

Cucurbitaceae with its unisexuality stands unique as entomophilous family
since insect pollination is chiefly of wide occurrence in bisexual plants. Thus
cucurbits represent an unique case where unisexuality is marked with synchronous co
evolution of stamens, carpel’s and their pollinating insects (Shrivastava and
Shrivastava 1991). The dense and sticky pollen needs to be transferred to the female
flowers to ensure fruitset, well shaped fruits thus to optimize yield. Fruit size and
shape is related to the number of seeds produced and each seed requires one or more
pollen grains. Flowers are usually open and attractive to bees for only one day and
pollination must take place on the day at anthesis. Ensuring the presence of 1 to 3
honeybee colonies per acre was a reliable method of pollination in the mid-Atlantic

(Chris Wien, 2006).



Pest incidence is a major constraint in vegetable production which impaired
both quantity and quality of vegetables. In cucurbits, crop loss up to 95 per cent may
occur due to melon fruit fly (Rajpoot et al., 2002). Leaf feeders and pumpkin beetles
were also serious problems in cucurbits and they caused crop loss up to 47.49 per cent
(Reeta, et al., 2003a).

Farmers usually use various pesticides especially synthetic pyrethroids in an
unscientific and haphazard manner to control the pests. While considering the
production and productivity of cucurbits, both pollination by insects as well as
protection of the crop from pests are equally important. The unscientific management
practices result in the decline of pollinators and other beneficial insects causing great
economic loss. Hence, there is an urgent need for protecting the pollinators and
beneficial insects by avoiding the indiscriminate use of pesticides. Under such a
situation, knowledge on the insect community associated with cucurbits, foraging
activity of pollinators, natural enemies of pests and the nature and extent of damage
caused by pests is essential. Therefore, the present study was undertaken with the

following objectives.

*» To document the different insects, mite and spider species present on the
cucurbitaceous vegetable ecosystem.

** To find out the foraging activity of insect pollinators.

** To assess the impact of insecticides on insect pollinators, natural enemies and

pests.
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2. REVIEW OF LITERATURE

The yield of agricultural crops can be significantly increased through good
management practices including effective pollination. Cucurbits mainly depend on
insects for pollination because of their monoecious flowers. The pesticides, which are
applied for the management of pests of cucurbits are found to cause deleterious
effects on the pollinators and natural enemies. The literature related to the insect
community, pollinators, foraging behavior of bees, the occurrence of pests and natural
enemies and impact of insecticides on pollinators, pests and natural enemies is

reviewed here under.
2.1 INSECT COMMUNITY

Nevkryta (1937) recorded 63 species of Hymenoptera, 16 species of Diptera, 7
species of Lepidoptera, one species each of Hemiptera and Coleoptera on cucurbit
flowers. Atwal (1970) recorded more than 23 species of bee visiting cucurbitaceous
flowers at Ludhiana. He also observed that Apis dorsata Fabr. was the most abundant
species visiting the flowers followed by Apis florea Fabr., Apis cerana indica Fab.,
Xylocopa pubescens (Spinola), Nomiodea sp. and halticina bees. According to
Marinturriza et al.(1995) entomofauna associated with the cucumber was 52 species
belonging to 38 families and 9 orders and of these 67.12 per cent was phytophagous,
18.78 per cent predators, 6.07 per cent parasitoids and 8.10 per cent pollinators.
Melendez Ramierz et al. (2002) recorded bees belonging to 6 families, 29 genera and
58 species from cucurbits. Seven species (6 genera) of Apidae, Anthophoridae and
Halticidae comprised around 80 per cent of all the individuals collected from

pumpkin, cucumber, melon and water melon.
2.1.1 Insect pollinators

Pollinating insects viz., bees, wasps, beetles, flies, butterflies and moths
provided almost incalculable economic and ecological benefits to humans, flowering
plants and wild life (Ascher and Buchmann, 2005). Muller (2007) recognized
different species of insects which included beetles, bees, wasps, ants, butterflies and

moths, of these bees pollinate the largest number of plant species.




Coleoptera

Although beetles are the largest order of insects, they have been often
overlooked as pollinators because the pollination process (Cantharophily) is relatively

low due to the lack of specialization (Faegri and Van der Pijl, 1979).

According to Andrews et al. (2007) striped cucumber beetle Acalymma
vittatum Fabr. fed on cucurbits and were attracted to several volatiles emitted by
cucurbit blossoms. However, the effect of these volatiles on pollinator attraction is

unknown.

Diptera

Flies are important pollinators under certain climatic conditions because they
are present throughout the year. Some plants flowering at odd times of the year may

be completely dependent on flies for pollination (Hagerup, 1951 and Kevan, 1972).

The hoverfly, Bombylius sp. hover in the air as they fed on pollen and flowers
(Baker, 1957). Adult flies fed on pollen and nectar and the females require the amino

acids in the pollen for the maturation of their reproductive system (Wratten et al.
1995).

Lepidoptera

Lepidoptera are one of the best known and most visible insect and are
effective pollinators by pollen is often involuntarily stuck to the proboscis or on body

parts of the insects.

According to Morimoto (2004) bottle gourd flower visitors comprised of hawk
moths Hippotion celerio (L.), Agrius convoluli (L.), and Skipper butterfly Gorgyra
Johnstoni (L.).

Hymenoptera

Bees, wasps and ants under the order hymenoptera comprised of some of the
most important pollinating insects and among them, bees are better adapted for

pollination and they ranged from the simple solitary bee to the complex social bees.

Girish (1981) reported that Apis spp. were the most important pollinators of

summer squash viz., A. cerana indica, A. dorsata and A. florea which contributed 87,



10 and 3 per cent, respectively from around Bangalore. Bumble bee visiting flowers
consistently had lower abortion rates and higher seed sets in cucumber and
watermelon than honey bee visiting flowers. It was concluded that bumble bees have
a great potential to serve as a supplemental pollinator for cucumbers, water melons
and possibly other vine crops, while honey bees were available for rental in limited
supply (Stanghellini et al., 1998; Dasgan et al., 1999). Gingras et al. (1999) studied
the presence of honeybee Apis mellifera L. and found that the number of bees present
and cumulative duration of their visits to the flowers were important in pollination

and influenced both the quality and quantity of cucumber production.

Kremen et al. (2002) reported that in organic farms near natural habitat, the
. native bee communities could provide full pollination services even for a crop with
heavy pollination requirements viz., watermelon, Citrullus lanatus (Thunb.) without
the intervention of managed honey bees. They found that other farms experienced
greatly reduced diversity and abundance of native bees, resulting in insufficient
pollination services in farms. They also found that diversity was essential for
sustaining the service, because of year-to-year variation in community composition.
Continued degradation of the agro-natural landscape will destroy this "free" service,
but conservation and restoration of bee habitat are potentially viable economic

alternatives for reducing dependence on managed honey bees.
2.1.2 Insect pests
Bactrocera spp.

The melon fruit fly (Bactrocera cucurbitae Coq.) is distributed widely in
temperate, tropical and sub tropical regions of the world. It has been reported to
damage 81 host plants and is a major pest of cucurbitaceous vegetables, particularly

bittergourd, muskmelon, snapmelon and snakegourd (Dhillona et al., 2005 ).

The melon fruit fly has been reported to infest 95 per cent of bittergourd fruits,
90 per cent snakegourd and 60 to 87 per cent pumpkin fruits (Hollingsworth et al.,
1997, Rajpoot et al., 2002). Pankaj- Ingoley et al. (2002) reported high fruit

infestation in June under mean maximum temperature, minimum temperature, relative




humidity and rainfall of 27.10° C, 17.70 to 19.00° C, 72.00 to 84.00 % and 53.3 to

61.5 mm, respectively.
Aulacophora spp.

Aulacophora sp. reported as a pest of cucurbits during all stages of
development (Hoffmann et al., 2003; Mahmood et al., 2005). Aulacophora foveicollis
Lucas adults showed poor feeding response on ridge gourd Luffa acutanguia cv.
Kalitori (L.) and sponge gourd Luffa cylindrica cv.Ghaitori (L.) when leaf disc were
offered separately and alternately with the standard plant bitter gourd Momordica
charantia cv. Kerala (L.) Adults showed a higher preference index viz., 2.53 , 2.45,
1.05 and 1.03 on pumpkin Cucurbita maxima cv. Kerala Duchense and Musk melon

Cucumis melo cv. Khabooza (L.), respectively (Reeta — Jhori et al., 2003 b).

The seasonal abundance of beetle on cucurbit plants revealed that the peak
infestation (47.49 per cent) and the least infestation (3.92 per cent) were in the month
of July and February when relative humidity ranged at 70.55 and 60.60 per cent
respectively. The highest damage potential by the beetle was in the germinating plants
in March to May (Borah et al., 1997; Reeta — Jhori et al., 2003 c).

High infestation of the beetle 4. foveicollis was observed in the seedling
stage, especially at cotyledonary leaf stage. They made holes in the coty]e&onary
leaves, although they attacked the vines in the grown up stage also. Musk melon,
bottle gourd, pumpkin, cucumber and watermelon were severely attacked by the

beetles than bitter gourd (Bose et al., 1993; Nair, 1999; David, 2002; KAU 2002).
Diaphania indica Saunders

The highest infestation of the pest being observed in little gourd Coccinia
indica Wight, followed by bitter gourd Momordicha charantia (L.} and pointed gourd
Tricosanthes dioica Roxb (Jhala et al ., 2005).

Peter and David (1991a) reported that the peak incidence of D. indica was

observed in April to September and low population in November to February.,

The young larvae fed on chlorophyll and skeletonized the leaves of all the

three cucurbits studied, while the older larvae folded and webbed together the leaves



and fed from with in. All stages of the larvae were observed feeding on flowers and
boring in to the ovaries, new tender shoots and all stages of the fruits young and
developing as well as mature fiuits in the case of littlegourd and bittergourd (Nair et
al., 1999; Nandakumar, 1999; Krishnamoorthy and Krishra kumar, 2001; Jhala et al.,
2004; Kargnar et al., 2004).

The adult of the D. indica laid eggs more on mature leaves than on aged and
developing leaves. The larvae showed their preference to cucurbits in the order of
cucumber C. sativis > gourd Lagenaria sciceraria (Molina) > water melon C. lantus
> oriental melon C. melo var. Makuwa > sponge cucumber L. cylindrica > cotton

Gossypium indicum Medik. (Choidongchil, 2003).
Aphis spp.

These small green insects (Aphis sp.) damage the plants by sucking cell sap.
As a result of attack, seedling stage cotyledonary leaves crinkle and in severe cases
the plants wither and in the grown up vines, the leaves turn yellow and plant loses its
vigour and yield. Both melon aphid Aphis gossypii Glover and peach aphid Myzus
persicae Sulzer attack the cucurbits (Bose et al., 1993; Nair, 1999; David, 2002;
Perdikish, 2003).

Vansteenis (1995) found that A. gossypii was an important pest in glass house

cucumber crops 20, 25 and 30 ° C on two cucumber cultivars.
Liriomyza trifolii Burgess

Drying and dropping of leaves due to severe infestation of serpentine leaf
miner L. trifolii was observed by Nair,1999; Nandakumar,1999 and Regupathy et al.,
2003.

Henosepilachna spp.

The beetle was reported to feed on cucurbits, bitter gourd and snake gourd
(Tewari and Krishnamurthy, 1983; Nair, 1999; Nandakumar, 1999). In cucurbits the
damage was caused by the adults and grubs feeding on the leaf surface. Initially
leaves presented a lace like appearance and they turned brown, dried and fell off

resulted in complete defoliation ( Atwal, 1986; Nair, 1999).




2.1.3 Natural Enemies

Twenty species of natural enemies were found associated with the pumpkin
caterpillar D. indica. Of these 16 were parasitoids belonging to the families
Braconidae, Ichneumonidae, Bethylidae, Elasmidae and Chalcididae and four species
of the predators viz., ants and spiders. Apantles microsporidia (L.) was also recorded
for the first time on D. indica (Perter and David, 1991 b). Duan and Messing (1997)
reported that two opiine parasitoids Diachasmimorpha longicaudata (Ashmead) and
Psyttalia fletcheri (Silvestri) were effective in controlling B. dorsalis and
B. cucurbitae. Jacobson and Croft, (1998) and Einat et al. (2006) established two
methods of adoption of parasitoid Aphidius colemani Viereck in cucumber crop prior
to invasion of the aphids. Synder and David (1999) reported that spotted cucumber
beetle reduced their feeding and damage to host plants in the presence of the large

wolf spider Hogna helluo (Walckenaer).

Leandro baui et al. (2006) reported a more suitable sampling system for the
larvae of D. indica in cucumber plants. The more suitable sampling system was for
hymenoptera parasitoids in cucumber plants to directly count the adults on one leaf of

the mean third of the canopy.
Spiders

The occurrence of spiders Tetragnatha sp. and Oxyopes sp. from bitter gourd
was reported by Nandakumar and Saradamma {(1996). The orb — web weavers
Araneidae and Tetragnathidae fed on Homoptera such as leaf hoppers and
Orthoptera, especially grass hoppers in cucurbits (Sunderland, 1999). Chinta (2002)
studied on pests and beneficial arthropods on pointed gourd and found that Coccinella
transversalis Fabr., Brumus suturallis (F.), Micraspis 'discolor (Fabr.), Casnoidea
indica, Paederus fuscipes Curtis and Pardosa birmanica Simon comprised of the
predatory species with P. birmanica being the important spider through out the
cropping season. Manu and Hebsybai (2006) reported that about thirty species of
spiders belonging to nine families in vegetables and the major being O. javanus,
O. shweta and Thomisus sp. and among them O. javanus appeared from the vegetative

stage up to maturity stage.



Coccinellid beetles

There were reports of coccinellids dominantly predated on aphids than the
insects of any other group. Both the larvae and adults are voracious feeders of aphids
(Haque and Islam, 1978; Anand, 1983; Agarwala and Ghosh, 1998).

Parasitoids

Patel and Kulkarny (1956) reported the parasitisation of Apanteles sp. on
D. indica and the highest parasitism was reported on coccina and bitter gourd. The
pest was parasitized by large number of parasitoids, among them important being
A. taragammae and Goniozus sensorious Gordh (Peter and David, 1991 b). They also
observed that the combined action of the parasitoids during January to March and
October to December lowered the pest population. A total of 12 species of parasitoids
were recorded as natural enemies of L. frifolii, including one Braconidae, one
Eucoilidae, two Pheromalidae and eight Eulophidae (Arakaki and Kinjio, 1998).

2.2 FORAGING BEHAVIOUR OF BEES

Bee activity is one of the most important factors which aids in pollination. In
the process of evolution, flowers have adopted to secrete or produce and offer nectar
and / or pollen in large amounts to attract bees in large numbers. Bee visits, almost
coincide with the presence of viable pollen and at the time when the stigma is most
receptive. Atwal (1970) reported that the highest bee visiting cucurbit flowers was
from 0700 to 1030 hr in Ludhiana. The foraginé activities in honey bee colonies were
greatly influenced by rainy days, high humidity and other uncomfortable weather
parameters (Naim and Phadke, 1976). Girish (1981) observed that during February
A. cerana indica began foraging on summer squash at 0620 hr and 4. dorsata and
A. florea at about 1200hr. During May and June all the bees began and ceased

foraging earlier in the day compared to other months.

Cervanica and Bergonia (1990) reported that common flower visitors of
cucumber were A.dorsata, Xylopa chlorinae Smith, Xylopa philippinensis Smith,
Megachile atrata Smith. They were most abundant from 1000 hr to 1100 hr.
Sattigi et al. (1996) reported that foraging activity was noticed throughout the day but
it was at the peak between 0800 hr to 1100 hr in summer and 0800 hr to 1200 hr in



monsoon. The foraging activity was low during other hours of the day in different
seasons. Devanesan et al. (2002) reported that foraging activity of Trigona iridipennis
Smith started around at 0700 hr e.lnd a gradual rise in activity was observed at 1300 hr
then increased and reached its second peak at 1500 hr and there was almost no

activity at 1800 hr, around Kerala.

Jyothi (2003) recorded foraging activity of 4. mellifera peaked between 1000
and 1300 hr (35.7 to 37.7 bees) and of 4.cerana indica (24.3 to 26.7 bees) and then
decreased to 3.6 and 0.0 bees for A. mellifera and A. cerana indica, respectively, at

1800 hr, around Bangalore.

Sajjanar et al. (2004) reported that in cucumber flowers, A. dorsata was the
most frequent visitor and started activity around 0600 hr whereas all other insect
visitors started foraging activity by 0800 hr. Foraging activity was at its peak by 1000
h but declined later. However, the activity again picked up by around 1500 hr and
reached a peak by 16.00 hr but declined later. They also found that under caged
conditions, pollen foragers of A. cerana indica initiated activity by 0600 hr, the
activity was at a peak (6 bees/m*/5 min) by 1000 hr, declined gradually till 1800 hr,
whereas, nectar foragers initiated activity by 0700 hr, remained in low numbers
initially but picked up activity by noon to attain a peak by 1300 hr, with 6.89

bees/m?/5 min, followed by a gradual decline in the activity.
Time spent by bee for the collection of nectar and pollen

Girish (1981) reported that there was very little difference in the time spent for
collection of nectar from pistillate and staminate flowers in summer squash and it was

ranged between 34 and 38 sec. for both A. cerana indica and A. dorsata, respectively.

According to Ankita et al. (2003) the time spent by 4. dorsata workers was the
least (31.4 sec.) followed by 4. mellifera (31.7 sec), A. cerana indica (33.3 sec.) and
A. florea (43.9 sec.) in Indian mustard . The time spent by 4. florea on each flower
(18.33 sec.) was longer compared with A. dorsata (6.66 sec.) and A. mellifera
(11.33 sec.) in sesamum (Yogesh a et al., 2003).
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Sajjanar et al. (2004) reported that the time spent by A. dorsata on pistillate
cucumber flowers was 27.5 to 41.69 sec. during different day hours where as
A. cerana indica spent 32.75 to 47.69 sec. on staminate flowers, nectar foragers

A. dorsata spent 26.13 to 38.00 sec. and A. cerana indica 30.44 and 43.44 sec.
2.3 IMPACT OF INSECTICIDES

2.3.1 Insect Pollinators

Effect of pesticides on honey bees

Stevenson and Walker (1974) reported that accidental poisoning of honeybees
by insecticides was due to the spray application of organophosphates applied on crops
during their flowering period. Carbaryl was lethal to honey bees on the day of
application (Stanger and Winterlin, 1975). Fiedler (1987) reported that the intake of
small amounts of insecticides resulted in increased mortality and reduced

consumption in honey bees.

Bielza et al. (2001) reported that conifidor 20 %SL was safe to bumble bees
pollinating green house tomatoes. Stefanidous et al . (2003) reported that poisoning of
bee pollinators had a serious adverse effect which led to a decrease in insect

pollination, reduction in the honey yield.

Ladumer et al.(2003) showed that the flower method was the most effective
for evaluation of pesticide effect on bees compared with film conister and glass vial
methods. Sterk and Benuzzi (2004) showed that all the microbial insecticides were
completely safe to bumble bees, while the chemical pesticides proved more variable

in their effects.
A. mellifera

Mclaren et al. (1987) showed that mortality of 4. mellifera was higher in
those bees exposed to microencapsulated formulation than those exposed to
emulsifiable concentrate formulation of insecticides. The order of toxicity was
dimethoate > malathion > carbaryl > neem oil. The result showed that neem oil was
safest insecticide to A. mellifera (Sontakke and Dash, 1996; Abrol and Andorta,

1997). Jimenez et al. (1997) showed that fenvalerate and carbaryl insecticides caused
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adult bee mortality, even eleven weeks after spraying, greatest mortalities were

recorded during the initial twenty five days.

Abrol and Rajivkumar (2000) reported that there was significant reduction in
the number of bees in the order of dimethoate > carbaryl > fenvalerate. According to
Angeli et al. (2002) open field application of the insecticides fenitrothion on Phacelia
tanacetifolia showed lower adult mortality with the treatments before than during the
bloom period. Toxicity of pesticides while foraging and also inside the hive due to
presence of pesticide residues in nectar and pollen was reported by Kashyap and

Kumar, 2002.

Gowda et al. (2002) showed that fenvalerate were moderately toxic to
A. mellifera when fed orally whereas carbaryl was toxic in the case of topical
application method. Mall and Rathore (2003) reported that dimethoate was repelling
chemicals where less number of bees visited. Angeli et al. (2003) studied the effect of
insecticides used on fruit crop grape and observed that dimethoate was highly toxic to

A. mellifera.

Johnson et al. (2006) reported that honey bee A. mellifera often thought to be
extremely susceptible to insecticides in general, exhibit considerable variation in
tolerance to pyrethroid insecticides, although lambda-cyhalothrin was highly toxic to

honey bees.

Marie et al.(2006) initiated a field survey on French apiaries to monitor the
weakness of honey bee, 4. mellifera colonies. Apiaries were evenly distributed in five
sites located on continental France. Pollen loads from traps were collected at each
visit. Multiresidue analyses were performed in pollen to search residues of 36
different molecules. Specific analyses were conducted to search fipronil and its
metabolites and also imidacloprid metabolites. Residues of imidacloprid and
6-chloronicotinic acid were found in 69 per cent of samples. Imidacloprid contents
were quantified in 11 samples with values ranging from 1.1 to 5.7 pg/kg.
6-chloronicotinic acid content was superior to the limit of quantification in 28 samples

with values ranging from 0.6 to 9.3 pg/kg.
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A. cerana indica

Singh et al. (1974) reported that carbaryl and dimethoate proved highly toxic
to the worker bee of A. cerana indica. Singh et al. (1989) showed that the maximum
cumulative mortality of bees was recorded in the treatment with dimethoate followed
by DDVP, malathion, endosulfan and phosalone . The immediate effect of spraying
was most pronounced in the case of dimethoate and malathion. The cypermethrin and
permethrin were highly toxic to foraging workers of 4.cerana indica (Reddy et al.

1997).

All chemical insecticides were toxic to A. cerana indica in both oral feeding
and contact method treatments (Nataraja et al. 2002). Raju (2002) reported that ’
insecticides like carbaryl, dimethoate were highly toxic and malathion being
moderately toxic to A. cerana indica. The median lethal time of 16.69 hrs was

observed in lambda-cyhalothrin and imidacloprid 12.19 hrs (Khan and Dethe, 2004).

Venkat Reddy and Chandrashekhara Reddy (2006) observed that the oral
toxicity in A.cerana indica in the descending order viz., carbaryl > dimethoate >

fenvalerate > malathion.
2.3.2 Insect Pests
B.cucurbitae

Gupta and Verma (1982) reported that fenitrothion 0.025 per cent in
combination with protein hydrolysate (.25 per cent reduced fruit fly damage 8.7 per
cent as compared to 43.3 per cent damage in untreated control. The application of
molasses with malathion and water in the ratio 1: 0.1: 100 provides good control of
melon fruit fly (Agarwal et al., 1987; Bose et al., 1993 and Akhtaruzzamman et al.,
2000).

Bhatnagar and Yadava (1992) reported malathion 0.5 per cent to be more
effective than carbaryl 0.2 per cent and quinalphos 0.2 per cent on bottle gourd,
sponge gourd and ridge gourd. Neem oil 1.2 per cent has also been reported to be as
effective as dichlorovos 0.2 per cent (Ranganath et al., 1997). Protein bait spray /

traps to be economically viable, environmentally sensitive, sustainable and has
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suppressed fruit flies below economic threshold with the minimum use of
organophosphates and carbamate insecticides (Wood, 2001; Vargas et al., 2003; Jiji et
al., 2005; Klungness et al., 2005; Thomas et al., 2005).

The synthetic pyrethriod treatments deltamethrin (Decis 2.8 E.C 375 g a.i./
ha), cypermethrin (cybil 25 E.C 75 g a.i./ ha ) gave significantly less fruit infestation
of cucurbit fruit fly up to 14 days when sprayed on summer squash compared to

malathion (Massithion 20 E.C at 375 g a.i./ha ) (Sharma and Nitinsood, 2004).

Aulacophora spp.

Allen et al. (2001) reported that cucumber seeds treated with imidacloprid
(GAUCHO) effective control for striped cucumber beetle. According to
Krishnamoorthy and Krishnakumar (2001) quinalphos 0.05 per cent was effective in

controlling Aulacophora sp.

Babu et al. (2002) reported that beta — cyfluthrin was effective against red
pumpkin beetle. Rajak and Singh (2002) reported that among the plant leaf powder,
Neem Azardirachata indica 1.. was most effective against red pumpkin beetle.
Regupathy et al. (2003) recommended malathion 0.5 per cent and dimethoate 0.05 per

cent for controlling the leaf beetles.
D. indica

Schreiner (1991) reported that carbaryl and dimethoate were effective in
reducing caterpillar population of D. indica. Zhou wei et al. (2005) determined the
efficiency of insecticides viz., fenvalerate, acephate and dimethoate aganist Diaphania

perspectalis (Walker).
Aphis spp.

Neem Azal was highly effective against 4. gossypii in okra (Chandrasekaran,
2001). Malathion 0.05 per cent gave protection against aphid in cucurbits (KAU,
2002). According to Regupathy et al. (2003) neem based formulation 2 ml / | was
effective against aphids. Imidacloprid 0.002 per cent and dimethoate 0.05 per cent
were very effective against aphids (Regupathy et al., 2003; Bridar and Shaila, 2004).



L. trifolii

Rushtapakornchai et al., (1996) reported that two application of acephate gave
significant control of L. trifolii. Neem oil 50 E.C (TNAU formulation), resulted in
high larval mortality at 24 hours after treatment (Jeyakumar and Uthamaswamy,
1997).

Henosepilachna spp.

Carbaryl > malathion showed high toxicity to the grubs of Epilachna beetle
(Jayakumari, 1967). Quinalphos 25 EC was effective against Epilachna sp. for twenty
days (Raj gopal and Trivedi, 1989 ). Malathion 0.1 % protected foliage from beetle
damage (Jhansirani, 2001).

2.3.3 Natural Enemies

Murray { 2006) reported that botanical insecticides have long been attractive
alternatives to synthetic chemical insecticides for pest management because
botanicals reputedly pose little threat to natural enemies. Neem products are well
established commercially, that are cost-effective and relatively safe compared with

their predecessors.
Spiders

Neem products were safe to Tetragnatha sp. and Oxyopes sp. (Nandakumar
and Saradamma, 1996). In general spiders are more sensitive than many pests to some
pesticides, such as the synthetic pyrethriods, cypermethrin and deltamethrin, the
organo phosphates, dimethoate and malathion and the carbamate, carbaryl and a
decrease in spider population was observed than as pests (Brine et al., 1998; Huusela
— veistola, 1998: Yardim and Edwards, 1998, Holland et al., 2000; Tanaka et al.,
2000). Abundance of spiders was unaffected by imidacloprid ( Kunel et al., 1999).
According to Mishra and Mishra (2002) spider population in okra field was un
affected by malathion application where as the reports of Mamu (2005) showed that
malathion 0.1 per cent was toxic to spiders and imidacloprid 0.002 per cent proved

less toxic to spiders.



Coccinellid beetles

Bozsik (2006) reported that imidacloprid seem to be safest for Cocinella
septempunctata (L.) adults. Tenczar and Krischik (2006) reported that bio rational
foliar sprays and a novel application method of soaking transplants in imidacloprid

conserved of coccinellid predators.
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3. MATERIALS AND METHODS

A survey was under taken in cucurbitaceous vegetable gardens to record the
population of insect pollinators, pests and their natural enemies and to assess their
seasonal occurrence in Kalliyoor panchayat of Thiruvananthapuram district during
March 2006 to February 2007. A field experiment was also conducted in the
Instructional farm, College of Agriculture, Vellayani for assessing the impact of
insecticides on the insect pollinators, pests and their natural enemies. The materials

used and the methods adopted are described here under.

3.1 INSECT COMMUNITY

3.1.1 Documentation

The cucurbitaceous vegetable crops viz., snake gourd (7. anguina), bitter
gourd (M. charantia) and oriental pickling melon (C. melo var; conomon Mak.) were
selected for studying the insects associated with the crops. Three farmer’s field of five
cents each for each crop was identified in Kalliyoor panchayat of Thiruvananthapuram
district. Five plants were selected at random in each farmer’s field for each crop and
the population of the insect pollinators, pests and their natural enemies were recorded
at weekly intervals during summer and rainy season using standard methods as

detailed below.

3.1.1.1 Insect Pollinators

Different species of insects visiting the cucurbitaceous flowers were observed
initially for five days to get a generalized view about their foraging behaviour. Flying
insects viz., bees, wasps, flies and moths were collected using a sweep net having 20
cm, 50 cm and 30 cm as diameter of the frame, length of the cloth and length of the
handle, respectively. The non flying insects viz., ants, beetles and earwigs were hand
picked in a polythene cover and tied with a rubber band. The collected insects were
then brought to the laboratory, killed using chloroform, sorted, labelled and preserved
for identification.

Five plants in five square metre area were demarked as one replication and the

different species of insect pollinators visiting the flowers in the plants for five minutes



during 1000 to 1100 hr was recorded by visual observation at weekly intervals during
the entire flowering period, from fifth week after sowing to eighth week after sowing.
The mean population was worked out to determine the relative abundance of the
flower visitors. Similar observations on the flower visitors was made from an
insecticide free crops of the vegetables maintained in the Instructional farm, College

of Agriculture, Vellayani.
3.1.1.2 Insect pests

The insects found damaging the different parts of the plants were collected and
identify the pests of the crops. The population of insect pests was counted from each
plant and the number of leaves damaged by different insect pests were recorded out of
ten leaves sampled at random from each plant and the percentage of infestation was
worked out. Similarly, the percentage of fruits infestation was calculated from ten

fruits sampled at random from five plants.
3.1.1.3 Natural Enemies

The predators found feeding on the pests in the field were collected and were
confined in petridish along with the their respective hosts in the laboratory for

confirmation of their predatory nature. Their population were recorded per plant.

The parasitized larvae of pests were collected from the field, placed in a
perforated polythene bag, sealed, labeled and kept for the emergence of parasitoids.

The parasitoids emerged were identified and their population were recorded per plant.
3.2 FORAGING ACTIVITY OF INSECT POLLINATORS

The snake gourd, bitter gourd and oriental pickling melon were grown in the

Instructional farm, Vellayani with out applying insecticides.

The insect pollinators were recorded from 0600 to 1800 hr at an hourly
interval for five minutes during the peak flowering period. Five plants were selected
at random which served as replication in Instructional farm field for each crop and the

mean population was worked out.



3.3 IMPACT OF INSECTICIDES

A field experiment was conducted to assess the impact of commonly used
insecticides on insect pollinators in cucurbitaceous vegetables. Based on the studies
on foraging activity of the pollinator fauna, oriental pickling melon was selected for

the trial as it showed the maximum activity of the pollinators.
3.3.1 Raising Crop

Seeds of the local variety of oriental pickling melon obtained from the
Instructional farm, College of Agriculture, Vellayani was used for the experiment.

The trail was laid out as detailed below.

Design: RBD
Plot size: 155q. m
Spacing: 2.5%1m
Number of observation plants per plot: 4
Replications: 3
Treatments: 9
The treatments were:
T;—Neemoil 2.0 per cent
T, —Malathion 0.2 per cent + Jaggery 10 gm /1
T;— Acephate  0.05 per cent
T4 — Dimethoate 0.05 per cent
Ts — Carbaryl 0.1 per cent
T¢— Lambda- cyhalothrin 0.01 per cent
T7— Fenvalerate (.02 per cent
Tg — Imidacloprid 0.002 per cent
T¢ — Control
The crop husbandry practices were done as envisaged in the package of
practices recommendations of the Kerala Agricultural University (KAU, 2002). The
insecticides were sprayed twice during vegetative and peak flowering stage.
Observations on the population of the insect pollinators, natural enemies and pests

were taken one, three, five, seven, fourteen and twenty one days after each
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application. The extent of damage caused by different pests was recorded fourteen
days after spraying.
3.3.2 Preparation of Spray Solution

Neem oil

The botanical insecticide neem oil 2.0 per cent was prepared by mixing 200 ml
of Juerken and 50 gm of soap in 10 liters of water.
Malathion + Jaggery

The commercial formulation Malathion 50 EC supplied by Sree Ramicides
Chemicals Private Limited was used for the experiment. Malathion 0.2 per cent was
prepared by mixing 40 ml of Malathion 50 EC formulation in 10 liters of water.
Acephate

The commercial formulation Asataf 75 SP supplied by Rallis Tata Enterprise
Private Limited was used for the experiment. Acephate 0.05 per cent was prepared by
mixing 7 ml Asataf SP in 10 liters of water.
Dimethoate

The commercial formulation Rogor 30 EC supplied by Sree Ramicides
Chemicals Private Limited was used for the experiment. Dimethoate 0.05 per cent
was prepered by mixing 17 ml Rogor 30 EC formulation in 10 liters of water.
Carbaryl

The commercial formulation Sevin 50 WDP supplied by Bayer Crop Science
India Limited was used for the experiment. Carbaryl 0.1 per cent prepared by mixing
20 gm of Sevin 50 WDP formulation in 10 liters of water.
Lambda-cyhalothrin

The commercial formulation Command 5 EC supplied by Tropical agro
system India Ltd., was used for the experiment. L.ambda-cyhalothrin 0.01 per cent
was prepared by mixing 20 ml Of Command 5 EC formulation in 10 liters of water.
Fenvalerate

The commercial formulation Arfen 20 EC supplied by Sree Ramicides
Chemicals Private Limited was used for the experiment. Fenvalerate 0.02 per cent

was prepared by mixing 10 ml of Arfen 20 EC formulation in 10 liters of water.



Imidacloprid 3
The commercial formulation Confidor 200SL supplied by Bayer Crop Science
India Limited was used for the experiment. Imidacloprid 0.002 per cent was prepared

by mixing 0.1 ml of Confidor 200 SL formulation in 10 liters of water.
3.3.3 Assessment of Population of Insect pollinators

The population of insect pollinators were recorded as described in 3.1.1.1
The time when forager bee landing on the flower till leaving was recorded by using a
stop clock and was considered as time spent by the bee / flower. Similarly,
observations were made on nectar collection in pistillate and staminate flowers. Pollen
collection in staminate flowers were observed during the peak pollination time (1000

to 1100 hr). The mean time spent by each bee was expressed in seconds.
3.3.4 Assessment of Population of Pests

The count of Aulacophora sp., D. indica and A. peponis population were
recorded one day prior to spraying and one, three, five, seven and fourteen days after
spraying from the observation plants in each treatment and the mean number per plant

was worked out,
3.3.5 Assessment of Extent of Damage Caused by Various Pests

Ten leaves were collected at random from the observation plants in each
treatment and the number of leaves infested by Henosepilachna sp., Aulacophora sp.,
A. peponis, D. indica, L. trifolii and A. gossypii was recorded. The percentage of

leaves infested was worked out.
3.3.6 Assessment of Population of Natural Enemies

The number of spiders and coccinellid beetles were recorded one day prior to
spraying and one, three, five, seven and fourteen days after spraying from the

observation plants in each treatment and the mean number per plant was worked out,
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3.4.7 Yield

The matured fruits were harvested separately from each treatment and the
weight recorded at each harvest. The total yield was calculated and expressed in
kilograms.

Four ripened fruits were randomly seclected from each treatment and the pulp
surrounding the seed was removed smoothly by using knife. The seeds were weighted
using electronic digital balance. The mean weight of the seeds was calculated and

expressed in grams.
3.4.8 Seed Germination Percentage

The rate of germination was assessed by sowing ten seeds from each treatment
in soil filled in polythene cover. The germination of seeds was recorded and expressed
in percentage by using the formula.

Number of seeds germinated

Germination percentage = x 100

Total number of seeds sown

3.4 Statistical Analysis
The data were subjected to analysis of variance and interaction studies (Panse
and Sukhatme, 1985). Wherever the results were significant, the critical difference

was worked out at five per cent probability.
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RESULT



4. RESULTS

The results of the study conducted to document the various insects on three
cucurbitaceous vegetables (snake gourd, bitter gourd and oriental pickling melon) in
the farmer’s field and in the field experiment to find out the impact of insecticides on
the population, foraging behaviour of insect pollinators, population of natural
enemies, pests and their extent of damage on oriental pickling melon are presented in

this chapter.
4.1 INSECT COMMUNITY
4.1.1 Documentation

The insects, mite and spiders were observed on the cucurbitaceous vegetables
during the entire study period is presented in Table 1. Forty seven insect species in
several orders were recorded during the period of study from March 2006 to February
2007 and were represented by the following orders; Hymenoptera (13), Coleoptera
(10), Lepidoptera (9), Hemiptera (8), Diptera (5), Orthoptera (1) and Thysanoptera
(1).

Red spider mite alone represented the order Acariformes, while two species
of spiders belonged to the order Araneae. Category wise comparison of the population
indicated that the most predominant group was insect pollinators (29), followed by

pests {19) and their natural enemies (7).
Insect pollinators / flower visitors

The total number of different species of insect visitors recorded on the
flowers of three cucurbits was found to be 29. Of these, Hymenoptera, Lepidoptera,
Coleoptera, Diptera, Hemiptera, and Thysanoptera (Plate 3) were represented by 11,
6, 5, 4, 2, and 1, respectively. The hymenopterans consisted of three species from the
family Apidae, one species each from Halticidae, Anthophoridae, Ichneumonidae,
Vespidae, Sphecidae, Megachilidae, Xylocopidae and two species from Formicidae.
The six lepidopterans recorded were represented by one species each from the
families of Papilionidae, Lycaenidae, Amatidae, Hesperiidae, Nymphalidae and

Pieridae. The five coleopterans included three species from the family Chrysomelidae



Table 1. Occurrence of different insect pollinators, pests and their natural enemies on
cucurbitaceous vegetables

Common name | Scientific name Family order
Insect pollinators / flower visitors o
B Apis cerana indica Fab. Apidae o
Bees | Apis mellifera L.
Trigona sp.
Solitary bees Anderna sp. Bruce Anthophoridae
Ichneumon flies | Un identified Ichneumonidae
Vespa sp.. Vespidae
Chalybion bengalense Sphecidae
Wasps Y & P
P Dahlbom
Camponotus rufoglacus Hymenoptera
Jerdon Formicidae
Ants Oecophylla smaragdina
Fabr.
Leaf cutter bees | Megachile sp. Megachilidae
~_Carpenter bees | Xylocopa sp. Xylocopidae B B N
Swallow tails Papilio polytes stichius Papilionidae
Hubner
 Blue and coppers | Lampides boeticus L. Lycaenidae
Moth FEuchromia polymena L. Amatidae
Coconut leaf | Suastus gremius Fab. Hesperiidae
roller
Brush footed Precis atlites atlites L. Nymphalidae Lepidoptera
butterfly
Yellow and Catopsilla pyranthi L. Pieridae
whites
Aulacophora foveicollis Chrysomelidae N
Lucas :
Pumpkin beetles | Aulacophora lewesi Baly
Aulacophora stevensi Baly Coleoptera
Rose chafer Oxycetonia sp. Cetoniidae
beetles
Un identified | Nitidulidae
Bactrocera cucurbitae Coq. | Tephritidae
Flies Musca domestica Linn. Muscidae Diptera
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Walker

Eulophidae

Flies Un identified Statiomyidae
- . T Diptera
Graptomyza brevirostris Syrphidae
Weidemann _
Jassids Hishimonus phycitis Dist. Cicadellidae Hemiptera
Mirid bug Un identified Miridae
[ Thrips Un identified Thripidae Thysonoptera
Inscct pests )
Melon aphid Aphis gossypii Glover Aphididae
Spiralling white | Aleurodicus dispersus Aleurodidae
fly Russell
Leaf footed bug | Leptoglossus australis . Coreidae Hemiptera
| Pentatomid bug | Aspgopus janus F. | Pentatomidae
Green stink bug | Nezara viridula Linn.
Mealy bug Ferrisia virgata (Ckll.) Pseudococcidae
Leaf hoppers Hishimonus phycitis Dist. Cicadellidae
Aulacophora foveicollis Chrysomelidae
. Lucas
Pumplin beetles Aulacophora lewesi Baly
Aulacophora stevensi Baly Coleoptera
Epilachna beetle | Henosepilachna sp. Coccinellidae
Flower beetle | Mylabris pustulata Thn. Meloidae e
Melon fly Bactrocera cucurbitae Coq. | Tephritidae
American Liriomyza trifolii Burgess Agromyzidae Diptera
serpentine leaf
miner
Pumpkin Diaphania indica Saunders | Pyraustidae
caterpillar
Snake gourd Anadevedia peponis Fb. Noctuidae Lepidoptera
caterpillar ' |
Plume moth Sphenarches caffer Zeller Pterophoridae
Green grass Atractomorpha crenulata Acridiidae Orthoptera
hopper Fabr. 4 4
Red spider mite Tetranychus Sp. Tetranychidae Acariformes
Natural enemies
Coccinellid Menochilus sexmaculatus
beetles Fab. '
Synharmonia octomaculata | Coccinellidae Coleoptera
Fab.
Micraspis crocea Mulsant :
Spiders Oxyopes javanus Thorell Oxyopidae
Lycosa pseudoannulata Lycosidae Araneae
Boes et. st.
Parasitoids Apanteles sp. | Braconidae
Chrysocharis johnsonii Hymenoptera
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and one each from Nitidulidae and Cetoniidae. The dipterans were represented by one
species each from the families of Tephritidae, Muscidae, Statiomyidae and Syrphidae.
Hemiptera were represented by one species each from the family of Cicadellidae,
Miridae and Thysonoptera represented by one species from the family of Thripidae.
Among all these, the major insect pollinators were 4. cerana indica, A. mellifera,
Trigona sp. and Anderna sp. belonging to the Apidae and Anthophoridae under
Hymenoptera (Plate 1). P. polytes stichus, L. boeticus, S. gremius and C. pyranthi
were the major pollinators belonging to the lepidopterans (Plate 2). The major
pollinators of the coleopterans included A. foveicollis, A. lewesi and A. stevensi.
B. cucurbitae (Plate 2) and G. brevirostris were the dipteran pollinators in the

cucurbits.
Insect Pests

The total number of insect pests recorded on cucurbits was found to be 18. Of
these, seven belonged to the order Hemiptera, five belonged to Coleoptera, three to
Lepidoptera, two to Diptera and one to Orthoptera. The Hemiptera consisted of one
species each from the family of Aphididae, Aleurodidae, Coreidae, Pseudococcidae,
Cicadellidae and two species from the family of Pentatomidae. There were three
species from the family of Chrysomelidae and one species each from Coccinellidae
and Meloidae in Coleoptera. The lepidopterans were from the families Pyraustidae,
Noctuidae and Pterophoridae. There was one species from Orthoptera which belonged
to the familiy Acrididae. Among all these, the major pests were Aulacophora sp. and
Henosepilachna sp. belonging to the coleopterans. D. indica and A. peponis were leaf
feeders belonging to the lepidopterans. L. frifolii and A. gossypii were also major

insect pests belonging to the Diptera and Hemiptera, respectively (Plate 4).
Acariform pest

Tetranychus sp. (Tetranychidae) was the only one mite pest found associated

with the cucurbitaceous vegetables.
Natural Enemies

There were five species of predators and two species of parasitoids found on

cucurbitaceous vegetables. The three species of predators belonged to the order



A. cerana indica A. mellifera

Trigona sp. Anderna sp.

Chalybion bengalense Camponotus rufoglacus

Plate 1. Hymenopterans visiting on the cucurbitaceous flowers



L Aulacophora lewesi
Aulacophora foveicollis P

Oxycetonia sp Papilio polxtes

Catopsilla pyranthi Euchromia polymena

Plate 2. Coleoptera and lepidopterans visiting on the cucurbitaceous flowers



. Musca domestica
Bactrocera cucurbitae

. N Thripidag sp.
Hishimonus phycitis

Plate 3. Diptera, Hemiptera and Thysanoptera visiting on the cucurbitaceous flowers



Leaf damage by A. foveicollis Fruit infested by B. cucurbitae

Leaf damage by Aphis sp. Leaf damage by L. trifolii

Larvae of A peponis Larvae of D. indica

Plate 4. Major pests of cucurbits and their symptoms



Sxnharmonia octomaculata Menochilus sexmaculatus

Pupal case of Apanteles sp.

Plate 5. Natural enemies of pests of cucurbits
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Coleoptera and were from the family of Coccinellidae. Two species (Apanteles sp.
and C. johnsonii) of parasitoids from the order Hymenoptera belonged to the family

of Braconidae and Eulophidae, respectively.’

The two species of spider (O. javanus and L. pseudoanmulata) predators found
on cucurbits belonged to the family of Oxyopidae and Lycosidae in the order Araneae

(Plate 5).
4.1.1.1 Population of insect species on cucurbits
Insect pollinators

Insect pollinators visiting the snake gourd, bitter gourd and oriental pickling

melon flowers during the summer and rainy season are depicted in Table 2.
Snake gourd
Summer season

Observations on the relative abundance of different insect pollinators visiting
snake gourd flowers revealed the maximum mean population of 4. cerana indica
(2.17) which was significantly higher than other insect pollinators. Trigona sp.
recorded the second highest insect pollinator population (1.70) which was on par with
the population of Anderna sp. (1.53). Population of lepidopterans and coleopterans
were 0.95 and 0.60, respectively. The lowest population of 0.30 was observed in
A. mellifera which was on par with the population of dipterans (0.33) and other
insects (0.38).

The highest mean population of insect pollinators (1.32) was observed at
seventh week after sowing which was significantly higher than other weeks. The
lowest population of insect pollinators (0.71) was observed at eighth week after
sowing which was significantly lower than the other weeks. There was no significant

difference between the population in fifth (0.91) and sixth week after sowing (1.04).

The data on the fifth week after sowing showed the highest population of
A. cerana indica (2.00) which was significantly higher than other insect pollinators.
Lepidopterans (1.33) and Anderna sp. (1.33) were the second highest insect

pollinators which was on par with the population of Trigona sp. (1.27). The lowest
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Table 2. Insect pollinators visiting cucurbitaceous flowers during various seasons in the farmer’s field of
Kalliyoor panchayat (Mean number / m 2/ 5 min).

“‘.’
Pollinators Summer season-(WAS) Mean | R8inY season (WAS) Mean
v [vi vl v v vl [vin [vil
: Snake gourd .
A. cerana indica | 2.00 2.00 2.93 1.73 2.17 |1.60 ] 1.73 1.87 | 1.00 | 1.55
A. mellifera 0.27 0.20 0.67 0.07 0.30 |{0.20] 0.07 0.27 [ 0.07 | 0.I5
Trigona sp. 1.27 1.93 | 2.00 1.60 1.70 | 1.00 | 0.47 0.67 1 0.27 | 0.60
Anderna sp. 1.33 2.00 1.93 0.87 1.53 | 040 | 0.40 0.53 { 0.07 | 0.35
Coleopterans 0.53 0.67 1.00 0.20 0.60 |0.20| 0.60 0.7310.20 | 043
Dipterans 0.33 0.20 0.13 0.67 0.33 |0.20| 0.87 1.07 1 0.80 | 0.73
Lepidopterans 1.33 0.67 ' | 1.53 0.27 0.95 |1.07| 0.87 1.3310.47 10.93
Other insects 0.20 0.67 0.40 0.27 0.38 |0.07| 0.20 0.20 | 0.13 {0.15
Mean 0.91 1.04 1.32 0.71 - 0.59 | 0.65 0.83 { 0.38 |-
Bitter gourd

A. cerana indica 2.53 | 3.27 3.53 3.00 3.08 |2.13} 233 | 273 | 1.80 | 2.25
A. mellifera 0.60 | 1.80 1.33 0.33 1.02 [0.27) 0.80 [ 0.53 | 0.20 | 0.45
Trigona sp. 293 | 3.13 3.67 2.53 3.07 1233 227 | 253 | 2.00 | 2.28
Anderna sp. 047 | 1.20 1.67 0.73 1.02 [0.27 ] 0.87 | 2.07 | 0.40 | 0.90
Coleopterans 0.53 1.07 1.73 053 | 097 |040| 033 [ 1.67] 0.20 | 0.65

A [Dipterans 0.47 | 047 1.00 0.13 0.52 | 1.07] 2.13 | 0.67 | 1.33 | 1.30
Lepidopterans 207 | 240 2.47 1.47 2.10 | 1.80] 2.20 | 1.87 | 1.80 | 1.92
Other insects 093 | 1.53 1.20 0.60 1.07 [0.53 ] 1.20 | 2.27 | 040 | 1.10
Mean ' 1.32 1.86 2.08 1.17 - 1.10) 1.52 | 1.79 | 1.02 -

Oriental pickling melon

A. cerana indica 3.07 5.20 5.47 3.87| 440 {2.87] 2.67 | 3.60 | 227 2.85
A. mellifera 1.27 1.53 1.20 0.80] 1.20 {093 | 1.20 | 147 | 0.60 1.05
Trigona sp. 1.80 3.07 2.73 227|247 [ 160 2.13 | 1.93 | 147 1.78
Anderna sp. 1.73 3.47 3.13 1.93 | 257 | 1.13| 147 | 233 | 0.80 1.43
Coleopterans 1.60 2.07 1.47 093] 1.52 {0.80| 1.00| 1.67 | 0.60 1.02
Dipterans 1.20 1.27 1.40 0.80| 1.17 | 1.67| 2.13| 2.00 | 1.73 1.88
Lepidopterans 1.67 2.00 1.73 1.13 ] 1.63 | 1.67 | 2.13| 1.80 | 1.47 1.77
Other insects 1.00 1.93 1.60 0.80| 1.33 [0.67 | 1.40 1 147 | 047 1.00
Mean 1.67 | 2.57 2.34 1.57 - 1424 1.77 | 2.03 | 1.17 -

WAS : Weeks after sowing

CD(0.05) Snake gourd Bitter gourd Oriental pickling melon
hd Pollinators mean o 0.223 0.293 0.317
Season x period ;o 0.162 0.207 0.224

pollinators x season % period : 0.458 0.586 0.633




population was observed in other insects (0.20) and was on par with the population of

A. mellifera (0.27), dipterans (0.33) and coleopterans (0.53).

Highest population of 4. cerana indica (2.00) and Anderna sp. (2.00) was
observed in sixth week after sowing and was on par with the population of Trigona
sp. (1.93). The lowest population was observed in 4. mellifera (0.20) and dipterans
(0.20) which was on par with the population of lepidopterans and other insects (0.67
each).

Significantly highest population of A. cerana indica (2.93) was observed in
seventh week after sowing which showed higher trend than other insect pollinators.
Trigona sp., Anderna sp., lepidopterans and coleopterans were the second highest
insect pollinators, the population being 2.00, 1.93, 1.53 and 1.00, respectively. The
lowest population was showed in dipterans (0.13) and was on par with the population

of other insects (0.40) and A. mellifera (0.67).

Observations on eighth week after sowing showed the highest population of
A. cerana indica (1.73) which was on par with the population of Trigona sp. (1.60).
Anderna sp. (0.87) and dipterans (0.67) were the second highest insect pollinators.
The lowest population was observed in A. mellifera (0.07) which was on par with the

population of coleopterans (0.20), lepidopterans (0.27) and other insects (0.27).

The maximum population of A. cerana indica, Trigona sp., A. mellifera,
coleopterans and lepidopterans were observed at seventh week after sowing in the
summer season. Maximum population of Anderna sp., dipterans and other insects

were observed at sixth week after sowing.
Rainy season

Observation on the relative abundance of different insect pollinators visiting
snake gourd flowers revealed the maximum mean population of A. cerana indica
(1.55) which was significantly higher than other insect pollinators. Lepidopterans,
dipterans, Trigona sp., coleopterans and Anderna sp. were the second highest insect
pollinators population 0.93, 0.73, 0.60, 0.43 and 0.35, respectively. The lowest

population was observed in 4. mellifera (0.15) and other insects (0.15).
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The highest mean population of insect pollinators (0.83) was observed at
seventh week after sowing which was significantly higher than other weeks. The
lowest mean population of insect pollinators (0.38) was observed at eighth week after
sowing. Fifth and sixth week after sowing, the population being 0.59 and 0.65,

respectively.

The data on the fifth week after sowing showed the highest population of
A. cerana indica (1.60) which was significantly higher than other insect pollinators.
Lepidopterans recorded population of 1.07 which was on par with the population of
Trigona sp. (1.00). The lowest population was observed in other insects (0.-07) and
was on par with the population of A. mellifera (0.20), coleopterans (0.20), dipterans
(0.20) and Anderna sp. (0.40).

The highest mean population of A. cerana indica (1.73) was recorded on sixth
week after sowing, showed significantly higher population than other insect
pollinators. Lepidopterans (0.87) and dipterans (0.87) were the second highest insect
pollinators. They were on par with the population of coleopterans (0.60). The lowest
population was observed in 4. mellifera (0.07) which was on par with the population

of other insects (0.20), Anderna sp. (0.40) and Trigona sp. (0.47).

On seventh week after sowing showed the highest population of 4. cerana
indica (1.87) which was significantly higher population than other insect pollinators.
Lepidopterans, dipterans, coleopterans and Trigona sp. were the second highest insect
pollinators, the population being 1.33, 1.07, 0.73 and 0.67, respectively. The lowest
population was observed in other insects (0.20) which was statistically on par with the

population of A. mellifera (0.27) and Anderna sp. (0.53).

Significantly higher mean population of A. cerana indica (1.00) was observed
in eighth week after sowing showed no statistical difference with the population of
dipterans (0.80). The lowest population was observed in 4. mellifera (0.07) and
Anderna sp. (0.07) which was on par with the population of other insects (0.13),
Trigona sp. (0.27), coleopterans (0.20) and lepidopterans (0.47).
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The maximum population of insect pollinators were observed at seventh week
after sowing and the minimum population of insect pollinators were observed at

eighth week after sowing.
Bitter gourd
Summer season

Observations on the relative abundance of different insect pollinators visiting
bitter gourd flowers revealed the maximum mean population of 4. cerana indica
(3.08) which was on par with the population of Trigona sp. (3.07). A. melliifera,
Anderna sp., coleopterans and other insects population being 1.02, 1.02, 0.97 and
1.07, respectively and they were on par with each other. The lowest population was

observed in dipterans (0.52) which was significantly lower than rest of the pollinators.

The highest mean population of insect pollinators (2.08) were observed at
seventh week after sowing and was on par with the population recorded at sixth week
after sowing (1.86). The lowest population of insect pollinators (1.17) was observed at
eighth week after sowing which showed no statistically difference with the population

of fifth week after sowing (1.32).

Trigona sp. recorded the highest population (2.93) during fifth week after
sowing and was on par with the population on of 4. cerana indica (2.53). The next
higher population was observed in lepidopterans (2.07). The lowest population was
observed in Anderna sp. (0.47) and dipterans (0.47) which was on par with the
population of coleopterans (0.53), A. mellifera (0.60) and other insects (0.93)..

The data on the sixth week after sowing showed the highest population of
A. cerana indica (3.27) which was statistically at par with the population of Trigona
sp. (3.13). Lepidopterans, 4. mellifera, other insgcts, Anderna sp. and coleopterans
were the second highest insect pollinators recorded, the population being 2.40, 1.80,

1.53, 1.20 and 1.07, respectively. The lowest population was observed in dipterans
(0.47).

On seventh week after sowing the highest population of Trigona sp. (3.67)
was observed and was statistically on par with the population of 4. cerana indica

(3.53). Lepidopterans, coleopterans and Anderna sp. were the second highest insect
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pollinators, the population recorded was 2.47, 1.73, 1.53, and 1.63, respectively. The
lowest population was observed in dipterans (1.00) which was on par with the

population of other insects (1.20) and 4. mellifera (1.33).

Eighth week after sowing showed the highest population of 4. cerana indica
(3.00) which was on par with the population of Trigona sp. (2.53). Lepidopterans and
Anderna sp. were the second highest insect pollinators, the population being 1.47 and
0.73, respectively. The lowest population was observed in dipterans (0.13) which was
on par with the population of A. mellifera (0.33), coleopterans (0.53) and other insects
(0.60).

The maximum population of A. cerana indica, Trigona sp., Anderna sp.,
coleopterans, dipterans and lepidopterans were observed at seventh week after sowing
in the summer season. Higher population of A. mellifera and other insects the were
observed at sixth week after sowing. The minimum population of insect pollinators

were recorded at eighth week after sowing.
Rainy season

Observations on the relative abundance of different insect pollinators visiting
bitter gourd flowers revealed the maximum mean population of Trigona sp.(2.28)
which was on par with the population A. cerana indica (2.25). Lepidopterans,
dipterans and other insects were the next highest insect pollinators, the population
being 1.92, 1.30 and 1.10, respectively. The lowest population was observed in

A. mellifera (0.45) which was on par with the population of coleopterans (0.65).

The highest mean population of insect pollinators (1.79) was observed at
seventh week after sowing which was significantly higher than other weeks. The
lowest population of insect pollinators (1.02) was observed at eighth week after

sowing which was on par with the population of fifth week after sowing,

Trigona sp. recorded the highest population (2.33) on fifth week after sowing which
was on par with the population of 4. cerana indica (2.13) and lepidopterans (1.80).
The lowest population were observed in 4. mellifera and Anderna sp. (0.27 each)

which was on par with the population of coleopterans (0.40) and other insects (0.53).




The data on the sixth week after sowing showed the highest population of
A. cerana indica (2.33) which was on par with the population of Trigona sp. (2.27),
lepidopterans (2.20) and dipterans (2.13). The lowest population was observed in
coleopterans (0.33) and was on par with the population of 4. mellifera (0.80} and
Anderna sp. (0.87).

The highest population of 4. cerana indica (2.73) was recorded on seventh
week after sowing and was on par with the population of Trigona sp. (2.53) and other
insects (2.27). Anderna sp., lepidopterans and coleopterans were the next highest
insect pollinators, the population being 2.07, 1.87 and 1.67, respectively. The lowest
population observed in other insects was 0.53 which did not show any statistical

variation with the population of dipterans (0.67).

On eighth week after sowing showed the highest population of Trigona sp.
(2.00) which was on par with the population of A. cerana indica (1.80) and
lepidopterans (1.80). The lowest population was observed in A4. mellifera and
coleopterans (0.20 each) and was on par with the population of Anderna sp. and other
insects (0.40 each).

Maximum population of A. cerana indica, Trigona sp., Anderna sp.,
coleopterans and other insects were observed at seventh week after sowing in the
rainy season. In dipterans and lepidopterans maximum population as observed at
sixth week after sowing. Among the insect pollinalors, the minimum population as

observed at eighth week after sowing.
Oriental pickling melon
Summer season

Observations on the relative abundance of different insect pollinators visiting
oriental pickling melon flowers revealed the maximum mean population of A. cerana
indica (4.40) which was significantly higher than the population of all other insect
pollinators. The next higher population was observed in Anderna sp. (2.57) which was
on par with the population of Trigona sp. (2.47). The lowest population was observed
in dipterans (1.17) which was on par with the population of 4. mellifera (1.20) and

other insects (1.33).
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The highest mean population of insect pollinators (2.57) was observed at sixth
week after sowing and was on par with the population of insect pollinators (2.34)
observed at seventh week after sowing. The lowest population of insect pollinators
(1.57) was observed at eighth week after sowing which was on par with the

population of fifth week after sowing (1.67).

Significantly highest population of A. cerana indica (3.07) was observed in
the fifth week after sowing. The second highest insect pollinators was observed in
Trigona sp. (1.80) and was on par with population of lepidopterans (1.67), Anderna
sp. (1.73), coleopterans (1.20), and dipterans (1.20). The lowest population was

recorded in other insects (1.00).

Sixth week after sowing recorded the highest population of A. cerana indica
(5.20) which was significantly higher than other insect pollinators. Anderna sp.,
Trigona sp., coleopterans and lepidopterans were second highest insect pollinators
observed, the population being 3.47, 2.07 and 2.00, respectively. The lowest
population was observed in dipterans (1.27) which was on par with the population of

(1.53) and other insect pollinators (1.93).

The data on the seventh week after sowing showed the highest population of
A. cerana indica (5.47) which was significantly higher than other insect pollinators.
The second highest insect pollinator was observed in Anderna sp. (3.13) which was
on par with the population of Trigona sp. (2.73). The lowest population was observed
in A. mellifera (1.20) which was on par with the population of dipterans (1.40),
colopterans (1.47), other insects (1.60) and lepidopterans (1.73).

The highest population of A. cerana indica (3.87) was recorded on eighth
week after sowing which was significantly higher than other insect pollinators. The
second highest insect pollinators was observed in Trigona sp. (2.27) which was on par
with the population of Anderna sp. (1.93). Significantly lower population was
observed .in dipterans and other insects (0.80 each) which was on par with the

population of coleopterans (0.93) and lepidopterans (1.13).

In A. cerana indica and dipterans maximum population were observed at

seventh week after sowing in the summer season. Trigona sp., Anderna sp.,



coleopterans, lepidopterans and other insects maximum population were observed at
sixth week after sowing. A. cerana indica, Trigona sp. and Anderna sp., the -
minimum population were observed at fifth week after sowing. In the case of
coleopterans, dipterans, lepidopterans and other insects, the minimum population as

observed at eighth week after sowing.
Rainy season

Observations on the relative abundance of different insect pollinators visiting
oriental pickling melon flowers revealed the maximum mean population of 4. cerana
indica (2.85) which was significantly higher than the population of all other insect
pollinators. Dipterans recorded mean population of 1.88 which was on par with the
Trigona sp. (1.78) and lepidopterans (1.77). The lowest population was observed in
other insects (1.00) and was on par with the population of coleopterans (1.02) and

A. mellifera (1.05).

The highest mean population of insect pollinators (2.03) was observed at
seventh week after sowing which was significantly higher than other weeks. The
lowest mean population of insect pollinators (1.17) was observed at eighth week after

sowing which was significantly lower than other weeks.

The data on the fifth week after sowing showed that 4. cerana indica recorded the
highest population (2.87) which was significantly higher than other insect pollinators.
Dipterans, lepidopterans, Trigona sp. and Anderna sp. were the second highest insect
pollinators, the population being 1.67, 1.67, 1.60 and 1.13 respectively. The lowest
population was observed in other insects (0.67) which was on par with the population

of coleopterans (0.80) and A. mellifera (0.93).

A. cerana indica recorded the highest population (2.67) on the sixth week after
sowing which was on par with the population of Trigona sp., dipterans and
lepidopterans (2.13 each). The lowest population was observed in coleopterans (1.00)
and which was on par with the population of A. mellifera (1.20), Anderna sp. (1.47)

and other insects (1.40).

The highest population of 4. cerana indica (3.60) was recorded on seventh

week after sowing which was significantly higher than the other insect pollinators.
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Anderna sp., Trigona sp. and dipterans were the second highest insect pollinators
population 2.33, 1.93 and 2.00 being respectively.The lowest population was
observed in other insects (1.47) which was on par with the population of

coleopterans (1.67).

On eighth week after sowing the highest population of 4. cerana indica (2.27)
was recorded and was on par with the population of dipterans (1.73). The population
of Trigona sp. and lepidopterans observed was 1.47 in both cases. The lowest
population was observed in other insects (0.47) which was on par with the population

of A. mellifera (0.60) and Anderna sp. (0.80).

A. cerana indica, Anderna sp., coleopterans and other insects maximum
population were observed at seventh week after sowing, where as Trigona sp.,
dipterans and lepidopterans maximum population were observed at sixth week after
sowing in the rainy season. The minimum insect pollinators were observed at eighth

week after sowing.
4.1.2 Pesticide free condition

Insect pollinators visiting snake gourd, bitter gourd and oriental pickling
melon flowers during various seasons under pesticide free conditions in the

Instructional farm are presented in Table 3.
Snake gourd
Summer season

Observations on the relative abundance of different insect pollinators visiting
snake gourd flowers revealed the maximum mean population of Anderna sp. (2.60)
and was statistically on par with the lepidopterans (2.15) and 4. cerana indica (1.75).
The least population was recorded in dipterans (0.65) which was on par with the

population of A. mellifera (0.75).

The highest mean population of insect pollinators (2.18) was observed at
seventh week after soWing during the summer season and was significantly higher
than all other weeks population. The lowest population of insect pollinators (1.10)

was observed at eighth week after sowing and was statistically on par with the
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Table 3. Insect pollinators visiting cucurbitaceous flowers during various seasons under pesticide free

conditions in the Instructional farm (Mean number / m 2/ § min).

Polimators Summer season (WAS) Mean Rainy season (WAS) Mean
v | VI |vili | VII v vl [vI |VII
Snake gourd
A. cerana indica 1.20 1.60 2.80 1.40 1.75 | 1.00 | 1.60 | 2.00 1.20 1.45
A. mellifera 0.40 0.80 1.00 0.80 0.75 [ 0.00| 0.40 | 0.40 0.20 0.25
Trigona sp. 1.80 2.20 2.20 1.40 1.90 | 1.00| 1.60 | 2.40 1.20 1.55
Anderna sp. 1.60 2.80 3.80 2.20 2.60 11.00| 1.20 | 2.20 1.40 1.45
Coleopterans 1.60 1.80 1.40 1.00 1.45 10.80 | 1.00 | 1.60 1.40 1.20
Dipterans 0.20 1.00 0.80 0.60 0.65 | 1.00 | 1.00 | 1.40 1.00 1.10
Lepidopterans 1.80 2.80 3.00 1.00 2.15 | 1.60 | 1.00 | 2.00 1.40 1.50
Other insects 2.00 1.40 2.40 0.40 1.55 | 1.20 | 1.40 | 2.00 0.80 1.35
Mean 1.33 1.80 2.18 1.10 - 0.95] 1.15 | L.75 1.08 -
Bitter gourd
A. cerana indica 2.00 3.20 3.80 2.60 | 290 | 1.80| 2.60 | 3.00 2.00 2.35
A. mellifera 1.00 1.40 2.20 1.00 | 1.40 | 0.60 | 1.00 | 1.40 0.60 0.90
Trigona sp. 4.00 4.20 5.20 3.60 | 425 |2.40| 3.00 } 3.60 2.80 2.95
_§| Anderna sp. 1.00 1.40 2.00 1.60 | 1.50 | 040 | 1.00 ; 1.20 0.60 0.80
" | Coleopterans 1.40 1.40 1.80 1.00 | 1.40 [0.60| 0.80 | 1.60 0.80 0.95
Dipterans 0.40 0.60 0.80 040 | 0.55 1040| 1.20 | 1.40 1.60 1.15
Lepidopterans 2.00 1.40 2.20 120 | 1.70 | 0.60 | 1.00 | 1.40 1.20 1.05
Other insects 1.80 2.20 3.20 1.80 | 2.25 [0.80| 1.80 | 2.60 1.40 1.65
Mean 1.70 1.98 2.65 1.65 - 0951 1.55 | 2.03 138 | -
- Oriental pickling melon
A. cerana indica 4.60 7.20 5.20 480 | 545 [3.20| 3.60| 4.80 3.00 3.65
A. mellifera 1.80 2.20 1.60 0.80| 1.60 | 1.40| 1.60 1.80 1.00 1.45
Trigona sp. 1.40 3.60 2.60 2.00 | 240 [0.60| 1.60 1.60 0.80 1.15
Anderna sp. 1.40 4.00 3.40 2.60| 2.85 [0.80| 2.00| 240 1.20 1.60
Coleopterans 2.40 3.20 2.80 240 270 [ 140| 2.60 | 2.80 1.60 2.10
Dipterans 0.60 1.00 0.40 0.60] 0.65 |1.60| 140| 2.40 1.20 1.65
Lepidopterans 2.40 2.80 2.00 1.80 | 225 | 140 140 2.60 1.80 1.80
Other insects 1.60 2.60 1.20 0.80 | 1.55 10.60| 1.80 1.80 0.80 1.25
Mean 2.03 2.33 2.40 1.98 - 1.38 | 2.00 | 2.53 1.43 -
WAS : Weeks after sowing
CD(0.05) :
Snake gourd Bitter gourd Oriental pickling melon
Pollinators mean 0 0.223 0.293 0.317
Season * period : 0.162 0.207 0.224

pollinators x season x period : 0.458 0.586 0.633
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population of fifth (1.23) and sixth (1.80) week after sowing.

The data on the fifth week after sowing showed the highest population of other
insects (2.00) and was statistically on par with the population of lepidopterans,
Trigona sp.(1.80 each), Anderna sp. and coleopterans (1.60 each). The lowest
population (0.20) was recorded in dipterans and was on par with the population of

A. mellifera (0.40).

The highest population of lepidopterans and Anderna sp. (2.80 each) was
recorded on sixth week after sowing which was statistically on par with the
population of Trigona sp. (2.20). The lowest population (0.20) was recorded in
A. mellifera which was on par with the population of dipterans, other insects,
A. cerana indica and coleopterans, the population being 1.00, 1.40, 1.60 and 1.80,

respectively.

In the case of seventh week after sowing the highest population of Anderna sp.
(3.80) was recorded and was statistically on par with the population of lepidopterans
(3.00). The population of A. cerana indica (2.80), other insects (2.40) and Trigona sp.
(2.20) were on par with each other. The lowest population (0.80) was recorded in
dipterans which was on par with the population of A. mellifera (1.00) and
coleopterans (1.40).

Anderna sp. recorded the highest population (2.20) on eighth week after
sowing and was statistically on par with the population of A. cerana indica and
Trigona sp.(1.40 each ). The lowest population (0.40) was recorded in other insects
(0.40) which was on par with the population of dipterans (0.60), A. mellifera (0.80)
and coleopterans (1.00).

The maximum population of coleopterans and diptefans were recorded at sixth
week after sowing and remaining other insect pollinators were observed at seventh
week after sowing. The minimum population of A. cerana indica, A. mellifera,
Anderna sp. and dipterans was recorded in fifth week after sowing during the summer

season.




Rainy season

Observations on the relative abundance of different insect pollinators visiting
snake gourd flowers revealed the maximum mean population of Zrigona sp. (1.55)
and was on par with the lepidopterans, Anderna sp., A. cerana indica, other insects
and coleopterans, the population being 1.50, 1.45, 1.45, 1.35 and 1.20, respectively.
Significantly lower population was observed in 4. mellifera (0.25).

The highest mean population of insect pollinators (1.75) was observed in
seventh week after sowing during the rainy season which was significantly higher
than the population observed in other weeks. The lowest population of insect
pollinators (0.95) was observed in fifth week after sowing and was statistically on par

with the population of sixth (1.15) and eighth week after sowing (1.08).

The data on the fifth week after sowing showed the highest population of
lepidopterans (1.60) and was statistically on par with the population of other insects
(1.20), A. cerana indica, Trigona sp., Anderna sp. and dipterans (1.00 each). None of
the population was recorded in 4. mellifera which was on par with the population of

coleopterans (0.80).

In case of sixth week after sowing showed the highest population of 4. cerana
indica and Trigona sp. (1.60 each) and was statistically on par with the population of
Anderna sp. (1.20) and other insects (1.40). The lowest population was recorded in
A. mellifera (0.40) and was on par with the population of coleopterans, dipterans and

lepidopterans (1.00 each).

Trigona sp. was recorded as the highest population (2.40) on seventh week
after sowing and was on par with the population of Anderna sp. (2.20), A. cerana
indica, lepidopterans and other insects (2.00 each). The lowest population was
recorded in A. mellifera (0.40) which was significantly lower than population of all

other insect pollinators.

On eighth week after sowing showed the highest population (1.40) of Anderna
sp., coleopterans and lepidopterans and was statistically on par with the population of
Trigona sp., A. cerana indica (1.20 each) and dipterans (1.00). The lowest population

(0.25) was recorded in 4. mellifera and was statistically on par with the population of
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all other insect pollinators (0.80).

The maximum mean population of all insect pollinators were recorded in the
seventh week after sowing during the rainy season. A. cerana indica, A. mellifera,
Trigona sp., Anderna sp., coleopterans and dipterans, the minimum population was
recorded in the fifth week after sowing. The minimum population of other insects and

lepidopterans recorded were in the eighth week after sowing.
Bitter gourd
Summer season

Significantly higher mean population of Trigona sp. (4.25) was observed when
compared to all other insect pollinators. A. cerana indica (2.90) was the second
highest insect pollinator which was on par with the population of other insects (2.25).
There was no significant difference in the population of 4. mellifera, coleopterans
(1.40 each), Anderna sp. (1.50) and lepidopterans (1.70). Significantly lowest

population was recorded in dipterans (0.55).

The highest mean population of insect pollinators (2.65) were observed in
seventh week after sowing during the summer season and was significantly higher
than all other weeks. The lowest population of insect pollinators (1.65) was observed
in eighth week after sowing and was on par with the population of fifth week after

sowing (1.70).

Trigona sp. recorded the highest population (4.00) on fifth week after sowing
and was significantly higher than the population of all other insect pollinators.
A. cerana indica and lepidopteran (2.00 each) population were the second highest
insect pollinators which was on par with the population of other insects (1.80) and
coleopterans (1.40). The lowest population was recorded in dipterans (0.40) and was

on par with the population of A. mellifera and Anderna sp. (1.00 each).

In the case of sixth week after sowing, the highest population of 7rigona sp.
recorded was 3.20 and was significantly higher than the population of all other insect
pollinators. A. cerana indica (3.20) was statistically the second highest insect
pollinator. There was no significant difference in the population of other insects,

A. mellifera, Anderna sp., coleopterans and lepidopterans (1.40 each).
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The data on the seventh week after sowing showed the highest population of
Trigona sp. (5.20) and A. cerana indica (3.20) was the second highest insect
pollinator which was on par with the population of other insects (1.80). The lowest
population was recorded in dipterans (0.80) which was statistically on par with the

population of lepidopterans (1.20), 4. mellifera and coleopterans (1.00 each).

On eighth week after sowing showed the highest population of Trigona sp.
(3.60) and was significantly higher than the population of all other insect pollinators
recorded. A. cerana indica (2.60) was the second highest insect pollinator which was
statistically on par with the population of other insects (1.80). The lowest population
was observed in dipterans (0.40) which was statistically on par with the population of

lepidopterans (1.20), A. mellifera and coleopterans (1.00 each).

The maximum mean population of all insect pollinators were recorded in
S(_:yf:_nth week after sowing during the summer season. The minimum population of
A. cerana indica, Trigona sp., Anderna sp., coleopterans and dipterans were recorded
in fifth week after sowing and 4. mellifera, coleopterans, lepidopterans and other

insects were recorded in eighth week after sowing during the summer season.
Rainy season

Observations on the relative abundance of different insect pollinators visiting
bitter gourd flowers revealed the maximum mean population of Trigona sp. (2.95)
which was significantly higher than the population of all other insect pollinators. The
lowest population observed in Anderna sp. was 0.80 and was statistically on par with
the population of A. mellifera, coleopterans and lepidopterans, the population being
0.90; 0.95 and 1.05, respectively.

The highest mean population of insect pollinators (2.03) was observed in
seventh week after sowing which was significantly higher than all other weeks. The
lowest population of insect pollinators (1.95) was observed in fifth week after sowing

which was significantly lower than the population in all other weeks.

The data on the fifth week after sowing showed the highest level of 7rigona
sp. (2.40) and was statistically on par with the population of 4. cerana indica (1.80).
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The lowest population was recorded in dipterans (0.40) and had no significant
difference with the population recorded in 4. mellifera, coleopterans, lepidopterans

(0.60 each) and other insects (0.80).

The highest population of Trigona sp. (3.00) was recorded on sixth week
after sowing and was on par with the population of 4. cerana indica (2.60). The
lowest population was recorded in coleopterans (0.80) and had no significant
difference with the population recorded in A. mellifera, Anderna sp., lepidopterans

(1.00 each) and dipterans (1.20).

In the case of seventh week after sowing, the highest population of Trigona sp.
recorded was 3.60 and was on par with the population of A. cerana indica (3.00). The
lowest population was recorded in Anderna sp. (1.20) and had no significant
difference with the population recorded in A. mellifera, dipterans, lepidopterans

(1.40 each) and coleopterans (1.60).

Significantly highest population Qf Trigona sp. (2.80) was observed in eighth
week after sowing and was statistically on par with the population of 4. cerana indica
(2.00). The lowest population (0.60) was recorded in A. mellifera and Anderna sp.
(1.20) and was on par with the population of coleopterans (0.80), lepidopterans (1.20)
and other insects (1.40).

The maximum mean population of all insect pollinators were recorded in
seventh week after sowing and the minimum in fifth week after sowing during the

rainy season.
Oriental pickling melon
Summer season

Observations on the relative abundance of different insect pollinators visiting
oriental pickling melon flowers revealed the maximum mean population of 4. cerana
indica (5.45) which was significantly higher than the population of all the insect
pollinators recorded. Coleopterans (2.85) and Anderna sp. (2.70) were the second
highest insect pollinators and was significantly varied with the other insect
pollinators. There was no significant difference in Trigona sp., lepidopterans,

A. mellifera and other insects, the population being 2.40, 2.25.1.60 and 1.55,



respectively. The lowest population was observed in dipterans (0.65) and was

significantly lower than all of other insect pollinators.

The highest mean population of insect pollinators (2.40) was observed In
seventh week after sowing during the rainy season and was on par with the population
of pollinators in sixth week after sowing (2.33). The lowest population of insect
pollinators (1.98) was observed in eighth week after sowing which was on par with

the population at fifth week after sowing (2.03).

Significantly highest population of A. cerana indica (4.60) was observed in
fifth week after sowing which was higher than the population of all other insect
pollinators. Coleopterans and dipterans (2.40 each) were the second highest insect
pollinators which was statistically on par with the population of 4. mellifera (1.80)
and other insects (1.60). The lowest population (0.60) was recorded in dipterans and

was significantly lower than the population of all other insect pollinators.

The data on the sixth week after sowing showed the highest population of
A. cerana indica (77.20) which was significantly higher than the population of all other
insect pollinators. Anderna sp. (4.00) was the second highest insect pollinator which
was statistically on par with the population of 7rigona sp. (3.60) and coleopterans
(3.20). There was no significant difference in the population of lepidopterans, other
insects and A. mellifera (2.20 each). Significantly lower population (1.00) was

recorded in dipterans.

Significantly, the highest population of 4. cerana indica (5.20) was observed
on seventh week after sowing when compared with population of all other insect
pollinators recorded. Anderna sp. (3.40) was the second highest insect pollinator.
There was no significant difference in the population of coleopterans (2.80), Trigona
sp. (2.60) and lepidopterans (2.00). The lowest population (0.40) was recorded in

dipterans and was on par with the population of other insects (1.20).

On eighth week after sowing the highest population of A. cerana indica (4.80)
was significantly higher than the population of all other insect pollinators. Anderna
sp. (2.60) was the second highest insect pollinator and was on par with the population

of coleopterans (2.40) and Trigona sp. (2.00). The lowest population (0.60) was
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recorded in dipterans and was on par with the population of A. mellifera (0.80).

The maximum mean population of all insect pollinators were recorded in
seventh week after sowing and the minimum population of insect pollinators were

recorded in fifth and eighth week after sowing during the summer season.

Rainy season

Observations on the relative abundance of different insect pollinators visiting
oriental pickling melon flowers revealed the maximum mean population of 4. cerana
indica (3.65) which was significantly higher than the population of all other insect
pollinators. Coleopterans (2.10) were second highest insect pollinators and was on par
with the population of lepidopterans (1.80). There was no significant difference in
dipterans, Anderna sp. and A. mellifera, the population being 1.65, 1.60 and 1.45,
respectively. The lowest population was observed in Trigona sp. (1.15) and was on

par with the population of other insects (1.25).

The highest mean population of insect pollinators -(2.53) was observed in
seventh week after sowing during the rainy season and was significantly higher than
all other weeks. The lowest population of insect pollinators (1.38) was observed in
fifth week after sowing which was on par with the population at eighth week after

sowing (1.43).

The data on the fifth week after sowing showed the highest population of
A. cerana indica (3.20) and was significantly higher than the population of all other
insect pollinators. There was no significant difference in the population of dipterans
(1.60), lepidopterans, coleopterans and A. mellifera (1.40 each) and were the second
highest insect pollinating group observed. The lowest population (0.60) was recorded
in other insects and Trigona sp. which was statistically varied with other insect

pollinators.

Significantly highest population of A. cerana indica (3.60) was observed on
sixth week after sowing which was higher than the population of all other insect
pollinators. Coleopterans (2.60) was the second highest insect pollinator which was
on par with the population of Anderna sp. (2.00). The lowest population (1.40) was

recorded in dipterans and lepidopterans and was on par with the population of
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A. mellifera, Trigona sp. and other insects, the population being 1.60, 1.60 and .80,

respectively.

In the case of seventh week after sowing showed the highest population of
A. cerana indica (4.8’0) which was significantly higher than the population of all other
insect pollinators. Coleopteran (2.80) was the second highest insect pollinator and was
statistically on par with the population of lepidopterans (2.60) and Anderna sp.,
dipterans (2.40 each). The lowest population (1.60) was recorded in Trigona sp. and

was on par with the 4. mellifera and other insects (1.80 each).

A. cerana indica recorded the highest population (3.00) on eighth week after
sowing and was significantly higher than the population of all other insect pollinators.
Lepidopterans (1.80) was the second highest insect pollinator and had no significant
variation with the population recorded in coleopterans (1.60) and Anderna sp.,
dipterans (1.20 each). The lowest population (0.80) was recorded in other insects and

was on par with the population of 4. mellifera (1.00).

The maximum mean population of all insect pollinators was recorded in
seventh week .after sowing and the minimum population recorded in fifth and eighth

week after sowing during the rainy season.

4.1.3 Extent of damage, population of pests and their natural enemies of

cucurbits
Snake gourd

The extent of damage caused by various pests, population of pests and their

natural enemies of snake gourd are presented in Table 4.
Extent of damage caused by pests
Summer season

The maximum mean percentage of damage to the leaves of snake gourd by the
various pests was occurred during the fifth week after sowing (21.83) which was
statistically similar to the percentage damage caused during fourth (19.00) and sixth
(20.83) week after sowing. The minimum mean percentage damage on the leaves was

recorded during the eighth week after sowing (14.17) and was statistically on par with



Table 4. The extent of damage caused by various pests, population of pests and their natural enemies of snake gourd recorded in the farmer’s

field of Kalliyoor panchayat (Mean population / plant)

Pests / Natural

Summer season ( Weeks after sowing)

Rainy season (Weeks after sowing)

enemies m_ (v [V VI [vDL [ v Mear mm—Tw  [v  [vi  [vo [Vl Mean
Extent of damage caused by pest ( Percentage)
Aulacophora sp. 10.00 | 20.00 | 29.33 34.00 20.67 20.67 22.44 | 12.00 | 25.33 | 30.00 33.33 17.33 20.00 23.00
Henosepiiachana sp. 2133 | 22.67 | 28.67 26.00 22.67 20.67 23.67 | 16.00 | 22,00 | 24.67 20.00 20.00 16.00 19.78
Aphis gossypii 16.00 | 20.00 | 18.67 14.67 12.00 10.00 15.22 | 10.00 | 12.67 | 10.67 7.33 6.67 5.33 8.78
Liriomyza trifolii 10.67 | 13.33 | .10.67 8.67 . 6.67- | 5.33 922 | 6.00 .| 7.33- |- 4.00 4.00 -4.00 -2.67 4.67
Mean 14.50 | 19.00 | 21.83 20.83 15.50 14,17 - 11.00 | 16.83 | 17.33 16.17 12.00 11.00 -
Population of Pests - '
Aulacophora sp. 1.13 2.47 3.40 2.13 2.33 1.87 2.22 1.00 2.40 2.87 2.20 2.07 2.47 2.17
Anadevidia peponis 1.40 3.00 4.40 4.60 3.33 2.80 { 3.26 1.20 2.67 3.53 4,27 3.33 3.33 3.06
Diaphania indica 1.87 3.00 3.33 3.53 3.33 293 | 3.00 |0.53 0.80 1.73 1.13 0.87 0.80 0.98
Population of Natural enemies
Coccinellid beetles 0.93 0.93 1.47 1.80 2.73 3.00 | 1.81 |[0.27 0.60 0.80 1.13 1.40 1.60 0.97
Apanteles sp. 0.40 0.80 2.27 2.53 3.00 307 | 2.01 0.33 0.80 1.33 1.40 2.00 227 1.36
Spiders 0.33 0.60 0.87 1.27 1.53 207 | 111 0.13 0.53 1.00 1.33 1.80 1.93 1.12
Mean 1.01 1.80 2.62 2.64 2.71 2.62 - 0.58 1.30 1.88 1.91 1.91 2.07 -

CD (0.05) : Population of pests and

Natural enemies Extent of damage

Insect mean :0.316 2.249

Season x period : 0316 2.755

Insect x Season x Period :0.773 5.510
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the third (14.50) and seventh (15.50) week after sowing.

The highest mean percentage of damage to the leaves caused by
Henosepilachna sp was 23.67 and was on par with the percentage damage caused by
Aulacophora sp. (22.44) and 4. gossypii (15.22). The lowest infestation caused by
L. trifolii was 9.22.

The percentage damage caused to the leaves by Aulacophora sp. during the
summer season ranged from 10.00 to 34 .00. The infestation was highest during sixth
week after sowing and the damage was statistically on par with the damage caused
during fifth week after sowing (29.33) and followed in the fourth (20.00), seventh
and eighth week after sowing (20.67 each). Significantly lower infestation was

observed during the third week after sowing (10.00).

The infestation by Henosepilachna sp. during summer season ranged from
20.67 to 28.67. The highest infestation by the pest was observed during the fifth week
_ after sowing which was on par with the damage caused during sixth week after
sowing (26.00). The lowest damage to the leaves occurred during eighth week after
sowing (20.67) and was on par with the third (21.33), fourth and seventh week after

sowing, the percentage damage being (22.67 each).

The damage caused by A. gossypii to the leaves of snake gourd during the
summer season ranged from 10.00 to 20.00 per cent. The lowest damage was
recorded during the eighth week after sowing and was statistically similar with the
damage observed in seventh (12.00) and sixth (14.67) week after sowing. Maximum
damage was recorded during fourth week after sowing and was on par with the

damage recorded in third (16.00) and fifth (18.67) week after sowing.

The damage of the L. trifolii during the summer season ranged from 5.33 to
13.33. The highest damage was noticed during fourth week after sowing and was
statistically similar to that of third and fifth week after sowing (10.67 each). The
lowest percentage of infestation was recorded in eighth week after sowing (5.33) and

was on par with the seventh (6.67) and sixth (8.67) week after sowing.



Rainy season

The maximum mean percentage damage to the leaves by the various pests was
occurred during the fifth week after sowing (17.33) which was statistically similar to
the percentage damage caused during fourth (16.83) and sixth (16.17) week after
sowing. The minimum mean percentage damage on the leaves was recorded during
the third and eighth week after sowing (11.00 each) and was statistically on par with
the seventh week after sowing (12.00).

The highest mean damage percentage to the leaves by Aulacophora sp. (23.00)
and was significantly the highest percentage damage compared to rest of the pests.
The lowest infestation damage caused by L. trifolii (4.67) which was statistically on

par with the A. gossypii (8.78).

The percentage damage to the leaves by Aulacophora sp. during the rainy
season ranged from 12.00 to 33.33. The infestation was the highest during the sixth
week after sowing and the damage was statistically on par with the damage caused
during fourth and eighth week after sowing, the percentage of damage being 25.33
and 20.00, respectively. The lowest infestation was the during third week after sowing
and the leaf damage was statistically on par with the damage occurred during seventh

week after sowing (17.33).

The infestation by Henosepilachna sp. during rainy season ranged from 16.00
to 24.67. The highest infestation by the pest was observed during the fifth week after
sowing which was statistically on par with the damage caused during fourth week
after sowing (22.00). The lowest damage to the leaves occurred during third and
eighth week after sowing (16.00 each) and was statistically on par with the sixth week

after sowing, the percentage damage being (20.00).

The damage caused by A. gossypii to the leaves of oriental pickling melon
during the rainy season ranged from 5.33 to 12.67 per cent. The lowest damage was
recorded during the eighth week after sowing and was statistically similar with the
damage observed in sixth (7.33) and seventh (6.67) week after sowing. Maximum

damage was recorded during fourth week after sowing and was on par with the



damage recorded in third (10.00) and fifth (10.67) week after sowing.

L. trifolii caused 2.67 to 7.33 per cent damage during the rainy season. The
highest damage was noticed during fourth week after sowing and was statistically
similar to that of third week after sowing (6.00). The lowest percentage of infestation

was recorded in fifth, sixth and seventh week after sowing (4.00 each).
Insect pests
Summer season

The highest population of Aulacophora sp. (3.40) was observed at fifth week
after sowing which was significantly higher than other weeks viz., fourth, seventh and
sixth weeks after sowing, the population being 2.47, 2.33 and 2.13, respectively. They
were on par with each other. The lowest population (1.13) was observed at third
week after sowing and was statistically on par with the population of eighth week

after sowing (1.87).

The population of 4. peponis recorded during the summer season ranged from
1.40 to 4.60. The highest population was observed at sixth week after sowing which
was on par with the population of fifth week after sowing (4.40). Fourth, seventh and
eighth week after sowing, the population was 3.00, 3.33 and 2.80, respectively. They
were on par with each other. The significantly lowest population was observed at

third week after sowing.

D. indica recorded during the summer season ranged from 1.87 to 3.53. The
highest population was observed at sixth week after sowing which was on par with the
population of fifth, seventh (3.33 each), fourth (3.00) and eighth week after sowing
(2.93). The lowest population was observed at third week after sowing which was

significantly lower than the other weeks.

Rainy season

The population of Aulacophora sp. recorded during the rainy season ranged
from1.00 to 2.87. The highest population of the beetle was observed at fifth week
after sowing which was on par with the population of fourth (2.40) and sixth (2.20)



week after sowing. The lowest population (1.00) was observed at third week after

sowing.

A. peponis recorded during the rainy season ranged from 1.20 to 4.27. The
highest population was observed at sixth week after sowing and was on par with the
population of fifth (3.53), seventh and eighth (3.33 each) week after sowing. The

lowest population (1.20) was observed at the third week after sowing.

The population of D. indica caterpillar recorded during the rainy season
ranged from 0.53 to 1.73. The highest population was recorded at fifth week after
sowing which was on par with the population of sixth week after sowing (1.13). The
lowest population (0.53) was observed at third week after sowing which was on par
with the population of fourth, seventh and eighth week after sowing, the population

being 0.80, 0.87 and 0.80, respectively.
Natural enemies
Summer season

The population of coccinellid beetles recorded during the summer season
ranged from 0.93 to 3.00. The highest population was observed at eighth week after
sowing which was on par with the population of seventh week after sowing (2.73).
There was no significant difference in the population of fifth (1.47) and sixth (1.80)
week after sowing. The lowest population (0.93) was observed at third and fourth

week after sowing.

The highest population of Apanteles sp. (3.07) was observed at eighth week
after sowing which was on par with the population of sixth (2.53) and fifth (2.27)
week after sowing. The lowest population (0.40) was observed at third week after

sowing which was on par with the population of fourth week after sowing (0.80).

Spiders recorded during the summer season ranged from 0.33 to 2.07. The
highest population was observed at eighth week after sowing and was on par with the
population of seventh (1.53). The lowest population was observed at third week after
sowing and was on par with the population of fourth (0.60) and fifth week after
sowing (0.87).
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Rainy season

The population of the coccinellid beetles recorded during the rainy season
ranged from 0.27 to 1.60. The highest population was observed at eighth week after
sowing which was on par with the population of sixth (1.13) and seventh (1.40) week
after sowing. The lowest population was observed at third week after sowing which

was on par with the population of fourth (0.60) and fifth (0.80) week after sowing.

The population of Apanteles sp. recorded during the rainy season varied from
0.33 to 2.27. The highest population was observed at eighth week after sowing and
was on par with the population of seventh week after sowing (2.00). There was no
significant difference in the population of fifth (1.33) and sixth (1.40) week after
sowing. The lowest population was observed at third week after sowing which was

on par with the population of fourth week after sowing (0.80).

The spiders recorded during the rainy season ranged from 0.13 to 1.93. The
highest population was observed at eighth week after sowing and was at par with the
population of seventh (1.80) and sixth (1.33) week after sowing. The lowest
population was observed at third week after sowing which did not show any statistical

variation with the population of fourth week after sowing (0.53).
Insect pests x Natural enemies
Summer season

The maximum mean population (2.71) of insect pests and their natural
enemies were observed at seventh week after sowing which was on par with the
population of sixth (2.64), fifth and eighth week after sowing (2.62 each). The lowest
population (1.01) was observed at third week after sowing which was significantly

lower than the population recorded in other weeks.

The highest mean population of 3.26 was observed by A. peponis during the
summer season and followed by D. indica (3.00). There was no significant difference
n the population of Aulacophora sp. and coccinellid beetles, the population ranged
from 1.81 to 2.22. The lowest population (1.11) was observed in spiders and

significantly lower than the other pests and natural enemies.

(71216
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Rainy season

The maximum mean population (2.07) of insect pests and their natural
enemies were observed at eighth week after sowing which was on par with the
population of seventh, sixth and eighth week after sowing, the population being 1.91,
1.91 and 1.88, respectively. Significantly lowest population of 0.58 was observed at

third week after sowing.

The highest mean population (3.06) observed in A. peponis and was
significantly higher than the other insect pests and natural enemies followed by
Aulacophora sp. (2.17). The lowest population (0.97) was observed in coccinellid

beetles and was statistically on par with the spiders (1.12) and Apanteles sp. (1.36).
Bitter gourd

The extent of damage caused by various pests, population of pests and their

natural enemies of bitter gourd are presented in Table 5.
Extent of damage caused by various pests
Summer season

The infestation by Henosepilachna sp. during summer season ranged from
14.67 to 22.67 per cent. The highest infestation by the pest was observed during the
fifth week after sowing which was statistically on par with the damage caused during
fourth (19.33) and sixth (21.33) week after sowing. The lowest damage to the leaves
occurred during eighth week after sowing and was statistically on par with the

damage percentage observed at seventh week after sowing (17.33).

The damage caused by A. gossypii to the leaves of bitter gourd during the
summer season varied from 14.67 to 23.33 per cent. The lowest damage was recorded
during the eighth week after sowing and was statistically similar with the damage
observed in seventh (16.67) week after sowing. Maximum damage was recorded
during fourth week after sowing and was on par with the damage recorded during

third (21.33), fifth and sixth week after sowing (19.33 each).




Table 5. The extent of damage caused by various pests, population of pests and their natural enemies of bitter gourd recorded in the farmer’s

field of Kalliyoor panchayat (Mean population / plant)

Pests / Natural Summer season ( Weeks after sowing) Rainy season (Weeks after sowing) M
i Mean ean
enemies m [V |V [vi  [vh [ vi m_ [V |V [vI | v | vIII
Extent of damage caused by pest ( Percentage)

Henosepilachana sp. 16.00 | 19.33 | 22.67. | 21.33 17.33 14.67 -18.56 | 13.33 | 16.00 | 18.67 20.00 | 16.00 14.67 16.44
Aphis gossypii 21.33 | 2333 | 19.33 | 19.33 16.67 14.67 19.11 | 12.00 | 16.67 | 12.00 11.33 10.00 7.33 [1.56
Liriomyza trifolii 16.67 | 20.67 | 17.33 | 14.00 | - 12.67 11.33 1544 | 12.00 | 14.00 | 10.67 10.00 8.00 6.00 10.11
Mean 18.00 | 21.11 | 19.78 | 18.22 15.56 13.56 - 12.44 | 15.56 | 13.78 13.78 11.33 9.33 -
Population of Pests
Anadevidia peponis 1.33 2.67 3.73 4.27 2.73 240 | 2.86 0.87 2.47 3.67 4.07 2.60 2.33 2.67
Diaphania indica 0.80 2.33 3.13 3.07 2.73 227 | 2.39 0.40 0.93 1.47 1.80 1.53 1.27 1.23
Population of Natural enemies
Coccinellid beetles 0.73 1.00 1.27 1.73 2.13 267 | 1.59 0.40 0.60 0.87 1.20 1.33 1.40 0.97
Apanteles sp. 0.47 1.00 1.93 2.53 2.87 3.13 | 1.99 0.27 0.67 1.67 2.20 2.47 2.40 1.61
Spiders 0.33 0.60 1.27 1.47 1.73 2.00 | 1.23 0.33 0.67 0.87 1.13 1.27 1.27 0.92
Mean 0.73 1.52 2.27 2.61 2.44 2.49 - 0.45 1.07 1.71 2.08 1.84 1.73 -

CD (0.05) : Population of pests and

Natural enemies Extent of damage

Insect mean 1 0.267 2.825

Season % period 0.295 3.995

Insect x Season X Period 0.660 6.921




L. trifolii caused damage to the bitter gourd leaves and it ranged from 11.33 to
20.67 per cent during the summer season. The highest damage was noticed during
fourth week after sowing and was statistically similar to that of third (16.67) and fifth
(17.33) week after sowing. The lowest percentage of infestation was recorded in
eighth week after sowing which was on par with the sixth (14.07) and seventh (12.67)

week after sowing.

The maximum mean percentage damage to the leaves by the various pests was
occurred during fourth week after sowing (21.11) which was statistically similar to
the damage caused during third (18.00), fifth (17.33) and sixth (18.22) week after
sowing. The minimum mean percentage damage was recorded during eighth week
after sowing (13.56) and was statistically on par with damage caused in seventh week

after sowing (15.56).

The highest mean percentage damage caused to the leaves by A. gossypii
(19.11) and was on par with the percentage damage caused by Henosepilachna sp.

(18.56). Infestation caused by L. trifolii was significantly lowest (15.44).
Rainy season

The infestation by Henosepilachna sp. during rainy season ranged from 13.33
to 20.00 per cent. The highest infestation by the pest was observed during the sixth
week after sowing which was statistically on par with the damage caused during fifth
week after sowing (18.67). The lowest damage to the leaves occurred during third
week after sowing and was on par with the fourth, sixth (16.00 each) and eighth week
after sowing (14.67).

The damage caused by A. gossypii to the leaves of bitter gourd ranged from
7.33 to 16.67 per cent during the summer season. The lowest damage was recorded
during the eighth week after sowing and was statistically similar with the damage
observed in sixth (11.33) and seventh (10.00) weeks after sowing. Maximum damage
was recorded during fourth week after sowing (16.67) and was on par with the

damage recorded during third and fifth weeks after sowing (12.00 each).



L. trifolii caused the damage on bitter gourd leaves which ranged from 6.00 to
14.00 per cent during the rainy season. The highest damage was noticed during fourth
week after sowing and was statistically similar that of third (12.00) and fifth (10.67)
weeks after sowing. The lowest percentage of infestation was recorded in eighth week
after sowing which was on par with the sixth (10.00) and seventh (8.00) weeks after

sowing.

The maximum mean percentage damage to the leaves by the various pests was
occurred during the fourth week after sowing (15.56) which was statistically similar
to that caused during fifth and sixth weeks after sowing (13.78 each ). The minimum
mean percentage damage was recorded during the eighth week after sowing (9.33)
and was on par with the seventh week after sowing, the percentage damage being

8.00.

The highest mean percentage damage to the leaves by Henosepilalchna sp.
(16.44) when compared to other pests. The lowest percentage of infestation caused by

L. trifolii (10.11) which was statistically on par with the 4. gossypii (11.56) .
Insect pests
Summer season

The population of A. peponis rtecorded during the summer season ranged
from 1.33 to 4.27. The highest population (4.27) was observed at sixth week after
sowing which was on par with the population observed during fifth week after sowing
(3.73). The lowest population was observed at third week after sowing and was

significantly lower than all other observations.

D. indica was recorded during the summer season, the population ranged from
0.80 to 3.13. The highest population of 3.13 was observed at fifth week after sowing
which was on par with the population of sixth (3.07) and seventh (2.73) week after
sowing. Significantly lower population (0.80) was observed at the third week after

sowing.




Rainy season

A. peponis recorded during the rainy season ranged from 0.87 to 4.07. The
highest population was observed at sixth week after sowing which was on par with the
population of fifth week after sowing (3.67). Significantly lower population (0.87)

was observed at third week after sowing.

The observed population of D. indica ranged from 0.40 to 1.80. The highest
population was observed at sixth weck after sowing which was on par with the
population noticed during seventh, fifth, and eighth week after sowing (1.53, 1.47 and
1.27 respectively). Significantly lower population (0.93) was observed at third week

after sowing.
Natural enemies
Summer season

The population of coccinellid beetles was recorded during the summer season
ranged from 0.73 to 2.67. The highest population was observed at eighth week after
sowing and was on par with the population of seventh week after sowing (2.13). The
lowest population of 0.73 was observed at third week after sowing which was on par

with the population of fourth week after sowing (1.00) .

Apanteles sp. was recorded during the summer season, the population ranged
from 0.47 to 3.13. The highest population was observed at eighth week after sowing
and was on par with the population of seventh week after sowing (2.87). The lowest
population was observed at third week after sowing and was on par with the

population of fourth week after sowing (1.00).

The highest population of spiders (2.00) was observed at eighth week after
sowing which was on par with the population of seventh week after sowing (1.73).
The lowest population (0.33) was observed at third week after sowing and was on par
with the population of fourth week after sowing (0.60). The mean population of the

spiders recorded during the summer season ranged from 0.33 to 2.00.
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Rainy season

The highest population of coccinellid beetles (1.40) were observed at eighth
week after sowing and was on par with the population of seventh (1.33) and sixth
week after sowing (1.20). The lowest population (0.40) was observed at third week
after sowing which was on par with the population of fourth (0.60) and fifth week
after sowing (0.87) .

Apanteles sp. recorded during the rainy season ranged from 0.27 to 2.47. The
highest population was observed at seventh week after sowing which was on par with
the population of eighth (2.40) and sixth (2.20) week after sowing. The lowest
population (0.27) was observed at third week after sowing which did not show

statistical variation with the population of fourth week after sowing (0.67).

Spiders recorded during the rainy season ranged from 0.33 to 1.27. The
highest population was observed at the seventh and eighth week after sowing which
was on par with the population of sixth week after sowing (1.13). The lowest
population was observed at third week after sowing and was statistically same as the

population recorded in fourth (0.67) and fifth week after sowing (0.87).
Insect pests X Natural enemies
Summer season

The maximum mean population of insect pests and natural enemies (2.61)
was observed at sixth week after sowing which was on par with the population of
seventh week after sowing (2.44) and eighth (2.49) week after sowing. The lowest
population (0.73) was observed in third week after sowing which was significantly

lower than the insect pests and natural enemies observed in all other weeks.

The highest mean population (2.86) observed in 4. peponis during the summer
season which was significantly higher than the population of all other insect pests and
natural enemies. D. indica, Apanteles sp. and coccinellid beetles population were
2.39, 1.99 and 1.59, respectively and they were on par with each other. The lowest
population (1.23) was observed in spiders which was significantly lower than the all

other insect pests and natural enemies.



Rainy season

The maximum mean population of insect pests and natural enemies (2.08)
were observed at sixth week after sowing which was on par with the population
recorded at seventh week after sowing (1.84). Eighth, fifth and fourth weeks after
sowing population was 1.73, 1.71 and 1.07 respectively. The lowest population (0.45)
was observed at the third week after sowing which was significantly lower than the

other weeks of population.

The highest mean population of A. peponis observed during the rainy season
which was 2.67 which was significantly higher than the population of all other pests
and natural enemies . The population of D. indica and Apanteles sp. was 1.23 and
1.61 respectively. The lowest population of spiders was 0.92 which was on par with

the population of coccinellid beetles (0.97).
Oriental pickling melon

The extent of damage caused by various pests, population of pests and their natural

enemies of oriental pickling melon is presented in Table 6.
Extent of damage caused by various pests
Summer season

The maximum mean percentage damage to the leaves by the various pests was
occurred during the fifth week after sowing (29.17) which was statistically similar to
the percentage damage caused during fourth (27.33) and sixth week after sowing
(28.00). The minimum mean percentage damage to the leaves was recorded during the
eighth week after sowing (20.17) and was statistically on par with the third and
seventh week after sowing, the percentage damage being 23.50 and 22.50,

respectively,

The mean population of various pests recorded in six observations showed the
highest damage caused by 4. gossypii in the leaves was 29.78 per cent which was
statistically on par with the Awlacophora sp. (28.89) and followed by
Henosepilalchna sp. (21.89). Significantly lower infestation percentage was caused by
L. trifolii (19.89).



Table 6. The extent of damage caused by various pests, population of pests and their natural enemies of oriental pickling melon recorded in the

farmer’s field of Kalliyoor panchayat (Mean population / plant)

Pests / Natural Summer season ( Weeks after sowing) M Rainy season (Weeks after sowing) Mean
enemies m IV K [Vi__ [vo [vio “t m [ [V [ VI v [vin
Extent of damage caused by pest ( Percentage)
Aulacophora sp. 13.33 24.00 37.33 42.00 | 27.33 | 29.33 28.89 10.00 | 24.00 20.67 25.33 16.67 13.33 18.33
Henosepilachana sp. 21.33 25.33 26.67 22.00 | 20.00 16.00 21.89 17.33 | 22.00 24.67 21.33 16.67 14.67 19.44
Aphis gossypii 36.67 34.67 31.33 29.33 | 26.00 | 20.67 29.78 22.67 | 20.67 18.00 16.67 14.00 11.33 17.22
Liriomyza trifolii 22.67 25.33 21.33 18.67 | 16.67 14.67 19.80 16.00 | 21.33 16.00 11.33 9.33 7.33 13.56
Mean 23.50 [ 27.33 29.17 28.00 | 22.50 20.17 | - 16.50 | 22.00 19.83 18.67 14.17 11.67 -
Population of Pests
Aulacophora sp. 1.33 2.60 3.93 3.73 3.13 2.53 2.88 1.47 1.53 2.33 2.07 1.60 1.40 1.73
Anadevidia peponis 1.33 2.20 3.60 2.73 1.87 1.73 | 2.24 0.80 2.07 3.27 2.80 2.47 1.80 2.20
Diaphania indica 1.27 2.33 2.80 2.33 2.33 1.87 2.16 0.60 1.13 1.67 1.27 1.00 0.73 1.07
Population of Natural enemies
Coccinellid beetles 0.80 1.27 1.73 2.20 2.80 3.20 2.00 0.60 0.80 1.00 1.27 1.47 1.80 1.16
Apanteles sp. 0.33 0.67 1.27 1.40 2.00 2.20 1.31 0.07 0.33 0.53 0.73 1.13 1.27 0.68

Spiders 0.73 1.27 2.07 2.87 2.80 2.93 2.11 0.40 0.73 1.53 2.67 3.13 3.07 1.92
Mean 0.97 1.72 2.57 2.54 2.49 2.41 - 0.66 1.10 1.72 1.80 1.80 1.68 -

CD (0.05) : Population of pests and

Natural enemies Extent of damage
Insect mean : 0.349 2.842
Season X period : 0.349 4.923

Insect x season X period 1 0.855 9.846
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The percentage damage to the leaves by Aulacophora sp. during the summer
season ranged from 13.33 to 42.00. The infestation was the highest during the sixth
week after sowing and the damage was statistically on par with the damage caused
during fifth week after sowing (37.33). There was no significant difference in the
percentage damage caused in seventh (27.33) and eighth weeks after sowing (29.33).
The lowest infestation was the during third week after sowing and the leaf damage

was statistically on par with the fourth week after sowing (24.00).

The infestation caused by Henosepilachna sp. during summer season ranged
from 16.00 to 26.67. The highest infestation by the pest was observed during fifth
week after sowing which was statistically on par with the damage caused during
fourth, sixth and third weeks after sowing, the percentage infestation being 25.33,
22.00 and 21.33, respectively. The lowest damage to the leaves occurred during

eighth week after sowing and was on par with the seventh week after sowing (20.00).

The damage caused by A. gossypii to the leaves of oriental pickling melon
during the summer season ranged from 20.67 to 36.67 per cent. The lowest damage
was recorded during the eighth week after sowing and was statistically similar with
the damage observed in seventh week after sowing (26.00). Maximum damage was
recorded during third week after sowing and was on par with the damage recorded
during fourth (34.67), fifth (31.33) and seventh (26.00) week after sowing,

A damage level of 14.67 to 25.33 per cent caused by L. #ifolii was observed
during the summer season. The highest damage was noticed during fourth week after
sowing and was statistically similar to that of third (22.67) and fifth weeks after
sowing (21.33). The lowest percentage of infestation recorded in eighth week after
sowing was 14.67 which was on par with the sixth (18.67) and seventh (16.67) week

after sowing.
Rainy season

The damage caused to the leaves by Aulacophora sp. during the rainy season
ranged from 10.00 to 25.33 per cent. The infestation was the highest during the sixth -

week after sowing and the damage was statistically on par with the damage caused
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during fourth and fifth weeks after sowing, the percentage of damage being 24.00 and
20.67, respectively. The lowest infestation was during the third week after sowing and
the leaf damage was statistically on par with the seventh (16.67) and eighth (13.33)

weeks after sowing.

The infestation by Henosepilachna sp. during rainy season ranged from 14.67
to 24.67. The highest infestation by the pest was observed during the fifth week after
sowing which was statistically on par with the damage caused during fourth (22.00)
and sixth (21.33) week after sowing, The lowest damage to the leaves occurred during
eighth week after sowing (14.67) and was on par with the seventh and third weeks

after sowing, the percentage damage being 16.67 and 17.33 respectively.

The damage caused by A. gossypii to the leaves of oriental pickling melon
during the rainy season ranged from 11.33 to 22.67 per cent. The lowest damage was
recorded during the eighth week after sowing (11.33) and was statistically similar
with the damage observed in sixth (16.67) and seventh (14.00) weeks after sowing.
Maximum damage was recorded during third week after sowing and was on par with

the damage recorded during fourth (20.67) and fifth (18.00) weeks after sowing.

The damage caused by L. trifolii ranged from 7.33 to 21.33 per cent during
the rainy season. The highest damage was noticed during fourth week afier sowing
and was statistically similar to that of third and fifth week after sowing (16.00 each).
The lowest percentage of infestation recorded in eighth week after sowing was 7.33
which was on par with the percentage of infestation observed in seventh week afier

sowing (9.33).

The maximum mean percentage damage to the leaves caused by the various
pests was occurred during fourth week after sowing (22.00) which was statistically
similar to the percentage damage caused during fifth (19.83) and sixth (18.67) weeks
after sowing. The minimum mean percentage damage to the leaves was recorded
during the eighth week after sowing (11.67) and was on par with the third and seventh

weeks after sowing, the percentage damage being 16.50 and 14.17, respectively.

The highest percentage damage to the leaves by Henosepilalchna sp. was

19.44 and followed by A. gossypii (17.22) and Aulacophora sp. (18.33). Significantly
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lower damage was caused by L. trifolii (13.56).
Insect pests
Summer season

The population of the Aulacophora sp. recorded during the summer season
ranged from 1.33 to 3.93. The highest population was observed at fifth week after
sowing which was on par with the population of sixth (3.73) and seventh (3.13) weeks
after sowing. The lowest population was observed at third week after sowing which

was significantly lower than the population at all other weeks.

The population of the 4. peponis recorded during the summer season varied
from 1.33 to 3.60. The highest population was observed at fifth week after sowing
which was significantly higher than all other weeks. The lowest population was
observed at third week after sowing which was on par with the population of seventh

(1.87) and eighth (1.73) weeks after sowing.

The population of the D. indica recorded during the summer season ranged
from 1.27 to 2.80. The highest population was observed at fifth week after sowing
which was on par with the population of fourth, sixth and seventh weeks after sowing
(2.33 each). The lowest population was observed at third week after sowing and was

on par with the population of eighth week after sowing (1.87).
Rainy season

The population of Aulacophora sp. recorded during the rainy season ranged
from 1.40 to 2.33. The highest population of Aulacophora sp. was observed at fifth
week after sowing which was on par with the population of sixth, seventh and fourth
weeks after sowing, The population being 2.07, 1.60 and 1.53, respectively. The
lowest population (1.40) was observed at the eighth week after sowing and was at par

- with the population of third week after sowing (1.47).

The population of A. pepornis recorded during the rainy season ranged from
0.80 to 3.27. The highest population was observed at fifth week after sowing which
was statistically same as the population of sixth (2.80) and seventh (2.47) weeks after

sowing. The next higher population (2.07) was observed at fourth week after sowing




which was on par with the population of eighth week after sowing (1.80). The lowest
population was observed at third week after sowing which was significantly lower

than the other weeks.

The highest population of D. indica (1.67) was observed at fifth week after
sowing which was at par with the population of sixth, fourth and seventh weeks after
sowing which were 1.27, 1.13 and 1.00 respectively. The lowest population (0.60)
was observed at third week after sowing and was on par with the population of eighth

week after sowing (0.73).
Natural enemies
Summer season

The population of the coccinellid beetles recorded during the summer season
ranged from 0.80 to 3.20. The highest population was observed at eighth week after
sowing which was on par with the population of seventh week after sowing (2.80).
The lowest population was observed at third week after sowing and was on par with

the population of fourth week after sowing (1.27).

The population of the Apanteles sp. recorded during the summer season
ranged from 0.33 to 2.20. The highest population was observed at eighth week after
sowing which was on par with the population of seventh (2.00) and sixth week after
sowing (1.40). The lowest population was observed at third week after sowing which

was on par with the‘population of fourth week after sowing (0.67).

The population of the spiders recorded during the summer season ranged from
0.73 to 2.93. The highest population was observed at eighth week after sowing which
did not show any significant difference with the population of sixth (2.87) and seventh
(2.80) weeks after sowing. The lowest population (0.73) was observed at third week
after sowing which was statistically on par with the population of fourth week after

sowing {1.27).
Rainy season

Coccinellid beetles recorded during the rainy season ranged from 0.60 to

1.80. The highest population was observed at eighth week after sowing which was on



par with the population at seventh, sixth and fifth weeks after sowing which were
1.47, 1.27 and 1.00 respectively. The lowest population (0.60) was observed at third
week after sowing and was on par with the population of fourth week after sowing

(0.80).

The highest population of Apanteles sp.(1.27) was noticed at eighth week after
sowing which was on par with the population of seventh, sixth and fifth weeks after
sowing and were 1.13, 0.73 and 0.53 respectively. The lowest population (0.07) was
observed at third week after sowing and was on par with the population of fourth

week after sowing (0.53).

The population of spiders recorded during the rainy season ranged from 0.40
to 3.13. The highest population was observed at seventh week after sowing and was
statistically same as that of eighth (3.07) and sixth (2.67) week after sowing. The
lowest population (0.40) was recorded at third week after sowing and was on par with

the population of fourth week after sowing (0.73).
Insect pests x Natural enemies
Summer season

The maximum mean population (2.57) of insect pests and natural enemies
were observed at fifth week after sowing which was on par with the population of
sixth, seventh and eighth weeks after sowing which were 2.54, 2.49 and 2.41,
respectively. The lowest population (0.97) was observed at third week after sowing

and was significantly lower than the population recorded in all other weeks.

The highest mean population (2.88) of Auwlacophora sp. observed during the
summer season and was significantly higher than the population of all other insect
pests and natural enemies. 4. peponis, D. indica, spiders and coccinellid beetles, the
population were 2.24, 2.16, 2.11 and 2.00, respectively and they were on par with
each other. The lowest population of Apanteles sp. observed was 1.31 which was

significantly lower than all other pests and natural enemies of oriental pickling melon.
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Rainy season

Significantly similar same population of insect pests and natural enemies were
observed at sixth, seventh and eighth weeks after sowing and the population was
1.80, 1.80 and 1.68 respectively. The lowest population (0.66) was observed at third

week after sowing which was significantly lower than the other weeks.

The highest population of A. peponis was observed during the rainy season
(2.20) which was on par with the population of spiders (1.92). The population of
Aulacophora sp., D. indica and coccinellid beetles was 1.73, 1.07 and 1.16
respectively. The lowest population of Apanteles sp was observed 0.68 which was
significantly lower than the all other pests and natural enemies of oriental pickling

melon.
4, 2 FORAGING ACTIVITY OF INSECT POLLINATORS

The data presented in Tables 7 to 9 showed the foraging activity of insect
pollinators in three cucurbitaceous vegetables under pesticide free condition in the

Instructional farm, College of Agriculture, Vellayani.
Assessment of peak time of insect visit
Snake gourd

The population of insect pollinators visited on snake gourd flowers was
recorded at different time intervals on the seventh week after sowing (peak flowering

stage) and expressed as number of bees / m >/ 5 min and the data depicted in Table 7.

A. cerana indica and Anderna sp. started their activity at 0600 hr and
continued up to 1800 hr where as A. mellifera and Trigona sp. began their activity at

0700 hr and continued up to 1600 and 1700 hr, respectively.

The maximum foraging activity of 4. cerana indica was recorded at 0900 hr
with mean number (3.20) and was on par with the foraging activity at 1000 hr (2.60).
The second peak activity was observed at 0800 hr and 1100 hr (2.00 each) which was
on par with the foraging activity at 1600 hr and 1800 hr (1.20 each). The minimum
foraging activity was recorded at 1300 hr (0.20) which was on par with the 0600 hr,
1500'hr (0.40 each), 1700 hr (0.80), 0700 hr and 1200 hr (1.00 each).



Table 7. Relative abundance of insect pollinators visiting snake gourd flowers during various times of a day under

pesticide free condition in the Instructional farm (Mean number / m >/ 5 min)

Time (hrs) | A.cerana A.mellifera Trigona sp. Anderna sp. Coleopterans | Dipterans Lepidopterans | Other insects
indica
6.00 0.40 0.00 0.00 0.40 0.00 0.20 0.60 0.00
7.00 1.00 0.00 0.40 0.60 0.20 0.60 1.00 0.40
8.00 2.00 0.60 1.20 1.00 0.80 1.00 1.80 1.20
9.00 3.20 1.00 1.80 1.60 1.00 1.80 3.40 1.60
10:00 2.60 1.40 2.20 0.80 2.20 2.60 4.60 2.20
11.00 2.00 1.00 1.40 0.00 1.20 2.00 1.60 1.20
12.00 1.00 0.00 0.60 0.00 0.80 0.80 1.20 0.60
13.00 0.20 0.00 0.00 0.40 0.40 0.00 0.00 0.20
14.00 0.00 0.00 0.20 0.00 0.00 0.40 _0.40 0.00
15.00 0.40 0.40 0.40 0.20 0.40 0.00 0.80 0.80
16.00 1.20 1.00 0.60 1.20 0.80 2.00 2.20 1.40
17.00 0.80 0.00 0.60 1.20 1.20 0.40 1.60 1.00
18.00 1.20 0.00 0.00 0.60 0.00 0.00 0.00 0.40
CD 0.856 0.485 0.714 0.687 0.789 0.772 0.871 0.864
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The maximum foraging activity of 4. mellifera was recorded at 1000 hr with
mean number 1.40 and was on par with the foraging activity at 0900 hr, 1100 hr and
1600 hr (1.00 each). The minimum foraging activity was recorded at 0800 hr (0.60)

and it was significantly lower population than rest of the hours of a day.

In case of Trigona sp. the recorded maximum foraging activity was at 1000 hr
with mean number 2.20 and was on par with the foraging activity at 0900 hr(1.80).
The second peak activity was observed at 1100 hr (1.40) and was on par with the
foraging activity at 0800 hr (1.20). The minimum foraging activity was recorded at
1400 hr (0.20) and was at par with the foraging activity at 0700 hr, 1500 hr
(0.40 each), 1600 hr and 1700 hr (0.60 each) respectively.

The highest foraging activity of Anderna sp. was observed at 0900 hr with
mean number 1.60 and was on par with the foraging activity at 1600 hr and 1700 hr
(1.20 each). The minimum foraging activity was recorded at 1500 hr (0.20) and was
on par with 0600 hr (0.40), 0700 hr and 1800 hr (0.60 each).

The maximum foraging activity of coleopterans was recorded at 1000 hr with
mean number 2.20 and was significantly higher than the rest of the hours of a day.
The second peak of foraging activity was at 1100 hr and 1700 hr (1.20 each) and were
on par with the foraging activity at 0800 hr, 1200 hr and 1600 hr (0.80 each). The
minimum foraging activity was recorded at 0700 hr (0.20) which was on par with the
foraging activity at 1300 and 1500 hr (0.40 each).

The foraging activity of dipterans was maximum at 1000 hr with mean number
2.60 and was on par with the foraging activity at 1600 hr (2.00) and 0900 hr (1.80).
The minimum foraging activity was recorded at 0600 hr (0.20) which was on par with
the foraging activity at 0700 hr (0.60), 1200 hr (0.80), 1400 hr and 1700 hr
(0.40 each).

In the case of lepidopterans the maximum foraging activity was recorded at
1000 hr with mean number 4.60 and was significantly higher than the rest of the
hours of a day. The second peak foraging activity was at 0900 hr (3.40) which was
significantly higher than the rest of the hours of a day. There was no significant
difference between the foraging activity at 0800 hr, 1100 hr, 1200 hr, 1600 hr and



1700 hr, the population ranged from 1.20 to 2.20. The minimum foraging activity
was recorded at 1400 hr (0.40) which was on par with the foraging activity at 0600 hr
(0.60) and 1500 hr (0.80).

The highest foraging activity of other insects was observed at 1000 hr with
mean number 2.20 and was significantly higher than the rest of the hours of a day.
The second peak foraging acfivity was at 1900 hr (1.60) which was on par with the
foraging activity at 1600 hr (1.40), 0800 hr and 1100 hr (1.20 each). The minimum
foraging activity was recorded at 1300 hr (0.20) which was on par with the foraging
activity at 0700 hr (0.40), 1200 hr (0.60) and1500 hr (0.80) respectively.

There were two peak foraging hours, first peak was in the moming and the
second was in the evening hours. The first peak and maximum foraging activity of
A. cerana indica, Anderna sp., A. mellifera and Trigona sp. recorded at 0900 hr, 0900
hr, 1000 hr and 1000 hr with mean number 3.20, 1.60, 1.40 and 2.20, respectively.
The second peak activity of these bees was with mean number of 1.20, 1.20, 1.00 and

0.60, respectively.

The first peak of coleopterans, dipterans, lepidopterans and other insects were
recoded at 1000 hr with mean number 2.20, 2.60, 4.60 and 2:20, respectively. The
second peak activity of these group of insects was at 1600 hr with mean number 0.80,

2.00, 2.20 and 1.40, respectively.
Bitter gourd

The population of insect pollinators visited on bitter gourd flowers was
recorded at different time intervals on the seventh week after sowing (peak flowering

stage) and expressed as number of bees /m 2/ 5 min and is depicted in Table 8.

A. cerana indica and Anderna sp. started their activity at 0600 hr and
continued up to 1800 hr whereas 4. mellifera and Trigona sp. began their activity at

0700 hr and continued up to 1700 hr.

The maximum foraging activity of 4. cerana indica was observed at 1000 hr
(4.00) and was on par with at 1100 hr and 1600 hr with mean number (3.60 each). The
second peak activity was at 1700 hr (2.80) and was on par with the foraging activity at
1200 hr and 1500 hr (2.40 each). The minimum foraging activity was recorded at




Table 8. Relative abundance of insect pollinators visiting bitter gourd flowers during various times of a day under pesticide free

condition in the Instructional farm (Mean number/ m 2/ 5 min).

Time A. cerana A. mellifera Trigona sp. Anderna sp. Coleopterans | Dipterans Lepidopterans | Other insects
(hrs) indica

6.00 0.40 0.00 1.00 0.40 0.00 1.00 0.00 0.00
7.00 0.60 0.40 1.00 0.60 0.40 0.80 0.80 0.40
8.00 1.20 0.60 2.60 1.20 1.00 1.00 1.00 0.80
9.00 3.40 1.20 3.80 1.40 1.40 1.40 2.20 1.60
10.00 4.00 2.40 4.60 2.0. 1.60 3.20 2.40 1.00
11.00 3.60 1.20 7.80 1.40 0.40 3.00 1.40 0.60
12.00 2.40 0.60 5.00 0.80 0.00 1.40 0.80 0.00
13.00 1.40 0.00 3.60 0.40 0.00 1.20 0.00 0.00
14.00 1.20 0.20 2.00 0.60 0.60 0.80 0.40 0.60
15.00 2.40 1.00 3.80 1.00 1.00 1.20 1.00 0.80
16.00 3.60 1.40 6.20 1.60 1.20 2.00 2.00 1.00
17.00 2.80 0.60 3.80 0.80 0.20 1.00 0.80 0.00
18.00 1.20 0.00 1.40 0.00 0.00 0.00 0.00 0.00
CD 0.764 0.600 1.001 0.722 0.486 0.871 0.678 0.796




0600 hr (0.40) and was on par with the population observed at 0700 hr (0.60), 1400 hr
and 1800 hr with mean number (1.20 each).

The maximum foraging activity of 4. mellifera was recorded at 1000 hr with
mean number 2.40 and was significantly higher than rest of the hours of the day. The
second peak activity was at 1600 hr (1.40) which was on par with the foraging activity
at 0900 hr, 1100 hr (1.20 each). The minimum foraging activity was recorded at 0700
br (0.40) and was on par with 0800 hr, 1700 hr and 1200 hr (0.60 each).

In the case of Trigona sp. the maximum foraging activity was recorded at
1100 hr with mean number 7.80 and Was significantly higher than rest of the hours of
a day. There was no significant difference between the 1000 hr, 0900 hr, 1300 hr,
1500 hr and 1700 hr, the population ranged from 3.60 to 4.60. The minimum foraging
activity was recorded at 0600 hr and 0700 hr (1.00 each) and was on par with 1800 hr
(1.40 each).

The highest foraging activity of Anderna sp. was observed at 1000 hr with
mean number 2.00 and was on par with the foraging activity at 1600 hr (1.60), 0900.
hr and 1100 hr (1.40 each). The minimum foraging activity was recorded at 0600 hr
and1300 hr (0.40 each) which was on par with the population observed at 0700 hr,
1400 hr (0.60 each) and 1700 hr (0.80).

The maximum foraging activity coleopterans was recorded at 1000 hr with
mean number 1.60 and was on par with the foraging activity at 0900 hr (1.40) and
1600 hr (1.20). The minimum foraging activity was recorded at 1700 hr (0.20) which
was on par with the foraging activity at 0700 and 1100 hr (0.40 each).

The maximum foraging activity of dipterans was observed at 1000 hr with
mean number 3.20 and was on par with the foraging activity at 1100 hr (3.00). The
second peak activity was at 1600 hr (2.00) which was on par with the foraging activity
at 0900 hr and 1200 hr and 1600 hr (1.40 each), 1300 hr and [500 hr (1.20 each). The
minimum foraging activity was recorded at 0700 hr and 1400 hr (0.80 each) and was
on par with the activity at 0600, 0800 and 1700 hr (1.00 each).

In the case of lepidopterans, the maximum foraging activity was observed at

1000 hr with mean number 2.40 and was on par with the foraging activity at 0900 hr
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(2.20) and 1600 hr (2.00). The minimum foraging activity was recorded at 0700 hr,
1200 hr and 1700 hr (0.80 each) and 1100 hr (1.40).

The highest foraging activity of other insects was observed at 0900 hr with
mean number 1.60 and was on par with the foraging activity at 1000 and 1600 br
(1.00 each). The minimum foraging activity was recorded at 0700 hr (0.40) which was
on par with the foraging activity at 1100 hr, 1400 hr (0.60each), 0800hr and 1500 hr
(0.80 each).

There were two peak foraging hours, the first peak and maximum foraging
activity of A. cerana indica, Trigona sp. and Anderna sp. were at 1100 hr with mean
number 3.60, 7.80 and 1.40, respectively. The second peak activity of these bees was
with mean number of 3.60, 6.20 and 1.60, respectively. Similarly the first and
maximum peak activity of 4. mellifera was recorded at 1000 hr (2.40) and the second
peak was at 1600 hr (1.40).

The first peak of coleopterans, dipterans, lepidopterans and other insects was
recorded at 1000 and 0900 hr with mean number 1.60, 3.20, 2.40 and 1.60,
respectively. The second peak activity of these species was at 1600.hr with mean
number 1.20, 2.00, 2.00 and 1.00, respectively. Similarly the first peak and maximum
activity of lepidopterans was recorded at 0900 hr and 1100 hr (1.40 each) and the
second peak activity recorded at 1600 hr (1.60).

Oriental pickling melon

The population of insect pollinators visited on oriental pickling melon flowers
was recorded at different time intervals on the sixth week after sowing (peak

flowering stage) and expressed as number of bees / m %/5 min and depicted in Table 9.

A. cerana indica and Anderna sp. started their activity at 0600 hr and
continued up to 1800 hr whereas A. mellifera and Trigona sp. began their activity at
0700 hr and continued up to 1700 hr.

The maximum foraging activity of A. cerana indica was observed at 1000 hr
with mean number 8.60 and was significantly higher than the rest of the hours of a
day. The second peak activity was at 1100 hr (7.20) and was significantly varied with

the rest of the hours of a day. There was no significant difference in the foraging



Table 9. Relative abundance of insect pollinators visiting oriental pickling melon flowers during various times of a day under pesticide free

condition in the Instructional farm (Mean number / m 2/ 5 min)

Time (lus) | A.cerana | A.mellifera Trigona sp. Anderna sp. Coleopterans | Dipterans Lepidopterans | Other insects
indica
6.00 1.00 0.00 0.00 0.20 0.40 0.00 0.00 0.20
7.00 1.80 0.20 3.80 1.00 1.20 0.40 0.40 0.00
8.00 2.60 0.40 1.40 2.20 1.80 1.00 0.60 1.20
9.00 6.00 0.80 2.00 3.00 2.80 2.00 1.40 1.40
10.00 8.60 1.60 3.60 4.80 3.40 3.60 2.00 2.00
11.00 7.20 2.00 5.20 3.40 1.60 2.20 1.40 1.20
12.00 4.40 1.00 2.40 3.80 1.40 1.40 0.40 0.60
13.00 2.20 1.00 240 1.60 1.20 0.60 0.00 0.20
14.00 2.20 0.80 1.60 1.40 1.40 0.40 0.20 0.60
15.00 3.20 1.00 2.40 2.80 2.00 1.40 1.20 0.80
16.00 4.60 1.60 4.00 3.20 2.60 2.60 1.60 1.40
17.00 5.40 0.40 1.00 3.40 1.40 1.00 1.00 0.60
18.00 1.00 0.00 0.00 1.20 0.60 0.60 0.00 0.00
CD 0.933 0.919 1.098 1.092 0.878 0.756 0.764 0.748

¢k
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activity at 0900 hr (6.00) and 1700 hr (5.40). The minimum foraging activity was
recorded at 0600 and 1800 hr with mean number {1.00 each) and was on par with the
foraging activity at 0700 hr (1.80).

In the case of 4. mellifera maximum foraging activity was recorded at 1100 hr
with mean number 2.00 and was on par with the foraging activity at 1000 hr and 1600
hr (1.60 each). The minimum foraging activity was recorded at 0700 hr (0.20) and
was on par with the 0800 hr, 1700 hr (0.40 each), 1200 hr, 1300 hr and 1500 hr
(1.00 each).

The highest foraging activity of Trigona sp. was observed at 1100 hr with
mean number 5.20 and was significantly higher than rest of the hours of a day. The
second peak activity was at 1600 hr (4.00) and was on par with the foraging activity at
0700 hr and 1000 hr with mean number being 3.80 and 3.60, respectively. The
minimum foraging activity was recorded at 1700 hr (1.00) and was on par with the

0800, 1400 and 0900 hr, the population being 1.40, 1.60 and 2.00, respectively.

Anderna sp. was recorded the maximum foraging activity at 1000 hr with
mean number 4.80 and was on par with the foraging activity at 1200 hr (3.80). The
second peak activity was at 1100 hr and 1700 hr (3.40 each) which was on par with
the foraging activity at 1600, 0900 and 1500 hr with population being 3.20, 3.00 and
2.80, respectively. The minimum foraging activity was recorded at 1600 hr (0.20) and
was on par with the 0700 hr (1.00) and 1800 hr (1.20).

The maximum foraging activity of coleopterans was observed at 1000 hr with
mean number 3.40 and was on par with the foraging activity at 0900 hr (2.80) and
1600 hr (2.60). There was no significant difference in the foraging activity at 0700,
0800, 1100, 1200, 1300, 1400, 1500 and 1700 hr with the population ranged from
1.20 to 2.00. The minimum foraging activity was recorded at 0600 hr (0.40) and was
on par with the 1800 hr (0.60).

The maximum foraging activity of dipterans was recorded at 1000 hr with
mean number 3.60 and was significantly higher than rest of the hours of the day.
There was no significant difference in the foraging activity at 1600, 1100 and 0900 hr,

the mean number being 2.60, 2.20 and 2.00, respectively. The minimum foraging
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activity was recorded at 0700 hr and 1400 hr (0.40 each) and was on par with the
1800 and 1300 hr (0.60 each) and 1700 hr (1.00).

In the case of lepidopterans, the maximum foraging activity was observed at
1000 hr with mean number 2.00 and was on par with the foraging activity at 1600,
1100, 0900 and 1500 hr, the population being 1.60, 1.40, 1.40 and 1.20, respectively.
The minimum foraging activity was recorded at 1400 hr (0.20) and was on par with

the 0700 hr (0.40), 0800 hr (0.60) and 1700 hr (1.00) respectively.

The maximum foraging activity of other insects was observed at 1000 hr with
mean number 2.00 and was on par with the foraging activity at 0900 and 1600 hr
(1.40 each) 0800 and 1100 hr (1.20 each). The minimum foraging activity was
recorded at 0600and 1300 hr (0.20 each) and was on par with the 1500hr (0.80), 1200
hr, 1400 hr and 1700 hr (0.60 each) .

There were two peak foraging hours observed, first peak was in the morning
and the second was in the evening hours. The first peak and maximum foraging
activity of 4. cerana indica, A. mellifera and Anderna sp. recorded at 1000 hr with
mean number 8.60, 1.60 and 4.80, respectively. The second peak activity of these
species was at 1700 hr, 1600 hr and 1700 hr with mean number of 5.40, 1.60 and
3.40. Similarly the first and maximum peak activity of 7Trigona sp. was recorded at

1100 hr ( 5.20).

The maximum population and first peak of coleopterans, dipterans and other
insects was recorded at 1000 hr with mean number 3.40, 3.60 and 1.40, respectively.
The second peak activity of these species was at 1600 hr with mean number 2.60, 2.60
and 1.40, respectively. Similarly the first peak and maximum activity of lepidopterans
was recorded at 0900 hr and 1100 hr (1.40 each) and the second peak activity at 1600
hr (1.60).

4.3 IMPACT OF INSECTICIDES

The result of the study conducted to assess the effect of the commonly used
insecticides on the major pollinators, pests and their natural enemies are presented in

Table 10 to 17.



4.3.1 Insect Pollinators

The population of A. cerana indica, Anderna sp. and Trigona sp. at different
intervals after application of treatments, expressed as number of bees / m 2/5 min and

is depicted in Table 10.
A. cerana indica

Significantly lower mean population was observed in all the treatments when
compared with control. Fenvalerate 0.02 per cent was significantly the most toxic
chemical to A. cerana indica when compared to all other treatments and the
population observed was 2.31. Lambda cyhalothrin 0.01 per cent (2.60) was the
second most toxic chemical which was significantly toxic to rest of the treatments.
There was no significant difference in the population on observed treatments with
acephate 0.05 per cent (3.32), carbaryl 0.1 per cent (3.29) and dimethoate 0.05 per
cent (3.28). Neem oil 2.0 per cent and imidacloprid 0.002 per cent caused less
reduction, comparatively safe insecticides to the bee population 4.31 and 4.18,

respectively.

On the first day after spraying, there was significant reduction in the bee
population in all the treatments over control (3.67). The lowest population 4. cerana
indica (0.42) recorded in fenvalerate 0.02 per cent which was significantly lower than
all other treatments. The order of toxicity of different insecticides to the population of
A. cerana indica was lambdacyhalothrin 0.01 per cent (1.00) > dimethoate 0.05 per
cent (1.58) > carbaryl 0.1 per cent (1.92) > acephate 0.05 per cent (2.25) > malathion
0.2 per cent (2.58) > imidacloprid 0.002 per cent (3.08). The highest bee population
(3.42) was recorded in neem oil 2.0 per cent and was statistically on par with the
population of control (3.67). A similar condition was observed in third, fifth, and

seventh days after spraying.

The lowest population of A. cerana indica (3.25) was recorded in fenvalerate
0.02 per cent on fourteenth day after spraying which was statistically on par with the
population of lambdacyhalothrin 0.01 per cent (3.58) and acephate 0.05 per cent
(3.67). The highest bee population (5.25) was recorded in control which was



Table 10. Population of A. cerana indica, Anderna sp. and Trigona sp. on oriental pickling

melon flowers at different intervals after insecticide spraying (Mean number/m*/5 min)

Treatments Days after pesticide application
1 3 5 7 14 21 Mean
A. cerana indica
Neem oil 2.0 % 3.42 3.83 4.00 392 5.08 5.58 431
Malathion 0.2 % 2.58 3.17 3.25 4.00 4.75 533 3.85
Acephate 0.05 % 2.25 2.75 2.92 3.17 3.67 5.17 3.32
Dimethoate 0.05% 1.58 2.33 242 3.75 4.25 5.33 3.28
Carbaryl 0.1% 1.92 2.67 2.83 3.42 3.92 5.00 3.29
Lambdacyhalothrin 0.01% 1.00 1.92 2.08 242 3.58 4.58 2.60
Fenvalerate 0.02% 0.42 1.25 1.58 292 3.25 4.42 2.31
Imidacloprid 0.002% 3.08 3.67 3.83 433 5.00 5.17 4.18
Control 3.67 4.08 4.67 5.00 5.25 4.83 4.58
Anderna sp. :
Neem oil 2.0 % 2.25 3.08 3.75 4.00 3.92 4.00 3.50
Malathion 0.2 % 2.00 2.25 3.00 3.67 3.92 3.92 3.13
Acephate 0.05 % 1.75 2.08 2.58 3.67 3.83 3.75 2.94
Dimethoate 0.05% 0.75 1.17 2.00 275 3.58 3.67 232
Carbaryl 0.1% 1.00 1.33 225 3.17 3.92 3.83 2.58
Lambdacyhalothrin 0.01% 0.42 0.83 1.33 2.17 3.75 3.92 2.07
Fenvalerate 0.02% 0.25 0.50 1.00 1.75 3.67 3.75 1.82
Imidacloprid 0.002% 2.08 2.75 3.75 4.00 4.25 4.75 3.60
Control 4.17 4.33 4.17 3.92 4.08 4.00 4.11
Trigona sp.
Neem oil 2.0 % 2.08 2.58 3.75 4.00 4.50 3.75 3.44
Malathion 0.2 % 1.50 2.08 2.92 3.75 4.33 3.75 3.06
Acephate 0.05 % 1.33 1.75 2.58 3.42 4.00 3.25 2.72
Dimethoate 0.05% 0.58 1.08 1.75 3.00 4.33 3.75 242
“Carbaryl 0.1% 0.75 1.25 2.33 325 4.25 3.33 2.53
Lambdacyhalothrin 0.01% 0.42 0.75 1.58 2.58 3.58 3.25 2.03
JFenvalerate 0.02% 0.25 0.58 1.08 2.17 3.92 3.33 1.89
Imidacloprid 0.002% L.75 242 2.75 3.67 442 3.67 3.11
-Control 3.08 3.08 3.83 4.00 4.75 3.58 3.72
CD(0.05): A. cerana indica Anderna sp. Trigona sp.
Treatment mean 0.167 0.176 0.223
Treatment X days :  0.480 0.552 0.444




L

statistically on par with the population of neem oil 2.0 per cent (5.08) and

imidacloprid 0.002 per cent (5.00).

On twenty first day after spraying, significantly higher population of
A. cerana indica recorded in all the treatments when compared with control (4.83).
The highest population (5.58) was recorded in neem oil 2.0 per cent which was
statistically on par with the population of malathion 0.2 per cent, dimethoate 0.05 per

cent (5.33 each), acephate 0.05 per cent and imidacloprid 0.002 per cent (5.17 each).

Anderna sp.

Significantly lower mean population was observed in all the treatments when
compared with control. Fenvalerate 0.02 per cent was the most toxic chemical to
Anderna sp. and the bee population observed was 1.82 which showed the highest
reduction when compared to all other treatments. Lambdacyhalothrin 0.01 per cent
(2.07) was the second most toxic chemical which was significantly varied with the
rest of the treatments. The trend in the toxicity of different insecticides to Anderna sp.
dimethoate 0.05 per cent (2.32) > carbaryl 0.1 per cent (2.58) > acephate 0.05 per cent
(2.94) > malathion 0.2 per cent (3.13). Neem oil 2.0 per cent caused less reduction in
the bee population (3.50) which was statistically on par with the population of
imidacloprid 0.002 per cent (3.60) and therefore were found to be comparatively safe

insecticides.

On the first day after spraying, there was significant reduction in bee
population in all the treatments over control (4.17). Anderna sp. recorded the lowest
population (0.25) in fenvalerate 0.02 per cent which was statistically on par with the
population of lambdacyhalothrin 0.01 per cent (0.42), dimethoate 0.05 per cent (0.75)
and carbaryl 0.1 per cent (0.42). The highest bee population (2.25) was recorded in
neem oil 2.0 per cent and was statistically on par with the population of imidacloprid
0.002 per cent (2.08), malathion 0.2 per cent (2.00) and acephate 0.05 per cent (1.75).

A similar trend was observed in the third, fifth and seventh days after spraying.

The data on the population observed at fourteenth and twenty first day after
spraying showed that there was no significant difference between them. They were on

par with the control.
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Trigona sp.

Fenvalerate 0.02 per cent (1.89) was the most toxic chemical to Trigona sp.
and was on par with the population of lambdacyhalothrin (2.03). Dimethoate 0.05 per
cent (2.42) was the second most toxic which was statistically on par with the
population of carbaryl 0.1 per cent (2.53) and acephate 0.05 per cent (2.72). The
highest population (2.53) was recorded in control and which was statistically on par
with the population of malathion 0.2 per cent and imidacloprid 0.002 per cent, the

population being 3.06 and 3.11, respectively.

On the first day after spraying, there was significant reduction in the bee
population in all the treatments over control (3.08). The lowest population of Trigona
sp. 0.25 was observed in fenvalerate 0.02 per cent which was statistically on par with
the population of lambdacyhalothrin 0.01 per cent (0.42), dimethoate 0.05 per cent
(0.58) and carbaryl 0.1 per cent (0.75). The highest bee population was recorded in
neem oil 2.0 per cent 1.75. A similar trend was observed in the third, fifth and seventh

days after spraying.

Data on the fourteenth and twenty first days after spraying indicated that all

the treatments were on par with the control.
A. cerana indica

Time spent by 4. cerana indica for collection of nectar and pollen from
staminate and pistillate flowers at different intervals after insecticide spraying and

expressed as number of seconds / single visit on flower is presented in Table 11.
Staminate flowers

There was significant reduction in the mean time spent by A. cerana indica in
staminate flowers in all the treatments over control (14.11) after insecticide spraying,
the time spent ranged from 5.33 to 10.39. The lowest time spent by 4. cerana indica
was recorded in fenvalerate 0.02 per cent and was statistically on par with the
lambdacyhalothrin 0.01 per cent (5.78). The lowest order of time spent by bees
carbaryl 0.01 per cent (6.67) > acephate 0.05 per cent (7.11) > dimethoate 0.05 per
cent (7.94) > malathion 0.2 per cent (8.50). The highest time spent by A. cerana

indica recorded in neem oil 2.0 per cent (10.39) which was significantly varied with



Tabl 1. Time spent by 4. cerana indica for collection of nectar and pollen from staminate and
pistillate flowers at different intervals after insecticide spraying (Number of seconds /

single visit on flower)

Treatments Days after pesticide application M
1 | 3 | 5 | 7 [ 14 | 21 cat
Staminate flowers
Neem oil 2.0 % 6.00 | 7.67 | 933 [12.33 | 13.33 | 13.67 10.39
Malathion 0.2 % 467 | 533 | 8.00 | 9.00 | 11.33 | 12.67 8.50
Acephate 0.05 % 3.00 | 400 | 6.33 | 8.00 | 8.67 | 12.67 7.11
Dimethoate 0.05% 400 | 4.67 | 7.00 | 8.67 | 9.67 | 13.67 7.94
Carbaryl 0.1% 267 | 3.67 | 5.67 | 733 | 8.00 | 12.67 6.67
Lambdacyhalothrin 0.01% 3.00 | 2.67 | 4.67 | 6.00 | 7.67 | 10.67 5.78
Fenvalerate 0.02% 2.67 | 233 | 433 | 5.00 | 7.33 | 10.33 5.33
Imidacloprid 0.002% 467 | 633 | 8.33 | 10.33 | 11.67 | 13.00 9.06
Control 13.33 | 14.00 | 4.67 | 15.00 | 14.00 | 13.67 14,11
' Pistillate flowers
" | Neem oil 2.0 % | 9.67 | 14.00 | 22.67 | 29.33 | 33.00 | 35.00 23.94
* | Malathion 0.2 % 533 | 6.67 | 9.33 | 11.00 | 29.67 | 33.33 15.89
Acephate 0.05 % 433 | 5.67 | 6.67 | 833 | 27.67| 31.67 14.06
Dimethoate 0.05% 433 | 6.00 | 8.33 | 10.67 | 28.67 | 33.33 15.22
Carbaryl 0.1% 3.67 | 500 | 6.33 | 7.67 | 2633 | 34.00 13.83
Lambdacyhalothrin 0.01% 3.33 | 433 | 533 | 7.00 | 2433 | 30.33 12.44
Fenvalerate 0.02% 233 | 3.67 | 467 | 600 | 21.67 | 29.33 11.28
Imidacloprid 0.002% 6.00 | 8.67 | 12.00 | 15.67 | 30.33 | 32.00 17.44
Control 30.33 | 33.00 | 34.33 | 33.00 | 35.00 | 35.67 33.56
CD(0.05): Staminate flowers Pistillate flowers
Treatment mean : 0.612 5.048

Treatment x days : 1.204 1.484
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the other treatments.

There was significant reduction in the time spent by bee in all the treatments
over control (13.33 sec.) on the first day after spraying. The lowest time spent by
A. cerana indica was recorded in fenvalerate 0.02 per cent and carbaryl 0.1 per cent
(2.67each) and was statistically on par with the lambdacyhalothrin 0.01 per cent
(3.00). There was no significant difference in the time spent by bee in dimethoate 0.05
per cent, malathion 0.2 per cent and imidacloprid 0.002 per cent, the duration being
4.00, 4.67 and 4.67, respectively. The highest time spent by A. cerana indica recorded
was in neem oil 2.0 per cent (6.00) which was significantly varied with the other
treatments. A similar trend was observed in the third, fifth, seventh and fourteenth

days after spraying.

On twenty first days after spraying, the lowest time spent by 4. cerana indica
recorded in fenvalerate 0.02 per cent was 10.33 and was statistically on par with the
lambdacyhalothrin 0.01 per cent (10.67). There was no significant varied in
dimethoate 0.05 per cent, malathion 0.2 per cent, imidacloprid 0.002 per cent,
acephate 0.05 per cent, carbaryl 0.1 per cent and neem oil 2.0 per cent, the time spent

varied from 12.67 to 13.67.
Pistillate flowers

There was significant reduction in the mean time spent by A. cerana indica on
pistillate flowers in all the treatments over control (33.56sec.) after insecticide
spraying. The lowest time spent by A. cerana indica was recorded in fenvalerate 0.02
per cent (11.28) and was statistically on par with the lambdacyhalothrin 0.01 per cent,
carbaryl 0.1 per cent, acephate 0.05 per cent, dimethoate 0.05 per cent and malathion
0.2 per cent, time spent being 12.44, 13.83, 14.06, 15.22 and 15.89, respectively. The
highest time spent by A. cerana indica recorded in neem oil 2.0 per cent (23.94)
which was statistically on par with the imidacloprid (17.44) and they were safe to

bees.

The data recorded on the first day after spraying, there was significant
reduction in the time spent by the bee in all the treatments over control (30.33). The

lowest time spent by A. cerana indica was recorded in fenvalerate 0.02 per cent (2.33)
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and was on par with the lambdacyhalothrin 0.01 per cent (3.33). There was no
significant difference reduction in the time spent by bee in carbaryl 0.1 per cent,
dimethoate 0.05 per cent and acephate 0.05 per cent, the duration being 3.67, 4.33 and
4.33, respectively. Malathion 0.2 per cent and imidacloprid 0.002 per cent had no
statistically difference between them, the duration being 5.33 and 6.00, respectively.
The highest time spent by A. cerana indica recorded in neem oil 2.0 per cent (9.67)

and was significantly higher than the other treatments.

In the case of third day after spraying, the lowest time spent by A. cerana
indica was recorded in fenvalerate 0.02 per cent (3.67) and was on par with the
lambdacyhalothrin 0.01 per cent (4.33) and carbaryl 0.1 per cent (5.00). There was no
significant difference reduction in the time spent by bee in acephate 0.05 per cent,
dimethoate 0.05 per cent and malathion 0.2 per cent, the duration was 5.67, 6.00 and
6.67, respectively. The highest time spent by A. cerana indica recorded in neem oil

2.0 per cent (14.00) and was significantly varied with the other treatments.

On fifth day after spraying, the lowest time spent by the bee was recorded in
fenvalerate 0.02 per cent (4.67) and was on par with the lambdacyhalothrin 0.01 per
cent (5.33). There was no significant difference in reduction the time spent by bee in
carbaryl 0.1 per cent (6.63) and acephate 0.05 per cent (6.67). The highest time spent
by A. cerana indica recorded was in neem oil 2.0 per cent (22.67) and was
significantly varied with the other treatments. A similar trend was observed in the

seventh and fourteenth days after spraying.

The data on the twenty first day after spraying, the lowest time spent by the
bee was recorded in fenvalerate 0.02 per cent (29.33) and was on par with the
lambdacyhalothrin 0.01 per cent (30.33). There was no significant difference
reduction in the time spent by bee in imidacloprid 0.002 per cent, malathion 0.2 per
cent and dimethoate 0.05 per cent, the duration was 32.00, 33.33 and 33.33,
respectively. The highest time spent by A. cerana indica recorded was in neem oil 2.0

per cent (35.00) and was on par with the control (35.67).
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4.3.2 Population of Insect Pests
Aulacophora spp.

The population of Aulacophora sp. assessed as number of beetles per plant is

given in Table 12.
After first spraying

On the first day after spraying, there was significant reduction in the
population in all the treatments over control (4.00). The lowest population was
recorded in the plot which received imidacloprid 0.002 per cent, the mean being
(0.08). It was at par with the population in plots sprayed with carbaryl 0.1 per cent
(0.17) and dimethoate 0.05 per cent (0.58). The next lowest population was recorded
with lambdacyhalothrin (0.83) which was on par with the fenvalerate 0.02 per cent
(1.00) and malathion 0.2 per cent (1.25). Treatments with neem oil 2.0 per cent and
acephate 0.05 percent were comparatively less effective to the pumpkin beetles and

the population recorded in the treatments were 1.75 and 1.58, respectively.

Significant reduction in the population of all the treatments over control (3.75)
was observed on third day after spraying. The lowest population was recorded in plot
which received imidacloprid 0.002 per cent, the mean being (0.25). It was at par with
the population in plots sprayed with carbaryl 0.1 per cent (0.67). There was no
significant difference between population recorded in dimethoate 0.05 per cent (1.08),
lambdacyhalothrin 0.01 per cent (1.50) and fenvalerate 0.02 per cent (1.75).
Treatments with neem oil 2.0 per cent (2.25) and acephate 0.05 percent (2.08) were

comparatively less effective in controlling the pumpkin beetles.

In the case of fifth day after spraying, there was significant reduction in the
population in all the treatments over control. The lowest population was recorded in
imidacloprid 0.002 per cent, the mean being (1.08) which was statistically same with
the cabaryl 0.1 per cent (1.67). There was no significant difference between
population recorded in dimethoate 0.05 per cent, lambdacyhalothrin 0.01 per cent,
fenvalerate 0.02 per cent and malathion 0.1 per cent, the population being 2.08, 2.42,
2.75 and 2.83, respectively. Treatments with neem oil 2.0 per cent (3.58) and acephate

0.05 percent (3.08) were comparatively less effective to control the pumpkin beetles.



Table 12. Mean population of Aulacophora sp. at different intervals after insecticide spraying (Mean number / plant)

Treatments Days after first spray Days after second spray Mean
1 3 5 7 14 1 3 5 7 14
Neem oil 2.0 % 1.75 2.25 3.58 4.00 4.00 2.92 3.08 3.58 4.17 5.00 343
Malathion 0.2 % 1.25 2.00 2.83 3.00 3.92 2.33 3.00 3.25 3.50 4.67 2.98
Acephate 0.05 % 1.58 2,08 3.08 3.25 4.33 2.58 3.17 3.42 3.58 5.00 3.21
Dimethoate 0.05% 0.58 1.08 2.08 2.25 4.17 0.75 0.92 1.67 1.92 4.50 1.99
Carbaryl 0.1% 0.17 0.67 1.67 1.92 433 0.33 0.42 1.00 1.33 442 1.63
Lambdacyhalothrin 0.01% 0.83 1.50 2.42 2.50 442 1.58 1.75 2.08 2.42 4.42 2.39
Fenvalerate 0.02% [.00 1.75 2.75 3.00 4,50 1.83 2.00 2.58 3.17 4.58 2.72
Imidacloprid 0.002% 0.08 0.25 1.08 1.75 4.58 0.25 0.33 0.75 1.33 4.75 1.52
Control 4.00 3.75 4.58 4.08 4.92 4.50 4,67 4.33 4,58 5.08 445
CD (0.05):
Treatment mean 1 0.175

Treatment % days :0.641




The data on the seventh day after spraying, there was significant reduction in
the population in all the treatments over control. The lowest population was recorded
in plot which received imidacloprid 0.002 per cent, the mean being (1.75). It was at
par with the population in plots sprayed with carbaryl 0.1 per cent (1.92). There was
no significant difference between population recorded in dimethoate 0.05 per cent
(2.25), lambdacyhalothrin 0.01 per cent (2.50), acephate (3.25) malathion 0.1 per cent
and fenvalerate 0.02 per cent (3.00 each). Treatments with neem oil 2.0 per cent

(4.00) was statistically on par with the population of control (4.08).

On fourteenth day after spraying, all the treatments were found to be

statistically similar with that observed in control plot.

After second spraying

On the first day after spraying, there was significant reduction in the
population of the beetles in all the treatments over control (4.50). The lowest
population was recorded in plot which received imidacloprid 0.002 per cent, the mean
being (0.25). It was at par with the population in plots sprayed with carbaryt 0.1 per
cent (0.33) and dimethoate 0.05 per cent (0.75). The next lowest population was
recorded in lambdacyhalothrin 0.1 per cent (1.58) and was on par with the fenvalerate
(1.83). Treatments with neem oil 2.0 per cent acephate 0.05 percent and malathion 0.2
per cent were comparatively less effective to the pumpkin beetles and the population
recorded in the treatments being 2.92, 2.58 and 2.33, respectively. A similar condition
was observed in the third, fifth and seventh days after spraying, the population ranged
from 0.33 to 3.08, 0.75 to 3.58 and 1.33 to 4.17, respectively. On the fourteenth day

after spraying, all the treatments were found to be statistically similar with the control.

There was significant reduction in the mean population of Aulacophora sp. in
all the treatments over control (4.45), the population ranged from 1.52 to 3.43. The
lowest population was recorded in imidacloprid 0.002 per cent and was on par with
the population in plots sprayed with carbaryl 0.1 per cent (1.63). Neem oil 2.0 per
cent was the least effective treatment with the mean population of 3.43 and

significantly varied with the other treatments.



D. indica

The population of D. indica estimated as number of larvae per plant is given in

Table 13.
After first spraying

There was significant reduction in the population of D. indica 1n all the
treatments over control (3.92) on the first day after spraying. The lowest population
was recorded in plot received fenvalerate 0.02 per cent, the population being (0.08).
It was at par with the population in plots sprayed with lambdacyhalothrin 0.01per cent
(0.25) and imidacloprid 0.002 per cent (0.42). The next lowest population was
recorded in dimethoate 0.05 per cent (0.67) which was on par with the carbaryl 0.1
per cent (0.15) and acephate 0.05 per cent (1.17). Treatments with neem oil 2.0 per
cent (1.67) was comparatively less effective to the pumpkin caterpillar and which
showed significant variation with the other treatments. A similar condition was
observed in three days after spraying except acephate 0.05 per cent which was on par
with the neem oil 2.0 per cent. In case of fifth day after spraying similar condition
was observed with the first day after spraying except neem oil 2.0 per cent and was on
par with control. The population observed at third and fifth day after spraying ranged
from 0_.25 to 2.25 and 0.75 to 3.25, respectively.

The data on the seventh day after spraying, the lowest population was
recorded in fenvalerate 0.02 per cent, the population being (1.75). It was at par with
the population of lambdacyhalothrin 0.01per cent (1.92) and imidacloprid 0.002 per
cent (2.25). Malathion 0.2 per cent, acephate 0.05 per cent and neem oil 2.0 per cent
were less effective in controlling pumpkin caterpillar, the population being 3.25, 2.42

and 3.92, respectively.

On fourteenth day after spraying, all the treatments were found to be
statistically similar with the control except fenvalerate 0.02 per cent and
lamdacyhalothrin 0.01 per cent were continued the same trend in reduced the

population even fourteenth days after spraying.



Table 13. Mean population of D. indica at different intervals after insecticide spraying (Mean number of larvae / plant)

Treatments Days after pesticide 1 application Days after pesticide 2 application Mean
1 3 5 7 14 1 3 5 7 14
Neem 0il 2.0 % 1.67 2.25 3.25 3.92 4.00 1.92 2.25 2.75 3.08 3.08 |2.82
Malathion 0.2 % 1.00 1.75 2.33 3.25 3.50 1.00 1.58 2.08 2.42 2.83 [2.18
Acephate 0.05 % 1.17 2.00 2.42 3.42 3.58 1.25 1.92 2.42 2.75 3.00 |2.39
Dimethoate 0.05% 0.67 1.25 1.92 2.67 4.00 0.58 0.75 1.58 225 3.00 | 1.87
Carbaryl 0.1% 0.75 1.42 2.17 2.92 3.92 0.92 1.17 2.25 2.67 2.83 [2.10
Lambdacyhalothrin 0.01% 0.25 0.42 1.08 1.92 3.08 0.08 0.33 1.08 2.08 3.08 |[1.34 .
Fenvalerate 0.02% 0.08 0.25 0.75 1.75 2.50 0.00 0.08 0.75 1.92 292 |1.10
Imidacloprid 0.002% 0.42 0.58 1.25 2.25 3.92 0.08 0.25 1.25 2.25 3.00 |[1.53
Control 3.92 3.50 3.67 4.00 4.08 3.75 3.42 2,92 3.00 3.42 |3.57
CD (0.05):
Treatment mean :0.153

Treatmentx days : 0.525
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After second spraying

On the first day after spraying, there was significant reduction in the
population in all the treatments over control (3.75). There was no population recorded
in the plot received fenvalerate 0.02 per cent followed by lambdacyhalothrin 0.01per
cent and imidacloprid 0.002 per cent (0.08 each). The next lowest population recorded
was with dimethoate 0.05 per cent (0.58) and was significantly on par with the
carbaryl 0.1 per (0.92), malathion 0.2 per cent (1.00) and acephate 0.05 per cent
(1.25). The highest population (1.92) was recorded in neem oil 2.0 per cent and
significantly varied with the other treatments .The population build up was established
and gradually increased from third day after spraying to fourteenth day after spraying.
A similar condition was observed in third and fifth day after spraying, the population

ranged from 0.08 to 2.25 and 0.75 to 2.75, respectively.

In the case of seventh day after spraying, the lowest population was recorded
in the plot, which received fenvalerate 0.02 per cent, the population being (1.92). It
was at par with the population in plots sprayed with lambdacyhalothrin 0.01per cent
(2.08), imidacloprid 0.002 per cent, dimethoate. 0.05 per cent (2.25 each) and
malathion 0.2 per cent (2.42). There was no significant difference in the population of
neem oil 2.0 per cent (3.08), acephate 0.05 per cent (2.75), carbaryl (2.67) and control
(3.00) and these insecticides were less effective in controlling pumpkin caterpillar.
The data on the fourteenth day after spraying, all the treatments were statistically on

par with the control.

All the treatments significantly reduced the mean population of D. indica over
control (3. 57), the population ranged from 1.10 to 2.82. The lowest population
recorded in fenvalerate 0.02 per cent and this was followed by lambdacyhalothrin
0.01 per cent (1.34) which varied significantly with the other treatments. The highest
population was recorded in neem oil 2.0 per cent and significantly varied with the all

other treatments.
A. peponis

The population of 4. peponis estimated as number of larvae per plant is given
in Table 14.



Table 14. Mean population of A. peponis at different intervals after insecticide spraying (Mean number of larvae / plant)

Treatments : Days after first spray Days after second spray Mean
1 3 5 7 14 1 3 5 7 14

Neem oil 2.0 % 1.42 2.00 2.75 2.92 3.08 1.50 1.75 2.33 3.08 2.08 2.29
Malathion 0.2 % 1.08 1.25 2.25 2.58 2.83 1.00 1.58 2.00 2.25 1.92 1.88
Acephate 0.05 % 1.33 1.50 1.83 2.58 3.00 1.17 1.75 2.00 2.42 2.17 1.98
Dimethoate 0.05% 0.67 1.08 1.17 2.08 3.00 0.58 0.92 1.25 1.75 2.00 1.45
Carbaryl 0.1% _ 1.00 1.42 1.75 225 2.98 0.83 1.58 1.42 2.17 2.25 1.77
Lambdacyhalothrin 0.01% | 0.17 0.25 0.67 1.00 2.33 0.00 0.17 0.75 1.17 1.83 0.83
Fenvalerate 0.02% 0.08 0.17 0.33 0.83 2.08 0.00 0.00 0.50 1.08 1.75 0.68
Imidacloprid 0.002% 0.33 0.58 0.83 1.42 242 0.17 0.42 1.08 1.67 1.75 1.07
Control 2.50 3.08 3.08 2.58 2.67 2.92 2.75 2.75 2.75 2.42 2.75

CD (0.05):

Treatment mean : 0.164

Treatmentx days 10.514
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After first spraying

Significant reduction in the population of all the treatments over control (2.50)
was observed on one day after spraying. The lowest population was recorded in the
plot which received fenvalerate 0.02 per cent, the population being 0.08. It was at par
with the population in plots sprayed with lambdacyhalothrin 0.0lper cent (0.17),
imidacloprid 0.002 per cent (0.33) and dimethoate 0.05 per cent (0.67), Carbaryl 0.1
per cent, malathion 0.2 per cent, acephate 0.05 per cent and neem oil 2.0 per cent
were less effective control of A. peponis and statistically on par with each other, the

population being 1.00, 1.08, 1.33 and 1.42, respectively.

In case of third day after spraying, the lowest population was recorded in plot
received fenvalerate 0.02 per cent, the data being (0.17). It was on par with the
population recorded with lambdacyhalothrin 0.01per cent (0.25) and imidacloprid
0.002 per cent (0.58). There was no significant difference in the population observed
in malathion 0.2 per cent sprayed plots, dimethoate 0.05 per cent and acephate 0.05
per cent, the population beingl.05, 1.08 and 1.50, respectively. Neem oil 2.0 per cent

(2.00) was less effective when compared to other treatments.

The data on the fifth day after spraying, the lowest population was recorded in
the plot, which received fenvalerate 0.02 per cent, the population being (0.33). It was
at par with the population in plots sprayed with lambdacyhalothrin 0.01per cent (0.67)
and imidacloprid 0.002 per cent (0.83). The population reduction observed in
dimethoate 0.05 per cent, carbaryl 0.1 per cent, acephate 0.05 per cent and malathion
0.2 per cent, the population wasl.67, 1.75, 1.83 and 2.25, respectively. Treatments
with neem oil 2.0 per cent (2.75) was statistically on par with the population of
control (3.08).

The lowest population of A. peponis was recorded in the plot received
fenvalerate 0.02 per cent, the mean being (0.83) on the seventh day after spraying. It
was statistically same with the population in plots sprayed with lambdacyhalothrin
0.01per cent (0.10) and imidacloprid 0.002 per cent (1.42). There was no significant
difference the population sprayed with dimethoate 0.05 per cent (2.10), carbaryl 0.1
per cent (2.25), neem oil 2.0 per cent (2.92), malathion 0.2 per cent, acephate 0.05 per

cent and control (2.58 each).



On fourteenth day after spraying, the lowest population of A. peponis was
recorded was in fenvalerate 0.02 per cent, the population being (2.08) and was on par
with the population in plots sprayed with lambdacyhalothrin 0.01per cent (2.33) and
imidacloprid 0.002 per cent (2.42). Statistically same population was recorded in plots
sprayed with neem oil 2.0 per cent, carbaryl 0.1 per cent, acephate 0.05 per cent and
dimethoate 0.05 per cent, the population being 3.08, 2.98, 2.83, 3.00 and 3.00,

respectively and were higher than the population observed in control (2.67).
After second spraying

No pest was observed in plots which received fenvalerate 0.02 per cent and
lambdacyhalothrin 0.01 per cent on one day after spraying. It was statistically on par
with the population in imidacloprid (0.17). Carbaryl 0.1 per cent (0.83), dimethoate
0.05 per cent (0.58), malathion 0.2 per cent (1.00), acephate 0.05 per cent (1.17) and
neem oil 2.0 per cent (1.50) were significantly reduced the population of A. peponis
when compared to control (2.92). A similar condition was observed in third and fifth
days after spraying, the population ranged from 0.00 to 1.75 and 0.50 to 2.33,

respectively.

On seventh day after spraying, The lowest population was recorded in
fenvalerate 0.02 per cent, the population being (1.08). It was at par with the
population in plots sprayed with lambdacyhalothrin 0.01per cent (1.17). There was no
significant difference in the population observed in imidacloprid 0.002 per cent
(1.67), dimethoate 0.05 per cent (1.75) and malathion 0.2 per cent (2.25). There was
no significant difference in the plots treated with acephate 0.05 per cent (2.42),
control (2.75) and neem oil 2.0 per cent (3.08).

On fourteenth day after spraying, the population build was established
reaching on par with the control. All the treatments were on par with each other. None
of the insecticide was found to control 4. peponis even on fourteenth days after

spraying.

There was significant reduction in the mean population of A. peponis in all the
treatments over control (2.75), the population ranged from 0.68 to 2.29. The lowest

population was recorded in fenvalerate 0.02 per cent and was on par with the
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population in plots sprayed with the lambdacyhalothrin 0.01per cent (0.83). Neem oil
2.0 per cent was the least effective treatment with the mean population of 2.29 and

significantly varied with all the other treatments.
4.3.2.1 Extent of damage caused by various pests

Effect of chemical insecticides on the extent of damage caused by vartous

pests of oriental pickling melon is presented in Table 15.
Aulacophora spp.
After first spraying

All the treatments except neem oil 2.0 per cent (58.33) significantly
suppressed the damage caused by the pest on fifteenth day after spraying when
compared to control. Imidacloprid 0.002 per cent (20.00) was most effective among
the treatments and was statistically on par with the carbaryl 0.1 per cent, dimethoate
0.05 per cent and lambdacyhalothrin 0.01 per cent, the percentage damage was 23.33,
26.67 and 28.33, respectively. Malathion 0.2 per cent and acephate 0.05 per cent were
statistically on par with each other, the percentage damage was 36.67 and 40.00,

respectively.
After second spraying

Fifteen days after second spraying, imidacloprid 0.002 per cent, carbaryl 0.1
per cent, dimethoate 0.05 per cent, lambdacyhalothrin 0.1 per cent and fenvalerate
0.02 per cent were found to be effective when compared to control (65.00) and the
percentage damage ranged from 15.00 to 26.67. There was no significant difference in
plots treated with malathion (31.67) and acephate (35.00). Neem oil 2.0 per cent was

the least effective treatment with a damage percentage of 53.33.
Henosepilachna sp.
After first spraying

Maximum reduction in the extent of damage caused by Henosepilachna sp.
was obtained with imidacloprid 0.002 per cent (6.67) which was statistically on par
with the carbaryl 0.1 per cent (8.33) and lambdacyhalothrin 0.01 per cent (11.67).

Fenvalerate 0.02 per cent, dimethoate 0.05 per cent, malathion 0.2 per cent and



Table'15. The extent of damage by various insect species observed at fifteen days after insecticide spraying (leaf and fruit damage %)

Treatments 15 days after first and second application

Aulacophora sp. | Henosepilachna A. peponis and B.cucurbitae | A. gossypii L. trifolii

5P- D. indica (Fruit
‘ damage %)

1 2 1 1 1 ] 2 1 2
Neem oil 2.0 % 58.33 | 53.33 33.33 28.33 41.67 36.67 | . 46.67 33.33. | 25.33 | 24.33 22.67
Malathion 0.2 %~ 36.67 | 3167 | 21.67 16.67 31.67 26.67 16.67 25.33 15.33 9.33 6.00
Acephate 0.05 % 40.00 | 35.00 25.00 20.00 33.33 28.33 33.33 17.67 7.67 | 11.00 9.33
Dimethoate 0.05% 26.67 | 21.67 16.67 11.67 28.33 23.33 20.00 11.00 5.33 3.33 1.00
Carbaryl 0.1% 2333 | 18.33 8.33 6.67 30.00 25.00 20.00 26.67 22.67 15.00 10.33
Lambdacyhalothrin 0.01% 28.33 | 23.33 11.67 6.67 18.33 13.33 26.67 22.67 12.67 7.67 6.00
Fenvalerate 0.02% 31.67 | 26.67 13.33 8.33 13.33 8.33 23.33 20.33 10.33 6.00 2.67
Imidacloprid 0.002% 20.00 | 15.00 6.67 5.00 20.00 15.00 13.33 9.33 2.67 1.67 0.00
Control 75.00 | 65.00 46.67 41.67 55.00 48.33 73.33 42.67 32.67 31.67 27.67
CD (0.05): [ first spraying

Treatmentx days : 5.786

2: second spraying
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acephate 0.05 per cent too recorded significant reduction in the damage compared to
control (46.67) and the leaf damage in treatments ranged from 13.33 to 25.00 per cent.
Significantly higher damage was observed by Henosepilachna sp. when neem oil 2.0

per cent (33.33) was sprayed .
After second spraying

All the treatments except neem oil 2.0 per cent (28.33) significantly
suppressed the damage caused by the pest on fifteenth day after spraying when
compared to control (41.67). Imidacloprid (5.00) was the most effective among the
treatments and was on par with the carbaryl, dimethoate (6.67each) and fenvalerate

(8.33).
A. peponis and D. indica
After first spraying

Fenvalerate 0.02 per cent (13.33) was the most effective treatment for
reducing the damage caused by A. peponis and D. indica and was on par with the
Jambdacyhalothrin 0.01 per cent (18.33) and imidacloprid 0.002 per cent (20.00) on
fifteen days after spraying. Dimethoate 0.05 per cent, carbaryl 0.1 per cent, malathion
0.2 per cent and acephate 0.05 per cent were found to be effective when compared to
control (55.00) and the percentage damage ranged from 28.33 to 33.33. They were on
par with each other. There was no significant reduction in the damage produced by

neem oil 2.0 per cent (41.67) among the treatments.
After second'spraying

The same trend was observed after the second spraying as in case of the first
spray. Maximum reduction in the extent of damage by A. peponis and D. indica was
obtained with fenvalerate 0.02 per cent (8.33) which recorded same effect as that of
lambdacyhalothrin (13.33) and with lamdacyhalothrin 0.01 per cent, imidacloprid
(15.00). The treatments viz., malathion 0.2 per cent (26.67), acephate 0.05 per cent
(28.33), dimethoate 0.05 per cent (23.33) and carbaryl (25.00) were on par with each

other.



B. cucurbitae
After second spraying

The damage caused by the pest on fifteenth day after spraying ranged from
13.33 to 73.33. Maximum reduction in the extent of damage by B. cucurbitae was
obtained with imidacloprid 0.002 per cent which recorded same effect as that of
malathion 0.2 per cent (16.67), dimethoate 0.05 per cent and carbaryl 0.1 per cent
(20.00 each). The treatments viz., lamdacyhalothrin 0.01 per cent (26.67), acephate
0.05 per cent (33.33) and neem oil 2.0 per cent (46.67) were also found effective in

controlling the damage by B. cucurbitae when compared to control .
A. gossypii
After first spraying

All the treatments significantly suppressed the damage caused by the pest on
fifteenth day after spraying when compared to control (42.67). Maximum reduction in
the extent of damage by A. gossypii was obtained with imidacloprid 0.002 per cent
(9.33) which recorded same effect as that of dimethoate (11.00). Acephate 0.05 per
cent, fenvalerate 0.02 per cent, lamdacyhalothrin 0.01 per cent, malathion 0.2 per cent
and carbaryl 0.1 per cent were found to be significantly effective in controlling the
damage by A. gossypii. The extent of damage was only 17.67, 20.33, 22.67, 25.33 and
26.67 per cent in the treatments, respectively at fifteen days after spraying. There was
no significant reduction in the percent damage when neem oil 2.0 per cent (33.33) was

sprayed when compared with all the treatments.
After second spraying

A similar trend was observed as that of first spraying, the percentage damage
ranged from 2.67 to 25.33.

L. trifolii
After first spraying

All the treatments significantly suppressed the damage caused by the pest on
fifteenth day after spraying when compared to control (31.67). Maximum reduction in

the extent of damage by L. trifolii was obtained with imidacloprid 0.002 per cent
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(1.67) which recorded same effect as that of dimethoate (3.33). fenvalerate 0.02 per
cent (6.00), lamdacyhalothrin 0.01 per (7.67) and malathion 0.2 per cent (9.33).
Carbaryl 0.1 per cent (15.00) and neem oil 2.0 per cent (24.33) were found to be less

effective when compared to other treatments.

After second spraying

A similar condition was observed as that of first spraying, the percentage

damage ranged from 0.00 to 22.67.
4.3.3 Natural Enemies
Spiders

The effect of different insecticides on spiders and coccinellid beetles are

presented in Table 16.
After first spraying

On one day after spraying, there was significant reduction in the population of
spiders in all the treatments over control (2.83). The lowest population was recorded
in plot which received dimethoate 0.05 per cent and carbaryl 0.1 per (0.08each) which
was statistically on par with the population of lambdacyhalothrin 0.1 per cent (0.33)
and fenvalerate 0.02 per cent (0.42). There was no significant difference in the
population with acephate 0.05 per cent (0.67), malathion 0.2 per cent (0.83),
imidacloprid 0.002 per cent and neem oil 2.0 per cent (1.33 each ). A' similar
condition was observed in third and fifth days after spraying, the population ranged
from 0.17 to 2.42 and 0.75 to 2.58, respectively. A similar condition was observed in
seventh day after spraying except the Jowest population was recorded in treatment
with carbaryl 0.1 per cent (1.17) and was significantly varied with the other
treatments, the population ranged from 1.67 to 2.92. On fourteenth day after spraying,

the population build was established reaching on par with the control.
After second spraying

On the first day after spraying, there was significant reduction in the
population of all the treatments over control (3.92). The lowest population was

recorded in the plot received carbaryl 0.1 per cent (0.17) which was statistically on



Table 16. Mean population of spiders and coccinellids at different intervals after insecticide spraying (Mean number / plant)

Treatments Days after first spray Days after second spray Mean
1 3 [ 5 [ 7 ] 14 1 [ 3 | s | 7 14
Spiders
Neem oil 2.0 % 1.33 2.42 2,58 2.92 2.58 1.92 3.00 3.42 3.42 342 2.70
Malathion 0.2 % 0.83 1.08 1.75 2.08 2.83 1.08 1.58 2.33 3.58 3.58 2.08
Acephate 0.05 % 0.67 0.92 1.33 1.92 2.75 0.92 1.42 2.08 3.17 3.33 1.85
Dimethoate 0.05% 0.08 0.33 0.58 1.75 2.92 0.33 0.50 1.42 2.33 3.17 1.34
Carbaryl 0.1% 0.08 0.17 0.75 1.17 3.00 0.17 0.42 0.92 1.58 3.00 1.13
Lambdacyhalothrin 0.01% 0.33 0.50 1.58 2.00 2.75 0.42 1.00 1.75 2.50 3.50 1.63
Fenvalerate 0.02% 0.42 0.58 1.08 2.50 3.00 0.75 1.17 1.92 2.67 3.75 1.78
Imidacloprid 0.002% 1.33 2.17 3.00 3.00 2.58 1.75 2.33 3.25 4.08 3.92 2.74
Control 2.83 2.83 2.42 2.75 2.67 3.92 3.67 3.58 3.83 3.25 3.18
Coccinellids

Neem oil 2.0 % 1.92 2.00 3.00 3.33 3.08 2.00 2.17 3.58 3.92 4.00 2.90
Malathion 0.2 % 0.42 0.33 0.58 1.08 3.00 0.92 1.00 1.42 1.75 3.83 1.43
Acephate 0.05 % 0.25 0.33 0.67 1.25 3.08 0.67 0.83 1.08 1.42 4.08 1.37
Dimethoate 0.05% 0.08 0.08 0.33 0.75 2.83 0.50 0.67 0.75 1.08 3.58 1.07
Carbaryl 0.1% 0.00 0.08 0.42 0.92 2.75 0.17 0.25 0.58 0.92 3.58 0.97
Lambdacyhalothrin 0.01% 0.67 0.75 1.00 1.58 3.17 0.92 1.17 1.42 1.67 3.50 1.58
Fenvalerate 0.02% 0.92 1.00 1.75 1.42 2.92 1.08 1.25 1.50 1.75 3.58 1.72
Imidacloprid 0.002% 1.17 1.33 2.50 3.25 3.17 1.33 1.50 2.08 2.17 4.42 2.29
Control 3.00 2.92 3.08 3.00 2,92 3.58 3.75 4.00 4.08 3.75 3.41

CD (0.05): Spiders Coccinellids

Treatment mean :0.248 0.277

Treatment x days :0.578 0.438




par with the dimethoate 0.05 per cent (0.33) and lambdacyhalothrin 0.1 per cent
(0.42). Treatments with neem oil 2.0 per cent (1.92) was statistically on par with the

population in imidacloprid 0.002 per cent (1.75).

In the case of third day after spraying, the lowest population was recorded in
the plot received carbaryl 0.1 per (0.42) which was statistically on par with the
dimethoate 0.05 per cent (0.50). Lambdacyhalothrin 0.1 per cent, acephate 0.05 per
cent, fenvalerate 0.02 per cent and malathion 0.2 per cent showed the same effect as
the population being 1.00, 1.42, 1.17 and 1.58, respectively. Treatments with neem oil
2.0 per cent (3.00) was recorded highest population and significantly varied with the
other treatments. A similar condition was observed in the fifth day after spraying. The

population ranged from 0.92 to 3.42.

The data on the seventh day after spraying showed significantly lower
population recorded in carbaryl 0.1 per cent (1.58) when compared to all other
treatments. The highest population (4.08) was recorded in imidacloprid 0.002 per cent

and it was statistically on par with the population of malathion 0.2 per cent (3.58).

In the case of fourteenth day after spraying, the population build was
established reaching on par with the control. All the treatments were on par with each

other, the values ranged from 3.00 to 3.44.

All the treatments were significantly reduced the mean population of spiders
over control (3.18). The lowest population recorded in carbaryl 0.1 per cent and was
statistically on par with the dimethoate 0.05 per cent (1.34). There was no significant
difference in the treatments lambdacyhalothrin 0.01 per cent, fenvalerate 0.02 per cent
and acephate 0.05 per cent, the population was 1.63, 1.78 and 1.85, respectively. The
highest population was observed in neem oil 2.0 per cent and significantly varied with

the all other treatments.
Coccinellid beetles
After first spraying

On one day after spraying, there was significant reduction in the population of
all the treatments over control (3.00). There was no coccinellid beetles population in

carbaryl 0.1 per cent which was statistically on par with the dimethoate 0.05 per cent



(0.08), acephate 0.05 per cent {0.25) and malathion (0.42). There was no significant
difference in the population in fenvalerate 0.02 per cent, imidacloprid 0.002 per cent
and lambdacyhalothrin 0.1 per cent the population being 0.92, 1.17 and 0.67,
respectively. Neem oil 2.0 per cent (1.92) was significantly safer than other
treatments. A similar trend was observed in the third day after spraying, the

population ranged from 0.83 to 2.00.

The lowest population was recorded in the plot which received dimethoate
0.05 per cent (0.33) on fifth day after spraying which was statistically on par with the
carbaryl 0.1 per cent (0.42), malathion 0.2 per cent (0.58) and acephate (0.67) and
were highly toxic to spiders. The highest population (3.00) was recorded in neem oil
2.0 per cent and was statistically on par with the population of control (3.08). A
similar condition was observed in the seventh day after spraying, the population

ranged from 0.75 to 3.33.

In the case of fourteenth day after spraying, the population build was
established reaching on par with the control. All the treatments were on par with each

other.
After second spraying

On one day after spraying, there was significant reduction in the population in
all the treatments over control (3.58). The lowest population was recorded in the plot
received carbaryl 0.1 per cent (0.17) which was statistically on par with the
‘dimethoate 0.05 per cent (0.50), acephate 0.05 per cent (0.67), malathion 0.2 per cent,
lambdacyhalothrin 0.01 per cent (0.92 each ), fenvalerate 0.02 per cent (1.08) and
imidacloprid 0.002 per cent (1.33) . Treatments with neem oil 2.0 per cent (2.00) was
recorded highest population and significantly varied with the other treatments. A
similar condition was observed in third and fifth days after spraying, the population

ranged from 0.25 to 2.17 and 0.58 to 3.58, respectively.

In the case of seventh day after spraying, the lowest population was recorded
in the plot received carbaryl 0.1 per cent (0.92) which was statistically on par with the
dimethoate 0.05 per cent (1.08), acephate 0.05 per cent (1.42). Treatments with neem
oil 2.0 per cent (3.92) was statistically on par with the population of control (4.08) and



were comparatively safe to spider population.

There was no significant difference in the population observed in treated and

control on fourteenth day after spraying, the population ranged from 3.50 to 4.42.

There was significant reduction in the mean population of coccinellids in all
the treatments over control (3.41), the population ranged from 0.97 to 2.90. The
lowest population was recorded in carbaryl 0.1 per cent and was on par with the
population in plot sprayed with dimethoate 0.05 per cent (1.07). Higher population
was observed in neem oil 2.0 per cent and significantly varied with the all other

treatments.
Yield

The data on the yield, seed weight and seed germination of oriental pickling

melon is given in Table 17.

The average healthy fruit yield per plot ranged from 3.23 kg in control to 9.57
kg in imidacloprid 0.002 per cent treated plot. The highest yield obtained in
imidacloprid 0.002 per cent was followed by malathion 0.2 per cent and carbaryl 0.1
per cent which recorded 8.85 and 8.27 kg fruit yield, respectively and were on par
with imidacloprid 0.002 per cent. The yield from the plot treated with fenvalerate 0.02
per cent was 7.77 kg which was on par with lambdacyhalothrin 0.01 per cent
(6.97 kg) and acephate 0.05 per cent (6.75 kg). There was no significant difference in
yield between the treated plot with dimethoate 0.05 per cent (5.13 kg ) and neem oil
2.0 per cent (4.97 kg). The lowest yield (3.23 kg) recorded from control plot and was
differed significantly with the rest of the treatments.

Seed weight

The average seed weight per fruit ranged from 6.86 g in control to 11.53 g in
malathion 0.2 per cent treated plot. The seed weight was maximum in the plot sprayed
with malathion 0.2 per cent. This was followed by carbaryl 0.1 per cent,
lambdacyhalothrin 0.01 per cent and imidacloprid 0.002 per cent which recorded
11.22,10.96 and 10.50 g fruit seed, respectively and were on par with malathion plot.
The seed weight from the fruit treated with fenvalerate 0.02 per cent was 10.10 g

which was on par with dimethoate 0.05 per cent, acephate 0.05 per cent and neem oil



Table 17. Effect of different insecticides on fruit yield, seed weight and germination of oriental pickling melon

Treatments Fruit yield (Kg /plot) | Seed weight (g) / fruit Seed germination (%)
Neem oil 2.0 % 4,97 9.33 90.00
Malathion 0.2 % 8.85 11.53 90.00
Acephate 0.05 % 6.75 9.76 90.00
Dimethoate 0.05 % 5.13 9.87 90.00
Carbaryl 0.1 % 8.27 11,22 90.00
-Lambdacyhalothrin 0.01 % =6.97- 71096 " 90.00
Fenvalerate 0.02 % 7.77 10.10 -90.00
Imidacloprid 0.002 % 9.57 10.50 90.00
Control 3.23 6.86 60.00
CD 0.929 1.277 -

oof
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2.0 per cent which recorded 9.87, 9.76 and 9.33 g fruit, respectively. The lowest seed
weight 6.86 g fruit recorded in control which differed significantly with the rest of the

treatments.
Seed germination percentage

All the treatments showed 90 per cent of germination of seeds whereas in
control the germination was only 60 per cent. There was no significant difference

between the treatments, except over the control.




DISCUSSION



5. DISCUSSION

Encouraging pollination process and protecting the crop from pests are equally
important in enhancing production and productivity of cucurbits. Cucurbitacae with
unisexuality stands unique entomophilous family since insect pollination is chiefly of
wide occurrence in bisexual plants. Mostly, insects belonging to Hymenoptera,
Diptera, Coleoptera and Lepidoptera are found to visit the flowers of such plants.
Among these, hymenopterans more specifically honey bees are regarded as the most
efficient pollinators of the plants. Farmers usually use various insecticides especially
in an unscientific and haphazard manner to control the pest which may harm
beneficial insects like the pollinators. Hence, there is an urgent need for protecting the
pollinators and beneficial insects from indiscriminate use of insecticides. The study
was to find out the insect pollinators, pests and their natural enemies and to assess the
impact of insecticides on these insects. The results of the study are discussed here

under.
5.1 INSECT COMMUNITY

The total number of different species of insects recorded on the cucurbitaceous
vegetables was found to be 47. Of these, majority was represented by Hymenoptera
(28.00 per cent) followed by Coleoptera (21.00 per cent), Lepidoptera (19.00 per
cent), Hemiptera (17.00 per cent), Diptera (11.00 per cent), Orthoptera and
Thysanoptera (2.00 per cent each) (Fig.1).

Besides the insects, two species of spiders (Araneae) and one species of mite
(Acariformes) were observed in three cucurbits. Marinturriza et al. (1995) recorded 52
species of entomofauna belonging to 38 families and 9 orders in cucumber of which
67.12 per cent were phytophagous, 18.78 percent predators, 6.07 percent parasitoids

and 8.10 per cent pollinators.
Pollinators

The cucurbits were visited by 29 species of insects belonging to the order
Hymenoptera, Lepidoptera, Coleoptera, Diptera, Hemiptera and Thysanoptera.

Hymenoptera (37.93 per cent) represented the most dominant insect order followed by



Thysanoptera 2%
Orthoptera 2%

Diptera 11%
Hymenoptera 28%

Hemiptera 17%

Coleoptera 21%
Lepidoptera 19%

Fig.l. Different groups of insect species associated with the cucurbitaceous vegetables
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Lepidoptera (20.68 per cent), Coleoptera (17.24 per cent), Diptera (13.79 per cent),
Hemiptera (6.90 per cent) and Thysanoptera (3.44 per cent) (Fig.2). Nevkrytha
(1937) recorded 63 species of Hymenoptera, 16 species of Diptera, seven species of
Lepidoptera, one species each of Hemiptera and Coleoptera on cucurbit flowers in
Ukarine region. Similar observations were also recorded by Atwal (1970) on
cucurbitaceous flowers in Ludhiana. Evidently conservation of the hvmenopterans
especially the honey bees providing sufficient bee colonies in cucurbit gardens will
invariably enhance the yield of the crop by way of increased pollination.

The snake gourd flowers were visited by different insect pollinators of which
Hymenoptera (51.65 per cent) represented the most dominant insect order followed by
Lepidoptera (16.11 per cent), other insects (12.80 per cent), Coleoptera (11.70 per
cent) and Diptera (7.72 per cent). Among the four species of bees, A. cerana indica
was the most abundant followed by Trigona sp. and solitary bees. A. mellifera was
the least visitor of the crop (Fig.3).

The bitter gourd flowers were visited by different insect pollinators of which
Hymenoptera (61.44 per cent) represented the most dominant insect order followed by
other insects (14.05 per cent), Lepidoptera (9.90 per cent), Coleoptera (8.46 per cent)
and Diptera (6.12 per cent). Among the four species of bees, Trigona sp. was the most
abundant followed by A. cerana indica, Anderna sp. and A. mellifera  (Fig.3).

In the present study, oriental pickling melon flowers were visited by different
insect pollinators of which bees were predominant. Hymenoptera (59.10 per cent)
represented the most dominant insect order followed by Coleoptera (14.07 per cent),
Lepidoptera (11.80 per cent), Diptera (8.74 per cent), and other insects (8.21 per cent)
(Fig.3). Among the four species of bees, A cerana indica was the most abundant
followed hy Trigona sp. and Anderna sp. A. mellifera was the least visitor of the
Crop.

The present study indicated that while A. cerana indica was the dominant
pollinator in oriental pickling melon and snake gourd, Trigona sp. was dominant in
bitter gourd. Girish (1981) reported that Apis sp. were the most important pollinators
of summer squash viz., A. cerana indica, A dorsata and A. florea, which contributed
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Fig.2. Different groups of insect pollinators visiting on cucurbitaceous vegetables
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87, 10 and 3 percent, respectively around Bangalore. The presence of this
hymenoptera as insect visitor may help in enhancing the pollination of the crop.

The higher activity of insect pollinators was observed under pesticide free
condition in the Instructional farm, when compared to farmer’s field (Fig.4). The
drastic decrease in the population of insect pollinators was 43.26 per cent, 14.75 per
cent and 14.59 per cent reduction in snake gourd, oriental pickling melon and bitter
gourd, respectively.

With theexception of dipterans; population of other groups of insect
pollinators were high during the summer than rainy season, whereas dipterans were
recorded in the rainy season. The decrease in the population of insect pollinators was
18.19, 14.07 and 13.03 per cent in bitter gourd, oriental pickling melon and snake
gourd, respectively (Fig.5). According to Naim and Hadke (1976) the bee colonies
were least active during the rainy days and high humidity.

Maximum number of pollinators were recorded in oriental pickling melon
(17 /m* 5 min) followed by bitter gourd (14 / m ™/ 5 min) and snake gourd (11 /m”
/5 min). This might be due to the more nectar in oriental pickling melon when
compared to the bitter gourd and snake gourd.

The maximum number of insect pollinators was recorded during the seventh
week after sowing in oriental pickling melon (27.45 per cent), bitter gourd (33.20 per
cent) and snake gourd (34.00 per cent) when compared to all other weeks. This might
be due to prevalence of more flowers during the period (Fig. 6).

Pests

The total number of different species of insects and mite pests recorded from
the three cucurbitaceous vegetables was found to be 29. Of these, the most dominant
order Hemipterarepresented 36.84 per cent followed by Coleoptera, Lepidoptera,
Diptera, Orthoptera and Acariforms (Fig. 7). The major pests observed included the
fruit fly, pumpkin beetle, epilachna beetle, pumpkin caterpillar, snake gourd
semilooper, american serpentine leaf miner and Aphis sp.
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The pumpkin beetles mostly attacked the cucurbits at the seedling stage,
especially at cotyledonary leaf stage. They make holes in cotyledonary leaves
(plate 4.), though damage is caused at this stage, they attack the vines in the grown up
stage till harvesting stage. Variation in the population of Aulacophora sp. was noticed
in the three cucurbitaceous vegetables. Higher population was noted in oriental
pi,ckling melon followed by snake gourd. The pest was not observed in bitter gourd.
The present study is in agreement with the findings of Reeta-Johri et al. (2003 b). The
population of the pest varied significantly in rainy and summer seasons. An increase
in the population was recorded during summer. The clear cut population fluctuation
observed during the two seasons might be due to shorter life cycle and comparatively
higher survival rate during summer and wash off of the various stages in rainy season.

The present findings are in agreement with the earlier findings of Borah et al. (1997).

The epilachna beetle was recorded from all the three cucurbitaceous
vegetables. Infested leaves presented a lace like appearance initially- later, they turned

brown, dried up and fell off completely defoliating the plant.

The melon fruit fly damage is caused by the maggots tunneling and feeding
with in the fruits of cucurbits resulting in oozing out of brown, resinous fluid from
the distorted and malformed fruits and cause premature dropping (Plate 4). Variation
in the extent of damage caused by B. cucurbitae was noted in the three cucurbitaceous
vegetables. The highest infestation was noted in bitter gourd followed by snake gourd
and oriental pickling melon. Hollingsworh et al. (1997) and Rajpoot et al. (2002)
reported that the melon fruit fly has been found to infest 95 per cent of bitter gourd
fruits, 90 per cent snake gourd fruits and 60 to 87 per cent pumpkin fruits. The
percentage of damage of fruits observed in rainy and summer season clearly showed
variation. The highest infestation was noted in summer when compared to rainy
season. The results when compared to rainy with the observation of Pankaj — Ingoley
et al. (2002) reported high fruit infestation in June occurred under mean maximum
temperature, minimum temperature, relative humidity and rain fall of 27.10 ° C ,

17.70 to 19.00 ° C, 72.00 to 84.00 per cent and 53.3 t0 61.5 mm, respectively.



The young larvae of D. indica fed on chlorophyll and skeletonised the leaves
of the three cucurbits. The young and older larvae (plate 4) were also observed
feeding on the flowers and boring in to ovaries. Similar damage by the pest was
reported (Nair et al., 1999; Shivakumar, 2001 and Jhala et al., 2004) in little gourd,
snake gourd and bitter gourd. During the rainy season incidence of the pest was high
in bitter gourd followed by oriental pickling melon and snake gourd. Contrarily in
summer highest infestation was observed in snake gourd followed by bitter gourd and
oriental pickling melon. Similar infestation by the pest was reported by Jhala et al.
(2005) the highest infestation was observed in little gourd followed by bitter gourd

and then snake gourd.

High infestation caused by A. peonis was observed in snake gourd followed by
bitter gourd and oriental pickling melon in both seasons (plate 4). The highest

population was noted in summer when compared to rainy season.

The small green insects (Aphis sp.) damage the plants by sucking the leaf sap.
In young stage cotyledonary leaves crinkle and in severe cases the plants wither. In
grown up vines, the leaves turn yellow and plant loses its vigour and yield. Similar
damage by the pest was reported by Nair (1999) and Perdikish (2003). The incidence
of the pest was high in oriental pickling melon (plate 4) followed by bitter gourd and

snake gourd during both the seasons (rainy and summer).

Leaves with serpentine mines showed drying and dropping of leaves due to
severe infestation by L. #ifolii, observed in all the three cucurbitaceous vegetables.
Similar observations were reported by Regupathy et al . (2003). The pest incidence
was high in oriental pickling melon (plate 4) followed by bitter gourd and snake gourd

during both the seasons (rainy and summer).
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Natural Enemies

The predators recorded in the study included coccinellid beetles, spiders and

parasitoids.

The three species of coccinellid beetles predating on aphids observed in the
survey were M. sexmaculatus, Micraspis sp. and S. octomaculata (plate 5). Variation
in the population of coccinellid beetles was noticed in the different cucurbitaceous
vegetables. Maximum population was observed in oriental pickling melon followed -

by snake gourd and bitter gourd.

The three species of spiders observed were O. shweta, Thomisus sp. and
Tetragnatha sp. The highest population of the spiders was noted in oriental pickling
melon followed by bittergourd and snakegourd. Tetragantha sp. and Oxyopes sp. were
reported from bittergourd (Nandakumar and Saradamma, 1996) and five other

vegetable ecosystems (Manu and Hebsybai, 2006).

The larvae of D. indica were found parasitized by Apanteles sp. Earlier
workers also reported parasitism of Apanteles sp. on D. indica in cucurbits
(Leandrobaui et al., 2006). Variation in the population of the parasitoid was noted in
three cucurbitaceous vegetables. The highest population was observed in snake gourd

followed by bitter gourd and then snake gourd.
5.2 FORAGING ACTIVITY OF INSECT POLLINATORS

The foraging activity of the insect pollinators was continuous from 0600 to
1800 hr of the day. The activity of was more during 1000 to 1100 hr and gradually
decreased in the afternoon. This higher activity may be due to the abundant
availability pollen and nectar in the mid morning hours. The foraging activity was low
during other hours of the day in different seasons. The results obtained were in
agreement with the findings of Cervanica and Bergonia (1990). They reported that the
common flower visitors of cucumber were A. dorsata, X. chlorinae, X. philippinensis,
Megachile atrata Smith and were most abundant from 1000 hr to 1100 hr. Similarly,
Sattigi et al. (1996) reported that foraging activity was noticed throughout the day but
it was at the peak between 0800 to 1100 hr in summer and 0800 to 1200 hr in

monsoon.
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5.3 IMPACT OF INSECTICIDES
Relative safety / Toxicity of insecticides to Insect pollinators

Assessment of the relative safety / toxicity of different chemical and a
botanical insecticide under field conditions clearly showed that the botanical
insecticide, neem oil 2.0 per cent was safer than chemical insecticides to the
pollinators. The foraging activity of insect pollinators was highly reduced in plots
which received with lambdacyhalothrin 0.01 per cent and fenvalerate 0.02 per cent.
Application of dimethoate 0.05 per cent, carbaryl 0.1 per cent and acephate 0.05 per
cent also reduced the foraging activity of insect pollinators (Fig 8a). The present
findings revealed that above insecticides were comparatively toxicity to the insect
pollinators. These findings are in agreement with Raju (2002) who reported that
insecticides like carbaryl, dimethoate, quinalphos were highly toxic, malathion being
moderately toxic and endosulfan being non toxic to A. cerana indica. Similarly,
cypermethrin and permethrin were highly toxic to foraging workers of A. cerana
indica, methyl demeton and phosphamidon were moderately toxic, while endosulfan
least toxic to honey bees, reported by Reddy et al. (1997). Earlier, Mall and Rathore
(2003) also reported that dimethoate and quinalphos were repelling chemicals where
less number of bees visited when compared to control treatments. Though suppression
of insect pollinators was observed in all the treatments up to three days after
treatment, on fifth, seventh, fourteenth and twenty first day after application, a gradual
increase was observed, the population intensity reaching equal to the control, whereas
in lambdacyhalothrin 0.01 per cent and fenvalerate 0.02 per cent treated plots
recorded low population even up to fourteenth day after spraying (Fig 8 b). Neem oil
2.0 per cent, imidacloprid 0.002 per cent and malathion 0.2 per cent treated plots were
higher foraging activity of insect pollinators when compared to all other treatments.
The present findings revealed that these insecticides were comparatively less toxic to
the insect pollinators. Neem oil was safe to insect pollinators, earlier workers also
reported that neem oil was safe to 4. mellifera (Sontakke and Dash, 1996; Abrol and
Andorta, 1997).

The time spent by 4. cerana indica in collecting pollen and nectar from

treated plots differed significantly. Less time was spent in fenvalerate 0.02 per cent,
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lambdacyhalothrin 0.01 per cent, carbaryl 0.2 per cent and acephate 0.05 per cent
treated plots. Though an immediate suppression of time spent by bees on flowers was
observed in all the treatments on one and third day after treatment, on fifth, seventh,
fourteenth and twenty first day after application a gradual increase was observed in
the time spent by the bees. More time was spent by bees in neem oil 2.0 per cent,
imidacloprid 0.002 per cent and malathion 0.2 per cent treated plots for collection of
nectar and pollen from flowers. This might be due to the less repelling nature of these
insecticides when compared to other insecticides. There was significant variation in
the time spent by honey bees in collection of nectar from pistillate and staminate
flowers. This might be due to greater quantity and sugar concentration in nectar of
pistillate flowers. The present findings are in agreement with the findings of Ginish
(1981) who reported that there was a difference in the time spent for collecting nectar
from pistillate and staminate flowers of C. pepo in Bangalore. Eshwarappa (2001)
reported that sugar concentration in the nectar of pistillate flower (21.02 per cent) was

high compared to staminate flowers (16.94 per cent).
Pests

Data generated in the present study revealed that chemical insecticides
reduced the population of pumpkin beetles. Carbaryl 0.1 per cent, imidacloprid 0.002
per cent and dimethoate 0.05 per cent were found to be the most effective treatments
against Aulacophora sp. Fig. (9). The observations are in line with the findings of
Regupathy et al. (2003) who recommended malathion and dimethoate for controlling
the leaf beetles. Studies conducted by Allen (2001) also observed that cucumber seeds

treated with imidacloprid effectively controlled cucumber beetle.

The present study revealed that chemical insecticides reduced the damage by
fruit flies. Imidacloprid 0.002 per cent was the most effective insecticide which
reduced fruit fly damage by 73.33 per cent. All other chemical insecticides reduced
the fruit fly damage, the extent of reduction ranging from 33.33 to 16.66 per cent
(Table 12). Malathion 0.2 per cent, dimethoate 0.05 per cent and carbaryl 0.1 per cent
also gave good control of fruit flies. The present findings are in agreement with those
of Bhatnagar and Yadava (1992) who reported that malathion 0.5 per cent was more

effective than carbaryl 0.2 per cent and quinalphos 0.2 per cent on bitter gourd and
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ring gourd. Similarly, Vijaysree (2006) studied imidacloproid being the most effective

insecticide against the fruit fly control in coccinia.

Fenvalerate 0.02 per cent, lambdacyhalothrin 0.01 per cent, dimethoate 0.05
per cent and imidacloprid 0.002 per cent were the most effective treatments against
pumpkin caterpillar and snake gourd semilooper. Carbaryl 0.1 per cent and malathion
0.2 per cent also gave good control of larval population (Fig. 9). The present findings
on the effectiveness of these chemicals are in agreement with those of Schreiner
(1991) who reported the effectiveness of carbaryl and dimethoate in reducing

caterpillar population.

In the present study, foliar application of imidacloprid 0.002 per cent and
dimethoate 0.05 per cent were found to be the effective treatments against 4. gossypii
and L. trifolii. This may be explained interms of the systemic action. These findings
are in agreement with KAU (2002). Efficacy of imidacloprid and dimethoate against
aphids was reported by Regupathy et al. (2003) and Bridar and Shaila (2004). Similar
observations were made by Rushtapakornchai et al. (1996) who reported that two

application of fenitroparathin and acephate gave significant L. frifolii control.
Natural Enemies

The population of the major the predators viz., coccinellids and spiders was
more or less stable throughout the critical stages of crop growth in the case of neem
oil 2.0 per cent and imidacloprid 0.002 per cent treatments (Fig.10). These findings
agree with those of Kunel et al. (1999) and Tenczar et al. (2006) who reported that
abundance of spiders was unaffected by imidacloprid. Immediate suppression of
natural enemies was observed in all the treatments on first and third day after
treatment, on fifth, seventh and fourteenth days after application a gradual increase
was observed, the population intensity reaching equal to or more than the control.
Among the synthetic insecticide treatments, foliar application of carbaryl 0.1 per cent
and dimethoate 0.05 per cent were in general highly toxic to natural enemies followed
by lambda-cyhalothrin 0.01 per cent and fenvalerate 0.02 per cent. The toxic effect of
synthetic pyrethroids- cypermethrin and deltamethrin; the organo phosphates-
dimethoate and malathion; and the carbamate- carbaryl showed a decrease in spider

population earlier workers reported (Brine et al., 1998; Huusela — veistola, 1998:
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Yardim and Edwards, 1998; Holland et al., 2000; Tonaka et al., 2000). Similarly
Bozsik (2006) reported that pyriproxifen, imidacloprid and B. ¢hringiensis scem to be
safe for C. septempunctata adults but deltamethrin and lambda-cyhalothrin were

moderately harmful to them.

An over all assessment of the results indicated that bees (Hymenoptera) were
the major pollinators of cucurbitaceous vegetables. Among the bees, A. cerana indica
was the important pollinator of oriental pickling melon and snake gourd while
'Trigona sp. is the major pollinator of bitter gourd. Neem oil 2.0 per cent, imidacloprid .
0.002 per cent and malathion 0.2 per cent were safer to the pollinators and predators,
whereas fenvalerate 0.01 per cent, lambda-cyhalothrin 0.01 per cent, carbaryl 0.1 per
cent and dimethoate 0.05 per cent were highly toxic to the pollinators and predator
fauna of cucurbits. Imidacloprid 0.002 per cent and malathion 0.2 per cent which were
identified as effective insecticides for the control of pests of cucurbitaceous
vegetables proved to be safer to pollinators and predators. Thus control of the pests
through the usage of such pollinator- predator friendly insecticides could enhance the

yield of cucurbitaceous vegetables substantially.
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6. SUMMARY

The study was conducted to find out the insect pollinators, pests and their
natural enemies, to determine the occurrence and distribution of these insects over
a period of one year and to assess the impact of insecticides on insect pollinators,
pests and their natural enemies. The results of the study are summarized as

follows.

» The total number of different species of insects recorded on the
cucurbitaceous vegetables was found to be 47. Of these, the groups were
Hymenoptera (28 per cent), Coleoptera (21 per cent), Lepidoptera (19 per
cent), Hemiptera (17 per cent), Diptera (11 per cent) followed by Orthoptera
and Thysanoptera (2 per cent each). Besides the insects, two species of spiders
(Araneae) and one species of mite (Acariformes) were observed in three
cucurbits

» The cucurbit flowers were visited by 29 species of insects belonging to the
orders Hymenoptera, Lepidoptera, Coleoptera, Diptera, Hemiptera,
Thysanoptera and Orthoptera, respectively. Among the insect visitors, bees
(Hymenoptera) were predominant in all the three vegetables. Among the four
species of bees, A. cerana indica was the most dominant in oriental pickling
melon and snake gourd. Trigona sp. was dominant in bitter gourd. A. mellifera

least visited the three cucurbitaceous vegetables.

» Higher activity of insect pollinators was observed under pesticide free
condition when compared to farmer’s field. Drastic decrease was observed on
the population of insect pollinators in snake gourd, oriental pickling melon
and bitter gourd fields treated with insecticides, the extent of reduction being

43.26 per cent, 14.75 per cent and 14.59 per cent, respectively.
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With the exception of dipterans, highest population of insect pollinators was
recorded during summer than rainy season. Maximum population of dipterans

was observed in the rainy season.

The maximum number of insect pollinators was recorded during the seventh
week after sowing in oriental pickling melon (27.45 per cent), bitter gourd

(33.20 per cent) and snake gourd (34.00 per cent).

The maximum foraging activity of different insect pollinators was recorded
during 1000 hr to 1100 hr and was gradually reduced in the afternoon hours
and again the second peak was recorded at 1500 hr to 1600 hr.

Among the three cucurbitaceous vegetables, the oriental pickling melon
(17/m 2 /5min) recorded the most dominant insect pollinators activity followed

by bitter gourd( 13 /m */ 5 min) and snake gourd (11/m /5 min).

Analysis of the pest fauna of cucurbits in the farmer’s field at weekly interval
showed that the crop was attacked by three species of Coleoptera, two species
of Lepidoptera and one species of Diptera and thirteen other minor pests. The

severe pests observed in cucurbits were Aulacophora sp. and B. cucurbitae.

B. cucurbitae caused 28 per cent damage in oriental pickling melon, 34 per
cent in snake gourd and 38.66 per cent in bitter gourd. The fruit fly infestation

was higher in summer compared to rainy season.

The pumpkin beetles attacked most of the cucurbits at seedling stage,
especially at cotyledonary leaf stage, although they attacked the vines in the
grown up stage too until harvest. The highest infestation was noted in oriental
pickling melon (28.89 per cent ) followed by snake gourd (22.44 per cent ).

No infestation was recorded in bitter gourd.
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» Highest infestation of pumpkin caterpillar was observed in bitter gourd

followed by oriental pickling melon and snake gourd.

> Highest infestation of Aphis sp. and L. frifolii was observed in oriental
pickling melon followed by bitter gourd and snake gourd during both rainy

and summer seasons.

» The natural enemies observed in the survey were two species of spider

predators, three species of insect predators and two parasitoids.

» Neem oil 2.0 per cent, imidacloprid 0.002 per cent and malathion 0.2 per cent
proved to be safer than other chemical insecticides to pollinators. Lambda-
cyhalothrin 0.01 per cent and fenvalerate 0.02 per cent reduced the foraging
activity of pollinators up to two weeks. Dimethoate 0.05 per cent, carbaryl
0.1 per cent and acephate 0.05 per cent also reduced the foraging activity of
pollinators. There was significant reduction in the population of pollinators on
one day after spraying and gradually increased the population from third to
fourteenth day after spraying, whereas lambda-cyhalothrin 0.01 per cent and
fenvalerate 0.02 per cent treated plots low population was observed even up

to fourteenth day after spraying.

» Imidacloprid 0.002 per cent, malathion 0.2 per cent, dimethoate 0.05 per cent
and carbaryl 0.1 per cent significantly reduced the fruit fiy infestation.

» Carbaryl 0.1 per cent, imidacloprid 0.002 per cent and dimethoate 0.05 per

cent were found to be the most effective insecticides against pumpkin beetles.
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» Fenvalerate 0.02 per cent, lambda-cyhalothrin 0.01 per cent, dimethoate 0.05
per cent and imidacloprid 0.002 per cent were the more effective against the

pumpkin caterpillar and snake gourd semilooper .

» Neem oil 2.0 per cent and imidacloprid 0.002 per cent proved safer to natural
enemies, where as carbaryl 0.1 per cent and dimethoate 0.05 per cent were
highly toxic to natural enemies followed by lambda-cyhalothrin 0.0} per cent

and fenvalerate 0.02 per cent .

» The highest yield was noted in imidacloprid 0.002 per cent treatment
followed by malathion 0.2 per cent and carbary! 0.1 per cent.

The study established a positive relationship between the population of
pollinators and yield of cucurbitaceous vegetables. Moreover imidacloprid 0.002
per cent and malathion 0.2 per cent which were identified as effective insecticides
for the control of pests of cucurbitaceous vegetables proved to be safer to
pollinators and predators. Thus control of the pests through the usage of such
pollinator-predator friendly insecticides could enhance the yield of

cucurbitaceous vegetables substantially.
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APPENDIX -1

Population of insect pollinators before application of treatments

Treatments A. ceranaindica Anderna sp. Trigona sp.
Neem oil 2% 525 4.08 3.5
Malathion 0.2% 4.83 4 3.58
Acephate 0.05% 5.08 3.83 3.58
Dimethoate 0.05% 4.92 4 3.58
Carbaryl 0.1% 5.08 4 3.58
Lambda cyhalothrin 0.01% 4.92 4.33 3.75
Fenvalerate 0.02% 5 4.08 3.67
Imidacloprid 0.002% 4.92 4.75 3.67
Control 5.33 458 3.75




APPENDIX —1I

Population of insect pests before application of treatments

Treatments Aulacophora sp. D. indica A. peponis

I I I II I I
Neem oil 2% 3.92 5 4 3.08 2.33 2.08
Malathion 0.2% 4.5 4.67 3.92 3 25 1.92
Acephate 0.05% 4.5 5 4 3 2.17 217

Dimethoate 0.05% 4.08 45 4 3 242 2
Carbaryl 0.1% 4.33 442 3.92 2.83 242 225
Lambda cyhalothrin 0.01% 4.33 442 4 3.08 2.58 1.75
Fenvalerate 0.02% 4,25 4.58 4.08 2.9 25 1.83
Imidacloprid 0.002% 45 475 4 3 2.58 1.75
Control 4.58 5.08 4.08 342 2.58 242




Population of natural enemies before application of treatments
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APPENDIX —1II

Treatments Spiders Coccinellid beetles
First spray | Second spray | First spray | Second spray

Neem oil 2% 2.5 3.58 2.83 3.83
Malathion 0.2% 2.92 3.75 2.75 4
Acephate 0.05% 2.83 3.5 2.75 4.25
Dimethoate 0.05% 2.58 3.08 2.83 4
Carbaryl 0.1% 3 3.17 2.92 3.67
Lambda cyhalothrin 0.01% 2.75 3.5 275 3.58
Fenvalerate 0.02% 3.08 3.58 2.92 3.58
Imidacloprid 0.002% 3.17 3.58 3.08 4.25
Control 2.83 3.17 3 3.42
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ABSTRACT

A study was undertaken to document the various insects associated with
cucurbitaceous  vegetables in ten locations of Kalliyoor pénchayat of
Thiruvananthapuram district from March 2006 to February 2007. A field trial was also
carried out to assess the impact of insecticides on the insect pollinators, natural enemies

and pests.

The total number of different species of insects recorded on the cucurbitaceous
vegetables was found to be 47. Of these, the important groups of insects observed were
Hymenoptera (28 per cent), Coleoptera (21 per cent), Lepidoptera (19 per cent),
Hemiptera (17 per cent), Diptera (11 per cent) followed by Orthoptera and Thysanoptera
(2 per cent each). Besides the insects, two species of spiders (Araneae) and one species of

mite (Acariformes) were observed in three cucurbits.

Bees were the predominant insect pollinators identified. Among the four species
recorded, Apis cerana indica Fab. was the most abundant in oriental pickling melon and
snake gourd. Trigona sp. was abundant in bitter gourd. Apis mellifera L. least visited the
cucurbit flowers. Among the three cucurbitaceous vegetables, the highest insect
pollinators activity was recorded in oriental pickling melon followed by bitter gourd and
snake gourd. The peak period of activity of the pollinators was noted to be during 1000 hr
to [100 hr and 1500 hr to 1600 hr. Maximum foraging activity of different insect
pollinators was recorded during the seventh week after sowing in bitter gourd and snake
gourd and sixth week after sowing in oriental pickling melon. The population of insect
pollinators was more in summer than rainy season. The higher activity of insect
pollinators was observed under pesticide free condition in the Instructional farm when

compared to farmer’s field where insecticides were frequently applied.

The dominant insect pests recorded were Bactrocera cucurbitae Coq. and
Aulacophora spp. followed by Aphis spp., Henosepilachna sp., Liriomyza trifoli Burgess,
Diaphania indica Saunders, Anadevidia peponis Fb. and thirteen other pests. The highest
fruit fly infestation was observed in bitter gourd (38.66 per cent) followed by snake gourd

and oriental pickling melon. Pumpkin beetles caused up to 28.99 per cent damage in
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oriental pickling melon and 22.44 per cent in snake gourd. No infestation was observed
in bittergourd. Two species of spiders(Oxyopes javanus Thorell and Lycosa
pseudoannulata Boes et st.), three coccinellid beetles (Menochilus sexmaculatus Fab.,
Synharmonia octomaculata Fab. and Micraspis crocea Mulsant) and two parasitoids
(Apanteles sp. and Chrysocharis johnsonii Walker) were the major natural enemies

recorded.

Foliar application of neem oil 2.0 per cent, imidacloprid 0.002 per cent and
malathion 0.2 per cent proved to be safer to pollinators than other chemical insecticides.
Imidacloprid 0.002 per cent and malathion 0.2 per cent significantly reduced pest
infestation. Neem oil 2.0 per cent and imidacloprid 0.002 per cent were also safer to the
natural enemies. The highest yield was recorded in imidacloprid 0.002 per cent treatment

followed by malathion 0.2 per cent and carbaryl 0.1 per cent treated plot.

Evidently, selective use of insecticides like imidacloprid 0.002 per cent and
malathion 0.2 per cent could effectively check pest infestation without harming the

pollinators and natural enemies in cucurbitaceous vegetable ecosystem.
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