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Abstract 
The studies on Identification of potential and suitable natural enemies of arthropod pests for conservation 

biological control were carried out in vegetable ecosystem of Kashmir during 2016 and 2017. The 

surveys were made for the exploration of natural enemies of vegetable ecosystem of cabbage, tomato and 

brinjal in three districts of Kashmir. Viz., Srinagar, Budgam and Ganderbal. The different kinds of 

natural enemies that were collected with the stage of insect pest attacked in cabbage, brinjal and tomato 

including Coccinellids, Chrysoperla, Syrphid flies, spiders, ground beetles, Dragon flies, damsel flies and 

parasitoids viz., Braconid wasps, Chalcid wasps and Ichneumon wasps. The important insect pests of 

Solanaceous and Cruciferous plants along with the stage of insect attacked by beneficials also 

documented. 
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Introduction 
Currently farmers rely on chemical pesticides for controlling the insect pests of various crops. 

These pesticides have negative effects on environment, biodiversity, human and animal health. 

To mitigate these problems alternative approach is needed [1, 2]. Conventional farming practices 

contributed to increase yields during the 20th century, but at the cost of environment, human 

health and imbalance of ecosystems [3, 4]. Unfortunately, more than 40% of all world food 

production is being lost to insect pests, plant pathogens and weeds, despite the application of 

more than 3 billion kilograms of pesticides to crops. Insect pests destroy an estimated 15%, 

plant pathogens 13% and weeds 12% [5]. These estimated losses vary based on the ‘cosmetic’ 

standards that exist in each nation. For example, many fruits and vegetables sold on the 

Guatemalan or Indian markets would not be saleable in the USA or Australia. Large quantities 

of pesticides are applied in the USA, Australia and other developed nations to achieve the 

‘perfect-looking’ apple or cabbage. An excessive amount of pesticide is being recommended 

to replace the sound habitat manipulations previously employed in crop production. For 

example, since 1945 the amount of insecticide applied to US crops has increased more than 

10-fold, yet crop losses to insects nearly doubled from 7% in 1945 to about 13% today [6, 7]. 

The reasons for the doubling of crop losses to insects, despite the 10-fold increase in 

insecticide use, include the reduction of crop rotations, the planting of some crop varieties that 

are more susceptible to insects, the destruction of natural enemies, the elimination of hedgerow 

and shelterbelts, an increase in monocultures, reduced crop diversity, reduction in sanitation, 

the practice of leaving crop residues on the surface of the land and the use of herbicides that 

increase crop susceptibility to insect attack [4]. No one can appose to the judicious use of 

pesticides; the concern is the neglect of various environmentally sound pest controls. The wide 

array of habitat manipulations currently includes agro-forestry, biological control, crop 

rotations, crop diversity, flower strips, natural enemy refuges, trap crops and other 

technologies. Each of these technologies, and combinations of these pest suppression 

technologies, offers opportunities to reduce crop losses to pests while at the same time 

reducing the use of pesticides [8, 9].  

Conservation biological control involves manipulation of the environment to enhance the  
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survival, fecundity, longevity, and behavior of natural 

enemies to increase their effectiveness. Such conservation 

efforts may be directed at mitigating harmful conditions or 

enhancing favorable ones [10-12]. Conservation practices can be 

further categorized as those that focus on reducing mortality, 

providing supplementary resources, controlling secondary 

enemies, or manipulating host plant attributes to the benefit of 

natural enemies. Because of its importance in enhancing 

natural enemy performance, conservation biological control 

should be a keystone of all biological control efforts [10].  

A focus of many past conservation efforts has been to seek 

more selective pesticides, or to time the use of pesticides to 

minimize their negative impacts on natural enemies. Recently, 

increasing attention has been paid to conservation practices 

that seek to alter the quality of the natural enemies’ habitat [13-

17]. In addition, identification, characterization and economic 

evaluation of conservation practices in a cropping system 

mode, and addressing the critical areas such as formulation of 

specific policies for promotion of conservation bio-control, 

coordination of government policy on pesticides and other 

agricultural matters affecting biological control, developing 

strong leadership for conservation programmes with adequate 

resources and quality control, and effective execution, 

monitoring and evaluation are the need of the hour [18-20]. The 

realm of conservation biological control needs immediate 

attention in pest management programme. Promoting 

functional biodiversity, which supports ecological processes, 

may allow agricultural systems to benefit from various 

ecosystem services, including nutrient cycling, soil 

structuration and pest control [3, 21].  

 

Materials and Methods 

The study area included the temperate regions of Kashmir, 

located in the Indian union territory of Jammu and Kashmir. 

The natural enemies for the key pests of Cabbage, Brinjal and 

Tomato were collected from Solanaceous and Cruciferous 

ecosystem of Kashmir during 2016-2017. The natural enemies 

for the present study were collected from three districts of 

Kashmir viz, Srinagar, Ganderbal and Budgam, mostly in the 

month of April through October as majority of Coccinellids 

are active during this period. The specimens were collected by 

hand picking, beating the bushes and shaking the trees. Each 

locality was visited weekly or fortnightly depending upon the 

accessibility to the area and active period of the natural 

enemies. The collected specimens were killed in a jar 

poisoned with ethyl acetate or potassium cyanide and 

provided with piece of paper to absorb the killing fluid and 

sweetening of insect. The specimens were pinned and then 

oven dried at 60 °C for 72 hours in order to preserve them and 

then set into wooden boxes and labelled according to their 

systematic position. The specimens were then kept in wooden 

insect boxes for permanent storage. Proper curation of the 

stored insects was made regularly.  

The collected specimens were identified upto family level 

with the help of taxonomic keys published in pertinent 

literature, by comparison with already species in reference 

collections and in case of difficulty help was taken from 

internal and external experts. 

 

Result and Discussion 

Potential and suitable natural enemies of arthropod pests 

for conservation biological control in vegetable ecosystem 

The three districts (Srinagar, Badgam and Ganderbal) were 

selected from Solanaceous and Cruciferous ecosystem with 

five different localities from each district. Survey was carried 

out and resulted in capture of potential natural enemies with 

respect to the key pests of Cruciferous and Solanaceous 

vegetables during 2016-2017. The aphids (Brevicornye 

brassicae), Diamond back moth (Plutella xyostella), Cabbage 

butterfly (Pieris brassicae), Cabbage semi lopper 

(Trichoplusia ni) and Cutworm (Agrotis ipsilan) were key 

pests of Cabbage; in case of tomato, Aphid (Myzus persicae), 

Fruit borer (Helicoverpa armigera) semi lopper (Trichoplusia 

sp) and Cutworm (Agrotis ipsilan) were recorded as key pests 

and in case of brinjal, it were Aphid (Aphis gossypii), Flea 

beetles (several species), Cutworm (Agrotis ipsilan) and 

Brinjal fruit and shoot borer (Leucinodes orbonalis). The 

different predators that were collected with the stage of insect 

attacked including Coccinellids, Crysoperla, Syrphid flies, 

spiders, ground beetles, Dragon flies, damsel flies and 

parasitoids viz., Braconid wasps, Chalcid wasps and 

Ichneumon wasps as shown in Table 1, 2, 3.  

 

Potential and suitable natural enemies of cabbage insect 

pests 
In case of Cabbage, potential and beneficial natural enemies 

of aphids (Brevicornye brassicae) were lady bird beetle, 

lacewing, syrphid fly larvae, spiders and braconid wasps; 

natural enemies of Dimond back moth (Ptutella xyostella) 

were Chalcid wasps (especially Trichogrammatidae), syrphid 

fly larvae and spiders; natural enemies of Cabbage butterfly 

(Pieris brassicae) were lacewing, spiders and syrphid fly 

larvae; natural enemies of Cabbage semi lopper (Trichoplusia 

ni) were Tachinidae fly and Chalcid wasps (especially 

Trichogrammatidae) and natural enemies of Cutworm 

(Agrotis ipsilan) were Tachinidae fly, Chalcid wasps 

(especially Trichogrammatidae), ground beetles, spiders and 

braconid wasps (Table 1). Similar report was cited by 

different workers from different part of the world [22-25].  

 

Potential and suitable natural enemies of Tomato insect 

pests 
In case of Tomato, potential and beneficial natural enemies of 

aphids(Myzus persicae) were lady bird beetle, lacewing, 

syrphid fly larvae, spiders and braconid wasps; natural 

enemies of Cutworm (Agrotis ipsilan) were Tachinidae fly, 

Chalcid wasps (especially Trichogrammatidae), ground 

beetles, spiders and braconid wasps; natural enemies of Fruit 

borer (Helicoverpa armigera) were Tachinidae fly, Chalcid 

wasps (especially Trichogrammatidae), ground beetles and 

spiders and natural enemies of white fly were lady bird beetle, 

lacewing, syrphid fly larvae, spiders and braconid wasps 

(Table 2). Similar report was cited by different workers from 

different part of the world [26-29]. 

 

Potential and suitable natural enemies of Brinjal insect 

pests 

In case of Brinjal, potential and suitable natural enemies of 

aphids (A. gossypii and Myzus persicae) were lady bird beetle, 

lacewing, syrphid fly larvae, spiders and braconid wasps; 

natural enemies of Cutworm (Agrotis ipsilan) were 

Tachinidae fly, Chalcid wasps (especially 

Trichogrammatidae), ground beetles, spiders and braconid 

wasps; natural enemies of flea beetle were spiders and 

braconid wasps and for Brinjal fruit and shoot borer 

(Leucinodes orbonalis), Tachinidae fly, Chalcid wasps 

(especially Trichogrammatidae) as the important natural were 

recorded (Table 3). 

http://www.entomoljournal.com/
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Table 1: Natural enemies of key pests of Cabbage in Kashmir during 2016-2017 
 

Insect Pests 
Beneficial that attack it Stage of insect Attacked 

Natural enemies Order Family  

Aphid 

(Brevicornye brassicae) 

Ladybird beetle Coleoptera Coccinellidae All stages 

Lacewing. Neuroptera Chrysopidae All stages 

Syrphid fly larvae Diptera Syrphidae All stages 

Spiders Araneae - - All stages 

Braconid wasp Hymenoptera Bracnidae All stages 

Dimond back moth (Ptuella 

xyostella) 

Chalcid wasps (especially 

Trichogrammatidae) 
Hymenoptera Trichogrammatidae Egg/larvae 

Syrphid fly larvae Diptera Syrphidae Early instar larvae 

Spiders Araneae - All stages 

Cabbage butterfly 

(Pieris brassicae) 

Lacewing Neuroptera Chrysopidae Early instars larvae 

Syrphid fly larvae Diptera Syrphidae Early instar larvae 

Chalcid wasps Hymenoptera Trichogrammatidae Egg/larvae 

Cabbage semi lopper 

(Trichoplusiani) 

Tachinidae fly Diptera Tachinidae Larvae 

Chalcid wasps (especially 

Trichogrammatidae) 
Hymenoptera Trichogrammatida Egg 

Cutworm 

(Agrotisipsilan) 

Tachinidae fly Diptera Tachinidae Larave 

Anthocorid bug Hemiptera Anthocoridae Eggs 

Ground beetles  Carabidae Larave 

Braconid wasp Hymenoptera Bracnidae Larave 

Spiders Araneae - All stages 

 

Table 2: Natural enemies of key pests of tomato in Kashmir during 2016-2017 
 

Insect Pests 
Beneficial that attack it Stage of insect 

Attacked Natural enemies Order Family 

Aphid 

(Myzus persicae) 

Ladybird beetle Coleoptera Coccinellidae All stages 

Lacewing Neuroptera Chrysopidae All stages 

Syrphid fly larvae Diptera Syrphidae All stages 

Spider Araneae - All stages 

Braconid wasp Hymenoptera Bracnidae nymphs 

Cutworm 

(Agrotis ipsilan) 

Tachinidae fly Diptera Tachinidae Larvae 

Anthocorid bug Hemiptera Anthocoridae Eggs 

Ground beetles Coleoptera Carabidae larvae 

Braconid wasp Hymenoptera Bracnidae larvae 

Fruit borer 

(Helicovera armigera) 

Chalcid wasps (especially 

Trichogrammatidae 
Hymenoptera Trichogrammatidae Egg/larvae 

Spider Araneae - All stages 

Ground beetles Coleoptera Carabidae larvae 

White fly 

(Bemisia tabaci) 

Ladybird beetle Coleoptera Coccinellidae All stages 

Lacewing Neuroptera Chrysopidae All stages 

Syrphid fly larvae Diptera Syrphidae All stages 

Spider Araneae - All stages 

 

Table 3: Natural enemies of key pests of brinjal in Kashmir during 2016-2017 
 

Insect Pests 
Beneficial that attack it Stage of insect 

Attacked Natural enemies Order Family 

Aphid 

(Aphis gossypii) 

Myzus persicae 

Ladybird beetle Coleoptera Coccinellidae All stages 

Lacewing Neuroptera Chrysopidae All stages 

Syrphid fly larvae Diptera Syrphidae All stages 

Spider Araneae - All stages 

Braconid wasp Hymenoptera Bracnidae Nymphs 

Flea beetles 

(several species) 

Braconid wasp Hymenoptera Bracnidae Larvae 

Spider Araneae - All stages 

Brinjal fruit and shoot 

borer 

(Leucinodes orbonalis) 

Chalcid wasps (especially 

Trichogrammatidae) 
Hymenoptera Trichogrammatidae Egg/larvae 

Tachinidae fly Diptera Tachinidae Larvae 

Cutworm 

(Agrotis ipsilan) 

Tachinidae fly Diptera Tachinidae Larvae 

Anthocorid bug Hemiptera Anthocoridae Early instar stage 

Ground beetles Coleoptera Carabidae Larvae 

Braconid wasp Hymenoptera Bracnidae Larvae 

 

Conclusion 

Potential and beneficial natural enemies of cabbage insects 

like aphids (Brevicornye brassicae) were lady bird beetle, 

lacewing, syrphid fly larvae, spiders and braconid wasps; 

natural enemies of Dimond back moth (Ptutella xyostella) 

were Chalcid wasps (especially Trichogrammatidae), syrphid 

fly larvae and spiders; natural enemies of Cabbage butterfly 

(Pieris brassicae) were lacewing, spiders and syrphid fly 

http://www.entomoljournal.com/
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larvae; natural enemies of Cabbage semi lopper (Trichoplusia 

ni) were Tachinidae fly and Chalcid wasps (especially 

Trichogrammatidae) and natural enemies of Cutworm 

(Agrotis ipsilan) were Tachinidae fly, Chalcid wasps 

(especially Trichogrammatidae), ground beetles, spiders and 

braconid wasps. Natural enemies of tomato aphids (Myzus 

persicae) were lady bird beetle, lacewing, syrphid fly larvae, 

spiders and braconid wasps; natural enemies of Cutworm 

(Agrotis ipsilan) were Tachinidae fly, Chalcid wasps 

(especially Trichogrammatidae), ground beetles, spiders and 

braconid wasps; natural enemies of Fruit borer (Helicoverpa 

armigera) were Tachinidae fly, Chalcid wasps (especially 

Trichogrammatidae), ground beetles and spiders and natural 

enemies of white fly were lady bird beetle, lacewing, syrphid 

fly larvae, spiders and braconid wasps. In case of Brinjal, 

potential and suitable natural enemies of aphids (A. gossypii 

and Myzus persicae) were lady bird beetle, lacewing, syrphid 

fly larvae, spiders and braconid wasps; natural enemies of 

Cutworm (Agrotis ipsilan) were Tachinidae fly, Chalcid 

wasps (especially Trichogrammatidae), ground beetles, 

spiders and braconid wasps; natural enemies of flea beetle 

were spiders and braconid wasps and for Brinjal fruit and 

shoot borer (Leucinodes orbonalis), Tachinidae fly, Chalcid 

wasps (especially Trichogrammatidae) as the important 

natural were recorded. 
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