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Abtract 

Hunger and food shortage is a widespread and growing phenomenon of the global 
world and needs to be managed. Vegetables are an important element in the culture 
and economy of the world. They are an important constituent of the human diet and 
their contribution for human health has been increasingly recognized. Vegetables are 
grown in an agroecosystem of both biotic (biological) and abiotic (physical) factors. 
These factors affect the vegetable production collectively from sowing till 
postharvest handling. The second important factor is crop production selection by 
the farmers without conducting any preliminary marketing and without any signed 
contracts for produce realization. Therefore, vegetables need to be managed properly 
during the whole production cycle to overcome the decrease in vegetable production. 
The aim of this chapter is to highlight the scope of vegetable industry for food 
security, classification of different vegetables, factors which affect vegetable 
production including their integrated management with special reference to insect 
pests, postharvest handling and marketing of vegetables with future perspectives of 
vegetable production. This will help to understand the current issues of vegetable 

                                                           

†Ahmad Nawaz*, Muhammad Dildar Gogi, Muhammad Sufyan and Muhammad Jalal Arif 

Department of Entomology, University of Agriculture, Faisalabad, Pakistan. 
*Corresponding author’s email: nawazrajpoot@yahoo.com 
 
Manuel Plantegenest 

UMR BiO3P Ecology and Phytosanitory Laboratory, Agrocampus Rennes, France. 
 
Managing editors: Iqrar Ahmad Khan and Muhammad Farooq 
Editors: Muhammad Jalal Arif, John E Foster and Jaime Molina-Ochoa 
University of Agriculture, Faisalabad, Pakistan. 



162 A. Nawaz, M.D. Gogi, M. Sufyan, M.J. Arif and M. Plantegenest 

industry and their management to improve the vegetable production for food safety 
and security. 

Keywords: Vegetables, Classification of vegetables, Vegetable pests, Integrated 
Pest Management, Postharvest management, Food security 

6.1. Introduction 

Food shortage is a widespread phenomenon of the world and billions of people are 
suffering from hunger all over the world. The Food Agricultural Organization (FAO) 
predicted the dramatic increase in food demand due to increase in population which 
would be eight billion by the year 2030 (FAO 1995). During the last three to four 
decades, a lot of progress has been made in agriculture towards feeding the global 
population that has increased over seventy percent, and per capita food consumption 
that has also increased twenty percent. It is predicted that in the year 2030, the crop 
output is projected to be seventy percent higher than current output (FAO 1995). The 
horticultural crops (fruits and vegetables) will play a crucial role in providing 
essential nutrients (vitamins, minerals, dietary fibre) to the world. In this way, they 
will help feeding the population in all developed and developing countries of the 
planet Earth. Vegetables are gaining commercial importance because of their 
increasing recognition in the human diet (FAO 1995; Salunkhe and Kadam 1998). 

Vegetable crop production is a popular hobby and an important element of our 
culture. It has an immense value for recreation and relaxation. Vegetables are eaten 
for their unique taste and flavor and also serve as a rich source of vitamins. They 
provide certain nutritional constituents in which other food materials are deficient. 
Therefore, consumption of vegetables provides taste, palatability, fibre for digestion 
as well as prevent from constipation. They are also helpful for neutralizing the acids 
produced during consumption of pretentious and fatty foodstuff (Terry 2011). 
Vegetables can be divided into different categories as a source of nutrition, as some 
vegetables are good source of carbohydrates (sweet potato, potato, onion, garlic, 
methi and leguminous crops), proteins (garlic, peas, beans, and leafy vegetables), 
vitamin B (peas, garlic, tomato) and vitamin C (leaves of radish, green chillies, Cole 
crops and leafy vegetables) (Roy 1993). In addition, some vegetables (leafy 
vegetables, drumstick pods) also provide essential minerals. Conclusively, the 
nutritional composition of vegetables depends upon genetic as well as environmental 
factors (temperature, light, moisture) including nutritional status of the soil in which 
the vegetable is grown (Roy and Chakraborti 1993). Other factors which are also 
responsible for the nutritional composition of vegetables are cultural practices, stage 
of maturity, postharvest handling, and storage conditions. Moreover, many 
vegetables are processed (cooking and canning) which also influence the nutrient 
content of vegetables (Salunkhe and Desai 1984; Salunkhe 1991). 

Vegetables are grown in an agroecosystem which comprises both biotic and abiotic 
components and the interaction within and between them. The components are 
connected to each other in such a way that any change in one component is likely to 
affect the other. The biotic components include vegetables and other crops in the 
field: weeds, insects, pathogens and natural enemies of vegetable pests while the 
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abiotic components include soil, water, temperature, light, humidity, wind, fertilizers 
and agrochemicals. These factors affect the vegetable production collectively. The 
aim of this chapter is to highlight the scope of vegetable industry, classification of 
different vegetables, factors which affect vegetable production including their 
management and postharvest handling and marketing of vegetables with future 
perspectives of vegetable production. 

6.2. Scope of vegetable industry with special reference 

to Pakistan 

Vegetables are defined as the leafy green, stem, and root or even flower stalk portion 
of an edible plant. They are grown worldwide on good and marginal land, on small 
and large farms, and by large commercial growers as well as small subsistence 
farmers. They provide important constituents of diet like vitamins, minerals, dietary 
fibre and phytochemicals. Thus, they are considered an essential for well-balanced 
human diet. Additionally, they have been associated with improvements to reduce 
heart disease risk, cancer, stroke, chronic diseases, good vision and gastrointestinal 
health (Waliyar et al. 2010). According to FAO statistics, the global vegetable 
production in 2007 was almost nine hundred million tons (FAO 2009). Asia produced 
74.7% of the total world vegetables on 72.8% of the world’s vegetable production 
area. Among Asian countries, China has always been a large contributor (50%) to 
global vegetable production. The second largest contributor for vegetable production 
is India and almost six fold lower than China. The area under vegetable production 
is increasing at 2.8% annually which is higher than other crops like fruits (1.75%), 
oil crops (1.47%), root crops (0.44%) and pulses (0.39%) (FAO 2009). The 
consumption of vegetables in diet varies widely with geographic regions, nationality, 
local customs, availability of food variety and cuisine. In Asia, vegetables are 
consumed in the area where they produced. The largest producer and consumer 
countries include China, India, Bangladesh, Cambodia, Vietnam, Laos, and the 
Philippines (Gale 2002). The per-capita consumption of vegetables has increased 
from 41 to 141 kg in Asia between 1975 and 2003 (FAO 2009). 

Agriculture industry is mainstay of Pakistan’s economy and contributes more than 
twenty percent in GDP (gross domestic product) and it employs more than 43 percent 
of total labor force. A vast majority of Pakistani people (67.5%) are directly or 
indirectly connected with agriculture. Thus, any technological improvement or 
productivity enhancement in agriculture contributes to overall economic growth and 
also provides immediate benefits for a large number rural population. On the other 
hand, Pakistan Horticulture Development & Export Board (PHDEB) reported that 
horticulture sector share is about 12 percent in GDP. However, its growth is 
restrained by multiple factors e.g., lack of proper postharvest management, transport 
system, storage conditions, infrastructure. Almost, 13.67 million tons of fruits and 
vegetables are produced annually in Pakistan. Twenty-five percent of that amount 
goes to waste between farms to consumers while only 4% is exported at far lower 
price of about 41% less than the world average price of the same commodity. 
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In agriculture, the horticultural crops; especially vegetables have significant 
importance and contribute in national economy. Vegetables are a great source of 
income as well as important for food security for the people of Pakistan. In Pakistan, 
the area devoted for vegetable production is about 0.34 million hectares with total 
production of 4.8 million tons of vegetables. Pakistan exports vegetables across the 
world, including Middle East and South Asia. In 2004-05, the increase in foreign 
exchange was 17% higher than the previous year (2003-04). Major importers of 
Pakistani fruits and vegetables were Dubai, India, Afghanistan, Saudi Arabia, and 
the United Kingdom (UK). Another study reveals that vegetable area and production 
has increased by 21 and 13 percent respectively in Pakistan from 1990-91 to 2007-
08. 

During the last decades, the drastic increase of chemicals use for vegetable 
production has been observed leading to both direct and indirect costs to farmers and 
the society. These pesticides are causing a wide range of acute poisoning incidences 
among farmers (Maria et al. 2006; Recena and Pires 2006; Travisi and Nijkamp 
2008). According to World Health Organization (WHO) more than three million 
cases of pesticide poisoning occur with 220,000 deaths at global level (Pimentel and 
Acquay 1992; Kishi and Hirschhorn 1995; Dasgupta and Mamingi 2001). During the 
last two decades, the amount of pesticides use for vegetable production has increased 
from 20213 metric ton to 94265 metric tons in Pakistan which accounts for a 366 
percent increase. Thus, the expenditure becomes double from 5536 to 10534 million 
rupees in last two decades. Similarly, there was a 91 percent increase (1884 thousand 
tones to 3581 thousand tones) in fertilizer use during the same period. These facts 
clearly indicate the increase in chemical use for vegetable production. The intensive 
use of agro-chemicals affects the life on soil, water, and air due the associated 
environmental health hazards. In addition, the residues of these chemicals are also 
affecting the export of vegetables. The proper management of these chemicals with 
other limiting factors (abiotic and biotic) can increase the protection and production 
of vegetables which can help to increase the profitability of vegetable industry in 
Pakistan. In this way, the vegetable industry will help feeding the population in 
Pakistan, as well as in all developed and developing countries of the planet earth. 

6.3. Classification of vegetables crops 

The main or bold facts which one needs first to know about a vegetable he would 
cultivate are these: (1) whether root crop, leaf crop, fruit crop; (2) demands as to 
season or climate,—cold- weather crop or warm weather crop; (3) duration of its 
growth,—early or quick crop, full-season crop, catch-crop, companion crop; (4) 
whether to be transplanted or not; (5) to be grown in hills or drills and (6) the special 
demands as to soil and plant food (Bailey 1921). The other things to know are the 
peculiar treatments the crop demands in tillage and other special care, the enemies of 
the crop as well as their control and also the means of harvesting and marketing. 

In the analysis of the methods of cultivating crops is a classification of the crops 
themselves. The classification of plants with reference to climate or season is very 
important for a cultivator. Some vegetables are known to be essentially hot-season 
or semi-tropical plants and can be injured or killed by frost. These include corn, 
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tomato, cucumber, all melons, squashes and pumpkins, beans, okra, eggplant, red 
pepper or capsicum and sweet potato. They are commonly classed as "tender 
vegetables”. They should not be set in the open until danger of frost is past. The other 
type of vegetables are called cool -season or mid- temperate plants and are classed 
as "hard vegetables" since, when properly grown and handled, they can withstand 
considerable frost. These vegetables include all root crops, potato, all onion-like 
plants, pea, spinach, all cole crops, lettuce, asparagus and rhubarb. The vegetables 
are mainly classified as given in Table 6.1 (Bailey 1921; Nonnecke 1989). 

6.4. Insect pests of major vegetable crops and their 

management 

A pest is an anthropogenic designation instead of a biological phenomenon. For 
example, termites are considered beneficial organisms when they convert dead 
material into soil organic matter in forests while they are also become pests when 
they feed on wood-associated human structure. The insect is said to be an aesthetic 
or cosmetic pest while when insect decrease the value of a commodity they said to 
be economic pests. In case of vegetables, there is no absolute difference between 
aesthetic and economic injury due to insects. For example, a vegetable grower may 
consider a dimple (aesthetic injury) on tomato due to stink bug insignificant, while 
the same type of damage can cause buyer to down grade the value of the produce 
(economic loss) (Capinera 2001). Similarly the pests could be direct (attack the 
vegetable plant part harvested for food) or indirect (attack plant part that is not 
harvested). Insects cause different type of injuries and some species are capable of 
causing more than one type of damage. They can be divided into chewing insects and 
sucking insects depending upon their mode of damage. 

The pest infestation largely depends upon the climatic conditions and the crops 
grown. Globally, there are more than 10,000 species of insects, 30,000 weeds, 
100,000 diseases (cause by fungi, viruses, bacteria and other microorganisms) and 
1000 species of nematodes which are responsible for food plant damage (Hall 1995; 
Dhaliwal 2007), while, less than 10 percent of total identified pests are considered 
major pests of crops. Insect pests and plant pathogens cause $30–50 billion of crop 
losses worldwide every year (Cook 2006). In case of insects, only one percent of total 
insects are considered as pests (Dhaliwal and Jindal 2010). The major insect pests of 
different vegetables are given in the table (Table 6.2) and few of them has been 
described below in detail. 

6.4.1. Melon fruit fly 

Technical name:  Bactrocera cucurbitae (Coquillett) 

Family:    Tephritidae 

Order:    Diptera 



166 A. Nawaz, M.D. Gogi, M. Sufyan, M.J. Arif and M. Plantegenest 

Fig. 6.1 Melon fruit 
fly Bactrocera 

cucurbitae C. (Photo 
credit: A. Nawaz, 
UAF) 

 

Biology 

Distribution and host range 

Melon fruit Fly is the most destructive and commonest pest of cucurbits and musk-
melon. It is widely distributed in all the vegetable growing areas of Pakistan, India, 
Malaysia, Myanmar, China, Taiwan, Japan, Australia, East Africa, and Hawaii 
Island. The Asian parts of the range of this species represent its natural (native) range. 
In Hawaii, it is known to be an introduction, having arrived there late in the 19th 
century. Old records for Australia derive from an eradicated outbreak in, but as no 
specimens could be traced this may have been based on a misidentification of 
Bactrocera chorista. In Africa, B. cucurbitae is found in several countries in East 
and West Africa, including Benin, Burkina Faso, Cameroon, Gambia, Guinea, Ivory 
Coast, Mali, Niger, Nigeria, Senegal and Togo in West Africa, and Kenya, Sudan, 
Tanzania and Uganda in East Africa. 

Besides melon, it is also found on tomato, chilies, cauliflower, guava, citrus, pear, 
fig and other cucurbitaceous vegetables. Its attack is severe on the late sown melons 
that ripen after the monsoon rain start. 

Description of Stages  

Egg: Whitish yellow and cylindrical 

Maggots: Maggots are legless and appear headless. They are dirty white wriggling 
organisms, thicker at one end and taper to point at the other end. When full-grown 
they measure about 9-10 mm in length and 2 mm wide in the middle. 

Pupa: Barrel shaped and light yellow at first but later on turn dark brown. They 
convert into winged adults in 6-9 days in the rainy season and 3-4 weeks in the 
winter. 

Adult: Adult flies are reddish brown with yellowish patches on the thorax and 
fuscous areas on the outer margins of wings. 
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Life cycle 

This pest remains active throughout the year but life cycle is prolonged in the winter 
except November-February. Adult flies emerge from pupae in the morning hours and 
mate at dusk. It takes few days for eggs to mature inside the female body and start 
egg laying within 14 days. Flies live for about 14-54 days. Female lays about 58-95 
eggs, which hatch in 1-9 days. Eggs are laid in young fruits with soft and tender skin. 
Total number of eggs laid by one female range from 60-120 in its life time. Maggots 
are full-grown in 3 days in the summer and 3 weeks in the winter. When full-grown, 
they reach a suitable place and pupate at about 5 cm depth in the soil. Pupal period 
lasts for 6-10 days (Fig. 6.2). It has 4-10 generations in a year 

Damage 

Damage is caused by the maggots only by feeding on the near -ripe fruits thus 
riddling them and polluting the pulp. It makes a small hole with its sharp ovipositor 
to lay a dozen eggs mostly in the evening hours. Then she cements the hole to make 
it water proof by releasing gummy secretion which solidifies to appear shiny brown 
resinous material. Maggots bore into the pulp by forming galleries and begin feeding 
on the pulp till fruit decay as the attacked fruit decays due to secondary bacterial 
infection. Such affected fruit fall to the ground and the full-fed maggots come out of 
the rotten fruit and move away in jumps of 12-20 cm through folding and unfolding 
the two ends of its elongated body. Thus they reach a suitable place in the soil for 
pupation and 'emergence to adults. These adults are responsible for the further attack 
on the healthy fruits present in other corner of the same orchard. The pest causes 
serious damage of melons and its attack may reach 100% after first shower of the 
monsoon. Likewise about 50% damage can be seen in other cucurbitaceous fruits. 

Management 

Cultural control 

Bagging of fruit: Bagging of fruits with 2 layers of paper bags at 2 to 3 days intervals 
minimizes fruit fly infestation and increases the net returns by 40-58%. 

Field sanitation: Thus, surface ploughing after crop harvesting is recommended to 
expose the pupae to the temperature extremes. It is done mainly for destruction of 
pupae in the soil. Moreover, heavy irrigation is also helpful. Regular collection and 
burial of the infested fruits at 2-3 feet depth in soil or their burning is helpful to 
control the pest. 

Mechanical control 

Parapheromone lures/cue-lure traps: Attraction of adult flies through trap of methyl 
eugenol is also effective. 

Biological control 

There are no reports on the successful use of bio-control agents against the melon 
fruit fly. But Opius fletcheri S. to be a dominant parasitoid of B. cucurbitae. 
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Genetic control 

Male-sterile technique: In this technique, sterile males are released in the fields for 
mating with the wild females. Sterilization is accomplished through irradiation, 
chemo-sterilization, or by genetic manipulation. In sterile insect programs the terms 
‘sterility’ or sterile insect' refer to the transmission of dominant lethal mutations that 
kill the progeny. The females either do not lay eggs or lay sterile eggs. Ultimately, 
the pest population can be eradicated by maintaining a barrier of sterile flies. 

Chemical control 

1. Trichlorphon (Dipterex 80 WP), 1500 g ha-1. 

2. Dichlorvos (Thunder 1' Nogos / Nuvan / Nokovos / Phosvit 100 EC), 625 
ml ha-1. 

Bait spray on lower surface of leaves of maize plants grown as trap crop nearby with 
50 ml Malathion 57 EC + 0.5 kg Gur or sugar/50 litre water ha-1 is effective for its 
control. It may be repeated at 7 days interval depending on the infestation. 

6.4.2. Armyworm 

Technical name:  Spodoptera litura F., Spodoptera exegua H. 

Family:    Noctuidae 

Order:    Lepidoptera 

Biology 

Distribution and host range 

Armyworm is among the notorious pests of many vegetables and its seasonal activity 
varies considerably according to climate and crop conditions. The most susceptible 
vegetable crops and other field crops are bean, broccoli, asparagus, cauliflower, 
celery, beet, chickpea, corn, cowpea, cabbage, eggplant, onion, pea, pepper, lettuce, 
potato, radish, sweet potato, tomato, turnip, spinach, alfalfa, corn, soybean, peanut, 
safflower, cotton, sorghum, tobacco and sugarbeet. 

Description of stages 

(i) Spodoptera litura F. 

Eggs: Creamy to golden brown in color.   

Larvae: Bright yellow stripes along the back and the sides and color varies from pale 
green to dark green, and then finally brown for the later instars or more mature forms. 

Pupae: Light to dark brown in color. 

Adult: Forewings are gray to reddish-brown while hind wings are grayish-white with 
grayish-brown margins (Fig. 6.3). 
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Fig. 6.3 Armyworm, 
Spodoptera litura F. 
(Photo credit: A. Nawaz, 
UAF) 

 

(ii) Spodoptera exegua H. 

Eggs: Greenish to white in color.   

Larvae: Pale green or yellow in color during the 1st and 2nd instars, acquire pale 
stripes during the 3rd instar, darker dorsally during 4th instar but 5th instar are quite 
variable in appearance. 

Pupae: Light brown in color. 

Adult: Forewings are mottled gray and brown while hind wings are a more uniform 
gray or white color, and trimmed with a dark line at the margin. 

Life Cycle  

Armyworms are prolific and responsive to favorable conditions. Eggs are laid in 
clusters of 50 to 150 eggs per mass and usually covered with body hair scales and 
laid on the underside of the host plant leaf. Eggs usually hatch between 3-4 days and 
tiny caterpillars resume feeding at night. They feed for several weeks and then pupate 
in soil to emerge as adults within 10 days. . The pupa is light brown in color and 
measures about 15 to 20 mm in length. Thus, 3-5 generations are commonly 
produced each season. The armyworm remains active throughout the year in warm 
climates. The average life cycle will be completed in about 25-30 days (Fig. 6.4). 
Mating occurs soon after emergence of the moths, and oviposition begins within 2-3 
days and the moths usually perish within 9-10 days of emergence. 

Damage 

Feed at night on succulent foliage and the caterpillars do the damage only. Young 
larvae of armyworm feed gregariously and skeletonize foliage leaving the veins of 
leaves largely intact. As feed at night, they can severely damage seedling stands and 
may inflict much injury before they are detected. The worms migrate as an "army" 
to new host plants. 
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Management 

Biological control 

The use of insect pathogens like nuclear polyhedrosis virus (NPV), Beauveria 

bassiana and nematodes (Rhabditida: Steinernematidae and Heterorhabditidae) are 
fairly effective as a bioinsecticide. 

Chemicl control 

Chlorpyrifos 40 EC (2500 ml ha-1), Thiodicarb 80 DF (1 kg ha-1), Acephate 75 SP 
(1.8 kg ha-1), Spinosad 240 SC (200 ml ha-1), Indoxacarb 150 SC (430 ml ha-1) and 
Lufenuron 50 EC (250 ml ha-1). 

6.4.3. Brinjal fruit and shoot borer 

Technical name:  Leucinodes orbonalis G. 

Family:    Crambidae 

Order:    Lepidoptera 

Biology  

Distribution and host range 

This pest is practically monophagous, however, other plants belonging to family 
Solanaceae are reported to be hosts of this pest. It enjoys a country wide distribution 
and besides, Pakistan it is also found in countries like India, Sri Lanka, Burma, 
Malaysia, Congo and South Africa. 

Description of stages 

Eggs: White and flat in appearance.  

Larvae: Fully grown larvae are stout, pink with brown head. 

Pupae: Pupate in a tough silken cocoon. The color and texture of the cocoon matches 
the surroundings making it difficult to detect. 

Adult: Small white moth with 40-segmented antennae (Sexena 1965) and having 
spots on forewings (Fig. 6.5). 

Fig. 6.5 Brinjal fruit and shoot 
borer, L. orbonalis G. (Photo 
credit: A. Nawaz, UAF) 
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Life Cycle 

The female oviposit during the night on the lower surface of the young leaves, green 
stems, flower buds, or calyces of the fruits. Eggs are laid singly or in the batches and 
number of eggs laid by a female vary from 80 to 253. The larval period varies in 
summer (12-15 days) from winter (14-22 days) and larvae pass through at least five 
instars. The full-grown larvae pupate in the dried shoots, leaves or in plant debris 
within tough silken cocoons. The pupal period ranges from 6-17 days depending 
upon environmental conditions. Following emergence, the young adults are generally 
found on the lower leaf surfaces or under plant canopy. Adult become full mature in 
10-14 days. The longevity of males and females lasts for 1.5 to 2.4 days and 2.0 to 
3.9 days respectively. The adult male dies after mating and the female moth dies after 
laying eggs. The L. orbonalis has five generations a year and overall life cycle 
completes in 22-55 days (Fig. 6.6). 

Damage 

Brinjal fruit and shoot borer attacks mostly on flowering, fruiting and vegetative 
growing stage on fruits/pods, growing points and inflorescence. The intensity of 
attach by larvae is in fruits followed by shoots, flowers, flower buds and midrib of 
leaves (Alpuruto 1994). Damage to the fruits is very severe during autumn. L. 

orbonalis is active throughout the year at places having moderate climate. 

Management 

Cultural control 

Pruning of infested twigs and branches prevents the dissemination of the pest. 
Similarly, the pest infestation can be reduces by periodic pinching/pruning of wilted 
damaged shoots, their collection and burrying or burning. In addition, the removal of 
the alternate food sources and use of mechanical barriers are some of the cultural and 
mechanical measures to prevent the pest infestation. 

Sex pheromones 

Sex pheromones are important component of IPM programs. Combination of 
chemicals (E)-11-hexadecenyl acetate and (E)-11-hexadecen-1-ol continuously trap 
high number of male moths on pheromone trap and significantly reduce the pest 
damage. 

Biological control 

The spore forming Bacillus spp. has been most important in insect suppression. No 
doubt, the efficacy NPV against L. orbonalis is lower but it can be used as one of the 
important options of management. There are sixteen parasitoids, three predators and 
three species of entomopathogens have been reported as natural enemies of L. 

orbonalis from all over the world which can be used as effective biocontrol agents. 

Chemicl control 

Betacyfluthrin 25 EC (500 ml ha-1), Lufenuron 50 EC (500 ml ha-1) and 
Cypermethrin 10 EC (625 ml ha-1) can be used for effective control of brinjal fruit 
and shoot borer. Emamectin Benzoate, Methoxyfenozide and Bacillus thuringiensis 
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(Berliner) also performed well in reducing damage and increasing yield (Chatterjee 
and Mondal 2012). 

6.4.4. Red pumpkin beetle 

Technical name:  Aulacophora foveicollis L. 

Family:    Chrysomelidae 

Order:    Coleoptera 

Biology 

Distribution and host range  

The pest is the most destructive pest of all cucurbitaceous vegetables and widely 
distributed in different regions of the world like Asia, Africa, Australia and South 
Europe. It occurs throughout the country in. The A. foveicollis is the commonest 
beetle found in Pakistan and infests a wide variety of vegetables like pumpkin, tinda, 
melon, ghia tori, cucumber etc., but have special liking for pumpkin. 

Description of stages 

Eggs: Elongated and brown in colour.   

Larvae: Whitish grubs with brown head bores. 

Pupae: Exarate types of pupae with naked appendages. Its changes its color to 
yellowish with red eyes when it is fully-developed. 

Adult: Beetle is deep orange on dorsal side, while the ventral side is black and 
abdomen bears soft white hairs posteriorly (Fig. 6.7). 

Fig. 6.7 Red pumplkin beetle A. 

foveicollis L. (Photo credit: A. Nawaz, 
UAF) 

 

Life Cycle 

After mating, female lay 300 egg’s singly or in batches (8-9) in the moist soil of the 
host plant base. The larvae hatch after 6-15 days. The whitish grub feed upon plant 
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roots, fallen leaves and fruits lying on the surface of soil. Larval stage lasts for 13-
25 days. Fully grown grubs pupate (7-17 days) in soil within a water-proof, thick 
walled oval cocoon. After metamorphosis, the adult beetle comes out of soil to feed 
and to breed. Beetle start laying eggs after about seven days of emergence. The pest 
complete five generations in a year. A complete life cycle takes about 25-37 days 
(Fig. 6.8). The adult beetles hibernate inside soil or among dry weeds. 

Damage 

A. foveicollis is polyphagous and attacks more than 81 plant species including 
pumpkin and a wide range of fruit crops. The damage is caused mainly by the adult 
insects which feed voraciously on the leaves, flowerbuds and fruits. The young ones 
(grubs) of this pest remain in the soil and damage roots and stem of the plant. 

Management 

Cultural control 

Few scattered trap crop plants should be grown and treated with strong insecticidal 
spray. Similarly, the soil around the root of the plant should be sprayed with strong 
insecticides for the control of developing grubs and pupa. 

Mechanical control 

During the early hours of morning, the beetles remain sluggish so they can be 
collected and killed in kerosene oil. 

Biological control 

The entomopathogen Serratia marcescens killed high percentages of adult when 
smeared on bodies. The fungus Fusarium moniliforme subglutinans killed all 
infected adult of A. foveicollis in an average of 4 days. Similarly, A. foveicollis is 
highly susceptible to entomopathogenic nematode Steinernema feltiae when fed on 
foliage sprayed with suspensions of the nematode. However, no practical field 
applications of biocontrol agents proved to be successful against this pest. 

Chemical control 

The chemical insecticides such as Deltamethrin 2.5 EC (625 ml ha-1), Carbaryl 10 D 
(12.5 kg ha-1), 5% Malathion (10 kg ha-1), HGW86 10 OD (105 g ha-1) and Spinosad 
45 SC (56 g ha-1) can be used for effective control of red pumpkin beetle. 

6.4.5. Hadda beetle 

Technical name:  Henosepilachna vigintioctopunctata F.  

or Epilachna vigintioctopunctata F. 

Family:    Coccinellidae 

Order:    Coleoptera 
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Biology  

Distribution and host range 

H. vigintioctopunctata is native to southeastern Asia, but has been accidentally 
introduced to other parts of the world, including Australia, New Zealand, Brazil and 
Argentina. It causes damage primarily in the family Solanaceae, especially potatoes 
while the other host crops include pumpkin, turnips, brinjal, datura, radishes, beans, 
tomato and spinach. 

Description of stages 

Eggs: Elongated and yellow coloured.   

Larvae: Grubs are oval, fleshy yellow, with six rows branched spines. 

Pupae: Oval in shape and dark in colour. 

Adult: Beetle deep yellowish reddish coloured with black spots on the forewings 
(Fig. 6.9). 

Fig. 6.9 Hadda Beetle, E. 

vigintioctopunctata F. (Photo 
credit: A. Nawaz, UAF) 

 

Life Cycle 

Female lay about 120-180 eggs in the cluster of 40-45. Female laid eggs on lower 
surface of the leaves and are arranged side to side on the surface of the leave in erect 
position. The larva hatches in 3-4 and 4-9 days in summer and winter months 
respectively. The larval period may prolong up to 15-32 days depending upon the 
host. The grubs feed to the epidermis of the leaves. The larva changes into pupa after 
9-18 days of larval period during which it passes through four different instars. The 
pupal period lasts for 3-6 days (Fig. 6.10) and the last larval skin acts as pupal case. 
In summer, the life cycle is completed in 17-18 days which may prolong to 50 days 
in winter. The total number of generation may be around 7-8 in a year. The adults 
can survive up to 1-2 months. 
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Damage 

Both adults and immature cause damage by scraping out the chlorophyll and feeding 
on the green tissues of the leaves and skeletonizing them. The leaves ultimately turn 
brown, dry up and fall off. In case of severe attack, the crop gets completely 
defoliated. 

Management 

Cultural control 

Thorough irrigation of infested crop can minimize the increase in pest population. 

Mechanical control 

In green house cultivation, the larvae and eggs can be hand collected and destroyed 
or buried. 

Biological control 

There are a number of parasitoids to parasitize the different stages of beetle. They 
can be used a biocontrol agents. For example, Tetrastichus ovulorum F. and 
Achrysocharis appannai used to parasitize the eggs of hadda beetle. The Solindenia 

vermai, Pleurotropis epilachinae, Tetrastichus sps, Uga menoni, can be used against 
grubs while pupa is parasitized by Pleurotropis foveolatus. The entomopathogen 
(Beauveria bassiana) based biopesticides can also be used to control this pest which 
can help to reduce the spray load of insecticides on vegetables and to minimize the 
pesticide hazards to the consumers. 

Chemical control 

The insecticides such as Cypermethrin + Curacron 440 EC (1250 ml ha-1), Carbaryl 
10 D (12.5 kg ha-1), Malathion 57 EC (1800 ml ha-1) and Spinosad 45 SC (56 g ha-1) 
can be used for effective control of hadda beetle. Spraying Calcium arsonate and 
Lime carbaryl (0.1%), Parathion (0.025%), Malathion (0.1%), Fenitrothion (0.05%) 
is quite effective in keeping the pest population under control. 

6.4.6. Whitefly 

Technical name:  Bemisia tabaci G. 

Family:    Aleyrodidae 

Order:    Hemiptera 

Biology 

Distribution and host range 

Whitefly may attack more than 500 plants species which includes avocado, 
cauliflower, cabbage, waxgourd, cucumber, brinjal, okra, fig, green bean, guava, 
lettuce, pumpkin, rose, soy bean, squash, sweet potato, tomato and watermelon. 
There are about 1000 species of whitefly in the world. Whitefly is a serious pest of 
cultivated crops in tropical and subtropical areas including Africa, Asia, Central 
America, South America, and the West Indies. 
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Description of stages 

Egg: Smooth surface, elliptical and yellow in colour. 

Nymphs: Scale-like and inactive having three nymphal stages. Nymphs are creamy 
white to light green in color. 

Adult: Small in size and pale yellow in colour with two pairs of white wings which 
are covered with white waxy powder (Fig. 6.11). 

Fig. 6.11 Whitefly, 
Bimisia tabaci G. 
(Reproduced with 
permission by: 
http://www.invasive.org) 

 

Life cycle  

Whitefly has six life stages as egg, four nymphal stages, and the adult. The life cycle 
period varies with temperature. The favorable temperature range is between 10 to 
32oC. The female lays 100-120 eggs on the underside of the leaves. After 7 days, the 
nymphs emerge and attach to one place on the leaves to feed and become pale green 
or creamy flattened scale-like bodies. The pupal stage starts after 3rd moults and 
known as pseudo pupa. It completes its one generation in 2 to 4 weeks depending 
on temperature (Fig. 6.12). 

Damage 

Whiteflies are sap sucking insects and feed into the phloem of plants. They inject 
poisonous saliva due to which turgor pressure decreases. Indirect losses may occur 
due to the development of sooty mold fungus on honey dew secretion of Whitefly. 
The symptoms include sticky film appears on the leaves, yellowing of leaves 
ultimately growth of plants are stunted. 

Management 

Cultural control 

Field sanitation and use of insect-free seed for sowing, crop rotation, cleaning of 
fields could be helpful for the management of thi pest. 
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Biological control 

The parasitic wasp Encarsia formosa is generally used as biological control agent 
against whitefly, while some species can also control by coccinellid beetles, 
lacewings, flies, ants and mites also prey on them. 

Chemical control 

The Pesticides like Polo 500 SC (625 ml ha-1), Confidor 200 SL (625 ml ha-1), 
Mospilan 20 SP (200 g ha-1) and Danitol 30 EC (500 ml ha-1) can be used for effective 
control of whitefly. 

6.4.7. Aphid 

Technical name:  Aphis gosssypii G. 

Family:    Aphididae 

Order:    Hemiptera 

Biology  

Distribution and host range 

Aphids are found everywhere in the world. They have ability to migrate long 
distances by mean of winds. They can also been spread by human transportation or 
infested plant materials. It is distributed throughout cotton growing areas of the 
world. It is common in North and South America, Central Asia, Africa, Australia, 
Brazil, East Indies, Mexico and Hawaii and in most of Europe. The host plant of this 
pest belongs to different agricultural crops in the families Cucurbitaceae, Rutaceae 
and Malvaceae. The cucurbit vegetables attacked by aphid are watermelons, 
cucumbers, cantaloupes, squash and pumpkin. In addition, other vegetable crops like 
pepper, eggplant, okra and asparagus etc. are also seriously affected by this pest. 

Fig. 6.13 Aphid, Aphis 

gossypii G. (Reproduced 
with permission by: 
http://www.invasive.org 

 

Description of stages 

Egg: Elliptical and yellow or greenish in color. 

Nymphs: Scale-like and inactive. Nymphs are brown to green in color. 
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Adult: Small in size and may or may not have wings. Wingless adults are yellowish 
green (Fig. 6.13) while winged adults are blackish green. 

Life cycle 

Aphids are generally produced parthenogenetically (viviparously). Adult female can 
give 12 live offspring per day without mating (Fig. 6.14). Parthenogenetically 
produced offsprings are known as nymphs. They shed their skin four times before 
becoming adults which last for 7-10 days. There is no pupal stage. Late in the season, 
both males and egg-laying (oviparous) females are produced. They mate and females 
deposit yellow eggs which help for overwintering under cold conditions. When the 
weather is warm, many species of aphids can develop from newborn nymph to 
reproducing adult in 7-8 days. Aphid populations can increase with great speed 
because a single adult female aphid can produce up to 80-100 offspring in a matter 
of a week. 

Damage 

Heavy aphid infestation may cause turning of leaves, yellowing and stunting of 
shoots. Aphid honeydew encourages the growth of sooty mold fungus that causes 
indirect damage. Some aphid species inject a toxin into plants, which causes leaves 
to curl and further distorts growth. A few species cause gall formations. They also 
act as vector of transmitting viruses (Cucumber mosaic virus, watermelon mosaic 
virus and zucchini yellow mosaic virus) from plant to plant on certain vegetable and 
ornamental plants. Squash, cucumber, pumpkin, melon, bean, potato, lettuce and 
beet, are crops that often attacked by aphid. The viruses cause yellowing or curling 
of leaves and ultimately plant growth stopped. In case of heavy infestations they may 
also attack on roots and kill them such as in carrots. 

Management 

Cultural control 

Before planting vegetables removal of weeds and alternates hosts. Avoid high levels 
of nitrogen fertilizer application as it favor aphid reproduction. Reduce losses by 
growing seedlings under defensive covers  in a greenhouse, or inside and then 
transplanting them when the seedlings are older and more tolerant of aphid feeding. 

Mechanical control 

The use of yellow sticky traps can be very helpful to control aphids. 

Biological control 

Aphid can be controlled by natural enemies such as parasitic wasps. After 
parasitization aphid’s skin turns into golden brown and become mummified.  Many 
predatory insects which can be used to control aphids are lady beetle adults and 
larvae, lacewing larvae, soldier beetles, and syrphid fly larvae. 
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Chemical control 

The insecticides such as Acetamaprid 20 SP (300 g ha-1), Carbusalfan 20 EC (1250 
ml ha-1), Difenthioran 500 SC (500 ml ha-1) and Imidacloprid 200 SL (200 ml ha-1) 
etc. can be used to control aphid. 

6.4.8. Vegetable weevil 

Technical name:  Listroderes costirostris obliquus K. 

Family:    Curculionidae 

Order:    Coleoptera 

Biology 

Distribution and host range 

The vegetable weevil has South American origin.  It is now causing damage to many 
crops in different regions like Gulf, Oklahoma, Arizona, and California. The major 
host vegetable crops are carrot, turnip, mustard, collard, tomato, tobacco, potato and 
also a lot of weeds. 

Description of stages  

Egg: Elliptical and creamy white in appearance when laid then turn black before 
hatch. 

Larvae: Pale green, legless as a dark mottled head when fully developed. 

Pupa: Appears pale yellow and turns brown later. 

Adult: Dull grayish-brown with a light V-shaped mark on the wing covers and have 
a short snout (Fig. 6.15). 

Life Cycle 

The adults remain active during winter, and spring seasons. This pest aestivates in 
trash, leaves or grass at the edges of fields during the summer season. They reproduce 
parthenogenentically. The hatching process occurs after an incubation period of 2 or 
more weeks depending on the environmental conditions. Larvae feed on seedlings 
and become fully grown in 23-45 days. Pupation takes place in soil during spring or 
in fall. Adults emerge from January to June. The length of time from egg hatch to 
adult emergence may vary from 1 to 4 months (Fig. 6.16). There is one generation 
per year. 

Damage 

Larva and adult weevils attack the roots and foliage of a number of vegetable crops. 
Larvae feed on the buds and the leaves of seedlings. Their feeding causes irregularly 
shaped holes in the leaves. 
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Management 

Cultural control 

Alternate cropping with non-host plants and weed-free fallow fields prior to planting 
can minimize the damage caused by vegetable weevil. Similarly, some plants contain 
or give off compounds that repel insects. Therefore, planting garlic among vegetables 
helps to deter vegetable weevils. In Addition, removing crop debris and soil 
cultivation/tillage after harvest will destroy pupae in the soil and reduce their survival 
during the hot months. 

Biological control 

Currently, no commercial biological control agents are available for vegetable 
weevil. But the use of neem oil and pyrethrins are options for organic control of this 
pest. 

Chemical control 

In case of heavy infestation, dust plants with a small amount of diatomaceous earth 
can minimize the damage. Match 50 EC (500 ml ha-1) Karate 2.5 EC (1000 ml ha-1) 
and Tracer 240 SC (100 ml ha-1) are also very effective for the control of brinjal fruit 
and shoot borer. Spot treatment of foliage for vegetable weevil can also be 
economical. The use of insecticides mixture with azadirachtin or pyrethrin can often 
provide sufficient control. 

Fig. 6.15 Vegetable weevil, L. 

costirostris obliquus K. 
(Reproduced with permission 
by: http://www.invasive.org) 

 

6.4.9. Cabbage butterfly 

Technical name:   Pieris brassicae L. 

Famliy:    Pieridae 

Order:    Lepidoptera 

Distribution and host range 

The cabbage butterfly is common across North America, Europe, North Africa and 
Asia even through the Himalayas. It also occurs in Australia and New Zealand. 
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Cabbage butterfly is not found in desert and semi-desert regions (except for irrigated 
areas). This pest can be found in any open area with diverse plant population. It is 
also present in towns, natural habitats and mostly in valleys. Larvae of this insect 
feed widely on plants in the family Cruciferae. The main host of cabbage butterfly is 
cabbage at larval stage while adult butterflies suck nectar from flowers. Other than 
cabbage, commonly attacked are vegetable crops such as broccoli, Brussels sprouts, 
cabbage, cauliflower, collard, horseradish, kale, and kohlrabi. 

Description of stages 

Eggs: pale-white or yellow and change to bright orange prior to hatching. They are 
ribbed vertically and laid upright in clusters of 40-100. 

Larvae: Newly-emerged larvae are yellow in color and changes to yellowish-green 
after the first moult. The heads are shiny black. 

Pupae: Pale green or greyish-white and dotted with black and yellow markings. 

Adults: Females are larger in size than the males. Adult wingspan is around 55-70 
mm. The wing upper sides of both sexes are usually gleaming white with a 
pronounced black tip to the forewing. Female has a pair of post-discal black spots on 
the upper side of forewing while male has black spots on the lower side of forewings 
(Fig 6.16). 

Fig. 6.16 Cabbage butterfly, Pleris 

brassicar L. (Phot credit: A. Nawaz, 
UAF) 

 

Life cycle 

The life cycle completes within 3-6 weeks depending upon the environmental 
conditions. Female oviposit eggs in bunches on the undersides of leaves. They use 
the tip of the abdomen and arrange the eggs in specific batches. The pre-oviposition 
period lasts for 7-8 days during which the female mate with males. They oviposit 
approximately six to seven times in eight days. The cabbage butterfly remains active 
throughout the year. The optimum activity of the pest is in November-December and 
March-April. Female lay eggs in cluster and eggs hatch out in 5-15 days depending 
upon the environmental conditions. The larvae feed gregariously and complete five 
instars in 20-30 days during different seasons. The pupal stage lasts 6-12 days in 
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March-April and 20-25 days November-February. They have around four 
generations in a year. 

Damage 

The caterpillars of cabbage butterfly feed on foliage, and if left unchecked often will 
reduce mature plants to stems and large veins. They prefer leafy foliage but during 
heavy infestation the caterpillars may burrow into the heads of broccoli and cabbage, 
especially as they mature. The caterpillars are often difficult to dislodge and 
overlooked. The caterpillars produce large quantities of fecal material which also 
cause contamination of the produce. The size of the affected heads reduced and sold 
at a lower price in the market. Damage to cabbage heads has been reported to be as 
high as 70-98%. 

Management  

Cultural control 

The use of resistant varieties can reduce the attack of cabbage butterfly. In addition, 
the collection and destruction of adult butterflies through hand nets could also be 
effective. The handpicking and destruction of larvae at early stage can also minimize 
the damage. 

Biological control 

The natural enemies of cabbage butterfly can be introduced in the field for the 
biological control of this pest. Parasites like Apanteles sp., braconid and tachonid fly 
parasitizes the cabbage butterfly caterpillars. The predators like lady beetle and 
lacewing also effectively reduce the pest attack in the field. There should be 
minimum use of pesticides in the field for best control of pest through biocontrol 
agents. In addition, the use of biopesticides Btk (Bacillus thuringiensis kurstaki) can 
be effectively used to controls this pest. 

Chemical control 

The insecticides such as Lufenuron 50 EC (500 ml ha-1), Cypermethrin 10 EC (500 
ml ha-1), Chlorpyrifos 40 EC (1250 ml ha-1), Deltamethrin 2.5 EC (500 ml ha-1) and 
Spinosad 240 SC (200 ml ha-1) can be used for effective management of cabbage 
butterfly. 

6.5. Different approaches for insect pests management 

6.5.1. Biodiversity management 

Biodiversity is the variety of plants, animals, and microorganisms on planet Earth 
and provides protection from pest attack through creating balance of life in the 
environment. The consequences of conventional agricultural practices (burning of 
crop residues, continuous ploughing and harrowing, deforestation, overgrazing, 
mono-cropping, misuse of pesticides, excessive use of fertilizers and misuse of 
water) are loss of soil fertility, food insecurity, health risks, soil and surface water 
contamination, greenhouse gas release, pest invasion, and loss of biodiversity (Bot 
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and Benites 2001). The biodiversity of both plants and insects in the field can play 
an important role in pest management through top down and bottom up approaches 
(Gratton and Denno 2003). 

Plant diversity has had a positive impact on herbivore insects by favoring associated 
natural enemies as it is evident that increased parasitism was observed in flowering 
plants (Thies and Tscharntke 1999; Vandermeer 1995). These plants provide pollen 
and nectar, which are important for normal fecundity and longevity of parasitoids.  
In addition, the flowering plants also attract non-herbivore insects which serve as 
food for insect predators. Wild vegetation around crops also enhanced biological 
control (Leius 1967). Similarly, Insect biodiversity represents a large proportion of 
world biodiversity and is indivisibly linked with agriculture due to large surface area 
under agriculture. In recent decades, awareness on the role of predatory arthropods 
in controlling insect pests has increased (Thorbek and Bilde 2004; Scudder 2009). 
Besides that, weeds play an important role in agriculture production. They can limit 
the positive impact of chemical, physical and cultural control measures. Even 
herbicides temporarily suppress a particular group of weeds. Consequently, 
biological control of weeds through their natural enemies (insects and 
microorganisms) is attractive and practical. There are a number of insects and 
microorganisms which feed specifically on weeds (Baloch 1974; Goeden and Andres 
1999; Evans 2002). Conclusively, the biodiversity conservation of insects and plants 
will play a very important role for the production and protection of vegetables as well 
as for other crops. 

6.5.2. Integrated pest management (IPM) 

IPM is a “decision-based process involving coordinated use of multiple tactics for 
optimizing the control of all classes of pests in an ecological and economical sound 
manner” (Prokopy 2003). It involves managing multiple pests simultaneously, 
monitoring of pests and their natural enemies, and integration of multiple control 
tactics.  The ultimate objective of this approach is to reduce the use of pesticides, 
provide economic savings to farmers, and protect the environment and human health. 
The multiple tactics used in IPM include cultural control, mechanical control, 
physical control, biological control, and chemical control. These control measures 
are adopted according to the requirement in the field. 

No doubt IPM is a potential management practice but there is little evidence that 
these management practices have been implemented to a significant extent in 
agriculture all over the world (Barfield and Swisher 1994; Morse and Buhler 1997; 
Ehler and Bottrell 2000). There are three main constraints of this failure. First of all, 
IPM is time consuming, complicated for farmers, and has multiple demands for farm 
production to carry out integration of multiple control tactics for all classes of insects. 
Second, the pest control consultants who might be hired by farmers or employed by 
pesticide companies. These consultants usually have little time for close monitoring 
of pests or have a conflict of interest due to pesticide companies. Finally, the 
scientists working in the land-grant agriculture universities or colleges who mostly 
working to study the individual ingredients of IPM and this are reinforced by the 
incentive system in which they work. Another term for IPM now is used as 
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“Integrated Pesticide Management” with ultimate objective to reduce the pesticides 
to avoid their health hazards on human health and the environment (Birch et al. 
2011). In the future, IPM is expected to be a dominant theme in agriculture which 
includes the increased use of reduced risk pesticides and genetically engineered 
crops. 

6.5.3. Biointensive IPM (BIPM) 

The cost of cultivation is an important factor for crops grown in a resource-poor 
environment. Therefore, pest management should naturally regulate pests and 
diseases in any given field. The term biointensive integrated pest management 
(BIPM) is a more dynamic and ecologically-informed approach that considers the 
farm as a part of the agroecosystem. In order to minimize pest damage, BIPM 
particular characters need to be understood (Reddy 2013) because it emphasizes the 
importance of ecological basis of pest infestations. Thus, BIPM reduces chemical use 
and costs of conventional IPM. It requires that the agricultural system be redesigned 
to favor natural enemies of pests and to actively disadvantage pests, e.g. 
implementing polyculture instead of monoculture. 

6.5.4. Precision agriculture for vegetable production 

The use of fertilizer also influences the insect pest infestation (Yardım and Edwards 
2003). While conventional agricultural practices mostly ignore the uniform 
application of practices across the field during fertilizer application. Therefore, the 
variation in soil properties is common rather than the exception (Mulla 1997). 
Precision agriculture or information-based management of agricultural production 
systems consists of geo-referenced data collection. This data provide relevant 
information for management planning. Predictive and reactive approaches can be 
used to apply inputs in the vegetable field. These approaches are mainly used for 
fertilizer application (nitrogen), agrochemical and water management (Heege 2008). 
The next step is the use of auto-guidance systems and autonomous agricultural 
vehicles for crop production but safety and liability have halted their adoption. 
Precision agriculture can be applied to manage the problems of vegetable production 
but fundamentally needs information on field variability which is not always easy to 
obtain. In recent years, advances in different technologies such as GPS (Global 
Positioning System), GIS (Geographic Information Systems), RS (remote sensing) 
and SD (simulation modeling) are making it possible to assess spatial and temporal 
variability in a field including site-specific management practices (García-Torres et 
al. 2003). 

Though, precision agriculture is technology dependent, it could be helpful vegetable 
farming practices. By adopting the best agriculture land management practices for 
each area, we can implement vegetable cropping on a larger scale, as the ultimate 
basic objectives of precision agriculture is natural resource conservation and 
productivity maintenance. 
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6.5.5. Biotechnology and insect pest management 

To feed the growing world population, the control of herbivorous insect pests and 
plant diseases is essential. Biotechnology and genetic engineering helps to generate 
resistance against pests (insect pests, pathogens). Following are the major 
implementations of biotechnology to increase production by protecting crops from 
insect pests. 

6.5.5.1. Insect peptides 

A number of peptides or proteins have anti-pest infection activity, like microbial 
peptides from the bacterium Bacillus thuringiensis (Berliner) show activity against 
various insects (Tabashnik et al. 2008, James, 2008). Currently, to increase the 
potential of anti-pest peptides, the Bt peptides are being used in combination with 
other traits like herbicide resistance (Marcos et al. 2008). During the last decade a lot 
of progress was made to study the activity of lectins that are expressed in response 
to herbivory by phytophagous insects. Similarly, many plant species have 
entomotoxic proteins with high potential to use in pest control strategies based on 
their activity towards herbivorous insects (Killiny et al. 2012). 

6.5.5.2. Ribonucleic acid interference (RNAi) 

Transgenic crops that express Bt toxin technology protect crops against lepidopteran 
and coleopteran pests, but excluding many important dipteran and hemipteran pests 
like flies and true bugs (Toenniessen 2003). RNA interference technique (RNAi), 
discovered in the nematode Caenorhabditis elegans, is caused by exogenous double-
stranded RNA (dsRNA). This technique down-regulate gene expression in a wide 
range of organisms by the RNAi effect, through a plant-delivered RNA which offers 
possibility of effective protection against any species. The genes which are necessary 
for survival, growth, development, reproduction or feeding success can be targeted 
through this technique. There are two reports published in recent years that showed 
feasibility of this technique to control insect pests (Mao 2007). Realizing the 
potential of this RNAi technology requires more research at both fundamental and 
applied levels. A more systematic approach to examining the factors like the stability 
of input RNA in the insect gut and diet, RNA transport across the insect gut etc., will 
lead to a better understanding of how to maximize the effects produced in insect pests 
through RNAi technique. This will help to control insect pests more effectively 
without negative effect on the environment. 

6.5.5.3. Sterile insect technique (SIT) 

Insect transgenesis can provide novel strategies for insect pest management. 
Particularly, the sterile insect technique (SIT) may be improved by using transgenic 
approaches. It is evident that this technique has been successfully applied for some 
species and considered environmentally-friendly alternative to insecticides (Dyck et 
al. 2005). SIT uses the release of mass-reared, sterile insects to cause infertile mating 
and ultimately reduces the pest population (Klassen and Curtis 2005). Biotechnology 
can be useful to optimize efficiency and reducing costs to transfer this effective 
technique to a wider range of species by improving mass-rearing, sex separation, 
sterilization and marking for monitoring. The success stories of SIT include the 
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control of pink boll worm (Pectinophora gossypiella, Saunders) in California 
(Henneberry 2007), tsetse fly (Glossina austeni, Newstead) in Zanzibar (Vreysen 
2000), new world screwworm (Cochliomyia hominivorax, Coquerel) in North and 
Central America and various tephritid fruit fly species in various regions of the world 
(Klassen and Curtis 2005). These technologies can be used in vegetable farming to 
manage insect pest populations without using toxic chemicals. It is also clear that a 
considerable research is needed on the use of GM (genetically modified) insects in 
the field to shun any harmful side effects on non-target organisms. 

6.6. Conclusion and future perspectives 

The vegetable industry can play an important role to manage the food security issue 
of the world, especially in developing countries. A number of factors are responsible 
for low production of vegetables such as biotic factors (vegetables and other crops in 
the field, weeds, insects, pathogens and natural enemies of vegetable pests), and 
abiotic factors (soil, water, temperature, light, humidity, wind, fertilizers and 
pesticide). In addition, the reluctance of producers to associate with vegetable 
farming organizations, lack of commercial arrangements between producers and 
vegetable dealers, low prices and poor quality produce, and use of unqualified labor 
also cause losses due to low production and poor marketing of vegetables.  
Postharvest losses are also greater than generally realized while passing vegetables 
from the field to consumers. These problems can be solved through integration of 
different control measures. The techniques which could be used to minimize the 
vegetable losses are biodiversity management at farm level, IPM, BIPM, use of 
precision agriculture technology for input application, postharvest handling, and 
marketing of vegetables. The careful use of biotechnology always has a definite 
advantage in increasing vegetable production by reducing crop losses and managing 
insect pests. This will help to increase vegetable production and minimize the health 
hazards of chemicals used to control the vegetable pests. To meet the growing 
challenges of vegetable industry in future, an effective integration of research and 
development sector (R&D), agricultural academic, and research and extension 
institutions should be established. This will help to meet the nutritional need of ever 
growing population of the world. 
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Fig. 6.17 Life cycle of melon fruit fly (Bactrocera cucurbitae C.) 
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Fig. 6.18 Life cycle of armyworm (Spodoptera litura F.) 
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Fig. 6.19 Life cycle of brinjal fruit and shoot borer (Leucinodes orbonalis G.) 
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Fig. 6.20 Life cycle of brinjal fruit and shoot borer (Leucinodes orbonalis G.) 
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Fig. 6.21 Life cycle of Hadda beetle (H. vigintioctopunctata F.) 
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Fig. 6.22 Life cycle of Whitefly (Bemisia tabaci G.) 
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Fig. 6.23 Life cycle of Aphid (Aphis gossypii G.) 
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Fig. 6.24 Life cycle of vegetable weevil (Listroderes constirostris obliquus K.) 
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Fig. 6.25 Life cycle of cabbage butterfly (Pieris brassicae L.) 
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Table 1: Classification of vegetable crops 

Class I: Annual Vegetables 

Sub-Class I: Crops grown for subterranean parts. Groupe 1: Root Crops 

 

Sr. Common name Botanical Name Order  Family 

1 Beet Beta vulgaris L. Caryophyllales Amaranthaceae 

2 Carrot Daucus carota L. Apiales Apiaceae 

3 Parsnip Pastiuaca sativa L. Apiales Apiaceae 

4 Radish Baphamis sativus L. Brassicales Brassicaceae 

5 Salsify Tragopogon porrifolius L. Asterales Asteraceae 

6 Scorzonera Scorzonera hispaniea L. Asterales Asteraceae 

7 Turnip Brassica rapa L. Brassicales Brassicales 

8 Horse-radish Cochlearia armoracia L. Brassicales Brassicaceae 

Groupe 2: Tuber Crops 

1 Potato Solanum tuberosum L. Solanales Solanaceae 

2 Sweet Potato Solanum tuberosum L. Solanales Convolvulaceae 

Groupe 3: Bulb Crops 

1 Onion Allium cepa, A. jistulosum 
L.   

Asparagales Amaryllidaceae 

2 Leek  A. porrum L.   Asparagales Amaryllidaceae 

3 Garlic A. sativum L.   Asparagales Amaryllidaceae 

4 Cive A. selia-noprasum L.   Asparagales Amaryllidaceae 

5 Shallot A. ascalonicum L.   Asparagales Amaryllidaceae 

Sub-Class II. Crops grown for foliage parts. Groupe 4: Cole Crops 

1 Kale and 
Borecole 

Brassica oleracea L.    Brassicales Brassicaceae 

2 Brussels prouts B. oleracea L.   Brassicales Brassicaceae 

3 Cabbage B. oleracea L.   Brassicales Brassicaceae 

4 Cauliflower and 
Broccoli 

B. oleracea L.   Brassicales Brassicaceae 

5 Kohlrabi B. oleracea L.    Brassicales Brassicaceae 

Group 5: Pot-herb Crops (used for ''greens") 

1 Spinach Spinacea oleracea L.    Caryophyllales Amaranthaceae 

2 Chard and Beet  Beta vulgaris L.    Caryophyllales Amaranthaceae 
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Sr. Common name Botanical Name Order  Family 

3 Orach Atriplex hortensis L.    Caryophyllales Amaranthaceae 

4 Purslane Portulaca oleracea L.    Caryophyllales Portulacaceae 

5 Dandelion Taraxacum officinale L.    Asterales Asteraceae 

6 Mustard Brassica species L.    Brassicales Brassicaceae 

Group 6: Salad Crops 

1 Lettuce Lactuca saliva L.    Asterales Asteraceae 

2 Endive Cichorium endivia L.    Asterales Asteraceae 

3 Celery Apium graveolens L.    Apiales Apiaceae 

4 Parsley Carum petroselinum L.    Apiales Apiaceae 

5 Cress Lepidium sativum L.    Brassicales Brassicaceae 

6 Upland or 
Winter Cress 

Barharea vidgaris L.    Brassicales Brassicaceae 

7 Water Cress Nasturtium officiuule L.    Brassicales Brassicaceae 

Sub-Class III. Crops grown for fruit or seed parts. Group 7: Pulse crops 

1 Bean Phaseolus vulgaris L. Fabales Fabaceae 

2 Pea Pisum sativum L. Fabales Fabaceae 

Group 8: Solanaceous crops 

1 Tomato Lycopersicum escidentum 
L. 

Solanales Solanaceae 

2 Egg plant Solanum melongena L. Solanales Solanaceae 

3 Pepper Capsicum annuum L. Solanales Solanaceae 

4 Physalis or Husk 
Tomato 

Physalis peruviana L. Solanales Solanaceae 

Group 9: Cucurbits or vine crops 

1 Cucumber Cueumis sattvus L. Cucurbitales Cucurbitaceae 

2 Melon C. melo L. Cucurbitales Cucurbitaceae 

3 Gherkin C. angaria L.   

4 Watermelon. Citrus vulgaris L. Cucurbitales Cucurbitaceae 

5 Luffa  L. acutangula L. Cucurbitales Cucurbitaceae 

6 Zit-Kwa, or Wax 
Gourd 

Benincasa cerifera L. Cucurbitales Cucurbitaceae 

7 Pumpkin Cucurbita pepo L. Cucurbitales Cucurbitaceae 

8 Squash Cucurbita L. Cucurbitales Cucurbitaceae 
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Sr. Common name Botanical Name Order  Family 

Group 10: Corn, Okra, Martynia 

1 Sweet corn Zea mays L. Poales Poaceae 

2 Okra Hibiscus esciilentus L. Malvales Malvaceae 

3 Martynia Mariynia proboscidiu L. Lamiales Martyniaceae 

Group 11: Condimental and Sweet heres 

Group 12: Mushroom. (Culturally and otherwise the mushroom is so unlike 
other garden vegetables that it demands special and separate treatment. It is not a 
vegetable-gardening subject, although usually so classed.) 

Class II. Perennial Vegetables 

1 Asparagus Asparagus officitialis L. Asparagales Asparagaceae 

2 Ehubarb Rheum rhaponticum L. Caryophyllales Polygonaceae 

3 Docks Rumex patientia L. Caryophyllales Polygonaceae 

4 Sorrel Rumex Caryophyllales Polygonaceae 

5 Artichoke, 
Globe 

Cynara scohnmus  L. Asterales Asteraceae 

6 Artichoke, 
Jerusalem 

Hejianthus tuberosus L. Asterales Asteraceae 

7 Sea Kale Crambe viaritima L. Brassicales Brassicaceae 

Table 2: Major insect pests of different vegetable crops. 

Sr. Common Name Technical Name Family  Order 

1 Brinjal Lace-wing 
Bug 

Urentius serais Distant Tingidae Homoptera 

2 Hadda beetle Epilachna 

vigintioctopunctata 
Fabricius 

Coccinellidae Coleoptera 

3 Red Pumpkin Beetle Aulacophora foveicollis 
Lucas 

Chrysomelidae Coleoptera 

4 Green Sting Bug Acrosternum hilare Say Pentatomidae Lepidoptera 

5 Cabbage Butterfly Pieris brassicae Linnaeus Pieridae Lepidoptera 

6 Brinjal Fruit Borer Leucinodes orbonalis 
Guenée 

Pyralidae Lepidoptera 

7 Melon Fruit Fly Bactrocera cucurbitae 
Coquillett 

Tephritidae Diptera 

8 Brinjal Stem Borer Euzophera perticella 
Ragonot 

Pyralidae Lepidoptera 
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Sr. Common Name Technical Name Family  Order 

9 Cabbage Semi-looper Chrysodeixis eriosoma 
Doubleday 

Noctuidae Lepidoptera 

10 Potato Tuber Moth Phthorimaea operculella 
Zeller 

Gelechiidae Lepidoptera 

11 Mustard Sawfly Athalia proxima Klug Tenthredinidae Hymenoptera 

12 Diamond Back Moth Plutella xylostella 
Linnaeus 

Plutellidae Lepidoptera 

13 Painted Bug Bagrada hilaris 
Burmeister 

Pentatomidae Hemiptera 

14 Green/Potato Bug Nezara viridula Linnaeus Pentatomidae Hemiptera 

15 Onion Thrips Thrips tabaci Linnaeus Thripidae Thysanoptera 

16 Tobacco Caterpillar Spodoptera litura 
Fabricius 

Noctuidae Lepidoptera  

17 Tomato Fruit Borer Helicoverpa armigera 
Hübner 

Noctuidae Lepidoptera  

Sources: (Capinera 2001; Reddy and Zehr 2004; Grzywacz, Rossbach et al. 2010) 
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