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Abstract 

Current article is intended for the integrated pest management of major and minor 
insect pests of important crops (cotton, wheat, rice, corn and sugarcane) of Pakistan. 
The insect pests cause qualitative as well as quantitative crop losses. In addition, they 
transmit plant pathogens which increase damage percentage. Precision and 
sustainable agriculture success is based on integrated pest management practices like 
cultural, mechanical, physical, biological, legislative and chemical control. These 
practices are collectively helpful to manage major and minor insect pests. The pest 
status (major or minor) of insects has been fluctuating with changing environment. 
Cultural, mechanical and physical control methods take more time and are less 
efficient than other control methods. Biological control is somewhat complex as it is 
based on the use of various predators, parasitoids and entomopathogens whose 
lifecycle must synchronize with that of their host. Introduction, augmentation, 
rearing and release of natural enemies are important. It leads biological control to a 
complex control practice which is somewhat difficult to achieve. The last control 
option in the integrated pest management is the chemical control that is quick and 
broad spectrum in nature but has mammalian toxicity. Therefore, the integration of 
chemical control with other control measures is necessary to minimize the use of 
toxic chemicals in the environment for crop production. 
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4.1. Importance of crops 

Agriculture sectors contribute near about 20.9% share in Gross Domestic Products 
(GDP) of Pakistan. It is a source of livelihood of more than 43.5% population of 
Pakistan’s rural areas. Precision and sustainable agriculture is needed to reduce the 
poverty and food insecurity in Pakistan. Current issues in agriculture sector are low 
returns to farmers due to high input and low outputs due to different factors including 
insect pests. There are two cropping seasons (Kharif and Rabi) in Pakistan. Kharif 
season is from July to October while Rabi season is from October to April. The crops 
grown between March and June are known as summer crops. The important crops of 
both season like cotton, rice, maize, sugarcane and wheat added value up to 25.6% 
in overall agriculture sector and 5.3% in GDP. 

In cotton (Gossypium hirsutum) production, Pakistan stands 4th in the world. It is an 
important fibre crop and vastly grown in the Sindh and Punjab provinces of Pakistan 
and contains 80% oil content (Agha 1994). It is major source of foreign exchange 
and contributed 1.5% and 1.7% in GDP and agriculture value addition respectively. 
The area under cotton cultivation is around 3 million ha. Cotton is major source of 
raw material for the industries including ginning, oil and textile (Ghani 1998). Both 
sucking and chewing type of insect pests attack on cotton. The American cotton 
(germ plasm from USA) is more susceptible to insect pests than Desi (native to 
Pakistan) cotton of Pakistan (Saeed et al. 2007). In response to changing 
environment, the status of various pests has been shifted from secondary to primary 
insect pest (Dhaliwal et al. 2010). 

Wheat (Triticum aestivum L.) is an important source of carbohydrates and leading 
source of vegetal protein in food. It has protein content of about 13%. Wheat is the 
staple food of Pakistan and cultivated on around 9.18 million hectares during 2014-
15. Wheat share in GDP during 2014-15 was 2.1% and 10% in agricultural value 
addition. Several insect pests attacked wheat and utilise the plant for food reducing 
quality and causing economic damage. 

Rice (Oryza sativa L.) is the second largest staple food of Pakistan. Area under rice 
cultivation is around 2.89 million hectares in Pakistan. Rice contribution in GDP and 
agricultural value addition was 0.7% and 3.2% respectively. It is the first perennial, 
terrestrial specie which adapted aquatic ecosystem. Rice attacked by more than 70 
insect species in Pakistan, which cause 25-30% yield losses (Hashmi 1994). 

Sugarcane (Saccharum officinarum L.) is another important cash crop in Pakistan 
and cultivated for sugar and sugar related products. It serves as raw material for paper 
and board industries. Its contribution in GDP and agriculture value addition is 0.6% 
and 3.1% respectively. The area under sugarcane cultivation in Pakistan is 1.14 
million ha and Pakistan earned around US$171.78 million from sugarcane export. 
Among 105 sugarcane growing countries, Pakistan occupied 4th and 60th position for 
cultivated area and per hectare production respectively (Azam and Khan 2010). The 
yield of sugarcane is affected by many factors such as soil fertility, climate, variety, 
cultural practices, disease and insect pests (David and Nandagopal 1986). More than 
1500 insect species have been recorded on sugarcane. Both chewing and sucking 
insect pests take part in quantitative and qualitative losses of sugarcane (Zia et al. 
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2007) causing around 20% yield loss of sugarcane and 15% decrease in sugar 
recovery (Avasthy 1977). 

Maize (Zea mays L.) known as “King of Grain Crops” is the third most important 
cereal crop in Pakistan. Up to 8-10% of the maize crop is used for human 
consumption. It is big source of food, feed and fodder. It also provides starch, glucose 
and corn oil as by-products (Chaudhary 1983). Maize starch is rich source of bio-
fuel across the world and provides ethanol after its fermentation (Ahmad et al. 2007). 
In addition, it is used as energy source at home and in industry as feed for chicken 
(Kellems and Church 2010). In Pakistan, maize contribution is 0.4% in GDP and is 
sown in 1.1 million hectares. Major maize production is contributed by K.P.K. and 
Punjab. Average maize production of country is very low in comparison with other 
countries of the world (Ahmed et al. 2003). Insect pests decreased the yield more 
than 15% of the total annual crop production (Boulter et al. 1989; Kumar et al. 1992). 

Around ten thousand species of insects affect the food plants worldwide, out of them 
10% are considered as major pests (Dhaliwal et al. 2010). Various control measures 
are being adopted to control insect pests (Dhaliwal and Koul 2010). The insect pests 
of major field crops are discussed below. 

4.2. Cotton 

4.2.1. Dusky cotton bug 

Technical Name: Oxycarenus laetus Kirby 

Family:   Lygaeidae 

Order:   Hemiptera 

Identification 

Fresh eggs are oval and cigar shaped. Female laid eggs are transparent and light 
yellowish in colour. The colour of the eggs changed to light pinkish before hatching. 
Nymphs have round abdominal end. They are initially pale greenish to parrot green 
in colour somewhat resembling aphid (Aphis gossypii Glov.). Adults are 4 to 5 mm 
with reddish brown to dark brown in colour having distinction of well-developed 
glassy transparent wings which are absent in nymphs (Fig. 4.1) (Panwar 1979). 

Biology 

Eggs are normally placed in the lint of partially opened bolls between the slaps in 
isolated or group fashion of 3 to 18 eggs per cluster. Eggs hatched after 5 to 10 days. 
Nymphal period lasts for 31 to 40 days. Nymphs pass 7 stages to become adult. Wide 
numbers of generations (3-4) are completed in one year and each generation may 
range of about 20 days. 
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Fig.4.1 Dusky cotton bug, 
Oxycarenus laetus K. (Photo 
credit: S. Zahid, UAF) 

 

Damage 

Nymphs and adults of DCB de-sap the seeds inside the developing bolls. Seeds do 
not develop properly and remained weak. They are also known as cotton strainers 
extensively present on lint and finally get crushed in ginning vicinities. Thus, it 
colours the lint with bad patterns. Such kind of lint does not get desirable market 
value (Panwar 1979). 

Management 

Cultural control 

All infested plants should be removed from the fields along with host weeds. 
Alternate hosts like cotton and okra should not be sown in the same or nearby fields 
(Panwar 1979).  

Biological control 

An anthocorid bug Oriustantilus has affinity of prey for nymph of dusky cotton bug 
(Panwar 1979). 

Chemical control 

The important pesticides for effective management of DCB are Thiamethoxam 
(Actara ST 70 WS) 3 g kg-1 seed for seed treatment, Profenofos (Curacron 500 EC) 
2000 ml ha-1, Lambda-Cyhalothrin (Karate 2.5 EC) 800 ml ha-1 Diafenthuron (Polo 
500 SC) 500 ml ha-1 and Profenofos + Cypermethrin (Polytrin C 440 EC) 1500 ml 
ha-1 (Panwar 1979). 

4.2.2. Cotton Jassid 

Technical Name: Amrasca biguttula biguttula Ishida (Distant) 

Family:   Cicadellidae   

Order:   Homoptera 
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Identification 

Eggs are pale to yellowish in colour. Both immature and adults are very active and 
can move sideways as well as forward. Nymphs are yellowish green to parrot colour 
(Panwar 1979). In winter season, adults (Fig. 4.2) seemed to have reddish brown 
sensation with dark purple eyes (Pimentel 1991). Nymphs are like the adults but are 
smaller in size with no wing possessions (Panwar 1979). 

Biology 

Eggs are laid on the lower surface of the leaves. They can be fixed in the veins or 
veinlet of leaves and are about 15 in numbers (Panwar 1979) leading to maximum of 
29. Eggs may also be placed inside the leaf tissues which can be seen by cutting the 
leaves under high magnification microscope (Pimentel 1991). Nymphs are brought 
forth from these eggs in about 4 to 11 days. Nymphs pass 6 instars in 7 to 21 days to 
become adult. Cotton jassid can complete 7-11 generations in a year during 
favourable conditions (Panwar 1979; Vennial et al. 2007) 

 

Fig.4.2 Cotton jassid, Amrasca biguttula biguttula D. (Photo credit: S. Zahid, UAF) 

Damage  

Nymphs as well as adults suck the plant juice from the lower surface to the plant leaf 
(Panwar 1979). Effective management of cotton jassid can increase 22 to 53% crop 
yield (Sidhu and Dhawan 1978). During sap sucking, cotton jassid also inject toxic 
chemical into the plant leading to typical leaf curling, yellowing, brick red 
appearance and eventually falling of leaves after drying. Fatal infestations may lead 
to the decrease in yield of about 35% (Panwar 1979). Fruiting ability of the plant is 
also impaired with more injurious attack of jassid (Vennila et al. 2007). 

Management 

Cultural control 

Cultivation of resistant varieties and treating the seeds with neonicotinoide 
insecticides (for hindrance of pest incidence for 45 to 50 days) are also good control 
measures (Vennila et al. 2007). All stray plants should be removed from the fields 
along with host weeds. Jassid population has the negative relations for leaf numbers 
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and inter nodal distance whereas an increasing relation is seen to enhanced plant 
height (Mansah 2014). Therefore, selection of variety can be very important for the 
management of cotton jassid. 

Biological control 

Chrysopa cymbele and spider (Distina albida) have the strong voracity against this 
insect pest (Panwar 1979). 

Chemical control 

The ETL of jassid is 1 nymph or adult per leaf. There are different pesticides 
available for the management of cotton jassid. For example, Malathion 50 EC (800 
ml ha-1), Dimethoate 30 EC (1500 ml ha-1) or Acephate 75 SP (500 ml ha-1) are 
possessed to shown good results (Panwar 1979). Immidacloprid 200 SL (125 ml ha-

1) and Thiamethoxam 25 WG (250 g ha-1) can be applied when the jassid injury 
reached at threshold level (Vennila et al. 2007). In addition, Diafenthuron 500 SC 
(500 ml ha-1), Profenofos + Cypermethrin 440 EC (1500 ml ha-1), Deltamethrin + 
Triazophos 360 EC (1200 ml ha-1), Cyfluthrin + Methamidophos 525 EC (1200 ml 
ha-1) are also effective for jassid control. 

4.2.3. Whitefly 

Technical Name: Bemisia tabaci Genn. 

Family:   Aleyrodidae 

Order:   Homoptera 

Fig.4.3 Whitefly, Bemisia 

tabaci G. (Photo credit: 
S. Zahid, UAF) 

 

Identification 

Whitefly (B. tabaci) is a group with great genetic diversity of 17 prominent 
populations and 24 biotypes (Perring 2001). Eggs are semi white, stalked changing 
to brown in colour when near to hatch. Nymphs are yellow to bright yellow in colour 
and the body is impregnated with whitish waxy powdery material. Wings are pure 
white (Fig. 4.3) (Panwar 1979). 
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Biology 

Stalked eggs are laid by the female on the lower side of the leaves in a separated 
fashion with an average number of 115 eggs. They hatch in 3 to 33 days in summer 
to winter seasons. Whole life cycle is completed in 14 to 120 days with 10-11 
generations existing in a year time (Panwar 1979). 

Damage  

Whitefly causes both direct (sap sucking) and indirect (disease transmissions) 
damage to cotton crop (Byrne et al. 2000). After hatching, nymphs crawl for 
sometimes and then insert their mouth stylet to suitable place for feeding. Its lethal 
symptoms and damages can either be direct (lowering the plant vigour by inserting 
toxins from saliva) or indirect (producing sooty mould due to honey dew excretions 
and viral disease vector transfer) (Panwar 1979). Collective losses due to whitefly 
are assessed to millions of US dollars per year in a versatile agro ecosystem (Menn 
1996). Host range of whitefly is recorded to be above 700 plant species occurring in 
86 plant families (Greathead 1986). About 111 plant viruses owe due to its action 
and transmission (Horowitz et al. 2003; Mugiira et al. 2008). 

Management 

Cultural control 

Cultivation of cotton varieties with glabrous leaf (i.e., smooth leaf surface) has least 
population of whitefly (Niles 1980) 

Biological control 

Both predators (green lace wing; Chrysoperla spp. and Brumus sp.) and parasitoids 
(Eretmocerus massi) can be effectively used for the biological control of whitefly 
(Panwar 1979). 

Chemical control 

Whitefly has developed resistance to about 40 insecticides used worldwide 
(Roditakis et al. 2005). The ETL of whitefly is 5 adults or nymphs or both per leaf. 
Use of Thiamethoxam 70 WS (3 g/kg seed) for seed treatment, Profenofos 500 EC 
(2000 ml ha-1), Lambda-Cyhalothrin 2.5 EC (800 ml ha-1) Diafenthuron 500 SC (500 
ml ha-1) and Profenofos + Cypermethrin 440 EC (1500 ml ha-1) give effective results 
as spray. Chemical control with the old-fashioned insecticides and non-judicious use 
of new chemistry insecticides has lead it to difficult to manage insect context.  

4.2.4. Red cotton bug 

Technical Name: Dysdercus koenigii Fabricius 

Family:   Pyrrhocoridae 

Order:   Hemiptera 
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Fig. 4.4 Red cotton bug, 
Dysdercus koeningii F. 
(Photo credit: A. Nawaz, 
UAF) 

 

Identification 

Eggs are shining yellow in colour arranged in turbulent aggregations of 75 to 80 eggs. 
Nymphs have fluffy abdomen and bright red colour. Later on, black colouration 
appears on the body in different marks. Adults are slender and long with brick red 
colour (but variation exists for bright red in spring to early winter and light brown to 
pinkish brown adults in winter) with prominent strips across the abdominal body 
(Fig. 4.4). Soft part of their wings and scutellum are black while abdomen is reddish 
black in colour (Panwar 1979). 

Biology 

Eggs are laid in earthen cracks or humid soil on an average of 100 to 130 eggs. Young 
ones procreated from the egg in 7 to 8 days. There are 5 nymphal stages are present 
comprising of 49 to 89 days (Panwar 1979). 

Damage  

Adult and nymph suck cell sap from the soft plant parts reducing plant vitality. They 
also produce signs of bad boll opening. The sap sucking from the seeds decrease the 
seed vigour and hence making them least desirable for next sowing due to low 
germination capability. These insects also stained the cotton lint with their body 
crushing, waste products and secretions. Spoilage of lint may also be due to bacteria 
(Nematospora gossypii) taking entry during the feeding of red cotton bug into seeds 
inside lint cover (Saleem and Shah 2010). 

Management 

Biological control 

Predatory bugs such as Pyrrhocorid bug Antilochus cocqueberti and Reduviid bug 
Harpactor costalis are good feeders of both immature and mature stages of red cotton 
bug (Panwar 1979). 

Chemical control 

The chemical insecticides such as Thiamethoxam 70 WS (3g/kg seed) for sead 
treatment while Profenofos 500 EC (2000 ml ha-1), Lambda-Cyhalothrin 2.5 EC (800 
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ml ha-1), Diafenthuron 500 SC (500 ml ha-1), Profenofos + Cypermethrin 440 EC 
(1500 ml ha-1) give reliable results (Panwar 1979). 

4.2.5. Cotton Thrips 

Technical Name: Thrips tabaci Lindermann  

Family:   Thripidae 

Order:   Thysanoptera 

Fig. 4.5 Cotton thrips, Thrips 

tabaci (Reproduced with 
permission by: 
http:///www.invasive .org) 

 

Identification 

These are very minute insects with slander shape bodies. Adults have clear wings 
with slight hairiness. 

Biology 

Female lays 50 or more eggs, which hatch in 4 to 9 days. Nymphs possess 4 moulting 
and pupate for 1 week. Pupation takes place in the soil. This stage lasts for 2-4 days. 
Adult (Fig 4.5) has the life span of 2 to 4 weeks. They have 5 to 8 generations per 
year (Saleem and Shah 2010). 

Damage  

Thrips feed on leaves and buds and also cause symptom of leaf deformation. Heavily 
infested seedlings appeared distorted. Cool season in June may cause severity in 
attack due to thrips especially on tip portions and squares. Leaves may show silvery 
appearance and become cup shaped in appearance. Heavy infestation may cause up 
to 37.6% loss of yield (Attique and Ahmad 1990). 



80 K. Zia, A. Nawaz and M. Sajid 

Management 

Cultural control 

Thrips hibernates in plant debris, cultivated or cultured soil, tree depressions and on 
perennial weeds. In early sown cotton its appearance in April causes prominent yield 
loss (Ioan et al. 1978). Destruction of alternate host plant is also a good cultural 
practice for effective management of thrips (Bayer 2013). 

Chemical control 

Thrips ETL is 8 to 10 adults or nymphs per leaf. The important pesticides for the 
effective control of thrips are Cypermethrin + profenophos 440 EC (1500 mlha-1), 
Deltamethrin + Triazophos 360 EC (1200 ml ha-1), Lambda-Cyhalothrin 2.5 EC (800 
ml ha-1), Profenofos 500 EC (2000 ml ha-1), Thiamethoxam 25 WG (60 g ha-1), 
Diafenthuron 500 SC (500 ml ha-1). In addition, Acephate (Orthene 97) at the rate of 
7.5 oz ha-1 is regarded as comparatively safer and suitable insecticides against this 
pest. 

4.2.6. Cotton Aphid 

Technical Name: Aphis gossypii Glover 

Family:   Aphididae 

Order:   Homoptera 

Fig. 4.6 Cotton aphid, 
Aphis gossypii G. 
(Reproduced with 
permission by: 
http://www.invasive.org) 

 

Identification  

Aphid (Fig 4.6) has vast variations in size, colour and morphological forms (winged 
or wingless). Wingless aphids may vary from yellow to green to almost black in 
colour. Nymphs going to alate are covered with waxy materials and colour changes 
greenish blue to blue. 

Biology 

Aphids increase their generations both by means of parthenogenesis as well as by 
viviparity. Female may produce 22 nymphs in a single day. Eggs lay in winter season, 
hatch in spring time and nymphal stages lasts for 7 to 10 days with possession of 4 
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instars. They are mostly active from March till November with different number of 
generations per year. They hibernate in egg forms during extreme climatic conditions 
(Saleem and Shah 2010). 

Damage 

Aphid are considered under the category of major insect pests due to direct damage 
by sap sucking and indirect damage by sooty mold fungus and virus transmission to 
plants (Hollingsworth et al. 1994). Different aphid forms can cause different losses 
and attack outbreaks. Minute yellowish aphid has slow developmental periods with 
least fecundity so they are less important to lead a significant crop loss. While large 
green or black aphids have high reproduction rates with good development in less 
time and can cause more aphid population explosions. 

Heavy infestation at seedling stage cause crinkling of the leaves, leaf falling and 
stunting of newly emerged plants. Honey dew is another source of infection inducing 
fungus. Aphid numbers (less than 25per leaf) are insignificant in producing visible 
damage while aphid number (more than 50 per leaf) can cause reduction of boll size, 
reduced plant growth with enhanced squares and bolls shedding. The most crucial 
stage of sensitivity of cotton against aphid is ranged from opening of the first boll till 
crop harvesting. On the boll maturing and lint forming stage of cotton in late season, 
aphids also cause qualitative loss to the lint by placing sticky honey dews on the lint 
of open bolls (Ahmad and Arif 2008). 

Management 

Cultural control 

The early sowing of cotton, reduced irrigation and well managed fertilizer 
applications are important control measures to reduce aphid infestation. In addition, 
the development of resistant varieties and removal of alternate host can also be 
effective against this pest. 

Biological control 

Parasitic wasps such as Lysiphlebustes taceipesare (Cresson) are effective biocontrol 
agents of aphids. Lady bird beetles and syrphid flies also revealed good control. 
Fungus species (Entomophthora sp.) is also assisting in aphid control. 

Chemical control 

Aphids have developed high level of resistance against pyrethroids groups of 
insecticides giving least control in Pakistan (Ahmad et al. 2003). Less insertion of 
the insecticide via cuticle is considered to be important factor for least efficacy of 
organophosphorus and carbamates against aphids (Sun et al. 1987; Gubran et al. 
1992). Chemical control comprises of Acetamiprid 70 WP (1.5 oz ha-1), 
Thiamethoxam 40 WG (5 oz ha-1), Pymetrozine (8 oz ha-1) and Oxamyl Vydate C-
LV (30 fl oz ha-1). Pymetrozine 50 WG (150 g ha-1), Thiamethoxam 25 WG (60 g 
ha-1), Diafenthuron 500 SC (500 ml ha-1), Profenofos + Cypermethrin 440 EC (1500 
ml ha-1) can also be applied. 
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4.2.7. American Bollworm 

Technical Name: Helicoverpa armigera Hubner 

Family:   Noctuidae 

Order:   Lepidoptera 

Fig. 4.7 American 
bollworm, Helicoverpa 

armigera H. (Photo credit: 
A. Nawaz, UAF) 

 

Identification 

Newly laid eggs are pale white, ribbed and domed shaped. Pale brown eggs turns 
dark brown one day before hatching. They adopt dark brown colour prior to hatching 
mainly due to dark headed larvae appearance. Occurrence of American bollworm on 
cotton was first time reported in 1967 in Pakistan. Then, infestation was reported on 
large scale in 1977 with successive increment in 1983, 1990, and 1994. The ABW 
has around 115 host plants including both wild and cultivated plant species. 

Biology  

A female moth laid 160 to 1500 eggs (450 eggs on average basis) during the whole 
life. Eggs are laid on upper leaf surface and top growing points of dark green plants 
(comprising square too) in an isolated or single way from 9 pm to 11 pm half night. 
Eggs are hatched in 2 to 5 days depending on the environmental conditions. The 
female prefers egg laying in top (75 %), middle (20%) and remaining descended parts 
(10%) of the cotton plant. Larva occupied 6 instars and is 35 to 42 mm in length. 
Larval stage is accomplished in 15 to 30 days in mild weather. Pupation occurred on 
soil surface or underneath (in 2.5 to 17.5 cm deep tunnel) depending on soil porosity 
and structure (Attique et al. 2000). Pupa has dark brown colour with 14 to 18 mm 
length. Emergence of adult occurs in 5 to 8 days (summer time) or may take 50 to 90 
days (winter time). Adult insect (Fig. 4.7) has brown front wings with minute spots 
and bean shape spots on the ventral surface of the fore wing near the base. Hind 
wings are white with black spots chucks on the posterior margins. Female is larger 
than the male both in size and wing expansion (Fig. 4.5). 
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Damage 

Insect is very devastating in nature. This can be assessed from the fact that advanced 
countries like USA has included it in the list of quarantine pests. Larva feed 
voraciously on buds, squares and flowers. Squares are fall off in severe larval 
infestation. When flowers are attacked, they fail to form boll because both carpals 
and stamens have been eaten by the larvae. When bolls are formed, they are depleted 
from qualitative seeds due to heavy inside boll phaging. A basic difference on boll 
damage by Helicoverpa armigera H. than other bollworms is larger boring hole with 
extensive excretions of waste outside the hole. 

Management 

Cultural control 

All damaged plants should be removed from the fields along with host weeds. Before 
sowing, deep ploughing should be done to expose hidden pupae to natural enemies 
and drastic climate. Hand picking and destruction of infected bolls may also be 
practiced on small scale. 

Chemical control 

Chemical control should only be practiced when ETL (5 brown eggs or 3 neonate 
larvae or both when 5 in numbers on 25 plants) has reached. Application of 
Profenofos 500 EC (2000 ml ha-1), Lambda-Cyhalothrin 2.5 EC (800 ml ha-1), 
lufenuron 50 EC (2000 ml ha-1), Emamectin benzoate 19 EC (1200 ml ha-1) give 
effective outcomes of control. It is also precisely managed with Deltamethrin and 
Triazophos mixture (Deltaphos 360 EC) possessing good egg and larvae killing 
ability at the rate of 1500 ml ha-1 and 1600 ml ha-1 respectively. Some other 
insecticides including Spinosad 240 SC (250 ml ha-1) and Indoxacarb 150 EC (175 
ml ha-1) foliar spray can also be used. 

4.2.8. Pink bollworm 

Technical Name: Pectinophora gossypiella Saunders 

Family:   Gelechidae 

Order:   Lepidoptera 

Fig. 4.8 Pink bollworm, Pectinophora 

gossypiella S. (Photo credit: A. 
Nawaz, UAF) 
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Identification  

In Pakistan, the existence of this insect as pest was observed in 1961 due to wide 
sowing of upland cotton in southern Punjab. The pink bollworm is known to have 70 
host plants (Noble 1969). 

Eggs are laid on leaves, younger shoots, squares and young bolls in groups (2-4 eggs) 
whitish and flat in appearance. Larva has shiny white colour initially with later 
adoption of pink colour. The last instar shows a reddish pink pattern. Pupa is of 
reddish brown colour wrapped in a silken cocoon. Its moth is dark brown in colour 
(Fig. 4.8) with the wing span of 8 to 9 mm. Forewings have black spots with deep 
fringes on the hind wing margins. 

Biology 

Female moth lays 200 to 400 eggs in 2 to 4 aggregations. Pink bollworm larvae have 
4 moults and hence 5 instars. The larval period lasts for 15 days. Prior to pupation, 
larva spin a silken cocoon around under the leaf debris mainly on top 5 cm of soil. 
Pupation to inclusions time is of about 7 days. Many larvae hibernate in double seeds 
by cutting and joining two seeds with oral secretions. Adult emerge after 1 week by 
rupturing puparial case. From October to November, this pest can complete 4 to 6 
generations. The final life history of the insect is much of long duration oriented 
occupying 5 to 10 months. However, in non-hibernating or active time this whole 
cycle is accomplished in 3 to 4 weeks with high number of generations in that time 
(Panwar 1979). 

Damage 

First generation PBW appear in April. They stick the petals together to produce 
rosette form. Infestations of buds due to larvae damage buds. Further invasive 
symptoms lead to the opening of the bolls prior to ripening. Intractable attack cause 
85% infestation while 87% devastation of bolls has been also reported (Panwar 
1979). PBW damage can only be seen through boll dissection. It also feeds on seed 
which release oil to stain the lint with yellowish dirty colour hence fetching low price 
in market. More frequency of rain distribution in the months of August and 
September consequently cause more boll infestation. 

Management 

Cultural control 

Double seeds containing hibernating larvae must be removed prior to sowing. Seeds 
should be exposed to sunshine for adequate period to kill any harmful insect present 
in them. Deep ploughing should be done to expose hidden hibernating insects to 
natural enemies and climate. 

Biological control 

Biologically Trichogramma spp. served as good egg parasite and Eulopid sp. is a 
better parasitoid of its pupae. Eggs and neonates are actively controlled by 
Anthocorid bug Triphlestantilus (Panwar 1979). 
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Chemical control 

The ETL is 5 larvae PBW on 100 bolls (i.e., 5% damage). It is not feeding on other 
plants except cotton; hence, cotton cultivation manipulation can control this pest to 
a wide manner. However, now it is also reported on Okra as well. Outer chemical 
spray is not helpful completely to control this pest because it spends most of its life 
span inside the bolls. So, in such a situation, insecticides with translaminar (having 
residual action up to inner side of boll) and contact efficacy are desired, e.g., 
Deltaphos (Deltamethrin and Triazophos) at the rate of 1600 mlha-1. Spray of 
Profenofos 500 EC (2000 mlha-1), Lambda-Cyhalothrin 2.5 EC (800 mlha-1) is also 
helpful. Cypermethrin 10 EC (1200 mlha-1), permethrin 25 EC (1000 mlha-1) and 
fenvalerate 20 EC (600 mlha-1) can also be employed effectivel (Panwar 1979). 

4.2.9. Spiny bollworm and Spotted bollworm 

Technical Name: Earias insulana Boisduval, Earias vittella Fabricius 

Family:   Noctuidae 

Order:   Lepidotera 

Identification  

Fresh eggs are blue in colour with ridges, later changing to bluish green to brown 
prior to larvae emergence. Neonate is light yellowish brown in appearance with black 
dots on the body with the length of 1.3 to 2.5 mm (Shah et al. 2014). E. insulana B. 
larvae have pale white or cream colour with well distinct finger like projections and 
orange spots. E. vittella F. (Fig. 4.9) is brownish with a white central length wise 
streak and is without finger like projections (Panwar 1979). Full feed larvae (3rd and 
4th instars) are yellowish green to dark orange with body length of 7 to 14 mm. Both 
of Earias spp. has the approximately same body length. E. insulana B. pupae are of 
brown colour wrapped in knitted cocoon of greyish white silken material (Shah et al. 
2014). Cocoon of E. vittella F. is white to creamy brown in colour (Al-Mehmmady 
2000). 

Adult moth of spiny bollworm is pygmy grassy green with comparatively small size 
when compared with spotted bollworm moth. Female is larger in size with abdominal 
tuft of hairs for egg protection after oviposition (Shah et al. 2014). A typical sign of 
identification between two species of Earias genus is that E. insulana B. moth has 
forewing completely green while E. vittella F. possess only a band of green line along 
the front wings (Panwar 1979). 

Biology 

After emerging from the eggs, adult prepare themselves for copulation with time 
elapsing of 2 to 3 days. Ovipositional time takes 6-8 days to complete. Females lay 
eggs in isolated form and not in cluster with the varying number of 70 to145 eggs in 
the complete life (Shah et al. 2014). But egg numbers may vary to 112 and 200 (Al-
Mehmmady 2000). The whole life cycle of this insect pest is completed in 51.5 to 
53.5 days with temperature range of 27±1ºC. Incubation duration is 4.5 days with the 
occupation of larval time period ranged to 17 days. Insect passes from 4 larval instars 
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to attain pupae form. Pupation occurs in litter or leaf decayed material (debris) (Shah 
et al. 2014). 

Pupal stage lasts for 16 days. Adult longevity varies for male (14 days) and female 
(16 days). Female has larger wingspan (10-11.5 mm) than that of male (7.3-10 mm). 
Moth possessed usually 13 generations in a year at 28.65 ± 0.98°C and 60.51 ± 0.9% 
of climatic requirements (Al-Mehmmady 2000). 

Fig. 4.9 Spotted bollworm, 
Earias insulana F. (Photo 
credit: S. Zahid, UAF) 

 

Damage 

Being polyphagous in nature its abundance is out of control (Shah et al. 2014). 
Optimum infestation and invasion exists during the months of August and September 
(Syed et al. 2011). These can cause the devastation of 3.8 to 12.6% (Leghari and 
Kalroo 2002). Larvae of first moult prefer feeding on flowers, square and early buds 
(Shah et al. 2014). A single larva can damage many bolls and buds in its life period 
and initially attacked on growing points and then invade square, buds and flowers 
(Syed et al. 2011). Growing tips may be withered or dried. Boll boring due to larvae 
causes significant lint yield reduction both in qualitative and quantitative manners 
(Shah et al. 2014). When the bracteoles of the buds are destroyed, they become open 
forming a state referred as flared squares. 30 to 40 percent of fruiting bodies loss has 
also been observed. Total loss may reach 50% (Panwar 1979). 

Management 

Cultural control 

All stray plants should be removed from the fields along with host weeds. Deep 
ploughing should be done to expose hidden inset forms to natural enemies and harsh 
climate (Shah et al. 2014). 

Biological control 

Larval and pupal forms can easily be managed by Bracon spp. and Chilonus sp. 
respectively (Shah et al. 2014). 
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Chemical control 

ETL of these larvae is very crucial to the application of insecticides. No insecticides 
are need until insect pest has attained the status up to economic threshold level. ETL 
of Earias spp. is 3-5 larvae on 25 plants. These bollworms can be managed properly 
at the life regimes of egg to second larval instars with relative mortality of 10 to 6% 
(Shah et al. 2014). Later stages are difficult to control due to thick cuticle and hence 
hindrance in insecticide penetration. Lambda-Cyhalothrin and Cypermethrin are in 
most influential in the control of infestation and population reduction of larvae 
(Zidan et al. 2012). Spinosad 240 SC (200 mlha-1) and indoxacarb 150 EC (400 
mlha-1) foliar spray can be utilized. Larvin 80 DF (1 kg ha-1) is also helpful. 

4.2.10. Cotton Armyworm or Cotton Cutworm 

Technical Name: Spodoptera litura Fabricius  

Family:   Noctuidae 

Order:   Lepidoptera 

Identification 

Eggs are oval and muddy white in appearance. Head of first instar is more in width 
while compared to the other successive instars having less width of the head than the 
rest of cylindrical body. Neonate is somewhat white in colour with yellowish green 
colour of the body along with green, yellow and reddish streaks running 
longitudinally on the body length after passing of about 60 minutes. With the age of 
larvae brown colour becomes more significant with 3 yellowish lines on body. 
Female is pale brown in colour with the exception of male having darker colour. 
Female possess bulky abdomen while the male has a tapered abdomen toward the 
end tip area (Fig. 4.10) (Cardona et al. 2007). 

Biology  

Armyworm being polyphagous in nature feeds on several plant hosts associated with 
40 plant families (Brown and Dewhurst 1975; Holloway 1989). Eggs are laid in 
group masses of 2 to 3 layers on the lower leaf surface near the petiole. There may 
be about 870 eggs in one egg mass. Eggs of the insects retained themselves for the 
period of about 5 days with the larval duration of 25 days. There are 5 instars till 
pupa. Pupation takes place in the soil and pupal stage lasts for about 19 to 20 days 
till adult emergence (Fig. 4.6). Male longevity lasts for 5 to 10 days while female has 
the life span of 7 to 16 days (Cardona et al. 2007). 

Damage 

The first instar larvae isolate the veins of the leaves during their feeding whereas later 
instar larvae feed the whole lamina including veins. Young larvae exhibit feeding 
behaviour by scratching leaf surface. Mature caterpillars may form regular holes with 
skeletonize network of veins only with the leaf body. Larvae possess the capability 
devastate the crop with strong mandibulate mouth parts by chewing the leaves of 
cotton plants to an unlimited extent. Faeces of larvae are also another source of 
problem and quality reduction of the produce (Cardona et al. 2007). 
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Fig. 4.10 Armyworm, 
Spodoptera litura F. (Photo 
credit: S. Zahid, UAF) 

 

Management 

Chemical control 

Chemical control is widely practiced against this notorious pest but conventional 
chemical of known importance failed to perform their management functions due to 
resistance build up in insect (Ahmad et al. 2007; Kranthi et al. 2001). Individuals of 
armyworm existing in Pakistan are more tolerant to insecticidal groups such as 
carbamates, organophosphates, pyrethroids, organocholrine with the inclusion of 
spinosad, indoxacarb, avermectinsetc (i.e., the new chemistry insecticides) (Ahmad 
et al. 2007; Ahmad et al. 2008). Profenofos 500 EC (800-1000 ml/acre), Lambda-
Cyhalothrin 2.5 EC (330 ml/acre), lufenuron 50 EC (800ml/acre), Emamectin 
benzoate 19 EC (500 ml/acre) can also be used. Armyworm attack in patches and 
should be controlled with localized applications on relevant insecticides). 

4.3. Wheat 

4.3.1. Pink wheat borer (PWB) 

Technical Name: Sesamia inference Walker 

Family:   Noctuidae 

Order:   Lepidoptera 

Identification 

Eggs are pale to creamy white in colour and turn to brown colour before hatching. 
Adults (Fig. 4.11) are small, stout and straw coloured in appearance. Hinder wings 
are of white colour. Larvae are of pinkish colour without strips and red brown head 
with cylindrical body (Saleem and Shah 2010). 
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Fig. 4.11 Pink wheat 
borer, Sesamia 

inference W. 
(Reproduced with 
permission by: 
http://www.invasive.org 

 

Biology 

The eggs are laid in groups in many rows within the leave sheath. The eggs are 
rounded, pale, creamy and yellowish green in appearance. There are about 4-6 
generations in a year.  The larvae bore and feed on stem tissues. It pupates inside the 
stem. The egg stage lasts for 7-10 days, larvae for 20-30 days and pupae for 8-10 
days. The total life span is about 40-70 days depending upon the weather conditions. 

Damage 

PWB is newly emerging insect pest of wheat and mainly observed in wheat-rice 
cropping system. The damage is caused by the caterpillars in wheat crop. The 
caterpillars bore into the stem and destroyed the tissues of the central stem or aerial 
areas of the plant. The attacked plant produces dead heart or white ear heads or white 
ear spikes. 

Management 

Cultural control 

The uprooting and destruction of infested wheat crop and removal of stubbles after 
harvesting can minimise the impact of this pest damage. In addition, the rotation of 
crops can also play a role in the breakdown of life cycle of the pest. 

Biological control 

The pupa is properly invaded and controlled by Xanthopinpla spp. and Tetrastichus 

aygari (T.). There are different egg (Trichogramma minutum) and larval (Apanteles 

flavipes, Bracon chinensis) parasitoids whose potential can be exploited for the 
management of this emerging pest. 

Chemical control 

Application of systemic insecticides should be preferred for the control of PWB. 
Pesticides like Quinalphos 25 EC (2000 ml ha-1), Virtako 0.6 GR 10 kg ha-1, Virtako 
40 WG 100 g ha-1 could be effective pesticides against PWB. 

4.3.2. Wheat aphid 

Technical Name:  Sitobion avenae Fabricius 
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Rhopalosiphum padi Linnaeus 

Schizaphis graminum Rondani 

Family:         Aphididae 

Order:     Hemiptera 

Fig. 4.12 Wheat aphid, 
Sitobion avenae F. 
(Reproduced with 
permission by: 
http://www.invasive.org) 

 

Identification  

It has been reported that different types of aphids (Fig.4.12) such as Bird cherry oat 
aphid (Rhopalosiphum padi), the English grain aphid (Sitobion avenae) and the green 
bug (Schizaphis graminum) are major threats to wheat in Pakistan (Shah et al. 2006). 
R. padi is medium sized olive coloured aphid with reddish-orange patches on back 
at base of cornicles. The other body parts such as antennae, eyes, legs and cornicles 
has black colour. S. graminum has small pear-shaped body with pale yellow to pale 
green colour. S. avenae has spindle-shaped medium-sized body and shows colour 
polymorphism. The body colour varies from green and brown. The black coloured 
antennae are shorter than body. The legs are yellow with dark tips of femora, tarsi 
and tibiae. 

Biology 

The eggs of R. padi are laid in small gaps between stem and axillary buds. The newly 
emerged nymphs star feeding on leaves and develop rapidly on fresh growth on 
plants. The nymphs feeding on fresh younger leaves develop to large wingless adults 
which give rise to winged generation. Winged population develops in response to 
overcrowding and poor nutrition which can migrate to other host plants. In addition, 
most of the aphids are attracted to yellow while R. padi is attracted to green colour 
(Schröder et al. 2014). English grain aphid overwinters both as nymphs and as eggs. 
In wheat, the aphids move to panicle when plants become mature. Winged population 
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start in May and continue to develop throughout summer. Green bug (S. avenae) 
produces young ones with and without mating in cold winters and warm or mild 
climate conditions respectively. They complete 3 instars to become adult. 

Damage 

The aphids cause damage as nymph as well as adult. They aggregate on the leaves 
and shoots and initial stages of the crop and move to the ears and settle in the bracts 
and kernels near the maturity of the crop. The economic loss may increase up to 40%. 
They excrete honey dew from their bodies which acts as medium for the development 
of sooty mould fungus. Thus, they disturb the photosynthetic activity of the plants 
and ultimately reduce the yield. 

Management 

Cultural control 

Delayed planting of wheat may avoid aphid’s colonization before winter. Similarly, 
the weeds and stubbles of other crops which can become a source of feeding for 
aphids should be remove ad destroyed. 

Biological control 

The biocontrol agents that can have regulating effect on aphids are ladybird beetle 
(adults and larvae), flower fly larvae, lacewings, parasitic wasps, spiders and 
entomopathogenic fungi. 

Chemical control 

In Pakistan, wheat is used as staple food, there the use of toxic pesticides is not 
recommended. The pressure spray of hot water is very effective against aphids. Seed 
treatment of wheat with Thiamethoxam 70 WS (5 g /kg seed) is recommended to 
delay the aphid infestation on wheat crop. In addition, the uses of systemic 
insecticides are more effective than non-systemic ones against aphids. 

4.3.3. Wheat armyworm 

Technical Name: Mythimana separata Walker 

Family:   Noctuidae 

Order:   Lepidoptera 

Identification 

Eggs are spherical in shape with milky-white colour. Larva has black-brown and one 
intermediate light dorsal stripe and pupae are yellowish-brown and shiny colour. 
Forewings are greyish-yellow with while hind wings are grey with dark external 
margins. Forewings have a dark-grey or pale-reddish tint with reniform spots of 
distinct edges (Fig. 4.13). 
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Fig. 4.13 Wheat 
armyworm, Mythimana 

separata W. (Photo credit: 
A. Nawaz, UAF) 

 

Biology  

Adult life span is about 15-20 days. Female has the capacity to lay more than 300 
eggs. The eggs laid in 2-4 rows in groups of 10 eggs per group. The development of 
eggs lasts for 4-12 days depending on environmental conditions. Larvae usually have 
6 instars and pupate in the soil at the depth of 2 cm along the edges of fields and 
roads. They hibernate in soil as pupar during harsh weather conditions. The total 
development from egg to adult lasts for 30-45 days. 

Damage 

The caterpillars cause major damage at seedling stage of the crop. They move in the 
form of swarm from one field to the next. They feed upon of eaves and consume the 
ear heads. Thus, further growth of the plants ceased. 

Management 

Cultural control 

During the initial stage of infestation, the uprooting and destruction of infested 
seedlings are recommended. Crop rotation is also important to breakdown the life 
cycle of the pest. Deep ploughing after crop harvest can expose the overwintering 
pupae to sunlight, birds and other natural enemies. 

Biological control 

Biocontrol agents utilizations includes the release of Apanteles ruficrus H., 
Sarcophaga orientaloides S. and Exorista fallax M. for the management of this pest. 
Sparrows and crows also act as predators, so the use of some material which can 
attract them in the field could casue very positive impact in population reduction of 
M. separata. The use of entomopathogenic fungi, Beauveria bassiana and Isaria 

fumosorosea can also be incorporated in pest populations as permanent mortality 
factors. 

Chemical control 

The use of systemic insecticides with 1st irrigation provides positive control of M. 

separate in wheat. 



4 Insect Pests of Important Field Crops 93 

4.4. Rice 

4.4.1. Rice stem borer 

Technical Name: Chilo suppressalis Walker 

Family:   Crambidae 

Order:   Lepidoptera 

Identification 

The females lay scale like translucent-white eggs which turned dark-yellow before 
hatching. The young larvae are grayish-white with black head capsule which become 
lighter to brownish colour in later stages. The full grown larva is of dirty-white colour 
and taper slightly toward each end. They have 5 longitudinal stripes on dorsal side. 
Pupae are reddish-brown. The colour of adult forewings varies from dirty-white to 
yellow-brown sprinkled with gray-brown scales (Fig. 4.14). The hindwings white to 
yellowish-brown pure white (Bayer 2013; Vreden and Ahmadzabidi 1986). 

Fig. 4.14 Rice stem borer, 
Chilo suppressalis W. 
(Photo credit: A. Nawaz, 
UAF) 

 

Biology 

This pest has 2-6 generation in a year depending upon the environmental and 
geographical condition. Female lays around 300 eggs in many batches during 
morning time. The developmental time for different life stages are 5-6 days (eggs), 
25-30 days (larvae), 5-6 days (Pupa) and 6-7 days (Adults). Adults are nocturnal 
females generally live longer than males. The whole generation cycle continues for 
35-70 days (Hill 1987; Bayer 2013). 

Damage 

This pest is present in all rice growing countries. The invasion symptoms vary based 
on the age of the rice crop. The young plants damage leads to the death of growing 
points and formation of typical dead heart. Heavy infestation can empty panicle 
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formation. In Asia, 4-7% loss has been reported while 100% loss has been reported 
from individual fields in Japan (Cho et al. 2005). 

Management 

Cultural control 

Removal of rice stubbles, destruction of alternate hosts of pests and proper irrigation 
and and chemigation is very essential for the management of this pest (Bayer 2013). 
Light traps are effective for both monitoring and control of essential for moth 
monitoring (Kim et al. 1988) of C. suppressalis. 

Biological control 

Trichogramma australicum and Trichogramma japonicum are important egg 
predators of C. suppressalis (Grist and Lever 1969). In addition, the development of 
transgenic crops expressing toxin genes from Bacillus thuringiensis is also effective 
against stem borers (Cheng et al. 1998) 

Chemical control 

Synthetic insecticide use for chemical control includes Virtako 0.6 GR, 10 kg ha-1, 
Virtako 40 WG 100 g ha-1 and Lambda-Cyhaothrin 2.5 EC (500 ml ha-1). 

4.4.2. Yellow stem borer 

Technical Name: Scirpophaga incertulas Walker 

Family:   Pyralidae 

Order:   Lepidoptera 

Fig. 4.15 Yellow stem 
borer of rice, Scirpophaga 

incertulas W. (Photo 
credit: A. Nawaz, UAF) 

 

Identification 

Yellow stem borer (Fig. 4.15) shows sexual dimorphism character but previously two 
genders of this insect were elaborated as different distinct species. The female has 
whitish yellow to creamy orange wings and a clear black knob like rather larger speck 
in the centre of the front wing. The wingspan of male and female is about 20-30 mm 
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and 24-36 mm. Male has several minute sized, black dots at the tips front wings. 
Larvae are yellowish white in appearance and of about 20 mm in length with later 
turn greenish colour during diapause conditions (Bayer 2013). 

Damage  

S. incertulas attacks all stages (vegetative and panicle initiation) of the crop. 
Vegetative stage damage caused by larvae resulted in drying up of central shoot (dead 
heart) symptom. If the attack is at panicle initiation stage, then ‘white ear’ symptoms 
appear in which the unfilled panicles are developed. Each immature may cause 
destruction of wide number of plants and crop loss may increase from 20% to 60% 
in severe infestation. 

Biology 

The female moth lays 50-150 eggs in clusters and covered with brownish scales of 
female abdomen. Larvae hatch out within 5-10 days and complete 5 instars in 3-5 
weeks. Pupation occurs inside the rice stem. Adults emerge from pupae 4-12 days 
normally in evening times and live for about 3-5 days. Life cycle may extend to 2-6 
months depending on environmental conditions. This pest may complete 4-6 
generations in overlapping forms per year (Bayer 2013). 

Management 

Cultural control 

Destruction of stubbles after harvesting and the nursery planting after 20th may give 
effective control of this pest. 

Biological control 

Different parasitoids have been reported in litreature but there is a need to exploit 
their potential to control this pest. Important parasitoids are Cotesia flavipes C., 
Cotesia chilonis M., Xanthopimpla punctata F. and Stenobracon deesae C., 
Trichogramma australicum and Trichogramma japonicum (Grist and Lever 1969). 

Chemical control 

Insecticide use for chemical control includes Virtako 0.6 GR 10 kg ha-1, Virtako 40 
WG 100 g ha-1. 

4.4.3. White stem borer of rice 

Technical Name: Scirpophaga innotata Walker 

Family:   Pyralidae 

Order:   Lepidoptera 

Identification 

Eggs are off white in appearance and laid in cluster forms. Larvae are creamy white 
or yellowish in colour. The white pupae are enclosed in a silken cocoon and appear 
silky white. Adult moths (Fig. 4.16) are of white colour with orange cluster of 
abdominal hairs and black patch on each wing (Saleem and Shah 2010). 
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Fig. 4.16 White stem borer of rice, 
Scirpophaga innotata W. 
(Reproduced with permission by: 
http//www.nbair.res.in/insectpests/Sc
ipophaga-innotata.php 

 

Biology  

This pest is active from April to November and complete 5-7 generations per year. 
The eggs incubation period is 4-9 days. The larval period is about 25-30 days after 
emergence from the egg. Pupal period lasts for 7-11 days and adult live for 4-14 days 
depending upon environmental conditions. 

Damage 

White stem borer is a causing devastation in rain fed areas of rice including irrigated 
zones. Ecological aspects are also helpful in determine pest number and so damage 
ratings. It can cause epidemics and destroy rice fields under favourable conditions. 
The 1st instar larvae may use silken threads to move to from one plant other plants. 
Larvae bore tillers and produces dead hearts in vegetative stage and white heads at 
generative stage of the rice plants. 

Management 

Cultural control 

Removing of previous crop stubbles should be done with deep ploughing to destroy 
the hibernating pest. Proper planting spaces, suitable irrigations and adequate but not 
excessive fertilizer applications are important cultural control measures. In addition, 
closed plant spacing or direct seeding does not pest infestation, but does help to 
reduce yield loss due to white stem borer. 

Biological control 

Trichogramma australicum and Trichogramma japonicum are important egg 
parasitoids of this pest (Grist and Lever 1969). Egg parasitoids are more effective 
than larval or pupal parasitoids of white stem borer. The early application of 
insecticides should be avoided to egg parasitoid population build up in the field 

Chemical control 

Insecticide use for chemical control includes Virtako 0.6 GR 10 kg ha-1, Virtako 40 
WG 100 g ha-1 are effective to restrict the pest below ETL. 

4.4.4. Green rice leaf hopper (GRPH) 

 Technical Name:  Nephotettix virescens Distant 

Family:    Cicadellidae 
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Order:     Hemiptera 

Identification 

Adults are bright green in colour while nymphs are more yellowish-green (Fig. 4.17). 
Male and female adults have some variation black coloration. 

Biology  

The biological studies of hoppers showed that each stage is host and cultivar 
dependent (Heong and Hardy 2009). Females oviposit in evening time and can lay 
up to 300 eggs in batches of 8-15 eggs. The nymphs hatch after 5-10 days and 
complete 5 instars in 2-3 week period before pupation. The whole cycle is of 4-5 
weeks and they can have about 10 generations per year (Bayer 2013). 

Fig. 4.17 Green rice 
leafhopper, Nephotettix 

virescens D. (Photo credit: 
A. Nawaz, UAF) 

 

Damage 

Both nymphs and adults suck the sap from phloem as well xylem of rice plants. In 
contrast to plant hopper, green leafhoppers do not cause hopper burn in crops. The 
initial sings of invasions are yellow, transparent patches that occur mainly on the leaf 
tops and along the mid-ribs of the leaves. The colour of hopper stages is dependent 
on host and cultivar on which they feed (Heong and Hardy 2009). Depositions of 
honeydew slowly occupy the plant surface, making a base for the growth of sooty 
moulds fungus. Losses are regarded due to viruses they transmit, especially tungro 
disease, which have irregular existence but can cause huge losses to the crop. Virus 
effected plants show several symptoms comprising stunted, malformed leaves, more 
tillering, undifferentiated cell clusters or gall formation and yellowing (Bayer 2013). 

Management 

Cultural control 

On harvested fields, ratoon rice can serve as a resource of existence for leaf hopper 
and virus diseases. In addition, grass weed species may also harbour viruses. 
Therefore, sanitation in nursery and field crop is necessary to minimise pest/disease 
infestation 
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Biological control 

The use of resistant varieties as part of an integrated control program is necessary for 
sustainable management of green leaf hopper. The entomopathgens (Beauveria 

bassiana) are also effective aginst N. virescens as permanent mortality factors in the 
field. In addition, the use of predators and parasitoids should be encouraged in the 
field to avoid insecticide resistance development in insects. 

Chemical control 

The development of resistance against insecticides in leaf hoppers is making their 
control more difficult (Long 2005). The important insecticides like Virtako 0.6 GR 
10 kg ha-1, Pymetrozine 50 WG 175-300 g ha-1, Virtako 40 WG 100 g ha-1 are well 
known for its chemical control. 

4.4.5. Brown plant hopper (BPH) 

Technical Name: Nilaparvata lugens Stål 

Family:                 Delphacidae 

Order:                   Hemiptera 

Fig. 4.18 Brown plant 
hopper, Nilaparvata 

lugens S. (Photo credit: 
A. Nawaz, UAF) 

 

Identification 

Adults are found in both macropterous (long-winged) and brachypterous (short-
winged) conditions. These dimorphs of wings may be attributed to overcrowding 
during their developmental period or also food (Long 2005). The body appearance is 
brown and the wings are transparent white with very clear veins (Fig. 4.18). Young 
ones are white but they later slowly show darker colours in old age instars (Bayer 
2013). 

Biology  

Macropterous forms migrate into rice fields shortly after transplanting. They colonize 
the new fields and produce young ones and most of the females develop as short-
winged (brachypters) and males as long-winged (macropters). The adults mate one 
the day of emergence and females start egg laying on the following day. They lay 
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around 300-350 eggs in groups of 5-15 eggs. But, short-winged females lay more 
eggs than long-winged females. The first instar nymphs hatch after 5-9 days and 
undergo 5 moults within 2-3 weeks. They have total adult life span of 10-30 days and 
produces 3-6 generations per crop. 

Damage 

Both nymphs and adults attack all stages of plant and suck the sap at the base of 
tillers by piercing-sucking mouthparts. Loss of nutrients and hinderance of 
conducting tubes causes plants to turn yellow and dry up rapidly. An enhanced 
population density of plant hoppers finally leads to hopper burn. This is also a vital 
vector of rice grassy stunt virus and rice ragged stunt virus (Chatterjee and Rao, 
1997). In addition, they excrete honeydew and promote sooty mould development. 
BPH is also a vector of different viral diseases e.g., glassy stunt, ragged stunt, and 
wilted stunt. 

Management 

Cultural control 

The excessive use of nitrogen fertilizer should be avoided and recommended doses 
should be used. Perform monitoring of BPH on regular bases after 30 days of 
transplanting the nursery. Similarly, alternate wetting and drying of field during 
infestation can also be effective to lower infestation or pest damage. 

Biological control 

The natural enemies of BPH like Wolf Spider (Pardosa psuedoannulata) and Lynx 
spider (Oxyopes javanus) can be used against both leaf-and plant hoppers. Similarly, 
Mirid bug, (Cyrtorhinus lividipennis Reuter) actively feed on nymphs and eggs of 
GRLH, BPH and WBPH (white-backed plant hopper). 

Chemical control 

Virtako 0.6 GR (10 kg ha-1), Pymetrozine 50 WG (175-300 g ha-1) and Virtako 40 
WG (100 g ha-1) are well known for its chemical control. 

4.4.6. White-backed plant hopper 

Technical Name:  Sogatella furcifera (Horváth) 

Family:    Delphacidae 

Order:    Homoptera 

Identification 

The young nymphs are off white in colour.  But with the passage of time, they 
develop prominent dark-gray and black patterns on their abdomens near maturity. 
Adults are yellowish brown to black in colour. They also have characteristic white 
spot on thoracic regions (Fig. 4.19). 
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Fig. 4.19 White-backed 
plant hopper, Sogatella 

furcifera H. (Photo credit: 
A. Nawaz, UAF) 

 

Biology 

WBPH males are all macropterous (long-winged) while females are present in both 
forms as macropterous (long-winged) and brachypterous (short-winged). The female 
has ability to lay 100-350 eggs which require 5-10 days for hatching. The nymphs 
start de-saping just after hatching at the plant base. They pass 5 nymphal stages (12-
18 days) to become adults (4-10 days). There may be five generations of this insect 
per rice season. 

Damage 

Both nymphs and adults at the base of the rice plant and the leaf surface and cause 
direct (sap feeding) and indirect losses (sooty mould). The infested plants turn 
yellow. The WBPH infestation at panicle initiation stage of rice can decrease number 
of grains and panicle length. Damage of plant may be influenced by in such Plants 
which may possess less nitrogen constituents impacting the plant hoppers. Serious 
invasion of this pest may cause yellowing and then wilting of leaves (typically termed 
as hopper burn), with subsequent death of plants (Bayer 2013). 

Management 

Chemical control 

 Imidacloprid 70 WG (30 g ha-1), Virtako 0.6 GR (10 kg ha-1), Pymetrozine 50 WG 
(175-300 g ha-1), Virtako 40 WG (100 g ha-1) are effective chemicals against WBPH. 

4.4.7. Rice leaf folder 

Technical Name:  Cnaphalocrocis medinalis Guenée 

Family:                  Crambidae 

Order:                   Lepidoptera 

Identification 

The eggs are oval shaped and creamy-white in colour. The immature forms (larvae) 
are light yellow to yellowish-green with dark brown heads and up to 25 mm in length 
turn into actively moving caterpillars. The body of the larvae turn green when starts 
feeding. The pupae are light brown and turns to reddish brown. The mature moths 
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are shiny yellowish brown with dark-coloured inner and outer bands on both 
forewings (Fig. 4.20). 

Fig. 4.20 Rice leaf 
folder, Cnaphalocrocis 

medinalis G. (Photo 
credit: Kamran, UAF) 

 

Biology  

Each female rice leaf folder oviposits about 300 disc-shaped eggs in an isolated 
fashion, usually near the top of a leaf. The immature appears after 4-6 days and 
complete 5 instars in 3-4 weeks. They stay in pupal stage for 6-10 days depending 
on environmental conditions (Kumar et al. 2009). This pest is found active 
throughout the rice growing season but most abundantly during rainy season as it 
prefers high humidity. The moths are nocturnal and active during nigh time (Bayer 
2013). 

Damage 

During heavy infestation of this pest, the rice plants dries up and appear scorched. 
The larvae fold the leaves longitudinally before feeding and fasten the margins of 
infested leave through threadlike saliva. Then it starts feeding by scraping the green 
mesophyll within the folded leaves and continues feeding from one plant to another.  
This cause pale white strips appearance on the leaves. Therefore, the photosynthetic 
ability of rice plants reduced and damaged leaves act as entry points for bacterial and 
fungal infection. This pest cause maximum damage due to feeding on flag leaf of the 
plant. 

Management 

Cultural control 

Avoid excessive use of nitrogen fertilizer. Removal of grassy weeds from the 
surroundings and rice field can help to prevent the population build-up of RLF on 
alternate hosts.  The use of light traps to attract and kill the adults will help to reduce 
the population of next generations of RLF. 
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Biological control 

Frogs and toads are very active predators of RLF. Trichogramma spp. and other 
natural enemies like lady bird beetles etc normally helpful to push the RLF below 
ETL. 

Chemical control 

The use of microbial insecticides particularly Bacillus thuringiensis provide effective 
control against RLF larvae. The pesticides like Deltamethrin 2.5 EC (400 ml ha-1), 
Deltaphos 36 EC (1000 ml ha-1), Virtako 0.6 GR (10 kg ha-1), lambda-cyhaothrin 
(500 ml ha-1) are effective against RLF. 

4.5. Sugarcane 

4.5.1. Sugarcane root borer 

Technical Name: Emmalocera depresella Swinhoe 

Family:   Pyralididae   

Order:   Lepidoptera 

Fig. 4.21 Sugarcane root borer, 
Emmalocera depresella S. 
(Photo by: S. Zahid, UAF) 

 

Identification 

The female lays scale like and creamy white eggs. Full grown larvae are pale to 
creamy white in colour with yellowish brown head and slight creases on the body. 
Adults are yellowish brown with pure white hind wings (Fig. 4.21). 

Biology 

Root borers are normally active from April to October.  They hibernate in stubbles 
in the form of larvae during winter season. The female lays 277-355 eggs singly on 
leaves, stems or on land. Incubation period is 5 to 8 days. Newly emerged larvae take 
entrance to the sugarcane plant body area by making holes in the underground cane 
internode (Cheema 1950). The five larval instars completed in 25-30 days while 
pupal time period is about 9-14 days. Adults emerge from pupae after 2-3 weeks and 
live for 5-7 days. The complete life cycle (egg-adult) occupies 54-68 days (Sardana 
1997). 
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Damage 

Newly hatched larvae bore inside stem area from the inner side of ground. They 
damage the central whorl of plants to form dead hearts and make them difficult to 
pull out. Plants may die in severe infestation at the initial stage or prior to cane 
formations. Positive relation between root borer infestation and wilt disease spread 
by Fusarium moniliforme S. were found but not present in all cases (Sardana et al. 
2000). Mature plants exhibit minimum tillering ability decreased sugar contents 
(Cheema 1950; Bhatt et al. 1996). This pest can cause 1.3-10% loss Infestation is 
normally enhanced in well irrigated, sandy or sandy loam soils (Sardana 1993, 1996). 

Management 

Cultural control 

The use of healthy seed helps greatly in pest population reduction on later crop 
stages. The fertilizer application with recommended doses minimise the pest 
infestation as well. 

Mechanical control 

Use of light traps and field flooding is also a better integrative pest reduction 
measures (Sardana 2000). 

Biological control 

Apanteles wasps (Apanteles flavipes C.), Trichogramma chilonis I. and Stenobracon 
sp. are its natural parasites. Larvae of borers are not controlled easily by insecticides 
due to their internal presence. The cultural and biological control measures seemed 
to be efficient ones (Huffaker 1980). Trichogramma chilonis I. can efficiently 
manage the insect pests of borers including top borer at a rate of 15000 to 30000 
parasites released in one acre ((Khan and Alam 2001). 

Chemical control 

Confidor at 0.5 kg a.i ha-1 and Curaterr 3G or Sevidol 4:4 at 25 kg ha-1 caused good 
management of the root borer E. depressella and the shoot borer Chilo infuscatellus 

S. (Khan and Jan 1994). The fungi Beauveria bassiana B. and Metarhizium 

anisopliae M. are good control agents for hibernating larvae (Sardana 1996). 

4.5.2. Sugarcane stem borer 

Technical Name: Chilo infuscatellus Snellen 

Family:   Crambidae 

Order:   Lepidoptera 

Identification 

Eggs are creamy white and scale like in shape. The full grown larvae are 20-25 mm 
in length with muddy or smudge white colour. It has five light coloured longitudinal 
lines on the body. Moths have pale brown front wings and cream colour to white hind 
wings (Fig. 4.22) (Arain 1981). 
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Fig. 4.22 Sugarcane stem 
borer, Chilo infuscatellus S. 
(Photo by: S. Zahid, UAF) 

 

Biology 

The full developed larvae hibernate in stubbles of previous crop. Female moth 
oviposits 300-400 eggs in group of 11-36 eggs lower surface of leaves. Larvae hatch 
out in 4-5 days. They pass the 5 instars in 21-28 days of development. Pupae period 
lasts for 6-7 days in prior constructed pupal chamber with an exit hole by the larvae. 
Moths have the life span of 2-4 days. The shoot borer complete 4-5 generations in a 
year (Arain 1981). 

Damage 

The stem borer genus Chilo contains 41 species. Eggs hatch in 5 days and larva cuts 
a hole in the stem above ground level. They enter the central shoot and feeds from 
inside. A demise of 10-20% plants from early to later season. Caterpillar produces a 
series of minute holes and damages to the plants. After the formation of canes, the 
larvae attack on intermodal area and make dead heart. The economic threshold level 
of this pest is around 15% crop infestationp (Panwar 1979). It can cause up to 36.51% 
loss in the field (Aheer et al. 1994). 

Management 

Cultural control 

The use of healthy and pest free seed helps in pest population reduction on later crop 
stages. Remove and destroy dead shoots to destroy the hibernating individuals. 

Mechanical control 

Use of light traps and field flooding is also a better integrative pest reduction 
measures. 

Biological control 

Increased utilization of pesticides harms the beneficial fauna causing in at once break 
up of insect pest population with other toxicity hazards, hence bio-control agents are 
good measures against insect pests. Trichogramma chilonis I. can properly control 
the insect pests of borers including top borer at a rate of 15000 to 30000 parasites 
placed per acre (Khan and Alam 2001). These parasitoides effectively decrease the 
level and percentage of borer infestations from 16.2 % to 4.2 % (Ashraf et al. 1995). 
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Chemical control 

Soil application of carbofuran at 33 kg ha-1 or phorate 10G at 25kg ha-1 can reduce 
pest infestation to significant level. Application of Curaterr 3G or Sevidol 4:4 at 25 
kg ha-1 caused good management of the shoot borer (Khan and Jan 1994). 

4.5.3. Gurdaspur borer 

Technical Name: Acigon steniella (Hampson) 

Family:   Crambidae 

Order:   Lepidoptera 

Fig. 4.23 Gurdaspur borer, 
Acigon steniella H. (Photo 
credit: S. Zahid, UAF) 

 

Identification 

The females lay flat shaped scale like eggs in clusters. Full size larvae are creamy 
white with orange brown head area. The larvae are creamy white in colour with 
orange brown head. Each larva has 4 violet colour prominent longitudinal stripes on 
the body. Moth has dark brown colour with different number of dark colour dots on 
the external margin of front wings. Hind wings possess white colour (Fig. 4.23). The 
life span of adult moths is 4-5 days. Life cycle is completed in 35-40 days. The pupal 
stage lasts 6-12 days Adult moths 

Biology  

Female moth lays 90 to 300 flat eggs in cluster form and placed near to mid veins of 
the leaves. The incubation period lasts for 4-9 days. Newly hatched larvae enter the 
top portion of sugarcane through a single hole just above the node.  Before pupation, 
larvae complete 5 instars within 20-27 days and remain in pupa form for 6-12 days. 
Life cycle is completed in 35-40 days and there are 2-3 generations per year. 

Damage 

The larvae feed internally by forming zig zag or curling galleries inside the cane. 
Wither tips or dried leave aggregations are also appeared. Loss may increase upto 
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20-25% with more range to 70-75% in sever infestation. A quantitative loss of 29% 
sucrose, 17% total solids and an increment of 84% glucose content is recorded 
because of borer attacks. 

Management 

Cultural control 

During harvest or seed selection, collection and removal of damaged canes helps in 
pest population reduction on later crop stages. 

Mechanical control 

The capturing and killing of adult moths by using light traps from field can minimise 
the pest attack in the next year. 

Biological control 

Increased utilization of pesticides harms the beneficial fauna and other non-target 
organisms. The bio-control agents (predators, parasitoids ans entomopathgoens) are 
good measures against insect pests. Trichogramm spp. has the capability to reduce 
the level and percentage of borer infestations when released sufficient amount of 
parasitoid populations (Ashraf et al. 1995). 

4.5.4. Sugarcane top borer 

Technical Name: Scirpophaga nivella Fabricius 

Family:   Crambidae 

Order:   Lepidoptera 

 

Fig. 4.24 Sugarcane top borer, Scirpophaga nivella F. (Photo by: S. Zahid, UAF) 

Identification 

A pure white adult female moth with small or intermediate in size and have orange 
anal tuft of hairs. Sometimes female has brownish tuft if hairs (Fig. 4.24).  Male adult 
has silvery white fore wings. Full grown larva is creamy white in colour. The 
difference between male and female moth is the abdominal cluster of hairs at the tip 
(Mandal and Jha 2008). 
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Biology 

The adult female lays around 150 eggs in the form of cluster. Each cluster has 30-60 
eggs which are covered with abdominal tuft of hairs on the lower leaf surface. The 
pest hibernates as larva in the stubbles of sugarcane crop. Eggs incubation period 
lasts for 5-7 days. The larval life span is around 4 to 5 weeks. The larvae complete 5 
instars before pupation. After 7-9 days of pupation, adult moth emerges by making 
an exit hole from the pupal case. This is multivotine pest and complete 4-5 
generations in a year (Kumar and Rana 2012). 

Damage  

The caterpillars start feeding through boring the midrib and making red markings 
with small holes in the leaves. Gradually, larvae feed towards the upper portion of 
the plant and cause dead heart symptomes. As a result, side branches start growing 
from the lower nodes of the plant and causing bunchy top characteristic of the plant. 
Sugar recovery may fall in the limits of 0.2-4.1 units (Panwar 1979). It decreases the 
yield of sugarcane by 36-56% in severe infestation (Pandey et al. 1997). More lethal 
infestation has been reported from 3rd week of May to 1st first week of July (Deka 
and Sharma 2005). 

Management 

Cultural control 

Collection and burning of stubbles can reduce the pest infestation. Furthermore, the 
use of healthy and insect free seed also has positive impact in pest management 
programs. 

Biological control 

Egg parasitism due to Telenomus beneficiens Z. is reported from 3-5% to 90% with 
area and climatic specifications. Isotima javensis R. is a good parasite of its larvae 
and pupae showing around 70% parasitism. Egg parasitoid Trichogramma chilonis 
I. can be managed the insect pests/ borers including top borer at a rate of 15000 to 
30000 parasite released in one acre (Khan and Alam 2001). 

Chemical control 

In chemical control carbofuran 3 G and phorate 10 G (both at the rate of 25 kg ha-1) 
are helpful in the control of pest in June to July (Panwar 1979). 

4.5.5. Sugarcane pyrilla 

Technical Name: Pyrilla perpusilla Walker 

Family:   Lophopidae 

Order:   Homoptera 
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Fig. 4.25 Sugarcane pyrilla, 
Pyrilla perpusilla W. (Photo 
credit: S. Zahid, UAF) 

 

Identification 

Females lay oval shaped and creamy white eggs arranged in 3 to 5 lines laid on the 
lower surface of the leaf. Nymphs are initially greenish and turn yellow or brownish 
colour with two white scaly feather resembled string or yarn (filaments) at the tip of 
the abdomen. They are wingless and have 5 nymphal instars. Adults are 7-8 mm long 
having snout bearing piercing and sucking mouth parts. Adult hoppers and breed 
throughout the year (Fig 4.25). 

Biology 

Female oviposit 300 to 536 eggs near the midrib in groups of about 20 eggs on the 
lower leaf surface (Summer) or inside the leaf sheath (Winter). Eggs are covered with 
abdominal white hairs or scales. Eggs hatch in 6-15 days or more depending on 
summer or winter season. Nymphs take 8 weeks to 6 months to complete 
development (Panwar 1979). Two polytypical species exists for this pest namely P. 

perpusilla W., widespread in Pakistan, India, Sri Lanka and Thailand and P. aberrans 
K. occurring in Sri Lanka and South India (Fennah 1963). There are 3 to 4 
generations of leaf hopper per year. 

Damage 

This pest is active throughout the year and causes both qualitative and quantitative 
losses to the crop. They suck cell sap from the lower leaf surface of plants and cause 
yellowing and eventually drying infested leaves. The severe infestation can lead to 
28% yield loss and 2-34% decrease in sucrose quantity. Poor growth of sugarcane 
setts is also reported (Kumarasinghe and Wratten 1996). Sooty mould is also another 
indirect damage caused by leaf hopper owe to honey dew excretions. A symbiont 
bacterium Klebsiella spp. in the mycetomes (Khan 1977) may also play role in crop 
damage. 

Management 

Cultural control 

Ratoon crop should be avoided as it leads to pest establishment to horrible limits 
(Khan and Khan 1966). There are also suggestions for burning of all debris and cane 
stubbles after crop harvest for the destruction of egg clusters of this leaf hopper. 
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Biological control 

Bio-control agents are good measures against insect pests. In Pakistan, 12 natural 
enemies of pyrilla have been recorded (Mohyuddin 1981). Its eggs are effectively 
parasitized by Tetrastichus pyrillae C., Ageniaspis pyrillae M. and Cheiloneurus 

pyrillae M. parasitoids. Nymphs are controlled by the parasites such as Lestodryinus 

pyrillae. Adults can be managed by Epipyrops melanoleuca F. predator. It has been 
reported that about 80% pest population can be managed with egg prasitoides of 
pyrilla and 20 % with its nymphal and adult predators and parasitoids (Chaudhary 
and Sharma 1988). Six species of pathogenic fungi are observed on P. perpusilla but 
Metarhizium anisopliae M. is the only pathogen used against pyrilla (Avasthy 1973; 
Asre et al. 1983). 

Chemical control 

 Both contact and systemic pesticides can be applied efficiently for the management 
of P. perpusilla. The 0.5% pesticides (Malathion, Thiodon, Fenitrothion) application 
during early stages of the crop can be very effective. The chemigation of carbofuran 
3 G and phorate 10 G (both at the rate of 25 kg ha-1) are helpful against this pest. 

4.5.6. Sugarcane black bug 

Technical Name: Cavelerius excavates Distant 

Family:   Lygaeidae 

Order:   Hemiptera 

Fig. 4.26 Sugarcane 
black bug, Cavelerius 

excavates D. (Photo 
credit: S. Zahid, UAF) 

 

Identification 

The eggs are creamy white in colour. Adults have black body and white shiny wings 
with spots on them (Fig. 4.26). Nymphs are like adults but smaller in size. Body 
length of adults varies from 6-7 cm. 

Biology 

Female lays 55-478 eggs (depending on environmental conditions) in summer in the 
form of clusters of 14-67 eggs per cluster. The female bugs place the eggs in the inner 
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leaf sheath for proper pre-birth care of young ones during summer season. While in 
winter season, eggs are laid in the soil to a depth of 5-7 cm. Eggs hatch in 9-17 days. 
Nymphs take 4-6 weeks to complete their development. This bug complete 3 
generations in a year. 

Damage 

Both adult and nymphs cause damage due to sap feeding of plants. They are usually 
present under leaf sheath where these are congregated in groups (Panwar 1979). 
Cropping stage and time of plantations also played role in pest establishment. Broad 
and loosely attached leaf varieties are more susceptible and preferred to its invasion. 
The 46.41% pest infestation was observed in ratoon cropping of sugarcane (Zada et 
al. 2013). Damaged leaves appeared whitish to pale in colour with minute holes of 
feeding. 

Management  

Cultural control 

Avoid ratoon cropping and burning of leaf debris could be effective to reduce 
infestation 

Biological control 

The predatory insect such as Coccinella undicimpuntat L., Menochilus sexmaculatus 

F., Coccinella septumpunctata L., and Borumoides saturalis F. showed significant 
reduction (64.06% to 43.81%) of bug infestation when released at the rate of 500 
adults/month/plot without application of toxic pesticides (Zada et al. 2013). Eggs 
parasitiods (Nardo cumaeus, and N. phaeax) can also be sued for its management 
(Panwar 1979). 

Chemical control 

Application of pesticides (0.5 kg ha-1 or 500 m1 ha-1) such as Acephate 75 SP or 
Dimethoate 30 EC or Malathion 50 EC on leaf whorls to target all stages of black 
bug (eggs, nymphs, adults) can effectively control this pest. 

4.5.7. Termites or White ants 

Technical Name: Odontotermes obesus (Rambur), 

Family:   Termitidae 

Order:   Isoptera 

Identification 

These are social insects with different caste systems comprise of primary 
reproductive castes-queen and king (queen with creamy or pale white abdomen with 
parallel dark brown strips along the abdomen (Fig. 4.27) (Panwar 1979). There are 5 
species of Odontotermes and 2 species of Microtermes are observed from sugarcane 
field at Nowshehra and Charsadda Tehsils (Salihah et al. 1988). King has small body 
size than queen. The complimentary casts are winged or wingless forms of male and 
female termites and used for replacement of queen or king in case of their mortality. 
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The workers and soldiers are non-fertile termites with well-developed head and 
thoracic regions. Soldiers are further categorized into mandibulate (expel the enemy 
by finghting with them) nasute (defend the colony by sprinkling foul smelling and 
toxic secretions of rostrum on the invaders/enemies) forms. O. besus R. swarms in 
early monsoon whereas swarming of O. asssumthi takes place from June-July 
(Panwar 1979). 

Fig. 4.27 Termites, 
Odontotermes obesus R. 
(Photo by: S. Zahid, 
UAF) 

 

Biology  

Queen is normally termed as egg laying machine because it can lay around 80000 
eggs in one day. During summer season, eggs hatching time is 5-6 days then they 
needed 6 weeks to complete larval development or to take appearance of workers or 
soldiers. The workers are produced with fertilized eggs while soldiers are cropped 
up from non-fertilized eggs and normally remained stunted in their growth patterns. 
Workers are smaller in size than soldiers. Queen can live from 6-10 years. This life 
span can extend to 20 years but in rare cases. Both king and queen live in the royal 
chamber made of hard soil which is difficult to dig with spade (Panwar 1979). 

Damage 

Termites cause damage from planting till harvesting. The damage pattern and site of 
invasion are normally varied with rain times. Before rainy season, sugarcane setts 
and young seedlings are affected while tillers or developing canes are damaged after 
rainy season. Termite attack on germinating or early stages can cause 90-100% crop 
loss (Ahmed et al. 2008). Plants died leaving the dried shoot areas. Leaves in whorls 
show yellowing from outer to inner edge with ultimate drying and killing of 
sugarcane plants. 

Management 

For controlling the termites, a wide number of procedures and techniques have been 
used comprising chemical, cultural and biological methods. 

Cultural control 

Sunflower can be raised as intercrop in spring sugarcane crop without any harmful 
impacts (Bhullar et al. 2006). Similarly adding the organic matter in the soil assists 
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in prohibiting loss due to termites (Mando et al. 1999). Use of healthy and insect pest 
free seed helps greatly in pest population reduction. 

Biological control 

The conclusion made by 50 years of research revealed that biological control has 
failed to show real promise for termite management (Chouvenc et al. 2011). But still 
there are potential candidates to be used as biocontrol agents against termites. 

Chemical control 

The use of chlorpyriphos 20 EC 400 g active ingredients per acre is helpful for 
management of termite infestation. 

4.6. Maize 

4.6.1. Maize stem borer (MSB) 

Technical Name: Chilo partellus Swinhoe 

Family:   Crambidae 

Order:   Lepidoptera 

Identification 

Eggs are flat and oval (scale-like), creamy-white, about 0.8mm long. MSB 
larvae (caterpillars) are creamy-white to yellowish-brown in colour, with four 
purple-brown longitudinal. Moths are slender shape, shiny and light yellow-brown 
to dark red-brown in colour (Fig. 4.28). Hind wings of male moths are a pale straw-
colour, and in females, they are white. Eggs are placed on the lower leaf surface near 
the mid rib (a very important aspect to see for egg destruction) in a group of 30 to 45 
with emergence of neonates in about one week (Farag et al. 1992) 

Fig. 4.28 Maize stem borer, 
Chilo partellus S. (Photo 
credit: A. Nawaz, UAF) 

 

Biology 

MSB biological parameters including damaging rates are greatly enhanced by 
reduced temperature and relative humidity (Panwar 1979). Eggs are laid in batches 
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on leaf surfaces, usually close to the midrib. They hatch after 4-10 days. Young 
caterpillars initially feed in the leaf whorl. Older caterpillars tunnel into stems, eating 
out extensive galleries, within which they feed and grow for 2-3 weeks. 
When larvae are fully grown, they pupate and remain inside the maize stem. After 7-
14 days adults emerge from pupae and come out of the stem. The MSB accomplished 
life cycle in 22-33 days and possess several generations in one year. Full feed larvae 
hibernate in October-November during the winter season (Farag et al. 1992). 

Damage 

Maize stem borer larvae feed in leaf funnels and cause small pin holes in lines in 
younger leaves and/or patches of transparent leaf epidermis (window panes) in older 
leaves. After entering the stem, they feed at the growing point causing dead central 
leaves and ultimately form a characteristic 'dead-heart', especially in young plants. 
The full grown larvae make tunnel in stems and in maize cobs. The tunnel in stem 
cause weakening of stems and they may break and lodge. 

Management 

Cultural control 

Crop sanitation including the removal of crop residues and alternate host plant as 
well as volunteer crop plants reduces carryover of diapausing larvae to the next crop. 

Biological control 

C. partellus control by using parasitic wasps (Cotesia flavipes C. and Xanthopimpla 

stemmator T.) has shown good results. The use of entomopathgens is also effective. 
In addition, the development of transgenic maize can minimise the use of synthetic 
pesticides as happening in developed countries. 

Chemical control 

Applications of granular systemic insecticides or dusts to the leaf whorl early in crop 
growth to kill early larval instars are very effective. Seed treatments of the corn at 
earlier level can delay the attack of such pests. Chlorentranilipyrole + TMX 0.6 GR 
at the rate of 10 kg ha-1 can also give effective control of MSB. 

4.6.2. Corn earworm 

Technical Name: Helicoverpa zea Boddie 

Faimly:   Noctuidae 

Order:   Lepidopetra 

Identification 

Corn earworm moths are most active during evening and night. They are about 0.75-
inch-long with a wing span of 1 to 1.5 inches. Adults range from olive green, to tan, 
to dark reddish brown in colour. Egg lying occurs throughout the sweet corn growing 
season. The tiny, white eggs are laid singly on the foliage and fresh corn silk. After 
about a day, eggs develop a reddish-brown ring in the top portion (Fig. 4.29). 
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Eggs are spherical with 12 or more ridges radiating from the top. Young larvae are 
greenish with black heads and conspicuous black hairs on the body. Fully developed 
worms are about 1.5 inches long and range in colour from pale green or pinkish to 
brown. Moth usually appears flying in spring season and pupae are their hibernation 
form. Inactive or diapause pupae can be seen in later crops of summer (DPIF 2005). 

Fig. 4.29 Corn earworm, 
Helicoverpa zea B. (Photo 
credit: A. Nawaz, UAF) 

 

Damage  

Female moth placed eggs on the reproductive structures of the floral parts of host 
crop. After hatching, larval feeding on those parts causes economic losses to the crop 
(Reed and Pawar 1982). Helicoverpa larvae feed on 17 vegetable and agronomic 
crops but maize and sorghum were most preferred (Martin et al. 1976). The corn 
earworm may be present throughout the season but is most abundant during August 
and September. Larvae feed on leaves, tassels, the whorl, and within ears, but the 
ears are the preferred sites for corn earworm attack.  It is vital note that 90% of all 
the damage and feeding is done by the third instar larvae with 50% larval food using 
in 5th and 6th instars. Ear damage is characterized by extensive excrement at the ear 
tip. Young larvae feed on corn silks, clipping them off. Shortly thereafter, they feed 
their way into the ear where they remain, feeding in the tip area until they exit 
to pupate in the soil. 

Management 

Corn earworm is primarily a problem in sweet corn where treatments should be timed 
to coincide with egg hatch. Use of IPM (Integrated Pest Management) and AWM 
(Area Wide Management) based methodologies are very beneficial for the control of 
corn earworm. In addition, it is also important to associate them with cultural, 
biological and mechanical means of pest control (DPIF 2005). 

Biological control 

Many predators and parasites attack corn earworm eggs, including several species 
of Trichogramma. Most parasitized eggs turn black, but there may be a lag period 
before they do so. General predators such as lacewings, minute pirate bugs, 
and damsel bugs feed on corn earworm eggs and small larvae. Lynx spider, predatory 
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shield bug, nucleopolyhedrosis virus, fungi (Metarhizium, Numurea and Beuvaria) 
including ascovirus stunts are also helping as good biocontrol agents for corn 
earworm (DPIF 2005). In sweet corn, very early plantings require fewer treatments 
than late-season corn because earworm population densities increase as the season 
progresses. 

Chemical control 

Insecticidal control of corn earworm is difficult without proper monitoring of the 
crop. Plant volatile compounds of those serving as host are important management 
factor to be used in these pest management techniques via forecasting and monitoring 
the pest individuals (Tingle and Mitchell 1992; Udayagiri and Mason 1995). 
Biological and cultural controls and sprays of Bacillus thuringiensis and the Entrust 
formulation of spinosad are acceptable for use on an organically grown crop (Zalucki 
et al. 1986; Fitt and Boyan 1991). The presence of large numbers of eggs on fresh 
corn silks indicates the potential for damaging populations. Eggs hatch in 5 to 7 days 
following oviposition. Once larvae enter the corn ears, control with insecticides is 
difficult. Pheromones trap associated with species specify lures and sex pheromones 
are very helpful in moth detection and surveying of Helicoverpa (DPIF 2005) 

4.6.3. Maize shoot fly 

Technical Name: Atherigona soccata Rondani 

Family:   Muscidae 

Order:   Diptera 

Identification 

The female lays white and elongated eggs. Larvae feed on the plant's growing point. 
Full grown larva is of white to pale yellow in appearance. This stage continues for 7 
to 12 days. Pupation takes at the base of dead plants or in soil. Mature fly is of about 
3-4 mm in length having grey-brown body with yellow colour abdomen and legs. 
The abdomen has dark spots. 

Biology 

Eggs are laid by female singly on the lower surface of leaf blades. Hatching take 
places after about 2-3 days or with longer time. This stage continues for 7 to 12 days. 
Pupation takes at the base of dead shoots of plants or in soil with the duration of 7 to 
12 days. This pest can complete up to 10 generations annually and a single life-cycle 
(egg-to-adult) may take 3-6 weeks (Kundu and Kishore 1970). 

Damage 

This symptom of infestation is evident within 2-3 days after attack. The shoot fly is 
considered as one of the most important and destructive sorghum/maize pests. It feed 
on the growing points of the plant that may kill the central shoot and ultimately 
causing “deadheart”. But, dead heart production is low and the appearance of 
resistance is long lasting in different seedling growth stages in resistant germplasm 
lines (Singh et al. 2004). The attack is maximum at seedling stage. Grain losses and 
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yield decrease are in direct relation with the fly infestation (Rai and Jotwani 1977). 
Damage with respect to money loss may be assessed to 274 US million dollars in 
semi-arid tropical regions (ICRISAT 1992). 

Management 

Cultural control 

During no cropping time, insect used alternate hosts for its survival (Sharma and 
Nwanze 1997). They must be removed. 

Chemical control 

Application of 10% Phorate granules in furrows before sowing @15kg ha-1 should 
be done and the insecticide should be covered with thin layer of soil after which seed 
should be sown. Thiamethoxam 70 WS at the rate of 3g kg-1 for seed treatment is 
effective. Ovipositon stimulant to deflect the fly to non-hosting crops for egg laying 
may also serve as good control (Unnithan and Saxena 1990). 

4.6.4. 4.6.4. Corn aphid 

Technical Name: Schizaphis graminum Rondani 

Family:   Aphididae 

Order:   Homoptera 

Identification 

Several species of aphids may be found in corn. Corn leaf aphids are small to medium 
and bluish green in colour. They also infest small grains. The green bug (Schizaphis 

graminum) is a moderate-sized aphid with light green abdomen having darker 
stripe down the middle. Both winged and wingless forms occur on corn plants. The 
pest population may increase in reduced temperature conditions (Barbiani 2003). 

Biology 

Aphids can increase their off springs both by sexual and asexual reproduction. In 
commonest reproduction mode, female give rise nymphs without producing eggs. 
Temperature and relative humidity levels effect the aphid population. The aphid can 
complete around 20 generations in a year. Mild temperature and humidity is 
favourable for its propagation (Zulfiqar et al. 2010). 

Damage 

Corn leaf aphid infestations usually start in the plant whorl. Heavy infestations may 
curl leaves and stunt the plant growth. Later infestations may completely cover the 
tassels and upper leaves. Corn leaf aphids excrete a sticky substance called 
honeydew, which accumulates on the plants. The honeydew eventually turns 
blackish as sooty moulds grow on it. Heavy amounts of sooty mould may be more 
damaging to silage corn than to corn for grain. 

Green bugs and green peach aphids also infest corn, but usually do not build up to 
the high numbers of corn leaf aphids. Red lesions often form at the feeding sites and 
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heavy infestation can kill the plants. All three species transmit maize dwarf mosaic 
virus to corn from nearby sources. Johnson grass is one of the common weed hosts 
for this virus. This may be severe when temperature limits are falling to predict 
increased population of aphid pests. 

Management 

Cultural control 

Aphids mostly survive on alternative hosts in the absence of host plant. Therefore, 
the removal of alternative host from the field can minimise pest infestation. 

Biological control 

There are no established thresholds for aphids on field corn. Only on rare occasions 
do aphids reach damaging populations. Aphids can be kept below economic levels 
by the parasite and predators incorporations such as lacewings, lady beetles, 
and syrphid flies. However, biological control cannot prevent transmission of virus 
diseases. Biological control and oil and soap sprays are acceptable for use on 
organically grown crops. 

Chemical control 

Thiamethoxam 70 WS at the rate of 3g/kg for seed treatment is effective against 
aphid infestation. Thiamethoxam 25 WG with 24 gram/acre dose gives good results. 
Reduced temperature and least humidity is crucial in its management decision time 
as aphids have more population increment at lower temperature regimes. In chemical 
control for heavy infestation Pymetrozine 50 WG (150 g ha-1) may be used. 

4.7. Conclusion 

In Pakistan, agrarian side facing certain problems which needs immediate and fixed 
measures to be addressed (Annonymous 2014). These may include problems of 
varying intensities. Tentative evaluation, described that total of before and after 
harvest losses due to pests (weeds, pathogens and insects) is about 45% (25–35% 
prior to harvest, 10–20% after harvest) on global scale level (Pimentel 1991) 
Sustainable and precision agricultural success is relied on prototype that attains more 
profitable cropping, maximum productivity of major cropping intensities and 
systems, multifariousness of well worthed crops and supplication based production 
strategies in an integrated approach (Annonymous 2014). Sum of yield damages and 
losses from full influencing factors to all crops are roughly consideration to be 500 
billion U.S dollars in a single year basis (Oerke et al. 1994). 

Hence, thought-provoking positive variations towards prosperity that directly has 
influential effects on subsistence of Pakistani citizens through an Including the 
specified extremes agricultural operations and processes (Annonymous 2014). 
Amount of insecticides used on crops causing a huge health perils can be viewed 
from the facts that the employment of insecticides quantity (% of total utilized on all 
crops) is from 1% to 47% for wheat to cotton respectively (Palm 1991). 
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Crop importance is also serving a cause to base production heavily on chemical based 
control in Pakistan. This may be reviewed from the fact that vital crops, including 
wheat, sugarcane, rice, cotton and maize have contributions of 25.6 percent of the 
value added in the whole site of agriculture and 5.4 percent to share of GDP. But, 
these insecticides are also causing varied levels of resistance problems ranging from 
bollworms to borer etc. An important factor of wide area resistance issue to 
insecticides is that least relying on non-chemical controls (or control in an integrated 
manner). 

References 

Agha, H.K. (1994). Crop Production. Pakistan Book foundation, Islamabad. Pp.6. 
Aheer, G.M., H. Ahmad, M. Ashfaq and M. Jalali (1994). Weather effect on 

population dynamics of top borer (Scirpophaga nivella) and stem borer (Chilo 

infuscatellus S.) on sugarcane crop. J. Agric. Res. 32: 411-420. 
Ahmad, G., A. Jan, M. Arif, M.T. Jan and R.A. Khattak (2007). Influence of nitrogen 

and sulfur fertilization on quality of canola (Brassica napus L.) under rainfed 
conditions. J. Zhejiang Univ. Sci. 8: 731-737. 

Ahmad, M. and M.I. Arif (2008). Susceptibility of Pakistani populations of cotton 
aphid Aphis gossypii (Homoptera: Aphididae) to endosulfan, organophosphorus 
and carbamate insecticides. Crop Prot. 27: 523-531. 

Ahmad, M., A.H. Sayyed, M.A. Saleem and M. Ahmad (2008). Evidence for field 
evolved resistance to newer insecticides in Spodoptera litura (Lepidoptera: 
Noctuidae) from Pakistan. Crop Prot. 27: 1367-1372. 

Ahmad, M., M.I. Arif and M. Ahmad (2007). Occurrence of insecticide resistance in 
field populations of Spodoptera litura (Lepidoptera: Noctuidae) in Pakistan. 
Crop Prot. 26: 809–817. 

Ahmed, S., A. Shahzad, M. Naeem and M.Y. Ashraf (2003). Determination of 
efficacy of cypermethrin, regent and carbofuran against Chilo partellus Swin. 
and biochemical changes following application of these insecticides in maize 
plants. Int. J. Agric. Biol. 5: 30-35. 

Ahmed, S., R.R. Khan, G. Hussain, M.A. Riaz and A. Hussain (2008). Effect of 
intercropping and organic matters on the subterranean termite population in 
sugarcane field. Int. J. Agri. Biol. 10:581–4. 

Al-Mehmmady, R.M. (2000). Biological studies on the Okra moth, Earias vittella 

(F.) (Lepidoptera: Noctuidae) in Jeddah, Saudi Arabia. Res. Cent. Coll. of Agri. 
King Saud University. Res. Bult. 96: 5-18. 

Arain, M.A. (1981). Effect of borer infestation on quality and quantity of sugarcane, 
Saccharum officinarum (Linn.). M.Sc. Dissertation. Sindh Agriculture. 
University Tandojam, Pakistan. 

Ashraf, M., B. Fatima and S.S. Ali (1995). Significance of Trichogramma chilonis 

(Ishii) in controlling the sugarcane borers. Proceedings of Pakistan Congress of 
Zoology. 15:171-176. 

Asre, R., Gupta, P.K. and A.D. Pawar (1983). Control of sugarcane Pyrilla by its 
natural enemies. Indian Farm. 33: 37-38. 



4 Insect Pests of Important Field Crops 119 

Attique, M.R. and Z. Ahmad (1990). Investigation of Thrips tabaci Lind as a cotton 
pest and the development of strategies for its control in Punjab. Crop Prot. 9: 
469-473. 

Attique, M.R., A. Ghaffar, A.I. Mohayudin and Z. Ahmad (2000). Diapausing 
behaviour of H. armigera (Noctudiae: Lepidoptera) in the Punjab. Pak. J. Zool. 
32: 61-64. 

Avasthy, P.N. (1973). Leaf hopper (Pyrilla perpusilla Walker) of Sugarcane. Indian 
Sugar. 23: 11-14. 

Avasthy, P.N. (1977). Intergrated control of sugarcane pests and disease. Sugarcane 
News. 9: 72-74. 

Azam, M. and M. Khan (2010). Significance of the sugarcane crops. Indian J. 
Entomol. 7: 15-27. 

Barbiani, G. (2003). High temperature and drought reduce many maize pests in 
Friuli. Notiziar Ersa. 16: 8-15. 

Bayer, (2013). Bayer Crop Science Global Internet Portal. Crop Compendium. 
http://www.cropscience.bayer.com/Products-and-
Innovation/Cropompendium/Pests-Diseases-Weeds/Pests/Sogatella-
furcifera.aspx, Acessed on 27th October, 2014. 

Bhatt, T.A., S.T. Vyas, V.R. Mehta, K.K. Patel and J.M. Patel (1996). Natural 
parasitism in sugarcane root borer. Bharatiya Sugar. 22: 37-39. 

Bhullar, M.S., A. Kamboj and G.P. Singh (2006). Weed management in spring-
planted sugarcane (Saccharum officinarum) based intercropping systems. Indian 
J. Agron. 51: 183-5. 

Boulter, D., A.M.R. Gatehouse and V. Hilder (1989). Use of cowpae trypsin inhibitor 
(CpTI) to protect plant against insect predation. Biotechnol. Adv. 7: 489-497. 

Brown, E.S. and C.F. Dewhurst (1975). The genus Spodoptera (Lepidoptera, 
noctuidae) in Africa and the near east. Bull. Entomol. Res. 65: 221-262. 

Butani, D.K. (1964). Sugarcane leafhopper Pyrilla perpusilla Walker: A review. 
Indian Sugarcane. 9: 60-75. 

Byrne, F.J., K.J. Gorman, M. Cahill, I. Denholm and A.L. Devonshire (2000). The 
role of B-type esterases in conferring insecticide resistance in the tobacco 
whitefly, Bemisia tabaci (Genn). Pest Manag. Sci. 56: 867-874. 

Cardona, E.V., C.S. Ligat and M.P. Suband (2007). Life history of common 
cutworm, Spodoptera litura Fabricius (Noctuidae: Lepidoptera) in Benguet. 
BSU Res. 56: 73-84. 

Chatterjee, S.M. and P.S.P. Rao (1997). Future strategy for the control of major rice 
pests in India. Paper presented at Int. Rice. Res. Instt., Manila, Philippines. pp. 
26-28. 

Chaudhary, A.R. (1983). Maize in Pakistan. Punjab Agriculture Coordination Board, 
Uni. Agri. Faisalabad. China Weed Biol. Manag. 3: 197-203. 

Chaudhary, J.P. and S.K. Sharma (1988). Biological control of Pyrilla using parasites 
and predators. In: David, H. and S. Easwaramoorthy (eds). Biological 
Technology for Sugarcane Pest Management, Sugarcane Breeding Institute, 
Coimbator, India. pp. 186-206. 

Cheema, P.S. (1950). Nature and extent of damage caused by sugarcane root borer, 
E. depressella in Punjab. Indian Entomol. 15: 139-145. 



120 K. Zia, A. Nawaz and M. Sajid 

Cheng, X., R. Sardana, H. Kaplan and I. Altosaar (1998). Agrobacterium-
transformed rice plants expressing synthetic cryIA(b) and cryIA(c) genes are 
highly toxic to striped stem borer and yellow stem borer. Proc. Nat. Acad. Sci. 
95: 2767-2772. 

Cho, J.R., J.S. Lee, J.J. Kim, M. Lee, H.S. Kim and K.S. Boo (2005). Cold hardiness 
of diapausing rice stem borer, Chilo suppressalis Walker (Lepidoptera: 
Pyralidae). Asia-Pacific Entomol. 8: 161-166. 

Chouvenc, T., S. Nan-Yao and G.J. Kenneth (2011). Fifty years of attempted 
biological control of termites – Analysis of a failure. Biol. Contr. 59: 69-82. 

David, H. and V. Nandagopal (1986). Pests of sugarcane distribution, 
symptomatology of attack and identification Sugarcane Entomology in India. 
Sugarcane Entomol. India. pp. 1-29. 

Deka, M.K. and P.C. Sharma (2005). Incidence of sugarcane top and internode borer 
and their natural parasitization. Crop Res. 30: 259-262. 

Delobel, A.G.L. (1982). Oviposition and larval survival of the sorghum shootfly, 
Atherigona soccata Rond as influenced by the size of its host plant (Diptera: 
Muscidae). Zeitschrift für angewandte Entomol. 93:31-38. 

Dhaliwal, G.S. and O. Koul (2010). Quest for pest management: from green 
revolution to gene revolution. Kalyani publishers, New Delhi.  

Dhaliwal, G.S., R. Arora and A.K. Dhawan (2004). Crop losses due to insect pests 
in Indian agriculture: an update. Indian J. Ecol. 31: 1-7. 

Dhaliwal, G.S., V. Jindal and A.K. Dhawan (2010). Insect pest problems and crop 
losses: changing trends. Indian J. Ecol. 37: 1-7. 

DPIF (2005). Insects: Understanding Helicoverpa ecology and biology in Southern 
Queensland: Know the enemy to manage it better. Department of Industries and 
Fisheries, Queensland Government. pp. 1-12. 

Everly, R.T. (1960). Loss in corn yield associated with abundance of corn leaf aphid 
Rhophalosiphum maidis. Indian J. Ecol. Entomol. 53: 924-932. 

Farag, A.I., M.I. Abdel-Fattah, M.M. Abdel Rehim and M.A.Z. Elnaggar (1992). 
Seasonal fluctuations of certain insect pests infesting maize in relation to some 
weather factors. Bull. Entomol. Soc. Egypt. 70: 71-80. 

Fennah, R.G. (1963). The species of Pyrilla (Fulgoroidea: Lophopidae) in Ceylon 
and India. Bull. Entomol. Res. 53: 715-735. 

Fitt, G.P. and G.S. Boyan (1991). Methods for studying behaviour. In: Zalucki, M.P. 
(ed). Heliothis: Research Methods and Prospects. Springer-Verlag, London. pp. 
122–151. 

Ghani, I. (1998). Combining ability for certain quantitative traits in Gossypium 

hirustum L. cotton. M.Sc. Dissertation, Sindh Agriculture University Tandojam, 
Pakistan. 

Greathead, A.H. (1986). Host plants. In: Cock, M.J.W. (ed). Bemisia tabaci-A 
Litreature Survey on the Cotton Whitefly with an Annotated Bibliography. CAB 
International Institute of Biological Control, Silwood Park, UK, P: 17-26. 

Grist D.H. and R.J.A.W. Lever (1969). Pests of Rice. Longman (London) UK. 
Gubran, E.M.E., R. Delorme, D. Auge and J.P. Moreau (1992). Insecticide resistance 

in cotton aphid Aphis gossypii (Glov.) in the Sudan Gezira. Pestic. Sci. 35:101–
107. 

Harris, K.M. (1990). Bioecology of Chilo species. Insect Sci. Appl. 11: 467-477. 



4 Insect Pests of Important Field Crops 121 

Hashmi, A.A. (1994). Insect pest of paddy rice. Insect pest management of cereal 
and cash crops. Pakistan Agricultural Research Council, Islamabad, pp: 1-59. 

Heong, K.L and B. Hardy (2009). Planthoppers: new threats to the sustainability of 
intensive rice production systems in Asia. Los Baños (Philippines): Int. Rice 
Res. Inst. pp. 2-450. 

Hill, D.S. (1987). Agricultural Insect Pests of the Tropics and Their Control, 2nd 
edition, Cambridge, UK: Cambridge University Press. 

Hollingsworth, R.G., B.E. Tabashnik, D.E. Ullman, M.W. Johnson and R. Messing 
(1994). Resistance of Aphis gossypii (Homoptera: Aphididae) to insecticides in 
Hawaii: Spatial patterns and relation to insecticide use, J. Econ. Entomol. 87: 
293-300. 

Holloway, J.D. (1989). The moths of Borneo: family Noctuidae, trifine subfamilies: 
Noctuinae, Heliothinae, Hadeninae, Acronictinae, Amphipyrinae, Agaristinae, 
Malayan Nat. 42: 57-226. 

Horowitz, A.R., K. Gorman, G. Ross and I. Denholm (2003). Inheritance of 
pyriproxyfen resistance in the whitefly, Bemisia tabaci (Q biotype). Arch. Insect 
Biochem. Physiol. 54: 177-186.  

Huffaker, C.B. (1980). New Technology of Pest Control. John Wiley and Sons, New 
York, USA. 

ICRISAT, (1992). The Medium Term Plan. ICRISAT, Patancheru, Andhra Pradesh, 
India. Vol. 1. 

Ioan, E., I. Pop and M. Dragoescu (1978). Recognition, biology, prevention and 
control of the tomato bronze petal virus (tomato spotted wilt virus) on tobacco. 
Cere. Si Plants Tech., Product. Veget. 39: 28-32. 

Kellems, R.O. and D.C. Church (2010). Livestock Feeds and Feeding. Boston, 
Massachusetts, Prentice Hall, USA. 

Khan, A.M. (1977). Mycetomal bacteria of Pyrilla perpusilla Walker and effect of 
some drugs. Ind. Entomol. 39: 8-11. 

Khan, K.A. and M.M. Alam (2001). Some facts regarding the use of Trichogramma 

against the sugarcane borers. Proc. 36th Annu. Conv. Pak. Soc. Sugar Tech. 1: 
103-107. 

Khan, M. and A. Jan (1994). Chemical control of sugarcane shoot borer Chilo 

infuscatellus Snellen and root borer Emmalocera depressella Swin. Pak. Sugar 
J. 8: 3-5. 

Khan, M.R. and S. Khan (1966). Bionomics and control of Pyrilla pusana Distant in 
Peshawar region. Agric. Pak. 17: 385-414. 

Kim, Y.H., K.M. Choi and J.O. Lee (1988). Population trends of striped rice borer in 
Korea. Int. Rice Res. Newsletter. 13: 42. 

Kranthi, K.R., D.R. Jadhav, R.R. Wanjari, S.S. Ali and D.A. Russell (2001). 
Carbamate and organophosphate resistance in cotton pests in India. Bull. 
Entomol. Res. 91: 37-46. 

Kumar, H. (1992). Patterns of stem borer incidence and damage to two cultivars of 
maize in the field. Insect Sci. Appl. 13:739-746. 

Kumar, P. and K.S. Rana (2012). Life cycle studies of Tryporyza nivella sugarcane 
Saccharum officinarum Bionotes. 13:124. 



122 K. Zia, A. Nawaz and M. Sajid 

Kumar, S.A.V., R. Jocqué and P.A. Sebastian (2009). A new species of the ant spider 
genus Suffasia (Araneae: Zodariidae) from the Western Ghats, India with a key 
to the species of the genus Zootaxa. 2203: 59-64. 

Kumarasinghe, N.C. and S.D. Wratten (1996). The sugarcane lophopid planthopper 
Pyrilla perpusilla (Homoptera: Lophopidae): A review of its biology, pest status 
and control. Bull. Entomol. Res. 86:485-498. 

Kundu, G.G. and P. Kishore (1970). Biology of the sorghum shoot fly, Atherigona 

varia soccata Rond (Diptera: Anthomyiidae). Ind. Entomol. 32: 215-217. 
Kuppen, J.P. and G.W. Leslie (1999). The use of the fumigant methyl bromide in the 

control of the sugarcane borer Eldana saccharina Walker (Lepidoptera: 
Pyralidae) in seed cane. Proc. 12th Entomol. Congr. Entomol. Soc. Southern 
Africa. 

Latif, C.A., A. Qayyum and M.A. Piracha (1960). Maize stem borer Chilo zonellus 
and its control. Agri. Pak. 11:25-36. 

Leghari, M.A. and A.M. Kalroo (2002). Screening of insecticides against spotted 
bollworms, Earias species of cotton. Plant Sci. 4: 71-73. 

Long, L.P. (2005). Study on the dynamic variance of resistance level of rice plant 
hopper to insecticides. Acta Huazhong Agric. Univ. 24: 15-20. 

Mandal, S.K. and V.B. Jha (2008). Efficacy of certain insecticides against sugarcane 
top borer, Scirpophaga nivella Fabricius New Delhi, India. Indian Sugar Mills 
Association. Indian Sugar. 58: 23-25. 

Mando, A., L. Brussaard, and L. Stroosnijder (1999). Termites and mulch mediated 
rehabilitation of vegetation on crusted soil in West Africa. Restor. Ecol. 7: 33-
41. 

Martin, P.B., P.D. Lingren and G.L. Greene (1976). Relative abundance and host 
preferences of cabbage looper, soybean looper, tobacco budworm, and corn 
earworm on crops grown in northern Florida. Enviro. Entomol. 5: 878-882. 

Menn, J.J. (1996). The Bemisia complex, an international crop protection problem 
waiting for a solution. In: Gerling, D. and R.R. Mayer (eds). Bemisia: 1995 
Taxonomy, Biology, Damage, Control and Management. Intercept Ltd., 
Andover, Hants, United Kingdom, pp. 381-383. 

Mensah, R. (2014). Indian green Jassid. Plant Health Australia, Department of 
industry and innovation. www.planthealthaustralia.com.au (Accessed on 19th 
August 2015) 

Mohyuddin, A.I. (1981). A review of biological control in Pakistan. Proc. Pakistan 
Congr. Zool. 2: 31-79. 

Mugiira, R.B., S.S. Liu and X. Zhou (2008). Tomato yellow leaf curl virus and 
tomato leaf curl Taiwan virus invade south-east coast of China. Phytopathol. 
156: 217-221. 

Niles, G.A. (1980). Breeding cotton for resistance to insect pests. In: Maxwell, F.G. 
and P.R. Jennings (eds). Breeding Plants Resistant to Insects. John Wiley and 
Sons, New York. 338-369. 

Noble, L.W. (1969). Fifty years of research on the pink bollworm in the United 
States. US Department of Agricultural Research Service, Agric. Handbook. 357: 
62. 

Palm, E.W. (1991). Estimated crop losses without the use of fungicides and 
nematicides and without nonchemical controls, In: Pimentel, D. (ed). CRC 



4 Insect Pests of Important Field Crops 123 

Handbook of PestManagement in Agriculture, Vol. 1, 2nd  edition, Boca Raton: 
CRC Press, pp. 109–113 

Palm, E.W. (1991). Estimated crop losses without the use of fungicides and 
nematicides and without nonchemical controls, In: Pimentel, D. (ed). CRC 
Handbook of Pest Management in Agriculture, 1(2), Boca Raton: CRC Press, 
pp. 109–113. 

Pandey, K.P. and R.G. Singh (1997). Integrated management of top borer, 
Scirpophaga excerptalis in sugarcane. Ind. Sugar. 46: 803-804. 

Panwar, J.C. (1979). Influence of weather condition on the seasonal occurrence of 
maize stem borer Chilo Patrlous. Behav. Physiol. Appr. Pest Manag. 27: 191-
193. 

Perring, T.M. (2001). The Bemisia tabaci species complex. Crop. Protect. 20: 725-
737. 

Pimentel, D. (1991). CRC Handbook of Pest Management in Agriculture. Vol. 1, 2nd 
edition, Boca Raton: CRC Press. 

Rai, S. and M.G. Jotwani (1977). Estimation of losses at various levels of shoot fly 
infestation. Entomol. Newsletter, 7: 15-16. 

Rain, A.K. (1982). Daily rhythms in the sorghum shootfly, Atherigona soccata: 
Oviposition, egg hatch and adult eclosion. Physiol.  Entomol. 7: 65-70. 

Reed, W. and C.S. Pawar (1982). Heliothis: a global problem. In: Reed W. and V. 
Kumble (eds). Proceedings of the International Workshop on Heliothis 

Management. Pantanchera, India. ICRISAT. 9–14. 
Roditakis, E., N.E. Roditakis and A. Tsagkarakou (2005). Insecticide resistance in 

Bemisia tabaci (Homoptera: Aleyrodidae) populations from Crete. Pest Manag. 
Sci. 61:577-582. 

Saeed, S., M. Ahmad, M. Ahmad and Y.J. Kwon (2007). Insecticidal control of the 
mealybug Phenacoccus gossypiphilous (Hemiptera: Pseudococcidae), a new 
pest of cotton in Pakistan. Entomol. Res. 37: 76-80. 

Saleem, M.A. and H.A. Shah (2010). Applied Entomology: A Pakistan Perspective. 
Ed. 3rd.  Pak Book Empire, Lahore, Pakistan. 

Salihah, Z., M. Shah and A. Sattar (1988). Survey of sugarcane termites of 
Nowshehra and Charsadda Tehsils. Proceedings of 8th Pakistan Congr. Zool. 8: 
289-97. 

Sardana, H.R. (1993). Effect of root borer, Emmalocera depressella (Swinhoe) 
infestation on cane weight and juice quality. Plant Prot. Bull. Faridabad. 45: 26-
27. 

Sardana, H.R. (1996). Hibernation of sugarcane root borer, Emmalocera depressella 

(Swinhoe) in commercial cultivars in sub-tropics. Agric. Sci. Digest Karna. l16: 
78-82. 

Sardana, H.R. (1997). Seasonal patterns of root borer Emmalocera depressella 

Swinhoe on sugarcane in India. Entomol. 22: 55-60. 
Sardana, H.R. (2000). Integrated management of sugarcane root borer, Emmalocera 

depressella Swinhoe. Cooperat. Sugar. 32: 271-274. 
Schröder, M.L., R. Glinwood, R. Ignell and K. Krüger (2014). Visual cues and host-

plant preference of the bird cherry-oat aphid, Rhopalosiphum padi (Hemiptera: 
Aphididae). African Entomol. 22: 428-436. 



124 K. Zia, A. Nawaz and M. Sajid 

Shah, A.K., F. Ullah, N. Hussain, A.U.R. Saljoqi, Y. Hayat and S. Sattar (2006). 
Distribution pattern of the cereal aphids in the wheat growing areas of the 
province Khyber Pukhtunkhwa of Pakistan. Sarhad J. Agric. 22: 655-659. 

Shah, M.A., N. Menon, A.M. Shaikh, B. Mal and S.A. Memon (2014). Biology of 
Earias insulana (Spiny bollworm) Lepidoptera: Noctuidae on different 
temperatures in laboratory. Sindh Univ. Res. J. Sci. Ser. 46:129-132. 

Sharma, H.C. and K.F. Nwanze (1997). Mechanisms of resistance to insects in 
sorghum and their usefulness in crop improvement: ICRIST. Patancheru Andhra 
Pradesh, India. 

Sidhu, A.S. and A.K. Dhawan (1978). Testing of various spray schedules against 
cotton pests. Ind.  J.  Entomol. 40: 324-327. 

Singh, B.U., P.G. Padmaja and N. Seetharama (2004). Stability of biochemical 
constituents and their relationships with resistance to shoot fly, Atherigona 

soccata (Rondani) in seedling sorghum. Euphytica. 136: 279-289. 
Sun, Y.Q., G.L. Feng, P. Yuan, P. Zhu and K.Y. Gong (1987). Biochemical 

mechanism of resistance of cotton aphids to organophosphorus insecticides. 
Acta Entomol. Sin. 30:13-20. 

Syed, T.S., G.H. Abro, A. Khanum and M. Sattar (2011). Effect of host plants on the 
biology of Earias vittella (Fab) (Noctuidae: Lepidoptea) under laboratory 
conditions. Pak. J. Zool. 43:127-132. 

Tingle, F.C. and E.R. Mitchell (1992). Attraction of Heliothis virescens F. 
(Lepidoptera: Noctuidae) to volatiles from extracts of cotton flowers. J. Chem. 
Ecol. 18: 907–914. 

Udayagiri, S. and C.E. Mason (1995). Host plant constituents as oviposition 
stimulants for a generalist herbivore: European corn borer. Entomologia 
Experimentaliset Applicata.76: 59–65. 

Unnithan G.C. and K.N. Saxena (1990). Diversion of oviposition by Atherigona 

soccata (Diptera: Muscidae) to non-host maize with sorghum seedling extract. 
Environ. Entomol. 19: 1432-1437. 

Vennila, S., V.K. Biradar, M. Sabesh and O.M. Bambawale (2007). Know your 
cotton insect pest (Jassid). Crop protection folder series 11 (2), Central inst. for 
cotton res., Nagpur, Maharashtra. 1-6. 

Zada. H., B. Ahmad., H. Badshah., A.U.R. Saljoqi, M. Naeem, S. Anwar and M. 
Zamin (2013). A study of comparison of field effectiveness of coccinellid 
predators and chemical insecticides in the management of sugarcane black bug 
cavelarius excavatus (dist.) (Lygaedae: Hemiptera) in Shahpur Sargodha, 
Pakistan. Sarhad J. Agric. 29: 213-217. 

Zalucki, M.P., G. Daglish, S. Firempong and P.H. Twine (1986). The biology and 
ecology of Heliothis armigera (Hübner) and H. punctigera Wallengren 
(Lepidoptera: Noctuidae) in Australia. Aus. J.  Zool. 34: 779–814. 

Zia, H., A. Naheed and S. Rizwana (2007). Biocontrol of insect pests of sugarcane 
(Saccharum sp). J. Pak. Sug., 22: 13-22. 

Zidan, N.A., J.B. El-Nagar, A.S. Aref and M.E.E. Dewy (2012). Field evaluation of 
different pesticides against cotton bollworms and sucking insects and their side 
effects. J. Amer. Sci. 8: 128-136. 



4 Insect Pests of Important Field Crops 125 

Zulfiqar, M.A., M.A. Sabri, M.A. Raza, A.H.A. Hayat and A. Khan (2010). Effect 
of temperature and relative humidity on the population dynamics of some insect 
pests of Maize. Pak. J. Life Soc. Sci. 8: 16-18. 


