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Abstract 

Fruits are important part of human and animal diet due to their nutritional value. 
Fruits contribute to major strength of agricultural exports in Pakistan. Insect pests are 
very important limiting factor in fruit production. Fruits are vulnerable to several 
types of pests ranging from leaf damage to severe damage even killing of plants. 
These pests also cause yield losses in the form of crop’s market value. The fruit crops 
pests include insects, mites, pathogens, nematodes, weeds and vertebrates. The insect 
pests are responsible for severe damage to fruits in the form of direct (feeding on 
fruits and foliage) and indirect damage (as vectors to transfer disease causing 
pathogens into the plants). Ecological and economic factors provide the basis for 
effective pest management of insect pests. The complete knowledge of insect pest, 
its biology and mode of damage are the factors which help in devising control 
strategies. Integrated pest management (IPM) is referred as a modern approach for 
managing pests. Generally, pest elimination is not a goal of IPM; rather it involves 
compiling detailed and timely information about a crop. IPM seeks to use all 
appropriate tools and tactics to ensure that pest management decisions are 
economically, environmentally, and socially sound. This chapter discusses on 
different fruits along with their ecology, distribution, nutritional value, insect pests 
and their suitable integrated pest management approaches. 
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5.1. Introduction 

Fruits are important component of a healthy diet and their adequate consumption 
could help to reduce a wide range of diseases. They play a significant role in human 
nutrition, especially as sources of vitamins C (ascorbic acid), thiamine (B1), niacin 
(B3), pyridoxine (B6), folacin also known as folic acid or folate (B9), vitamin E, 
minerals and dietary fiber (Quebedeaux and Eisa 1990; Craig and Beck 1999; Micha 
et al. 2017). According to Food and Agriculture Organization/World Health 
Organization, botanically, fruit is a part of flowering plant derived from specific 
tissues of a flower. Fruits contain developed seed for further reproduction. Fruits are 
important part of human and animal’s food. In conventional language, fruit is a fleshy 
and seed associated structure of plant which is sweet and sour in taste and edible part 
of plant. Dry fruits and nuts are rich in essential amino acid, vitamins, minerals, 
dietary fibers and consumed by all age of the people. These are also used as 
medicines which provide energy and strength to long-term patients seeking out to 
recover (Emilio 2010). Overall, world loss of fruits due to pests is nearly 40%, in 
which insect pests share is 15% (Pimentel 1997). 

Mango is a fleshy stone fruit which belongs to the genus Mangifera and Family 
Anacardiaceae (Morton 1987). It is a native fruit of South Asia from where it is 
distributed to all over the world. Now it is cultivated almost all over the tropical 
regions of the world. Mango is the national fruit of Pakistan, India and Philippines 
besides national tree of Bangladesh. Nutritionally 100 g of mango gives about 250 
KJ (60 Kcal) energy. It contains 15 g carbohydrate, 13.7 g sugar, 0.82 g protein, 36.4 
mg Vitamin C and 0.38 g fats. South Asia, Central America, Hawaii, South West and 
Central Africa, Australia, China, Pakistan, India and Bangladesh are main mango 
growing regions (Anonymous 2014). Mango is an evergreen, fast-growing, and long-
lived orchard-tree. It is very vigorous with a large canopy and an almost circular 
projection. The leaves are perennial, deep green, pointed, and shiny, while the 
inflorescence occurs in panicles consisting of about 3000 whitish-red or yellowish–
green flowers. In tropical regions the trees can reach up to 30–40 m in height, while 
in subtropical areas the growth rate is consistently reduced. The mango fruit has 
hundreds of varieties, each having its own characteristic taste, shape, and size. Each 
fruit is 5–15 cm long and 4–10 cm in diameter. Usually its weight ranges from 150 
g to around 750 g, reaching approximately 390 g in Sicilian mango fruit (Farina et 
al. 2013) 

Apple, a Pome fruit, belongs to the genus Malus and family Rosaceae and is widely 
cultivated tree. It is mainly cultivated for its Malus species which is consumed by 
human as fruit. Apple originated in Central Asia, where wild species named Malus 

sieversii L. is still under cultivation. Nutritionally, apple consists of 13.81 g 
carbohydrates, 0.17 g fats, 0.26 g protein, 85.56 g water and 4.6 mg vitamin-C. The 
main apple growing areas with the most suitable climate in the world are USA, China, 
Italy, Turkey, Poland, India, France, Brazil, Pakistan, Iran and Chile (Robinson et al. 
2001). 

Citrus belongs to the Rutaceae family and includes  lime, citron, mandarin orange, 
bitter orange, persian lime, lemon, rangpur, grapefruit, sweet orange, kinnow  and 
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tangerine. The family Rutaceae is supposed to be originated from Southeast Asia, 
Northeast India, Myanmar and Chinese province Yunnan. Naturally occurring and 
hybrid cultivars of citrus are orange, grapefruit, lime, lemon and some tangerines 
(Liu et al. 2012). Brazil, China, USA, Mexico. India, Spain, Iran, Italy, Nigeria, 
Turkey and Pakistan are main citrus growing countries in the world. As far as 
nutritional value is concerned, 131g of citrus contain 62 kcal energy, 3.1 g fiber, 70 
mg ascorbic acid, 40 mg foliate and 273 mg Potassium. 

Grapes are fruiting berries of a deciduous woody vine. Botanically, it is known as 
Vitaminis vinifera L. It belongs to family Vitaminaceae and genus Vitaminis. It is 
consumed raw as a fruit and also used for making its juice, jellies, jams, etc. The 
main and important product produced by grapes is wine. These are non-climatic type 
of fruit generally occurring in branches. France is the largest producer of grapes in 
the world along with well established wine industry. The main growing areas of 
grapes are China, Italy, USA, Spain, France, Turkey, Chile, Argentina, India and 
Iran. Grapes are very nutriticious fruit because 100 g grapes contain 28.8 KJ energy, 
18.1 g carbohydrates, 15.48 g sugar, 0.1 g fats and 0.72 g protein. More else vitamin 
B6 and vitamin K is present in a quantity of 0.086 mg and 14.6 µg, respectively (Ng 
and Popkin 2012). 

Strawberry (Fragaria ananasa D.) is a hybrid species which is cultivated worldwide. 
It belongs to family Rosaceae and genus Fragaria. Botanically, it is not considered 
as a berry. This fruit is characteristically famous for its aroma, bright red color, juicy 
texture and sweetness. Spain, Turkey, USA, South Korea, Egypt, Japan, Poland, 
Russia, Maxico, Italy, Morocco and Germany are leading producers of strawberry. 
A hundred gram of strawberry produces 136 KJ energy, 7.63 g carbohydrates, 4.89 
g sugar, 0.3 g fat, 0.386 mg manganese and 58.8 g vitamin C (Ng and Popkin 2012). 

Banana, botanically called as Musa sapientum L., belongs to family Musaceae. 

Species of this genus is large flowering herbaceous plant. Banana varies in color, 
firmness and size. Usually, it is curved and elongated having soft flesh with high 
starch contents. Its rind may be green, yellow, purple, red and brown at ripping stage. 
In some countries, cooking of banana is also a trend where it is called as plantains. It 
is native species of South and Southeast Asia. It is grown in almost 107 countries. 
India is biggest grower of banana followed by Uganda, China, Philippines, Ecuador, 
Brazil, Indonesia, Colombia and Tanzania (Nelson et al. 2006). One hundred gram 
of banana contains 371 KJ energy, 22.84 g carbohydrates, 12.22 g sugar, 0.33 g fats, 
1.09 g protein, 0.27 mg magnesium and 0.4 mg vitamin B6 (Ng and Popkin 2012). 

Guava (Psidium guajav) belongs to family Myrtacae and genus Psidium. Botanical 
name of guava is Psidium guajava L. About 100 species of shrubs and small sized 
trees are being cultivated in tropics (Julian, 1998). These are innate fruits of Maxico, 
North America and Central America. Now it is cultivated and naturalized all over in 
tropic and subtropic regions, Hawaii, New Zealand, Australia, Spain and the 
Caribbean are main growing areas of guava (Hossen 2015). It is winter fruit of 
Pakistan. One hundred gram of guava contains about 14.32 g carbohydrates, 8.92 g 
sugar, 0.95 g fat, 2.55 g protein, 228.3 mg vitamin C and 49 µg vitamin B9 (Ng and 
Popkin 2012). 
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Watermelon, melon, falsa, cheeku, jaman, peach, apricot, leechi, pear, plum and 
pomegranate are other fruits grown in Pakistan. There is a need to build up a sound 
and practicable mechanism to protect fruit from pre and post-harvest losses to 
improve their export and raise the economy of Pakistan. 

5.2. Scope of fruits industry with special reference to 

Pakistan 

Cultivation of fruits is an important sub-sector in the agricultural sector of Pakistan. 
Fruits are valued as protective food. Pakistan has a wide range of agro-climatic 
condition which allows the production of a variety of tropical and sub-tropical fruits. 
Major fruit production problems related to planting material, production practices 
disease and pest control are commonly faced by the fruit producers. The arrangement 
for the production and distribution of new high yielding plants is extremely poor in 
the country (Khushk et al. 2006). 

Eighty-six percent of our farming community owns less than 5 hectares of land, but 
has surplus labor force. Demand for fruits in Pakistan has been increasing due to 
changes in consumption pattern and population growth. A large variety of tropical, 
sub-tropical and temperate fruits are cultivated in the country. The low level of 
growth in fruits during 1990s indicates that incentives for the farmers to increase 
production remained depressed. The cheap availability of the raw material indicates 
great scope for promoting the export of fresh and processed fruits. On the export side, 
the regions like Far East, Middle East and Central Asian States of Former Russia are 
the major markets of Pakistani fruits while a great scope lies as well in exporting to 
more developed countries like Japan, Canada and Europe (Aujla et al. 2007). 

Export of fruits from Pakistan increased from 687 tons of worth US$239 million in 
2009-10 to 660 tons of worth US$292 million in 2010-11, thus showing an increase 
of 22% in terms of value. Agriculture has remained the mainstay of the Pakistan 
economy as it provides employment to 45% population and input for agro based 
industry. Agriculture income has created demand for industrial products. Agriculture 
provides the main impetus to economic growth by creating additional demand of 
goods and services as a result of higher prices of agricultural produce. Pakistan with 
its diverse climatic regions holds enormous advantage for production of fruits, 
vegetables and floricultural (flower farming) products and has a potential to exploit 
world’s US$561 million annual fresh fruits and vegetables market. Pakistan is the 
sixth largest producer of Kinnow (mandarin) and oranges in the world. Fruits are 
being grown in all four provinces of Pakistan. The various varieties of fruits are 
grown over an area of about 758 thousand hectors. The annual production of fruits 
in Pakistan is estimated at around 6.11 million tons, of which only 660 tons were 
exported in 2010-11; whereas the rest of them were either consumed locally or 
perished. Pakistan is exporting fruits to Afghanistan, India, Russian Federation, 
UAE, Germany and UK. The well-exported fruits are mango, kinnow, apple, dates 
and oranges. 
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5.3. Classification of fruits crops 

As the ovary develops into a fruit, its wall often thickens and becomes differentiated 
into three, more or less distinct, layers. The three layers together form the pericarp, 
which surrounds the developing seed or seeds. The three fruit layers are: 

• Exocarp, the outermost layer often consisting of only the epidermis 

• Mesocarp, or middle layer, which varies in thickness 

• Endocarp, which shows considerable variation from one species to 
another 

Classifying fruits 

All fruits may be classified into three major groups on the basis of the number of 
ovaries and the number of flowers involved in their formation. The following outline 
includes most of the common types of fruits. A simple key for classifying fruits is 
provided here. Use these descriptions and the "Key to Fruit Types" provided to 
identify the types of fruits you observe today. 

A. Simple fruits 

Simple fruits develop from a single matured ovary in a single flower. 

1. Fleshy fruits, pericarp fleshy at maturity. 

a. Berry, consisting of one or more carpels with one or more seeds, the 
ovary wall fleshy. 

(i) Pepo (an accessory fruit), a berry with a hard rind, the 
receptacle partially or completely enclosing the ovary. 

(ii) Hesperidium, a specialized berry with a leathery rind. 

b. Drupe, a stone fruit, derived from a single carpel and containing (usually) 
one seed. Exocarp a thin skin. 

c. Pome (an accessory fruit), derived from several carpels, receptacle and 
outer portion. Of pericarp fleshy, inner portion of pericarp papery or 
cartilaginous, forming a core. 

d. Hip (an accessory fruit), several separate carpels enclosed within the 
fleshy or semi-fleshy receptacle. 

2. Dry fruits, pericarp dry at maturity. 

a. Dehiscent fruits, those which dehisce or split open when fully mature. 

(i) Follicle, composed of one carpel and splitting along a single 
suture. 

(ii) Legume, composed of a single carpel and splitting along two 
sutures. 
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(iii) Capsule, composed of several carpels and opening at maturity 
in one of four ways: 

• Along the line of carpel union (septicidal dehiscence). 

• Along the middle of each carpel (loculicidal dehiscence). 

• By pores at the top of each carpel (poricidal dehiscence). 

• Along a circular, horizontal line (circumscissle dehiscence). 

(iv) Silique, composed of two carpels which separate at maturity, 
leaving a persistent partition between them. 

b. Indehiscent fruits, those which do not split open at maturity 

(i) Achene or akene, a one-seeded fruit with the seed attached to 
the fruit at one point only 

(ii) Caryopsis or grain, a one-seeded fruit in which the seed is 
firmly attached to the fruit at all possible points 

(iii) Samara, a one- or two-seeded fruit with the pericarp bearing 
a wing like outgrowth. A modified achene 

(iv) Schizocarp, consisting of two carpels which at maturity 
separate along the midline into two one-seeded halves, each of 
which is indehiscent 

(v) Loment, having several seeds, breaking into one-seeded 
segments at maturity 

(vi) Nut, a hard, one-seeded fruit, generally formed from a 
compound ovary, with the pericarp hard throughout 

B. Aggregate fruits 

Aggregate fruits consist of a number of matured ovaries formed in a single flower 
and arranged over the surface of a single receptacle. Individual ovaries are called 
fruitlets. 

C. Multiple fruits 

Multiple fruits consist of the matured ovaries of several to many flowers more or less 
united into a mass. Multiple fruits are almost invariably accessory fruits. 

D. Accessory fruits 

Fruits that develop from tissues surrounding the ovary are called accessory fruits. 
Accessory fruits generally develop from flowers that have inferior ovaries, and the 
receptacle or hypanthium becomes a part of the fruit. Accessory fruits can be simple, 
aggregate or multiple fruits. 
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5.4. Mango 

Pakistani mango has fame all over the world for its taste, color, and aroma. Mango 
export in European countries gives a lot of incentives. Pakistani mango charged about 
4-5 $ per Kg in USA. In Pakistan about 46 species of mangoes are cultivated. The 
main cultivated species have been presented in Table 1. 

Mango is grown on large area of Pakistan which is about 0.157 million hectare. Out 
of which 67% of the area fall in Punjab, 32% in Sindh, 0.8% in Balochistan and only 
0.2% in KPK. Pakistan totally produced 17 Million tons mango as mentioned in the 
Economic Survey of Pakistan 2011-12 (GOP 2011). 

The main growing areas of Pakistan for mango are Khanewal, Hyderabad, Multan, 
Bahawalpur, Rahim Yar Khan, Dera Ismail Khan, Sukkur and Mirpur Khas. Pakistan 
exports mango all over the world. In 2004-05 there were about 67 countries including 
major markets of Middle East, Saudi Arabia, USA, Dubai, UAE and Oman. 
Important buyers of mango in Europe are France, UK and Germany (Akhtar et al. 
2009). 

Tropical and subtropical climates are most favorable climate conditions for mango. 
Tree survives at 10-65 oC but optimum temperature is 21-27 oC. Highest production 
and good quality mango is obtained when non-freezing and cool period doesn’t 
prevail. Drought during fruit setting may increase yield and fruit size. Mango can be 
grown on wide range of elevation from sea level to 1200 m. Soil requirements are 
not so important in case of mango. Mango has medium tolerance to water logging 
soils (Morton 1987). 

Bioactive components contained in the different parts of mango have also shown 
anticancer activity in different tumour cell lines. Mangiferin is a plant natural 
polyphenol of xanthone structure with C-glucosyl linkage and four aromatic 
hydroxyl groups that have been considered crucial for its antiradical and antioxidant 
effect as well as for its pharmacological activity. This polyphenolic xanthonoid is 
one of the most potent antioxidants known and mainly found in many Anacardiaceae 
and Gentianaceae plant families (Andreu et al. 2005; Matkowski et al. 2013; Nguyen 
et al. 2016). 

More than 300 insect pests have been recorded as pests of mango crop in different 
regions of world. A crop loss of 50% or more has been recorded on heavily infested 
trees (Patel et al. 2004). 

Insect pests of mango 

5.4.1.  Mango plant hopper 

Technical name:  Idioscopus nitidulus (Walker) 

Family:    Cicadellidae 

Order:    Homoptera 
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Fig. 5.1 Mango plant 
hopper, Idioscopus nitidulus 
W. (Photo credit: Dr. M.A. 
Khan, UAF) 

 

Biology 

Mango plant hopper breeds on the new fleshy leaves and flowers, whereas the similar 
I. clypealis L. breeds on flowers (Hiremath and Thontadarya 1991). Adults (Fig. 5.1) 
are found throughout the year, and the population increases with the flowering of 
mango trees. Eggs are laid singly in the florets (100-200 eggs), near venial region of 
leaves and leaf lamina. The number of generations in a year depends upon 
geographical regions, flowering and production of new leaves. I. nitidulus has one 
generation per year in northern India but three generations per year in southern India 
(Viraktamath 1989). It has also been reported that environmental factors such as 
temperature, humidity and rainfall are important in regulating the population of 
mango plant hoppers (Tandon et al. 1983). 

Description of stages 

Adult: Pale yellow in colour and elongated. 

Egg: Laid singly in the unopened flowers, tissue of the panicles or young leaves. 

Nymph: Pale yellowish in colour. 

Damage 

Nymphs and adults of I. nitidulus suck phloem sap from the inflorescences and 
leaves. Their feeding and egg laying in any part of plant cause physical injury and 
hinder the fruit development. Honeydew excretion causes damage due to sooty mold 
which affects the photosynthetic activity and reduces yield. 

Losses estimated due to leaf hopper are about 50% in commercial orchards. 
Symptoms of attack of plant hopper are marginal chlorosis (yellowing) and necrosis 
(browning) which is known as “hopper burn” or “tip burn”. Injured leaves fall 
prematurely. 

Management 

Physical control 

Plants exhibiting the scorch like symptoms or distorted and stunt growth of aster 
yellow should be removed. 
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Cultural control 

Avoid over fertilization which may increase population of plant hopper. Use of 
resistant varieties of mango to avoid pest attack. 

Biological control 

Biological control can be obtained by using Anagrus atomus L. an active parasitoid 
of plant hopper. This is very small egg parasitoid. It parasitizes eggs and turns them 
into red as wasp reaches end to its incubation. Big eyed bug, damselfly, assassin bug, 
lacewing are common predators of leaf hopper. 

Chemical control 

Spray at recommended doses only where it is needed with Confidor 200 SL (80 
ml/100 litre water), Actara 25 WP (24 g/100 litre water), Mospilan 20 SP (125 g/100 
litre water), Clypso and Imidacloprid 70 WS (100 g/100 litre water). Dipterex 80 SP 
(100-160 g/100 litre water) also give effective control of plant hopper (Hiremath and 
Hugar 1989). 

 

5.4.2. Mango mealy bug 

Technical name:  Drosicha mangiferae (Stebbins) 

Family:    Pseudococcidae 

Order:    Hemiptera 

Biology 

Mealy bug has 4-5 instars, 4 in case of female and 5 in case of male. There is only 
one generation per year. Eggs hatch out in December and January after diapause in 
ovicases in soil. First instar bugs move towards leaves and molt three times to 
become adults. Males are similar to female until to reach to prepupa. Prepupa is little 
bit active for short time. It forms waxy test and molt in pupal stage. Adult (Fig. 5.2) 
appears in April, mate and again female descends into the ground. Ovicases are 
produced and eggs are laid. Female may lay about 250-300 eggs which are pinkish 
and minute (Banta 2016). 

Description of stages 

Female Adult: Wingless, have oval and flattened body covered with white powder. 

Male: Winged; forewings black and hind wings are modified into halters. 

Eggs: Oval shaped eggs appear pink at start then become pale. 

Damage  

Mealy bug is an economic pest in mango orchard. It is a sucking pest and sucks the 
sap from plant tissues. Excretion of honeydew results in sooty mold development 
and affects the photosynthetic antivitamin of plant. Once fruit get infested, these can 
be entirely covered with the white waxy coating of the mealy bug. Fruit can drop due 
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to infestation or fruit may remain on host in dried and shriveled condition. Attack on 
flowering stage gives bad quality fruit. It is estimated that there are 50% losses 
caused by mealy bug in mango orchard (Sathe et al. 2014). 

Fig. 5.2 Manog mealy bug, 
Drosicha mangiferae S. 
(Reproduce with 
permission by: Pooranji et 
al. 2012) 

 

Management 

Cultural control 

Soil racking under tree in the month of May should be excavated to the depth of 
15cm which expose eggs to sunlight. Hoeing is recommended three times during 
June, July and August. Alternative host like weeds and grasses should be removed 
by ploughing during June and July. Flooding of orchard with water is recommended 
to kill eggs in October (Karar 2010) 

Physical control 

Apply sticky bands in the beginning of January on main trunk of the tree. Insect will 
slip and fall or stick with those bands and will be unable to move further. Nymphs 
near tree base can be controlled by applying insecticide. Funnel trap can also be used 
against mealy bug (Nandi and Chakraborty 2015). 

Biological control 

At present there are about 21 parasitoids and 41 predators known, which are used to 
control mealy bug. Gyranusoidae tebygi N. is a parasitoid. Cryptolaemus 

montrouzieri H. is a well-known predator of mealy bug. In Pakistan commercially 
reared biological control agent is Aenasius bambawalei H. which is an important 
parasitoid. 

Chemical control 

Chlorpyriphos 500 EC (400 ml/100 litre water), Monocrotophos 36% SL (400-500 
ml/100 litre water), Methyl parathion (300 ml/100 litre water), Curacron 250 EC (800 
ml/100 litre water) and Lorsban 40 EC (1000 ml/100 litre water) are important 
insecticides against mango mealy bug (Gulzar 2015). 
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5.4.3. Mango fruit fly 

Technical name:  Bactrocera dorsalis (Hendel) 

Family:    Tephritidae 

Order:    Diptera 

Fig. 5.3 Mango fruit fly, 
Bactrocera dorsalis H. 
(Photo credit: M.A. Khan, 
UAF) 

 

Biology  

Adult female lays eggs under the skin of mango fruits. Females lay about 25 eggs in 
a day. Eggs are of creamy white and spindle shaped. Female flies puncture the fruit 
with their ovipositor and also push bacteria inside fruit which cause decay of fruit. 
After two days, creamy color maggots hatched out from the eggs. It feeds on flesh of 
fruit. Larval periods ranges from 10-12 days and larvae have 3 instars. The infested 
fruit drops and larvae go into soil to a short distance. After 11 days, adult emerges 
from the pupa. Adult fruit flies (Fig 5.3) are predominantly black and have size of 
housefly (Aluja and Liedo 2013). 

Description of stages 

Adult: It is little bigger than housefly and stout having brownish colour and 
transparent wings. 

Eggs: Under favorable conditions female lay up to 150-200 eggs. 

Maggots: Opaque, legless maggots and yellow in colour. 

Damage 

Fruit flies have about 61 species. Main sign of infestation is puncture fruits. Fruit fly 
maggots decay fruit flesh. Flesh is converted into soft, mushy mess. After all these, 
fruits fell down. Signs of infestation are rot and chlorotic spots. It causes rotting of 
fruit which makes it unsustainable for the consumption of human being (Simberloff 
2009). 
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Management 

Cultural control 

Crop sanitation is very important, simple and effective. It consists of cleaning of 
fallen fruits from orchard which provide breeding place to fruit fly. The collected 
fruit may burn or feed to animals or pick in plastic bag tightly and put under sun for 
several days (Liquido 1993) 

Physical control 

Different types of traps are used to control fruit fly physically. These are of two types. 

1) Pheromone traps 

2) Bait traps 

Pheromone trap (Methyl euogenol), synthetic mimic of sex pheromones of fruit fly, 
is used to attract male flies in trap. Food bait is used to attract both male and female 
fruit flies in the trap. Food bait includes the sugar, petroleum jelly, protein 
hydrolysate and insecticides (Khan et al. 2005). 

Biological control 

Many biological control agents are found to control fruit fly but level of parasitism 
is very low as Diachasmimorpha longicaudata A. parasitize only 5% fruit flies. 
Forpius arisanus S. also a parasitoid of fruit fly but has very low efficiency of 
parasitism (Baranowski 1987). 

Chemical control 

Fruit fly can be controlled by following insecticides which are commonly available 
in market (Ashfaq 2013). 

1) Malathion (1000 ml/100 litre water) 

2) GF-120 (1500 ml/100 litre water)   

3) Diptrex (100 g/100 litre water)   

4) Dimethoate (400 g/100 litre water) 

5.4.4. Mango Stem Borer 

Technical name:  Bactrocera rufomaculata (De Geer) 

Family:    Cermbycidae 

Order:    Coleoptera 

Biology 

It is a serious pest of edible fig, mango, guava and walnut. Females cut the tree bark 
and lays eggs in the cut singly; 200 eggs totally. Eggs are brownish white of about 
6.2 mm size. After hatching larvae start tunneling in sapwood and branches of host 
tree; larvae develop in about 2 years. Pupation occurs in the host tree stem. Adult 
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emerge in July and August. One generation per year is reported. Maximum life of 
the adult (Fig 5.4) is 8 months (Kfir et al. 2002). 

Fig. 5.4 Mango stem borer, 
Bactrocera rufomaculata 
(De Geer) (Photo credit: 
M.A. Khan, UAF) 

 

Description of stages 

Adult: Adult is dark and two kidney shaped orange yellow spots are present on 
pronotum 

Grub: Grubs have cream colour with dark brown head. 

Damage 

Female bore into trunk and lay eggs. The larvae emerged from eggs feed on sapwood. 
They make tunnel measuring 2-3cm in width that cause large damage. Large tunnels 
damage by interfering with sap flow and affect foliage and fruit production. It often 
leads to death of tree. Important symptoms of the infestation are the holes on the bark 
due to feeding (Kumar et al. 2012). 

Management  

Control measures for B. rufomaculata D. are very expensive and laborious. 

Physical control 

Physical control of mango stem borer is to eradicate its grubs outside the plant. A 
hard wire is inserted to the borer hole to kill the larvae and pupae.  The borer hole is 
plugged with the cotton soaked in kerosene, petroleum oil. 

Cultural control 

Pruning and cutting of infested branches and dead tree chipping from the orchards, 
chipped and burning the infested material, make cultural control. 

Chemical control 

There are many chemical controls which are used against long horned beetle. Pouring 
kerosene oil, creosote, petrol, crude oil or formalin into the hole and then closing of 
entrance with mud or cotton plug soaked with above mentioned compounds can kill 
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the grub. Imidacloprid 70 WS (100 g/100 litre water) is mainly recommended against 
the pest. 

5.5. Apple 

A famous saying for apples “An apple a day keeps the doctor away”. Apple is 
considered as a healthy, nutritious and delicious fruit. Pakistan is ranked 6th among 
the apple producing countries of the world. Color of the fruit is very fantasizing 
green, yellow and blood red. Potential exists to export fruits and vegetables in 
surrounding markets of Pakistan like Bahrain, Bangladesh, Dubai, Kuwait, Saudi 
Arabia, Singapore and Hong Kong. Table 2 present varieties cultivated in different 
areas of Pakistan (Asif 2002). 

In Pakistan, apple is grown as a commercial fruit plant from long time in Dir, 
Mansehra, Swata, Parachinar, Hunza, South and North Waziristan agencies. Swat 
region covers an area of more or less 4,000 Sq. miles in the Malakand Division. This 
area river valley encircled by mountain. Swat district of KPK is the next most 
Vitaminal area for apple producing states in the districts of Dir, Mansehra, 
Abbottabad, Hunza and Chitral (Asif 2002). The share of KPK and Balochistan is 
60% and 25% respectively in apple production followed by 15% share of Punjab and 
Sindh in Pakistan (GOP 2012). 

Apple is a temperate fruit crop, except in India where it is not grown in those areas 
which fall in temperate zone. It is grown in Himalayan ranges and at higher altitude. 
It requires summer temperature near about 21-24oC. Apple grows well in those areas 
where these trees experience uninterrupted rest in winter and abundant sunshine for 
good color development. It can be grown at an altitude of 1500-2700m above the sea 
level and receive rainfall of 1000-1250mm throughout the growing areas. Apple 
show good performance in well drained, loam soils having depth of 45cm, with pH 
ranging from 5.5-6.5. Soil should be free from hard substrata and water logging 
condition (Naor et al. 2003). 

5.6. Insect pests of apple 

There are many well know insects which are considered as pest of apple fruit and 
tree. 

5.6.1. Codling Moth 

Technical name:  Cydia pomonella (Linnaeus) 

Family:    Tortricidae 

Order:    Lepidoptera 
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Fig. 5.5 Codling moth, 
Cydia pomonella L. 
(Permission granted by: 
Jack De Angelis) 

 

Biology 

The wingspan of Codling moth is 0.5 to 0.75 inches. Dark brown strip is present at 
the tip of forewing; codling moth in apple orchards which is distinct from the other 
butterflies (Fig 5.5). Eggs are laid singly by female on fruits and on leaves late in the 
season. When eggs are laid firstly they are smaller in size, white needles and plates 
shaped and milky colored. Before hatch out black larvae become visible inside the 
eggs. When larvae hatch out its color is white and bears a black head. Mature larvae 
have 0.5 to 0.75 inches length and are pinkish white with brown heads. Per year 2 to 
4 generations of codling moths are recorded (Giner et al. 2009). 

Description of stages 

Adult: Greyish brown. Fore wings are dark greyish having wavy lines and hind 
wings are pale grey. 

Eggs: Small shining scale like eggs are present singly on the leaves, young fruits or 
branches. 

Larva: Pink or creamy white bearing 8 pairs of legs brown head. 

Pupa: Yellowish brown in colour. 

Damage  

Two types of fruit damages are reported from attack of codling moth; first by entering 
in the fruit and second by stinging. The larvae pierce the skin of the fruit, bore into 
the core, damage the seeds and feed in the hole. Immature can enter through either 
side of the fruit from stem side or from calyx. Faeces can be collected from fruit 
holes on the surface. This is a visual sign of codling moth infestation (Giner et al. 
2009). 

Management 

Codling moth can be controlled by adopting following control measures. 

Cultural control 

Proper sanitation conditions should be maintained by removing host trees in the 
vicinity which are unwanted (apple, walnut and pear) for elimination of pest. This 
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can also be controlled by improving spray coverage. Another method of control is 
removal of fruit piles and picking boxes. Manual removing of dropped fruits during 
each generation time may help to reduce population. 

Physical control 

Pheromones (Pherocon-r 1CP) can be applied for monitoring of the pest. Sprayable 
pheromones are recommended for its control commonly available but they have very 
short residual period. Sex pheromones can be applied in different types of traps. 

Biological control 

Although natural enemies of codling moth are still unknown to keep the pest 
population below economic threshold but releasing of Trichogramma platneri N. the 
egg parasite, can be applied to reduce codling moth population, Researches revealed 
less effectiveness and cost expensiveness of this technique for the growers. 

Chemical control 

Chemical insecticides can cause mating disruption and directly kill the insects. The 
insecticides used for the control of codling moth are Isomate-C Plus, Isomate-C TT, 
CheckMate CM and Suterra Puffer. Insecticides used against codling moths are 
Chlorantraniliprole 18.5% SC (50 ml/100 litre water), Spinetoram (700 ml/100 litre 
water), Acetamiprid 20 SP (40-50 g/100 litre water), Lambda-Chyalothrin 2.5 EC 
(250 ml/100 litre water) and Thiacloprid 48 SC (40 mg/100 litre water). 

5.6.2. Apple maggot 

Technical name:  Rhagoletis pomonella (Walsh) 

Family:    Tephritidae 

Order:    Diptera 

Biology 

Apple maggot is innate pest of the eastern U.S. and Canada. It was discovered in 
1979 in Origin and then moved into states of California, Washington and other 
Western parts of U.S. Adult flies are smaller in size as compared to houseflies having 
clear wings with black bands, white spots are present on the back of thorax, and a 
black abdomen having light-colored cross bands. Four cross bands on female 
abdomen and three on male. Eggs are inserted into shoots, stems and leaf veins. 
Nymphs emerge after 10 days which are wingless. They have five developmental 
stages between 12-30 days. Nymphs gain wings as insect grow larger. This pest has 
usually one generation per year but some may have six (Filchak et al. 2000). 

Description of stages 

Adult: Black in colour and smaller than house fly. White bands are also present on 
its abdomen. Wings are marked with four oblique black bands. 

Eggs: white, elongated and slightly curved. 
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Damage 

Female of apple maggot lays single egg under the skin of fruit. The larvae make holes 
in fruit and starts feeding on flash. This is the main damage which make the fruit 
unfit for consumption. The insect pest causes injury to the plant and bacterial activity 
causes rotting of fruit which makes the fruits unfit for consumers. 

Management 

Physical control 

Apple maggot is physically controlled by using different traps which may be 
pheromone traps or may be baited trap. Baited trap used are bait + GF120 to control 
adult flies. Mass trapping is done with plastic sticky sphere and dark-colored trap. 
One to two traps per tree can be used for effective control on pest. 

Chemical control 

Apple maggot can be managed by using organophosphate based insecticides for 
emerging adult flies. First application of spray can be done after 7 to 10 days when 
first fly emerge. After that spraying can be done at 10 to 14 days interval when adults 
are vigorous and can be trapped. Chemical used against apple maggots are Spinosad 
(GF-120) 240 SC (30 g/100 litre water) and Phosmet (Imidan) 50 WP (0.3-1.12 
kg/100 litre water). For bait purpose use of Corn Gluten Meal + Spinosad (Entrust) 
is recommended. 

5.6.3. Bud moth 

Technical Name:  Spilonota ocellana (Denis and Schiffermuller) 

Family:    Ortricidae 

Order:    Lepidoptera 

Biology 

Larva is dark brown caterpillar having glossy black head. Mature mot hs are of gray 
color; look like to codling moth but are smaller in size with white strip transversely 
on the middle part. There are two generations per year. Adults resume activity in 
May and lay eggs which hatched out in last dates of June to July. In summer larvae 
feeds on leaves and entire surface of fruit. The adults start to appear in September 
and October. It is believed that adult emerged in summer can overwinter. These 
larvae appear in the end of winter, pupation occur in spring, adults emergence take 
place in May. 

Description of stages 

Adult: Adult of Apple bud moths is 1/2-inch (12.5 mm) long. They are triangular 
moths with a mottled gray-brown color pattern with prominent mouthparts that 
prolong beyond the head. 

Eggs: Eggs are green and near hatching is bronze. Eggs laid on upper leave surface 
in the masses having almost 150 eggs. 
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Larvae: Moth larvae have light brown to greyish in colour. And about ¾ inch 
(19mm) long. 

Pupae: The colour of the Pupae is light brown and their length is1/25 inch (10mm) 
long. 

Damage 

First the newly emerged buds and leaves in spring are attacked by this pest but it is 
not a problem unless populations are very high. The young trees or nursery stock can 
be seriously damages by boring of larvae into growing shoots and resulting restricted 
growth or abnormal tree form. Larval feeding on fruit by mature larvae can cause 
damage similar to leaf-roller feeding in early season. The young larvae feeding can 
cause cluster of tiny, circular excavations in the fruit in mid- to late summer. 

Management 

Physical control 

In recent years, this pest becomes the threat for organic apple orchards and the best 
time to suppress this pest is before bloom. The monitoring orchard in July and August 
is also helpful to manage the pest. The pheromone traps can be installed in the 
plantation by 1st May but their maintenance should be carried out throughout the 
growing season. 

Chemical control 

Synthetic pesticides are applied in conventional orchards for easy control of bud 
moth. Spinosad (Entrust) 240 SC (30 g/100 litre water) can be used for control during 
pre-bloom season and 2 spray in June and July. Alternation of spray with Bacillus 

thuringiensis may help to reduce risk of development of resistance. Spray will be 
effective if applied in warm and dry weather when larvae are immature. 

5.6.4. Woolly apple aphid 

Technical name:  Eriosoma lanigerum (Hausmann) 

Family:    Aphididae 

Order:    Homoptera 

Biology 

The main attacking region of woolly apple aphids is trunk, limbs, shoots and seldom 
on fruit (Fig 5.6). Wool like white and waxy masses of bark feeding aphid bodies 
covers the tree completely. Aphid found on tip of the tree in clusters and on roots 
especially during winter season. Migration of nymphs can be observed in downward 
and upward on the infested trunk during summer and fall. 

Description of stages  

Adult: Winged adult female have a pair of transparent wings while wingless adult 
female have purple brown color and its body is covered with waxy threads. 

Eggs: Oval shape eggs 
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Nymph: Bluish white in color. 

Damage 

Whitish colonies are mostly found on the plants which are newly grown and have 
succulent tissues, unhealed pruning wounds, water sprouts or cankers. High 
incidence of pest causes sooty mold due to honeydew excretion of aphid and galls on 
different plant regions. Settlements which are beneath the ground can be found all 
over the year in the root systems. Severe attack on roots can arrest or kill the growth 
of young trees, but damage to mature once is less. Woolly Apple Aphid can also 
transmit Pezicula malicorticis J. which is also known as apple canker. 

Fig. 5.6 Woolly apple 
aphid, Eriosoma lanigerum 
H. (Reproduced with 
permission by: Charley 
Eiseman, 2011) 

 

Management 

Cultural control 

Most recommended and mostly used cultural control practice is the use of resistance 
rootstock. Winter Banana (an apple variety) is known as most susceptible variety to 
aerial galls. Yellow Newtown is mostly found under attack on the calyx end. 
Rootstock Rubasta-5 and number-111 and -106 are resistant to attack of this pest. 

Biological control 

Aphid parasite Aphelinus mali H. can control the colonies of aphid on aerial portion 
of the tree. 

5.7. Citrus 

Citrus is the 2nd largest fruit exported from Pakistan. It is important due to its 
nutritious value as well as due to its economic importance. Citrus is not a single fruit 
it is a combine term used for Citrus fruits including mandarins, grapefruit, oranges 
and lemons, from all these mandarins (Kinnow) is of great importance to Pakistan. 
The soil and climate plays an important role in giving a unique taste and flavor which 
is distinguished from all cultivars grown all over the world. Main citrus growing 
areas of Pakistan are Distract Sargodha, Sahiwal, Jhang, Lahore, Gujranwala, 
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Sialkot, Minwali and Multan, in Punjab province. Similarly, Mardan, Peshawer, 
Swat, Swabi, Noshera and Hazzara in KPK, Sukkur, Khairpur and Nawabshah in 
Sindh and Mekran, Sibi and Kech in Baluchistan are main areas of citrus production 
(Ahmad et al. 2005). Main citrus growing varieties of Pakistan are given in table 3. 

Pakistan is growing citrus on about 0.19 million hectare area on an average. The 
annual production increases from 1,760 (000) tons in 2003-04 to 1,832 (000) tons in 
2011-12. As far production of citrus on province level is concerned, Punjab 
contributs 95.6% share in production on 94.5% of total citrus growing area while 
Sindh shares 1.6%, KPK 2.1% and Baluchistan contributes about 0.7% in total 
production (GOP 2012). 

Citrus grows well in the tropics. Sweet oranges proliferate in this region, but their 
skins remain pale greenish and do not develop a bright orange color due to a lack of 
lower temperatures before harvest. In subtropical climates with hot, humid summers 
and mild winters, large, sweet fruits with high juice quality and content are produced. 
In semitropical and Mediterranean climates citrus fruits have the brightest skin color, 
smoothest skins and an optimal blend of sweetness and acidity for fresh fruit 
production. Citrus crops can be grown on the soil varying from sands to clay loams 
with different water holding capacities, drainage conditions and irrigation needs. 
Root growth occurs when soil temperatures range from 25 to 30 °C with most active 
root growth occurs between 53.6 to 95 °F soil temperatures. Well-drained soils with 
a pH of 5.5 to 7.0 and low salinity are ideal for the production of citrus. Yields are 
almost halved when pH drops to 4.5 (Radoglou et al. 2008). 

5.8. Major pests of citrus 

Citrus production is mainly effected by pests. They reduce production as well as 
damage the export quality of the fruit. Major pests from which we are dealing now 
are: 

5.8.1. Citrus leaf miner 

Technical name:  Phyllocnistis citrella (Stainton) 

Family:   Gracillariidae 

Order:    Lepidoptera 

Biology 

Adult citrus leaf miner is a small moth about 2 nm long (less than 0.12 inches) having 
wingspan of about 4 mm (about 0.25 inches). Wings are silver and white with brown 
and white glittering markings and distinct dark spots on each wing tip. After the eggs 
are laid off, they hatch within 4-5 days; newly hatched larvae in the leaf begin 
shallow, meandering coal feeding immediately. With the increase in size of the larvae 
when the mines become more apparent, larvae molt 4 times in 1-3 weeks. Mature 
larvae pupate inside the mine. It rolls edges of leaves and cover the pupa with silk 
for protection. Whole life cycle of leaf miner is completed in 2-7 weeks, depending 
upon different weather conditions (Badawy 1967). 
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Description of stages 

Adult: Silvery white colour. Fringes of hairs are present on fore and hind wings. 
Fore wings also have black spots along the tip. 

Eggs: It lays eggs on the lower surface of the leaves which are minute and 
transparent. 2 or 3 eggs are present per leaf and hatch in 2-10 days. 

Larva: Its colour is pale green or pale yellow. Larva has no legs and has well 
developed mandibles. 

Damage 

Citrus leaf miner larvae make tunnels and feed inside these hollow tunnels, known 
as mines in the leaves. This is the most common pest on citrus as well as found on 
closely related plants (calamondin and kumquat). Mining is always done by the 
larvae on lower side of the leaves or on the surface to make them twist and look 
slanted. Established citrus plants more than 4 years old generally do not respond to 
damage like leaves growth and fruit yield. Citrus leaf miner may cause damage to 
nurseries and the growth of young trees is arrested by leaf miner pests. 

Management 

Mechanical control 

Bait traps with pheromones (insect attractant) can be used for citrus leaf miner to 
control when moths fly and start depositing eggs. From March to November 
pheromone traps can be hanged at about chest height. Effective control depends upon 
frequency of trap per unit area. 

Cultural control 

Citrus leaf miner attacks the new citrus trees flush. Pruning of branches more than 
once in the year should be avoided so flushing cycle remains consistent. After 
hardening of the leaves pest will not be able to mine in the blades. Do not cut the 
leaves of damaged citrus because the leaves which are undamaged still producing 
food in trees. Do not apply fertilizer when leaf miner population is high and flushing 
growth because it can cause serious damage. Resistant varieties of citrus should be 
encouraged. 

Biological control 

Citrus leaf miner has many parasites including Cirrospilus and Pnigalio species but 
they are pesticide sensitive. Broad spectrum insecticides may interrupt their field 
Vitamins. All over the world, citrus leaf miner population is effectively controlled 
by using parasitic wasps. 

Chemical control 

Because leaf miner can hinder the growth and development of the young trees, so the 
insecticide application is necessary for the protection of nursery trees and new 
planted nurseries of the citrus. Imidacloprid (20-50 ml/100 litre water) can give long 
term (1 to 3 months) control by application via the irrigation for immature trees or to 
the soil of potted plants. Thiamethoxam 70 WS (350 g/100 litre water), 
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Chlorantraniliprole 18.5 SC (1200 ml/100 litre water), Methoxyfenozide 5 EC (400 
g/100 litre water) and Acetamiprid 20 SP (200 g/100 litre water) also give effective 
control. Ovicides such as oil or Diflubenzuron (Micromite) should be applied during 
peak flights of moths. 

5.8.2. Asian Citrus Psylla 

Technical name:  Diaphorina citri (Kuwayama) 

Family:    Psyllidae 

Order:    Hemiptera 

Biology 

Length of adult is 3-4 mm long with dotted brown body. Head is brown, but Trioza 

erytreae have blackheads. Citrus psyllid nymphs are 0.02 cm long in length, from 
0.15 to 0.17 cm, in 5th instar. These are generally yellow and orange in color. Citrus 
psyllid eggs are about 0.3mm long, elongated, almond-shaped, thick base and taper 
toward the distal end. Eggs are laid in the leaf buds between growing tips. Females 
can lay more than 800 eggs in their lives. Complete life cycle requires 17-45 days, 
depending upon the environmental conditions. Adults may live for several months. 
There are 9 to 10 generations in a year. However, 16 generations are observed in field 
cage (Pluke et al. 2008). 

Description of stages 

Adult: Brown colour while head is pointed and its colour is lighter brown. Length 
of adult is 3 mm. Wings are semitransparent and membranous. 

Eggs: Pale yellow whose length is 0.3mm 

Nymph: The nymphs have orange yellow colour and are louse-like. 

Damage 

The attack of psyllid causes huge loss of sap from the foliage. It also transmits 
pathogen Candidatus liberibacter that can cause Huanglongbing also known as citrus 
Greening disease. Symptom of greening is named as citrus chlorosis in Java, leaf 
mottling in Philippines, likubin in Taiwan, Honglongbing in China and citrus 
greening in Pakistan (Halbert and Manjunath 2004). 

Management 

Mechanical control 

Mechanically citrus psylla can be managed by the installation of yellow sticky cards 
for one trap per 1/4 Km. Traps can work more effectively when trees are fully grown 
and young leaf flushes are absent and especially after a flush has stiffened. This pest 
is attracted toward newly grown leaves because they have volatile signals in addition 
to the color in leaves. This method is only effective for monitoring adults. 
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Biological control 

Natural enemies of Diaphorina citri K. include syrphids and chrysopids, more or less 
12 species of coccinellids, and several parasitic wasps; most important is Tamarixia 

radiata (Waterston). T. radiate W. was adopted in citrus growing areas but due to 
low parasitism rate it was not counted as efficient parasite. Thus, these releases are 
now confined on residential citrus where area wide pesticide applications are difficult 
to achieve the control (Grafton-Cardwell et al. 2006). 

Chemical control 

It is a general principle that only one pesticide can’t control all stages of citrus psylla 
because all stages of the pest are difficult to contact with insecticides. Neonicotinoids 
have systemic mode of action so these are considered to be the best for application 
during June and September. Tree injection technique can also be effective technique 
against citrus greening if tree is injected with tetracycline antibiotics where the vector 
is kept under control. Fenpropathrin EC (300 g/100 litre water), Beta-Cyfluthrin SC 
(250 ml/100 litre water) and Zeta-Cypermethrin 10 EC (330 ml/100 litre water) also 
give effective control to citrus psylla (Grafton-Cardwell et al. 2006). 

5.8.3. Citrus fruit fly 

Technical name:  Bactocera zonata (Saunders) 

Family:    Tephritidae 

Order:    Diptera 

Fig. 5.7 Citrus fruit fly, 
Bactocera zonata S. (Photo 
credit: Dr. J.N. Ahmad, 
UAF) 

 

Biology 

Adult females lay eggs under the skin of citrus fruits. On an average female lay about 
25 eggs in a day. Eggs are of creamy white and spindle shaped. Female fly punctures 
the fruit with her ovipositor which also pushes bacteria inside fruit which cause decay 
of fruit. After two days maggots hatched out, this is of creamy color. It feeds on flash 
of fruit. Larva is of creamy color. It feeds on flash of fruit (Fig. 5.7). Larval period 
10-12 days, larvae has 3 instars. The infested fruit drops and larvae go into soil to a 
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short distance. After 11 days adult emerges from the puparium. Adult fruit flies are 
predominantly black and have size of housefly (Aluja and Liedo 2013). 

Description of stages 

Adult: Reddish brown and have yellow cross bands on abdomen. Wings are 
transparent. Small brown spot is present on the tip of each wing 

Maggots: Dirty white, wingless and headless. 

Eggs: White color with cylindrical shape. 

Damage 

Fruit flies have habit to lay eggs inside the fleshy part of the fruit and vegetables. The 
maggots which often feed on soft flesh of the fruit result in conversion of flesh into 
very soft and mushy mess. The main sign of infestation is presence of punctured fruit 
in the orchards.  Fruit fly plays an important role in decaying of fruit flesh. Signs of 
infestation are rot and chlorotic spots (Simberloff 2009). 

Management 

Cultural control 

Crop sanitation is very important, simple and effective. It consists on cleaning of 
fallen fruits from orchard which provide breeding place to fruit fly. The collected 
fruit may be burnt or fed to animals or picked in plastic bag tightly and put under sun 
for several days (Liquido 1993). 

Physical control 

Different types of traps are used to control fruit fly physically. These are of two types. 

1) Pheromone traps 

2) Bait traps 

Pheromone traps are used to attract male insect in trap to stop reproduction for new 
generation. Methyl euogenol is the synthetic mimic of sex pheromones of fruit fly 
which attracts male into the trap. 

In bait traps beside of using pheromones food bait is used to attract both male and 
female in the trap, food bait included the sugar, petroleum jelly, protein hydrolysate 
and insecticides for male methyl euogrnol used and for female sugar  (Khan et al. 
2005). 

Biological control 

Many biological control agents have been found to control fruit fly. Several species 
of wasp attack on maggots e.g., Diachasmimorpha congicaudata A. but their level 
of parasitism not greater than 5%. Forpius arisanus S. also a parasitoid of fruit fly 
but have very less efficiency of parasitism (Baranowski 1987). 
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Chemical control 

Fruit fly can chemically be controlled by following pesticides which are now a days 
commonly available in market (Ashfaq 2013). 

1) Malathion (1000 ml/100 litre water) 

2) GF-120 (1500 ml/100 litre water)   

3) Diptrex (100 g/litre water)   

4) Dimethoate (400 g/litre water) 

5.9. Guava 

Guava, Psidium guajava L., belongs to family Myrtaceae. Guava is a tropical fruit 
which is rich in nutritional value. Its unique flavor, taste and health-endorsing 
qualities, easily fit it in the nutritional foods category which is often known as “super-
fruits”. In contemporary conditions guava is mostly grown in Hawaiian Island, South 
Asian countries, Cuba, India, Brazil and Pakistan. Almost all the provinces of 
Pakistan are growing guava. The major growing areas are Gazipur, Shariqpur, 
Lahore, Sangla Hill, Gujranwala and Sheikhupura. Commercially grown varieties of 
guava in Pakistan given in table 4. 

Total production of guava reported in 2011-12 as 527 (000) tons. Pakistan is on 2nd 
number in world in the production of guava. Punjab contributes 80% of total guava 
production and remaining 20% is shared by all three provinces (GOP 2012). 

Tropical and sub-tropical regions are suitable for successful guava production. The 
yield can likely increase and quality enhanced in areas having discrete winter season. 
Guava can be grown on 1515 m altitude from sea level. Young plants are susceptible 
to cold and drought. For blossoming and fruit development dry climate is needed but 
very warm climate at the stage of fruit development can provoke fruit dropping. 
Performance of guava is well in heavy clay soil to light sandy soil. It can tolerate pH 
range from 4.5 to 9.4, and is not salt resistant (Anonymous 2011). 

5.10. Insect pest of guava 

5.10.1.  Guava fruit fly 

Technical name:  Bactrocera zonata (Saunders) 

Family:    Tephritidae 

Order:    Diptera 

Biology 

Bactrocera zonata S. is a luminously colored little fly, approximately 5.4 mm in 
length.  Predominately black yellow stripes, it can be distinguished by the color of 
thorax, and mainly by the black spots on face when united form a black crosswise 
band. Eggs are deposited by the adult fly into the fruit. Eggs hatch within 22-26 hours 
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at 25 oC. Larvae damage fruit by tunneling. Larvae from a puparium develop into 
adult fruit fly. Adult flies emerge from puparium. Adult females cause blemishes 
inside fruits. 

Description of stages 

Adult: Reddish brown and have yellow cross bands on abdomen. Wings are 
transparent. Small brown spot is present on the tip of each wing. 

Maggots: Dirty white, wingless and headless. 

Eggs: White colour with cylindrical shape. 

Damage 

Adult flies lay eggs in the fleshy portion of the guava fruit which is freshly developed. 
When maggots emerge from the eggs they start feeding inside the guava fruit. As a 
result of the feeding, the fleshy fruits become soft and mushy mess. The damage 
causes guavas to rot. Fruit fly infestations often spread quickly, but prompt treatment 
can get populations under control. 

Management 

Guava fruit fly can be controlled by adopting following control measures. 

Cultural controls 

Ideally, it would be best to avoid planting fruit fly susceptible trees. Management 
will be easier on multi-grafted fruit trees. More else extra efforts are needed by time, 
skills and tools for keeping the plant height below 2. 5m. A good thumb rule is “when 
you can’t reach the height of the plant, cut it off”. In areas where winter in prolonged 
fruit fly die by itself which make the control easier. Due to increasing population 
numbers, late fruiting trees may be severely affected, through successive generations 
(Khan et al. 2010). 

Physical control 

To break the cycle of infection all damaged fruits must be destroyed. Remove any 
fruit from the tree with weeping or dimple clear sap because this is a sign that eggs 
have already been laid in the fruit. Destroy the fruit by immersing it in water and 
feeding it to poultry. Mechanical methods of controlling the oriental fruit fly make 
protective coverings or traps. Shrubs within 91.44m of larval hosts may be used 
advantageously in placing traps. The use of protective coverings is more effective 
than the use of traps (Ashfaq 2013). 

Biological control 

Fruit fly has no specific predator. Braconid wasps which are egg parasites; spiders 
catch adults in webs; ants and ground beetles feed on maggots; predatory flying 
insects such as robber flies and dragonflies are important. 

Chemical control 

Fruit fly can be controlled by following pesticides which are easily available in 
markets. 
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1) GF-120 (1500 ml/100 litre water) 

2) Malathion (1000 ml /100 litre water) 

3) Laser (210 g/litre water) 

4) Diptrex (100 g/litre water) 

5) Dimethoate (400 g/litre water) 

5.10.2. Black scale 

Technical Name:  Saissetia oleae (Olivier) 

Family:    Coccidae 

Order:    Hemiptera 

Biology 

It is difficult to identify scales at first sight. Many people have no idea about them 
that they are insects. Immature and adult females are wingless and they are immobile. 
If we try to recognize them on the basis of body parts then there are no body parts. 
Head is no separate body parts, specific character of adults female are that they have 
oval or round, flattened to humped appearance. Adult males are the easiest to identify 
and have a dark brown to black body up to 5.08 mm long and 3.175 mm wide with 
distinguishing H-shaped ridges on their backs. 

Females of many scale species have parthenogenesis. On maturity level, laid eggs 
are kept hidden under the body cover. Tiny crawlers emerged after hatching of eggs 
are yellow mostly. The crawlers cab blown by wind to other plants or walk over the 
plant surface. They establish and start feeding within a two days after emergence 
(Kapranas and Tena, 2015). 

Description of stages 

Adult: Dark brown to blackish in color and have convex shape with H-shaped ridge 
on their back. 

Eggs: Pale yellow in the start then turn into orange colour 

Nymph: Pale yellow to light brown in colour. 

Damage 

A severe black scale infestation affects the vigor of guava trees and its productivity. 
Scales insects have sucking mouthparts which are straw like and they suck fluid 
through them. Scales insects can occur on fruits, bark and on leaves. Symptoms 
include yellowing of leaves, wilted look and premature dropping of leaves. Scales 
infestation results in curled and deformed leaves or twigs. Armored scales infested 
bark and cause cracking of bark and exude gum. There are certain armored scales 
which feed on fruit and have aesthetic value (Martinez-Ferrer et al. 2015). 

Management 

Guava black scale can be controlled by adopting following control measures. 
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Cultural control 

Proper irrigation with appropriate growing condition is helpful. Removal of severely 
infested plant parts for eliminating scales from individual plant parts is also a 
promising cultural practice. Opening up tree canopies for eradicating scale insect is 
also very helpful. Moreover, pruning exposes insects to heat which increases the 
mortality rate of the insect. Preplanning the trees or plants for landscaping also helps 
in choosing plants which are pest free and most suitable to the local climate. 

Biological control 

Some predators and some small parasitic wasps especially bugs, lacewings, beetles 
and mites are few biocontrol agents of black scale. 

Chemical control 

Horticultural oils and certain systemic insecticides are recommended where scales 
are abundant enough and cause severe damage. Acephate (various brands) 40 EC 
(400 g/100 litre water) and imidacloprid 70 WS (100-250 ml/100 litre water) and 
certain other systemic insecticides are effective against scale insect. Systemic 
insecticides provide an edge for control where temperatures limit the use of oil 
sprays, similar is in the case of soil-applied products, where spraying the plant (large 
trees) is not practical (Martinez-Ferrer et al. 2015). 

5.10.3. Thrips 

Technical Name:  Thrips tabaci L. 

Family:    Thripidae 

Order:    Thysanoptera 

Biology 

The adults are minute and having slender body. Wing of thrips are hairy from the 
margins on both sides more else the wing are very narrow. Immature on thrips called 
as larvae or nymphs are similar in appearance as with adults, having narrow abdomen 
but these are wingless. Female lays eggs in plant tissues. Just a moment before 
hatching squeezing of egg occurs, it grows up to pre-pupal stage; they stop feeding 
and crawl down into the soil, and pupate in resting stage. After pupation adult 
emerge. Development from egg to adult takes 8-20 days but this depends upon 
temperature (Parker et al. 2013). 

Description of Stages 

Adult: Blackish or yellowish brown. Females have wings while male are wingless. 

Eggs: Kidney shaped eggs are laid by female singly in slits. 

Nymph: Pale in colour. They resemble to adults but are smaller and wingless. 

Damage 

Thrips feed on soft developing tissue. Thrips feeding result in the formation of 
scratches on leaves and fruits known as stippling results in arrested growth. Damaged 
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leaves may become distorted. Infested leaves get rolled, discolored and dropped 
prematurely. Petals may exhibit “color break,” which is pale or dark discoloring of 
petal tissue, it is killed by thrips feeding before buds opened (Parker et al. 2013). 

Management 

Cultural control 

Thrips species that feed on many different plant species often move into gardens and 
landscapes when plants in weedy areas or grasslands begin to dry in spring or 
summer. So it is wise to avoid planting susceptible plants next to these areas or to 
control nearby weeds that are alternate hosts of certain thrips. In small gardens, thrips 
can be controlled with a spray of water. Prune and destroy injured and infested 
terminals when managing a few small specimen plants in the landscape. Regular 
pruning of infested parts can be especially effective with the gall-making Cuban 
laurel thrips 

Biological control 

Mites, including minute pirate bugs and predaceous mites, help to control certain 
plant-feeding thrips species. Certain predators and parasites of thrips are produced 
commercially and can be purchased through the mail, little or no research has been 
conducted on the effectiveness of releasing thrips predators or parasites in landscapes 
and gardens. Following are the some natural enemies of thrips; Chrysoperla spp., 
Orius spp. and Amblyseius, Euseius, Neoseiulus spp. 

Chemical control 

Effective against thrips infesting guava fruit trees are Mospilas 20 SP (125 g/100 litre 
water) and Confidor 200 SL (80-100 ml/100 litre water). 

5.11. Conclusion and future perspectives 

Fruits are important component of a healthy diet and adequate consumption could 
help to reduce a wide range of diseases. They play a significant role in human 
nutrition, especially as sources of vitamin C (ascorbic acid), vitamin A. thiamine 
(B1), niacin (B3), pyridoxine (B6), Folacin (also known as folic acid or folate), (B9), 
vitamin E, minerals, and dietary fiber. Fruit industry can play an important role to 
manage the food security issue of the world. The low production of fruit crops is 
attributed to abiotic and biotic factors especially insect pests. The insect pests are the 
major constraints in the enhancement of production and protection of fruits. These 
cause serious damage to fruits by deteriorating the export quality/quantity of fruits. 
The problem can be solved through adoption of integrated pest-management and 
ecologically based pest-management systems practices. The presence of pesticide 
residues in fruit products is another major issue in fruit production. Therefore, the 
toxic persistent insecticides should not be used for fruit production. The use of 
integrated pest management approaches will help for sustainable insect pest 
management as well as to increase the quality and quantity of the fruit crops. The 
adaptation of recommended pre- and post-harvest management practices can bring a 
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positive change in the export of fruits from Pakistan and uplift the livelihood of the 
farmers in the country. 

Table 1 Main cultivars/varieties of mango in Pakistan 

Almas Alphanso Anmol 

Anwar Retaul Baganpali Baramasi 

Budhia Muna Syed Burma Surkhi  Chunsa Kala 

Chunsa Late Chunsa Rampuri Chunsa Samar Bahisti 

Collector Dosehri Early Gold 

Fajri Gulabe Khas Haden 

Jagirdar Keitt Kingstone 

Langra  Malda Malda Late 

Maya Momi K Neelum 

Pop  Retaul Late Salehbhi 

Sanglakhi Saroli Saroli Early 

Saroli Late Sensation Sindhri 

Sobhedi Ting Springfels Swarnarika 

Taimuriya Tommy Atkins 

Totapari Yakata Zafaran  

Zardula    

Table 2 Main varieties of apple in Pakistan 

1. Golden Delicious 2. Red Delicious  3. Amri 

4. Anna 5. Sky Spur 6. Red chief 

7. Spartan 8. Ida Red 9. Starking Delicious 

10. Khandhari 11. Red Golden 12. Nagget 

13. Golden Russet   
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Table 3 Main growing varieties of citrus fruit in Pakistan 

Types of Citrus Varieties 

Sweet Orange: Succri, Mausami, Washington Navel, Jaffa, Red Blood, Ruby 
Red and Valencia Late.  

Mandarins: Feutrells Early and Kinnow 

Grape Fruit: Mash Seedless, Duncan, Foster and Shamber 

Lemon: Eureka, Lisbon Lemon and rough Lemon 

Lime: Kaghzi Lime and Sweet Lime 

Table 4 Commercially grown varieties of guava in Pakistan 

Variety Characteristics 

Safeda It is of medium size, thick white flesh, and very thin skin few 
seeds. 

Karela  Poor bearer, medium large, pear-shaped furrowed, rough skin 
with soft granular white flesh.  

Allahabad Large white fleshed with few fairly hard seeds 

Seedless Medium to large, with thick white flesh, firm to soft, light 
bearer. 

Red fleshed This variety is of medium size high in pectin with many fairly 
soft seeds, and good for jelly. 

Apple color It is slightly oblate deep pink skin, medium size, moderate 
amount of seeds, very sweet flavor.  
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