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The aim of study was to investigate the drought tolerance potential of different camelina genotypes/lines, optimization of
nitrogen, phosphorus, potassium rates and sowing date for camelina under normal and drought stress conditions, evaluation
of physiological, biochemical, yield, oil quality responses and evaluation of agronomic performance under field conditions. In
the first phase two laboratory experiments were conducted to screen out camelina genotypes for their drought tolerance
potential. On the basis of germination parameters and stress indices results camelina genotype 7126 was the most drought
tolerant and the genotype 8046 was the most drought sensitive genotype.ln the second phase, four pot experiments were
conducted to determine the appropriate fertilizer application rate (nitrogen, phosphorus and potash) and optimum sowing
date for camelina at 100% (normal) and 60% FC? (water stress) at seedling stage. The genotype 7126 showed better
performance under drought stress.Finally two field experiments were conducted during two consecutive years (2013-14 and
2014-15) in the fourth phase of study to estimate the effect of different irrigation treatments on yield and yield components of
two camelina genotypes. A significant reduction in all yield attributes was noted in water stressed plants during both the
years. However, camelina genotype 7126 gave maximum Yyield and yield components with three irrigations (irrigation 30 days
after sowing, one irrigation at vegetative stage, one irrigation at reproductive stage) followed by two irrigations (one irrigation

at vegetative stage, one irrigation at reproductive stage).
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The aim of present study was to control the seedling blight disease through beneficial microbes in maiz. Plant root response

to pathogens is different than to beneficial microbes. Better plant growth and survival demands the pathogens suppression
and beneficial microbe's stimulation. Under biotic stress, composition of root exudates changes for affective pathogen
control. Root exudates killed the Fusarium oxysporum, causing seedling blight in maize, while enhanced the growth of
beneficial bacteria under diseased condition. The analysis of root exudates by HPLC showed different profiles for control
(un-inoculated) and inoculated plants under diseased condition. Root exudes antifungal compounds, after getting signal
about the presence of fungal pathogens. Under such condition root exudates have multiple functions in the rhizospheric
interaction with the soil microbial population. The composition of root exudates is diverse and only a few compounds have
been shown to exert a direct effect on the pathogens. Root exudates of maize plant in diseased rhizosphere carried
antimicrobial gallic acid, chlorogenic acid and caffeic acid. Root exudates from un-diseased soil contained malliec acid and
cinnamic acid which do not have direct antimicrobial effect but they attract beneficial bacteria to suppress the pathogen and
promote growth. For one group the root exudates proves stimulator while suppress the other group with the same chemical
compound. Similarly phytoalexins, derived from root exudates of Arabidopsis help to induce resistance against Phytophthora

capsici while this phytochemical does not provide resistance against Phytophthora cinnamomi.
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Potassium (K) plays a role in crop growth, yield development, quality improvement and resistance against stress in all cereal

crops. Salt stress significantly decreased the wheat grain yield and elevated K improved wheat yield under control and salt
stress conditions.Two dimensional electrophoresis detected total 195 spots in all treatments. Under salt stress, with 3 mM K
application significantly changed number of protein spots and 124 spots were changed out of which 31 were up-regulated
and 112 were down regulated protein spots. Elevated K level (12 mM) under 100 mM NacCl significantly stabilize the protein
changes and total number of changed protein spots were 80 out of which up-regulated protein spots were 33 and 47 were
down-regulated spots. Total percent change in protein expression in shoot was 64% under salt stress with 3 mM K
application, but with elevated K level 12 mM significantly reduced percent change in protein that was 41%. It is concluded
that K fertilization shows some ameliorating effect under naturally salt affected soil as it was difficult to conclude the
ameliorating effect of K fertilization practically on developed salt affected soils using NaCl. It is concluded that while studying
Na-K interaction in soils, NaCl may not be used to develop salinity rather naturally occurring salt affected soils should be used

to see the ameliorating effect of K under high salt stress.
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Red rot of sugarcane caused by Colletotrichum falcatum is the most important disease of sugarcane. Specific internally red

[\—z

rot symptoms are the reddening of internal tissues with white spots, which are usually elongated at right angles to the long
axis of the stalk. The infected cane juice emits alcoholic smell. It has been observed that once the disease has appeared in

the field it is difficult to control. It is important to adopt recommended management practices to reduce pathogen build up in
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the field. Do not use infected seed because it becomes responsible to spread the disease from one year to next year. Use

resistant varieties against red rod like CPF-237, CPF-246, CP-77-400, CPF-72- 2086, CPF-247 and S2003-US-272. Do not
sow susceptible varieties because these are more helpful to spread the disease like COL-54, BL-4, CO-1148,
S2003-US-165, S2006-US-285, S2006SP-30, BF-162 and SPFG- 394. Crop rotation is helpful to reduce the disease. Dip

disease free cane setts in 5 % solution of Mancozeb for 5-10 minutes. This method is useful to control the disease.
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De Bary is an important and serious threat to successful potato production in the world. In Pakistan, PLB can induce 100%
yield losses under epidemic condition. Due to lack of resistance in indigenous potato germplasm, growers in Pakistan
manage the disease using fungicides. Excessive use of fungicides can lead to resistance resulted in the development of
isolates resistant to all fungicides. A predictive model was developed on ten years data of PLB severity and environmental
variables by using stepwise logistic regression. The model was validated by another regression model based on two years
data. The two models explained 75 and 82% disease variability, respectively. Maximum temperature, relative humidity and
wind speed appeared to be most significant variables in the PLB development during ten year and two year models. There
was significant correlation of maximum temperature, relative humidity and wind speed with PLB severity during ten years
(2001-2010) and two years (2011-2013). PLB severity increases with increase in the maximum temperature, relative humidity
and wind speed. The environmental variables conducive for the development of PLB were characterized on five potato
varieties/lines i.e., Desiree, Diamont, SH-5, SH-339 and FD35-36. Seven fungicides of which four systemic materials

(Fluopicolide, Iprovalicarb, Phenylamide and Ethyl hydrogen phosphonate) and three contact materials
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(Hexamethylenetetramine, Propineband Acitamide) were applied at recommended doses to manage PLB severity. The

results revealed that all the treatments significantly reduced the PLB as compared to the control. Application of Phenylamide
and Propineb were the most effective treatments in managing PLB severity, followed by Fluopicolide, Ethyl hydrogen

phosphonate, Acitamide, Iprovalicarb and Hexamethylenetetramine.
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Mango is an important fruit crop world widely as well as of Pakistan. In this study, actual picture of disease incidence was
presented in four mango growing districts of southern Punjab; Khanewal 83.2%, Multan 75%, Muzafergarh 67.9% and Rahim
Yar Khan 71.5%. It was concluded the southern Punjab which is hub for good mango production is under attack, while
northern Punjab and AJK were almost disease free. The cause was identified "Ceratocystis manginecans" a single fungus,
vectored by Hypochryhalus mangiferae for further spread and distribution. Actually, when the fungus Ceratocystis
manginecans systemically progress with the production of phenolic compounds, sclerides, epidermal thickness, tyloses,
hypahel proliferation in xylem tissues and stops the water translocation turns the tree to exudes gum, discoloration, wilting of
leaves and make the tree to dead, other saprophytic pathogens grow as secondary pathogens on dead tree bark for their
survival. So, the disease is no more a syndrome, it's better to named mango sudden death disease or mango quick decline.
Resistant and moderately resistant indigenous mango germplasm accessions from all nine districts were identified, as a
source of resistant germplasm. Carbendazim and carbendazim + Topsin-M was significantly reduced the disease progression
in green house and field experiments. Utilization of fungicides with moderately resistant and moderately susceptible source

can prevent the disease to destroy the mango trees.
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Sugarcane is an important cash crop of Pakistan, mainly grown for sugar and sugar-related production. Sixty genotypes of

sugarcane were collected which belonged to three different locations/research stations. The purpose of the experiment was
characterization of these sugarcane genotypes by morphological and molecular studies. Tillers/plant was significantly and
positively correlated with cane diameter while highly significant and negative correlation with internode length. Data was
analyzed using Principal Component Analysis (PCA) and Cluster analysis by ward's method. PCA analysis showed seven
principal components (PCs) with eigen value more than one and exhibited 72.1% variability in the genotypes tested. PCA
formed 4 groups of traits, named; quality related traits, morphological traits related to foliage, yield traits and morphological
traits related to variety identification. With the help of Tassel software following marker trait associations (P < 0.01) were
identified for all 19 characters: sugar recover was linked with marker no. 124, leaf margin with marker 102, no. of leaves/plant
with markers 108, leaf area with 124, cane length with 102, cane diameter with 102, internode length with 123, tillers/plant
with marker 45, Brix with 108, polarity with 93, purity with 124, fiber with 50 and CCS with 124, internode shape with 113,
growth habit with marker no. 66, bud type with marker 125, cane shape 41, trashing 102 and cane color with marker no. 82.
Some markers were found to be associated with more than one trait (P-66, P-102, P-108 and P-124). These markers have
pleiotrophic effects controlling respective traits. These can be used to improve the overall performance of the sugarcane

cultivars by pyramiding these respective loci in elite sugarcane lines by backcross breeding.
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Cabbage (Brassica oleracea) is a leafy vegetable, its production is highly influences by salt stress. Pakistan occupies 6.3

million hectares salt affected soils while about 40% are saline and 60% are saline sodic while 80 % of salt affected area in

Punjab is saline sodic. About 6.67 million hectares are affected by salinity, which is almost one third of the total cultivated
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area of Pakistan. A project was designed to screen out salt sensitive and salt tolerant cultivar. It was observed that Beauty

Ball was salt tolerant and Green Ball was found salt sensitive cultivar. Foliar application of 10 mM K (potassium) showed
better results than 5-ALA at 75 mg/L for alleviated the salt stress effect in these cultivars. Cabbage growers out to grow

Beauty Ball cultivar in salty areas along with foliar application of 10 mM K in salt stress areas.
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Tomato (Solanum lycopersicum) is highly valuable horticultural crop and is member of Solanaceae family. Tomato is

sensitive to saline areas. Therefore, it is highly damaged by salt stress. 80% of salt affected areas in Punjab are saline sodic.
About 6.67 million hectares are affected by salinity in Pakistan. A project was designed to screen out salt sensitive and salt
tolerant cultivar at UAF. It was observed that Rio Grande was salt tolerant and Savera was found salt sensitive cultivar. It was
further noted among various levels of Methyl Jasmonate used, 50 mM level of foliar application further alleviated the salt
stress influence in these cultivars. Tomato growers out to grow Rio Grande in salty areas along with foliar application of MeJA

at 50 mM in salt stress areas at 30 days of nursery.
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In this study, an important rice-wheat cropping system of Punjab was analysed. An extensive farm survey of 155 farmers was

designed. Study area was five districts namely Sheikhupura, Nankana Sahab, Hafizabad, Gujranwala and Sialkot. Net farm
returns and per capita income were calculated for different scenarios. The study assessments revealed that the number of
losers ranged from 73 to 85 percent. Losers are categorized as the farmers who would be economically worse off under a
changed climate. With current climate, the observed poverty rate would be 24.4 percent, and in the case of CC, the predicted
poverty rates would range from 28 to 32 percent. The results of CC impacts on future production systems analysis indicated
that the number of losers would range from 59.5 to 77 percent. The adaptation results indicated that the percentage of
adaptation technology adopters would range from 65 to 76 percent. With adaptation strategies, the poverty rate would
change from 11 to 13 percent in the study area. These findings indicated that proposed adaptations could have a significant
impact on offsetting climate vulnerabilities. There is a need to identify crops and regions that are more sensitive to climate
variabilities and relocate them to more suitable areas. It was concluded that to achieve high productivity to meet the needs of

a growing population, it will be necessary to increase the sowing densities of the crops in the region.
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In the present study, biochemical profiling of crude methanolic extracts of twelve selected medicinal plants was done by using
liquid chromatography coupled with mass spectrometry. The qualitative phytochemical analysis of these medicinal plants
confirmed the presence of various important secondary metabolites of different classes such as flavonoids, sesquiterpene
lactones, isoflavones, phenolics and nonalkaloids. Antibacterial activities of these medicinal plants were also studied by agar
diffusion assay and the activities were proved to be significant in some plant extracts against E. coli while other extracts
showed variable responses. The results demonstrate that these extracts have strong antibacterial activities towards E. coli.
Cancer cell cytotoxicities of these medicinal plants were also studied against the human colon carcinoma cell line HCT-116.

Cytotoxicity was expressed as IC50 value which is the concentration of extract needed to inhibit cell growth by 50%. The
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findings of this study support the folkloric usage of these studied medicinal plants and confirmed the antibacterial and

cytotoxic activities possessed by some of the plant extracts which can be used as active agents in new drugs to combat
different diseases. It also concluded that phylogenetic tree will serve as a basis for the classification of unknown polyketide
antibiotic biosynthesis genes.
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Mushrooms are comparable to medicinal plants and can be used in the form of extracts and powder for prevention,

alleviation, healing of diseases and in providing a healthy balanced diet. In current study, wild Ganoderma lucidum and four
commercial mushrooms Pleurotus ostreatus, Volvariella volvacea, Lentinus edodes and Hericium erinaceus were collected
for their nutritional and nutraceutical analysis. A moderate antimicrobial potential was exhibited by all mushrooms against
selected bacterial (E. coli, P. multocida, B. subtilis and S. aureus) and fungal species (A. niger, A. flavus, F. solani and H.
maydis). Antioxidants were determined by measuring total phenolics and total flavonoid contents. HPLC analysis showed that
chlorogenic acid, ferulic acids and p. cumaric acid were chief phenolics present in the studied mushrooms. The
polysaccharides from selected mushrooms were extracted, purified, and characterized by Scanning Electron Microscopy
(SEM), Fourier Transformation Infrared spectroscopy (FTIR) and UV/visible spectroscopy. On the basis of current data, the
selected mushrooms were found nutritious and non-toxic as well as possess antimicrobial, antioxidant, antithrombotic and

anti-cancerous potential.
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The present study was carried out to find out the socio-demographic characteristics, co-morbidity in TB patients,

hematological and serum biochemical changes in tuberculosis and comorbid patients and the drug resistance by PCR-RFLP
method with supported sequencing analysis of selected strains. The study was carried out on 366 cases, including 52%
females and 48% males. The results showed that a higher percentage of patients with TB were between 16 to 30 years,
having a body weight between 41 to 50 kg, in married, in uneducated people, having a high school education and in house
wives. Out of 258 patients, 24% were diabetic, 17.8% were co-morbid with hepatitis C virus (HCV), 4.2% with human
immunodeficiency virus (HIV) and 3.4% also had myocardial infarction. The TB patients revealed an increase in white blood
cell counts (WBCs), erythrocyte sedimentation rate (ESR), alkaline phosphatase (ALP) and urea, while decrease in packed
cell volume (PCV), eosinophils and immunoglobulin-G (IgG). The main risk factors and gaps associated with the progress of
morbidity and mortality of the disease are delayed in treatment due to unawareness. Unavailability of health care facilities,
especially in rural areas and unhygienic lifestyle, malnutrition. In order to eradicate TB from Pakistan, it is necessary to

improve life style and balanced diet should be available especially in growing children.
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Feed cost shares approximately 70% of total broiler production cost. Now-a-days nutritionists are facing the challenge of

formulating cost-effective feed to attain optimum bird's performance and in turn more profit. In feed formulation, protein's role
is of very importance because it serves as key constituent of body structure and its quality is measured by its nitrogen
content, amino acid (AA) profile and their availability index. To attain better feed efficiency and growth performance, it is
crucial to supply dietary AAs in their required profile, conforming bird's dietary requirements. The excess or deficiency of any
AA not only adversely affects broiler's growth performance but also it results in enhancing feed cost and causes severe
environmental pollution through excreting undigested nutrients. The real assessment of available nutrient profile of different
feeds or feed stuff is important as all ingested nutrients are not completely utilized by the animal. The only digestible portion
of dietary nutrient/AA is absorbed and metabolized in body and is subsequently used for bird's maintenance and production.
The nutrients availability is simply determined by their digestion and metabolism. Usually AA digestibility and bioavailability
terminologies are used interchangeably. The AA digestibility is dependent on ingredient properties like processing, fiber
content, protease inhibitor and presence of complexes. Economics of study evaluated by Bio Economic Index (BEI) revealed
that broilers fed diets having less digestible ingredients but formulated on DAA basis resulted in more profitability even the
feed was more expensive due to supplementation of synthetic AA to meet DAA needs. In a study, the scientist claimed that
the BEI by feeding DAA based diet was 11.58 compared to 10.84 with TAA based diet. Formulating diets on DAA basis can

save approximately 1 to 2 $/ton of feed.
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Camels in Pakistan are very well adapted to their native environment and can sustain life in hot and harsh deserts. The
dromedary camel is a best source of milk and meat especially for those areas where production performance of other

animals is adversely affected by the harsh environmental conditions. This is due to its unique physiological characteristics
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that enable to tolerate higher temperatures, solar radiations, water scarcity, poor vegetation and rough topography.Camel

plays an indispensible role in the social life and economy of the people of arid and semi-arid areas in various regions of the
world. Despite of its significant contribution to the livelihood of pastoral society who does not have any alternate mode of
production system, the camel is one of the most neglected specie and very few attempts have been made so far to
characterize its production potential and related parameters under natural conditions. While in traditional management
system the camel productive traits are low so the traditional husbandry has no future. The camel husbandry must be

modernized for answering to the present requirements of urbanized people.
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It was observed that fortification activity resulted in significant improvement in serum iron and ferritin levels of experimental
animals. Moreover, total iron binding capacity and transferrin saturation fraction were visibly affected by the provision of
iron-folate fortified diets. Additionally, it was established that there were no toxic/ill effects related with the provision of such
diets to the experimental animals as serum liver and renal function tests were non-significant with the fortified diets.
Conclusively, it has been observed that iron fortification using dietary staple has potential to alleviate the sufferings and
encumbrances of hidden hunger with special reference to iron deficiency anemia. The findings of instant research work
indicated that fortification involving dietary staple coupled with novel technology of edible coating can serve as an effective
tool to combat micronutrients deficiencies. Moreover, developed pectin and methyl cellulose based edible coatings were
effective in mineral retention with some good performance in overall eating/cooking, pasting and hedonic attributes. Similarly,
iron-folate fortified diets considerably improved serum iron and ferritin levels in experimental subjects. Besides, total iron
binding capacity, transferrin saturation fraction and haemoglobin levels were significantly affected by the provision of fortified
diets. Decisively, methyl cellulose and pectin coated iron-folate fortified rice is an effective approach to improve serum iron

biomarkers thereby mitigating the incidence of iron deficiency anemia.
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IMPROVED ANIMAL PRODUCTION THROUGH RATIONAL
LIVESTOCK BREEDING POLICY IN PAKISTAN
Dr. Saif-ur-Rehman, Dr. M. Qamar Bilal, Dr. Igbal Mustafa,
Institute of Animal and Dairy Sciences, UAF

Agriculture sector, with its important component
livestock, is considered as most vital part of the national
economy since the emergence of Pakistan. However, the
development in livestock sector is miserable as compared
to progress in crop sector. Livestock is considered as
subsistence sector dominated by small holders to fulfill
their needs, food and cash income on daily basis. Though
a neglected sector yet still plays an important role in
national economy and its importance may well be realized
from the fact that 35-40 million rural populations is
dependent on livestock.

Pakistan has a huge potential in the livestock
sector. Coordinated and continuous efforts both in private
and public sectors are required to tap the available
opportunities for its development. Among livestock
sector, dairying is the most important component.
Although Pakistan is one of the major milk producing
countries, increase in milk production has been achieved
mainly through increase in number of animals and not by
the increase in per head animal production. So, the
demand of milk in the country is not being fulfilled and
the milk is going to be an expensive commodity. The most
important cause of this situation is the increase in human
population (3% annually). Consequently, Pakistan has to
import costly dry milk and products which is a burden on
national economy. When comparison of milk with major
cash crops was made, it was observed that milk had a
value of about 60% higher as compared to both wheat and
cotton together and twice that of sugar cane and rice
combined, but milk failed to fetch attention as a cash crop.

There are many causes of low productivity per
animal which include low genetic potential of indigenous
animals, late age of maturity, poor availability of
nutrients, high disease incidence, unorganized marketing
system, farming on conventional lines and increased inter-
calving intervals. The most important cause is that the
dairy sector has failed to attract the attention of policy
makers, in spite of the fact that we have world renowned
cattle and buffalo breeds. It chiefly functions on non-
commercial basis as an unorganized sector and as small
household farming of 2 to 3 cattle/buffalo, obtaining 30 to
40% of income from it, while the organized commercial
sector processes a small share in milk production of the
country.

The milk production per animal has not
improved over a period of time. Present level of per
animal productivity is not enough to meet the rising
demand for dairy products. Our national livestock herd
comprises of large number of low yielding animals that
are exploiting feed and management of the more
productive stock. This, in turn, decreases national average
of milk production. In Pakistan, production per animal is
low as compared to other countries. For example, three,
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six and seven dairy animals in Pakistan produce milk
equal to one dairy animal in New Zealand, Germany and
USA, respectively. However, to fulfill demand of more
milk, improved animal efficiency will be an imperative.

The national livestock breeding policy and
action plans were finalized in 2003 with the consensus of
different stakeholders. It is unbelievable but true that there
has never been any implementation of breeding policy in
true spirit. Government allocated low and insufficient
funds for development of livestock. Other dilemma is that
the livestock products are not mentioned by Agriculture
Prices Commission, though total values of livestock
products have been higher as compared to all of the major
crops. Livestock policies in Pakistan favor horizontal
expansion rather than vertical. The policies are mostly
formulated without farmers’ participation and feedback.
The experts while formulating the policies are mostly
unaware of the actual scenario and nature of livestock
production and potential in different agro-ecological
zones. Moreover, the untrained/irrelevant staff of the
livestock departments also aggravates the situation.

In Pakistan, progeny testing programs in Nili-
Ravi buffaloes and Sahiwal cattle were launched to
identify superior bulls. The accuracy of these evaluations
is low and evaluations were delayed. To improve accuracy
and to start programs in other breeds, proper technical and
capacity building assistance is required. In Pakistan pure-
bred cattle comprise 25-30% of total population and rest
are non-descript low producers. Sahiwal, Cholistani and
Red Sindhi are world famous indigenous dairy cattle
breeds of Pakistan but their population is decreasing
gradually mainly due to haphazard crossbreeding. The
condition about the world’s best milking buffaloes, viz.,
Nili-Ravi, is not convincing. The alarming condition is
that life of elite female buffaloes used by the peri-urban
milk producers mostly end up in slaughterhouses when
dry; this is a major cause in drain of quality germplasm.

Selection of dairy bulls is important for breed
improvement. Presence of undesirable bulls in the herd is
the worst aspect of livestock breeding throughout the
country. Production and distribution of high quality
male/germplasm are promising aspects that require urgent
and special attention for improvement in genetic resources
of dairy animals. Breed improvement work in Pakistan
has mainly revolved around artificial insemination (Al)
programs. Although, Pakistan has well developed
infrastructure for Al service in the country, the actual
coverage of Al service to buffaloes and cattle is less than
10%.

There are about 2 million crossbred cattle in
Pakistan. Cattle crossbreeding started in Pakistan in early
1970 and national breeding policy was formulated by
which crossbreeding was limited to only non-descript
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cattle but this policy failed to be implemented. Like many
other countries, Pakistan has also imported exotic cattle in
an effort to establish these breeds in the local
environment. Several exotic breeds of cattle, notably
“Holstein-Friesian, Jersey, Red Dane and Australian
shorthorn” have been imported with various objectives
including establishment of nucleus herds, use in
crossbreeding programs or to develop commercial units of
modern dairy-farming. Due to poor adaptability, these
animals, under local environment and management
conditions, usually lost their high productive capacity.

The prerequisite for genetic improvement of
livestock is the development of uniform performance
record. An economical model for record keeping of
performance is necessary and should be applied in
different geographical and socio-economic areas of the
country. Detection of molecular markers for economic
traits and their utilization in selection of animal can help
in rapid genetic improvement of dairy animals in the
country. For Sahiwal, Cholistani cattle and Nili-Ravi
buffalo, progeny testing program should be improved and
applied properly. In Sindh, for Kundi buffaloes and Red
Sindhi cattle programs of breed improvement should be
started. The policy makers should involve farmers so that
such programs can become successful. Production
potential and genetic relationship of different breeds
should be examined and a conservation policy is also

required. Indigenous dairy breeds need selective breeding
programs that should be initiated by self-sustenance for
long duration.

Last, but not least, primary purpose of
implementation of livestock breeding policy should be to
enhance livestock efficiency means increase in per unit
production. By application of short-term, as well as, long-
term improvement programs we can improve our
livestock. Long-term improvement program policies
should consider selective breeding of local breeds of
buffaloes and cattle and in short term well organized
crossbreeding program can be used for improved dairying.
Besides this there is need to improve the infrastructure for
livestock sector involving human capacity, data recording
and evaluation, dissemination of proven germplasm
through improved Al network.

Pakistan needs a competitive and profitable
dairy farming industry not just for economic but also
environmental and social reasons. There is need to
formulate and implement a comprehensive livestock
breeding policy keeping in view different agro-ecological
zones and indigenous livestock breeds. Provincial led
livestock developments due to devolution plan further
demands adjustment of different stakeholders to higher
expectations. All these developments necessitate revisiting
of provincial livestock breeding policy.

INTEGRATED MANAGEMENT OF FRUIT FLIES IN ORCHARDS AND

KITCHEN/BACKYARD GARDENING
Muhammad Dildar Gogi, Muhammad Sufian, Ahmad Nawaz, Muhammad Arshad, Muhammad Ahsan Khan and
Abid Ali, Department of Entomology, University of Agriculture, Faisalabad

Fruit flies have been declared not only the
quarantine pests but also a trade-barrier globally. Like
other developing countries, Pakistan had been and is
still facing severe food-safety, food-security, fruits-
productivity and export issues due to fruit flies directly
and/or because of pesticides residues above MRLs. In
2013, almost all mango consignments from Pakistan
were disposed-off by the quarantine department of UK
because of the detection of fruit flies maggots inside
the fruits. A warning to Pakistan has been issued by 27
nation bloc of European Union. The U.K.’s Food and
Environment Research Agency (FERA) reported that
6% of the total volume of Pakistani mangoes was
denied entry last year due to presence of fruit fly
maggots. The Department of Environment, Food and
Rural Affairs (DEFRA) of United Kingdom has
rejected and destroyed 50 tons of mango exported from
Pakistan due to the presence of fruit fly resulting in a
loss of 1.5 lakh pound sterling. World over, mango
exporters suffered a loss of $3 million due to fruit fly.
The monetary losses due to rejection of consignments
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of fruits and vegetables in international markets because
of pesticides’ residues above MRLs is still an anxious.

FRUIT FLIES OF ECONOMIC IMPORTANCE, THEIR LOSSES AND HOST PLANTS

FRUIT FLY SPECIES HOST PLANTS LOSSES
(sever
incidence)
30 to 100% in
cucurbits

PICTURE

BACTROCERA CUCURBITAE
(Melon fruit fly)

+  Cucurbits, Tomato

MYIOPARDALIS PARDALINA
(BALUCHISTAN MELON FLY)

Cucurbits, Tomato 30-65%

1
W s 4
e v
p iﬁ

Fruit flies’ infestation in fruits and vegetables not only
makes these commodities inconsumable but also results in

BACTROCERA
(oriental fruit fly)

DORSALIS Causes 5-100%
losses to various

fruits

apricot, avocado, banana, citrus,
coffee, fig, guava, loquat, mango,
roseapple, papaya, peach, pear,
persimmon, pineapple, cherry and
tomato

Iy -

BACTROCERA CORRECTA
(Guava fruit fly)

Citrus spp., mango peach, guava, 70-80%
castor bean, ber, jujube, Chinese

date)

DIVERSA Ap: )y 60-80%
Cucurbitaceae, Musaceae,
Solanaceae

BACTROCERA ZONATA Guava, Mango, Peach, Apricot, Fig,
Citrus.

Most dominant species (94.7%)

80 percent loss
in guava fruits

CARPOMYIA SPP. Ber and Jujuba 90-100% n ber

60-T0% In jujuba
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severe losses in crop yield. The female fruit flies also
make the fruit unmarketable due to pseudopunctures
produced on fruit skins during egg-probing behavior. The
fruit flies” attack results in premature fruit-dropping or
fruits spoilage.
LIFE CYCLE

The adult female fruit flies oviposit eggs inside
the fruits just below the fruit pericarp. These eggs hatch
out within 1-2 days. The emerging youngones (maggots)
feed on the fruit-pulp inside the fruit transform into fully
developed maggots within 6-9 days. The fully developed
maggots pop out into soil and transform into pupae which
complete their development within 8-10 days. The
emerging adults last for 2-3 months but female start to
deposit eggs after 2-3 weeks.
MODE OF DAMAGE OF FRUIT FLIES

Fruit flies damage the fruits, flowers and
creeper’s stems (depending on crop) with the help of their
sharp needle like ovipositor present at the tip of their
abdomen. They cause damages by following ways.

1. Adult female flies oviposit eggs in the ovaries of
flowers. The emerging maggots start to feed
inside the ovary. The infested flowers with
damaged ovaries get dry and fall off on the
ground resulting huge reduction in yield.

2. During probing for oviposition, the female fruit
flies leave pseudopunctures on the skin of fruits
deteriorating marketable quality of the produce.

3. During oviposition, the feale fruit flies also
transmit into fruits the decomposing bacteria
which results in the decomposition and spoilage
of fruits with very obnoxious and pungent smell
and fruits remains no more consumable and
marketable.

4. The maggots (larvae) after hatching from eggs,
start to feed on pulp of fruits and causes the
decomposition and spoilage of the whole fruit
due to their faeces and bacteria present in their
faeces. The fruits infested with maggots fall off
the tree.

5. During oviposition, the juice oozing out of fruits
serves as a media for the growth of black fungus
due to which red/black spots appear on the skin
of infested fruits which reduce their marketable
quality.

FRUIT FLY IS DIFFICULT PEST TO MANAGE
Fruit flies are considered very difficult pests to
manage due to many of their biological and behavioral
aspects. Fruit flies do not get food from leaves by sucking
or by chewing like sucking or chewing types of insect
pests, respectively because they have sponging type of
mouthparts. They only visit the leaves for foraging or
resting. So their control with systemic or contact poisons
is unsatisfactory. The adult fruit flies just feed on nector,
pollen, juice from fallen rotten fruit. But no spray is
recommended/implemented at flowering stage of crop
and/or on fallen fruit as there is no reason/logic for
spraying on these stages. The adult fruit flies become
active for egg laying till 10-11 am and again by 4-5 pm
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while they spend rest of the time underside of the leaf due
to high temperature outside and come on leaf for outing
purpose. These daily routine activities of adult fruit flies
also help them to escape chemical exposure because no
spray is schedules during these activity periods. Over-
wintering in almost all life stages during off-season and
overlapping generations during on-season also support
their greater survival potential and better adaptation. The
probability of fruit flies” management with insecticides is
only 15% because spray mostly of contact poisons is
made on upper side of the leaf and chances to come in
direct contact to poison is very less while chances to come
and sit on upper side of leaf about 15%. Chemical control
of fruit flies with systemic poisons is not effective as fruit
flies do not feed on leaf-sap. The eggs are deposited 2-3
mm deep in fruit pulp and avoid insecticides exposure; so
100% survival at this stage. The larval stage also feeds
inside fruit on its pulp and again avoid insecticide
exposure; so approximately 95% safety and survival. The
pupae inside soil is the only stage which has minimum
safety and can be targeted. Thus its life stages also make
its management quite difficult.
YEAR-ROUND BIOLOGICAL ACTIVITIES OF
ECONOMIC FRUIT FLIES

Efficient and effective management of fruit flies
depend on understanding their year-round activities. Fruit
flies overwinter in the form of adult, larvae and pupae
during winter months (December- February). In the spring
(Late February-March, the overwintering fruit fly stages
come out of hibernation. The overwintering adult fruit
flies come out of hibernation, search for food, mate and
multiply on spring vegetables like cucurbits. During early
summer (April-June), fruit fly population multiply on
summer vegetables and then start to infest mango
inflorescence and fruiting. During late summer (July-
September), fruit flies infest guava and summer
vegetables and multiply there. During these months,
hot/humid conditions and rainfall subsequent with drop of
temperature favor the fruit fly multiplication at rapid rate.
During autumn months (October-November), fruit flies
infest and multiply on citrus varieties. The late residual
population of fruit flies on citrus varieties undergoes
hibernation. The fruit flies complete 5-6 generations in a
year.
MANAGEMENT OF FRUIT FLIES
PHEROMONE TRAPPING

Different types of sex pheromones including
methyl eugenol, butanone acetate, cuelure, Terpentyl
acetate etc. are used in monitoring and male annihilation
technique (MAT). These sex pheromones are
implemented through different types of traps including
bottle-traps, delta-traps, barrel-traps etc. Cotton-wicks are
soaked with pheromone and are placed in traps which are
hung among the canopy of trees or in the field crops. Sex
pheromones are also admixed with few drops of any
toxicant like trichlorfon or spinosad to enhance their
attract-and-Kkill potential. The male population of fruit flies
are trapped and killed by using MAT technology in field
crops and fruit orchards. This MAT technology should be
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implemented throughout the year for sustainable
management of fruit flies. MAT can be developed at the
farm or it is available with name of “STATIC-PLUS-
ME”.
BAIT TRAPPING

Installation of bait-traps and/or application of
bait-solutions in form of spray is very effective technique
for management of male and female fruit flies. In this
technique, attractive food sources composed of yeast,
protein-hydrolysate, molasses, ammonia-source and
attractive fruit-flavor are admixed with any toxicant
(malathian, spinosad or trichlorfon) and are applied in
orchards or field either in form of spray or inside the traps.
In case of spray, the bait-solution is prepared and then is
applied on whole canopy of boundary planted trees while
inside the orchards, the bait solution is applied on 1 m?
area of each alternate tree. Formulated fruit fly baits are
available in the market or it can be prepared at the farm.
SANITATION

It is very effective technique to destroy fruit
flies” breeding source and inhibit excessive outbreak and
development of overlapping generations of fruit flies. The
fallen fruits should be collected from the field and
destroyed regularly either by burying fruit deep in soil or
by treating/dipping fruits with insecticides solution to kill
maggots inside fruits.
PLOUGHING AND CHEMIGATION

The field or orchards should be ploughed so that
the maggots and/or pupae of fruit flies get exposed to heat
and natural enemies like birds, ants etc. A reasonable
proportion of fruit fly population cane be destroyed by
ploughing the field followed by simple irrigation or
insecticides’ chemigation.
TREATMENT OF
TRELLIS/TREE-CANOPY

The bed soil below trellis or tree-canopy should
be pulverized or hoed and admixed with any dust like
lannet-powder, carbaryl-powder, sevin-dust or any other
contact poison so that the maggots entering the soil for
pupation and/or pupae are killed and adult emergence is
prohibited.
BANDING TREE TRUNK WITH TOXICATED
BAITS

BED-SOIL BELOW

Bands of 6 inch width is prepared by sewing
three layers of jute-sacs. These bands are soaked with
bait-solution or self-made molasses/Gur
concentrates/slurry and are wrapped around the central
stem of the tree canopy. These bands are refreshed by
spraying bait-solution when needed during cropping
season and off-season for sustainable management of fruit
flies in hot spot areas.

FOLIAR APPLICATION OF BAIT-SOLUTION ON
INTERCROPPED NON-HOST PLANTS

Intercropping of field crops or orchards with 3-5

rows of some non-host plants like maize, sorghum and
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then spray-application of bait-solution or Gur-
concentrates on these non-host plants proved very
effective for fruit fly management as fruit flies rest and
feed on such non-host plants after routine biological
activities. The fruit flies resting on these plants feed on
toxic food and are killed.
BIOLOGICAL CONTROL

In Pakistan, classical biological control of fruit
flies is not very encouraging. However, naturally some
biological control agents like larval or pupal parasitoids,
predators and entomopathogenic microbes are controlling
meager proportion of fruit flies population but their role in
their management is not very significant.
FIVE STEPTS FOR ORGANIC MANAGEMENT OF
FF IN KITCHEN AND BACKYARD GARDENING

1. MALE TRAPPING BY PHEROMONE
Install pheromone traps for trapping male
population of fruit flies

2. FEMALE TRAPPING BY BAITS
Install bait traps for trapping male and female
population of fruit flies

3.  REPELLING FRUIT FLIES
Install repellent-devices like light-reflecting bands §
or CDs for repelling fruit flies

4. FRUIT BAGGING
Cover the fruits with polythene or paper bags to
avoid fruit flies” infestation/damage

5. SANITATION (V7
Collect the infested and fallen fruits and destroy

by burying deep in soil or by storing such fruitsin | (@
polythene zip bags under sun |

CHEMICAL CONTROL

Insecticides as a last resort should be used as
foliar application, under trellis/canopy treatment, in baits,
in MAT. For foliar application, trichlorfon, spinosad,
bifenthrine, malathian, methomyl, lamdacyhalothrin,
deltamethrin,  alphacypermethrin  or any  other
recommended insecticides at their recommended dose
rates are use against fruit flies. Any other insecticide with
pungent odor can be used for repelling fruit flies from
infestation.
AREA-WIDE AND YEAR-ROUND MANAGEMENT
STRATEGY
Area-wide and year-round fruit fly management strategy
is the only solution for sustainable management of fruit
flies in orchards and field crops. The above mentioned
tactics should be carried out throughout the years by all
the growers (area-wide) as a community approach
according to the give year-round fruit fly management
wheel.
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