
FOREWORD 

Indian agriculture is facing the challenges of globalization and needs to increase agriculture production 

in an environment friendly way to assure food and nutritional security to the teeming millions. In 

Himachal Pradesh, agriculture is one of the pre-eminent sectors of the economy and has been 

recognized as a „model of development‟ for the hilly states of the country. The state has rich diversity of 

agro-climatic conditions varying from sub-tropical to humid temperate and cold deserts. The 

topographical variations and altitudinal differences favour the cultivation of temperate to sub-tropical 

crops, vegetables and fruits in the state. 

Vegetable production plays an important role in the economy of Himachal Pradesh with 68.87 thousand 

ha area under vegetable cultivation and the production of 13.98 lakh tonnes contributing over Rs 20,000 

crore annually in the state economy. However, their cultivation and production is jeopardized by the 

ravages of a number of biotic and abiotic stresses among which insect-pests and diseases play a decisive 

role. To combat the menace of these pests, farmers generally resort to frequent and indiscriminate use 

of chemical pesticides leaving undesirable pesticide residues on crop produce. In the health conscious 

society, use of biopesticides for pest management in vegetable crops is of utmost importance due to 

their biodegradable nature, which leaves no harmful residues. Himachal Pradesh is endowed with 

diverse flora and fauna having pesticidal properties which can be harnessed for the development of 

indigenous biopesticides.  

The award of the sub-project `A biopesticide mediated value chain for clean vegetables` in consortium 

mode to CSK Himachal Pradesh Krishi Vishvavidyalaya (CSKHPKV), Palampur by the  Indian 

Council of Agricultural Research, New Delhi under the world bank aided `National Agricultural 

Innovative Project (NAIP)` was very timely for the development and popularization of innovative 

biopesticide formulations in the state for the production of  safe vegetables. 

The sub project has been successfully implemented in a decentralized manner with frequent and 

intensive interaction with consortium partners namely, Indian Agricultural Research Institute (IARI), 

New Delhi; Society for Technology and Development (STD), Malori- Tikkar, Mandi (H.P.) and 

Western Himalayan Society for Awareness & Upliftment (WHSAU), Palampur (H.P.). To ensure the 

smooth and effective project implementation, various committees/ bodies at different levels were 

formed. 

The technical final report of the NAIP sub-project is likely to provide a dynamic platform to all the 

stakeholders. It will serve as a reference guide to the policy makers, researchers, farmers and 

entrepreneurs.  

I complement all the team members for the successful completion of the prestigious sub-project and 

compiling an extensive and comprehensive report. 

 

( K.K. Katoch)  

Vice Chancellor-cum-  

Consortium Leader 

CSKHPKV, Palampur 

  



PREFACE 

With the intensification of agriculture and increased food production, the problems associated with pest 

management have increased, which needs to be tackled very carefully to maintain the sustainability of 

our production system while protecting the environment. The plant protection strategies revolve around 

the pest management methods with more reliance on chemical pesticides. The indiscriminate use of 

pesticides has been responsible for innumerable problems like pollution of our environment including 

soil and water, toxic residues in the food, development of pest resistance, resurgence and elimination of 

non-target friendly organisms, etc. Such concerns have in fact, stirred the conscious of man to look for 

alternate pest management strategies. The use of biopesticides is a possible alternative to highly 

persistent synthetic pesticides. Due to inadequate availability of fewer biopesticide products in the 

market in conjunction with their high cost, shorter shelf life and inadequate field efficacy under 

temperate conditions, there was a need to develop effective, stable and economical biopesticides with 

longer shelf-life and efficacy. 

To fulfil these objectives, the  Indian Council of Agricultural Research (ICAR) sanctioned under the 

World Bank aided National Agricultural Innovative Project (NAIP) a sub-project entitled “A 

biopesticide mediated value chain for clean vegetables” in consortium mode. The basic goal of this 

project was to develop potent and stable biopesticides from indigenous plants and bioagents with their 

safety to environment, consumers and other non-target organisms.  

I am thankful to Dr K.K. Katoch, Hon‟ble Vice Chancellor and Dr S.P. Sharma, Director of Research, 

CSKHPKV, Palampur; Dr Tej Pratap and Dr S.K. Sharma (former Vice Chancellors) and Dr S.C. 

Sharma (Former Director of Research) for their dynamic leadership and encouragement. I am also 

thankful to Dr Jagmohan Singh, Chairman, CAC; Dr B.S. Parmar,   Sh Suresh Kumar Chaudhary  and 

Smt Sharada Devi, Members CAC for their efforts in shaping the outcome of the sub-project.   

I express gratitude to Dr S. Ayyappan, Secretary (DARE) and DG, ICAR for his constant 

encouragements, far-sightedness and vision which helped us in successful completion of the project. I 

am also thankful to Dr Rama Rao, National Director, NAIP and  Dr Ezekiel, Nation coordinator, NAIP; 

Dr Mruthyunjaya and Dr Bangali Baboo (former  National Directors, NAIP); Dr R.K. Goyal  &  Dr J.P. 

Mittal, (former National Coordinators, NAIP, Component  2) and Dr H.S. Gupta, Director, IARI, New 

Delhi for the constant support. The financial support extended by the NAIP, ICAR is gratefully 

acknowledged. 

I must place on record my deep appreciation for all the CIC and CMU, members, Consortium Co-

Principal Investigators, PIs and Co-PIs and other members of the NAIP team comprising scientists, 

project staff and contractual staff who have contributed enormously in   preparation and bringing out 

the final technical report.    

At the last but not the least, my gratitude goes to Dr A.K. Sood, Dr Jitender Kumar, Dr SK Chauhan 

and Dr PC Sharma for compiling and editing the report.  

The outcome of NAIP project will serve as a useful treatise to generate interest amongst the scientific 

community to intensify efforts in studies. We hope that this report would meet the expectation of all the 

stakeholders. All suggestions for further improvement are always welcome. 

 

(D.C. Sharma) 

Consortium Principal Investigator 

CSKHPKV, Palampur 
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kaya-karI saaraMSa 

ihmaacala p`doSa kao kRiYa AnaukUla PairisqaityaaM p`dana 
hu[- hOÊ jaao PahaD,I iksaanaaoM kao ]cca maUlya vaalaI 
saibjayaao tqaa fsalaaoM kao  ]gaanao ko ilae baohd AnaukUla 
hOM. xao~fla AaOr ]<padna kI dRiYT sao maTr AaOr gaaoBaI 
p`mauK fsalao hOM ijasao sqaanaIya tqaa raYT/Iya baajaar 
mao baoca kr iksaana AcCI kImat p`aPt krto hOM. Parntu 
fsalaaoM kI baZ,t AaOr baohtr ]<padna kao k[- p`kar kI jaOivak 
vyaaiQayaaM p`Baaivat krtI hOM ijanamaoM hainakark kIT ³hIrk 
ptMgaa¸ gaaoBaI kI ittlaI¸ flaI Codk¸ kTuAa kIT¸ PaNa-Kinak kIT´ 
tqaa baImaairyaaM³cauNa-laaisata raoga¸ blaa[T¸ maurJaana 
va jaDao, ko raoga´ [<yaaid p`mauK hOM.[na vyaaiQayaao sao 
saalaanaa 400 kraoD, $pyao sao jyaada ka nauksaana haota 
hO. hainakark kITaoM AaOr baImaairyaaoM kI raok`qaama ko 
ilae iksaana lagaatar rsaayainak kITnaaSakaoM va 
ffuMdInaaSakaoM ka p`yaaoga krto hOM ijanako bahut sao 
duYp`Baava vaatavarNa AaOr maanavajaait pr pD,to hO. [sao 
raoknao ka kovala ek hI ivaklp hO “ jaOivak kITnaaSakaoM ka 
p`yaaoga”. svaasqaya ko p`it jaaga$k samaaja maoM jaOivak 
kITnaaSakaoM ka kIT inayaM~Na ko ilae ivaSaoYakr 
saibjaMyaao maoM ]nako baayaaoDIga`Dobala p`kRit kI vajah 
sao AaiQak mah<va hOM jaao fsala pr kao[- BaI hainakark 
AvaSaoYa nahI CaoD,to hOM.[nako p`yaaoga sao svacC sabjaI 
ka ]<padna haota hOM [na jaOivak kITnaaiSayaao kI baajaar 
maoM kma ]plvaQata tqaa kma p`BaavakarI haonao ko karNa 
nayao jaOivak kITnaaiSayaao kao tOyaar krnaa ijanakI 
ik`yaaiSalata AiQak hao pr Qyaana kooind`t ikyaa gayaa.caUMik 
saibjayaaM tuDa,[- ko turnt baad Krava haonaI Sau$ hao jaatI 
hO [sailae ]nhoM saMsaaiQat krko pirrixat ]<pad vanaanao sao 
iksaana AiQak sabjaI, ]<padna kala maoM BaI AcCo dama pa 
sakto hOM. 

ihmaacala p`doSa kRiYa ivaSvaivaVlaaya ko kIT iva&ana 
ivaBaaga mao BaartIya kRiYa navaaonmaoYaI piryaaojanaaÊ 
BaartIya kRiYa AnausaMQaana pirYad kI ek ]p piryaaojanaa “A 

biopesticide mediated value chain for clean vegetables” ik`yaainvat kI ga[-. [sako 

jaOivak kITnaaSak ko [stomaala sao ]<pnna svacC sabjaI, sao 
saMbaMiQat saBaI mau_aoM jaOsao – jaOivak kITnaaSakaoM 



2 
 

ka ]<padna¸ ]nako  ]<padna ko ilae PaaOQaaoM va 
vaayaaoejaoMT ka cayana¸ ]naka Pa`yaaoga saibjayaaoM pr 
kIT AaOr baImaairyaaoM kI raokqaama ko ilae krnaa¸ svacC 
sabjaI (kITnaaSaI riht)  ka ]<padna krnaa va svacC sabjaI sao 
Pairrixat ]<pad tOyaar krnao pr SaaoQa kaya- ikyaa gayaa. yah 
piryaaojanaa sahayata saMGa Pa`NaalaI (Consortium Mode) maoM 
calaa[- ga[- ijasako mau#ya kond`` caaO• sa•ku• ihmaacala 
p`doSa kRiYa ivaSva ivaValaya¸ PaalamaPaur  tqaa BaartIya 
kRiYa AnausaMQaana saMsqaanaÊ na[- idllaI hOM. saaqa hI 
gaOr sarkarI saMgazna esa• TI• DI•¸ (Society for Technology and Development) 

maNDI¸ ³ih• P``a`•´ va vahsaa] ³Western Himalayan Society for Awareness and 

Upliftment´ PaalamaPaur ih• Pa`• kao BaI [sa piryaaojanaa maoM 
BaagaIdar banaayaa gayaa. 

[sa piryaaojanaa ko laxya ko Anau$p drok (maIilayaa) AaOr kalaI 
basauTI (yaUpoTaoiryama) paOQaaoM ka cayana ikyaa gayaa. 
[sako Alaavaa baayaaoejaoMT T/a[kaoga`amaa kI laaokla 
Pa`jaaityaaM va T/a[kaoDmaa- ko sqaanaIya PaRqakao (local 

isolates)  ka BaI jaOivak kITnaaSak tOyaar krnao ko ilae cayana 
ikyaa gayaa. yah paOQao ih•Pa`• ko p`caur maa~a maoM  
]plabQa hOM. [sa piryaaojanaa ko Antga-t drok ko baIjaaoM kao 
tqaa kalaI basauTI ko Pa<taoM kao Caayaa maoM sauKakr 
]naka mahIna cauNa- mau#ya kond` ¸ caaO• sa•ku• ih• p`• kR• 
iva• iva• mao tOyaar ikyaa gayaa. mau#ya kond` va BaartIya 
kRiYa AnausaMQaana saMsqaana mao byauTanaaola¸ 
Da[@laaoraoimaqaona¸ [qaonaaola¸ [qaayala eosaIToT¸ 
hOgjaO,na¸ Aa[saaoPa`aopa[la elkaohaola¸ imaqaonaaola AaOr 
PaanaI Wara rsa tOyaar ikyao gayao cauNa- sao saik`ya 
ANauAaoM ka sa<va inakalaa gayaa. Pa`yaaogaSaalaa maoM 
[na d`vaaoM Wara rsa inakalanaa tqaa jaOivak farmaUlaoSana 
kI jaaMca 6 kITaoM  Drosophila melenogaster, Hieroglyphus, Erysimi, Brevicoryne, 

Brassical, Tetranychus, Urtical, plutella, Xylostella,  (DrosophilaÊ iTD,Da¸ sarsaao 
ka tolaa¸ gaaoBaI ka tolaa¸ maa[T¸ DayamaMD baOk pMtgaa) va 
5 raogajanak (Pathogens) – AalTrnaoiryaa ba`asaIik (Alternaria brassicae) 
s@laOraoTIinayaa s@laOraoiSayaaorma (Sclerotinia Sclerotiorum) 
ra[jaao@Taoinayaa saaolaOnaa[ (Rhizoctonia solani)¸ Fyaujaoiryama 
AaO@saIspaorma (Fusarium oxysporum) va eorIsaa[fI Paa[saI (Erysiphe pisi)  

ko iva$w kI ga[-. mau#ya kond` caaO• sa• ku• iva• Wara nae 

https://www.google.co.in/search?biw=1422&bih=1025&q=western+himalayan+society+for+awareness+and+upliftment&spell=1&sa=X&ei=ALB5U53iF5SHuATzqoHQCQ&ved=0CCQQBSgA
https://www.google.co.in/search?biw=1422&bih=1025&q=western+himalayan+society+for+awareness+and+upliftment&spell=1&sa=X&ei=ALB5U53iF5SHuATzqoHQCQ&ved=0CCQQBSgA
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(Innovative)   jaOivak kITnaaSakaoM ka maTr AaOr bandgaaoBaI ko 
kIDao,M va baImaairyaaoM ko iKlaaf maulyaaMkna ikyaa gayaa 
tqaa jaOivak kITnaaSak pr AaQairt kIT p`banQana ik`yaaAaoM 
pr kama ikyaa gayaa.KotaoM maoM p`dSa-na lagaae gae AaOr 
jaOivak farmaulaoSana kI jaOva p`Baakairta (bioefficacy) va saat<ya 
ivaYaOlaapna (Persistent Toxicity)  kI jaaMca p`doSa ko ivaiBanna 
kRiYa – pairisqaitk xao~aoM maoM kI ga[-. [saI trh¸ caar 
T/akaoDmaa- kI p`jaaityaaM (Trichoderma harzianum va T.koingii) AaOr ]nakI 
ffMUdInaaSak saik`````yata kao dao ffuMidyaaoM 
maO@raofaoimanaa (Macrophomina)  AaOr Fyaujaoiryama 
Aao@saIspaorma (Fusarium oxysporum)  ko iKlaaf jahr Kad\ya tknaIk 
(Poisoned food technique)  Wara jaaMcaa gayaa. baayaaomaasa va 
palana sa<t (culture broth) sao ]<pnna T/a[kaoDmaa- ko 
AvaSaoYaao (Metabolites) kao Alaga ikyaa gayaa AaOr 
ffUMdInaaSak saik`yata kao jaaMcaa gayaa.[na p``jaaityaaoM 
sao T/a[kaoDmaa- kI vaiQa-t maulya vaalaI farmaUlaoSana (value-

added formulation)  kao tOyaar ikyaa gayaa AaOr ]sao maTr va 
baMdgaaoBaI kI jaD, saMbaMiQat raogaaoM ko ilae prKa 
gayaa. 

iksaanaaoM ko ]dyaimata ivakasa ko ilae T/a[kaoga`amaa ka 
baD,o PaOmaanao pr ]<padna AaOr [stomaala  ka p``iSaxaNa 
idyaa gayaa. 12 ]VimayaaoM/ vyavasaayaIyaaMo nao Apnao –

Apnao gaaMvaaoM mao T/a[kaoga`amaa ka ]<padna Sa$ 
ikyaa.[sako Alaavaa mau#ya kond` kI dao ]<padna [ka[yaaoM 
nao iksaanaaoM kao gaOr sarkarI saMsqaayaaoM kI 
(sahBaagaIta) ko Wara lagaatar T/a[kao– kaD- iksaanaao kao 
p`dana iksaoo hOM. iksaanaaoM kao yah yakIna hao gayaa hO 
ik vao T/a[kaoga`amaa ]<padna kao ek laGau ]Vaoga ko $p mao 
kRiYa ko saaqa Apnaa sakto  hOM. 

kaMgaD,a¸ kullau AaOr maND,I ijalaao maoM AaQaar savao-
xaNa ko Anausaar pta calaa ik A<yaaiQak iksaanaaoM kao 
Pa`BaavaSaalaI jaOivak kITnaaSak baajaar maoM ]plabQa nahI 
haoto hOM. AaOr kuC iksaanaaoM kao jaOivak kITnaaSakaoM 
ko [stomaala sao ]<pnna saibjayaao kI ibak`I ko ilae baajaar 
nahI imalato hOM.gaOr sarkarI saMgaznaao  nao mau#ya kond` 
ko saaqa imalakr ihmaacala p`doSa ko Alaga–Alaga ijalaaoM 
maoM yauvaaAaoM¸ maihlaa maNDlaaoM¸ svayaM saovaI 
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samauhaoM AaOr ga`amaINa saamaaijak samauhaoM kI 
sahayata sao jaOivak kITnaaSakaoM kao laaokip`ya banaanaa 
va ]nako Wara svacC sabja,I ]<padna AaOr svacC sabja,I ko 
Pairrixat ]<padaoM kao tOyaar krnao pr kaya- ikyaa.                                     

 

 

 

 

 

 

 

 

 

  



5 
 

Executive Summary 

India is the second largest producer of vegetables after China, and accounts for 13.4% of world 

production.  India currently uses about 60,000 t of pesticides. Insecticides still account for 70% 

of total pesticide use in India. Surveys carried out by Central Food Technological Research 

Institute (CFTRI), Mysore spread throughout the country indicate that 50-70% of vegetables 

are contaminated with insecticide residues. The 30 million non-target bioforms, so far safe in 

the cradle of nature, are rocked with threat of extinction. Bioremediation and bio-cleaning are 

the redeeming technologies useful to limit pesticide residues in vegetables and check soil 

contamination with pesticide. Bio-pesticides hold good promise due to their biodegradable 

nature, which leaves no harmful residues. This would lead the production of „clean‟ vegetables 

(produced without synthetic pesticides and devoid of hazardous residues of pesticides for 

consumption). Moreover, some of the key constraints in the value addition and present supply 

chain are - fewer bio-pesticide products, inadequate availability of in the market in conjunction 

with their high cost, shorter shelf-life and inadequate field efficacy under temperate conditions, 

poor dissemination and adoption of bio-pesticide based technologies for the production of 

vegetables, poor post-harvest marketing and value addition technologies, and unorganized 

supply chain and trade. 

To address the key constraints in holistic manner, the Choudhary Sarvan Kumar Himachal 

Pradesh Krishi Vishvavidyalaya (CSKHPKV) –National Agricultural Innovative Project 

(NAIP) –Indian Council of Agriculture Research (ICAR) (CSKHPKV-NAIP-ICAR) sub- 

project on “A Bio-pesticides mediated value chain for clean vegetables” was implemented in 

the consortium mode (involving two research institutes namely CSKHPKV, Palampur as 

Consortium Leader and Indian Agricultural Research Institute (IARI), New Delhi as 

Consortium Partner. Two NGOs viz., Society for Technology and Development (STD), Mandi 

and Western Himalayan Society for Awareness & Upliftment (WHSAU), Palampur as 

Consortium Partners and rural social institutes ( viz. SHGs and Mahila mandal ), farmers/ 

unemployed youths as associate partners on 19
th

 August, 2008. While, the  consortium focused 

on  the production of biopesticides from selected indigenous plants (botanicals)  Melia 

azedarach & Eupatorium adenophorum and bioagents namely Trichoderma and 

Trichogramma, their utilization for the pest management in vegetable crops especially of 

cabbage and garden peas for obtaining clean (pesticide free) produce and processing of such 

produce to value added products, it also explored other options like utilization of biopesticides 

available in the market to develop IPM modules, including other vegetables in the value chain 

and popularization of clean (pesticides free) vegetables to make the biopesticide mediated 

value chain economically viable and sustainable. Plants (M. azedarach and E. adenophorum) 

and bioagents (local strains of Trichogramma sp. and native isolates of Trichoderma sp.) were 

exploited for biopesticide development.  The sub-project was implemented without any change 

in terms of approved consortium partners, objectives and plan of work. All the partners had 

remarkable team approach. The botanical biopesticides and bio-agents developed under the 

sub-project were found promising. The technical achievements and lessions learnt during 

August 2008 to March 2014 are briefly presented hereunder: 
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 Upon receiving the sanction letter, a kick-off meeting was organised at CSKHPKV and 

work plan was developed for all partners. Twelve villages in three districts of Himachal 

Pradesh were identified for implementation of the project activities. 

 Conducted Bench mark survey with respect to consumer awareness and promotion of 

vegetable production using biopesticides in 12 villages of district of Kangra, Kullu and 

Mandi and baseline report document was submitted. It was graded as best baseline 

report. 

 Protocols for extraction, fractionation and bioassay-guided isolation of bioactive 

chemicals from leaves of Eupatorium and drupes of Melia were developed. Bioactive 

molecules from Eupatorium, Melia and secondary metabolite of Trichoderma were 

characterized.   

 Sixty two formulations of botanicals (Melia: 36; and Eupatorium: 26) and fifty 

formulations of bioagent,  Trichoderma  in five value added lots were evaluated against 

seven insect species   and five plant pathogens both under laboratory and farmers field 

situations. Out of these four value added botanical formulation (Melia: 2; Eupatorium: 

2) and two formulations of bioagent, Trichoderma were finally selected. These were 

revalidated at large scale. Protocols for commercial production of botanical bio-

pesticides as well as for local strain based bioagent, Trichoderma and ecotype of 

Trichogramma were developed. Registration process for two value added   biopesticide 

formulations is in progress. 

 Training in the area of “Characterization of bioactive molecules from natural products 

and determination of food safety of these molecules in consumables” was attended by 

Dr. Duni Chand Sharma, CPI in the Department of Horticulture, Michigan State 

University, East Lansing, Michigan, USA from 1-15, July 2011. 

 Field evaluation of innovative biopesticides against pest complex of garden pea and 

cabbage, and development of biopesticide based pest management practices were 

undertaken by the lead centre, CSKHPKV. On farm trials were conducted to 

demonstrate the bioefficacy of biopesticides. Apart from this, persistent toxicity of 

biopesticides in different agro-ecological regions of the state was also undertaken. 

• Three integrated insect-pest and disease management modules comprising 

existing biopesticides and bioagents have been formulated for cabbage, 

cauliflower and pea crops. Fifty two on-farm adaptive trials/ demonstrations 

were laid to evaluate/ validate the pest management modules of cabbage, 

cauliflower and pea in three districts of Himachal Pradesh i.e. Kangra, Mandi 

and Kullu. 

• Persistence studies on biopesticide formulation (Eupatorium/ Melia) were 

undertaken which revealed that these remain effective against major pests    for 

7 to 10 days of spray. These innovative biopesticide formulations proved safe 

to non-target organisms (predators, parasitoids, honey bees and pollinators) in 

crop eco-system. Mammalian safety of the innovative biopesticide 
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formulations was got evaluated through Indian Institute of Toxicological 

Research, Lucknow and were found safe to mammals.  

• With the use of biopesticides, the shelf-life of cabbage heads can be extended 

up to 8 days at room temperature and 12 days at refrigeration temperature by 

packing in cling film. In garden pea the biopesticide application enhanced the 

shelf-life up to 4 days at room temperature and 16 days at refrigeration 

temperature by packing in 100 micron ventilated polythene pouches as 

compared to crops raised using chemical pesticides. 

 Protocol for eight value added products of cabbage (frozen and dry), pea (frozen, dry 

and canned), cauliflower (dry), frozen cabbage based manchurian balls and cabbage 

koftas have been prepared. Nutritional status of value added products of cabbage and 

pea has been determined. Frozen cabbage can be kept for six months at -15
O
C whereas 

cabbage manchurian balls and koftas can be stored up to 120 days at freezing 

temperature (-18 
0
C).  

 Created awareness among 3213 farmers /stakeholders about the biopesticides and their 

value added products through 61 training / awareness   programmes. Imparted training 

on mass production of Trichogramma to 247 farmers for entrepreneurship development. 

Thirteen entrepreneurs started rearing Trichogramma in their respective villages. This 

was for the first time in the state that farmers started production of Trichogramma 

parasitoid in the villages itself.  

  Cost and returns structure for Trichogramma (one unit of 50 cultured boxes) worked 

out revealed that   initially the entrepneures can generate net additional income to the 

tune of Rs 15,000/- per Trichogrmma unit. 

 Through this project five market outlets for pesticide free vegetables and their 

processed products were established. The producers were getting at least 1.5 times more 

return of the vegetables produced under biopesticide umbrella compared to vegetables 

produced under pesticide umbrella.  

 Eight entrepreneurs (two in project area and six outside the project area) have started 

raising Melia nurseries. Plantation work of Melia has been undertaken in district Kullu 

and Mandi in the selected villages and about 5700 plants were planted. The 

employment generated through Melia plantation activities was assessed at 1825 man 

days worth Rs 2.01 lakh in five nurseries in the state. 

 Conducted economic feasibility and   pricing strategy studies and consumer 

acceptance survey. Also carried out benefit cost analysis of biopesticides and 

vegetables and pricing of biopesticides and vegetables. 

 Estimates revealed that farmers are generating additional income by growing 

vegetables using biopesticides to the extent of Rs 5903 per ha and the 

cumulative socio-economic contribution of biopesticide project was worked 

out to be Rs 32.26 lakh in the target area and Rs 3248.75 lakh projected at the 

state level over a period of six years with benefit cost ratio of 3.83 in 2013 and 
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projected BCR of 3.85 for 2020 and 3.67 for 2030. The project has helped in 

reducing the use of chemical pesticides to the extent of 115 kg (121 g/ 

household) valued at Rs 70380 (Rs 74/household) in the project area and Rs 

4.08 crore at the state level. 

 The State Agriculture Department has initiated the skill-enhancement of 

officials on biopesticide use in pest management through refresher courses. 

The state Agriculture Department has also initiated providing subsidy on 

biopesticides‟ sale through its outlets 

 Socio-economic impact assessment of the sub project was also carried out.  

On the whole, the sub-project was implemented in letter and spirit to build a 

successful biopesticide mediated value chain for clean vegetables with a range of 

interventions involving a variety of players. Economics of the value chain was studied 

and various models have been proposed to make the value chain viable. The 

mammalian toxicity data generation and registration policy of biopesticides was 

thoroughly studied and supportive interventions were proposed to make the biopesticide 

based value chain sustainable. Favourable interventions in term of toxicology data 

generation of biopesticides through outsourcing from Indian Toxicology Research 

Instute, Lucknow and food and environment safety studies will help the cottage 

industry to scale up the production of indigenous biopesticides. There is also a need to 

fast-track development / release of biopesticide based IPM modules for the 

management of insect- pests of other vegetable crops cultivated in the region to 

promote the production of pesticide free vegetables to safeguard the health of 

consumers. Similarly more emphasis is needed on increasing entrepreneurship 

development and popularization of bio-pesticides and value added processed vegetable 

products. These will lead to augment the availability of bio-pesticides for   usage on 

vegetable crops and production of clean vegetables for local consumers and processing 

unit and to adopt these ventures on commercial scale. 
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Part-I: General Information of Sub-project 

 

1. Title of the sub-project:  “A Biopesticide mediated value chain for clean vegetables” 

2. Sub-project code: 4269 (F. No. 1(5)/2007-NAIP dated August19, 2008) 

3. Component: 2 

4. Date of sanction of sub-project: 19/08/2008 

5. Date of completion:30/06/2012 

6. Extension if granted, from 01/07/2012 to 31/03/2014 

7. Total sanctioned amount for the sub-project: INR 593.43 Lakhs 

8. Total expenditure of the sub-project: INR 538.07 Lakhs 

9. Consortium leader: Vice Chancellor, CSK Himachal Pradesh Krishi Vishvavidayalya, 

Palampur (H.P.) 176062. 

Consortium Principal Investigator and address:  

Dr Duni Chand Sharma 

Principal Scientist & Head,  

Department of Entomology,  

CSK HPKV, Palampur 176062  

Phone: 91-1894-230385 (O) 232077 (R) 91-9418478958 (M) 

Email: sharmadc3@rediffmail.com. 

10. List of consortium partners: 

 Name of CPI/ CCPI 

with designation 

Name of organization and address, phone 

& fax, email 

Duration 

(From-To) 

Budget 

(Lakhs) 

CPI Dr Duni  C. Sharma,  

Principal Scientist & 

Head cum CPI - 

NAIP (Biopesticide) 

Deptt. of Entomology 

CSKHPKV, Palampur -176 062 (H.P.) 

Telephone No: 01894 230385 

Fax No.: 01894 230406, 230 465   

Email: sharmadc3@rediffmail.com 

            dcsharma@hillagric.ac.in 

01.09.2008  

to 

 31.03.2014 

517.436 

 Dr Ajay K Sood  

Sr Scientist, 

CCPI 

Deptt. of Entomology  

CSKHPKV, Palampur -176 062 (H.P.) 

Email: ajaysood@hillagric.ac.in 

01.09.2008  

to 

 31.03.2014 

- 

 Dr J.K. Sharma 

Principal Scientist,   

CCPI 

CSKHPKV, HAREC, Bajaura, Distt. 

Kullu(H.P.) 175125 

Email : jksharmabajaura@yahoo.com 

01.09.2008  

to 

 31.07.2013 

- 

CCPI 1 

 

Dr Suresh Walia  

Consortium CoPI 

Principal Scientist, 

Division of Agrochemicals, 

Indian agricultural research Institute, New 

Delhi 110 012 

Phone: 011- 27862158 

E-Mail: suresh_walia@yahoo.com 

 

01.09.2008 

to 

31.12.2012 

115.465 
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 Dr Jitender Kumar  

CCPI 

Principal Scientist, 

Division of Agrochemicals, 

Indian agricultural research Institute, New 

Delhi 110 012  

01.01.2013 

to  

31.03.2014 

 - 

 

 

CCPI 2 Mr Joginder Walia 

CCPI 

President of STD  

Society for Technology and Development 

(STD), Malori-  Tikkar, Mandi (H.P.) 

Phone: 01905-246154 ; 09418023354 

EMail: stdsn@yahoo.com 

01.09.2008 

to 

31.03.2012 

8.41 

CCPI 3 Mr P.C. Sarin 

CCPI 

Western Himalayan Society for Awareness & 

Upliftment (WHSAU), Palampur (H.P.)  

Ph 01894-231217, 0981603117  

Email : whsaul@yahoo.com 

01.09.2008 

to 

31.03.2012 

8.41 

CPI-Consortia Principal Investigator; CCPI-Consortia Co-Principal Investigator 

 

11. Statement of budget released and utilization partner-wise ( Rs in Lakhs): 

 CPI/ CCPI Name, 

designation & address) 

Total budget 

sanctioned 

Fund released 

(up to closing 

date) 

Fund utilized 

(up to closing 

date) 

CPI Dr Duni C Sharma 

(Lead Centre) 

517.43558 419.23037 427.21259 

CCPI1 Dr Suresh Walia/ Dr Jitender 

Kumar Consortium CoPI 

(IARI, New Delhi) 

115.4654 107.41 101.81 

CCPI2 Mr Joginder Walia 

(STD Mandi) 

8.41 3.78840 4.24008 

CCPI 

3 

Mr P.C. Sarin 

(WHSAU Palampur) 

8.41 5.57380 6.66719 

 Total 649.721 530.71 538.07 

 CPI-Consortia Principal Investigator; CCPI-Consortia Co-Principal Investigator 
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Part-II: Technical Details 

1. Introduction  

Nature has endowed Himachal Pradesh with a wide range of agro-climatic conditions, making 

feasible the cultivation of a variety of vegetable crops. The main crops grown comprise garden 

pea, cabbage, cauliflower, tomato, cucurbits, brinjal, capsicum, etc. Most of them are grown as 

off-season crops in mid- and high-hills of the state and provide rich dividends to the farmers. 

Vegetables grown in Himachal Pradesh have achieved growth rate of 9.75 per cent p.a. in area 

and 13.88 per cent in production over a period of 18 years from 1995-96 to 2012-13. The area 

and production of vegetables in the state during 2012-13 was recorded at 68.87 thousand ha 

and 13.98 lakh tonnes, respectively. Garden peas followed by tomato and cabbage, were the 

important crops in terms of area, however, tomato followed by peas and cabbage were 

important as far as production is concerned.  In terms of revenue, vegetables account for over 

Rs 20,000 crores annually to the state economy. 

Insect-pests and diseases are the major biotic constraints in the cultivation of these crops and 

have been reported to inflict 10-60 per cent loss in different regions of the state. Due to 

commercial considerations, at present, the vegetable growers resort to the use of synthetic 

chemical pesticides for the control of these pests. The model of pest control in vegetable 

through the use of chemical pesticides is termed as production under chemical pesticides 

umbrella.  Frequent and indiscriminate use of these pesticides has, however, led to the 

development of resistance in pest species, imbalance in the natural ecosystem, pest resurgence, 

toxicity to non-target organisms, environmental pollution, etc. In addition, these also cause 

non-communicable cancerous diseases, mental retardation, and reduced fertility. In view of 

adverse effects of synthetic pesticides, the tougher trade rules and the awareness generated 

among the masses about the overall quality of the environment, there is an urgent need to shift 

to alternative methods of pest control. The use of biopesticides is a possible alternative to 

highly persistent synthetic pesticides i.e. production of vegetable under biopesticide umbrella. 

Issues encountered in the operation of production of vegetables under biopesticide umbrella 

model are  

 Inadequate availability of fewer biopesticides products in the market in conjunction with 

their higher cost, shorter shelf-life and inadequate field efficacy under temperate 

conditions. 

 Non-availabity   of effective, stable and economical biopesticides with longer shelf-life 

and efficacy from indigenous plants and bioagents.  

Therefore, it was felt that there is a need to strengthen the   biopesticide mediated value 

chain for clean vegetables through holistic interventions to benefit all stakeholders. Thus it was 

envisaged to develop biopesticides having more efficacy under temperate and sub-temperate 

environment from selected indigenous plants (botanicals) namely, Melia & Eupatorium and 

bioagents namely, Trichoderma and Trichogramma, their utilization for the pest management 

in vegetable crops especially of cabbage and garden pea for obtaining clean (pesticide free) 

produce and processing of such produce to value added products.  
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In the light of all these issues and learning and the need to develop an economical viable and 

sustainable biopesticide mediated value chain for clean vegetables, the present sub-project was 

conceived with the following objectives: 

2. Overall Sub-project Objectives 

i) Development of value added indigenous biopesticides  

ii) Development of biopesticides based good agricultural practices for the production of 

„clean‟ vegetable crops 

iii) Market driven production of value added products of „clean‟ vegetables  

iv) Entrepreneurship development for biopesticides, „clean‟ vegetables and their value 

added products 

v) Assessing socio-economic and marketing aspects of the value chain 
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3. Sub-project Technical Profile: 

Table 1. Workplan and monitoring indicators   

Objective  

no. 

Workplan output and activities   Monitoring   indicators Expected output Expected Outcome  

1 Output 1. Development of indigenous biopesticides   

1.1  Fine tuning of production technology of 

biopesticides  and biagents 

Number of characterized 

bioactive molecules; 

commercial production 

technologies for 

bioagents 

Protocol for the 

production of 

biopesticide from 

botanicals and biagents    

Large quantity of eco-

friendly value added 

indigenous biopesticide 

available for holistic 

management of insect-

pests and diseases. 1.2 Value addition of biopesticides Number of efficacious  

biopesticide 

formulations    

1.3 Upscaling of identified formulations for 

commercial production  

Number of formulations 

for commercial 

production; 

Number of patents filed  

Availability of value 

added biopesticide  

formulations  

2 Output 2. Development of integrated pest management (IPM) modules  

2.1 Development of pest management packages   Number of biopesticide 

based pest management 

modules for  vegetable 

crop production 

Cost effective 

biopesticide  based good 

agricultural practices 

(GAP) / package for 

vegetable production 

Use of biopesticides in 

holistic manner  and 

availability of pesticide 

free (clean) vegetables 

and pesticide pollution 

free environment  

2.2  Food safety of biopesticides Waiting periods for 

different biopesticides  

 

2.3 Environmental safety of biopesticides Toxicity data of 

biopesticides to non- 

Clean  vegetables and 

environment  
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target organisms and  

residue levels in natural 

resources  

3 Output 3: Branded  clean crop produce  

3.1 Branding the crop produce as `clean‟ Numbers of quality 

labels  developed 

Supply of clean 

vegetables and their 

value added products  

Enhanced income and 

improved environment 

and   health  status of 

stakeholders  3.2  Nutritional levels for clean vegetables Number of Nutrional 

levels   developed  

Health safety,  enhance 

dietrary intake of “clean” 

vegetables  

3.3 Protocol for processing clean vegetables 

3.3.1 Preparation of value added products of 

garden pea & cabbage 

Number of value added 

processed products  

Availability of  

processed value added 

clean vegetable products 

4. Output 4: Enhanced capacity of various stakeholders to  maximise the productivity and profitability of value chain   

4.1 Popularization of biopesticides,  „clean‟ 

vegetables and their value added products 

Number of awareness 

programmes / field days 

conducted 

 

Enhanced capacity of 

various stakeholders to 

maximise the  

production of  

biopesticides  and 

“clean”  vegetables and 

profitability of value 

chain achieved; 

Training materials on 

biopesticides production, 

IPM and processing of 

vegetables  

Awareness about the 

safe and cost effective 

biopesticide 

formulations , „clean‟ 

vegetables and their 

value added products 

and several stakeholders  

(private sector/public 

sector / farmers ) will 

have enrich knowledge 

on value chain 

Entrepreneurship 

development   and 

continuous supply chain 

4.2  Training of farmers groups, youths and rural 

social groups  for micro-entrepreneurship 

development  in  bioagent production  and  for 

„clean‟ vegetable and  their value added products 

 

Number of trained 

farmers, youths and rural 

social groups ; 

Number of entrepreneurs 

adopting the venture  and 

Number of enterprises 

4.3 Setting up of public- private linkage for Number of farmers/ Pilot plant for production  
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sustainability of the value chain unemployed youths 

entered the value chain; 

Quantum of raw material 

procured 

of  biopesticides 

Linkage between different 

stakeholders for the 

sustainability of value 

chain 

management 

5 Output 5: Socio-economic  and environmental assessment for vegetables production under biopesticide based IPM module 

5.1 Baseline survey  and documentation  and 

analysis of existing practices of vegetable 

production     

Database and survey 

report; 

Bench mark report 

Socio-economic and 

environmental 

assessment of 

biopesticides for clean 

vegetable  production   

State and central Govt 

make use of these 

studies to enhance the 

socio-economic status 

of people  and reduce 

the environmental  

pollution   

  

5.2  Assess economic feasibility and pricing 

strategies for innovative biopesticides, „clean‟ 

vegetables and their value added products 

Economic feasibility 

database  analysis and 

report 

Economic feasibility 

report   

5.3  Promotion of vegetable production through 

biopesticides based pest management 

 Number of outlets for  

biopesticides based ,  

„clean‟ vegetables & 

processed product  

Number  of “Clean” 

vegetables and 

biopesticides sale outlets 

established  

 5.4 Socio-economic impact assessment  Database and impact 

assessment report 

Biopesticide mediated 

value  chain impact 

assessment report 

document 



16 
 

The overall output and outcome are given as below: 

Output 

 Two commercial formulations of innovative biopesticides will be available for the 

holistic management of insect-pests and diseases of garden pea and cabbage. 

 Good agricultural practices for the production of „clean‟ vegetables using innovative 

biopesticides.  

 Availability of „clean‟ vegetables and their processed products. 

 Patents and trademarks for biopesticides and the processed vegetable products. 

Outcome 

 A model of `production to consumption‟ for „clean‟ garden pea and cabbage through 

innovative indigenous biopesticides.  

 Backward and forward linkages with stakeholders in biopesticides value chain for 

public-private cooperation, entrepreneurship development and sustainability. 

  Trained/ skilled human resources in biopesticides and vegetable processing. 
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4. Baseline Analysis 

In order to know the present status of utilization of biopesticides for the production of clean 

vegetables especially the garden pea and cabbage in Himachal Pradesh, a baseline survey was 

carried out by selecting 60 vegetable growers spread over 12 villages in 3 districts namely, 

Kangra, Kullu and Mandi of Himachal Pradesh. For the purpose of collecting required 

information from respondents, various sets (six in number) of pre- tested questionnaires were 

framed. Information at village and farmers‟ level was collected through personal interview 

from 12 key village informants‟ and 60 vegetable growing respondents. During survey it was 

found that most of the farmers reported about the non-availability of effective biopesticides in 

the market and expressed apprehensions about non-availability of market for sale of vegetables 

produced using biopesticides. Very small stock of biopesticides was found in the sale centers 

surveyed in Kangra, Kullu and Mandi districts. Similarly Trichoderma and Trichogramma 

were used by the rare farmers in Kangra district located in the periphery of State Biocontrol 

Lab Holta (Palampur).  

Based on primary data collection Eupatorium (Kalibasuti) was found in Kangra district only. 

Very few plants were found in Kullu and Mandi. Only 25 per cent farmers had knowledge 

about the pesticidal value of this plant and used it as spray while 75 per cent farmers disliked 

kalibasunti on their fields as it does not allow the grass to grow. Similarly Melia (darek) trees 

were found in all the three districts. In Kangra district it is found mostly in grasslands (35%), 

and followed by wastelands (30 %) and nullah/khuds (25%). In Kullu and Mandi it is found on 

the bunds of cultivated land (70 and 50%, respectively). The number of darek trees per village 

was the highest, 200 in Kullu, and 50 per cent people showed interest for planting Melia on the 

fields as it helps in controlling insects.  

Among all vegetables, cabbage and cauliflower were important crops. Gross return at the base 

level in 2008-09 from cabbage varied from Rs 1,37,500/ha in Mandi to Rs 1,61,392/ha in 

Kangra. Similarly, gross returns/ha from garden peas varied from Rs 78,480 in Mandi to Rs 

82,500 in Kullu district. Farmers sold their produce to nearby regulated market and yards/sub-

yards. They immediately disposed off their produce due to lack of storage facilities. 

The impact of biopestcide project in 2013-14 was assessed in terms of both tangible and 

intangible cost and benefits. On account of intangible benefits the vegetable growers in the 

selected villages were made aware of the use of biopesticides and rearing of bio agents like 

Trichogramma. They were also made aware of the harmful effects of chemical pesticides and 

multiple benefits of biopesticides/bioagents to the growers themselves and ultimate vegetable 

consumers at large. As much as 24% of them started cultivation of vegetable crops with 

biopesticides and bio agent technologies. Nearly 40% vegetable growers could reduce the 

amount and frequency of chemical pesticides. As many as 2669 vegetable growers were 

directly trained for the adoption of biopesticide and bioagent technologies. The vegetable 

growers particularly the progressive growers who adopted biopesticide technology earned Rs 

25537/ ha as an incremental benefit over the chemical pesticide technology. Fourteen vegetable 

growers adopted Trichogramma  production in the form of entrepreneurship during 4
th

 and 5
th

 

year of the project who could produce the host of Trichogramma i.e  Corcyra @ 30-50cc /week 

from 50 cultured boxes on 450 -500cc in three month cycle providing them approx 1000 
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trichocard strips @ Rs. 15/strip (imputed value). The biopesticide project generated 25 

mandays employment per beneficiary. However, on account of incremental income generation, 

the project could enhance the income by Rs 6550/beneficiary household (HH). In all, the 

cumulative contribution of biopesticide project was worked out to be Rs 32.26 lakh in the 

target area and Rs 3248.75 lakh projected at the state level over a period of six years with 

benefit cost ratio of 3.83 in 2013 and projected BCR of 3.85 for 2020 and 3.67 for 2030. The 

project has helped in reducing the use of chemical pesticides to the extent of 115 kg (121 

g/HH) valued at Rs 70380 (Rs 74/HH) in the project area and Rs 4.08 crore at the state level. 
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5. Research Achievements with Summary 

Field evaluation of innovative biopesticides against pest complex of garden pea and cabbage, 

and development of biopesticide based pest management practices were undertaken by the 

Lead Centre, CSKHPKV. Field demonstrations were conducted and demonstrated to test 

bioefficacy of biopesticide formulations and evaluation of persistent toxicity in different agro-

ecological regions of the state.  

Technical progress partner-wise  

5.1 Research Achievements – IARI 

5.1.1 Development of value added indigenous biopesticides 

Innovative value added botanical biopesticides formulations are the major innovations in the 

supply chain management in making biopesticide value chain viable. A team of scientists from 

CSKHPKV conducted survey in different districts of Himachal Pradesh to determine the 

distribution of plant material for the development of biopesticides. It was observed that plant 

material (Melia azedarach and Eupatorium adenophorum) was abundantly available locally in 

the region.  

5.1.1.1 Procurement of plant material:  The leaves and drupes of M. azedarach and leaves, 

shoots and stems of E. adenophorum were collected at different plant growth stages by the 

Lead Centre from different locations of Himachal Pradesh namely, Palampur, Bajaura, Solan, 

Shimla and Bilaspur. Plant materials were shade dried, powdered, stored and used for further 

investigations. 

 

 

5.1.1.2 Extraction and purification of bioactive molecules: Nine solvents namely, acetone, 

butanol, dichloromethane, ethanol, ethyl acetate, hexane, isopropyl alcohol, methanol and 

water were used for extraction and fractionation of bioactive molecules from the plant material 

at Lead Centre and IARI, New Delhi. Initially, bioassay of different solvent extracts and 

botanical formulations against six insect species namely, Drosophila melanogaster, 

Hieroglyphus sp., Lipaphis erysimi, Brevicoryne brassicae, Tetranychus urticae , Plutella 

xylostella; and five plant pathogens namely, Alternaria brassicae, Sclerotinia sclerotiorum, 
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Rhizoctonia solani, Fusarium oxysporum f sp pisi and Erysiphe pisi were conducted under 

laboratory conditions at CSKHPKV, Palampur.  

5.1.1.3   Solvent extraction of E. adenophorum leaves: Aerial parts (mainly leaves) of E. 

adenophorum were air dried and powdered. The powdered material (2 kg) contained in conical 

flask (5 L) was soaked in methanol (4L) for overnight at room temperature. The plant material 

was occasionally stirred with a mechanical stirrer vigorously. The methanol was filtered 

through Buchner funnel under vacuum. The remaining plant material was again soaked in 

methanol and extracted twice with methanol (2×4L) at room temperature. The methanol 

extracts were combined together and the solvent was removed under reduced pressure in rotary 

evaporator at 42°C to obtain dark coloured viscous residue. The extraction process was 

repeated five times with 2 kg batch of powdered plant material to obtain sufficient quantity of 

the methanol extract. The chlorophyll was removed by precipitation with lead acetate solution. 

5.1.1.4   Extraction and GC/MS analysis of essential oil: Shade dried leaves (8 kg) was 

subjected to hydro-distillation for 4 hours using a Clevenger apparatus to obtain essential oil. 

The light yellow coloured essential oil was collected and dried over anhydrous sodium sulphate 

and preserved in a sealed vial at 4
o
C until analysis. Yield of essential oil from leaves was 

0.90% (v/w). GC-MS ( Gas Chromatography coupled to Mass Spectrometry) analysis was 

carried out on a Thermo Fischer capillary gas chromatograph equipped with flame ionization 

detector (FID), directly coupled to the mass spectrometer system and HP-5MS capillary 

column (30m × 0.25 mm i.d. film thickness 0.25 µm). Temperature programming was done 60-

125ºC at 2ºC/min  hold time 2 min., 125-160 ºC at 0.5 ºC /min hold time 5 min. and 160-240ºC 

at 5ºC/min. Injector and detector temperatures were maintained at 220ºC and 290ºC,  

respectively. Helium was used as carrier gas with a flow rate of 1 mL/min. Ion source 

temperature was 270ºC and mass transfer line 250ºC with split ratio 1: 20. Identification of the 

constituents of essential oil was performed by comparison of their retention times, retention 

indices and comparison of mass spectral fragmentation pattern.  

GC-MS analysis of leaf essential oil showed several peaks corresponding to monoterpenes, 

sesquiterpenes and their oxygenated derivatives such as alcohols, ketones, aldehydes and/or 

esters.  The constituents of leaf essential oil are listed in order of their elution from the HP-5 

MS column. About 76.03 % sesquiterpenes and 18.44 % monoterpenic constituents were 

identified in the leaf essential oil. Oxygenated alcohol, ketones, aldehydes and esters accounted 

for 13.07 %, 5.28 %, 0.16 % and 0.73 %, respectively.  Total forty four (Table-2) volatile 

compounds representing 94.47 % of the total composition, were identified in the leaf essential 

oil. Sesquiterpene hydrocarbons constituted the major group from which three main 

constituents were identified as γ-cadinene (13.56 %), germacrene-D (10 %) and γ-elemene 

(9.75 %). The remaining constituents in order of their abundance were identified as farnesene 

(6.65%),   α-amorphene (5.65%), farnesol (5.36 %), borneol (4.64 %), limonene-6-ol (3.83%), 

allomadendren (3.05%), camphor (3%), α-cucubeben (2.70 %),   α-humulene (2.63 %), and β-

fenchol (2.26 %) etc.  
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Table 2.  Chemical composition of leaf essential oil of E. adenophorum 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Sr.No. NAME Retention 

Time 

Retension 

Index 

% Content 

1 p-cymene 9.10 1026 1.49 

2 Camphor 14.95 1100 3.00 

3 Borneol 16.20 1155 4.64 

4 β-fenchol 17.66 1162 2.26 

5 Limonene-6-ol 18.19 1171 3.83 

6 Bornyl acetate 23.36 1268 1.34 

7 Geranial 27.17 1294 1.61 

8 β-funebrene 29.74 1352 0.54 

9 α-Cucubeben 31.35 1389 2.70 

10 Elemol 31.86 1398 0.35 

11 Allomadendren 32.53 1408 3.05 

12 β-Cedrene 32.94 1418 0.73 

13 α-Bergamotene 33.32 1433 0.66 

14 Aromadendren 33.90 1439 0.25 

15 β-Farnesene 34.20 1445 6.65 

16 γ-Elemene 35.56 1449 9.75 

17 Caryophyllene 35.87 1457 0.79 

18 α-Humulene 36.52 1462 2.63 

19 Germacrene-D 38.03 1464 10.00 

20 α-Curcumene 38.27 1479 0.69 

21 α-Amorphene 39.09 1481 5.65 

22 Bicyclogermacrene 39.66 1489 0.37 

23 Cis-cadina-1,4-diene 40.23 1496 0.16 

24 Lepidozene 40.72 1501 0.50 

25 β-Bisabolene 40.98 1503 1.49 

26 α-Sesquiphellandrene 42.19 1508 0.72 

27 β-Himachalene 43.35 1509 0.80 

28 Calacorene 43.75 1513 0.96 

29 α-Guaiene 44.30 1516 0.29 

30 α-Bisabolene 45.02 1518 0.27 

31 Spathulenol 47.44 1519 0.16 

32 γ-Cadinene 50.60 1529 13.56 

33 Cadinol 53.29 1653 0.65 

34 Farnesol 58.17 1656 5.36 

35 Zierone 58.50 1669 0.45 

36 Nerolidol 59.40 1677 0.27 

37 Isolongifolene 64.73 1681 0.36 

38 Murolan-10-peroxy-3,9(11)-diene 65.85 1687 0.41 

39 Methylethylidene 66.54 1685 0.24 

40 Cadalene 73.80 1689 0.43 

41 Dimethylcyclohexenone 77.77 1727 2.75 

42 Curzerene 84.59 1741 0.54 

43 Aristolone 94.00 1752 0.19 

44 14-oxy-α-murrolene 113.09 1770 1.46 

 Total essential oil content     94.47 % 
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 5.1.1.4 Solvent extraction of E. adenophorum leaves: Aerial parts (mainly leaves) of E. 

adenophorum were air dried and powdered. The powdered material (2kg) contained in conical 

flask (5 L) was soaked in methanol (4L) for overnight at room temperature. The plant material 

was occasionally stirred with a mechanical stirrer vigorously. The methanol was filtered 

through Buchner funnel under vacuum. The remaining plant material was again soaked in 

methanol and extracted twice with methanol (2x4L) at room temperature. The methanol 

extracts were combined together and the solvent was removed under reduced pressure in rotary 

evaporator at 42°C to obtain dark coloured viscous residue. The extraction process was 

repeated five times with 2kg batch of powdered plant material to obtain sufficient quantity of 

the methanolic extract. The chlorophyll was removed by precipitation with lead acetate 

solution. Methanolic extract (10 g) was dissolved in 200 ml water : methanol (70:30) solution 

(200 mL) and 5% lead acetate solution was added drop wise. Chlorophyll lead acetate complex 

precipitated at the bottom of the conical flask was filtered through Buchner funnel under 

vacuum to remove undesired precipitates. The filtered solution was transferred to a separatory 

funnel and partitioned thrice successively with hexane (50 mL×3), dichloromethane (50 

mL×3), ethyl acetate (50 mL×3) and butanol (50 mL×3) to give four corresponding solvent 

fractions. The solvent fractions were passed through anhydrous sodium sulphate (20 g) to 

remove the traces of water, if any. Hexane, dichloromethane, ethyl acetate and butanol extracts 

were evaporated under reduced pressure (100 bar) below 45°C to yield corresponding residues.  

In another extraction process, air dried plant material was extracted with hexane at room 

temperature and evaporated under reduced pressure to obtain oily extract. After removal of 

hexane fraction, the plant material was again soaked in ethyl acetate for 48 hours. Ethyl acetate 

was evaporated at 40
o
C temperature. Again the same plant material was extracted with 

methanol and dark coloured residue was obtained. 

5.1.1.5  Evaluation of essential oil and extracts against plant pathogenic fungi : Antifungal 

bioassay of hydrodistilled leaf essential oil and solvent extracts (methanol, hexane, DCM, ethyl 

acetate and butanol extracts) was carried out by poisoned food technique using potato-

dextrose-agar (4% PDA) medium  against four phytopathogenic fungi, viz., Macrophomina 

phaseolina, Fusarium oxysporum, Sclerotium rolfsii and Rhizoctonia solani. Test 

concentrations of 62.5-1000 mg L
-1

 were prepared in acetone and diluted with PDA. The 

mycelial growth (cm) in both treated (T) and control (C) Petri plates was measured 

diametrically in three different directions and % growth inhibition was calculated. ED50 value 

(mgL
-1

) was calculated from the concentration (mgL
-1

) and corresponding IC data of each 

compound with the help of statistical package (GW BASIC). 

At higher test concentration of 1000 mgL
-1

, essential oil exhibited 100% growth inhibition of 

R. solani and S. rolfsii, 81.93 % growth inhibition against F. oxysporum and 77.71 % growth 

inhibition against M. phaseolina. It was, therefore, evaluated at lower test concentration of 500, 

250, 125, 62.5 and 31.25 mgL
-1

. At 500 mgL
-1

 concentration 81.88 % and 82.72 % growth 

inhibition was observed against R. solani and S. Rolfsii, respectively. In terms of median 

concentration ( EC50), maximum activity was observed in case of R. solani (116.45 mgL
-1

) 

followed by S. rolfsii (151.65 mgL
-1

), F. oxysporum (186.84 mgL
-1

) and M. phaseolina (212.67 

mgL
-1

).  
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5.1.1.6  Antifungal activity of E. adenophorum essential oil:  Hexane extract showed 

maximum growth inhibition against R. solani (85.98 %) followed by S. rolfsii (83.93%), and 

moderate per cent growth inhibition against M. phaseolina (72.83 %) and F. oxysporum (73.71 

%).  As evident from the data, antifungal activity of hexane extract followed the order of R. 

solani (EC50 135.38 mgL
-1

)> S. rolfsii (EC50 148.49 mgL
-1

)> F. oxysporum (EC50 165.28 mgL
-

1
)> M. phaseolina (EC50 205.12 mgL

-1
). It was followed by DCM extract which showed EC50 

in the range of 198.60 to 279.85 mgL
-1

. Moderately active methanol extract showed EC50 value 

in the range of 235.47
 
to 273.08 mgL

-1 
against all the test fungi. The most polar butanol extracts 

(Figure 1) showed least activity (447.2 mgL
-1 

to 681.8 mgL
-1

). (Fig. 1) Bioassay results 

indicated that antifungal activity was dose dependent.  While R. solani and S. rolfsii were 

highly sensitive towards hexane extract, F. oxysporum and M. phaseolina were moderately 

sensitive to the hexane extract.  

 

                                  Fig 1.    Antifungal activity of E. adenophorum extracts 

5.1.1.7 Evaluation of compounds against root-knot nematode, Meloidogyne incognita: 

Leaf essential oil and solvent extracts (methanol, hexane, DCM, ethyl acetate and butanol 

extracts) were evaluated for their activity against root-knot nematode Meloidogyne incognita 

(Kofoid and White) Chitwood by water screening method. From the stock solution of 1000 

mgL
-1

, 400, 200, 100, 50 and 25 mgL
-1 

solutions of 10 mL each were prepared by serial 

dilution with Tween 80 emulsifier in distilled water. Nematodes were extracted from infected 

soil and roots of brinjal (var. Pusa Purple Long) plants by sieving and decanting technique. 

Suspension of the J2s was diluted further to get approximately 25 J2s per mL. Root-knot 

nematode suspension (2 mL) containing 50 juveniles was taken in glass vials and equal volume 

of the test solutions was added separately to obtain the desired test concentrations of 400, 200, 

100, 50 and 25 mgL
-1 

, respectively. Each treatment was replicated thrice separately for 24, 48 

and 72 hours. Observations were taken for each case after 24, 48 and 72 hours. The per cent 

mortality in treatment as well as in control for each compound was calculated and  the corrected 

per cent mortality was workedout. LC50 value (mgL
-1

) was calculated (Table 3) from the 

concentration (mgL
-1

) and corresponding % corrected mortality data with the help of statistical 

package (INDOSTAT). 
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It was noted that the duration of exposure considerably affected the nematode mortality. As the 

time of exposure was increased from 24 hours to 72 hours, the per cent mortality of nematodes 

increased. Atleast 63.21 %   mortality was obtained after 72 hours of exposure at  400 mgL
-1

 

concentration of essential oil. LC50 values of 176.85 mgL
-1

, 218.16 mgL
-1

and 270.72 mgL
-1 

were recorded
 
after 72, 48 and 24 hours exposure, respectively.  

Among the extracts, at higher test concentration of 400 mgL
-1

after 24 hrs treatment, methanol 

and hexane extract showed 61.25 % and 60.46 % corrected mortality, respectively. Higher  per 

cent mortality was observed in case of methanol extract (72.5 %) at 48 hours and 81.25% at 72 

hours of treatment at 400 mgL
-1 

concentration.  Methanol extract was found to be the most 

effective after 72 hours of treatment against M. incognita (LC50 101.32 mgL
-1

). It was followed 

by hexane extract (LC50 113.69 mgL
-1

) and DCM extract (LC50149.8 mgL
-1

). Ethyl acetate and 

butanol extract showed LC50 of 178.18 mgL
-1

 and 286.54 mgL
-1

 respectively. 

Table 3. Antinemic activity of essential oil against M. incognita 

 

5.1.1.8  Plant growth regulatory activity: At 200 mgL
-1

 concentration, the essential oil 

inhibited coleoptile growth of Phalaris minor and wheat by 49.02% and 36.20 % respectively. 

At the same concentration, 40.38 % and 35.71 % inhibition was observed in seedling growth of 

the respective crops. Essential oil exhibited highest inhibition  in P. minor coleoptile growth 

(EC50 196.28 mgL
-1

) than the root growth (EC50 287.81 .mgL
-1

).  Similar inhibitory pattern was 

observed in case of wheat coleoptile growth (EC50 257.56 mgL
-1

) and root growth inhibition 

(EC50 381.92 mgL
-1

). Chick pea seedling growth was, however, not much inhibited. 

5.1.2.1 Upscaling indigenous bio-pesticides and fine tuning of their production 

technology:  E. adenophorum leaf powder was extracted with water, methanol, ethanol, 

acetone, isopropyl alcohol, hexane, dichloromethane and ethyl acetate, methanol (pure 90%) 

and ethanol (1:3 and 1:5 ratio) at IARI, New Delhi and at CSKHPKV, Palampur. The per cent 

recovery of crude bioactive molecules in different solvents varied from 1.7 – 8.3 %. 

Methanolic extract contained both polar (maximum) and non polar components.  Bioactive 

molecules from two plants (Melia azedarach & Eupatorium adenophorum) and metabolities 

from the native isolates of Trichoderma sp. were identified by IARI for quality determination 

of biopesticides. Further upscaling of indigenous bio-pesticides formulations has helped to 

identify two potent botanical formulations each of botanicals & Trichoderma, respectively. 

Flow Chart for isolation of bioactive compounds from botanicals and Trichoderma are given 

below:  

Exposure 

time (hours) 

d.f. χ
2
 Regression 

equation 

LC50
 

(mgL
-1

) 

Fiducial limits (mgL
-1

) 

Higher Lower 

24 3 3.32 Y=1.20+1.48X 364.77 491.49 270.73 

48 3 1.55 Y=1.08+1.60X 275.15 347.03 218.16 

72 3 5.33 Y= 1.16+1.64X 215.91 263.60 176.85 
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Isolation of bioactive compounds

Hexane extract

Column chromatography

Fr. 25 - 33
Fr. 37 - 47
Fr. 53 - 59

Re-Chromatography
Prep-TLC

Compound- I - IV 

80 fractions 

Fr. 37 – 44
Fr. 51 - 58

Ethyl acetate extract

Column chromatography

62 fractions 

Ethyl acetate : Hexane 
(15-100 %) 

Re-Chromatographyd
Prep-TLC

Compound-V, VI and VII

Ethyl acetate : Hexane 
(10-100 %) 

Eu flower or fresh leaves 

Steam/hydro-
distillation 

Essential oil

 

Pure compounds isolated from   
Eupatorium extracts

O

O

I= Cadinan-3-ene-2,7-dione

II= 7-Hydroxycadinan-3-ene-2-one

O

O

OHOH

III= 5,6-Dihydroxycadinan-3-ene-2,7-dione

O

O

IV= Cadinan-3,6-diene-2,7-dione

O

O

O

V= 2-Acetyl-cadinan-3,6-diene-7-one

O

O

O

OH

VI= 7-Hydroxy-7,13-epidioxycadinan-

3,6-diene-2-one

HO

OH

O

VIII= Stigmasterol

I II III IV

V VI

VII

 

  

Emulsifiable concentrate (5 %) of E. adenophorum leaf extracts, essential oil and/or their 

combination was prepared incorporating different solvents and surfactants. On the basis of 

preliminary screening, Tween-80 and Triton X were selected as preferred surfactants and C-IX, 

isobutyl methyl ketone (IBMK) and C-IX + isobutyl methyl ketone (1:1) as preferred 

solvent(s). Based on physico-chemical properties, hexane extract based test formulation 

incorporating solvent C-IX and surfactant Tween-80 showed better performance. Hexane 

extract + essential oil based formulations incorporating solvent C-IX and surfactant Tween-80 

was also developed. On the other hand, C-IX + isobutyl methyl ketone (1:1) solvent blend and 

Triton-X surfactant was preferred methanol extract, and methanol extract + essential oil based 

EC formulations. 
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Fifty eight formulations of botanicals (Melia 34 and Eupatorium 24)   in five value added lots 

were prepared at IARI. Out of these four value added botanical formulation (Melia 2, 

Eupatorium: 2) were selected for revalidation and commercial exploitation.   The following 

important formulations   were prepared by IARI and supplied to Lead Centre for further 

testing: 

Melia: SMH-1, SMD-1, SMHO-1, SMHEO-1, SME-1, SMM-1, SMH-2, SMD-2, SMHO-2, 

SMHEO-2,SMM-2,SMH-3, SMD-3, SMHO-3, SMHEO-3, SME-3, SMM-3, SMH-4, SMD-4, 

SMHO-4, SMHEO-4, SME-4, SMM-4, SMD-5, SME-5 and Melia 5%  and  10% . 

Eupatorium: FA, FB, FC, FD, FE, FE ,SEH-1,SEE-1,SEM-1,SEOL-1,SEOF-1,SEME-1,Me-1, 

He-1, Et-1, SEH-2, SEM-2 and Eupatorium  5% and  10% . 

Beside this dust formulations of bioagent Trichoderma sp. (Native and thermo-stable strains of 

Himachal Pradesh) were prepared and have been identified for mass production. Protocol for 

extraction is presented given as under:  

 

Extraction scheme for Cultural Broth of Trichoderma  sp. 

 

     

            

            

            

          

 

 

 

 

Protocol prepared, evaluated and developed for commercial production of local strains of 

Trichoderma (Trichoderma harzianum and T. koningii ) by IARI in collaboration with 

CSKHPKV.   

5.1.2.3  Fungicidal activity of the mycelia ethyl acetate extract: Four strains of Trichoderma 

(T4, T5,T8, T11) were of found effiective in the initial screening and were futher evaluated for 

the antifungal activity against R. solani, S. rolfsi, M. phaseolina, F. oxysporium. In general, T5 

strain was found best out of four strains. Out of four fungi, secondary metabolite of 

Trichoderma sp. was most active against R. solani where as was least active against M. 

Phaseolina. 

5.1.3  Upscaling  of Trichoderma dust  formulation: Dust formulations of two strains of 

Trichoderma were prepared following incorporation of biomass (2%) in a suitable carrier and 

binder for their field evaluation in vegetable crops. Fifty one formulations of Trichoderma in 

five value added lots were prepared at IARI. Important Trichoderma formulations prepared and 

supplied to Lead Centre were  TBB-2, TBC-2, TBD-2, TBF-2, TBG-2, TBH-2, TBB-3, TBC-

3, TBD-3, TBF-3, TBG-3, TBH-3, TBB-1, TBC-1, TBD-1, TBF-1, TBH-1, TBA, TBB, TBC, 

Cultural broth 

Filtrate Mycelia (1.5g) 

Ethyl acetate 

extract (50 mg) 

Ethyl acetate 

extract (65 mg) 
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TBD, TBF, TBG and TBH. Out of these,   two formulations were selected for commercial 

exploitation.  For quality control, the active constituent in Trichoderma spp., four pure 

compounds were extracted and identified from the ethyl acetate extract.  

5.1 Research Achievements – CSKHPKV 

5.1.1 Development of indigenous biopesticides 

5.1.1.1 Preliminary testing of plant extracts of Melia azedarach & Eupatorium 

adenophorum and Trichoderma spp. under laboratory condition: Different extracts of 

Melia & Eupatorium received from IARI and prepared at  CSKHPKV  were tested under 

laboratory conditions at various concentrations.  Bioassay of different solvent extracts   against 

six insect species namely, Drosophila melanogaster, Hieroglyphus sp., Lipaphis erysimi, 

Brevicoryne brassicae, Tetranychus urticae , Plutella xylostella; and five plant pathogens 

namely, Alternaria brassicae, Sclerotinia sclerotiorum, Rhizoctonia solani, Fusarium 

oxysporum f sp pisi and Erysiphe pisi were conducted under  laboratory condition at 

CSKHPKV. 

a) Rearing of the Test Insects:  Laboratary Culture of diamonedback moth, P. xylostella  was 

maintained on  fresh cabbage/ cauliflower leaves with petiole dipped in plastic vials (14 cm x 4 

cm) which were kept inside each rearing cage (30m x 30 cm x 45 cm) having  aluminum angle 

frame work supported on wooden batons,   and larvae were shifted to the leaves for feeding. 

The newly emerged adults were shifted to different cages for mating and egg laying on fresh 

leaves of cabbage. Sugar solution (10%) soaked in cotton swab was kept inside each rearing 

cage to serve as food to adults. In addition to cabbage/ cauliflower leaves, mustard plants 

grown   in small pots were also used for raising culture of diamond back moth. 

For cabbage aphid culture,   field collected cabbage leaves containing aphid colonies were 

exposed to table lamp heat for 35-40 minutes but it was found that aphids are not dislodged 

uniformly.  So a quick method was devised in which cabbage leaves containing aphids were 

placed in the glass jars/ beakers which were then kept at 30 
0
C   for 10 minutes in the hot air 

oven. In this way, aphids were dislodged from the leaves without any harm to their mouth 

parts.  A camel hair brush was placed just near to moving   aphids so that these shift to brush. 

Aphids were then transferred to fresh cabbage leaves with petioles dipped in water in the 

plastic vials. Mouth of the vials was provided with cotton swab to hold the cabbage leaves.  

The vials containing the cabbage leaves along with aphids were then placed at 25± 1
0
C and 

70± 5 % relative humidity in the culture room/ growth chamber for further multiplication 

(laying of nymphs takes place after one day i. e. 3
rd

 day after placing aphids on the cabbage 

leaves). In this way aphids of known age were obtained. Drosophilla melanogaster was 

maintained on artificial diet.  

Egg masses of Pieris brassicae  were collected from fields and then reared in laboratory for 

testing. Similarly insect and mite species namely, Hieroglyphus sp.  and Tetranychus urticae  

were  colleted  from field and maintained under laboratory for testing. 
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a) Bioassay of solvent exteats of Melia azedarach and Eupatorium adenophorum: Studies 

were carried out under laboratory conditions at 25±1
0
C and 70± 5% RH to test the efficacy of 

different solvent extracts of M. azedarach and E. adenophorum (extracted at different stages). 

The second instar larvae / nymphs of diamond back moth, cabbage caterpillar, Helicoverpa, 

grasshopper and cabbage aphid were used for studying the toxicity of the extracts. Leaf dip 

method was used for testing the efficacy of extracts.  For this, fresh leaves of cabbage were cut 

into small circular discs (7.5 to 8.0 cm dia), washed with water and air dried. The discs were 

then dipped in desired concentration of extract for 1 minute, dried in shade and then offered to 

larvae and aphids in Petri plates over a moistened filter paper. Ten   first / second instar larvae/ 

nymphs were   pre- conditioned (starved for 4 hr)  and  released in each Petri plate. The 

treatments were replicated three times including an untreated control in which leaf discs were 

treated with solvent emulsified   distilled water.  

Data on the comparative toxicity of methanol extracts of E. adenophorum and M.azedarach at 

1 and 2% concentrations against three test insects after 72 hours of treatment have been 

presented in Table 4.   

Table 4. Comparative efficacy of different methanol extracts of E. adenophorum and M. 

azedarach to insect-pests 

Extract Average corrected mortality (%) after 72 h at indicated concentration  

Grasshopper Diamondback 

moth* 

Cabbage 

butterfly* 

Cabbage 

aphid** 

1.0% 2.0% 1.0% 2.0% 1.0% 2.0% 1.0% 2.0% 

Eupatorium - Stored 

Leaves (3) 

31.82 47.52 24.44 41.11 35.56 51.11 42.676 67.33 

Eupatorium – Fresh 

Leaves (5) 

37.42 57.29 36.67 59.33 40.67 67.33 58.40 82.00 

Melia- Before Leaf 

Fall (2) 

22.57 30.76 21.67 28.33 23.33 31.67 31.00 60.00 

Melia- After Leaf Fall 

(4) 

24.83 32.61 24.17 31.67 25.00 34.17 35.00 64.00 

* n= 3 (10 larvae/ replicate), ** n = 5 (10 aphids/ replicate); Total Methanol extracts = 14 (8 Eupatorium & 6 

Melia) 

 

Data   showed that methanol extracts of E. adenophorum were more efficacious than M. 

azedarach to all the test insects at 1% and 2% concentrations. Extracts from fresh leaves of 

Eupatorium were comparatively more effective than old stored leaves. Extracts from Melia 

seeds harvested before or after leaf fall did not differ from each other in efficacy at each 

concentration.  Among three insects, cabbage aphid has been found to be most susceptible to 

methanolic extracts of Eupatorium adenophorum giving an average mortality of 82.00 and 

58.40 per cent at 2% and 1% concentration  of extracts from fresh leaves, respectively.  It was 

followed by cabbage caterpillar in susceptibility. Larvae of diamond back moth were least 

susceptible.  
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c) Evaluation of insecticidal activity of plant extracts/formulations:  Testing for insecticidal 

properties of bioactive molecules present in E. adenophorum and M. azedarach was carried out 

against insect pests and diseases under laboratory conditions. To determine the intrinsic 

toxicity (LC50) and field testing concentration (LC90), 4-6 concentrations were determined 

giving mortality between 10 -90% under laboratory by leaf dip / topical spray techniques.  The 

results are presented in the   table 5, 6 and 7. 

d) Comarative intrinsic toxicity of biopesticides against insect pests:  Intrinsic toxicity of 

value added and up scaled formulations of Eupatorium and Melia and Neem based formulation 

were determined againt softed body lepidopterous larvae, chewing insect (grasshopper) and sap 

sucking insect pests (Table 6). It was revealed that SMHO-5 &SMHEO-5 formulations of 

Melia showed higher efficacy against all the three insect pests tested. In case of Eupatorium 

formulations SEH-2 and SEM-2 formulations showed superiority at LC₅ₒ and LC₉ₒ levels 

against 1
st
 instar nypmphs of   grasshopper. The toxicity enhanced with the next improved band 

of formulation (Table 5, 6 and 7).  

e) Evaluation of intrinsic toxicity of biopesticides and insecticide:  Intrinsic toxicity of up 

scaled formulations of Eupatorium and Melia and Neem based formulations along with the 

check insecticide, cypermethrin was worked out against second instar larvae of Plutella 

xylostella, second stage nymphs of Brevicoryne brassicae, red spider mite, Tetranychus urticae 

and grasshopper, Hieroglyphus spp. using leaf dip method of bioassay following standard 

procedure at 25 ºC. The mortality counts were recorded after 72 hours of release in case of 

biopesticides and 24 hours in case of insecticide. Based on LC50 values (%) presented in Table 

8, the order of efficacy of various treatments against P. xylostella was: Melia (0.00069)> 

Eupatorium (0.00081)> cypermethrin (0.00109)> neem oil (0.00131)> neem baan (0.00150). 

Similarly against B. brassicae, the treatments were effective in the order: Eupatorium 

(0.0008)>Melia (0.0010)>cypermethrin (0.0015)>neem baan (0.0030)> neem oil (0.0039). 

Against Tetranychus mite the order of efficacy of treatments was: Melia (0.0016)> Eupatorium 

(0.00018)>cypermethrin (0.00071)>neem baan (0.00286)> neem oil (0.00304) while against 

Hieroglyphus sp. it was: cypermethrin (0.0045)> neem baan (0.0077)> neem oil (0.0091)> 

Melia (0.0361)> Eupatorium (0.1293). 

f)  Rearing of   local ecotypes /strains of Trichogramma: Native strain   of Trichiogramma 

chilonis was mass produced in the production unit at CSKHPKV for use in different 

experiments and for supply to the farmers in the form of trichocards.  
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   Table 5. Comparative toxicity of Eupatorium adenophorum formulations against grasshopper          

 

*Per cent of formulation 

 

 

 

Table 6.  Comparative toxicity of M. azedarach formulations against grasshopper  

*Per cent of formulation 

Band-I  Band-II   Band-III Band IV Band V 

Formulation  LC 

50* 

LC 

90* 

Formulation  LC 50* LC 90* Formulation  LC 

50* 

LC 

90* 

LC 50* LC 90* LC 50* LC 90* 

FA  2.81  6.92  SHE-I  2.42 6.59  SEH-2  0.32  5.57  0.29  3.07 0.18 2.81 

FB  2.82  7.02  SEE-1  2.72  6.91  SEM-2  0.31  6.79  0.28  2.37   0.21 2.02 

FC  2.98  7.89  SEM-1  2.88  7.75  - - - - -   

FD  3.02  8.09  SEOL-1  2.96  7.96 - - - - -   

FE  2.87  6.93  SEOF-1  2.38  6.07 - - - - -   

FF  2.89  5.72  SEME-I  2.54  5.08  - - - - -   

                  Band-I  Band-II  Band-III  Band-IV Band-V 

Formulation  LC 

50* 

LC 

90* 

Formulation  LC 

50 

LC 

90 

Formulation  LC 

50 

LC 

90 

Formulation  LC 

50 

LC 

90 

Formulation  LC 50 LC 90 

SMD-1  1.98  4.52 SMD-2  1.80 5.63  SMD-3  1.89  5.74  SMD-4  1.13 5.48  SMD-5  1.07  4.18  

SME-1  1.68 4.29  -  -  -  SME-3  1.56  6.45  SME-4  1.21 4.04  SME-5  1.16  3.81  

SMHO-1  2.33 5.29 SMHO-2  0.53  3.88  SMHO-3  0.09  0.63  SMHO-4  0.071 0.53 SMHO-5  0.05 0.38 

SMHEO-1  1.56  3.96 SMHEO-2  0.18  4.53  SMHEO-3  0.14 2.33  SMHEO-4  0.12  2.01 SMHEO-5  0.09  1.65 

SMM-1  2.59 5.10 SMM-2  1.43 4.97  SMM-3  1.84 4.02  SMM-4  1.27  2.03  - - - 

SMH-1  1.58  4.35  SMH-2  1.53  5.78  SMH-3  1.49  4.96  SMH-4  1.41  4.92  - - - 
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Table 7. Comparative toxicity of different formulations of M.  azedarach*   to 2
nd

 instar larvae 

of diamond back moth ( DBM), grasshopper, cabbage aphid  

Formulation DBM Grasshopper Cabbage aphid 

 

 LC50 

(%) 

LC 90 

(%) 

LC50 

(%) 

LC 90 

(%) 

LC50 

(%) 

LC 90 

(%) 

SMHO – 1 1.474 5.071 2.328 5.297 1.159 3.314 

SMHEO - 1 1.719 3.345 1.556 3.957 1.148 3.107 

SMM- 1 1.288 4.538 2.594 5.100 0.862 2.415 

SMH- 1 2.035 4.616 1.581 4.345 1.679 3.669 

SME -1 - - 1.679 4.285 2.623 4.492 

SMD-1 - - 1.982 4.519 2.380 3.826 

SMHO – 2 0.858 2.170 0.53 3.88 0.858 2.170 

SMHEO - 2 1.149 3.272 0.179 4.53 1.149 3.272 

SMM- 2 1.404 5.695 1.432 4.97 1.404 5.695 

SMH- 2 2.165 5.990 1.52 5.78 2.165 5.990 

SMD-2 2.640 7.413 1.801 5.63 2.640 7.413 

SMH-3 0.818 2.256 1.49 4.96 0.818 2.256 

SMHO-3 0.210 0.597 0.089 0.626 0.210 0.597 

SMHEO-3 0.326 1.246 0.143 2.33 0.326 1.246 

SMM-3 0.607 2.208 1.842 4.02 0.607 2.208 

SME-3 1.916 3.758 1.56 6.45 1.916 3.758 

SMD-3 1.783 5.610 1.89 5.74 1.783 5.610 

SME-4 1.673 4.720 1.209 4.039 1.673 4.720 

SMD-4 0.935 3.231 1.128 5.481 0.935 3.231 

SMHEO-4 0.147 0.458 0.120 2.01 0.147 0.458 

SMHO-4 0.127 0.359 0.071 0.53 1.297 2.759 

SMHEO-5 0.110 0.326 0.090 1.65 0.122 0.324 

SMHO-5 0.098 0.263 0.050 0.38 0.907 1.352 

Neem 

**(Azadirachtin 

0.15%) 

0.0004 0.0017 0.0002 0.0024 0.00012 0.00091 

*Based on formulation        ** Based on azadirachtin      
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 Table 8. Intrinsic toxicity of biopesticides and insecticide against different insect-pests 

Test 

Formulations 

                                   Plutella xylostella  

 LC₅₀ LC90 Regression 

equation 

b (Slope) 

Melia* 0.00069 0.0033 1.898X +3.408 1.8977 

Eupatorium** 0.00081 0.0041 1.805X +3.360 1.8051 

Neem Oil 0.00131 0.0092 1.516 X +3.305 1.5155 

Neem Baan 0.00150 0.0097 1.590 X +3.124 1.5901 

Cypermethrin 0.00109 0.0116 1.249 X +3.702 1.2489 

                                  Brevicoryne brassicae 

Melia* 0.0010 0.0058 1.678 X+ 3.306 1.6781 

Eupatorium** 0.0008 0.0039 1.909X +3.244 1.9098 

Neem Oil 0.0039 0.0201 1.789 X +2.158 1.7890 

Neem Baan 0.0030 0.018 1.648 X +2.557 1.6480 

Cypermethrin 0.0015   0.0069 1.944X+ 2.702 1.9439 

                                                                          Tetranychus sp. 

Melia* 0.00016 0.0010 1.543 X +3.165 1.5430 

Eupatorium** 0.00018 0.0011 1.629 X +2.957 1.6287 

Neem Oil 0.00304 0.0182 1.647 X +0.911 1.6467 

Neem Baan 0.00286 0.1781 1.612 X +1.040 1.6119 

Cypermethrin 0.00071 0.0047 1.565 X +2.099 1.5652 

                                                                         Hieroglyphus sp. 

Melia* 0.0361 0.1212 2.434 X -1.225 2.4337 

Eupatorium** 0.1293 0.9390 1.486 X+1.862 1.4863 

Neem Oil 0.0091 0.0356 2.157X + 2.934 2.1571 

Neem Baan 0.0077 0.0334 2.012X + 3.215 2.0120 

Cypermethrin 0.0045 0.0260 1.684X+3.896 1.6845 

    * Label V,    ** Label IV,       No. of insects treated  = 20 /replication, 3 replications 

g) Testing of plant extracts against diseases of cabbage and garden pea Following 

pathogens of cabbage and pea were isolated, purified and mass multiplied during the entire 

project period for preliminary testing of the efficacy of plant extracts of Eupatorium and Melia. 

 Alternaria brassicae (cabbage blight) on V-8 medium 

 Sclerotinia sclerotiorum (sclerotinia blight/, stem rot of pea) on PDA 

 Rhizoctonia solani (stalk rot/blight of cabbage) on PDA 

 Fusarium oxysporum f sp pisi (wilt of pea) on PDA 

 Erysiphe pisi (powdery mildew of pea) on susceptible host Lincoln 

Different extracts of Melia/Eupatorium were tested at various concentrations against 

A.brassicae, S. sclerotiorum, F. oxysporum f sp pisi and R. solani under laboratory  conditions 

using spore germination inhibition studies and poisoned food technique.  Different formulations 

of Eupatorium coded as A (SMM-1), B (SMH-1), C (SMD) , D (SMHEO-1) and  E ( SMHO-1) 

were tested against pathogens of cabbage and garden pea. The formulations coded as D and F 

proved most effective against A.  brassicae, R. solani and S. sclerotiorum  under laboratory 

conditions. Under pot conditions, the formulation coded as D @1% proved most effective 
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against A. brassicae (97.2% disease inhibition) causing cabbage blight, followed by 

formulation coded as F which showed 80% inhibition of disease. 

Among the first lot of 12 Formulations, 6 each  of Melia (SMH-I, SMD-I, SMHO-I, SMHEO-I, 

SME-I, SMM-I and Eupatorium  (SEH-I, SEE-I, SEM-I, SEOL-I, SEOF-I, SEME-I) evaluated 

against major pathogens of cabbage and pea, Eupatorium formulations SEOF-I, SEME-I 

(0.5%) gave 100% inhibition in spore germination of A. brassicae. SEOF-I and     SEOL-I 

proved most effective against Sclerotinia sclerotiorum. Whereas, SEE-1 and SEM-I showed 

48.5 and 45.2% spore germination inhibition of E. polygoni causing pea powdery mildew. 

Melia formulation SMD-I showed effectiveness against A.brassicae. Whereas, SME-I followed 

by SMD-1 proved most effective against Sclerotinia.  SME-I also showed 54.5% spore 

germination inhibition of E. polygoni causing pea powdery mildew. Similarly among the 

second lot of   formulations namely SMM-2 (1.0%) showed highest efficacy against E. 

polygoni by giving 59.7% spore germination inhibition  and among third level of value addition 

SMD-3 (0.5, 1%) and SMM-3 (1%) showed 100% spore germination inhibition of A. brassicae. 

SME-3 (1%) proved to be most effective against S. sclerotiorum where as formulation SMHO-

3 followed by SMH-3 proved most effective against R. solani by inhibiting 92.1 and 91.5% 

growth of the pathogen under laboratory conditions (Table 9). 

Further refinement of formulations enhanced the bio-efficacy of the  formulation  against 

pathogens. SMD-4 (1%) proved most effective against A. brassicae and provided 100 % 

inhibition in spore germination as compared to SME-4 which gave 100% inhibition in spore 

germination at higher dose of 5 %. The formulation SME-4 proved most effective against R. 

solani & S. sclerotiorum and provided 100% inhibition in growth of these pathogens at 2 and 

1% doses, respectively.  

Table 9. Evaluation of Formulations ( Level 3) against major pathogens of cabbage and pea  

RG: Radial growth of the pathogen; SG:  % spore germination, I: % Inhibition 

Treatments Alternaria brassicae Sclerotinia sclerotiorum Rhizoctonia solani 

 % 

Germination 

% 

Inhibitio

n 

% Radial 

Growth 

% 

Inhibition 

% Radial 

Growth 

% 

Inhibition 

Control 94.3(76.2) 0 76(60.7) 0 88(69.7) 0 

Bavistin (0.05%) - - 0(0) 100 0(0) 100 

SME-3 1% 68(55.5) 93.6 11(19.2) 85.5 11(19.3) 87.5 

SME-3 0.5% 86.6(68.5) 8.2 20.5(26.9) 73 14(22) 84.1 

SMH-3 1% 29.7(33) 68.5 43(41) 43.4 7.5(15.8) 91.5 

SMH-3 0.5% 62.3(52.1) 33.9 46.5(43) 38.8 16(23.6) 81.8 

SMD-3 1% 0(0) 100 25.5(30.3) 66.5 11.5(19.8) 86.9 

SMD-3 0.5% 0(0) 100 27(31.3) 64.5 14.5(22.4) 83.5 

SMHO-3 1% 83.5(66.1) 11.3 39.5(38.9) 48 7(15.3) 92.1 

SMHO-3 0.5% 91.8(73.4) 2.7 45(42.1) 40.8 13(21.1) 85.2 

SMHEO-3 1% 13.3(21.2) 85.9 35.5(36.6) 53.3 21.5(27.6) 75.6 

SMHEO-3 0.5% 51.1(45.6) 45.8 44(41.5) 42.1 24(29.3) 72.7 

SMM-3 1% 0(0) 100 23(28.6) 69.7 13(21.1) 85.2 

SMM-3 0.5% 2.4(8.8) 97.5 35(36.3) 54 19.5(26.2) 77.8 

CD ( P=  0.05%) (4.1)  (3.6)  (1.9)  
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Among the next value added  formulations ( level V), SMD-5 (1%)   proved most effective 

against R. solani by providing 100% growth inhibition of the pathogen.  SMD-5 gave complete 

inhibition of spore germination of   A. brassicae, whereas SME-5 at 1 per cent  showed 

maximum efficacy against S. sclerotiorum. 

h) Evaluation of Trichoderma species based formulation: Aready identified local strains of 

Trichoderma species two each of T. harzianum i.e. JMA-4 and SMA-5 and T. koningii i.e. 

DMA-8 and JMA- 11 were maintained for further mass multiplication and these formulations 

were prepared and  tested for their efficacy. 

Species Strains ITCC No. 

Trichoderma harzianum JMA-4 5461 

T. harzianum SMA-5 5462 

T. koningii DMA-8 5463 

T. koningii JMA-11 5464 

5.2.2 Developmet of `good agricultural practices` for the production of ‘clean’ vegetable 

crops 

5.2.2.1 Field evaluation of innovative biopesticide formulations  

i) Evaluation of biopesticides and insecticide against insect-pests of cabbage: On farm 

trials were laid on cabbage crop at village Kachhiari and Sunehar, Distt. Kangra in farmers 

fields. The crop was transplanted during first week of November 2012 in a Randomized Block 

Design using 5 treatments including a control replicating thrice.  A perusal of Table 10 

revealed that the pre-spray population varied from 40.67 to 51.33 aphids per plant at Kachhiari. 

The mean percentage reduction data over control revealed that Lambda cyhalothrin (78.57%) 

proved significantly superior in reducing population of aphids followed by Melia (74.44%), 

Neem Baan (70.29%) and Eupatorium (65.76%). Mean aphid population/ plant in control at 

7DAFS, 15DAFS, 7 DASS and 15 DASS was 50, 52.33, 45.00 and 42.33, respectively 

Table 10. Evaluation of biopesticides against aphid, Brevicoryne brassicae   on cabbage
#
  

Treatment  Application 

rate (ml/l 

of water) 

Mean  population/ 

plant 

% Reduction in population  over control days 

after spray 

Overall 

Mean 

 
   

         BS 

7 

DAFS 

15 

DAFS 

7 

DASS 

15 

DASS 

Melia 5 EC 
3 40.67  (6.64)* 93.38 

(75.20)** 

48.34 

(44.03) 

100.00 

(89.39) 

56.03 

(48.62) 

74.44 

(59.65) 

Eupatorium 

6 EC 

3 42.67 (6.60) 87.32 

(69.17) 

38.91 

(38.57) 

87.41 

(69.37) 

49.40 

(46.64) 

65.76 

(54.17) 

Neem Baan 

0.0015% 

3 48.33 (7.01) 91.27 

(72.92) 

43.91 

(41.48) 

94.04 

(76.03) 

51.92 

(46.08) 

70.29 

(56.95) 

Lambda-

cyhalothrin 

0.08 51.33 (7.23) 100.00 

(89.39) 

52.93 

(46.66) 

100.00 

(89.39) 

61.34 

(51.54) 

78.57   

(62.40) 

Control - 46.00 (6.84) - - - - - 

CD  (P= 0.05%)  (NS) (4.95) (3.78 3.98) (NS) (1.05) 

#Pooled data of 3 OFT‟s, BS: Before spray, DAFS: Days after 1
st
 spray, DASS: Days after 2

nd
 spray, *Figures 

in parentheses are square  root   transformed  values, ** Figures in parentheses   are  arc  sine   transformed 

values 
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Field efficacy of E. adenophorum formulations (SEH-1 and SEM-2) along with the 

commercially available botanical (azadirachtin) was evaluated against P. xylostella and M. 

persicae infesting cabbage during July 2012.  

Data presented in Table 11 on evaluation of field efficacy of insecticidal formulations against 

diamondback moth revealed that the chemical insecticide, lambda-cyhalothrin (0.004%) to be 

superior to all other treatments in reducing the population of diamondback moth larvae. 

Observations recorded 3 DAT revealed that amongst the botanicals, maximum reduction in 

population corresponded with SEM-2, being significantly superior to azadirachtin and SEH-1. 

Similar trend was evident on 7 DAT in the population reduction. However, on 10 DAT, per 

cent reduction to the extent of 77.80 per cent was recorded in lambda-cyhalothrin being on par 

to SEM-2 (76.50%) differing significantly to azadirachtin and SEH-1. On 15 DAT, though 

lambda-cyhalothrin was significantly superior in reducing the population, followed by SEM-2 

(65.88%) which in turn was on par to azadirachtin (63.59%). 

Table 11. Evaluation of efficacy of Eupatorium adenophorum based formulations against 

Plutella xylostella 

Treatment  Concentration       

(%) 

Pre treatment 

population of 

diamondback 

moth/plant 

Per cent reduction in population over untreated 

check on indicated days after treatment 

3 7 10 15 

Eupatorium 

SEM-2 

0.025 2.5 56.82 

(48.91) 

64.98 

(53.69) 

76.50 

(61.13) 

65.88 

(54.26) 

Eupatorium 

SEH-1 

0.025 2.3 

 

33.54 

(35.23) 

58.17 

(49.69) 

64.34 

(53.34) 

57.51 

(49.32) 

Azadirachtin 0.005 1.8 

 

36.49 

(37.14) 

60.40 

(51.00) 

68.72 

(55.99) 

63.59 

(52.87) 

Lambda-

cyhalothrin 

         0.004 1.8 84.05 

(68.33) 

79.96 

(63.39) 

77.80 

(62.26) 

70.19 

(58.41) 

CD(P=0.05) 0.4 (7.87) (4.22) (2.85) (2.10) 

Population in untreated check 1.9 

 

2.2 2.6 2.3 2.7 

*Figures in parentheses are arc sin transformed values 

 

Incase of M. persicae, it was evident that lambda-cyhalothrin was also most efficacious in 

reducing the population (Table 12). Amongst the botanicals, on 3 DAT, SEH-1 resulted in 

maximum reduction (54.97%) in aphid population followed by SEM-2 and azadirachtin, all 

being significantly different to each other. However, SEM-2 and azadirachtin were on par to 

each other in reducing the population, reduction being 55.49 and 54.71 per cent, respectively, 

on 7 DAT while 86.73 per cent reduction was recorded in lambda-cyhalothrin. Similar trend in 

reduction of aphid population was observed on 10 DAT. After 15 days of treatment, lambda-

cyhalothrin exhibited maximum reduction (76.14%) differing significantly to SEH-1 which 

was most effective in reducing the population amongst the botanicals (57.71%) followed by 

SEM-2 (51.11%) and azadirachtin (76.14%). 
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Table 12. Evaluation of efficacy of Eupatorium adenophorum based formulations against 

Myzus persicae  

Treatment  Concentration       

(%) 

Pre treatment 

population of 

aphids/plant 

Per cent reduction in population over untreated 

check on indicated days after treatment 

3 7 10 15 

Eupatorium 

SEM-2 

0.025 17.4 40.08 

(39.26) 

55.49 

(48.13) 

62.24 

(52.06) 

51.11 

(45.61) 

Eupatorium 

SEH-1 

0.025 17.8 54.97 

(47.83) 

61.83 

(51.82) 

67.66 

(55.32) 

57.71 

(49.41) 

Azadirachtin 0.005 16.0 46.51 

(42.98) 

54.71 

(47.68) 

63.17 

(52.61) 

43.29 

(41.12) 

Lambda-

cyhalothrin 

        0.004 

 

14.3 86.73 

(80.26) 

82.51 

(77.64) 

79.16 

(62.81) 

76.14 

(67.34) 

CD(P=0.05) NS (0.71) (0.71) (0.64) (0.71) 

Population in untreated check 15.4   17.4 19.2 18.9 18.4 

*Figures in parentheses are arc sine transformed values 

 

ii) Evaluation of biopesticides and insecticide against insect-pests of garden pea: On farm 

trials were laid on pea crop (variety Azad P-1) at village Sagoor for evaluation of biopesticides 

formulations against pea leaf miner. The crop was sown 1
st
 week of December 2012 in a 

Randomized Block Design using 5 treatments including a control replicating thrice. The mean 

pre-spray leaf infestation varied between 36.83 and 40.47%.  Results presented in Table 9 

revealed that the maximum reduction in leaf infestation over control was recorded in 

cypermethrin (74.23%) followed by Melia (63.76%), Eupatorium (50.08%) and Neem Baan 

(40.42%) (Table 13). 

 

Table 13.   Evaluation of biopesticides and insecticide against leaf miner, Chromatomyia 

horticola on pea at Sagoor  

Treatment  Application 

rate (ml/ l 

of water) 

   Mean 

percent leaf 

infestation          

Reduction (%) in per cent leaf 

infestation over control 

Overall Mean 

BS#   DAFS   DASS 

Melia 5 EC 3 36.83 (37.34) 62.35 (52.19) 65.15 (53.87) 63.76 (53.02) 

Eupatorium  

5 EC 

3 40.07(39.25) 49.42 (44.65) 50.73 (45.40) 50.08(45.03) 

Neem Baan 3 40.47(39.46) 38.72 (38.45) 41.96 (40.33) 40.42 (39.39) 

Cypermethrin 1 37.77(37.90) 72.71 (58.56) 75.75 (60.52) 74.23 (59.50) 

Control - 38.43(38.23) - -  

CD  (NS) (4.16) (6.86) (5.07) 

# Pooled data of 3 OFT‟s, BS: Before spray, DAFS: 15 Days after 1
st
 spray, DASS: 15 Days after 

2
nd

 spray, Figures in parentheses are arc sine transformed values, Mean leaf infestation in control at 

15 DAFS and 15 DASS was 44.10 and 54.67%, respectively. 
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iii) Evaluation of biopesticides and insecticide against insect-pests of vegetable crops 

under protected cultivation: Apart from the evaluation of the innovative formulations in 

cabbage, cauliflower and garden pea, they were also evaluated in vegetable crops namely, 

tomato and capsicum under protected cultivation against russet mite, greenhouse whitefly and 

green aphid with varying levels of success as compared to chemical pesticides and the 

commercial formulation of botanical pesticide, neem. The results are being presented 

hereunder: 

a) Management of russet mite in tomato: Eupatorium and Melia based formulation 

alongwith other pesticides was evaluated for the management of russet mite.  A perusal of data 

on reduction in population after 15 days depicted through Figure 3 revealed that on the basis of 

per cent reduction in mite population  over untreated check the order of efficacy being 

azadiractin (neem) being on par to bifenthrin, propargite and Eupatorium. Melia and tea spray 

oil were also found effective in suppressing the pest incidence.  

Figure 3. Efficacy of different insecticides/ biopesticides against tomato russet mite, Aculops 

lycopersici. 

 

b) Evaluation of Melia and different insecticides for the management of greenhouse 

whitefly on tomato: Efficacy of ten insecticides/ biopesticides  greenhouse whitefly, 

Trialeurodes vaporariorum on tomato under polyhouse was evaluated during June, 2011 at 

Palampur (Table 14). Efficacy of insecticides/biopesticides evaluated against T. vaporariorum 

revealed that population levels of greenhouse whitefly at 1 DAT were found to be non-

significant in all the treatments. On 3 DAT, bifenthrin resulted in minimum population (0.27 

adults/3 leaves) followed by abamectin and actamiprid. However, on 7 DAT, Melia  resulted in 

minimum population followed abamectin, spinosad and bifenthrin. 15 DAT, azadirachtin 

resulted in minimum population followed by buprofezin, acetamiprid, abamectin and tea spray 

oil. 
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Table 14. Efficacy of different products against T. vaporariorum on tomato under polyhouse  

Treatment (Conc. %) Mean population per three leaves on indicated days 

-1 1 3 7 15 

Abamectin (0.004) 11.73(3.46) 1.53(1.56) 0.60(1.25) 0.73(1.31) 1.13(1.44) 

Acetamiprid (0.008) 10.73(3.41) 1.73(1.63) 0.93(1.38) 1.13(1.45) 0.93(1.38) 

Bifenthrin (0.004) 8.20(3.02) 0.38(1.17) 0.27(1.12) 0.93(1.38) 1.13(1.46) 

Buprofezin (0.02) 14.60(3.82) 1.87(1.61) 2.47(1.75) 1.60(1.60) 1.00(1.40) 

Malathion (0.05) 14.93(3.90) 0.87(1.36) 1.47(1.55) 2.02(1.73) 1.60(1.61) 

Melia SMHEO-4 (0.5) 9.00(3.13) 1.11(1.42) 1.47(1.54) 0.67(1.26) 1.00(1.40) 

Mineral oil (0.5) 30.38(5.52) 2.93(1.89) 3.93(2.10) 2.73(1.79) 0.80(1.30) 

Azadirachtin  (0.0025) 11.80(3.55) 1.80(1.67) 2.73(1.88) 2.40(1.81) 0.67(1.28) 

Spinosad (0.003) 11.87(3.36) 1.07(1.34) 0.87(1.36) 0.93(1.36) 1.67(1.61) 

Spiromesifen (0.024) 17.47(4.27) 2.80(1.93) 1.93(1.66) 3.27(2.03) 2.07(1.75) 

Untreated check 12.87(3.68) 2.47(1.83) 3.53(2.12) 3.80(2.18) 2.67(1.91) 

CD( P=0.05)          (NS)         (NS)         (0.77)         (0.60)        (0.30) 

Figures in parentheses are square root transformed values 

 

c) Management of the green peach aphid, Myzus persicae on capsicum grown under 

naturally ventilated polyhouses: Amongst ten treatments comprising six chemical 

insecticides, three plant products and one mineral oil, the chemical insecticides proved more 

effective compared to plant products and mineral oil in checking the aphid population. 

Amongst plant products, Melia and  azadirachtin based formulation were found to be the best 

treatments which resulted in  89.6 and 94.4 per cent reduction in the aphid population after two 

consecutive applications over control (Figure 4). 

 

Figure 4. Efficacy of different insecticides/ biopesticides against green aphid, Myzus persicae 

in capsicum under polyhouse conditions 
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d)  Management of yellow mite in capsicum grown under naturally ventilated polyhouses: 

The studies on the management of yellow mite in capsicum were undertaken during 2012. A 

perusal of data contained in Table 15 revealed that amongst the ten insecticides evaluated 

during October-Novemeber 2012, on the basis of mean values recorded in different treatments 

after first application, dicofol (0.045%) and abamectin (0.02%) resulted in complete control of 

the pest. These were followed by sulphur, spiromesifen and tea spray oil. In repeated 

application (second application) also dicofol resulted in complete control of the pest followed 

by abamectin. Amongst the botanicals and mineral oil, the order of efficacy was azadiractin, 

TSO, being on par to each other, followed by formulation derived from Melia.  

Table 15. Field efficacy of insecticides and biopesticides against yellow mite in capsicum 

Treatments Applicat

ion rate 

(%) 

% reduction in mite population over untreated check after indicated days of 

spray 

1
st
 spray (1/10/2012) 2

nd
 spray(16/10/2012) 

5 10 15 Mean 5 10 15 Mean 

Abamectin 

1.9EC 
0.02 

98.63 

(86.06) 

100.00 

(89.96) 

100.00 

(89.96) 

99.54 

(88.66)a 

99.21 

(87.01) 

100.00 

(89.96) 

100.00 

(89.96) 

97.40 

(88.98)a 

Azadiractin 1.0 

EC 

 

0.0005 
77.79 

(71.73) 

100.00 

(89.96) 

76.04 

(65.54) 

84.61 

(75.74)ab 

97.62 

(84.79) 

100.00 

(89.96) 

96.99 

(84.14) 

98.20 

(86.30)a 

Dicofol 18.5 

EC 
0.045 

100.00 

(89.96) 

100.00 

(89.96) 

100.00 

(89.96) 

100 

(89.96)a 

100.00 

(89.96) 

100.00 

(89.96) 

100.00 

(89.96) 

100.00 

(89.96)a 

Eupatorium 5 

EC 
0.025 

77.44 

(66.31) 

38.22 

(39.74) 

33.32 

(34.29) 

49.66 

(46.78)d 

30.19 

(28.10) 

38.22 

(39.74) 

40.50 

(42.18) 

36.30 

(36.67)d 

Melia 5 EC 0.025 
37.64 

(36.83) 

68.20 

(60.89) 

36.82 

(36.52) 

47.55 

(44.75)d 

80.98 

(66.08) 

68.20 

(60.89) 

52.73 

(46.87) 

67.30 

(57.95)bc 

Profenophos  

50 EC 

 

0.05 
96.33 

(83.50) 

89.00 

(78.28) 

83.00 

(70.16) 

89.44 

(77.31)ab 

87.33 

(70.58) 

89.00 

(78.28) 

100.00 

(89.96) 

92.11 

(79.60)a 

Propargite 57 

EC 
0.057 

80.40 

(70.43) 

32.26 

(33.82) 

57.01 

(48.81) 

56.55 

(51.02)cd 

81.76 

(66.48) 

32.26 

(33.82) 

71.22 

(62.59) 

61.78 

(54.29)cd 

Spiromesifen 

22.9 SC 
0.023 

85.85 

(70.00) 

63.94 

(58.24) 

79.04 

(72.48) 

76.27 

(69.91)ab

c 

99.21 

(87.01) 

63.94 

(50.24) 

87.89 

(77.61) 

83.68 

(74.29)ab 

Sulphur  80 WP 0.24 
93.57 

(77.93) 

66.67 

(59.97) 

87.67 

(77.48) 

82.63 

(71.79)ab

c 

91.29 

(79.71) 

66.67 

(59.97) 

100.00 

(89.96) 

85.98 

(76.55)ab 

Tea spray oil 

 
0.3 

52.36 

(51.50) 

68.20 

(60.89) 

79.57 

(72.79) 

66.71 

(61.73)be

d 

96.83 

(83.98) 

68.20 

(60.89) 

83.33 

(74.96) 

82.78 

(73.28)ab

c 

Mean  
80.00 

(70.42) 

65.82 

(66.17). 

73.24 

(65.80) 
 

86.44 

(74.37) 

72.64 

(66.17) 

83.26 

(74.82) 
 

Figures in paranthesis are the transformed values  

 

CD (p=0.05) Treatments (A)  =  21.20 Treatments (A) = 19.80  

Days (B)            =  4.11  Days (B)  = 3.32 

A x B                  = NS A x B = NS  

 

 



40 
 

5.2.2.2 Formulation and validation of biopesticide based pest management modules 

For the development of pest management modules, the innovative biopesticides screened under 

laboratory were evaluated at field conditions for their bio-efficacy. To reduce the pesticide load 

in the  vegetable crops integrated pest management modules comprising exiting biopesticides 

and bioagents have been formulated for cabbage, cauliflower and pea insect-pest and disease 

management.   

i)  Demonstrations on the management of lepidopterous insect- pests on cabbage and 

cauliflower with Good Agricultural Practices. 

Details of different modules evaluated are given in Table 15 while experimental details of the 

demonstrations are presented in Table 16 & 17. Two sprays of each pest management module 

were given on cauliflower and cabbage. Among the insects, larvae of Pieris brassicae were the 

main pest along with larvae of diamond back moth, cabbage semi- looper and fruit borer on 

both the crops.    

Table 15.  Modules evaluated for the management of lepidopterous larvae on cabbage and 

cauliflower 

Module-1 (M1) Two sprays of L- cyhalothrin (0.004%) at 15 days interval, initiating 

sprays after 45 days after transplanting 

Module-2 (M2) Collection and destruction of egg masses and larvae of Pieris brassicae 

at regular intervals w. e. f. 1
st
 week of April, 2011. Two sprays of 

Neembaan @ 5 ml /L(azadirachtin )15%) at 15 days interval, initiating 

sprays after 45 days after transplanting. 

Module-3 (M3) Collection and destruction of egg masses and larvae of Pieris brassicae 

at regular intervals w. e. f. 1
st
 week of April, 2011. Sprays of Neembaan 

@ 5 ml /L (azadirachtin 15%) and Btk(Lipel) @ 1.0 kg/ha at 15 days 

interval, initiating sprays after 45 days after transplanting. 

Untreated control - 

 

Table 16. Details of demonstrations on the insect- pest management of cabbage 

S. N.  Particulars Demonstration Sites 

  Site I : Village Bajaura, 

Distt Kullu 

Site II : Village Jhiri, 

Nagwain, Distt. Mandi 

1. Variety Varun Varun 

2. Date of transplanting 21.03.2011 18.03.2011 

3. Plot Size 3.15 m x 2.70 m 3.15 m x 2.70 m 

4. Spacing 45 cm x30 cm 45 cm x30 cm 

5. Modules 4 4 

6. Replicates 3 3 

7. Date of initiation of 

spray 

28.04.2011 03.05.2011 

8. Crop Duration  21.03.2011   to 28.06.2011 18.03.2011 to 27.06.2011 
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Table 17. Details of demonstrations on the insect- pest management of cauliflower 

S. N.  Particulars Demonstration Sites 

  Site I : Village Bajaura, Distt 

Kullu 

Site II: Village Jhiri, Nagwain, 

Distt. Mandi 

1. Variety Hybrid S- 626 Hybrid S- 626 

2. Date of transplanting 21.03.2011 18.03.2011 

3. Plot Size 3.15 m x 2.70 m 3.15 m x 2.70 m 

4. Spacing 45 cm x 45 cm 45 cm x 45 cm 

5. Modules 4 4 

6. Replicates 3 3 

7. Date of initiation of 

spray 

28.04.2011 03.05.2011 

8. Crop Duration  21.03.11 to  26.06.11 18.03.2011 to 05.07.2011 

Results  of the demonstrations on cabbage (Table 18)  showed that  although module  M1 was 

found to be the most effective  and economical  but modules M2 and M3 consisting of GAP/ 

biopesticides also gave effective management of insects and higher marketable yield than 

control resulting in to comparable net returns.  

 Table 18.  Management of cabbage insect- pests with biopesticides/ GAP in farmer‟s field 

(pooled for two locations)  

Module Marketable 

heads (%) 

Unmarketable 

heads (%) due 

to insect attack 

Larvae/10 plants after  

7-days  

Marketable 

Yield (q/ha) 

Net Returns  

(Rs.) per rupee 

invested I- Spray II- Spray 

M1 87.135 7.425 1.33 1.50 440.85 17.105 

M2 80.205 12.33 2.00 3.00 405.935 8.73 

M3 83.09 11.255 2.495 0 403.88 10.23 

Control 69.47 20.16 36.67 35.83 290.615 

 
Results  of the demonstrations on cauliflower  (Table 19)  showed that  at both the locations 

although module  M1 has been found to be the most effective  and economical  but modules M2 

and M3 consisting of GAP/ biopesticides also gave effective management of insects and higher 

marketable yield than control resulting in to satisfactory  net returns . 

Table 19. Management of cauliflower insect- pests with biopesticides/ GAP in farmer‟s field 

(pooled for two locations) 

Module Marketable 

heads (%) 

Unmarketable 

curds (%) due 

to insect 

attack 

Larvae/10 plants 

after  7-days  

Marketable 

Yield (q/ha) 

Net Returns  

(Rs.) per rupee 

invested I- Spray II- Spray 

M1 82.605 11.585 0 2 321.97 25.07 

M2 80.675 14.39 0 1.835 290.415 11.765 

M3 84.025 10.525 0 0 287.185 13.355 

Control 69.35 20.685 29 26.835 214.78 

 Economics of different pest management modules was calculated on the basis of market price of 

cabbage  (Rs. 500/q) and cauliflower (Rs. 1,000/q); prices of biopesticides and labour charges for 

pesticide application (Rs. 1,200/ha @ Rs. 120/day: total 10 man days/ha) 
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Two more demonstrations were conducted on the management of insect- pests of cabbage at 

Kaleheli and Ropa villages as per details given in Table 20 & 21 below. At both the locations data 

were recorded on head formation (%), plants  (%) that did not form the heads due to insect attack,  

marketable heads (%), unmarketable heads  (%) due to insect attack and marketable yield (q/ha) 

under different treatments. 

 

Table 20. Details of demonstrations on production of ‘clean’ cabbage at Kaleheli and Ropa 

S. N. Particulars Location-I Location- II 

1. Location Village Kaleheli, Distt. Kullu (H. P.) Village Ropa, Distt. Mandi 

(H.P.) 

2.  Variety Varun Varun 

3. Date of 

transplanting 

27.02.2010 03.03.2010 

4.  Spacing  45 cm x 45 cm 45 cm x 45 cm 

5.  Total Area 200m
2
 200m

2
 

 

5.  Treatments T1:  Biopesticide based module 

T2: Untreated Control 

T1:  Biopesticide based module 

T2: Untreated Control 

 

Data presented in Table 1 showed that cabbage crop grown under GAP gave higher marketable 

yield and lower proportion of unmarketable heads due to insect attack as compared to untreated 

control. 

 

Table 21.  Management of insect- pests of cabbage with good agricultural practices (GAP) 

Treatment Head 

formation (%) 

Plants  (%) 

that did not 

form the heads 

due to insect 

attack 

Marketable 

heads (%) 

Unmarketable 

heads  (%) due 

to insect attack 

Marketable 

yield (q/ha) 

Location I:  Kaleheli 

GAP 90.86 4.06 93.30 5.03 364.34 

Untreated 

Check 

75.96 17.31 69.62 24.05 164.61 

Location II: Ropa 

GAP 89.85 7.14 83.26 11.30 327.05 

Untreated 

Check 

72.09 20.93 64.52 25.81 145.90 

 

ii) Field evaluation of innovative formulations against diseases of cabbage and 

pea and development of biopesticide based IDM modules: Field trials were 

conducted at SAREC, Kangra on an area of 400m
2
 and promising formulations of 

Melia and Eupatorium (SMHO-3, SMHEO-3, SEM-2 and SEH-2) were evaluated in 

combination with effective strains of Trichoderma against major diseases of cabbage 

and pea. Field testing of various biopesticidal treatments revealed that severity of 

cabbage blight was minimum when seedlings were treated with Trichoderma (10 g/l) 
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followed by two foliar sprays with Eupatorium formulation SEM (0.5%). Among the 

various biopesticidal treatments, per cent disease severity of Sclerotinia rot in pea 

was minimum when seeds were treated with Trichoderma (10g/kg seed) followed by 

foliar sprays with Eupatorium formulation SEM-2 (0.5%) remaining at par with 

Trichoderma + SEH-2 (Table 22). 

Table 22.  Evaluation of innovative formulations against diseases of cabbage and pea 

Sr.No Treatments  Disease severity (%) 

Cabbage 

blight 

Root/ Stem  rot 

of pea 

1 Seedling treatment with Trichoderma10g/l+ Two 

foliar sprays of SMHO-3(0.05%) 

38.0 32.4 

2 Seedling treatment with Trichoderma10g/l+ Two 

foliar sprays of SMHEO-3(0.05%) 

37.0 30.2 

3 Seedling treatment with Trichoderma10g/l+ Two 

foliar sprays of SEM-2 (0.05%) 

34.8 25.6 

4 Seedling treatment with Trichoderma10g/l+ Two 

foliar sprays of SEH-2 (0.05%) 

36.5 26.5 

5 Seedling treatment with Trichoderma10g/l(Niprot)+ 

Two foliar sprays of Neem oil 

39.4 31.5 

6 Seedling treatment with Trichoderma10g/l(Niprot)+ 

Two foliar sprays of Neem baan(0.5%) (azadirachtin 

0.03%) 

40.6 31.9 

7 Seedling treatment with recommended fungicide 

Companion + Two foliar sprays of 

companion(0.2%) 

27.5 20.2 

8 Untreated  41.1 33.5 

 CD (P=0.05) 1.6 1.7 

   

iii) Evaluation of field efficacy of Trichoderma formulations against pea root rot/ wilt 

complex: 

Four local native strains of Trichoderma JMA-4 & SMA-5 (T. harzianum) and DMA-8 & 

JMA-11 (T. koningii) – most effective against pea and cabbage root rot pathogens. Out of 27 

bio-formulations, TBP and TBB-1  yielded highest disease control. After up scaling, TBG, 

TBG-2, TBB, TBB-1, TBD and TBD-2 along with TBP are the best ones (Table 23). 

5.2.2.3 Food safety of biopesticides 

i) Determination of food safety indices of biopesticides  

The food safety indices of biopesticides in comparison to already recommended 

insecticides on different vegetable on the basis of persistence and dynamics using 

bioassay and LC-MS-MS have been determined.  
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Table23. Evaluation of different bio-formulations of Trichoderma on pea root rot/wilt complex  

disease  Palampur  

Treatment  Pre-emergence Crop stand (post-emergence)  

Dose  

(gm/Kg)  

Germination  

(%)  

Mortality  

(%)  

Disease 

control  

(%)  

Crop stand 

(%)  

Mortality  

(%)  

Disease 

control 

 (%)  

TBB-1 4.0 78.1 (62.1) 21.9 (27.9) 3.0 (9.9) 24.9 (29.2) 75.1 (60.0) 41.4 

TBB-3 4.0 80.6 (63.8) 19.4 (26.1) 6.2 (14.2) 25.6 (30.4) 74.4 (59.6) 40.1 

TBC-1 4.0 92.1 (73.6) 7.9 (16.3) 18.9 (25.7) 26.8 (31.1) 73.2 (58.8) 37.8 

TBD 4.0 71.8 (57.9) 28.2 (32.0) 6.3 (13.3) 21.9 (27.5) 78.1 (62.1) 47.0 

TBD-1 4.0 78.1 (62.1) 21.9 (27.9) 6.3 (13.3) 28.2 (32.0) 71.8 (57.9) 35.2 

TBD-2 4.0 83.2 (65.8) 16.8 (24.2) 9.2 (17.6) 26.0 (30.6) 74.0 (59.3) 39.3 

TBD-3 4.0 84.7 (66.9) 15.3 (23.0) 12.9 (21.0) 28.2 (32.0) 71.8 (57.9) 35.2 

TBB 4.0 86.6 (68.5) 13.4 (21.4) 9.6 (18.0) 23.0 (28.6) 77.0 (61.3) 45.0 

TBB-1 4.0 80.7 (63.9) 19.3 (26.0) 2.6 (9.2) 21.9 (27.9) 78.1 (62.1) 47.0 

TBB-2 4.0 80.7 (63.9) 19.3 (26.0) 6.7 (15.0) 26.0 (30.6) 74.0 (59.3) 39.3 

TBC-1 4.0 80.7 (63.9) 19.3 (26.0) 6.7 (15.0) 26.0 (30.6) 74.0 (59.3) 39.3 

TBC-3 4.0 85.8 (67.8) 14.2 (31.3) 17.0 (24.3) 31.2 (33.9) 68.8 (56.0) 29.5 

TBD 4.0 85.1 (67.2) 14.9 (22.1) 16.7 (24.1) 31.6 (34.2) 68.4 (55.8) 28.2 

TBD-1 4.0 85.1 67.2) 14.9 (22.1) 17.8 (24.9) 32.7 (34.8) 67.3 (55.1) 26.7 

TBD-2 4.0 66.6 (54.7) 33.4 (22.7) 19.0 ( 7.9) 32.7 ( 34.8) 64.3 ( 51.7) 21.8 

TBD-3 4.0 87.7 (69.4) 12.3 (35.9) 17.0 (24.3) 35.3 ( 36.4) 70.7 ( 57.2) 33.1 

TBF-1 4.0 68.1 (55.6) 31.9 (30.9) 1.1 ( 6.0) 29.3 ( 32.0 ) 67.0 ( 54.9) 26.1 

TBF-2 4.0 67.3 (55.1) 32.7 (34.3) 3.3 ( 10.4) 33.0 ( 35.0) 64.0 ( 53.1) 20.5 

TBF-3 4.0 72.9 (61.5) 27.1 (34.8) 8.5 ( 16.9) 36.0 ( 36.8) 64.4 ( 53.3) 21.2 

TBG 4.0 77.3 (54.9) 22.7 (31.3) 2.6 ( 9.2) 35.0 ( 36.2) 74.7 ( 59.8) 40.6 

TBG-2 4.0 81.8 (59.3) 18.2 (33.2) 3.9 ( 9.9) 25.3 ( 30.2) 78.8 ( 62.5) 48.3 

TBH 4.0 85.5 (59.0) 14.5 (30.6) 11.5 (19.8) 21.2 ( 27.4) 74.0 ( 59.3) 39.3 

TBH-1 4.0 73.6 (55.6) 26.4 (22.3) 5.5 (13.5) 31.9 ( 34.3) 68.1 ( 55.6) 28.2 

TBP 4.0 97.7 (71.4) 23.3 (32.7) 7.8 ( 16.2) 10.1 ( 18.5) 89.9 ( 71.4) 69.3 

TBB-1 4.0 89.9 (55.1) 10.1 ( 8.7) 11.8 (20.0) 21.9 ( 27.9) 78.1 ( 62.1) 47.0 

Bavistin 2.0 85.1 ( 67.2) 14.9 (22.7) 17.8 (24.9) 32.7 (34.8) 67.3 (55.1) 26.7 

Untreated 

check 

- 60.7 ( 51.1) 39.3 (36.8) 7.6 (17.0) 46.9 ( 43.2) 53.1 ( 46.7) - 

  

ii) Persistent toxicity of biopesticides and insecticide  

A field trial was laid out at research farm of Department of Entomology in Randomized Block 

Design with 10 treatments including control replicated thrice.  Cabbage cv. Golden Acre was 

transplanted on 8
th

 November, 2012 in plots each measuring 3m x 3m at 60 x 45 cm spacing. 

The biopesticides along with insecticide were sprayed on 2
nd

 March, 2013. In order to assess 

the persistent toxicity of biopesticides and insecticides on cabbage crop, 2
nd

 instar larvae of P. 

xylostella and B. brassicae were released on leaves brought from the treated plots on 0, 1, 3, 5, 

7 and 15 days and mortality data were recorded after 72 hours of release in case of 

biopesticides and 24 hours in case of insecticide. The Persistent Toxicity (PT) and relative 

persistence toxicity (RPT) values were calculated and the results are presented in Tables 24 and 

25.   

On the basis of index of persistent toxicity (PT), the order of effectiveness against P. xylostella 

was cypermethrin (559.69)> Melia 10 EC @ 5ml/1 (494.68)> Eupatorium 5EC @5ml/1 
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(485.32)> Melia 10 EC @2.5ML/1 (461.99)> Eupatorium 5EC @2.5ml/1 (448.00)> neem oil 

(443.34)> neem baan (443.32)> Eupatorium SFE (424.68) and Melia SFE (420.01) (Table 25).  

Table 24. Persistent toxicity of biopesticides and insecticide against   P. xyllostella on cabbage  

Treatment  Dose 

(ml/l) 

 Corrected % mortality after  indicated days of spray PT Relative 

PT value 0 1 3 5 7   15 

Melia 

(10EC)* 2.5 

83.33 

(68.83) 

80.00 

(63.90) 

73.33 

(58.98) 

53.33 

(46.90) 

40.00 

(39.13) 

0.0 

(0.0) 

461.99 0.83 

Melia  

(10EC)* 5 

86.67  

(68.83) 

86.67 

(68.83) 

76.67 

(61.69) 

60.00 

(51.12) 

43.33 

(41.05) 

0.0 

(0.0) 

494.68 0.88 

Eupatorium 

(5EC)** 2.5 

80.00 

(63.90) 

80.00 

(63.90) 

70.00 

(56.97) 

53.33 

(46.90) 

36.67 

(37.21) 

0.0 

(0.0) 

448.00 0.80 

Eupatorium 

(5EC)** 5 

86.67 

(68.83) 

83.33 

(70.05) 

73.33 

(58.98) 

60.00 

(50.83) 

43.33 

(41.14) 

0.0 

(0.0) 

485.32 0.87 

Melia SFE***  5 

76.67 

(61.69) 

76.67 

(61.69) 

66.67 

(54.76) 

46.67 

(43.06) 

33.33 

(35.20) 

0.0 

(0.0) 

420.01 0.75 

Eupatorium 

SFE***  5 

76.67 

(61.69) 

76.67 

(61.69) 

66.67 

(54.76) 

50.00 

(44.98) 

33.33 

(34.99) 

0.0 

(0.0) 

424.68 0.76 

Neem Oil 3 

83.33 

(70.05) 

76.67 

(61.69) 

66.67 

(54.76) 

56.67 

(48.83) 

33.33 

(35.20) 

0.0 

(0.0) 

443.34 0.79 

Neem Baan 3 

83.33 

(70.05) 

73.33 

(58.98) 

70.00 

(56.97) 

53.33 

(46.90) 

36.67 

(37.21) 

0.0 

(0.0) 

443.32 0.79 

Cypermethrin 1 

100      

(89.96) 

96.67 

(83.82) 

83.11 

(66.11) 

70.00 

(56.97) 

50.00 

(44.98) 

0.0 

(0.0) 

559.69 1.00 

Control 0 

0.0 

(0.0) 

0.0 

(0.0) 

0.0 

(0.0) 

0.0 

(0.0) 

0.0 

(0.0) 

0.0 

(0.0) 

- - 

CD (P=0.05)  17.99 14.96 8.63 9.61 9.17 -   
Figures in parentheses are arc sine transformed values,    Larvae released=10/rep,  *Label III, **Label III, ***Batch 4 

 

 Table 25.   Persistent toxicity of biopesticides and insecticide against Brevicoryne  brassicae 

on cabbage  

Treatment  Dose    

(ml/l) 

Corrected % mortality after  indicated days  of  spray PT Relative 

PT value 
0 1 3 5 7 

15 

Melia (10EC)* 2.5 

80.00 

(63.90) 

76.67 

(61.20) 

70.00 

(56.97) 

50.00 

(44.98) 

43.33 

(41.14) 

0.0 

(0.0) 

448.00 0.87 

Melia  (10EC)* 5 

83.33 

(70.05) 

90.00 

(71.54) 

73.33 

(58.98) 

56.67 

(48.83) 

40.00 

(38.84) 

0.0 

(0.0) 

480.66 0.94 

Eupatorium 

(5EC)** 2.5 

76.67 

(61.69) 

76.67 

(61.90) 

66.67 

(54.76) 

50.00 

(44.98) 

33.33 

(35.20) 

0.0 

(0.0) 

424.68 0.83 

Eupatorium 

(5EC)** 5 

83.33 

(66.12) 

80.00 

(63.90) 

63.33 

(52.77) 

56.67 

(48.91) 

40.00 

(39.13) 

0.0 

(0.0) 

452.66 0.88 

Melia SFE***  
 

5 

73.33 

(58.98) 

73.33 

(59.68) 

63.33 

(53.05) 

43.33 

(41.05) 

30.00 

(32.99) 

0.0 

(0.0) 

 

396.65 

 

0.77 

Eupatorium 

SFE***  5 

73.33 

(59.68) 

70.00 

(57.27) 

63.33 

(52.84) 

46.67 

(43.06) 

30.00 

(32.99) 

0.0 

(0.0) 

396.66  

0.77 

Neem Oil 3 

80.00 

(63.90) 

73.33 

(59.19) 

63.33 

(52.75) 

53.33 

(46.99) 

30.00 

(32.99) 

0.0 

(0.0) 

419.99 0.82 

Neem Baan 3 

80.00 

(67.83) 

70.00 

(56.97) 

66.67 

(54.97) 

50.00 

(44.98) 

33.33 

(35.20) 

0.0 

(0.0) 

406.00 0.79 

Cypermethrin 1 

93.33 

(77.68) 

90.00 

(74.97) 

76.67 

(61.20) 

63.33 

(52.75) 

43.33 

(41.14) 

0.0 

(0.0) 

513.32 1.00 

Control 0 

0.0 

(0.0) 

0.0 

(0.0) 

0.0 

(0.0) 

0.0 

(0.0) 

0.0 

(0.0) 

0.0 

(0.0) 

- - 

  18.83 13.09 9.39 11.30 10.11 - - - 

Figures in parentheses are arc sine transformed values,  Nymphs released=10/rep,*Label III, **Label III, 

***Batch IV 
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5.2.2.4 Environmental safety of biopesticides 

a) Toxicity of biopesticides to beneficial arthropods  

 i) Honey bees (Apis mellifera and A. cerana):  Safety indices of biopesticides to honey bees 

were  worked out on the basis of LC90 value of insecticides / biopesticides.  Relative safety of 

various biopesticides and insecticides to A. mellifera revealed that  cypermethrin was proved to 

be  the most toxic insecticide among the four tested treatments to A. mellifera followed by 

Spinosad. Melia formulation and Eupatorium formulations were found to be safe. The 

decreasing order of safety was cypermethrin (S.I= 0.02) >spinosad (S.I= 0.167) >Eupatorium 

and Melia (S.I= >0.02).    

The data on relative safety of various biopesticides and insecticides to A. cerana  showed that 

cypermethrin was  most toxic insecticide to A. cerana followed by Spinosad. Melia 

formulation and Eupatorium formulation was found to be safe. The decreasing order of safety 

of insecticides was cypermethrin (S.I= 0.02) >spinosad (S.I= 0.1) >Eupatorium and Melia 

(S.I= >0.02).  

ii)  Trichogramma chilonis: The effect of these pesticides was studied under laboratory 

condition on the mortality of egg parasitoid T. chilonis adults  and its parasitism. It is observed 

that Melia formulation, Eupatorium formulation, spinosad and cypermethrin caused 3.33, 4.21, 

88.35 and 93.33 per cent mortality of adult of T.chilonis within 12 hours of exposure, though in 

control, it was 3.27 per cent. The mortality of parasitoid increased after 72 hours of exposure. It 

was 26.67 and 28.35 in Melia formulation and Eupatorium formulation, respectively. However 

it was 22.76 in control which was stastically superior to other treatments. In rest of the 

insecticides, 100 per cent mortality of adults. The per cent parasitism was 65.53 per cent in 

control followed by Melia formulation (57.52) and Eupatorium formulation (55.92).Very low 

percentage of parasitism 12.5 and 7.32 was observed in spinosad and cypermthrin, 

respectively. The results concluded that among the botanicals tested, highest parasitization 

(88.25 per cent) of T. chilonis was observed in Melia formulation.  

b) Persistence of biopesticide in soil and water  

The results of the insecticides residues in soil and water samples from cabbage, cauliflower and 

pea fields revealed that residues were below detectable limits at the time of harvest.   

c) Safety intervals for biopesticides 

The results of the safety intervals of biopesticides and insecticides are presented in Table 26 

revealed that a minimum period of 1 hour was required for Melia, Eupatorium and Neemoil 

treated cabbage heads to avoid any consumer hazards  at recommended concentration of these 

biopesticides. For abamectin, spinosad and cypermethrin safety intervals calculated were  

1.485, 1.852 and 2.90 days, respectively.  

Mammalian toxicological data of botanical (Melia and Eupatorium) formulations were 

generated through outsourcing from Indian Institute of Toxicological Research, Lucknow. The 

acute dermal toxicity test, skin irritation/ corrosion tests and avian dietary toxicity study of 
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Melia and Eupatorium formulations were conducted and results are presented in Table 27 

which indicated that these are safe to mammals. 

The formulations were tested against female wistar rats, white rabbit and pigeon to determine 

the acute oral and dermal toxicity, avian dietary toxicity, skin irritation/corrosion, irritation to 

mucous membrane and it was found that neither there was any toxicity symptoms appeared nor 

mortality occurred. The necropsy findings were also conducted after the terminal sacrifice and 

no any abnormalities were detected. On the other hand, acute Oral Toxicity of Eupatorium 

formulation was tested against female rats which also indicated that Eupatorium formulation is 

also safe for mammals. 

Table  26. Safety Intervals for biopesticides on cabbage 

Insecticides (Conc. %)  Initial 

deposit(ppm)  

Log  Initial 

deposit (ppm)  

Slope  Safety Interval  

Melia  (0.0025)  3.175  0.502  2.927  0  

Eupatorium (0.0025)  2.81  0.449  2.138  0  

Abamectin  (0.004)  0.89  0.051  0.842  1.485  

Spinosad (0.003)  1.26  0.100  0.971  1.852  

Neem oil (0.003)  2.08  0.318  1.685  0  

Cypermethrin (0.01)  2.01  0.303  1.582  2.90  

 

Table 27.  Mammalian toxicity data of botanical formulations  

Botanical 

formulation 

Test Remark 

Melia  Acute Dermal Toxicity  No death, skin reaction or gross 

necropsy  

Avian Dietary Toxicity Study  No death and no apparent sing of 

toxicity  

Skin irritation/corrosion test  non-irritant  

Eupatorium  Acute Dermal Toxicity  No death, skin reaction or gross 

necropsy  

Avian Dietary Toxicity Study  No death and no apparent sing of 

toxicity  

Skin irritation/corrosion test  non-irritant  

 

5.2.3 Value addition in ‘clean’ vegetables 

 Protocol for commercial production of value added products of cabbage,   pea   and cabbage 

were standardized and developed. Eight value added products of vegetables; cabbage (dried, 

frozen, frozen cabbage based Manchurian balls and cabbage koftas) and pea (dried, frozen and 

canned) and cauliflower (dried) were prepared. The vegetables produced under biopesticide 

umbrella were also sold as clean vegetables ( Value added vegetables). Nutritional status of 

value added products of cabbage was determined.    
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5.2.3.1 Processed value added products of vegetables: Standardized the methods for 

preparation of peas and cabbage based frozen and canned value-added products.   

a) Standardization of blanching time of peas and cabbage: Raw or under-blanched 

vegetables discolour, lose flavour and develop off- odors during frozen storage. The loss of 

quality is caused by enzymatic action of catalase and peroxidase which are among the most 

heat-resistant enzymes present in all vegetables. Blanching is a process of exposing vegetables 

to boiling water/steam for a specified time to inactivate plant enzymes that cause toughness, 

discoloration, off-flavour and loss of nutritive value. Pea grains and cabbage shreds were 

blanched in boiling water for variable time intervals followed by cooling.  

b) Standardization of method for preparation of frozen cabbage: A trial was 

conducted to prepare frozen cabbage shreds and to study the effect of different packaging 

materials on the quality of frozen shreds stored at -18
0
C for two months.   The sample was 

treated as per the flow chart drawn below: 

Biopesticide treated cabbage sample 

 

 

Cut into 2-2.5 cm shreds 

 

 

Blanched for 3 minutes 

 

 

Quick cooling 

 

 

Packed in 25 micron (T1), 20 micron (T2) thickness polybags and 25 micron (T3) aluminum foil 

bags 

 

 

Samples stored at temperature of -18 
0
C 

 

c) Evaluation of fresh and frozen cabbage for quality characteristics: Fresh market cabbage 

was analyzed for physico-chemical quality parameters. The cabbage contained TSS of 6
0
B, 

91.25 % moisture, 0.27% total acidity (as citric acid), 30.4mg/100g ascorbic acid and 

24.273mg/l total chlorophyll. The non-enzymatic browning index was analyzed to the value of 

0.20 (OD at 420nm). The cabbage shreds packed in packaging materials of variable thickness 

and stored at temperature of -18 
0
C were evaluated for their physico- chemical quality 

parameters at a storage interval of one month. The moisture content increases with the storage 

period. Shreds stored in 20 micron thickness polybag had higher moisture content (91.73%) at 

1 month of storage, which again retained higher value of 92.16% at 2  month. Shreds stored in 

aluminium foil packs showed a negligible increase at 1 month but escalated to a value of 

91.59% at 2
 
  month. Chlorophyll on storage is susceptible to its degradation to pheophytin.   

The decrease in chlorophyll   was estimated  about  22.29mg/l  in one month followed by 

21.57mg/l in the two
 
  month. 
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Browning index of cabbage shreds was affected by packaging materials and storage interval. At 

1 month of storage interval, maximum non-enzymatic browning was assessed in polybag 

package. Vitamin C (ascorbic acid) being heat and light sensitive is susceptible to oxidative 

loss during storage period. After one month of storage, ascorbic acid reduced to value of 23.00 

and 22.76 mg/100g followed by a further loss to value of 20.12 and 18. 54 mg/100g in 2 month 

in the polybag and aluminium foil pack treatments. Total acidity increased from base value of 

0.27% in raw cabbage to 0.32 % at I month and 0.448 % in 2 month. 

A processed product is expected to be close to the fresh sample as far as the organoleptic 

properties are concerned.  The organoleptic properties of processed/ preserved foodstuff are 

highly affected by the treatment employed, type of packaging material used and temperature of 

storage. Thus the consumer acceptability of raw treated samples was assessed after two months 

of storage by a panel of ten semi-trained judges. The evaluation proforma used was taken from 

literature. It contained 5 point scale. Score 1 depicted that the sample is very close to original 

sample in terms of evaluated sensory attribute. An increase in score, however, depicted a 

change in colour/ texture/ appearance or overall acceptability. For all the sensory attributes 

evaluated, 20 micron thickness polybag had keeps the sample very close to control (raw) 

sample.  

The frozen cabbage is either used in salads/soups or cooked as vegetable. Since in India, the 

frozen vegetables like peas/cabbage are usually used in vegetable form so, the frozen 

treatments were cooked and evaluated for its consumer acceptability on ten point scale 

commonly used for organoleptic evaluation. Similar results were obtained as for uncooked 

samples. Polybag ( 20 micron thickness) packing  treatment  was very close to control for color, 

flavor and texture attributes. 

d) Effect of different additive treatments and packaging materials on quality of frozen 

cabbage: Biopesticide treated cabbage samples were received from project farms and cut into 

shreds. This experiment was conducted to assess the effect of additive treatments and 

packaging materials on quality of frozen biopesticide treated cabbage. One lot of shredded 

cabbage was taken as control i.e. no blanching/additive treatment was given. The other two lots 

were blanched for three minutes in boiling water followed by quick cooling. The blanched and 

cooled shreds were then immersed in  a) 0.5% KMS solution and b) 100 mg % ascorbic acid 

solution for 15 minutes, respectively. The treated/untreated lots were then packed in 20 micron 

and 25 micron thickness polybags and 25 micron aluminum foil bags.  All the treatments were 

then stored at -15
0
C. To study the effect of different treatments and packaging materials on the 

quality of frozen shreds, the samples were analysed for various quality attributes at two months 

storage interval.    

5.2.3.1 Evaluation of fresh and frozen cabbage for quality characteristics  

i) Effect on physico – chemical properties: Fresh cabbage received for processing was 

analyzed for physico-chemical quality parameters. The cabbage contained TSS of 6
0
B, 90.87 % 

moisture, 0.40% total acidity (as citric acid), 28.4mg/100g ascorbic acid and 22.758 mg/l total 

chlorophyll. The non-enzymatic browning index was analyzed to the value of 0.31 (OD at 

420nm). 
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The cabbage shreds packed in packaging materials of variable thickness and stored at 

temperature of -15 
0
C were evaluated for their chemical quality and sensory  quality at a 

storage interval of two months. During the  storage period of six months, though the different 

treatments affected both the quality parameters but the storage behavior was not specific as the 

changes were very slight at the freezing temperature. TSS, NEB and titrable acidity increased 

gradually during storage while ascorbic acid and total chlorophyll showed a gradual decreasing 

trend during storage. Higher moisture was analysed in treated samples as compared to control 

which may be due to the fact that the samples might have picked up the moisture during the 

process of blanching and immersion in solution. 

The slight increase in TSS in some of the treatments was probably due to conversion of 

insoluble constituents into soluble forms. Optical density at 420 nm wavelength in Table 4 

represents the browning index of cabbage shreds as affected by treatments, packaging materials 

and storage interval. NEB also increased with storage. NEB in ascorbic acid treated samples 

registered lowest variation in the first interval followed by KMS treated samples and control. 

The trend remained the same in the superceding months also. Slight browning was observed in 

control treatment.  Likewise titrable acidity also increased but there was no specific trend. Total 

chlorophyll also showed a declining trend which might be due to conversion of chlorophyll to 

pheopytin. There were no drastic changes in the analysed parameter during the storage period. 

ii)  Consumer’s acceptability:  The consumer acceptability of raw treated samples was 

assessed after two months of storage interval by a panel of ten semi-trained judges using ten 

point scale used for organoleptic evaluation..  

The storage period of six months also affected different sensory parameters of frozen cabbage. 

The average score decreased for all the sensory attributes but the products remained in “Good” 

condition as per the quality adjudged by the selected panel of judges. Similar results were 

obtained for cooked samples.  

The organoleptic quality of frozen and its cooked samples revealed that samples treated with 

ascorbic acid and packed in aluminium foil bags scored higher for its sensory attributes viz 

colour, texture and overall acceptability and also exhibited lower NEB and lower degradation 

of total chlorophyll. So, based on the findings, it is recommended  that cabbage shreds should 

be blanched, cooled in water and immersed in 100mg% ascorbic acid solution for 15 minutes 

before storing them at freezing temperature of  -15
O
C. 

iii) Effect of storage intervals, storage conditions and packaging materials on physico-

chemical and sensory characteristics of biopesticide treated cabbage samples:   Analysis 

of fresh cabbage heads raised under biopesticide umbrella revealed that they contained 92.87% 

moisture, 0.63% total acidity (as citric acid), 24.273mg/l total chlorophyll and 13.30 mg/100g 

vitamin C. The cabbage had sweetness level (TSS) of 9
O
B and the nonenzymatic browning 

index was measured as 0.20 (OD at 420 nm). 

To assess the effect of biopesticide treatment on shelf-life/storage stability, cabbage samples  

were wrapped in cling film and also packed in vented and non-vented  20 micron(poly-I) and 

25 micron (poly-I) polyethylene bags and aluminium pouches. Control sample was also taken 

for comparison. All the cabbage samples were then stored at room temperature and at 
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refrigeration temperature and analysed for various parameters at initial storage period and at 

4
th

, 8
th

, 12
th

 and 16
th

 day storage intervals. 

Table 28. shows the effect of different storage intervals on weight loss of cabbage samples 

packed in different packaging conditions. Weight started decreasing with the increase in the 

storage time. Maximum weight loss i.e. from 200 to 180 g was observed in cabbage samples 

which were kept open at room conditions and the minimum weight loss i.e. 200 to 187 g was 

observed in the cabbage samples which were wrapped in cling film in the refrigerated storage 

conditions. 

Table 28. Effect of different storage intervals, storage conditions and packaging materials on 

weight loss of cabbage samples  

Packaging 

material 

Storage  

condition 

Storage interval 

Fresh 4
th
 Day 8

th
 Day 12

th
 Day 16

th
 Day 

Poly-1 RT (V) 

RT (WV) 

200 

200 

199 

199 

192 

194 

189 

190 

185 

186 

RfT (V) 

RfT (WV) 

200 

200 

200 

200 

196 

195 

191 

190 

186 

186 

Poly-2 RT (V) 

RT (WV) 

200 

200 

192 

196 

190 

192 

185 

188 

182 

183 

RfT (V) 

RfT (WV) 

200 

200 

199 

199 

194 

195 

190 

190 

185 

185 

Aluminum 

pouches 

RT (V) 

RT (WV) 

200 

200 

200 

200 

196 

195 

191 

190 

186 

185 

RfT (V) 

RfT (WV) 

200 

200 

199 

199 

194 

194 

189 

190 

184 

186 

Cling film RT 200 200 196 190 185 

RfT 200 200 197 192 187 

Control RT 200 189 187 183 180 

RfT 200 197 193 186 182 

RT- Room Temp. RfT- Refrigerated Temp.     V-Ventilated   WV-Without ventilation 

 

The values for TSS increased with the incline in the storage period. The maximum increase in 

the TSS was observed in the cabbage samples which were packed in poly-1 at the room 

temperature without ventilation whereas, minimum increase was observed in the samples 

stored under refrigerated conditions. 

The ascorbic acid content of cabbage decreased with the increase in storage intervals. The 

minimum loss was observed in aluminum pouches without ventilation whereas, maximum loss 

occurred in cabbage sample packed in poly-1 with ventilation. The acidity content of cabbage 

increased with the increase in storage intervals. The maximum increase in the acidity was 

observed in the cabbage samples which were kept in open at room temperature, whereas, the 

minimum increase was recorded in the samples packed in poly-1 with ventilation at room 

temperature. 
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5.2.3.2 Evaluation of effect of storage intervals: Biopesticide treated peas  were assessed for 

their physical characteristics, chemical composition, and maturity indicators. Samples were 

depodded and pea grains were water blanched for 2 minutes, quick cooled, drained and packed 

in 70 micron(T1),100 micron(T2) thickness polybags and 100 micron(T3)aluminium foil bags. 

Packed samples were then stored at temperature of -18 
0
C.  Shelf life studies of frozen peas 

were conducted for 60, 120 and 180 days of storage period (Table 29).  

Biopesticide treated peas sample 

 

Depodding and grading of pea grains 

 

Water blanching of pea grains for 2minutes 

 

Quick cooling and draining 

 

Packed in 70 micron(T1),100 micron(T2) thickness polybags and 100 

micron(T3)aluminium foil bags 

 

Samples stored at temperature of -18 
0
C 

 

5.2.3.3   Preparation of frozen cabbage manchurian balls and cabbage koftas: 

An attempt was made to add value to the cabbage by making manchurian balls (steamed) and 

koftas (fried) from cabbage. The prepared balls and koftas were packed in polythene pouches 

(25 micron) and stored at refrigeration temperature and freezer temperature. Deterioration was 

observed in manchurain balls stored at refrigeration temperature after 2 weeks of storage and of 

koftas after nearly four weeks of refrigeration. The balls turned soft, mashy and were 

contaminated with fungus. However, the balls and koftas stored under freezing temperature (-

18 
0
C) had extended shelf-life. These products had acceptable quality. After 60 and 120 days of 

storage, cabbage manchurian and cabbage kofta were assessed for their consumer acceptability 

by a panel of ten semi-trained judges.  

At 60 days of storage, cabbage manchurian recipe scored highest for all the sensory attributes 

viz colour, texture, taste and overall acceptability. Cabbage kofta‟s scores were also at par with 

the manchurian recipe. Sensory evaluation at 120 days of storage revealed somewhat lower 

preference for the organoleptic parameters. Though manchurian balls scored lower for their 

texture, the values for other attributes were still on higher preference as compared to koftas 

(Table 30). 
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Table 29.  Effect of storage on different attributes of frozen peas 

Attribute 

 

60 120 180 

Moisture(%)  

T
1 
 75.63 75.88 75.91 

T
2 
 75. 78 75.84 75.86 

T
3 
 75.64 75.73 75.87 

Non-enzymatic browning (OD at 420nm)  

T
1 
 0.340 0.387 0.422 

T
2 
 0.359 0.391 0.430 

T
3 
 0.313 0.354 0.387 

Total chlorophyll (mg/l)  

T
1 
 31.73 30.24 28.36 

T
2 
 31.91 30.64 29.14 

T
3 
 31.18 30.82 28.11 

Vitamin C (mg/100g) 

T
1 
 14.00 12.64 10.98 

T
2 
 13.85 11.76 11.14 

T
3 
 14.16 13.08 11.66 

Total acidity (%as citric acid)  

T
1 
 0.31 0.34 0.44 

T
2 
 0.34 0.38 0.48 

T
3 
 0.34 0.37 0.42 

Consumer Acceptability Attribute 

Colour     

T
1 
 7.07 6.90 6.77 

T
2 
 7.19 7.19 6.80 

T
3 
 7.75 7.59 7.06 

Appearance     

T
1 
 7.74 7.69 6.91 

T
2 
 7.36 7.36 6.83 

T
3 
 7.82 7.58 7.27 

Texture     

T
1 
 6.48 6.40 6.31 

T
2 
 6.38 6.25 5.90 

T
3 
 6.38 6.22 5.94 

Overall acceptability     

T
1 
 7.28 6.83 6.17 

T
2 
 7.31 6.77 6.37 

T
3 
 7.24 6.69 6.21 
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Table 30.  Effect of storage on processed value added vegetable products  

Storage period/ 

Product 

Colour Texture Taste Overall 

acceptability 

60 days storage 

Cabbage manchurian 8.6 7.9 8.2 8.2 

Cabbage kofta 8.2 7.7 7.8 7.9 

120 days storage 

Cabbage manchurian 7.9 7.2 7.8 7.8 

Cabbage kofta 7.7 7.4 7.4 7.2 

 

 

  
 

Canned samples of Cabbage and garden pea 

 
5.2.4 Public-private linkage and entrepreneurship development  

5.2.4.1 Popularization of biopesticides, ‘clean’ vegetables and value added products: 

Through this project awareness was created among 3213 farmers /stakeholders about the 

biopesticides and their value added products through 61 training / awareness   programmes in 

Kangra, Mandi and Kullu district of Himachal Pradesh. Also imparted training on mass 

production and use of Trichogramma to 247 farmers for entrepreneurship development. 

Frozen peas samples
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Fourteen entrepreneurs started rearing Trichogramma in their respective villages. This was for 

the first time in the state that farmers started production of Trichogramma parasitoid in the 

villages itself.  Cost and returns structure for Trichogramma (one unit of 50 cultured boxes) 

revealed that   initially the entrepneures can generate net additional income to the tune of Rs 

15,000 per Trichogrmma unit. 

5.2.4.2 Entrepreneurship development for ‘clean’ value added vegetable products 

Through this project five market outlets were established for pesticide free vegetables and their 

processed products. The vegetable growers were linked with them for the sale of fresh „clean‟ 

vegetables. 

Eight entrepreneurs (two in project area and six outside the project area) have started raising 

Melia nurseries.   Plantation work of Melia has been undertaken in district Kullu and Mandi in 

the selected villages and about 5700 plants were planted. The employment generated through 

Melia plantation activities was assessed at 1825 man days worth Rs 2.01 lakh in five nurseries 

in the state. 
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Training / Awareness   programmes 

 

 

Hands on training for Trichogramma production 
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Clean vegetables  in farmer’s fields 

 

  

Clean vegetable ready for market SFE Pilot plant for green extraction of 

bioactive molecules 

Scientist - farmer interaction   Clean vegetable production at farmer’s field 
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5.2.4.2 Entrepreneurship development for bioagent 

i) Establishment of Trichogramma production unit: Two Trichogramma production unit 

were established, one  in the Bio-Pesticide Laboratory of the Department of Entomology, 

CSKHPKV, Palampur and one at HAREC, Bajaura with all the necessary facilities for the 

mass production of Trichogramma. This production unit was used to impart trainings and 

practical demonstrations on Trichogramma mass production technology to different 

stakeholders as well as production of trichocards. 

Native strain   of Trichiogramma chilonis was mass produced in the production for use in 

different experiments and for supply to the farmers in the form of trichocards. For this purpose, 

culture of the host, Corcyra cephalonica was maintained in Corcyra rearing cages using 

crushed maize as diet. Each cage containing 2.5 kg of sterilized crushed maize and yeast @ 

2g/kg diet was inoculated with 1cc of Corcyra eggs. Data were recorded on the number of 

moths produced, sex ratio and total egg production in different months. The eggs produced in 

different months were utilized for the mass production of the parasitoid in the form of 

trichocards.  The egg production was low   during winter months compared to summer season. 

In order to study the impact of the parasitoid in the management of important caterpillars 

infesting cabbage (diamondback moth and cabbage caterpillar) and pea (pea pod borer), the 

parasitoid was released in the form of trichocards under field conditions at Palampur. The 

trichocard release rate was also evaluated at different levels.  

For the superession of lepidopteram pests Trichogramma was released at 7 days interval @ 0.5, 

0.75, 1, 1.25, 1.75 and 2 lac per hectare at flowering stage in pea and at initiation of head 

development in cabbage. The releases at different rates along with control (no release of the 

parasitoid) constituted different treatments. In pea, data were recorded at the time of each 

picking on the per cent pods damaged by the pea pod borer under different treatments and the 

impact of the parasitoid was evaluated in terms of per cent reduction in the pod damage due to 

the borer. In case of cabbage, weekly observations were recorded on the number of caterpillars 

per plant in different treatments and the impact of the parasitoid was evaluated in terms of per 

cent reduction in the number of caterpillars per plant over control. It was observed that per cent 

pod damage in pea varied from 5.33 to 25.33 in different treatments over control (28.33%). 

The maximum reduction over control (23%) was recorded when the release rate was 2 lac per 

hectare. In case of cabbage, the number of caterpillars per plant varied from 6.22 to 12.1 under 

different treatments and the maximum reduction (48.6%) in the number of caterpillars per plant 

over control was obtained under the release rate of 1 lac per hectare.   

ii) Entrepreneurship development for the mass production of Trichogramma:  Farmers in 

the selected villages of district Kangra, Kullu and Mandi were motivated to adopt bio-control 

methods for the management of various pest problems. For this purpose, different extension 

methodologies viz. trainings, demonstrations, field visits and workshops etc. were organized to 

sensitize the farmers and disseminated the technology for the mass production of 

Trichogramma and its utilization in the pest management in different crops. In order to ensure 

the timely availability of the biocontrol agent in the villages and to develop entrepreneurship 

14 progressive farmers in twelve villages were provided necessary inputs like Corcyra rearing 

cages, glass jars, muslin cloth, initial culture of the host and the parasitoid, etc. and full 
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technical know-how to start Trichogramma production units at village level. Out of 14 farmers 

selected for establishing the units, 4 farmers adopted this technology. Four such units were 

established with the involvement of the NGO, WHSAU in district kangra. These production 

units were visited time to time and full technical guidance was provided to ensure regular 

production and release of the bioagent. In addition other interested farmers have also been 

provided technical guidance continuously and were encouraged to undertake the training from 

these established units.  

Rearing of Corcyra & Trichogramma 

  \ 

  

iii) Entrepreneurship for the mass production of Trichodermma: Protocol has been 

developed for the mass production of Trichoderma. A pilot production unit has been 

established in the Department of Plant Pathology, CSKHPKV, Palampur for small scale 

production of Trichoderma formulation. 

5.2.4.3 Commercial information regarding industrial partner and rural industries 

promoted   

 i) Name of the rural industries/ consortia industrial partner: Cottage industries for the 

production of Trichogramma bioagent for the management of lepidopteran insect-pest. 

a) Sh Suresh Kumar Chaudhary  

Village Sagoor, P.O Sagoor, Teh. Palampur Distt. Kangra (H P)  

Phone: 9816114032  

b) Sh Suresh Kumar 

Village Raipur, P.O Bhattu, Teh. Palampur Distt. Kangra (H P)  

Phone: 9736550225 

c) Sh Ishwar  Dass  

Village Kachhiyari P.O Ghurukari Tehsil Kangra Distt. Kangra (H P)  

Phone: 98163-28353  

d) Sh Parvinder Singh  

Village Sunehar, P.O Sampolti Tehsil Kangra, Distt. Kangra (H.P)  

Phone: 98164-19605  

ii)   Name of product/products:  Trichocards of local strain of Trichogramma 

iii)  Cost of production per unit (for 50 cultured boxex):  

a) Cost of raw material i.e. crushed maize (1.5q ) Rs 1500  
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Sr.No.  Particulars  Rate Amount (Rs.)  

1.  Fixed costs  

(i) Depreciation 

(ii) Interest on fixed capital 

Sub total  ( i + ii )  

 

10% p.a of Rs 68140  

8% p.a of Rs 68140  

 

6814 

5451 

12, 265  

2.  Variable cost / working expenses  -  8463  

3.  Total costs  ( 1 + 2 )  -  20,728  

4.  Cost of Corcyra production    

5.  Returns 

( i ) trichocard production 

@ 30-50cc/week from 50 cultured 

boxes = 450-500 cc or 1000 

strips  

 

Rs15/ strip  

 

15,000  

iv)  Selling price of product:   In Retail: Rs 15/ Trichocard (imputed value charged) 

v)   Investment made in setting up the rural industry, if any 

a) For Trichogramma production:  Investment of NAIP funds: 6000 (Per Entrepreneur:  

Rs. 2000). 

vi)   Employment generated per year: 

In Trichogramma production: Employment generation (man days): 1500 man days. 

vii)  Area covered by rural industry in a year means raw material produced & finished 

product sold: The total area covered by rural industry industries for the production of 

Trichogramma bioagent for the management of lepidopteran insect-pest is 7.77 ha. 

Photo of products and industry 

 

Mass production of Trichogramma at village Sagoor 

 

Trichogrmma production and utlization as cottage industry by farmers   
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2.  Name of the rural industries/consortia industrial partner: “Biopesticide based pest 

management technology for the production of clean vegetables (pesticide free cabbage and 

garden pea)” 

i)  Consortia industrial partners: 

a) STD, Mandi 

b)  WHSAU, Palampur 

ii)   Name of product/products: Clean vegetables (pesticide free vegetables) ie. cabbage, 

cauliflower and garden pea are produced by the stakeholders in the project command area, 

under biopesticides umbrella.  

iii)  Its volume produced:  35.50 metric tonnes from garden pea and 55.98 metric tonnes from 

cabbage.  

iv)  Cost of production per unit: The unit cost of production (Rs/ha) for garden pea and 

cabbage is Rs 61,467 and Rs 61,843 with overall average of Rs 61,655. 

v)   Total cost of production/year: The total cost of production for garden pea and cabbage is 

Rs 4,79,059 from an area of 7.77 ha.. 

vi)   Selling price of product:   Rs 15 / kg of garden pea and Rs 5 /kg of cabbage. 

vii)  Investment made in setting up the rural industry, if any: nil 

viii) Income and employment generated per year: Net income/year from garden pea is Rs 

3.06 lakh and Rs 1.40 lakh from cabbage. Similarly employment generation per year 

estimated in garden pea @  180 mandays/ha is 979 mandays and that of cabbage @ 169 

mandays/ha is 394 man days. 

ix)   Area covered by rural industry in a year: The area covered under the cultivation of 

pesticide free garden peas and cabbage is 7.77 ha. 
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x)    Good quality photo of products and industry 

 
Clean vegetable  production under scientific supervision 

 

 
Clean vegetables production and marketing 

 

     
Data collection from clean vegetable sale outlets 
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3.  Name of the rural industries/consortia industry al partner: Value addition of 

garden pea and cabbage 

i)  Consortia industrial partners:  

a) STD, Mandi b) WHSAU, Palampur 

ii)   Name of product/products: Value added processed vegetable products: Eight 

value added products of vegetables; cabbage (dried, frozen, frozen cabbage based 

manchurian balls and cabbage koftas), pea (dried, frozen and canned), & cauliflower 

(dried) were prepared. 

iii) Its volume produced:  Six metric tonnes each of garden peas and cabbage as vegetable 

produce converted to its dried/processed form equivalent to 0.18 metric tonnes of peas and 0.25 

metric tonnes of cabbage based, respectively. 

iv) Cost of production per unit: The cost of production for garden pea based processed 

product is Rs 400/ kg and that of cabbage is Rs 110/ kg. 

v)  Total cost of production/year: The total cost of production for garden pea is Rs 72,000 

and that of cabbage is Rs 27,500. 

vi)  Selling price of product: Selling price of processed garden pea is Rs 600/ kg and that of 

cabbage is Rs 160/ kg. 

vii)  Investment made in setting up the rural industry, if any: Rs 2.05 lakh  

ix)   Income and employment generated per year: Net income/ year on account of value 

addition from processed products of garden pea and cabbage is Rs 1.08 lakh and Rs 0.40 lakh . 

Similarly, additional employment generation per year for garden pea and cabbage is 18 man 

days and 12 man days, respectively. 

x)   Area covered by rural industry in a year:  The area under pesticide free cultivation of 

garden peas and cabbage is 7.77 ha. 

Some value added processed products of clean vegetable are given below:  

              

                                                                                    Frozen cabbage  

                                       
  Dried cabbage         Cabbage manchurian balls and koftas 
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5.2.5  Assessing socio- economic and  marketing aspect of  value chain 

5.2.5.1 Socio-economic and environmental concurrent contribution of 

biopesticides project: The impact of project was assessed in terms of both tangible 

and intangible cost and benefits. On account of intangible benefits the vegetable 

growers in the selected villages learned about the use of biopesticides and rearing of 

bioagents like Trichogramma. They learned the harmful effects of chemical 

pesticides and unimaginable benefits of biopesticides/ bioagents to the growers 

themselves and ultimate vegetable consumers at large. As much as 22% of them 

started cultivation of crops with biopesticides and bioagent based technologies made 

available in the areas through project activities. Nearly 40% vegetable growers could 

reduce the amount and frequency of chemical pesticides. As many as 1796 vegetable 

growers were directly trained for the adoption of biopesticide and bioagent 

technologies. The vegetable growers who adopted biopesticide technology earned 

approximately Rs 5900/ha as an incremental benefit over the chemical pesticide 

technology. The area under pesticide free target vegetables (garden pea, cabbage and 

cauliflower) and other vegetables in the project area of three districts namely, Kangra, 

Kullu and Mandi was found to be 5.18 ha and 2.59 ha, respectively. It is estimated 

that the technology generated for the production of clean vegetables will result in the 

net return of Rs 16.58 lakh in the project area and Rs 1692.89 lakh in the state. 

Fourteen vegetable growers initiated adopted Trichogramma rearing in the form of 

entrepreneurship who produced Corcyra @ 30-50cc /week from 50 cultured boxes on 

450 -500cc in three month cycle providing them approx 1000 strips @ Rs. 15/strip 

(imputed value). The biopesticide project generated 25 mandays employment per 

beneficiary. Cost benefit returns from Trichogramma production technology 

transferred to entrepreneurs under NAIP sub-project estimated to be Rs 25000 per 

unit of 50 boxes of Corcyra cephalonica maintained for raising Trichogramma 

(bioagent). Similarly, the possibility of employment generation though Melia 

plantation activities was assessed at 1827 man days worth Rs 2.01 lakh in the state 

and Rs 462.69 lakh at the state level. 

However, on account of incremental income generation, the project could enhance the income 

by Rs 6550 per beneficiary household. In all, the cumulative contribution of biopesticide 

project was assessed to be Rs 28.29 lakh in the target area and Rs 1882.83 lakh projected at the 

state level Table 31. Thus the benefit cost ratio during 2012 was 3.59:1 and it was projected at 

3.71 for 2020 and 3.65 for 2030. Supply chain mechanism of clean vegetable to rural agro 

based processing industry is processed in Table 32. 

An investment of Rs. 44 lakh in the form of fixed capital was assessed for setting up of an 

industry at institutional level in the farm university from which Eupatorium and Melia based 

botanicals were processed into their respective formulations. The working capital requirement 

for Eupatorium and Melia based formulations was found to the tune of Rs 26 lakh and Rs 31 

lakh, respectively. Likewise the total cost estimates of Eupatorium and Melia formulations 

were assessed to the extent of Rs 34 lakh and Rs. 38 lakh, respectively. In this process the cost 

of production per litre of such formulations has been worked out to Rs 108 and Rs 130, which 
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may yield per unit net returns to the tune of Rs 192 and Rs 170/L, respectively. On the whole, 

the entrepreneurs may fetch Rs 59.74 and Rs 49.68 lakh per annum as net returns after keeping 

allowance for all sort of obligations, provided the processing units are operated for three to 

shifts per day. 

Table 31. Summary of Economic, Social and Environmental Contribution of Bio pesticide 

Project  

Sr 

No. 

Particulars Rate per 

unit 

Project Area State Level 

   Area (Ha) Amount 

(Lakh Rs) 

Area  

(Ha) 

Amount 

(Lakh Rs) 

I ECONOMICAL      

(A) Area  - - 0.46 - 389.06 

(B) Employment  - - 2.22 - 33.69 

( C)  Income generation - - 3.93 - 68.50 

 Sub-total (A+B+C) - - 6.61 - 493.89 

II SOCIAL - - 19.63 - 153.13 

III ENVIRONMENTAL - - 2.05 - 1235.81 

IV Total ((I+II+III) - - 28.29 - 1882.83 

 

Table 32.  Supply chain mechanisms of clean vegetables to rural agro based processing 

industry set up in the state 

Sr. 

No. 

Product Area 

covered 

(Ha) 

Vegetable 

entrepreneurs 

involved 

(No.)  

Annual 

production 

(Metric 

tonnes) 

Selling 

price 

Employm

ent 

generatio

n (Man 

days) 

Income  

(Lakh Rs) 

I Clean vegetables       

1 Garden peas 3672.9 22956 254177 Rs 10/kg 440748 25.42 

2 Cabbage 267.5 1672 144233 Rs 3/kg 32100 4.33 

II Bioagent 

Trichogramma 

      

1 Tricho cards  3 pvt 

entrepreneurs 

+ 2 public 

sector labs 

 Rs 

15/card 

  

III Processed clean 

vegetables @ 3% 

of production 

      

1 Processed garden 

peas 

- - 7625 @ 3% of 

total 

Rs 

600/kg 

7625 45.75 

2 Processed 

cabbage 

- - 5769 @ 4% of 

total 

Rs 

160/kg 

2769 9.23 
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6. Innovations  

 Biopesticide formulations of Eupatorium, Melia  and Trichoderma for commercial 

exploitation 

 Biopesticide based pest management technology for the production of clean vegetables 

 Value added products from clean cabbage, cauliflower and garden pea 

 Entrepreneurship development for the production of Trichogramma for the 

management of insect-pests 

These innovations were promoted among the farmers, stakeholders, mahila mandals, SHGs by  

means of awareness camps and training programmes. Sixty one training / awareness 

programmes were conducted under this project in collaboration with NGO partners i.e. STD, 

Mandi and WHSAU, Palampur. 

7. Process/ Product/ Technology Developed 

i) Title of the Technology: “Biopesticide based pest management technology for the 

production of clean vegetables (Pesticide free cabbage and garden pea)” 

Information on Existing Farming Systems, Practices, Productivity Levels and Income in 

the Target Area: Depending upon the existing land holdings the cultivable area of the total 

holding area varied from 40 to 90 per cent from plain (Kangra) areas to hilly ones (Kullu & 

Mandi districts) selected as the target area. Depending upon the sources available for irrigation, 

both gravity/flow water through Kuhls and lift irrigation play an important role in the economy 

of farmers. In all target villages, 80 to 90 percent of cultivated area was under irrigation. Major 

cereals include paddy, maize and wheat. Of the total cultivable area, more than 56 per cent was 

under vegetables. Among vegetable crops, cabbage, cauliflower, brinjal, garden peas and 

tomato were the important one. Peas and cabbage alone accounted for 28 per cent of the area 

allocated to all crops including cereals. Farmer use chemical fertilizers and pesticides for  

raising vegetable crops. There is a practise of raising two crops each of cabbage and 

cauliflower in a year particularly in Kullu district. The productivity of vegetables is shown in 

Table 33. Gross income/ha from cabbage varied from Rs1,37,500 in Mandi to Rs 1,61,392 in 

Kangra. Similarly gross income/ha from garden peas varied from Rs 78,480 in Mandi to Rs 

82,500 in Kullu district. Farmers sold their produce to nearby regulated market yards/sub-

yards. They immediately disposed off their produce due to lack of storage facilities. Total 

annual gross household income of most farmers was more than Rs. 2 lakh, however, the 

average gross annual income from agriculture stood at Rs 1,00,329 in Kangra, Rs 93,245 in 

Kullu and Rs 1,56,420 in Mandi with overall income of Rs 1,16,665. The annual gross 

household income from all sources was to the extent of Rs 2, 37,412. 

        Table 33. Average yield of important vegetable crops in different districts 

Sr. No. Crops Yield (q/ha) in districts  

Kangra Kullu Mandi 

1 Cabbage-1 198.83 241.9 237.5 

2 Cabbage-2 - 225.00 228.75 
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3 Cauliflower-1 207.09 212.50 214.86 

4 Cauliflower-2 - 200.43 196.15 

5 Peas  58.33 68.75 65.40 

6 Tomato  295.58 312.50 296.42 

7 Others (Bhindi & 

Brinjal) 

131.25 125.00 123.75 

 

Key Intervention(s) Introduced: Use of biopesticides (botanicals & microbial) along with 

decision on the   time of application based on pest monitoring of pest incidence/ population. 

Status of Dissemination/ Commercialization; and, Extent of Adoption and Success, If 

Applicable; with Supporting Data: Use of biopesticides for the production of clean 

vegetables shows good results in farmer‟s fields under project command area and is becoming 

popular among the farmers. Farmers have adopted it but at low pace. The cost and  returns/ha 

from garden pea through biopesticides use was estimated to the tune of Rs 49,530, Rs 61,212 

and Rs 58,281 in Kangra, Kullu and Mandi district, respectively. The cost & returns/ha from 

cabbage through biopesticides use was estimated to the extent of Rs 50,082, Rs 63,001 and 

Rs 66.779 in Kangra, Kullu and Mandi district, respectively. This technology has covered 

5.18 ha of target crops namely, garden pea, cabbage and cauliflower in the project 

implementation area and with the horizontal spread in the state covering an area of 4,328 ha. 

The biopesticides based vegetable production technology has increased the net average return 

of the growers to the extent of Rs 4,398, 5,442 and Rs 7,868/ha in cabbage, garden pea and 

cauliflower, respectively, with an overall average of Rs. 5,903 over chemical, pesticide based 

production technology. The estimated average net return from vegetables grown under 

biopesticides and pesticide umbrella at state level are presented in the Table 34. 

Table 34.  Net returns from vegetables crops (Rs /ha) 

 

Particulars  Biopesticides based Chemical pesticide based Difference 

Peas 56,341 50,899 +5,442 

Cabbage 59,954 55,556 +4,398 

Cauliflower 95,355 87,487 +7,868 

All other crops  70,550 64,647 +5,903 

The indirect economic benefits through improved soil health and human health improvement 

was estimated to the extent of Rs 98.00 lakh (@ 1595/ha) from an area of 6144 ha.  

Brief Description of Technology for Release: This technology comprises management of 

insect- pests and disease from nursery raising /sowing of cabbage and garden pea till harvest. 
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The technology is mainly based on utilization of botanical and microbial pesticides with 

decision support system.  

ii) Title of the Technology: Entrepreneurship development for the production of 

Trichogramma for the management of insect-pests 

Information on Existing Farming Systems, Practices, Productivity Levels and Income in 

the Target Area: Presently farmers are solely dependent on use of chemical pesticides in the 

absence of bioagents (egg parasitoid, Trichogramma spp.), which has the potential to reduce 

the incidence of more than 200 species of lepidopteran pests. In Himachal Pradesh, the 

production of Trichogramma is centrally taken up by the State/ Department of Agriculture and 

is restricted to one part of the state. 

Key Intervention (s) Introduced: Trichogramma spp. are important hymenopterans egg 

parasitiods of lepidopteran insect-pests and   prevent the eggs from hatching and control the 

pest in the egg stage itself. Trichogramma has both ecological and economical benefits. 

Trichogramma production technology for local ecotype was standardized and trainings were 

imparted to stakeholders (NGOs, farmers, self help groups) for the adoption   of this 

technology at institution and village levels. This technology is adopted by the farmers for the 

first time in the state and they started production of Trichogramma in the villages itself.  

Status of Dissemination/ Commercialization, Extent of Adoption and Success: Imparted 

training on mass production and use of Trichogramma to 222 farmers for entrepreneurship 

development. Thirteen entrepreneurs started rearing Trichogramma in their respective villages. 

This is for the first time in the state that farmers started production of Trichogramma parasitoid 

in the villages itself and use of self produced Trichogramma for the management of 

lepidopteran pests.  

Brief Description of Technology for Release: The local ecotypes of Trichogramma spp. 

Found adapted to temperate conditions are mass multiplied on the eggs of rice moth, Corcyra 

cephalonica to produce the trichocards. These specific strains are being multiplied under 

laboratory conditions and being released in the field. These ecotypes are also being multiplied 

by the entrepreneurs. 

1. Title of the Technology: Production of dust formulation of Trichoderma bioagent. 

Information on Existing Farming Systems, Practices, Productivity Levels and Income in 

the Target Area: Presently farmers rely solely on chemical pesticides for the management of 

soil / seed borne diseases like root rot/wilt, powdery mildew and blight diseases of garden pea 

and cabbage. As the available formulations of Trichoderma sp. in the market have low 

virulence under the temperate conditions of the state and the farmers are forced to use synthetic 

chemicals. 

Key Intervention (s) Introduced:  Trichoderma spp.  are the antagonistic fungi against root 

and blight diseases of crop. These fungi produce cellulose, glucanase and other enzymes, 

which dissolves the hyphae of invading mycelia of fungi, thus reducing their virulence and 

protecting the plants. Four strains of Trichoderma (JMA- 4, SMA- 5, DMA-8, and JMA-11) 

and their metabolites from temperate regions were screened for their bioefficacy. Based on 
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the bioefficacy studies formulations comprising metabolites of native isolates of Trichoderma 

were developed for the management of soil and seed borne disease of vegetable crops. 

Status of Dissemination/ Commercialization, Extent of Adoption and Success: This 

technology has been evaluated in varied agro- ecological localities of the state namely, 

Janjheli, Kukumseri, Udaipur, Keylong, Palampur, Kalehali, Bajaura, Sagoor, Raipur, 

Kachyari, Sunehar and Kangra, respectively in the project implementation area and other 

parts of district Lahaul and Spiti of the state. About 242 farmers were made aware about this 

technology and the technology was demonstrated to 21 farmers through demonstrations on 

farm trials for the management of diseases of garden pea, cabbage and cauliflower. Fifty one 

(51) on farm adaptive trials/ demonstrations were laid to evaluate the pest management 

modules of pea and cabbage in district Kangra, Mandi and Kullu. 

Table 35.   Efficacy of Trichoderma formulations against garden pea diseases 

Treatment  Conc.  

(gm/kg)  

Germination  

(%)  

Per cent Mortality Crop stand (Post 

emergence)  

Per cent 

Disease 

Control Pre-

emergence 

Post-

emergence 

Per cent pea 

root rot/ wilt 

complex 

Per cent 

crop 

stand 

TBD 4.0 97.7 

(71.4) 

23.3 

( 32.7) 

7.8 

( 16.2) 

10.1 

( 18.5) 

89.9 

( 71.4) 

69.3 

TBB-1 4.0 89.9 

(55.1) 

10.1 

( 8.7) 

11.8 

( 20.0) 

21.9 

( 27.9) 

78.1 

( 62.1) 

47.0 

Bavistin 2.0 85.1 

( 67.2) 

14.9 

( 22.7) 

17.8 

( 24.9) 

32.7 

(34.8) 

67.3 

(55.1) 

26.7 

Untreated 

check 

- 60.7 

( 51.1) 

39.3 

( 36.8) 

7.6 

( 17.0) 

46.9 

( 43.2) 

53.1 

( 46.7) 

- 

 

From the Table 35, it is evident that Trichoderma formulations (TBD and TBB-1) were more 

effective in checking the soil borne diseases in garden pea as compared  chemical fungicides. 

Production protocols have been developed and for want of registration procedures, yet to be 

commercialized. Registration process and patent   filing for two value added Trichoderma 

formulations is in progress. For commercial production of biopesticides from Trichoderma, 

the matter has been taken-up with Bala Ji Crop Care Pvt. Ltd., Hyderabad. 

Brief Description of Technology for Release: Protocols for the production of dust 

formulation of Trichoderma (T. harzianum & T. koningii) formulations from local isolates 

(temperate region of Himachal Pradesh) have been developed. Metabolites of Trichoderma 

have been isolated and identified. The formulations were tested against pea-root rot/ wilt 

complex & cabbage stalk rot pathogen. Out of 50 test formulations, 2 have been selected for 

commercial exploitation. The large scale demonstration of Trichoderma dust formulation for 

the management of soil and seed borne diseases of pea, cabbage and cauliflower were 

undertaken. 

 



70 
 

iii) Title of the technology: Biopesticide formulation from Eupatorium adenophorum 

Information on Existing Farming Systems, Practices, Productivity Levels and Income in 

the Target Area: Eupatorium adenophorum is found in plenty as an obnoxious weed in 

Bilaspur, Chamba, Hamirpur, Kangra, Kullu, Mandi, Sirmaur, Solan and Una districts of 

Himachal Pradesh covering an area of about 36000 ha with biomass production of 5MT/ha 

(dry weight basis).  This weed possesses potential   pesticidal activities, which were not 

exploited so far. Technology was not available prior to start of this project by which this plant 

could be utilized for the manufacture of biopesticide formulation.  Presently, the farmers are 

using only neem based formulations for the management of pests. Neem formulations are not 

readily available in the market and have shorter shelf life, thus efficacy is affected. Despite 

the willingness of the farmers to use biopesticides, they are not able to pursue and rely mostly 

on synthetic toxic chemicals. 

Key Intervention (s) introduced: The protocols for the extraction of biopesticidal active 

components from Eupatorium, (wildly growing as a weed in Himachal Pradesh) and 

formulating as biopesticide have been developed for the first time through this project. It will 

help in the development of eco-friendly biopesticides and provide additional income to the 

farmers/unemployed youth through the sale of raw material for the production of biopesticide 

and pesticide free vegetables. Another important aspect of intervention is the assured supply 

of biopesticides to vegetable growers and „clean‟ vegetables to the processing units. 

Status of dissemination/commercialization, extent of adoption and success:  

Stability of botanical formulations was enhanced and farmers were made aware about the 

benefits of the use of environmentally safe biopesticides and human health hazards of    the 

synthetic toxic pesticides, through training and awareness camps. This technology has been 

evaluated in different villages at farmer‟s fields viz. Sagoor, Palampur, Kalehali, Bajaura, 

Kachyari, Sunehar and Kangra in the project implementation area. 242 farmers were made 

aware about this technology and the technology has been demonstrated to 51 farmers through 

demonstration/on-farm trials for the management of insect-pests and diseases of garden pea, 

cabbage and cauliflower.        

Brief description of technology for release: The bioactive components from Eupatorium 

have been isolated and characterized resulting in pesticidal properties against the target pest 

species. The leaves of Eupatorium having pesticidal properties are collected from different 

locations and dried in shade so that their insecticidal property may not reduce in direct sunlight. 

The bioactive constituent is being extracted using different solvent systems and formulated 

using stabilizers, and emulsifiers. Out of 19 formulations, 2 have been selected for commercial 

exploitation. Biopesticides formulation samples were submitted to ITRC, Lucknow for the 

generation of toxicology data through outsourcing. 

Based on economic analysis the cost of production of formulation has been estimated at Rs. 

108/litre, however, the estimated gross returns would be Rs. 300/litre, thus leaving a 

sufficient net margin to the extent of Rs. 192/litre to the entrepreneurs.  
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iv)  Title of the technology: Value addition of garden pea and cabbage 

Information on Existing Farming Systems, Practices, Productivity Levels and Income in 

the Target Area: Short shelf-life of vegetables in conjunction with contaminants (chemical 

pesticides) necessitates the supply of „clean „vegetables‟ and preparation of their value added 

products. Evidences of healthy safety in the crops produced under biopesticides‟ umbrella will 

enhance dietary intake of „clean‟ vegetables and their value added products. 

Key Intervention (s) introduced: The protocols were developed for the production of frozen 

and canned cabbage & pea products under the biopesticide umbrella. On the basis of quality 

parameters and storability they have been standardized for up scaling. Standardized 

methodologies were used for the preparation of canned and frozen garden peas and cabbage. 

The training programmes have been conducted in the target areas and three trainings “Food 

Processing and Preservation” on were imparted to the active farmers. The standard/ approved 

methods for analysis of the shelf life of the frozen garden peas and cabbage were used. 

Status of dissemination/commercialization, extent of adoption and success, if applicable; 

with supporting data (with tables and photographs as annexure): The processed vegetables 

can be used when it is not available in the market. The farmers can establish small scale 

vegetable processing unit as an entrepreneur. Frozen vegetables make sure the preservation of 

vitamins and minerals. Frozen and canned vegetables are economical, when the prices are 

comparatively high in the market. Similarly training programme on “Food processing and 

preservation” were imparted to the stakeholders by the Lead Center in collaboration with 

NGOs partners.                      

Brief description of technology for release: Residue data of biopesticides in / on vegetables 

produced under biopesticides based pest management system will be used to designate the 

produce as „clean‟ for consumption and also prepared frozen and canned products of garden 

pea and cabbage. Surplus crop produce especially of pesticide free cabbage & pea can be 

utilized for value addition. 

Details of  Process/ Product/Technology Developed   

S. 

No. 

Process/Product/Technology Developed Adoption/ Validation/ 

Commercialization, 

etc. 

Responsible Partner 

1. Biopesticide formulations from 

Eupatorium  adenophorum 

Adopted CSK HPKV  

Palampur  

& IARI 

2 Biopesticide formulations from Melia 

azadirach 

Adopted CSK HPKV  

Palampur  

& IARI 

3. Production of dust formulation of 

Trichoderma bioagent 

Adopted / 

commercialised 

CSK HPKV  

Palampur  

& IARI 

4. Entrepreneurship development for the 

production of Trichogramma for the 

Adopted  at small scale 

by the farmers 

CSK HPKV  

Palampur  
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management of insect-pests & IARI 

5. Biopesticide based pest management 

technology for the production of clean 

vegetables. 

Adopted by farmers in 

project implementation 

area using the existing 

biopesticides as well as 

innovative 

formulations 

developed under the 

sub project   

CSK HPKV 

Palampur 

6. Value addition of garden pea and 

cabbage 

 

Adopted by 

stakeholders and 

commercialization of 

value added processed 

product has been 

initiated by Farmer‟s 

unit of STD Mandi and 

CSK HPKV Palampur 

CSK HPKV 

Palampur  

& NGO Partner, 

STD Mandi  

 

8. Patents (Filed/Granted/  Process) 

S. 

No. 

Title of Patent  Filed/Published/ 

Granted (No./Date)  

Responsible Partner 

1 Botanical formulation for 

controlling insect pests and 

fungal pathogens, and 

process for preparation 

thereof 

- CSK HPKV Palampur  

( Lead centre) and  

IARI, New  Delhi 

2 Microbial formulation for 

management of disease 

- CSK HPKV Palampur  

( Lead centre) and  

IARI, New  Delhi 

  

9. Linkages and Collaborations  

S. 

No. 

Linkages developed 

(Name & Address of Organization) 

Responsible Partner 

1 Indian Agricultural Research Institute (IARI), New Delhi Lead Centre 

2 Indian Institute of Technology, Mandi ( H. P.) Mandi (H.P.) 

3 National Research and Development Council, New Delhi Lead Centre 

4 State Agriculture Department Lead Centre 

5 State Pollution Control Board Lead Centre 

6 NGOs STD Mandi & WHSAU, Palampur Lead Centre 
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7 Mahila Mandals, Self Help Groups, Yuvak Mandals Lead Centre & NGO partners 

8 M/S Spring Foods, Sungal, Distt. Kangra (H.P.) Lead Centre 

9 M/S Mohit Agro, Nagri, Distt. Kangra (H.P.) Lead Centre 

10 M/S Balkmukand Sham Dass, Amritsar (Punjab) Lead Centre 

11 M/S Shivambhu International (BDM), Una, (H.P.) Lead Centre 

14 Michigan State University, East Lancing, USA Lead Centre 

10.  Status on Environmental and Social Safeguard Framework  

NAIP sub project entitled, „A biopesticide mediated value chain for clean vegetables’ has 

been undertaken by CSK HPKV, Palampur (Lead Centre), IARI, New Delhi (Consortium 

partner), NGOs namely STD, Mandi (H.P.) (Consortium partner) and WHSAU, Palampur 

(H.P.) (Consortium partner) and DATL, New Delhi and BDM, Una (H.P.) as private partners. 

All these partners were carefully chosen for manageability and to deal on the two botanicals, 

one microbial and one bioagent for the development of biopesticides based value chain in 

vegetable crops. Under this project, six value added formulations two each from Melia, 

Eupatorium, and Trichoderma have been developed, tested and popularized among farmers. 

These formulations were got tested for their mammalian and environmental safety and 

interestingly these were found safe to human beings and their environment. Besides, the use of 

biopesticides led to the reduction of toxic pesticide use and thus safeguarding the environment 

and human health. 

The biopesticides developed through this project have been tested for the management of 

insect-pests to produce clean vegetables. These biopesticides were found safe to non- target 

predators, parasitoids and pollinators including honey bees and environment compared to the 

conventional toxic pesticides being used by the farmers for the management of insect-pests. 

Simultaneously, the protocol for Trichogramma production has also been developed and being 

utilized by the vegetable growers. The stakeholders are using Trichogramma for the 

management of insect-pests which is completely safe to the environment. The unified efforts of 

the project partners further helped in the development of biopesticides based pest management 

package of practices for the production of clean garden pea and cabbage produce. 

Biopesticides based modules based on the monitoring of insect-pests and diseases have been 

tested under field conditions to harvest clean (pesticide free) vegetable produce particularly of 

garden pea, cabbage and cauliflower. Monitoring of aphid complex, diamondback moth and 

Helicoverpa and cabbage caterpillar in cabbage and pea leaf miner in garden pea was done 

through colour/pheromone attractant traps and by visual scouting methods. The use of 

biopesticides in integrated pest management modules has reduced the toxic pesticide pressure 

in the environment. The data collected through monitoring of pests have been used for the need 

based application pesticides/biopesticides. The use of IPM technologies further helped in 

improving the environment and reducing the adverse effects on non- target organisms as well. 

Eight value added pesticide free processed products namely frozen cabbage, frozen pea, canned 

pea, frozen cabbage based manchurian balls and cabbage koftas, dried cauliflower and pea 

have been prepared and technology transferred to the stakeholders. These value added products 

are safe for human consumption and can be consumed without any appreciable risks. 
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The production of clean vegetables through the use of biopesticides covered an area of 5.18 ha 

under target crops namely garden pea, cabbage and cauliflower in the project implementation 

area and with the horizontal spread in the state covering an area of 4328 ha with the increased 

net returns of Rs 4398, Rs 5442 and Rs 7868/ha in cabbage, garden peas and cauliflower, 

respectively, over chemical based pesticide production technology. Estimates revealed that 

farmers are generating additional income by growing above stated vegetables through 

biopesticides to the extent of Rs 5903/ha and socio-economic benefit in the project area and at 

the state level have been estimated to the extent of Rs 28.29 and Rs 1882.83 lakh, respectively. 

The use of biopesticides has resulted in the reduction of pesticide use by 51.38 % in the target 

area thus improvement of environment quality. The concerted efforts in this direction has 

further helped to reduce the joint application of pesticides and fungicides by 4.5 kg/ha valued 

at Rs 2748/ha (Table 36). It is estimated that reduction in toxic chemical pesticides used 

through replacement of area under biopesticides and reduction in use of these toxic chemicals 

through the use of IPM technology in the project area is estimated to the tune of 115 kg valued 

at Rs 70380 in the project area and through horizontal expansion at state level reduction in 

toxic chemicals is estimated to the tune of about 666 q valued at Rs 4.08 crores (Table 37).  

The impact of project was also estimated in terms of both tangible and intangible cost and 

benefits. On account of intangible benefits, the vegetable growers in selected villages acquired 

skill and competence in the use of biopesticides and rearing of bioagents like Trichogramma. 

They could also understand the harmful effects of chemical pesticides and unimaginable 

benefits of biopesticides/bioagents to the growers themselves and ultimate vegetable 

consumers at large. As much as 22 % of them started production of crops with biopesticides 

and bio-agent based technologies. Nearly 8 % vegetable growers in sample villages could 

reduce the amount and frequency of chemical pesticides. Rs 37500/ha value has been assessed 

to restore the health of land degraded on account of use of chemical fertilizers and pesticides/ 

insecticides. So 50 % of this amount (Rs 18750/ha) was assumed to be on account of chemical 

sprays. Social and environmental estimates have been derived using shadow prices. 

Improvement of soil health and quality of ground/surface water for Rs 37500/ha are based on a 

study conducted in the Department of Agricultural Economics, CSK HPKV, Palampur (Tables 

36, 37, 38 and 39). 

Table 36. Changes in the use of pesticides 

S. No. Insecticide/fungicide Dose/rate of application in ml and 

kg/ha* 

Amount (Rs/ha) 

Before After Change 

(Reduction 

%) 

Before After Change 

(Reduction) 

1 All insecticides 

average  

4.388 2.438 1.950 (44.44) 2574 1430 1144 

(44.44) 

2 All fungicides 

average  

4.376 1.823 2.553 (58.34) 2750 1146 1604 

(58.40) 

3 Insecticides + 

fungicide (1+2) 

8.764 4.261 4.503 (51.38) 5324 2576 2748 

(51.61) 

Note: Figures in parentheses show per cent reduction in pesticide use due to project.  * Average of formulation 

applied 
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Table 37. Reduction in chemical pesticides use through replacement of area under 

biopesticides  

S. 

No. 

Agents of 

Reduction 

Project Area Estimates at State Level 

  Area 

(ha) 

Rate of 

application (kg or 

l/ha)* 

Quantity 

(ml/g) 

Area 

 (ha) 

Rate of 

application 

(kg or l/ha)* 

Quantity  

1 Replacement 

of area 

under 

biopesticide 

use in target 

crops of 

sample 

farmers 

5.18 4.388+4.376 =  

8.764 (Pesticide 

+ fungicides) 

45.398 4328 8.764 37930.592 

2 Replacement 

of area 

under 

biopesticide 

use in other 

crops of 

sample 

farmers 

2.59 4.388 +4.376 = 

8.765 

(Pesticide + 

fungicides) 

22.699 2263 8.764 19832.932 

3 Reduction 

(25%) 

through IPM 

technologies 

(Other 

farmers in 

the sample 

villages) 

10.91 2438+1823=4261 

(Pesticide + 

fungicides) 

46.488 8% of 

26010 

= 

2081 

4261 8867141 

4 Total - - 114.58= 

115 kg 

valued at 

Rs 70,380 

@ Rs 

612/kg 

- - About 666 qt 

valued at Rs 

4.08 crores 

@ Rs 

61,200/qt 

* Average of formulation applied 
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Table 38.  Estimates of social contribution of biopesticide project 

S. No. Particulars Rate per 

unit 

Project Area State Level 

   Area (ha) Amount 

(Rs in 

Lakh) 

Area (ha) Amount (Rs in 

Lakh) 

1 Improvement in 

human health on 

account of reduced 

expenditure on health 

by adopting/using 

biopesticides i.e. on 

biopesticides using 

farms 

Rs 1595/ha 7.27 ha 

(target) + 

3.64 ha 

(other-

crops 

=10.91 ha 

0.17 6591 105.13 

2 Consumers 

awareness/knowledge 

enhancement 

regarding abuses of 

chemical pesticides 

and uses of 

biopesticides through 

formal and informal 

trainings 

Rs 

200/training 

(50% of Rs 

400) for 

attending 4 

lectures/day 

i.e. Rs 

800/trainee 

2432 19.46 Approx 

12000 (say 

5 times  

trainees )  

@ Rs 

400/trainee 

48.00 

Total  

(1 +2) 

- -  19.63 - 153.13 

 

Table 39. Estimates of Environmental Contribution of Biopesticide project 

S. No. Particulars Rate per 

unit  

Project Area State Level 

   Area (ha) Amount 

(Lakh Rs ) 

Area (ha) Amount 

(Lakh Rs) 

1 Improvement of soil 

health and quality of 

ground/surface 

water 

Rs 18750/ha  10.91 2.05 6591 1235.81 

 

11. Constraints, if any, and Remedial Measures Taken 

No doubt the state has progressed much in the production of vegetable crops but still the 

marketing system has not been developed to the satisfactory level. The major problem are (i) 

grading and standardization (ii) quality control (iii) quick and safe transhipment (iv) storage 

and regulation of supply to check gluts in the market (v) adequate and effective check to 

prevent the exploitation of growers in the markets particularly in the markets outside the state, 

and (vi) market imperfection. 
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Un-remunerative prices for vegetables particularly during peak season due to lack of storage 

facilities are also reported by almost all the vegetable growers of the state.  

12. Publications  

a) Research papers in peer reviewed journals  

Kundu, A., Saha, S. Walia, S., Shakil, N.A., Kumar, J. and Annapurna, K. 2013. 

Sesquiterpenes from Eupatorium adenophorum Spreng. and  and their antifungal 

activity  Journla of Environment and Health Science 48( 6) 516-522. ( NAAS rating 

8.91)  

 Kundu, A., Saha, S., Walia, S., Ahluwalia, V. , and Kaur, C.  2013. Antioxidant potential of 

essential oil and cadinene sesquiterpenes of Eupatorium adenophorum .Toxicological 

and environmental chemistry   DOI:10.1080/02772248.2012.759577. 

 Kundu, A., Saha ,S., Walia S.,  and Ahluwalia, V. 2013. Plant growth inhibitory terpenes from 

Eupatorium adenophorum leaves. Journal of Applied Botany and Food Quality  (In 

press). ( NASS rating 6.34). 

Ahluwalia,V. 2013. Chemical analysis of essential oils of Eupatorium adenophorum and their 

antimicrobial, antioxidant and phytotoxic properties. Journal of Pest Science 

DOI:10.1007/s10340-013-0542-6. ( NASS rating 6.69). 

Ahluwalia ,V .2013.Isolation, characterisation of major secondary metabolites of the 

Himalayan Trichoderma koningii and their antifungal activity.Archives of 

Phytopathology and Plant Protection.   DOI:doi.org/10.1080/03235408.2013.829715   

Kundu, A., Walia, S., Saha, S. and Ahluwalia, V.  2013. Eupatorium adenophorum as a Source 

of Potential Antinemic Agent. Natural Product Research. (Communicated) ( NAAS 

rating 7.03) 

Kundu, A., Walia, S., Saha, S. and Ahluwalia, V. 2011. Isolation, Characterization and 

Antifungal Activity of cadinenes from Eupatorium adenophorum Spreng. Journal of 

Agriculture and Food Chemistry. (Communicated). ( NAAS rating 8.91) 

Walia, S., Ahluwalia, V., Saha, S. and Kundu, A. 2013. Chemical composition and antifungal 

activity of essential oil of Eupatorium adenophorum flowers from India. Natural 

Product Research (Communicated) ( NAAS rating 7.03) 

Kundu, A., Walia, S., Saha, S. and Ahluwalia, V. 2013. Essential oil from leaves and flowers 

of Eupatorium adenophorum : Chemical composition and antioxidant activity. Journal 

of Essential oil Research. (Communicated). ( NAAS rating 6.55). 

b) Books/ Book chapters/ Abstracts/ Popular articles, Brochures, etc. : 

 

S. 

No. 

Authors, Title of the papers   

Name of Book/ Seminar/ Proceedings/Journal, Publisher, Year, Page No. 

1.  Kumar, J.,  Parmar, D. K. and Thakur, H. L. 2009. Efficacy and economics of 

http://www.researchgate.net/researcher/36104653_Aditi_Kundu
http://www.researchgate.net/researcher/16264509_Supradip_Saha
http://www.researchgate.net/researcher/38590179_Suresh_Walia
http://www.researchgate.net/researcher/33013620_V_Ahluwalia
http://www.researchgate.net/researcher/54026092_Charanjit_Kaur
http://www.researchgate.net/journal/1029-0486_Toxicological_and_environmental_chemistry
http://www.researchgate.net/journal/1029-0486_Toxicological_and_environmental_chemistry
http://www.researchgate.net/journal/1029-0486_Toxicological_and_environmental_chemistry
http://www.researchgate.net/researcher/36104653_Aditi_Kundu
http://www.researchgate.net/researcher/16264509_Supradip_Saha
http://www.researchgate.net/researcher/38590179_Suresh_Walia
http://www.researchgate.net/researcher/33013620_V_Ahluwalia
http://www.researchgate.net/journal/1613-9216_Journal_of_Applied_Botany_and_Food_Quality
http://www.researchgate.net/researcher/33013620_Vivek_Ahluwalia
http://www.researchgate.net/journal/1612-4758_Journal_of_Pest_Science
http://www.researchgate.net/researcher/33013620_Vivek_Ahluwalia
http://www.researchgate.net/journal/0323-5408_Archives_of_Phytopathology_and_Plant_Protection
http://www.researchgate.net/journal/0323-5408_Archives_of_Phytopathology_and_Plant_Protection
http://www.researchgate.net/journal/0323-5408_Archives_of_Phytopathology_and_Plant_Protection
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biopesticides based spray schedules for the management of fruit borer (Helicoverpa 

armigera) on tomato (Lycopersicon esculetum) in Kullu valley of Himachal Pradesh. 

Paper presented in the workshop on “Best Practices for Organic Farming in Hills”. 

Organised by Uttarakhand Organic Commodity Board, Centre for Organic Farming- 

Himmotthan Pariyojna, Dehradun at Dehradun on 27th August, 2009. 

2.  Kumar, J., Sharma, D. C.  and Sood, Ajay. 2011. Toxicity of Melia azedarach 

formulations  to diamond back moth and cabbage aphid (Abstract: Page 91).  Paper 

presented in National Symposium cum Brainstorming Workshop on Organic 

Agriculture. Organised by Organic Agricultural Society of India, Palampur; ICAR, 

New Delhi; National Centre of Organic Farming, Gaziabad (UP) and CSKHPKV, 

Palampur on April 19-20, 2011 at CSKHPKV, Palampur. 

3.  Kumar, J. 2011. Transplanting time- an effective cultural practice for production of 

organic cabbage and cauliflower crops in Kullu valley, Himachal Pradesh (Abstract: 

page 55).  Paper presented in National Symposium cum Brainstorming Workshop on 

Organic Agriculture. Organised by Organic Agricultural Society of India, Palampur; 

ICAR, New Delhi; National Centre of Organic Farming, Gaziabad (UP) and 

CSKHPKV, Palampur on April 19-20, 2011 at CSKHPKV, Palampur 

4.  Kumar, J. and Parmar, D. K. 2011. Efficacy and economics of some plant extracts in 

conjunction with light and/or pheromone trapping for the management of fruit borer  

(Helicoverpa armigera) on tomato in Kullu valley, Himachal Pradesh (Abstract: 

Page 90-91).  Paper presented in National Symposium cum Brainstorming Workshop 

on Organic Agriculture. Organised by Organic Agricultural Society of India, 

Palampur; ICAR, New Delhi; National Centre of Organic Farming, Gaziabad (UP) 

and CSKHPKV, Palampur on April 19-20, 2011 at CSKHPKV, Palampur. 

5.  Kumar, J., Sharma, S. D., Devlash, R. and Thakur, H. L. 2009. Nashijeevon  kay 

jaivik prabhandhan kay liyae bharteeya kisano dwara vikshit deshi Takneekein. 

Giriraj Saptahik . October 28- November 3, November 4-10 and  November 11-17, 

5pp (in each issue). 

 

13. Media Products Developed/Disseminated:   

S. 

No. 

CD, Bulletins, Brochures, 

etc. (Year wise) 

No. of 

Copies 

Distribution Responsible 

Partner 

1.  CD: Popularization of 

biopesticides 

1 Farmers in various training 

programmes on „clean‟ 

vegetable production 

CSKHPKV 

Palampur 

2.  CD: Popularization of 

biopesticides 

1 Farmers in various training 

programmes on „clean‟ 

vegetable production 

CSKHPKV 

Palampur 
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3.  CD: Popularization of 

biopesticides 

1 Farmers in various training 

programmes on „clean‟ 

vegetable production 

CSKHPKV 

Palampur 

4.  Kumar, Jitender, Sharma, 

S. D. and Devlash, R. 

(2010). Bhartiya kisanon 

dwara viksit jaivik nashi- 

jeev prabandhan kee 

takneekein (a bulletin in 

Hindi). CSKHPKV, 

HAREC, Bajaura (Kullu). 

Courtesy: ICAR (NAIP), 

New Delhi, 16 pp. 

235 To farmers in various 

training programmes on 

„clean‟ vegetable production 

& „Organic Farming‟. QRT 

members of Network Project 

on Organic Farming held at 

Jammu 

CSKHPKV 

Palampur 

5.  Matar ke parirakshit utpad  

 

500 Distributed to the farmers at 

North zone Agrifair held at 

NIT, Hamirpur, Kisan Melas 

and during trainings 

CSKHPKV 

Palampur 

6.  Pattagobhi ke parirakshit 

utpad 

500 CSKHPKV 

Palampur 

7.  CD: Popularization of 

biopesticides 

5 Farmers STD Mandi 

8.  CD: Popularization of 

biopesticides 

1 Farmers WHSAU 

Palampur 

 

14.  Meetings/Seminars/Trainings/Kisan Mela, etc. organized : 

S. 

No. 

Details of Meetings/ 

Seminars/ 

Trainings, etc. 

Duration 

(From-To) 

No. of Personnel 

Trained 

Budget 

(`lakh) 

1 CIC Meeting             6-10-2008 20 0.126 

2 CAC Meeting             7-10-2008 32 0.40 

3 CMU Meeting                       22-12-2008 10 0.126 

4 CIC Meeting             17-03-2009 10 0.06 

5 CIC Meeting             23-03-2009 25 0.126 

6 CAC Meeting 23-03-2009 31 0.40 

7 CMU Meeting                       24-03-2009 22 0.126 

8 CMU Meeting                       16-05-2009 6 0.06 

9 CMU Meeting                       4-06-2009 10 0.126 
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10 CMU Meeting                       12-10-2009 12 0.126 

11 CMU Meeting                       27-10-2009 7 0.06 

12 Pre CIC Meeting             5-11-2009 12 0.06 

13 CIC Meeting             12-11-2009 27 0.126 

14 CAC Meeting 13-11-2009 54 0.40 

15 Review meeting of NAIP 

Projects 

15-02-2010 14 0.126 

16 CMU Meeting                       16-02-2010 4 0.06 

17 CIC Meeting             5-03-2010 30 0.126 

18 CMU Meeting                       15-03-2010 6 0.06 

19 CAC Meeting  22-03-2010 41 0.40 

20 CMU Meeting                       14-05-2010 23 0.126 

21 PIs Meeting                       14-05-2010 11 0.06 

22 CMU Meeting                       7-07-2010 13 0.126 

23 CMU Meeting                       29-09-2010 16 0.126 

24 CIC Meeting             6-10-2010 24 0.126 

25 CMU Meeting                       27-10-2010 11 0.06 

26 Pre Review meeting of 

NAIP Projects in H.P. and J. 

& K 

27-10-2010 13 0.06 

27 Review meeting of NAIP 

Projects in H.P. & J.K. 

27-10-2010 46 0.40 

28 Pre CAC Meeting 27-10-2012 8 0.06 

29 CIC Meeting             28-10-2010 29 0.126 

30 CAC Meeting                       28-10-2010 34 0.40 

31 CMU Meeting                       2-02-2011 12 0.126 

32 CIC Meeting             1-03-2011 19 0.126 

33 CAC Meeting                       7-03-2011 33 0.40 

34 CMU Meeting                       20-07-2011 6 0.06 

35 CMU Meeting                       17-08-2011 15 0.126 

36 CMU Meeting                       20-08-2011 14 0.126 

37 CIC Meeting             3-10-2011 34 0.126 
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38 CAC Meeting                       3-10-2011 36 0.40 

39 CMU Meeting                       18-02-2012 9 0.06 

40 CIC Meeting             5-03-2012 26 0.126 

41 CAC Meeting                       6-03-2012 32 0.40 

42 CMU Meeting                       14-09-2012 11 0.06 

43 CMU Meeting                       15-09-2012 22 0.126 

44 Interaction meeting with 

world bank representative 

18-10-2012 26 0.126 

45 CAC Meeting                       23-02-2013 20 0.40 

46 CMU Meeting                       29-03-2013 15 0.126 

47 CIC Meeting             29-03-2013 21 0.126 

48 CMU Meeting                       8-07-2013 13 0.126 

49 CMU Meeting                   17-08-2013 5 0.06 

50 CIC Meeting             12-12-2013 15 0.126 

51 Interaction meeting with 

World bank representative 

8-01-2014 8 0.02 

 

15.  Participation in Conference/ Meetings/Trainings/ Radio talks, etc.: 

S. No. Details of Meetings/Seminars/ 

Trainings/Radio talk, etc.(Name &Address) 

Duration 

(From-To) 

Participant  

(Name & Address) 

1.  Launching workshop of NAIP sub- project on 

biopesticides at CSKHPKV, Palampur  

06.10.2008 Dr D C Sharma 

Dr A K Sood 

Dr. Jitender Kumar Sharma 

2.  CAC meeting of NAIP- sub- project on 

biopesticides at  CSKHPKV, Palampur.  

07.10.2008 Dr D C Sharma 

Dr A K Sood 

Dr. Jitender Kumar Sharma  

and all PIs 

3.  MDP Workshop on “ Policy and Prioritization, 

Monitoring and Evaluation (PME) support to 

Consortia based Research in Agriculture 

(NAIP)” under Learning and capacity Building 

Project (L & CB) Project of NAIP at NAARM, 

Hyderabad 

03.02.2009 to 

07.02.2009 

Dr. Jitender Kumar Sharma 

4.  CIC and CAC meetings of NAIP sub- project 

on biopesticides at CSKHPKV, Palampur.  

23.03.2009 Dr. Jitender Kumar Sharma 



82 
 

5.  Project Monitoring and Evaluation Committee 

Meeting of NAIP sub- project on biopesticides 

at CSKHPKV, Palampur with Dr. Rudra and 

Dr. Chauhan, World bank Consultants 

 24.03.2009 Dr D C Sharma 

Dr A K Sood 

Dr. Jitender Kumar Sharma  

and all PIs 

6.  Meeting of CMU of NAIP sub- project on 

biopesticides at CSKHPKV, Palampur    

06.05.2009 Dr D C Sharma 

Dr A K Sood 

Dr. Jitender Kumar Sharma  

and all PIs 

7.  CIC Meeting  of NAIP sub- project  on 

biopesticides  at CSKHPKV, Palampur 

 04.06.2009 Dr D C Sharma 

Dr A K Sood 

Dr. Jitender Kumar Sharma  

and all PIs 

8.   Consortium Monitoring Unit (CMU) Meeting  

with Consortium PI  and other members of the 

CMU of the  NAIP sub-project on 

Biopesticides  

 12.10.2009 Dr D C Sharma 

Dr A K Sood 

Dr. Jitender Kumar Sharma  

and all PIs 

9.  Participatory Rural Appraisal Workshop held 

at village Kachiari,   Kangra on 28.10.2009 for  

awareness about biopesticides 

28.10.2009 Dr Ashok Kumar 

10.  Consortium Implementation Committee 

(CIC) of NAIP sub- project at CSKHPKV, 

Palampur,   

12.11.2009 Dr D C Sharma 

Dr A K Sood 

Dr. Jitender Kumar Sharma  

and all PIs 

11.  CAC Meeting of NAIP sub- project on 

Biopesticides at CSKHPKV, Palampur 

13.11.2009 Dr D C Sharma 

Dr A K Sood 

Dr. Jitender Kumar Sharma  

and all PIs 

12.  Consortium Implementation Committee 

(CIC) of NAIP sub- project at CSKHPKV, 

Palampur,   

05.03.2010 Dr D C Sharma 

Dr A K Sood 

Dr. Jitender Kumar Sharma  

and all PIs 

13.  Consortium Advisory Committee (CAC) 

Meeting of NAIP sub- project on “ A 

Biopesticide Mediated Value Chain for 

Clean Vegetables” at CSKHPKV, HAREC, 

Bajaura  

22.03.2010 Dr D C Sharma 

Dr A K Sood 

Dr. Jitender Kumar Sharma  

and all PIs 

14.  

 

Annual Workshop of NAIP sub- projects of 

Component-2 at Tamil Nadu Agricultural 

University ,Coimbatore at Coimbatore. 

Attended workshop of NAIP sub- project on 

“A Biopesticide Mediated Value Chain for 

Clean vegetables”   

15.04.2010 to 

16.04.2010 

Dr D C Sharma 

Dr A K Sood 

Dr. Jitender Kumar Sharma  

and all PIs 

15.  Consortium Monitoring Unit (CMU) 

meeting of NAIP sub- project on 

Biopesticides at CSKHPKV, Palampur 

29.09.2010. 

 

Dr D C Sharma 

Dr A K Sood 

Dr. Jitender Kumar Sharma  

and all PIs 



83 
 

16.  Consortium Implementation Committee 

(CIC) of the  NAIP sub-project on 

Biopesticides at CSKHPKV, Palampur. 

 06.10.2010 Dr D C Sharma 

Dr A K Sood 

Dr. Jitender Kumar Sharma  

and all PIs 

17.  Review Meeting of  NAIP sub- projects  in 

operation at  H. P. and J & K with National 

Director (NAIP) and  National Coordinator 

(NAIP) of Component-2 at CSKHPKV, 

Palampur   

27.10.2010 Dr D C Sharma 

Dr A K Sood 

Dr. Jitender Kumar Sharma  

and all PIs 

18.  Consortium Advisory  Committee (CAC) of 

NAIP sub- project on “ A Biopesticide 

Mediated Value Chain for Clean Vegetables”  

at CSKHPKV, Palampur 

28.10.2010 Dr D C Sharma 

Dr A K Sood 

Dr. Jitender Kumar Sharma  

and all PIs 

19.  Consortium Monitoring Unit (CMU) meeting 

of the  NAIP sub-project on Biopesticides at 

CSKHPKV, Palampur 

02.02.2011 Dr D C Sharma 

Dr A K Sood 

Dr. Jitender Kumar Sharma  

and all PIs 

20.  Consortium Implementation Committee (CIC) 

of NAIP sub- project on “ A Biopesticide 

Mediated Value Chain for Clean Vegetables”   

at CSKHPKV, Palampur 

01.03.2011 Dr D C Sharma 

Dr A K Sood 

Dr. Jitender Kumar Sharma  

and all PIs 

21.  Consortium Advisory Committee (CAC) 

Meeting of NAIP sub- project on “ A 

Biopesticide Mediated Value Chain for Clean 

Vegetables” at Division of Agrochemical, 

IARI, New Delhi  

07.03.2011  Dr D C Sharma 

Dr A K Sood 

Dr. Jitender Kumar Sharma  

and all Pis 

22.  

 

Training on “Biopesticide extraction, 

Purification & Detection” at Division of 

Agrochemicals, IARI, New Delhi  

30.08.2011 to 

03.09.2011 

Dr D C Sharma 

Dr A K Sood 

Dr. Jitender Kumar Sharma  

and all PIs 

23.  Consortium Advisory Committee (CAC) 

Meeting of NAIP sub- project on “ A 

Biopesticide Mediated Value Chain for Clean 

Vegetables” at CSKHPKV, Palampur 

03.10.2011 Dr D C Sharma 

Dr A K Sood 

Dr. Jitender Kumar Sharma  

and all Pis 

24.  Consortium Implementation Committee and 

Consortium Advisory Committee meetings of  

NAIP sub- project on, “A Biopesticide 

Mediated Value Chain for clean 

Vegetables”at CSKHPKV, Palampur. 

05.03.2012 & 

06.03.2012 

Dr D C Sharma 

Dr A K Sood 

Dr. Jitender Kumar Sharma  

and all Pis 

25.  Annual  workshop on  „Research on production 

to consumption systems (PCS),  Component-2‟ 

organized by NAIP (ICAR) TNAU, 

Coimbatore 

 April 15 -16, 

2010 

Dr. D.C. Sharma 

26.  National   Meet   on „Technological 

Innovations in Agricultures‟ organized by 

NAIP (ICAR) at New Delhi 

May 21-22, 

2010 

Dr. D.C. Sharma 
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27.  Perspective and challenges in the integrated 

pest management at UHF,Solan ,H.P . 

November 19-

20,2010 

Dr. D.C. Sharma 

Dr J.K.Sharma 

Dr Ajay Sood 

Dr Pankaj 

28.  National Conference on KVK-2010 at MPU 

&T, Udaipur  

December22-

24,2010 

Dr D.C.Sharma 

29.  Annual  workshop on  „Research on production 

to consumption systems (PCS),  Component-2‟ 

organized by NAIP (ICAR ) at USA,2011 

March 15-

16,2011 

Dr D.C.Sharma 

Dr Ajay Sood 

30.  National Workshop on “Approved uses of 

pesticides in Agriculture “on 30
th
 august 2010 

at NASC complex New Delhi organized by 

govt. of India. MO agriculture 

29 August to 1
st
 

Sept. 2010 

Dr D C Sharma  

 

31.  Annual workshop of NAIP component-II at 

UAS Dharwad (Karnataka) 

15-16/03/2011 Dr D C Sharma  

 

32.  The meeting of High Level Purchase 

Committee of the Department of Agriculture 

for the year 2011-12 under the Chairmanship 

of Director of Agriculture, Himachal Pradesh. 

05/02/2011 Dr D C Sharma  

 

33.  Post   Procurement Review Meeting at NAIP, 

PTU,New Delhi   

31
st
 May and 1

st
 

June, 2010. 

Dr D C Sharma  

 

34.  98
th
 Indian Science Congress Chennai  3-7 January 

2011 

Dr A K Sood 

35.  Training in the area of “Characterization of 

bioactive molecules from natural products and 

determination of food safety of these 

molecules in consumables” in the 

departmentof Horticulture, Michigan State 

University, East Lansing, Michigan,USA 

1
st
 July 2011 to 

15 July 2011 

Dr Duni Chand Sharma 

 

36.  Training in the area of“Biopesticides:  

extraction, purification and analysis”  

at IARI , New Delhi 

August 30 to 

September 3, 

2011 

Dr Duni Chand Sharma 

Dr Ajay Sood 

Dr J K Sharma  

Dr B R Thakur  

Dr P C Sharma 

37.  Cost committee  meeting at PIU-NAIP, KAB-

II, New Delhi 

 April 23-24, 

2012 

Dr. D.C. Sharma 

38.  National   Symposium on  Nanotechnology June 1-2, 2012 Dr. D.C. Sharma 

39.  Interaction meeting of CAC Chairman of CAC  

of NAIP projects at New Dehli 

18 July 2012 Dr. D.C. Sharma  

 

40.  Interaction meeting of CPI and Co PIs  of 

NAIP projects at New Dehli 

19 July 2012 Dr. D.C. Sharma  

 

41.  Meeting with CAC Chairman about Feedback 

back performa of NAIP Project  

08-07-2012 Dr D.C.Sharma 

42.  Meeting with National Coordinator NAIP  at 

IARI New Delhi 

22, 23-08-2012 Dr D.C.Sharma 
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16. Foreign Trainings/Visits:  

S. 

No. 

Name, Designation, 

Address of the Person 

Visit/Training/Seminar its Place,  

0rganization and Duration (From-To) 

Follow up Action 

1 Dr Duni Chand Sharma,  

Head cum CPI – NAIP 

Sub project on 

Biopesticide, 

 Deptt. of Entomology 

CSKHPKV, Palampur  

(H.P.) -176 062 

Training in the area of 

“Characterization of bioactive 

molecules from 

natural products and determination of 

food 

safety of these molecules in 

consumables” in the  

Department of Horticulture , Michigan 

State University Lansing, Michigan, 

USA from  1
st
 July 2011 to 15 July 2011 

Delivered lecture to 

the faculty members 

and the students. 

Training completion 

Report submitted 

 

17. Performance Indicators 

Sr No Indicator Performance  

1.  
No. of production technologies released and/or adopted  4 

2.  No. of processing technologies released and/or adopted  4 

3.  Number of technologies/products commercialized based on NAIP research  3 

4.  No. of new rural industries/entreprises established/ upgraded  4 

5.  No. of product groups for which quality grades developed and agreed  3 

6.  Total no. of private sector organizations (including  NGOs) participating in 

consortium  

(List of private sector organizations) 

2 

7.  No. of farmers involved in consortia activities  3213 

8.  Total number of farmers‟ group for marketing and processing  4 

9.  Number of patent/intellectual property protection applications filed based on 

NAIP research  
2  in process 

10.  Number of patents/intellectual property protections granted/published based 

on NAIP research 
- 

43.  Interactive/ Evaluation meeting with world 

Bank representative 

18-10-2012 Dr D C Sharma  

 

44.  High Level Purchase committee meeting  4-01-2013 Dr D C Sharma  

45.  4
th
 International Congress  on Insect Science at 

UAS GK VK Banglore, Karnataka held on  

Feb 14-17,2013 Dr D C Sharma 

Dr Ajay Sood 

Dr Surjeet Kumar 
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Sr No Indicator Performance  

11.  
Number of scientists trained overseas in consortium-based subject areas  1 

12.  Success stories  7 

13.  Publications (No.) 

(Please give citation  as per guideline in proforma#9) 

43 

14.  NAAS rated journals - 

15.  Other journals 3 

16.  Book - 

17.  Book Chapter - 

18.  Thesis 3 ; 2 in process 

19.  Popular Article/ Newspaper Items  16 

20.  Popular article in other Language - 

21.  Seminar/Symposium/Conference/ Workshop Presentation 5 

22.  Technical Bulletin 8 

23.  Manual/ Documents 3 

24.  CDs/Videos 5 

25.  Folder/Leaflet/Handout 7 

26.  Report 22 

27.  Enhancement in product quality 8 

28.  Cost reduction - 

29.  Export enhancement -- 

30.  Additional return to farmer/processor/traders Rs 7556/ 

farmer 

 

18. Employment Generation (man-days/year) 

Fourteen vegetable growers adopted Trichogramma production in the form of entrepreneurship 

who produced 30-50cc parasitized Corcyra eggs   per week from 50 cultured boxes and  450 -

500cc in three month cycle providing them approx 1000 strips of trichocards @ Rs 15/strip 

(imputed value). The biopesticide project generated 25 mandays employment per beneficiary. 

However, on account of incremental income generation, the project could enhance the income 

by Rs 6550/beneficiary household. Similarly employment generation through nersery raising 

has been estimated @Rs 150 /MD per unit is 365 MD under project command area while 

1825MD at state level.  (Table 40)  and employment generation in the chain of clean 

vegetables sold through 4 sale outlets at Sulah, Kachiary, Banala, and Sulah @ 183 days has 
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been estimated @ Rs 150/MD is 732 MD under project command area while 18300MDs at 

state level. 

Table 40. Estimates of Economic Contribution of Bio pesticide Project  

Sr 

No. 

Particulars Rate per unit Project Area State Level 

   Area 

(Ha) 

Amount 

(Lakh 

Rs) 

Area  

(Ha) 

Amount 

(Lakh 

Rs) 

(A) Area (1+2) - - 1.98 - 1745.19 

1 Area under clean 

target veg. crops 

(peas, cabbage & 

cauliflower) 

Rs 25537/ha 5.18 1.32 4513 1152.48 

2 Area under other 

clean  veg. crops on 

same pattern 

Rs 25537/ha 2.59 0.66 2321 592.71 

(B) Employment 

(1+2+3) 

- - 2.78 - 33.69 

1 Employment 

generation through 

melia nursery raising 

Rs 150/MD 365 MD 0.55 1825 2.74 

2 Employment 

generation through 

Corcyra rearing @ 25 

days/crop for 3 crops 

in 10 units (8 ent +2 

labs) 

Rs 150/MD 750 MD 1.13 106 units 

@ 75 

MDs=7950 

MDs 

11.93 

3 Employment 

generation in the 

chain of clean 

vegetables sold 

through 4 sale outlets 

at Sulah, Kachhyari, 

Banala and Kullu @ 

183 days 

Rs 150/MD 732 MD 1.10 100 outlets 

@ 183 

days = 

18300 

MDs 

27.45 

( C ) Income generation 

(1+2+3) 

- - 3.93 - 68.50 

1 Income generation to 

melia nursery raising 

entrepreneurs  

Rs 50000/nursery 

(raised in 400 sq mt 

area) 

1Nursery 0.50 5 Nursery 2.50 

2 Income generation 

through Corcyra 

rearing 

Rs 

15000/entrepreneur/crop 

for 3 crops in a year  

4 (Entr) 

+ 2 labs 

in the 

project 

area 

2.70 100 

(Entr)+6 

labs 

47.70 

3 Income generation Rs 100/day resulted in 4 outlets 0.73 100 outlets 18.30 
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through the sale of 

clean vegetables sold 

through 4 sale outlets 

at Sulah, Kachhyari, 

Banala and Kullu 

due to the difference in 

value of vegetables 

handled 

running 

for 183 

days in a 

year 

running for 

183 days 

in a year 

 Total (A +B+C) - - 8.69 - 1855.81 

 

19.  Assets Generated : 

(Details to be given on equipments and works undertaken in the sub-project, costing more 

than Rs10,000/- in each case) 

(i) Equipment  

   

S.No. Name of the equipments with manufacturers 

name, model and Sr.No. 

Year of 

purchase 

Quantity 

(Nos.) 

Total 

cost 

(Rs.) 

Responsible 

consortium 

1.  Fermenter 

Model no :Bio Spine 05I 

Manufacturers Name: M/sBio- Age 

Equipments & Services, SCO 1, Indi. Area, 

Phase-9, Mohali-160062 

26-04-10 1 7.99 CSKHPKV, 

Palampur 

  

 

2.  Homogeniser 

Model no: Power Gen 500 

Manufacturers Name: M/s Fisher Scientific 

 31-03-10 1 1.24 

3.  Auto -clave 

Model no: 110P6 

Code no. 0175293 

Manufacturers Name: M/s Indfos 

 31-03- 09 1 0.43 

4.  BOD Incubator 

Model no: 372LAG 

Manufacturers Name: M/s Rajendra Electrical 

Industrial Ltd (REMI INSTRUMENTS 

DIVISION) VASAI-401208 (India) 

19-03-09 2 1.64 

5.  Deep Freezer 

Model no: GS36PA-30 

Manufacturers Name: M/s SIEMENS-MAKE 

  2 1.47 

6.  Electronic Balance 

Model no: CA -224 

Sr. No. 1062058 

Manufacturers Name: M/s Contech 

Instruments Ltd. 

 30-03-10 1 0.67 

7.  Lyophilizer 

Model no: 7934031 

S. No: 101032963E 

Manufacturers Name: M/s Labconco 

Corporation Kansas City , Missouri 64132 

15-02-10 1 9.76 

8.  Hot Air Oven  

Model no: NIL (Universal Oven) 

Manufacturers Name: M/s SENTWIN India 

28-03-09 1 0.32 

9.  Electricity Generator 26-03-10 1 0.86 
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Model no : EXK-28005 

Manufacturers Name: M/s Honda (Power 

products)  

10.  Culture Racks 21-12-09 

(Palampur)  

26.03.2009 

( Bajaura) 

15 0.33 

11.  Corcyra and insect rearing cages 28-03-09 ,                    

18.03.2009  

185 2.09 

12.  Trichocard making machine along with corcyra 

anesthising & collecting appliances 

8.03.2009 1 1.25 

13.  Growth chamber for biopesticide testing 18.03.2009 1 3.50 

14.  Grinding mill 8.03.2009 1 0.17 

15.  Digital Video Camera with accessories  

Model no: HDR-XR500E/BE34 

S.No.: 315824 

Manufacturers Name: M/s Sony India Pvt. 

Ltd  

22-02-2010 1 0.50 

16.  Lap-top with printer  

Model no: 45/05/L2D/P8700/2GB (Laptop) 

Manufacturers Name: HP 

Model no: HP/CLJ Laser Printer 1515n (printer 

) 

Manufacturers Name: HP 

22-04-09 1 0.59 

17.  LCD Projector 

 Model no. : XD 280U 

Manufacturers Name: M/s MITSUBISHI  

31-03-2010 1 0.75 

18.  Desktop computer with  accessories 

Model no.: NA343PA#ACJ 

S. No. : SGH003SYV9 

Manufacturers Name: Hp.  

05-11-09 1 0.78 

19.  Equipment for the biopesticide production Pilot 

plant  

Model no.: CO2 Ext Base UNIT240v/50HZ 

Manufacturers Name: M/s Crescent Scientific 

Pvt. Ltd. 

 31-03-10 1 39.93 

20.  Refrigerator  

Model no:  0412RT 34M 

Manufacturers Name: Samsung 

 20-02-09 1 0.21 

21.  Photocopier 

 Model no: eStudio225 

Manufacturers Name: Toshiba 

 29-12-09 1 1.80 

22.  Compound -Stereo zoom Research microscope 

 Manufacturers Name: M/s Nikon ( Japan). 

31-03-10 1 3.63 

23.  Leaf area analyser (digital)  

Model no. WINFOLIA PRO 

Manufacturers Name: M/s  Regent 

Instruments Inc2672 Canada 

16-03-10 1 5.57 

24.  Stereozoom Research microscope with image 

analyser  

Model no: SMZ 745T 

Manufacturers Name: M/s NIKON, Japan 

31-03-10 1 5.82 
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25.  LCMSMS  

Model no: 176001263-Waters TQ Detector 

Manufacturers Name: M/s Waters Ges m.b.H. 

Hietzinger, Hauptstrasse 145, A-1130, Vienna 

Australia 

 31-03-10 1 68.97 

26.  Turbo Vap II, concentration work station 

S. No : TV1014N15785 

Manufacturers Name: M/s Caliper Life 

Sciences  

 23-01-10 1 5.45 

27.  Auto Trace SPE, Work Station  

Model no: SPE-01 

S. No. : 201008002 

Manufacturers Name: M/s Promo Chrom 

Technologies Ltd. 

31-3-10 1 17.86 

28.  Potter‟s Tower/ Spray tower  with accessories  

Model no: G588DX 

Manufacturers Name: M/s Burkard 

Manufacturing Co Ltd. Woodcock Hill 

Industrial Estate Rickmansworth Hertfordshire 

WD3 IPJ 

10-03-10 1 4.67 

29.  Pilot Plant Equipment  

Model no: CO2Ext Base Unit 240V/50Hz 

Manufacturers Name: M/s Crescent Scientific 

Pvt. Ltd. Mumbai 

28-02-2011 1 39.99 

30.  Mechanical shaker. 

Manufacturers Name: Kahan Make 

21-03-09 1 0.29 

31.  Flash evaporator 

Manufacturers Name : nPT- INDIAN Make 

21-03-09 1 0.67 

32.  UV-Vis Spectrophotometer  

Model no.: Pharo-100 

Manufacturers Name: M/s Merck 

 21-03-09 1 2.23 

33.    LC Controller  25-03-10 1 3.19 IARI,  New 

Delhi 

  
34.   Counter current chromatography 25-03-10 1 15.31 

35.   Lyophilizer  31-03-10 1 7.61 

36.   High Speed Centrifuge 31-03-10 1 2.95 

37.   Homogenizer  26-03-09 1 0.99 

38.    PDA detector and inter-phase for existing 

HPLC  

26-03-09 1 9.90 

39.  APCI probe for existing HPLC-M 26-03-09 1 - 

40.   Desktop with computer accessories 09-01-09 1 0.67 

41.   Sonicator 18-12-09 1 0.62 

42.   Deep Freezer 18-12-09 1 0.60 

43.  Rotavapour 31-12-09 1 2.56 

44.   Electronic balance  (5 digit) 03-12-10 1 1.56 
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(ii) Works : 

Sno. Particulars of the work,  name and 

address of agency awarded the work  

Year of 

work 

done 

Quantity 

(Nos.) 

Total cost 

(Rs.) 

Responsible 

consortium 

1. Renovation of Entomology Laboratory 

M/s Nifta Bio-cell PVT. Ltd ,D-17, 

Sector-7 Noida (U.P) 

2010 One 1.50 CSKHPKV at 

(HAREC, 

Bajaura) 

2. Polyhouse , M/s Surya Structurals Bye 

poass Road, Kather,  Solan –(H.P)- 

173213 

2009 One 3.00 CSKHPKV 

Palampur 

3. Renovation of laboratories, (Pest 

Management Entomology), Palampur 

:M/s Nisha Industries  

2010 One 0.50 CSKHPKV 

Palampur 

4. Biopesticide Pilot Plant Shed,  Mr. 

Vikas  Parmar, Govt Contractor,(through  

Estate Cell) CSKHPKV Palampur. 

2010 One 42.54 CSKHPKV 

Palampur 

5. Renovation  of Laboratories / office 

space,  M/s Sanjeev Construction & 

Engineering, , New Delhi. 

2010 One 2.86 IARI, New Delhi 

 

(iii)  Revenue Generated: 

S.No. Source of revenue Year Total 

amount (Rs.) 

Responsible 

Consortium 

1 Sale of Farm produce 2010 1636 CSKHPKV Palampur 

2 Sale of Farm produce 2011 1236 CSKHPKV Palampur 

 

(iv) Livestock :Nil 

S. No. Details of 

Livestock (Breed, 

etc.) 

Year of 

Procurement/Production 

Nos. Total Cost 

(`) 

Responsible 

Partner 

 - - - - - 

 

 

20. Awards and Recognitions  : 

S. 

No. 

Name, 

Designation, 

Address of 

the Person 

Award/ Recognition (with 

Date) 

Institution/ 

Society 

Facilitating 

(Name & 

Address) 

Responsible 

Partner 

1. Dr Duni Chand Sharma,  

Head cum CPI – NAIP sub 

project-Biopesticide Deptt of 

Entomology 

CSKHPKV, Palampur  

(H.P.) -176 062 

CPI received memento during 

NAIP National conference on 

NAIP value chain projects at 

KVK, MPUAT Udaipur on 

Dated 22-24/-2010 

KVK , 

MPUAT 

Udaipur 

CSKHPKV 

Palampur 

2. Dr A K Sood Got Best Poster Award UAS GK VK -do- 
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Entomologist,  

CoPI NAIP sub project-

Biopesticide, Deptt of 

Entomology 

CSKHPKV, Palampur  

(H.P.) -176062 

(Consolation Prize) in the 4
th
 

International Congress on 

Insect Science at UAS GK 

VK Bangalore Karnataka  

held on Feb 14-17, 2013 

Bangalore 

Karnataka 

21.  Steps Undertaken for Post NAIP Sustainability: 

For Post NAIP Sustainability more farmers are motivated to grow clean (pesticide residue free) 

vegetables under biopesticide umbrella so that they can supply vegetables for the production of 

processed products. Production and commercialization of clean vegetables has been undertaken 

by the farmers with the help of NGOs and Lead Center. In addition to this, more trainings are 

being imparted to Mahila mandals, Self Help Groups and Yuvak manadals in collaboration 

with State Agriculture Department. 

The outlets of pesticide free vegetables have been established by progressive farmers in 

collaboration with NGOs and Lead Center for the popularization of biopesticide, „clean‟ 

vegetables and their value added products. The processing unit (Farmer‟s unit) of the project 

Co partner STD Mandi, has initiated the use of clean vegetables for the production of value 

added processed products such as dried cabbage, cauliflower and garden pea. 

22. Possible Future Line of Work  

 Stability of biopesticide formulations by using agents. 

 Inclusion of more crops under biopesticide based pest management technology for 

the production of clean vegetables. 

 Horizontal expansion of cultivated area under biopesticide umbrella other than 

project command area. 

  Popularization and use of biopesticides for clean vegetable production and their 

value addition in other areas of the state. 

 Commercialization of  innovative biopesticide formulations. 
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23. Personnel 

(Staff of Lead Centre & Partner-wise, their Name, Designation, Discipline and Duration) 

 

  From – To (DD/MM/YYYY) 

Research Management (CL)  

1.  Dr Tej Partap 01/09/2008 to 04/07/2010 

2.  Dr S. K. Sharma 06/07/2010 to 31/07/2013 

3.  Dr K.K. Katoch 01/08/2013 to 31/03/2014 

Scientific (CPI, CCPI, others)  

CSKHPKV, Lead Centre 

1 Dr Duni Chand Sharma Consortium PI 01/09/2008 to 31/03/2014 

2 Dr Ajay K. Sood  01/09/2008 to 31/03/2014 

3 Dr Jitender K. Sharma 01/09/2008 to 31/07/2013 

4 Dr Surjeet Kumar                 01/09/2008 to 31/03/2014 

5 Dr P.K. Mehta 01/09/2008 to 31/03/2014 

6 Dr R.S. Chandel     01/09/2008 to 31/03/2014 

7 Dr P.C. Sharma 01/09/2008 to 31/03/2014 

8 Dr Pankaj Sood 01/09/2008 to 31/03/2014 

9 Dr Y.S. Paul 01/09/2008 to 31/03/2014 

10 Dr Ashok Kumar       01/09/2008 to 31/03/2014 

11 Dr R.G.Sud   01/09/2008 to 31/03/2012 

12 Dr (Mrs) Suman Sharma    01/09/2008 to 31/03/2012 

13 Dr S.K. Chauhan 01/09/2008 to 31/03/2014 

14 Dr Y.S. Dhaliwal 01/09/2008 31/03/2014 

15 Dr (Mrs)  Radhna Gupta 01/09/2008 to 31/03/2014 

16 Dr R.S. Jamwal 01/09/2008 to 31/03/2014 

17 Dr B. R Thakur 01/04/2011 to 31/03/2014 

18 Dr Sukhdev Sharma  01/08/2014 to 31/03/2014  

IARI, Partner Institution 

a. Dr Suresh Walia 01/09/2008 to 31/03/2013 

b. Dr Jitender Kumar 01/09/2008 to 31/03/2014 

Technical  

 Nil  

Contractual 

3 Mr Purbi Chand (OA) 

4 Ms Anamika Sharma(OA) 

5 Mr Naval Kishor Sharma (OA) 

6 Dr Amit Chaudhary(RA) 

7 Dr Madhulika Srivastava (RA) 

8 Dr Rajesh Sharma (RA) 

9 Dr Aditi Badiyala (RA) 

10 Dr Khub Ram (SRF) 

11 Ms Poonam Sharma (SRF) 

12 Mr Vikas Dharmani (SRF) 
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13 Ms Neha (SRF) 

14 Mr Khurshid Ahmed (SRF) 

15 Mrs Monika Kalia(SRF) 

16 Ms Somali Sood(SRF) 

17 Mr Sachin Masand(SRF) 

18 Ms Poonam Sharma (SRF) 

19 Ms Neetika Sood  (SRF, Microbiology) 

20 Ms Nisha Kumari (SRF, Microbiology) 

21 Mr Rahul Sharma(SRF) 

22 Ms Tanuja Gautam (SRF) 

23 Mrs Mona Sharma (SRF) 

24 Ms Shilpa Bhandari(SRF) 

25 Mr Dalvinder Singh(SRF) 

26 Shri Santosh Kumar(SRF) 

27 Ms Aarti Ghabru(SRF) 

28 Mr Vivek Ahluwalia(SRF) 

29 Mr.Rajinder Sharma(SRF) 

30 Ms.Renu Pal(SRF) 

31 Ms Poonam(SRF) 

32 Mr Jai Shankar(SRF) 

33 Ms Preeti(SRF) 
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24. Governance, Management, Implementation and Coordination : 

A.   Composition of the various committees (CIC, CAC, CMU, etc.) 

S. 

No. 

Committee 

Name 

Chairman 

(From-To) 

Members 

 

1. CIC 1.Dr S. C. Sharma  

(1.9.2008 to 

15.1.2010) 

2. Dr B. C. Sood 

(15.1.2010 to 

8.4.2010) 

3.Dr.S.P.Sharma 

(8.4.2010 to 

28.02.2014) 

1.Dr Duni Chand Sharma, CPI  

2. Dr Ajay K. Sood   

3. Dr Jitender K. Sharma 

4. Dr Sukhdev Sharma  

5. Dr Desh Raj     

6. Dr Surjeet Kumar             

7. Dr P.C. Sharma 

8. Dr Y.S. Paul 

9. Dr B R Thakur 

10. Dr Ashok Kumar       

9. Dr R.G.Sud   

10. Dr (Mrs) Suman Sharma    

11. Dr S.K. Chauhan 

12. Dr Y.S. Dhaliwal 

13. Dr (Mrs)  Radhna Gupta 

14. Dr R.S. Jamwal 

15. Dr Suresh Walia 

16. Dr Jitender Kumar  

2. CAC 1. Dr. Jagmohan Singh, 

Chairman, Ex -Vice-

Chancellor, 

YSPUH&F, Solan 

,Village Bawra 

(Kothon), 

 P.O. Shamti, Solan, 

  (H.P)-173212 

(1-9-2008 to 31-03-

2014) 

1.  Dr. B.S Parmar,  

Ex-Joint Director (Research), IARI, 

New Delhi,337, Mandakini Enclave,  

New Delhi -110019. 

2. Smt. Sharada Devi ,  

Pradhan Laxmi Mahila Mandal,  

W/O Sh. J.P.Sharma,Kalheli, P.O. Balaura,  

Dist. Kullu-175124 

3. Sh. Suresh Kumar Chaudhary,  

Village P.O Sagoor, Via Majhran 

Dist. Kangra (H.P)-176063 

      (1-9-2008 to 31-03-2014) 

3. CMU Dr D. C. Sharma  

Head cum CPI – NAIP 

Sub project on 

Biopesticide, 

Department of 

Entomology, 

CSKHPKV, Palampur  

(H.P.) -176 062 

(01-09-2008 to 31-03-

1. Dr.N.K.Pathania, Member (Head. Dept. of 

Vegetable Science, CSKHPKV Palampur). 

2.  Dr. J.K.Sharma Member;  (HAREC, 

Bajaura). 

3.  Dr. Y.S.Paul, Member, Dean, College of 

Agriculture, CSKHPKV Palampur.  

4.  Dr. S.K.Chauhan Member, 

     Dept. of Agricultural Economics,  

     CSKHPKV Palampur 
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2014) 5.Dr. Ajay Sood, Member, 

   Dept. of Entomology,  

   CSKHPKV Palampur 

6.Dr. P.C.Sharma, Member, 

   Dept. of Entomology CSKHPKV Palampur  

  (1-9-2008 to 31-03-2014) 

  

B.  List of Meetings organized (CIC, CAC, CMU, etc.)   

S. 

No. 

Details of the 

meeting  

Date Place & Address (Where meeting was 

organized) 

1. CIC  6-10-2008 CSK HPKV Palampur 

 17-03-2009 

23-03-2009 

12-11-2009 

5-03-2010 

6-10-2010 

28-10-2010 

1-03-2011 

3-10-2011 

5-03-2012 

29-03-2013 

12-12-2013 

2. CAC 7-10-2008 CSK HPKV, Palampur 

23-03-2009 -do- 

13-11-2009 -do- 

22-03-2010 CSK HPKV Palampur (HAREC Bajaura, Distt 

Kullu H.P.) 

28-10-2010 CSK HPKV Palampur 

7-03-2011 IARI New Delhi 

3-10-2011 CSK HPKV Palampur 

6-03-2012 -do- 

23-02-2013 -do- 

3. CMU 22-12-2008 -do- 

24-03-2009 -do- 

16-05-2009 -do- 

4-06-2009 -do- 

12-10-2009 -do- 

27-10-2009 -do- 

16-02-2010 -do- 

15-03-2010 IARI New Delhi 

14-05-2010 CSK HPKV Palampur 

7-07-2010 WHSAU, Palampur 
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29-09-2010 CSK HPKV Palampur 

27-10-2010 -do- 

2-02-2011 -do- 

20-07-2011 -do- 

17-08-2011 -do- 

20-08-2011 -do- 

18-02-2012 STD Mandi 

14-09-2012 CSK HPKV Palampur 

15-09-2012 -do- 

29-03-2013 -do- 

8-07-2013 -do- 

17-08-2013 IARI New Delhi 
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Part- III: Budget and its Utilization 
STATEMENT OF EXPENDITURE (Final) 

(Period from 2008  to 2014) 

        (Date of start)                    Date of completion 

Sanction Letter No.:    F. No. 1(5)/2007-NAIP Dated: June 12, 2011 

Total Sub- Project Cost:  Rs 467.10 lakh 

Sanctioned / Revised Sub-project cost (if applicable) 649.71698 

Date of Commencement of Sub-project :   01.09.2008 

Duration :  From September 2008  to March 2014 

Funds Received in each year (in lakh) 

I Year    :    225.80 

II Year   :  89.89 

III Year  :  117.86  

IV Year  :  48.44 

V Year   :   6.03 

VI Year  :  42.69 

Bank Interest received on fund (if any) nil 

Total amount received     Rs 530.71 lakh 

Total expenditure       Rs 538.07 lakh 

Expenditure Head – wise: 
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Sanctioned Head of 

Account 

Funds 

Allocated  

(*) 

Funds Released (in Lakh) Total 

receive

d 

amount 

Expenditure Incurred  ( in lakh) Total 

Expendit

ure 

Balance 

of 

Release 

Requirement of 

additional funds 

Remar

ks 

1st Year 2nd 

Year 

3rd 

Year 

4th 

Year 

5th 

Year 

6th 

Year 
  

1st 

Year 

2nd 

Year 

3rd 

Year 

4th 

Year 

5th 

Year 

6th Year         

A. Recurring                                     

1. TA 11.15923 0.95 0.86 2.71 1.81 0.12 1.32 7.77 0.37 1.6 1.87 1.6 0.73 0.53 6.7 1.07   

2. Workshops 10.31533 3.78 0 2.92 0.51 0.05 1.00 8.26 1.59 1 1.15 0.94 0.45 0.05 5.18 3.08   

3. Contractual 

Services 

115.8355 10.39 4.51 34.96 24.04 1.32 19.11 94.33 3.35 14.7

7 

19.54 21.47 14.98 14.94 89.05 5.28   

4. Operational Costs 158.6142 20.6 16.79 43.56 16.63 0.48 18.65 116.71 12.6 19.0

8 

35.93 16.17 20.03 13.38 117.19 -0.48   

Sub- total A (1-4) 295.9243 35.72 22.16 84.15 42.99 1.97 40.08 227.07 17.91 36.4

5 

58.49 40.18 36.19 28.9 218.12 8.95   

B. HRD                               0   

5. Training                               0   

a). National 4.5 4 0 0 0 0 0 4 0 0.5 0 0 0 0 0.5 3.5   

b). International 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0   

c). Stakeholders 7.71844 0 0.97 1.09 1.25 0 0 3.31 1.48 1.54 1.77 0.35 0.94 0 6.08 -2.77   

Sub- total of 5 12.21844 4 0.97 1.09 1.25 0 0 7.31 1.48 2.04 1.77 0.35 0.94 0 6.58 0.73   

6. Consultancy 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0   

Sub- total of B (5-6) 12.21844 4 0.97 1.09 1.25 0 0 7.31 1.48 2.04 1.77 0.35 0.94 0 6.58 0.73   
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C. Non- Recurring                             0 0   

7. Equipments 259.66 173 48 14.34 0 0 0 235.34 77.95 156.

75 

-2.66 5.1 0 0 237.14 -1.8   

8. Furniture (work 

tables etc.) 

5 5 0 0 0 0 0 5 3.53 0 0 0 0 0 3.53 1.47   

9. Works 49.96526 5 18 13.12 0 0 0 36.12 3 47.4 0.44 0 0 0 50.84 -14.72   

10. Others (animals, 

books etc.) 

0 0 0 0 0 0 0 0 0 0 1.78 0 0 0 1.78 -1.78   

Sub- total of C (7-10) 314.6253 183 66 27.46 0 0 0 276.46 84.48 204.

15 

-0.44 5.1 0 0 293.29 -16.83   

Total A + B + C 622.768 222.72 89.13 112.7 44.24 1.97 40.08 510.84 103.87 242.

64 

59.82 45.63 37.13 28.9 517.99 -7.15   

D. Institutional 

Charges 26.949 

3.08 0.76 5.16 4.2 4.06 2.61 19.87 1.3 1.77 5.66 3.84 4.11 3.4 20.08 -0.21 

  Grand Total 

(A+B+C+D) 

649.717 

225.8 89.89 117.86 48.44 6.03 42.69 530.71 105.17 

244.

41 65.48 49.47 41.24 32.3 538.07 -7.36 

  *Institutional charges will be 10 % of the recurring contingencies for the Lead Consortium and 5% for Consortia Partners 

 

 

 

 

 

Name & Signature of CPI:      Name & Signature of Competent Financial authority: 

Date: ______________     Date: ___________________ 

 

 

 

Date: ______________     Signature, Name and designation of Consortia Leader 
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PART-IV: DECLARATION 

 

This is to certify that the final report of the Sub- project has been submitted in full consultation with 

the consortium partners in accordance with the approved objectives and technical programme and the 

relevant records, note books; materials are available for the same. 

 

Place: _______________ 

Date: _______________    Signature of Consortium Principal Investigator 

 

 

Signature & Date                                                       Signature & Date 

Consortium Co-Principal Investigator                       Consortium Co-Principal Investigator 

 

 

 

       Signature Consortium Leader 

       Date : 
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