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Foreword

The Central Potato Research Institute is a premier institution in the field of potato research and
development in India. Since its inception the institute has been instrumental in increasing production
and productivity of potato across the country. Today India is a leader in sub-tropical potato production.
In fact India and China are not only the major contributor to the Asian growth of potato production but
being producer of one third global potato, contribute significantly to the world potato production.
Potato consumption in India is still predominantly in the form of vegetable but it is now accelerating
due to increasing urbanization/industrialization and working women that created demand for processed,
ready-to-eat, convenience foods particularly in urban areas. Of late, specialty segment that include
food rich in nutrients has also increased. This calls for establishment of value chains in these upcoming
segments that would not only meet the demand of diversified food but also bring diversification and
enhanced income generation especially of the farm sector. Although, Central Potato Research Institute
had been the pioneer in developing indigenious varieties and technologies that suits our requirement
but could not address to these upcoming issues in potato sector due to shortage of manpower as well as
resources. NAIP provided the needed manpower, resources, and the networking opportunity to address
this multi-dimensional task.

CPRI, Shimla as consortia leader along with TERI, Delhi and CIPHET, Ludhiana as consortia
partners accomplished the assigned task and developed value chains under different components viz.
seed, processing, specialty potatoes and utilization of industrial waste and waste potatoes as envisaged
under this project. The salient achievements of the project include the enhanced availably of quality
seed, new variety for sustained supply of raw material to French fry industries, improved awareness
and visibility of specialty potatoes in NCR and technology for using wastes from potato industries. It is
often noticed that conceptualized work operates only during project’s functional period and it ceases to
operate once project support is over. In this regard, this project has been unique in the sense that
provisions of value chain sustainability in post NAIP era are adequately addressed. With regard to
status on environmental and social safeguard framework, a number of environmental and social benefits
arising from implementation of the subproject were identified and no negative impact on social and
environmental conditions was noted. The success of implementing the project in its entirety goes to the
team effort of all stakeholders which was ably guided and monitored by both CAC and the CIC.

I am sure that the final report of the project would serve as a valuable document to all the stakeholders
including research and development agencies as well as private sector in their future endeavours. It
will send a strong message in favour of private-public partnership which is the need of day to address
the emerging problems of the society.

I congratulate the entire team led by Dr. Bir Pal Singh for their untiring effort in making this project
a success. My sincere thanks are also due to chairman and members of CAC and CIC without whose
support and guidance we may not have accomplished this rare feat.

Consortium Leader
Central Potato Research Institute, Shimla
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Preface

Potato crop is not native to India. It was introduced around 400 years ago in the country but
meaningful research in its adoption started only in early 19th century. Potato being a temperate crop
could not establish well in Indian sub-tropics because of lack of appropriate varieties and technologies.
Establishment of Central Potato Research Institute in 1949 gave a new dimension to potato research in
the country, as a result of which seeds and varieties suited to Indian sub-tropics were developed and
their large scale adoption led to unprecedented growth. During the last six decades the area, production
and productivity increased by 8.1, 27.5 and 3.4 times, making the country not only self reliant but also
a potato surplus country. But at the same time new challenges emerged that needed immediate
interventions. Availability of quality seed with the expansion of area under potato became a major
concern. Similarly value addition, especially in French fry sector and speciality segment, called for
immediate intervention. With time, value addition to potato waste from the processing industry and the
unmarketable potatoes accounting to more than 7 % of the total production also added new dimension.
But for the help, support and guidance from the NAIP, it would not have been possible to address these
challenges in such a short span of time. The sub project on “Value chain on potato and potato products”
funded by NAIP provided a unique opportunity to develop a consortium of partners having specialized
skills and competence to address the multi-dimensional problems and issues.

The project was divided into five components viz., seed, processing, specialty, waste utilization
and social science and systematic field and laboratory activities were planned for different objectives.
CPRI and consortium partners viz., CIPHET, Ludhiana, TERI, New Delhi, Merino Industries Ltd.,
Hapur and UPL, Mumbai, and associate partners Bhatti Farms, Jalandhar, Sangha Seeds, Jalandhar,
Shivalik Seeds, Meerut, GADUVAS, Ludhiana, Satnam Agro, Jalandhar, McCains (India) Ltd.
Mahesana, Gujarat collaborated for various activities during different phases of this project.

The project is credited with several new technologies that were developed during its implementation.
Portable virus detection kit for major viruses was developed and made available for testing at field
level. Bioreactor technology for production of mini-tubers has been standardized and agro-technology
for production of mini-tubers was worked out for further multiplication and supply to the chain partners.
India’s first variety for French fries “Kufri Frysona” has been developed through this project which has
better adaptability, higher productivity and proportion of French fry grade tubers and significantly
superior processing quality. French fry industries namely M/s McCain Foods India Pvt. Ltd., and M/s
Simplot India Pvt. Ltd. are multiplying seed of Kufri Frysona at commercial scale and farmer’s of
Gujarat are getting higher renumeration by cultivating it. Varieties suitable for specialty potatoes viz.
antioxidant rich potato (Kufri Surya), baby potato (Kufri Himsona) and salad potato (Kufri Pukhraj
and Kufri Sindhuri) were identified and production technologies were developed. Utilization of industrial
waste and non-marketable potatoes for production of animal feed and dietary fiber has become possible
with the development of technology for preparation of cattle feed on small/medium scale by using
potato pulp/waste potato or unmarketable potatoes. In the case of dietary fiber value addition was
attempted and dietary fiber made out from potato peels was used for fortification of ready to eat food
items like biscuits of varied composition which has a potential for exploitation in future. A number of
environmental and social benefits arising from implementation of the subproject were identified and
there were no negative impacts on social and environmental conditions with the implementation of the
sub-project.

(vii)



I would like to appreciate and thank collective endeavour of all the consortium partner institutes
viz., CIPHET, Ludhiana and TERI, New Delhi, and associate partners M/s Bhatti Farms and Sangha
Seeds, Jalandhar, M/s McCain Foods India Pvt. Ltd., Mahesana, Gujarat and GADUVAS, Ludhiana,
who were actively engaged during the implementation of the sub-project for accomplishing specific
activities assigned to them. My sincere thanks are also due to all the scientific, technical and field
staff involved in successful implementation of the project. I am grateful to Dr. PC Gaur, Chairman,
Consortium Advisory Committee and all the members viz., Drs. PK Chattopadhyay, SJ Singh, TPS
Tomer, Mr. Rajesh Garg, Mr. RP Singh, Mr. Vineet Kathuria and late Mrs. Santosh Banswal, as well
as Dr. SK Pandey (former Director, CPRI), for their valuable guidance and constructive criticism
during the long journey of this mission. Finally, I express my sincere gratitude to NAIP, New Delhi
for providing the necessary financial assistance, direction and suggestions for successful
implementation of this project.

Consortium Principal Investigator and Director
Central Potato Research Institute, Shimla
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lkjka'k

i`"B Hkwfe

ns'k esa vkyw dh Qly ds lexz fodkl ds fy, vkyw ,oa mlds mRiknksa dh mi;ksxh J̀a[kyk ifj;kstuk
ds vUrxZr cht] izlaLdj.k] [kkl ¼LiSf'k;sYVh½ vkyw dk mRiknu ,oa vkS|ksfxd osLV ;k vuqi;ksxh vkyqvksa
dk mi;ksx djuk tSls eqÌs izLrkfor gSaA jk"Vªh; Lrj ij vkyw ds lao/kZu esa jksx jfgr cht dh miyC/krk
,d ØkfUrdkjh fuos'k gSA tYn ls tYn cht ds lao/kZu ls mfpr nj ij vPNh DokfyVh dk vkyw cht
miyC/k djokuk ,oa [ksr esa gh chekfj;ksa dk funku djuk bl ifj;kstuk dk eq[; y{; gSA blds lkFk
gh ns[kuk gS fd Ýsap ÝkbZ ,oa [kkl ¼LiSf'k;sYVh½ vkyw dh mRikndrk esa lq/kkj vk, vkSj og laiksf"kr jgsA
vFkZO;oLFkk ds mnkjhdj.k ds ckn Hkkjr esa vkyw esa izlaLdj.k {ks=ksa esa cgqr rsth ls òf) ¼yxHkx 25
izfr'kr½ gqbZ gS RkFkk cktkj esa ;g mRikn dkQh izpfyr gks jgs gSaA bl ifj;kstuk dh ifjdYiuk ij Ýsap
ÝkbZ dh okÆ"kd ekax 5000 fefVªd Vu gS tcfd ns'k esa bldk mRiknu ek= 2400 fefVªd Vu gh gks jgk
gS vkSj bldh 'ks"k ekax dks vk;kr djds iwjk fd;k tk jgk gSA vkus okys le; esa bu mRiknksa dh [kir
nksxquk c<+us dk vuqeku gSA c<+rh ekax dks iwjk djus ds fy, vko';d gS fd ftruh tYnh gks lds Ýsap
ÝkbZ fdLe] blds dPps eky dh mRiknu rduhd] budk vkS|ksfxd ijh{k.k rFkk izkbosV LVsdgksYMjksa }kjk
bldh òf) dh tk,A bl izdkj rsth ls c<+rs 'kgjhdj.k] yksxksa dh thou 'kSyh esa cnyko rFkk 'kgjh
tula[;k ¼300 fefy;u½ dh Ø; 'kfDr ds c<+us ds lkFk&lkFk DokfyVh@czkaMsM —f"k mRiknksa dh vlhe
laHkkouk ds l̀tu ls [kkl fdLe ds vkyqvksa dh [kir c<+h gSA oSls vc dkiksZjsV lsDVj Hkh Ñf"k mRiknksa
ds QqVdj ckt+kj esa :fp ysus yxs gSa] fdUrq bl ekax dks iwjk djus dh fn'kk esa vHkh mruk vuqlaèkku ,oa
fodkl ugha gks ik;k gSA vr% bl ifj;kstuk ds ,d ?kVd dk mÌs'; mRrj e/; {ks= ds fy, ikSf"Vd :i
ls mR—"V] lykn ,oa csch vkyw dh J̀a[kyk fodflr djuk gS ;k ;wa dg ysa fd dqy feykdj bl
ifj;kstuk dk mÌs'; —f"k vkenuh esa lq/kkj ykuk gS rkfd t+ehuh Lrj ij vkÆFkd gkykr lqǹ<+ gks ldsaA
buds vfrfjä ,d egRoiw.kZ igyw gS fd csdkj ;k vuqi;ksxh vkyqvksa dk mi;ksx fdl rjg ls fd;k tk,A
igys Ik'kq vkgkj ;k vif'k"V js'kk ¼Mk;Vjh Qkbcj½ tSls mi;ksxh mRiknksa dks rS;kj djus dk dksbZ ns'kh
rjhdk ugha Fkk ftlds ifj.kkeLo:Ik 1-2 fefy;u Vu ¼7-8 izfr'kr fcuk fcdk vkyw½ csdkj pyk tkrk Fkk
vkSj lkFk gh lkFk 25000 Vu vkS|ksfxd dpjs dks fBdkus yxkus dh leL;k gksrh FkhA m|ksxksa ls fudyus
okys dpjs ,oa cktkj esa u fcdus okys vkyw ds mi;ksx ds fy, bl ifj;kstuk ds vUrxZr buds izlaLdj.k
dks fodflr djus ds Hkh iz;kl fd, tk,axsA

vk/kkjHkwr lwpuk

o"kZ 2008&09 ds nkSjku iatkc vkSj mŸkj izns'k esa vkyw ,oa blds cus mRiknksa dh fLFkfr dk irk yxkus
ds fy, cqfu;knh ¼csl ykbu½ losZ{k.k fd, x,A losZ{k.kksa esa ik;k x;k gS fd bu jkT;ksa esa xsgwa] /kku] xUUkk
vkSj eDdk ds ckn izeq[k :i ls vkyw dh [ksrh dh tkrh gSA mŸkj izns'k ,oa iatkc esa vkyw dh dqQjh cgkj
,oa dqQjh T;ksfr fdLe dh [ksrh dh tkrh gSA iatkc ,oa mŸkj izns'k esa vkyw dh vuqekfur vkSlr
mRikndrk Øe'k% 19-9 ,oa 21-3 Vu@gsDVs;j gS tcfd cht dh vko';drk 3-54 Vu@gsDVs;j gSA fo'ks"k
ckr ;g jgh fd DokfyVh cht ds ekeys esa fdlkuksa ds vksojvkWy lUrks"k dk Lrj ek= 10-14 izfr'kr jgk]
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tcfd iatkc ,oa mŸkj izns'k esa ;g Øe'k% 9-05 ,oa 10-5 izfr'kr jgkA ;g vkadM+s n'kkZrs gS fd ;gka ds
fdlkuksa dks cgqr de ek=k esa vPNh DokfyVh dk cht miyC/k gks ikrk gSA vkyw dh [ksrh dh vkÆFkdh
ds lanHkZ esa mŸkj izns'k ,oa iatkc esa [ksrh dh vuqekfur ykxr Øe'k% `50]006/- ,oa `59]998/- vkrh gS
vkSj 'kq) ykHk Øe'k% `31]351/- ,oa ̀ 44]617/-] vkSlru ̀ 41]711/- izfr gsDVs;j gksrk gSA vkyw izlaLdj.k
¼Ýsap ÝkbZ½ dh fLFkfr n'kkZrh gS fd okafNr dPps eky ds u feyus ds ifj.kkeLo:i esllZ lruke ,xzks]
tkyU/kj viuh izfr"Bkfir {kerk dk ek= 8 izfr'kr gh mi;ksx dj ikrk gSA ;g Ýsap ÝkbZ m|ksx ds
fodkl esa izeq[k ck/kk gSA [kkl ¼LiSf'k;sYVh½ fdLe ds vkyqvksa ds lanHkZ esa ;g ns[kk x;k gS fd bldh [ksrh
o tkx:drk esa deh gSA tgka rd csdkj vkyqvksa ds mi;ksx dk laca/k gS] vkyw dh izlaLdj.k bdkb;ka
dPps eky dk mi;ksx djds 20 izfr'kr fNydk] xwnk o drju ds :Ik esa dpjk iSnk dj jgh gSA vkÆFkd
ǹf"V ls buds mi;ksx dh dksbZ ;kstuk ugha gSA esfjuks bUMLVªht+] gkiqM+ ¼m-iz-½ ,oa lruke ,xzks] tkyUèkj
¼iatkc½ ls gj lky Øe'k% 1175 fefVªd Vu ,oa 1000 fefVªd Vu vkyw dk dpjk fudy jgk gSA blds
vfrfjä dVs&QVs] gjs ,oa pksfVy vkyqvksa ds :i esa Øe'k% 4-04 o 2-46 izfr'kr uqdlku gks jgk gSA oSls
m|ksx txr bl ckr ls Hkyh&HkkfUr ifjfpr gS fd bu vuqi;ksxh vkyqvksa dk mi;ksx i'kqpkjk cukus esa
fd;k tk ldrk gSA ysfdu muds ikl bldh ,slh dksbZ rduhd miyC/k ugha gS vkSj u gh ckt+kj esa vkyw
vk/kkfjr Ik'kqpkjk ;k vif'k"V ¼Mk;Vjh½ js'kk miyC/k gSA

izLrkfor dk;Z ,oa dk;kZUo;u ;kstuk

bl ifj;kstuk dh dk;Z ;kstuk dks cht] izlaLdj.k] [kkl vkyqvksa dk mRiknu] vuqi;ksxh vkyqvksa dk
mi;ksx ,oa lkekftd foKku tSls ikap ?kVdksa esa foHkkftr fd;k x;k gSA izR;sd lsDVj esa vUos'kdksa }kjk
O;ofLFkr dk;Z {ks= ,oa iz;ksx'kkyk iz.kkfy;ka rS;kj dh xbZ gSa ftuds vUrxZr ifj;kstuk dky ds nkSjku
muds mÌs';] fn'kk ,oa ekWuhVÇjx ds lwpd fuf'Pkr fd, x, gSa rFkk izR;sd eq[; xfrfof/k ds iwjk gksus
ij bldh miyfC/k fu/kkZfjr dh xbZ gSA izR;sd xfrfof/k dh dsoy ekud fof/k dks gh viuk;k x;k gS]
tks ifj;kstuk dh miyfC/k;ka n'kkZrh gSaA foŸk] midj.kksa ,oa vkorhZ enksa dh [kjhn] vk/kkjHkwr fodkl]
izf'k{k.k ,oa vuqca/k lsokvksa ds [kpsZ vkfn dks le;c) :i esa fu"ikfnr fd;k x;k gSA izR;sd ?kVd dh
;kstuk bl {ks= ls lacaf/kr laLFkku ds vuqHkoh oSKkfudksa dh ns[kjs[k esa rS;kj dh x;h gSA blds vfrfjä
lh-vkbZ-ih-,p-bZ-Vh] yqf/k;kuk] Vsjh] ubZ fnYyh] esfjuks bUMLVªht+ fy-] gkiqM+ ,oa ;wih,y] eqEcbZ tSls
dulksÆV;e Hkkxhnkj dks Çizfliy bUosLVhxsVj rFkk ¼HkV~Vh QkeZ] tkyU/kj] lka?kk lhM~l] tkyU/kj ,oa
f'kokfyd lhM~l] esjB½] xknwokl] yqf/k;kuk vkSj ¼lruke ,xzks] tkyU/kj] esddsUl] esglkuk] xqtjkr ,oa
gYnh jke] uks,Mk½ tSls lg;ksxh Hkkxhnkjksa ds lg;ksx ls bl ifj;kstuk ds lHkh ?kVdksa ds fofHkUUk y{;
iwjs fd, x, gSaA bldh izxfr dh fu;fer fjiksVZ ,u-,-vkbZ-ih- ds l{ke izkf/kdkfj;ksa dks gj Nekgh vkSj
lkykuk nh tkrh jgh gSA

miyfC/k;ka

vkyw ds izeq[k ok;jl jksxksa dh igpku ds fy, ^iksVsZcy ok;jl fMVsD'ku fdV^ fodflr fd;k x;k
gS vkSj ftls oS/khd̀r Hkh dj fy;k x;k gSA vkWu QkeZ ijh{k.kksa ds fy, ;g fdV dqN izkbosV lsDVj dh
QeksZa dks Hkh miyC/k djokbZ xbZ gS vkSj blds ifj.kke cgqr vPNs jgs gSaA feuh dUnksa ds mRiknu ds fy,
ck;ksfj,DVj rduhd dk ekudhdj.k fd;k x;k] fdUrq blls cM+s iSekus ij feuh dan mRiknu djus dh
vko';drk gSA usV gkÅl esa feuh V;wcj mRiknu dh —f"k rduhd fodflr dj yh xbZ gS vkSj bls
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J̀a[kyk ds lg;ksfx;ksa dks ns fn;k x;k gSA ewyHkwr mik;ksa ,oa Ård lao/kZu rduhd esa izksVksdky ,oa feuh
V;wcj mRiknu ij izf'k{k.k dk;ZØe vk;ksftr fd, x, gSaA blds QyLo:i esllZ HkV~Vh QkeZ] tkyUèkj
,oa esllZ f'kokfyd lhM~l] esjB esa lqlfTtr fV';w dYpj lqfo/kk LFkkfir dh xbZ gSA bu Qeks± }kjk fV';w
dYpkj vk/kkfjr jksxeqä cht iSnk fd;k tk jgk gS vkSj bldh lIykbZ ,u-,-vkbZ-ih- ls tqM+s fdlkuksa esa
dh tk jgh gSA vc ;g lHkh cht mRiknd dqQjh ÝkbZlksuk] dqQjh lw;kZ] dqQjh iq[kjkt ,oa dqQjh
fgelksuk tSlh fdLeksa dk DokfyVh cht rS;kj djds lIykbZ dj jgs gSaA fdlkuksa }kjk viukbZ xbZ cht
mRiknu [ksrh dh vkÆFkdh bl ckr dk ladsr gS fd lkekU; vkyw dh [ksrh ls izfr gsDVs;j `48,925/- dh
rqyuk esa cht vkyw dh [ksrh djus esa izfr gsDVs;j `1,05,210/- dk 'kq) ykHk izkIr gksrk gSA bl izdkj
lkekU; vkyw ¼1-70½ dh vis{kk cht vkyw dh [ksrh dk ykHk%ykxr 1-90 jgk vkSj cht lIykbZ dk ;g
ekWMy J̀a[kyk lQyrkiwoZd py jgk gSA

bl ifj;kstuk ds vUrxZr Hkkjr dh igyh Ýsap ÝkbZ fdLe fodflr dh xbZ gS] blesa iz;ksx'kkyk ,oa
vkS|ksfxd ijh{k.kksa esa vf/kd mRikndrk] Ýsap ÝkbZ xzsM ds vf/kd dUn ,oa izlaLdj.k dh mR—"V DokfyVh
fo|eku gSA lhvkbZihlh ls mipkj ds ckn bl fdLe ds vkyqvksa dks 10&12°C ij N% eghus rd Hk.Mkfjr
fd;k tk ldrk gS vkSj blds ckotwn bl fdLe dh Ýsap ÝkbZ DokfyVh cuh jgrh gSA fons'kh fdLeksa dh
rqyuk esa Hkkjrh; ifjfLFkfr;ksa esa bldk lQyrkiwoZd mi;ksx fd;k x;k gSA ijEijkxr ,oa lw{e ÇlpkbZ
iz.kkyh ds vUrxZr bl fdLe dh mRiknu rduhd rFkk [kqnkbZ mijkUr j[kj[kko dkQh vPNk gSA viuh
csgrj mRikndrk ,oa izlaLdj.k DokfyVh ds QyLo:i m|ksx txr Hkh bl fdLe dks viuk jgk gSA
esllZ esdsUl QwM~l izk- fy- ,oa esllZ fleIykV bf.M;k fy- O;olkf;d :i esa dqQjh ÝkbZlksuk ds cht
dk xq.ku dj xqtjkr ds fdlkuksa dks Bsds ij dPpk eky iSnk djus ds fy, lIykbZ dj jgk gSA vkÆFkd
vkadM+ksa ls irk pyrk gS fd lkekU; vkyw dh [ksrh `1,13,852/- izfr gsDVs;j dh rqyuk esa Ýsap ÝkbZ
vkyqvksa dh [ksrh ls `1,45,330/- izfr gsDVs;j dk [kq) ykHk fy;k tk ldrk gSA HkksT; vkyqvksa esa 2-05
dh vis{kk Ýsap ÝkbZ vkyw dh [ksrh dk ykHk%ykxr 2-19 jgkA bl izdkj Ýsap ÝkbZ osY;w psu LFkkbZ :i esa
xqtjkr esa LFkkfir gks xbZ gSA

ikSf"Vd :Ik ls lè) ¼U;wfVª,saV fjp½ vkyw ds fy, dqQjh lw;kZ] csch vkyw ds fy, dqQjh fgelksuk ,oa
lykn ds fy, dqQjh iq[kjkt ,oa dqQjh flUnwjh tSlh [kkl ¼LiSf'k;sYVh½ fdLeksa dh igpku dh xbZ gSA
bu [kkl ¼LiSf'k;sYVh½ vkyqvksa ds mRiknu dh rduhd ds lkFk&lkFk tSo lqjf{kr ikS/k vk/kkfjr vadqj.k
fujks/kd eydkufxuh dh Hkh igpku dh xbZ gSA mYys[kuh; gS fd ikSf"Vd :Ik ls lè) ¼U;wfVª,saV fjp½
vkyw dh dqQjh lw;kZ fdLe dh [ksrh mRrj e/; {ks= ,oa blds vklikl ds bykdksa esa dh tk jgh gSA HkksT;
vkyqvksa dh vis{kk bl fdLe ls vf/kd nke ¼1&2 :i;s izfr fdyks½ feyrs gSaA [kkl ¼LiSf'k;sYVh½ vkyqvksa
ds forj.k dh vius vki esa vyx ls ,d ubZ J̀a[kyk fodflr gks jgh gS ftlds vUrxZr mRiknd fo'ks"kdj
de 'kdZjk ;qä 10&12 fMxzh ls- ij Hk.Mkfjr vkyqvksa dks lh/ks QqVdj O;kikfj;ksa dks csp jgs gSaA ikfjJfed
nke ds ekeys esa csch vkyqvksa esa Mcy ØkWÇix iz.kkyh ykHknk;d fl) gks jgh gS fdUrq gekjs ns'k esa ;g
iz.kkyh 'kS'ko ;k izkjfEHkd voLFkk esa gSA vkt mRrj e/; {ks= ds esxkekWy ,oa lqij ckt+kj vkfn esa csch
vkyw `4&6 izfr fd-xzk- ds izhfe;e nkeksa ij csps tk jgs gSaA ;g reke fodkl bl ckr dk ladsr gS fd
;g vkus okys le; esa LFkkbZ lIykbZ psu ds :i esa mHkj dj vk,axsA

ubZ rduhd ds vkus ls vc m|ksxksa ls fudyus okys dpjs dk mi;ksx vkSj cktkj esa u fcdus okys
[kjkc vkyqvksa ls i'kqvksa dk pkjk cukus ,oa vkgkjh; js'kk rS;kj djuk laHko gks x;k gSA blds vkus ls
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i'kqpkjk ds :i esa vkyw ds xwns@csdkj ;k u fcdus okys vkyqvksa dk u dsoy bLrseky gks ldsxk] cfYd
dqN gn rd bUgsa fBdkus yxkus dh leL;k ls Hkh NqVdkjk feysxkA blds lkFk gh i'kqpkjs ls vk; ds
volj Hkh feysaxsA bl lanHkZ esa lh-vkbZ-ih-,p-bZ-Vh-] yqf/k;kuk esa ik;yV la;a= LFkkfir fd;k tk pqdk gS
ftlesa fu;fer :i ls i'kqpkjs dh xksfy;ka cukbZ tk jgh gSa vkSj ,xzks&izkslsÇlx lsUVj esa bldh fcØh Hkh
dh tk jgh gSA blds vfrfjä izkbosV lsDVj }kjk Hkh bl rduhd dks viukdj csdkj ;k Qkyrw vkyqvksa
dk mi;ksx fd;k tk jgk gSA vkgkjh; js'kk ds ekeys esa Hkh bl rjg ds iz;kl fd, tk jgs gSaA vkyw ds
fNyds ls vkgkjh; js'kk fudkydj bldk mi;ksx fofHkUUk lajpuk ds fcLdqV tSls mRikn rS;kj djus esa
fd;k tk jgk gSA Hkfo"; esa bldh vikj laHkkouk,aa gSaA bl lanHkZ esa dqy feykdj mYys[kuh; miyfC/k;ka
bl izdkj gS%a

 mRiknu rduhd dk fodkl ,oa bls viukuk 6 ¼4 dh vfHkiqf"V½
 izlaLdj.k rduhd dk fodkl] bls viukuk ,oa bldk O;olk;hdj.k % 5 ¼1 dh vfHkiqf"V½
 xzkeh.k m|ksxksa dh LFkkiuk@O;olk;hdj.k % 1
 isVsUV ¼iath—r@Loh—r½ % 'kwU;
 izdk'ku

i) izdkf'kr fjlpZ isij % 6
ii) izdkf'kr ikWiwyj ys[k % 6
iii) izdkf'kr iqLrdsa@cqd pSIVj % 'kwU;
iv) izdkf'kr cqysfVu@czks'kj@yhQ ysV % 4
v) izdkf'kr izf'k{k.k eSuqvy % 'kwU;
vi) fodflr fQYe@lhMh % 1
vii)izsl] Vhoh] ehfM;k esa dojst % 11

 pyk, x, izf'k{k.k dk;ZØe ,oa izf'kf{kr oSKkfud@vU; LVkQ ¼jk"Vªh;@vUrjkZ"Vªh;½ % 2
 izf'k{k.k dk;ZØeksa dk vk;kstu rFkk izf'kf{kr fdlku@LVsdgksYMj % 2
 QhYM fMekULVªs'kuksa dk vk;kstu % 10
 [ksr fnol@fdlku fnol@esyk dk vk;kstu% 3
 lQyrk dh dgkfu;ka % 'kwU;
 Lo;a lgk;rk lewg@fdlku lewg % 4
 jkst+xkj ds volj ¼ekuo fnol@o"kZ½% 8636
 ifjyfC/k;ka ¼[kjhns x, midj.k@vkSt+kj½ fd, x, flfoy dk;Z] iSnk fd;k x;k jktLo½ % 58] jktLo

`1,73,681/-

 vokMZ@lEeku % 2

lkekftd vkÆFkd izHkko ¼ykHk dh vkÆFkd nj½

fdlkuksa }kjk viukbZ xbZ cht vkyw dh [ksrh dk vkÆFkd ǹf"V ls ewY;kadu djus ij ik;k x;k fd
vke vkyw dh [ksrh ̀ 48,925/- izfr gsDVs;j dh rqyuk esa cht vkyw dh [ksrh ls ̀ 1,05,210/- izfr gsDVs;j
dh 'kq) vk; gksrh gSA lkekU; vkyw ¼1-70½ dh vis{kk cht vkyw dh [ksrh dk ykHk%ykxr 1-90 jgkA bl
vkÆFkdh ewY;kadu ls irk pyrk gS fd lkekU; vkyw `1,13,852/- izfr gsDVs;j dh vis{kk Ýsap ÝkbZ vkyw
dh [ksrh ls `1,45,330/- izfr gsDVs;j dh 'kq) vk; gksrh gSA lkekU; vkyw ¼2-05½ dh vis{kk Ýsap ÝkbZ
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vkyqvksa dh [ksrh dk ykHk%ykxr 2-19 jgkA mRrj e/; {ks= ¼esjB ,oa vkxjk½ ds vklikl ds {ks=ksa esa vke
vkyw `82,135/- dh vis{kk [kkl ¼LiSf'k;sYVh½ vkyw dh [ksrh dk ykHkka'k ewY;kadu `1,06,532/- izfr
gsDVs;j ¼dqQjh lw;kZ½ ,oa `82,632/- ¼csch vkyw½ jgkA bl izdkj vke vkyw 1-84 dh vis{kk [kkl
¼LiSf'k;sYVh½ vkyqvksa dk ykHk%ykxr 2-06 ¼dqQjh lw;kZ½ ,oa 1-95 ¼csch vkyw½ jgkA

i;kZoj.kh; izHkko

bl mi ifj;kstuk ds dk;kZUo;u ds vUrxZr dbZ i;kZoj.kh; ,oa lkekftd ykHk ns[ks x, rFkk blesa
lkekftd o i;kZoj.kh; ǹf"V ls dksbZ foijhr izHkko ugha ns[kk x;kA

nh?kZdkyhu ;kstuk

cht lIykbZ J̀a[kyk vius vki esa nh?kZdkyhu J̀a[kyk gSA bl J̀a[kyk ls lacaf/kr lHkh rduhfd;ka tSls]
feuh dUn mRiknu dh rduhdh] fMi fLVd funku fdV vkfn fodflr dj lg;ksxh Hkkxhnkjksa ¼esllZ
HkV~Vh QkeZ] tkyU/kj ,oa esllZ f'kokfyd lhM~l] esjB½ dks nh xbZ gSA lhihvkjvkbZ ,oa blds {ks=h; dsUnzksa
ds vfrfjä esllZ HkV~Vh QkeZ] tkyU/kj ,oa esllZ f'kokfyd lhM~l] esjB esa lqlfTtr Ård lao/kZu
lqfoèkk,aa l̀ftr gSaA buds dkexkjksa dks bldk izf'k{k.k fn;k x;k rFkk ;g bdkb;ka mŸke DokfyVh dk cht
iSnk djds fdlkuksa dks lIykbZ dj jgh gSaA

esllZ eSdsu QwM bf.M;k izk- fyfeVsM ,oa esllZ fleIykV bf.M;k izk- fyfeVsM us Ýsap ÝkbZ ds mRiknu
ds fy, xqtjkr esa vius la;a= LFkkfir fd, gSaA ;gka dPps eky dh cgqr ekax gSA bldh [ksrh ls gksus okys
ykHk dks ns[krs gq, iatkc] xqtjkr vkSj ns'k ds vU; {ks=ksa ds cht ,oa O;olkf;d mRiknd okLrfod :i
esa bldk Qk;nk mBk jgs gSaA fons'kh fdLeksa dh rqyuk esa ;g ns'kh dqQjh ÝkbZlksuk fdLe Hkkjrh;
ifjfLFkfr;ksa ds fy, csgrj lkfcr gks jgh gSaA viuh csgrj mRikndrk ,oa izlaLdj.k DokfyVh ds
QyLo:i blds dPps eky dh cgqr ekax gSA mRrj e/; {ks= ,oa blds vklikl ds {ks=ksa ds fdlku HkkbZ
ikSf"Vd :Ik ls lè) ¼U;wVªh,saV fjp½ vkyw dh dqQjh lw;kZ fdLe dks viukdj lk/kkj.k vkyqvksa dh vis{kk
1&2@fd-xzk- dk izhfe;e izkIr dj jgs gSaA miHkksävksa ds lkFk xgu lEidks± ds dkj.k lk/kkj.k vkyqvksa
dh vis{kk dqQjh lw;kZ ds :i esa QqVdj foØsrkvksa ,oa lacaf/kr mRikndksa ds chp ,d ubZ lIykbZ J̀a[kyk
fodflr gqbZ gSA ikfjJfed nke ds ekeys esa csch vkyqvksa dh Mcy ØkWÇix iz.kkyh ykHknk;d fl) gks
ldrh gS fdUrq gekjs ns'k esa ;g vHkh Hkh 'kS'ko voLFkk esa gSA vkt mRrj e/; {ks= ds eSxkekVZ ,oa lqij
ckt+kj vkfn esa csch vkyqvksa dh fcØh `4&6 izfr fd-xzk- c<+s nkeksa ij dh tk jgh gSA ;g reke fodkl
bl ckr dk ladsr gSa fd vkus okys le; esa ;g ,d LFkkbZ lIykbZ psu ds :i esa mHkj dj lkeus vk,aaxsA

vkyw dh yqxnh@csdkj vkyw ;k ckt+kj esa u fcdus okys vkyqvksa ls NksVs@eÖkkSys@cM+s iSekus ij
eosf'k;ksa ds fy, pkjk cukuk Hkh vkÆFkd ǹf"V ls fpjLFkkbZ gSA bl lanHkZ esa lh-vkbZ-ih-,p-bZ-Vh-] yqf/k;kuk
esa ik;yV la;a= LFkkfir fd;k tk pqdk gS ftuesa fu;fer :i ls i'kqpkjs dh xksfy;ka rS;kj dj ,xzks
izkslsÇlx lsUVj esa csph tk jgh gSA bruk gh ugha izkbosV lsDVj Hkh bl rduhd dks viukdj csdkj ;k
Qkyrw vkyqvksa dk lnqi;ksx dj jgs gSaA gky gh esa fd, x, ikpu ijh{k.kksa esa ns[kk x;k gS fd i'kqvksa }kjk
vuktksa ds LFkku ij vuqi;ksxh vkyw dk mi;ksx buesa 'kq"d vo;o ,oa dkcZfud vo;o dh iwÆr djrs gSaA
blls ;g Hkh irk pyrk gS fd eDdk dh rqyuk esa 'kq"d vkyqvksa esa vf/kd lhih dkjd ik, tkrs gSaA ;g
miyfC/k;ka n'kkZrh gSa fd ;g ewY; J̀a[kyk LFkkbZ ,oa miHkksäk@mi;ksx dŸkkZ ds fy, cgqr gh mi;ksxh ,oa
Qk;nsean gSA
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Executive Summary

Background Information

The project ‘Value chain on potato and potato products’ was proposed to address the issues of seed,
processing, specialty and waste utilization sectors of potato crop for its overall development in the
country. Availability of disease-free planting material is a critical input in augmenting potato production
at national level. Providing healthy seed at reasonable rate to the farmers through intervention of rapid
seed multiplication and disease diagnostics at field level was identified as one of the major objective.
Further, it was envisaged that enhanced availability of quality seed would improve and sustain the
productivity of French fry and specialty potatoes. After liberalization of the economy, potato processing
increased at faster pace (approx. 25%) in India and consequently availability of raw material became
the major bottleneck in French fry supply chain. At the conceptualization of the project, French fry
demands were around 5000 MT per annum, while the indigenous production was only 2400 MT and
the rest was coming through import. It was expected that demand of this product would be more than
double in next five years. Therefore, immediate need was to meet this demand through indigenous
production of French fries by way of developing indigenous variety, its production technology and
augmenting the supply chain through handholding of private stakeholders. Simlarly, ‘specialty potato’
was another sector which was selected for enhancing the potato consumption as faster urbanization,
changing life style and enhanced purchasing power of sizeable Indian urban population (300 million)
had created immense opportunities for quality/branded agricultural products. Corporate sector had
also shown interest in the retail market of agricultural commodities, but there was hardly any R&D
available off shelf for meeting this requirement. Therefore, one component of project was aimed at
developing entire chain on nutritionally superior, salad and baby potatoes in NCR. Over and above, the
project goal was to improve farm profitability and thereby uplifting the economy at the grass root level
within the ambit of value chain. Apart from it, one important concern was utilization of industrial
potato waste and waste potatoes. About, 7-8% of non-marketable potatoes amounting to 1.2 million
tons were going waste due to non-availability of indegenous technology for converting it into useful
products like animal feed or dietary fibres. Similarly, 25,000 tons of industrial waste was being generated
causing disposal problems. Development of processes for utilization of industrial waste and non-
marketable potatoes was, therefore, also attempted in this project.

Baseline Information

A baseline survey on the status of potato and potato products was conducted during 2008-09 in the
state of Punjab and U.P. Cropping pattern reflected the prevalence of potato crop as major crop after
wheat, paddy, sugarcane and maize and proportion of potato area constituted 83.23% of operational
land holding in both the states among potato growers. Kufri Bahar and Kufri Jyoti were leading varieties
in U.P. and Punjab, respectively, covering the maximum potato area. Average potato productivity was
estimated at 19.9 and 21.3 t/ha in Punjab and U. P., respectively, whereas, mean seed requirement was
3.54 t/ha. Most important finding was that satisfaction level of farmers for quality seed was only 10.14%
in overall, while 8.05 and 10.56 % in Punjab and U.P., respectively, indicating a huge shortage of
quality seed in the study area. Economics of potato cultivation was also a concern, as cost of cultivation
was estimated at Rs. 50,006 and 59,998 /ha in U.P. and Punjab, respectively and net profits realized per
hectare were moderate i.e. Rs. 31,351 and 44,617 in the respective states with mean of Rs. 41,711 /ha.
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The status of potato processing (French fries) indicated that Satnam Agro, Jalandhar was utilizing only
8% of its installed capacity due to non-availability of desired raw material thus impeding the growth of
French fry industry. In context of specialty potatoes, it was found that the cultivation and awareness
level with regard to specialty potatoes in study area was completely absent. As far as waste utilization
was concerned, potato processing industries were generating wastes in the form of peels, pulps and
trims constituting around 20% of raw material used and there was no plan to use it economically.
Merino Industries, Hapur (UP) and Satnam Agro, Jalandhar (Pb) were generating potato waste equivalent
to 1175 MT and 1100 MT per annum, respectively. In addition, post harvest losses in the form of cut,
cracked, green, and damaged potatoes were around 4.04 and 2.46%, respectively. Although, the industry
was aware of the use of potato waste in making animal feed, it did not possess the relevant technology
to produce potato based animal feed or dietary fibre for the market.

Work proposed and its execution plan
The work plan of the project was divided into five components viz., seed, processing, specialty,

waste utilization and social science component. Systematic field and laboratory activities were chalked
out by investigators in each sector for given objectives, their milestones and monitoring indicators
were set within project duration, and output/ outcome were pegged after finish line of each major
activity. Only standard methodologies were followed for each activity, which are reflected in the
achievements of the project. Management of finances, purchases of equipments and recurring items,
infrastructure development, trainings, and hiring of contractual services was accomplished in a time
bound mode. The plan of each component was executed through involvement of experienced scientists
of the institute for each activity concerning relevance to their discipline. Further, co-principal
investigators from consortium partners (CIPHET, Ludhiana, TERI, New Delhi) and associate partners
i.e. progressive potato growers (Bhatti Farms, Jalandhar, Sangha Seeds, Jalandhar, and Shivalik Seeds,
Meerut), GADUVAS, Ludhiana, and industries McCain’s, Mehsana, Gujarat, actively collaborated for
accomplishing various objectives of all the components. Regular and reporting of progress was carried
out to the NAIP authorities on six monthly and annual basis.

Achievements
Portable virus detection kit against major potato viruses was developed, validated and made available

to few private sector firms for on-farm testing. Bioreactor technology for production of mini-tubers has
been standardized, but it needs to be scaled up for mass production. Agro-technology for production of
mini-tubers under net house was worked out and passed on to chain partners. Training was imparted to
associate partners on the basic steps and protocols in tissue culture technology and micro tuber
production. This resulted into establishment of full-fledged tissue culture facilities at M/s Bhatti Farms,
Jalandhar and M/s Shivalik Seeds, Meerut. These firms have started production of disease free seed
based on tissue culture which will be supplied to potato growers in post NAIP era. These seed growers
are now producing and supplying quality seed of varieties viz. Kufri Frysona, Kufri Surya, Kufri Pukhraj,
and Kufri Himsona etc. Economics of seed potato cultivation by adopted growers indicated that net
returns from cultivation of seed potatoes was Rs. 105,210/ ha as against Rs. 48,925/ ha from general
potato cultivation. The B-C ratio for Seed potato cultivation was 1.90 against 1.70 for general potato.
Thus a model chain for seed supply has been successfully implemented.

India’s first indigenous variety for making French fries Kufri Frysona was developed through this
project. This variety has higher productivity, higher proportion of French fry grade tubers and significantly
superior processing quality both in laboratory and under industrial tests as compared to varieties being
processed earlier. This variety maintained better French fry quality after six months of storage at elevated
temperatures (10-12 0C) with CIPC application. It has better adaptability under Indian conditions in
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comparison to exotic varieties. Production technology for this variety under conventional and micro-
irrigation systems has been fine-tuned. Besides, post-harvest handling to avoid spoilage under storage
has also been standardized. Owing to its better productivity and processing quality French fry industries
namely, M/s McCain Foods India Pvt. Ltd. and M/s Simplot India Pvt. Ltd. are already multiplying
seed of Kufri Frysona and supplying it to Gujarat farmers for contract growing. The economic analysis
showed that net returns from cultivation of French fries potatoes was Rs. 145,330/ha as against Rs.
113,852/ha from ware potato cultivation. The B-C ratio of French fries potatoes was 2.19 against 2.05
for ware potatoes. This has made French fry value chain highly sustainable and growth oriented in the
state of Gujarat.

Varieties suitable for various segments of specialty potatoes viz., antioxidant rich potato (Kufri
Surya), baby potato (Kufri Himsona) and salad potato (Kufri Pukhraj and Kufri Sindhuri) were identified.
Besides production technologies for specialty potatoes were also developed. Anti-oxidant rich potato
cv. Kufri Surya has already become popular in NCR and surrounding areas. Owing to superior traits, it
is getting premium (Rs. 1-2 per kg) over the normal potato varieties. A new supply chain for specialty
potatoes is developing by linking producers directly to the retailers particularly as low sugar potatoes
(stored at 10-120C). Two crops of baby potatoes proved profitable provided remunerative prices are
offered for this segment, which is still in infancy in the country. Recent market trend indicated that
baby potatoes are now visible in megamalls, super markets etc., in NCR at a premium of Rs. 4-6 per kg.
All these developments are suggestive of a sustained supply chain for specialty potatoes in the time
ahead.

Utilization of industrial waste and non-marketable potatoes for production of animal feed and dietary
fiber has become possible with the development of technology for preparation of cattle feed on small/
medium scale by using potato pulp/waste potato or unmarketable potatoes. Depending on requirement
and composition, potato based animal feed technology is now available which is financially sustainable.
Similarly, technology for extraction of dietary fiber from potato peel has been developed. Utilization of
potato pulp/waste potato or unmarketable potatoes in production of animal feed will help in minimizing
the waste disposal problem. Mass production of animal feed is expected to add to the income of the
industry. A pilot plant has been installed at CIPHET for making animal feed pellets. Feed pellets prepared
will be sold through Agro-Processing Centre of CIPHET, Ludhiana. Besides, technology is being adopted
by private sector, which will continue to produce animal feed using waste potatoes. In the case of
dietary fiber value addition was attempted and dietary fiber made out from potato peels was used for
fortification of ready to eat food items viz., biscuits of varied composition which has a potential for
exploitation in future. The overall significant achievements are as follows:

 Production technologies developed and adopted: 6 (4 validated)

 Processing technologies developed, adopted and commercialized: 5 (1 Validated)

 Rural industries established/ commercialized: 1

 Patents (filed/granted): Nil

 Publications

i. Research papers published: 6

ii. Popular article published: 6

iii. Books/book chapters published: Nil

iv. Bulletin/ brochures/ leaflets published: 4
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v. Training manuals published: Nil

vi. Film/CD developed: 1

vii. Coverage in press, TV, media: 11

 Training undertaken and scientists/other staff trained (national/international): 2

 Training organized and farmers/other stakeholders trained: 2

 Field demonstrations organized: 10

 Field day/farmer’s day/ mela organized: 3

 Success stories: Nil

 Self help groups/farmers groups developed : 4

 Employment generation (man days/year): 8636

 Assets generation (equipments/implements procured, civil work done and revenue generated): 58,
Revenue: Rs. 173681/-

 Awards/honour: 2

Socio-economic impact (Economic rate of return)

 Economics of seed potato cultivation by adopted growers indicated that net returns from cultivation
for seed potatoes was Rs. 105,210/ ha as against Rs. 48,925/ ha from ware potato cultivation. The B-C
ratio for seed potato cultivation was 1.90 as against 1.70 for ware potato. The economic analysis showed
that net returns in cultivation of French fries potatoes was Rs. 145,330/ ha as compared to Rs. 113,852/
ha from general potato cultivation. The B-C ratio for cultivation of French fries potatoes was 2.19 as
against 2.05 for general potato. The Profitability analysis of specialty potato cultivation in nearby areas
of NCR (Meerut and Agra) indicated that net returns (Rs/ha) from cultivation of specialty potatoes was
Rs. 106,532/- (Kufri Surya) and Rs. 82,632/- (Baby potatoes) as against Rs. 82,135/- from general
potato. The B-C ratio in the cultivation of Specialty potatoes was 2.06 (Kufri Surya) and 1.95 (Baby
potatoes) as against 1.84 for general potato.

Environmental impact

A number of environmental and social benefits/issues arising from implementation of the subproject
were identified and there was no negative impacts on social and environmental conditions from
implementation of this sub-project.

Sustainability Plan

Seed supply chain has already been made self sustainable. All the technologies related to this chain
viz, Production technology for mini-tuber production, dipstick based diagnostic kits etc were developed
and passed on to associate partners (M/s Bhatti farms, Jalandhar and M/s Shivalik Seeds, Meerut).
Apart from CPRI and its regional stations, full fledged tissue culture facilities have been created at
M/s. Bhatti farms, Jalandhar and M/s Shivalik seeds, Meerut. Their manpower has also been trained.
These firms have already started producing quality seed and are supplying it to potato growers.

Potato processing chain is fully operationalized and has become sustainable with development and
commercialization of the new variety Kufri Frysona. M/s McCain Foods India Pvt. Ltd. and M/s Simplot
India Pvt. Ltd. have set up their French fry production plants in Gujarat and introduced this variety in
their contract farming system. This will benefit both the seed and commercial potato farmers in Punjab,
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Gujarat as well as in other regions of the country. As the variety Kufri Frysona has been developed
indigenously, it has better adaptability in Indian conditions in comparison to exotic varieties.

Anti-oxidant rich potato variety (Kufri Surya) has been adopted by farmers in NCR and surrounding
areas. Because of consumer preference, its produce is getting premium (Rs. 1-2 per kg) over other table
potatoes. A new supply chain for specialty potatoes is developing by linking producers directly to the
retailers. Two crops of baby potatoes per year will be profitable to farmers provided remunerative
prices are offered for this segment.

Preparation of cattle feed on small/medium scale by using potato pulp/waste potato or unmarketable
potatoes is financially sustainable. In this regard, pilot plant has been installed at CIPHET for making
animal feed pellets. Feed pellets prepared will be sold through Agro-Processing Centre of CIPHET,
Ludhiana. Besides, technology is being adopted by private sector which will continue to produce animal
feed using waste potatoes. Recent studies on digestibility trial suggest that replacing cereals with potato
waste in animal feed had comparable dry matter (DM) and organic matter (OM).This indicated that
dried potatoes had higher CP content as compared to maize grain. These findings are making this value
chain highly sustainable and customer/ user oriented.

Key words: Tissue culture, virus detection kit, micro tuber, bioreactor, processing, specialty potatoes,
baby potato, animal feed, dietary fiber
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Part-I: General Information of Sub-project

1. Title of the sub-project : Value Chain on Potato and Potato Products

2. Sub-project code : 0007101

3. Component : 2

4. Date of sanction of sub-project : F.NO. 1(5)/2227-NAIP dated : March 31, 2008

5. Date of completion : December, 2013

6. Extension if granted, from- to : June, 2012 to December, 2013

7. Total sanctioned amount for the : Rs. 642.3652 lakhs
sub-project

8. Total expenditure of the sub-project : Rs. 549.3267805 lakhs
9. Consortium leader : Dr. BP Singh, CPI & Director,

Central Potato Research Institute,
Shimla 171 001 (HP)
Phone (0121) 2575497, Fax (0121) 2576584
Website: http://cpric.ernet.in E-mail:
dircpri@sancharnet.in, directorcpri@gmail.com,
cpric.modipuram@gmail.com

10. List of consortium partners

Name of CPI/ CCPI Name of organization and Duration Budget
with designation address, phone & fax, email (From-To) (`̀̀̀̀ Lakhs)

CPI Dr. BP Singh, CPI & Central Potato Research Institute, 2008-2013 492.1221
Director Shimla 171 001 (HP)

Phone (0121) 2575497, Fax (0121)
2576584 Website – http://cpric.ernet.in
E-mail: dircpri@sancharnet.in,
directorcpri@gmail.com,
cpric.modipuram@gmail.com

CCPI 1 Dr Sanjay Saxena, Plant Tissue Culture & Molecular 2008-2013 62.4046
Senior Fellow & Biology. The Energy and Resource
Area Convener Institute (TERI). IHC Complex,

Lodi Road, New Delhi-110003, India
Phone: 011-24682100 or 51504900
Extn. 2525, Cell : 09811392248
Fax : 011-24682144 and 24682145
E-mail : sanjays@teri.res.in

CCPI 2 Dr. Devendra Dhingra, Central Institute of Post Harvest 2008-2011 84.4325
Senior Scientist Engineering and Technology (ICAR),

PAU Campus, Ludhiana, Punjab
Phone: 0161-808669 to 808673
Fax : 0161-808670
Email:devinder.dhingra@gmail.com



12

Name of CPI/ CCPI Name of organization and Duration Budget
with designation address, phone & fax, email (From-To) (`̀̀̀̀ Lakhs)

Dr. Sangeeta Chopra, Central Institute of Post Harvest 2011-2013
Senior Scientist Engineering and Technology(ICAR),

PAU Campus, Ludhiana, Punjab
Phone: 0161-808669 to 808673
Fax : 0161-808670

Dr. Tanbir Ahmad, Scientist Central Institute of Post Harvest 2013-continue
Engineering and Technology(ICAR),
PAU Campus, Ludhiana, Punjab
Phone: 0161-808669 to 808673
Cell : 08872145363
Fax : 0161-808670
Email:tanbirvet05@rediffmail.com

CCPI 3 Er. Dinesh Garg, M/s. Merino Industries Ltd. 2008-2009 -
General Manager Delhi Hapur Road, Hapur

(UP)
Phone : 0122-2308601
Fax : 0122-2306998
Cell: 09412715852
E-mail: merinohapur@merinoindia.com

CCPI 4 Dr. V.K. Singh, Uniphos House, Madhu Park, 2008-2010 3.406
Senior Marketing Manager 11th Road Khar (west), Mumbai-400052

E-mail :singhvk@uniphos.com

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

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

CPI/ CCPI Name, Total budget Fund released Fund utilized
designation & address) sanctioned (up to closing date) (up to closing date)

CPI Dr. BP Singh, CPI & 492.1221 462.71448 423.85801
Director, Central Potato
Research Institute,
Shimla-171 001

CCPI 1 Dr. Sanjay Saxena, 62.4046 51.73331 53.0636705
Senior Fellow &
Area Convener
Plant Tissue Culture &
Molecular Biology, TERI,
New Delhi

CCPI 2 Dr. Tanbir Ahmad, Scientist 84.4325 76.77463 68.99910
Central Institute of Post
Harvest Engineering and
Technology, Ludhiana

CCPI 3 Dr. V.K. Singh, 3.406 3.406 3.406
Senior Marketing Manager,
M/s. United Phosphorus Ltd.,
Mumbai (MS)

Total 642.3652 594.62842 549.3267805

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

1. Introduction

The value chain on potato and potato products was proposed to address the following sectors for
overall development of potato in the country.

Availability of disease-free planting material is a critical input in augmenting potato production in
the country. Providing quality seed at reasonable rate will increase production per unit area and, thereby,
uplift the economic status of the farmers within the ambit of value chain. Better quantity and quality
produce will be available for specialty potatoes and sustainance and establishment of French fry and
other processing units.

Potato processing is increasing at fast pace in India after liberalization of the economy and availability
of raw material. In 2007-08, 2% of the total produce was processed in organized sector and almost
similar quantity was processed in unorganized sector. Growth rate of the potato processing in organized
sector is approximately 25% which is likely to continue for the next five years, putting lot of demand
on quality raw material for processing. Amongst various processing products, French fries are in great
demand. The demand of French fries during 2002-09 in the country was around 5000 MT per annum.
While the indigenous production was only around 2400 MT, rest of the fries were being imported. By
2010-11 the French fry demand was expected to increase to 47,400 MT. There was need to meet this
demand through indigenous production of fries which would not only cut down on cost of fries in the
retail chain, but also save millions of rupees on foreign exhange through reduced imports. The project
thus aimed at spurring necessay growth in French fry industry by developing indigenous potato varieties
suitable for French fry production and making their disease free seed available to farmers commercially.
Upgradation and capacity building of this industry will also generate huge employment opportunities.

Seven to eight per cent of non-marketable potatoes amounting to 1.2 million tons goes waste due to
non-availability of indegenous technology for its utilization. Similarly, 25,000 tons of industrial waste
is generated causing disposal problems. Recycling of industrial waste and utilization of non-marketable
potatoes would solve the disposal problem and add value to the waste.

Similarly, fast urbanization, changing lifestyle and enhanced purchasing power of sizeable Indian
urban population (300 million) has also created immense opportunities for quality/branded agricultural
products including potato. Corporate sector has shown lot of interest in the retail marketing of agricultural
commodities, but there is hardly any R&D available off shelf for meeting this requirement. The project,
therefore, aimed at developing entire chain on ‘specialty potatoes’ and their marketing through
megamarts, modern shopping outlets, etc. with emphasis on value added potatoes including low sugar,
nutritionally superior, salad and baby potatoes. This would lead to enhaced income of the farmers as
well as that of various components of the retail chain.

2. Overall Sub-project Objectives
Objectives Responsible Partner

1. Development of rapid and low cost alternative Central Potato Research Institute, Shimla 171 001 (HP) and
propagation technologies and diagnostic tools The Energy and Resource Institute (TERI). IHC Complex,
for augmenting seed production. Lodi Road New Delhi-110003 India, M/s Bhatti farms,

Jalandhar, M/s Sanga seeds and farms, Jalandhar.
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Objectives Responsible Partner

2. Upgradation of processing chain on French Central Potato Research Institute, Shimla 171 001 (HP),
fries. M/s McCains, Food India Pvt Ltd.

3. Establishment of a supply chain on specialty Central Potato Research Institute, Shimla 171 001 (HP),
potatoes in NCR. Uniphos House, Madhu Park, 11th Road Khar (West)

Mumbai-400052 (dropped out after one year)

4. Utilization of industrial waste and non- Central Institute of Post Harvest Engineering and Technology
marketable potatoes for production of animal Ludhiana (Pb) and M/s. Oberoi, Dairy complex, Tajpur road,
feed and dietary fibre. Ludhiana.

5. Study market demand and supply chain for Central Potato Research Institute, Shimla 171 001 (HP), and
planting material, specialty potatoes, French Central Institute of Post Harvest Engineering and Technology,
fries, animal feed and dietary fibres. Ludhiana (Pb)

3. Sub-project Technical Profile

Since the value chain on potato and potato products is a multidisciplinary project involving partners
from different sectors, the ensuing portion has been divided into five sections for ease of understanding
and operation: (i) Seed Component, (ii) Processing Component (iii) Specialty Potatoes Component (iv)
Waste Utilization Component and (v) Social Sciences Component.

(i) Seed Component

Objective: Development of rapid and low cost alternative propagation technologies and diagnostic
tools for augmenting seed production

Activity

 Development of portable virus detection kit (CPRI: 2008-2011)
 Validation of kit at field level(CPRI:2010-11)
 Standardization of bioreactor technology for mass production of microplants and microtubers

(TERI:2008-2012)
 Standardization of agro-technique for production of minitubers and supply of mini tuber to chain

partners.(CPRI and TERI: 2008-2011)
 Agro technique for production of mini tubers under net house with respect to planting date and

planting depth (October, 2011-13)
 Transfer of technology for establishment of tissue culture facility by chain partner.(CPRI and TERI:

2008-2010)
 Refinement of dipstick assay kit using colored polystyrene beads (2012-13)

Monitoring Indicator

 Aseptic culture of different varieties and variety specific protocol
 Procedure of assessing clonal uniformity, selection of primers and working out PCR
 Suitable culture medium for microtuber production of different varieties
 Technology for mass production of microtubers using bioreactor
 Portable virus detection kit to detect major potato viruses
 Improvement in survival of microplant and enhanced production of minitubers
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 Availability of minitubers to chain partners
 Functional tissue culture lab at chain partner’s premises
 Trained personnel in tissue culture lab of the partner

Expected outputs

 Availability of portable virus detection kits for major viruses
 Bioreactor technology for mass production of mini-tubers
 Micro tuber production technology

Expected outcome

 From 4th year onwards 2500 quintals of (G3) quality seed would be made available to chain partners
in French fry and specialty potato segments for undertaking contract farming by the potato growers.

 Development of bioreactor technology for mass production of microtubers would increase the rate
of micro-tubers production by 4 to 6 times over conventional tissue culture methods.

 Monitoring of quality of seed is presently based on visual virus symptoms. Availability of virus
detection kits would enhance the efficiency of monitoring of quality seed stocks by 2 to 3 times.

(ii) Processing Component

Objective: Upgradation of processing chain on French fries

Activity

 Study French fry quality and related attributes under laboratory conditions (CPRI:2008-2010)
 Industrial testing of varieties/hybrids for French fry production (CPRI:2008-2010)
 Standardization of production methodology for French fry potatoes (CPRI:2010-2012)
 Standardization of harvesting and handling methodology of French fry potatoes (CPRI:2010-2012)
 Estimation of acrylamide content in French fry varieties/advanced hybrids during storage

(CPRI:2009-2012)
 Study the processing quality and related attributes during long term storage of French fry grade

potatoes (CPRI: 2009-2011)
 Study variations in the contents of antioxidants namely, ascorbic acid and phenols in potatoes

harvested at different maturity levels and during storage at 12oC in French fry varieties; changes in
enzymic browning and protein contents in potatoes ( 2012-13)

 Periodic estimation of processing and biochemical parameters during storage and after reconditioning
of potatoes and possibility of improvement in texture and reduction of oil uptake on prolonged
storage by reconditioning of potatoes (2012-13)

 Correlation studies between reducing sugar and sucrose contents and French fry colour after different
durations of storage and reconditioning (2012-13)

 Estimation of Acrylamide in French fries (2012-13)
 Production technology for maximizing French fry grade tuber production of cv. Kufri Frysona

under micro- irrigation systems (2012-13)

 Analysis of the data and compilation of the final report (2013-2014)
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Monitoring Indicators

 Relative performance of hybrid/varieties for French fry making

 Identification of most suitable hybrid/variety for making French fries

 Mechanical damage susceptibility of different varieties and extent of damage

 Relative performance of hybrid/varieties for maintenance of French fry quality after different
intervals of storage

 Correlation between glucose/reducing sugars and sucrose contents with French fry colour after
different durations of storage

 Acrylamide content profile

 Reconditioning temperature and period for maximum improvement in French fry colour

Expected outputs

 Development of variety for making French fry

 Increase in French fry grade potatoes by 30-40 % over the existing grade of 30%

 Defects in French fry potatoes will be less and rejection after storage will be reduced

Expected outcome

 Adoption of variety and technologies developed through the chain in French fry segment would
increase the capacity utilization of chain partner from present 50% to 75-85% and the rejection
rate of raw material will be cut down by 20-25%.

(iii) Specialty Potatoes Component

Objective: Establish a supply chain on specialty potatoes in National Capital Region (NCR)

Activity

 Market survey for demand of specialty potatoes in NCR (CPRI and UPL: 2009-10)

 Evaluation of selected Indian potato varieties for different speciality potato segments (CPRI: 2008-
2010)

 Précise production technology for antioxidant rich potatoes, ‘Salad potatoes’ and ‘Baby potatoes’
(2009-2011)

 Evaluation of specific traits for specialty potatoes in freshly harvested tubers and estimation of
antioxidants during storage (CPRI: 2009-2011)

 Residue estimation of organo mercurial compounds, herbicides, fungicides and insecticides in
potato tubers (CPRI: 2009-2012)

 Testing of botanicals for sprout suppression for bio-safe low sugar potatoes (CPRI and UPL:
2010-12)

 Development of ‘Indian GAP’ for production of specialty potato (CPRI:2010-12)

 Feedback from market and consumers of ‘specialty potatoes’ and analysis for improvising the
potato chain (CPRI: 2011-12)

 Evaluation of advanced potato hybrids for their suitability for ‘Specialty potatoes’ traits (2012-13)
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Monitoring Indicator

 Identified varieties for different specialty potatoes and their production technology

 Status of antioxidant contents and segment specific traits of identified varieties

 Identification of efficient botanical for use as Bio-safe sprout suppressant

 ‘Indian GAP’ for specialty potatoes

 Availability of specialty potatoes (antioxidant rich, salad and baby potatoes)

Expected outputs

 Varieties for different specialty segments and their production technology

 Indian GAP for production of specialty potatoes to meet the AGMARK standards

Expected outcome

 Availability of low sugar potatoes would increase from 5% to 25% in NCR regions. Besides, new
specialty potatoes in the form of high anti-oxidants, salad potatoes and baby potatoes would be
available off shelf in malls, megamalls and supermarkets.

(iv) Waste Utilization Component

Objective: Utilization of industrial waste and non-marketable potatoes for production of animal feed
and dietary fiber

Activity

 Analysis of physical and chemical characteristics of industrial waste of potato and waste potato
(CIPHET and Merino Industries Ltd- MIL : 2009-11)

 Development of potato based animal feed and dietary fibres making technology (CIPHET:2010-
12)

 Pilot scale testing of technologies developed by CIPHET (CIPHET& MIL: 2010-12)

 Collect consumer response on suitability of animal feed and dietary fiber developed by CIPHET
(MIL: 2010-12)

 Manufacturing of animal feed and dietary fiber from waste potatoes (MIL: 2011-12)

 Develop process for extraction of dietary fibre from potato peel (CIPHET& MIL: 2010-11)

 Market survey and consumer feedback about animal feed and dietary fiber (MIL:2008-09)

 Marketing of products (MIL: 2011- 12)

 Develop alternate methods for extraction of dietary fibre from potato peel (2012-13)

 Production of dietary fibre incorporated food products like dahi, beverages, dietary fibre
supplemented tablets etc. (2012-13)

 Production of poultry (broiler and chicken) and fish feed using potato waste (2012-13)

 To create extruded potato incorporated food products from surplus potato production to avoid glut
in market (2012-13)
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Monitoring Indicator

 Physical and chemical composition of the raw material

 Processes for production of potato based animal feed and Dietary fiber extraction

 Assembly of prototype

Expected outputs

 Availability of potato based animal feed

 Availability of dietary fiber extracted from potato peel

Expected outcome

 Waste disposal problem will be solved and approx. Rs. 1-1.5/kg fresh weight value will be added
on factory waste and waste potatoes through animal feed making

 In case of dietary fiber value addition will be much higher and it would be used for fortification of
ready to eat food items

(iv) Social Sciences Component

Objective: Study market demand and supply chain for specialty potatoes, French fries, animal feed
and dietary fibres

Major activities

 Study market demand and supply chain for specialty potatoes, French fries, animal feed and dietary
fibres – CPRI

Activity

 Market survey in NCR for specialty potatoes and French fries (2008-2010).

 Farmer’s field survey in U.P. for Specialty potatoes (2009-2010).

 Consumer’s survey for French fries and Specialty potatoes in NCR (2009-2010).

 Farmer’s field survey in Gujarat state for French fries (2011- 2012).

 Follow up exercise, if any, as per mid term project review (2012-2013).

 Aggregation and Analysis of entire data (2012-2013).

 Impact assessment of supply chain of seed potato on processing varieties (2012-2013).

Monitoring Indicator

 Market demand for Specialty potatoes, French fries, animal feed and dietary fiber, SWOT analysis

Expected output

 Gaps in demand and supply of French fries, Specialty potatoes, Animal feed and Dietary fiber
would be known.

Expected outcome

 The information generated would be utilized in increasing the efficiency of value chain
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4. Baseline Analysis

A baseline survey on the present status of potato and potato products was conducted in the states of
Punjab and U.P. In all, 7 villages were identified in the two states for data collection on various aspects
of the project theme. These included Kadian wali, Kangna, Gaddowali, Nanowal and Chattala village
from Punjab and Kharkhoda and Lawar from U.P. A total of 109 potato growing and 19 non-potato
growing farmers, and 5 contract farmers across the identified villages were studied for the desired
information. A set of well structured questionnaire was developed and used for data collection from the
farmers through personal interviews.

The cropping pattern reflected the prevalence of wheat, paddy, sugarcane, potato and maize as the
major crops. Wheat, paddy and maize were the predominant cereal crops cultivated on an average of
5.72, 2.67 and 2.86 ha land, respectively. The average area under potato cultivation was 8.58 ha. The
cropping intensity was estimated to be 217 and 203 per cent in Punjab and U.P., respectively.

The potato area constituted 83.23 per cent of the operational land holding in overall and 83.23 and
72.25 per cent in Punjab and U.P., respectively. Kufri Bahar and Kufri Jyoti were the leading varieties
in U.P. and Punjab, respectively, covering the highest proportion of the total potato area. The average
potato yield was estimated at 19.98 and 21.29 t/ha in Punjab and U.P., respectively. The overall seed
requirement was 3.54 t/ha and the respective requirement in Punjab and U.P. was 4.05 and 3.13 t/ha.
The current level of satisfaction of farmers with regard to quality seed was only 10.14 per cent in
overall and 8.05 and 10.56 per cent in Punjab and U.P., respectively, indicating a huge shortage of
quality seed in study area. As far as the economics of potato cultivation was concerned, cost of cultivation
was estimated at Rs. 50,006 and 59,998 per hectare in U.P. and Punjab respectively and net profit
realized per hectare was Rs. 31,351 and 44,617 in the respective states. Overall potato cultivation
generated a net profit of Rs. 41,711 per hectare.

The current status of potato processing indicated that Satnam Agri- the potato processing unit at
Jalandhar was utilizing only 8 per cent of its installed capacity. The non-availability of desired raw
material was the major bottleneck impeding the growth of French fry industry. However, the processing
industry expected an increase of around 50% per cent in its current production after the project
intervention which would increase its capacity utilization level from 8 per cent to around 50 per cent of
the installed capacity.

In the context of specialty component of the project, it was found that the cultivation and awareness
level with regard to specialty potatoes in study area was completely absent.

As far as the status of potato waste utilization is concerned, potato processing industrial units
were generating potato wastes in the form of potato peels, pulps and trims which constituted
around 20 per cent of the raw material used. Merino Industries, Hapur, U.P. and Satnam Agri,
Jalandhar were generating potato waste equivalent to 1175 MT and 1100 MT per annum which
could be used for making animal feed. In addition, post harvest losses in the form of cut, cracked,
green and damaged potatoes which were not used for seed or table purpose were estimated around
4.04 and 2.46 per cent of the total production, respectively. These losses also constituted the part
of potato waste which could be utilized for preparing animal feed. Though, these industrial units
were aware of the use of potato waste in making animal feed, they did not possess the relevent
technology. In contrast, the farmers were not aware of such uses of potato wastes. No potato based
animal feed or dietary fibre was available in the market. The baseline status of value chain elements
is summarized in Table-1.
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Table 1: Baseline status of various value chain elements (Potato)

Indicator Baseline Status
Punjab U.P. Overall

Yield (t ha-1) 19.98 21.29 20.26
Cost of Cultivation (ha-1) 59,998 50,006 57,809
Gross Income (ha-1) 1,04,615 81,357 99,520
Net Profit (Rs ha-1) 44,617 31,351 41,711
Level of Satisfaction (Quality Seed) 8.05 10.56 10.14
Specialty Potato Production Nil Nil Nil
Capacity Utilization of Potato Processing Industry 8% - -
Potato Waste Generation By Processing Industries (MT) 1100 1175 2275
Post Harvest Losses (Tonne) 80,726 1,92,380 2,73,106
Potato Waste Utilization Nil Nil Nil
Potato Based Dietary Fibre Availability in the Market Nil Nil Nil

5. Research Achievements with Summary

The research achievements are presented under five sub-heads: (i) Seed Component, (ii) Processing
Component (iii) Specialty Potatoes Component (iv) Waste Utilization Component and (v) Social Sciences
Component

(i) Seed Component

Development of rapid and low cost alternative propagation technologies and diagnostic tools for
augmenting seed production

A. Production of indigenous rapid immunochromatography assay (ICA) based kits: Effective
monitoring of viral infection in seed crop requires rapid
and sensitive methods of detection available both at
laboratory as well as at field level. One of the promising
solutions for overcoming this challenge is
immunochromatographic assay (ICA), based on
interaction between the target virus (antigen) and
immunoreagents (antibodies and their conjugates with
colored colloidal particles) applied on the membrane
carriers (test strips). The immunochromatographic assay
is a well known and convenient diagnostic system. In this
report, the development of sensitive immuno-
chromatographic assay is described to detect potato viruses
viz., Potato virus Y, Potato virus S, Potato virus A, Potato
virus M and Potato virus X either individually or a
combination of two (three combinations) or three
(PVX+PVA+PVM) (Fig.1).

Comparison of sensitivity of LFIA and its validation

The infected samples were diluted with PBS buffer
(10-1 to 10-5) and used for detection of the virus using the
developed dipsticks and the same extracts were used in

Fig.1. Lateral flow immune assay detection of
potato viruses either individually or in
combination of two and three viruses
simultaneously
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DAS-ELISA and the sensitivity of dipsticks was compared with DAS-ELISA. In case of PVX, the
DAS-ELISA could detect only upto 10-2 dilution whereas LIFA could detect upto 10-4 dilution. Level of
sensitivity was the same in PVY detection and both DAS-ELISA and LIFA could detect the virus upto
10-2 dilution. For other viruses, the sensitivity level of LFIA was comparable to DAS-ELISA. The
LFIA kits were validated at all Regional stations of CPRI, AICRIP centres and farmers’ fields during
the years 2010-11, 2011-12 and 2012-13. The technology is ready for commercialization.

B. Production of high quality antisera by using recombinant antigen technology

Virus source and designing of primer

The ordinary strains of PVY and PVX maintained on Nicotiana glutinosa and ToLCNDV-potato
maintained on infected potato plants in insect proof glasshouse at Central Potato Research Institute,
Shimla, Himachal Pradesh were used in this study. The complete CP gene sequences of virus isolates
from GenBank were used to design primers with restriction sites for directional cloning in expression
vector, pET-28a(+) (Novagen, USA) and pMAL-C5X.

RT-PCR amplification and cloning

Total RNA was extracted from the infected leaves using Spectrum TM Plant Total RNA kit (Sigma-
Aldrich, Missouri, USA) and first strand cDNA was synthesized using Revert aid TM First strand cDNA
synthesis kit (Fermentas, Lithuania) by following the manufacturer’s instructions. PCR assay was carried
out in GeneAmp PCR system 9700 (Applied Biosystems) using 20 µl reaction volume containing 2.0
µl of cDNA, 2.0 µl of 10X Pfu buffer (GeNei, Banglore, India), 0.5 µl of 2 mM dNTPs (Fermentas,
Lithuania), 0.5 µl of 10 µM of respective forward and reverse primers, 0.5 µl of Pfu DNA polymerase
(2.5U/µl; GeNei, Banglore, India), and 14.0 µl of nuclease free PCR grade water. PCR programme
consisted of pre-incubation at 95 °C for 3 min leading to 35 cycles of melting at 95 °C for 30s, annealing
at 60-62 °C for 30 s and synthesis at 72 °C for 1 min followed by an extension of 72 °C for 10 min. The
amplified products were analyzed by electrophoresis in a 1% agarose gel in 1X TAE (0.04 M Tris–
acetate, 1 mM EDTA, pH 8) buffer and visualized by UV light after ethidium bromide staining.

RT- PCR amplification of CP genes with specific primers generated a expected size of PCR products
which was cloned into pET-28a(+) vector. The amplified PCR fragment was eluted using MinElute®
gel extraction kit (Qiagen, Hilden, Germany) and ligated into the pET-28a(+) expression vector
(Novagen, USA) at Bam HI and Hin dIII sites. The pET-28a(+) plasmid was digested with Bam HI and
Hin dIII and ligated with the CP gene fragment having the same cohesive ends. The ligated product
was transformed into E. coli BL21 cells (Novagen, USA) by heat shock method, the recombinant
colonies were identified by colony PCR and restriction digestion analysis. Two independent clones
were sequenced using the automated DNA sequencer, ABI PRISM TM 310 Genetic Analyzer (Applied
Biosystems) and the frame of the clone was confirmed. Analysis showed that the CP gene was inserted
in correct orientation and it was in frame with intact N-terminal 6X histidine tags. The nucleotide
sequence of the insert matched with the CP gene of respective viruses in a BLASTn analysis.

Cloning of CP gene of ToLCNDV-potato in expression vector, pMAL vectors

The PCR products were restricted by the enzyme Sbf1. The expression vectors p-MAL-C5X
(Cytoplasmic expression) and pMAL-P5X (Periplasmic expression) were restricted with Xmn I and
Sbf1 to create blunt and sticky ends. The restricted PCR products of ToLCNDV-potato CP was ligated
to expression vectors and used in transformation of Escherichia coli strain K12 TB1 by heat shock
method. The recombinant colonies were identified through colony PCR and finally confirmed through
sequencing.
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Expression and purification of the coat protein

The E. coli strain, BL21 harbouring the recombinant plasmid was induced by the addition of
isopropyl--d-thiogalactopyranoside (IPTG). The culture was allowed to grow at 37 °C and after 4 h of
incubation, the induced culture was centrifuged at 7,000 rpm for 30 min at 4 ºC and the pellet was
resuspended in Bugbuster reagent (Novagen, USA) and stored at –20 °C. The soluble and insoluble
fractions were separated by using Bugbuster reagent (Novagen, USA) by following the instructions of
the manufacturer. The insoluble fractions containing recombinant CP was solubilised in buffer containing
urea refolded and purified using Ni-NTA His-tag purification kit (Novagen, USA).

The rapid purification of ToLCNDV-potato CP fusion proteins expressed using pMAL vector was
done using the amylose resin column. The eluted fusion protein was assayed by 10% SDS-PAGE.
Before injection in rabbits the antigenic property of the protein was confirmed through ELISA and
Dot-blot assay with conventionally raised begomovirus antibody.

Fig.2a. SDS-PAGE gel photograph
of (a) Purified recombinant PVY
coat protein. Lane 1 Protein marker
(Fermentas), Lane 2 Flow through
Lane 3 Washout   Lane 4
Recombinant coat protein

Fig.2b. Purified PVX coat
protein Lane M. Protein
marker, Lane 1, 2. Purified
protein

Fig.2c. Crude extract of E. coli
expressing coat protein of  PVX
Lane 1. Insoluble fraction, Lane
2. Soluble fraction Lane 3.Uninduced
culture, Lane 4. Protein marker

SDS-PAGE and western blot analysis

The purity and integrity of the protein was checked by
electrophoresis on 12%
polyacrylamide gel
( S D S - P A G E )
according to Laemmli
(1970). The
concentration of
purified protein was
determined by
Bradford method
(1976) using Bovine
serum albumin (BSA)
as standard.

Fig. 2e.  SDS-PAGE analysis of purified
fractions of fusion coat protein of
ToLCNDV-potato
Lane 1-10 Purified fractions of fusion
protein (Maltose binding protein + coat
protein gene of ToLCNDV-potato), Lane
11 Crude extract of the induced culture,
Lane M Protein marker

Fig.2d. Crude extract of E. coli expressing
coat protein of  ToLCNDV-potato.
Lane 1 Un-induced culture, Lane 2, 4, 6, 8
soluble fraction, Lane 3, 5, 7, 9 Induced
culture , Lane 10 Protein ladder
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The purified recombinant protein was also tested in standard DAS-ELISA (Clark and Adams 1977)
using conventional IgG. In western blot (Fig. 3a and b) and DIBA (Fig. 3c), both recombinant IgG and
conventional IgG strongly reacted with recombinant coat proteins.

Fig. 3. Western blot analysis of (a) Purified recombinant coat protein using PVYO IgG Lane 1 protein marker, Lane
2. Washout from column, Lane 3. Recombinant coat protein. (b) Purified coat protein of PVX using PVX –CP-IgG.
Lane 1. Protein marker, Lane 2-5. Purified coat protein (c) Dot blot analysis of recombinant coat protein of ToLCNDV-
potato using conventional begomovirus antibody. Lane 1. Infected plant sample, Lane 2. Uninduced crude cell
lysate Lane 3 and 4 Purified protein

Immunization of rabbits and purification of antibodies: Polyclonal antiserum against the purified
recombinant CP was prepared by immunizing New Zealand White rabbits. The IgG was purified from
blood serum by ammonium sulphate precipitation method and adjusted to 1.0 mg/ml by
spectrophotometry (Clark et al. 1986).

The recombinant CP IgG-enzyme conjugate was prepared by glutaraldehyde conjugation method
(Avrameas 1969) with modifications.

Sensitivity and specificity of ELISA kit: Titre of the recombinant CP IgG was determined by checker
board method using different dilutions (1:500, 1:800,
1:1600, 1:3200) of recombinant CP IgG and recombinant
CP IgG-enzyme conjugate in DAS-ELISA. The sensitivity
and specificity of the recombinant CP ELISA kits were
compared with conventional ELISA kit based on purified
virus particles by DAS-ELISA using randomly collected
field samples. Absorbance values were read at 405 nm after
30 min of incubation. The samples showing absorbance
value twice that of healthy sample were considered as
positive. The PVYO-CP IgG and PVX-CP IgG could detect
the PVY and PVX infected samples up to 1:3200 dilutions
and 1:1600 dilutions, repectively. Whereas, the titre of the
ToLCNDV-potato IgG was very less (1:100). The PVYO-
CP and PVX-CP ELISA kits were evaluated for its
specificity using randomly collected field samples by DAS-
ELISA. The recombinant coat protein based ELISA kits
were as effective as conventional ELISA kits (Table 2, Fig.
4) and showed consistent results. RT-PCR assay results

Fig. 4. Dot blot analysis of potato samples using
PVX coat protein-IgG. Lane 1-11. Unknown
samples, Lane 12. Healthy sample, Lane 13.
PLRV, Lane 14. PVY (Nicotiana glutinosa), Lane
15. PVA, Lane 16. PVM, Lane 17. PVX (Potato),
Lane 18. PVX (Potato), Lane 19. ToLCNDV-
potato, Lane 20. PVX (Nicotiana glutinosa)
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Table 2: Comparison of sensitivity of PVYO-CP ELISA kit with PVYO ELISA kit by DAS-ELISA

S.No. Sample                                           ELISA kit*

PVYO-CP PVYO

1. Nicotiana glutinosa (Positive control) 0.871(+) 0.722(+)
2. Variety Green Mountain 0.071(-) 0.080(-)
3. Kufri Chipsona 1 0.105(-) 0.107(-)
4. Potato variety Saco 0.068(-) 0.075(-)
5. Kufri Bahar 0.062(-) 0.091(-)
6. Kufri Bahar 0.078(-) 0.097(-)
7. Kufri Pukhraj 0.255(+) 0.280(+)
8. Kufri Pukhraj 0.071(-) 0.095(-)
9. Kufri Jyoti 0.062(-) 0.081(-)
10. Kufri Pukhraj 0.048(-) 0.041(-)
11. Kufri Jyoti 0.426(+) 0.580(+)
12. CP1874 0.063(-) 0.064(-)
13. CP3166 0.098(-) 0.064(-)
14. Kufri Chandramukhi 0.184(+) 0.172(+)
15. Kufri Surya 0.150(+) 0.187(+)
16. Craig’s Defiance 0.078(-) 0.046(-)
17. Craig’s Defiance 0.086(-) 0.047(-)
18. Kufri Sadabahar (Tissue culture plant) 0.062(-) 0.038(-)
19. Kufri Sailaja (Tissue culture plant) 0.098(-) 0.096(-)
20. Kufri Bahar (Tissue culture plant) 0.094(-) 0.089(-)
21. Kufri Surya (Tissue culture plant) 0.059(-) 0.054(-)
22. Kufri Chandramukhi (Tissue culture plant) 0.053(-) 0.061(-)
23. Kufri Jyoti 0.867(+) 0.908(+)
24. Kufri Badshah 0.277(+) 0.308(+)
25. Healthy control 0.061 0.062
26. Buffer control 0.057 0.048

*Absorbance values at 405 nm after 30 min of incubation
(+)- Positive (-)-Negative

using CP gene specific primers also confirmed that they reacted only with the infected samples and not
with healthy plant sap.

Standardization of agro technique for production of minitubers and their supply to chain partners:
The advent of modern techniques of micropropagation ensure enhanced multiplication rate in the initial
stage of seed production, reduce field exposures and assures better seed quality. Production of quality
seed through micropropagation involves production of microplants in vitro and production of mini
tubers from these microplants under insect proof net houses. Although there is a standard protocol for
the production of microplants in vitro but there is need to standardize the agrotechnique for production
of mini tubers under net house. Full potential of any technology can only be realized if down the line
required technologies is also standardized. Among several factors which influence the production of
minitubers, standardization of agrotechnique, particularly growing media, nutrient management and
plant density, are some of the main factors. Keeping this in view several experiments were conducted
to standardize the agrotechnique for the production of mini tubers under net house (Fig. 5(a), 5(b).

A critical stage in plant tissue culture is the interim phase between laboratory and field condition.
21-25 days old in vitro microplants were transferred to portrays filled with peat moss and kept in
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hardening chamber at 27-28oC for three different durations (5, 10 and 15 days). These hardened
microplants were then transplanted under net house. The study revealed that hardening for 10 to 15
days ensured higher survival (96.7 per cent) of tissue cultured plants under net house (Table 3, Fig. 6).

Table 3: Hardening of micro plants
Treatment                                                         Survival % Mean

2009-10 2010-11

5 days hardening 91.2 92.0 91.6
10 days hardening 97.0 96.4 96.7
15 days hardening 95.8 95.1 95.5

Fig. 5(a) Micro plant in tubes Fig. 5(b). Hardening and Net  Fig. 5(c). Potato washing grading line
house facilities

Performance of microplants for the production of mini
tubers under net house was best when microplants were
planted in vermicompost + soil (2:1) at spacing of 30x10
cm and NPK applied @ 8:7:6 g/m2.

Standardization of bioreactor technology for mass
production of microplants and microtubers : As
against 7 varieties originally planned in the project,
germplasm of 8 processing potato varieties namely, Kufri
Jyoti, Kufri Lauvkar, Kufri Surya, Kufri Sadabahar, Kufri
Chipsona 1, Kufri Chipsona 3, Kufri Cipsona 4 and Kufri
Frysona was collected from CPRI. Single node segments
excised from the actively growing shoots were used as
the explant. These were washed variously with detergents such as Teepol, Savlon, etc., and
subsequently, surface sterilized with sterilants such as Sodium hypochlorite, Mercuric chloride, etc.
at different concentrations for various durations. The optimized procedure for culture initiation
was as follows:

 Rinsing the nodal segments with 70% ethanol for 5 sec

 Washing with Teepol + Savlon for 4-7 minutes depending on the softness/hardness of the tissue

 Treating the explants with 0.2% bavistin for 5 min

 Surface sterilization with 0.05% HgCl2 for 3-4 minutes for softer explants and 5-6 min for harder
explants followed by 3 washings with sterile distilled water

 Thereafter, the nodal segments were cultured in initiation medium for bud break

Fig. 6. Hardening of micro-plants
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Use of Bavistin prior to surface
sterilization reduced the percentage of
fungal infected cultures to less than 5%.
The percentage of aseptic cultures
showing bud-break varied between 33 –
70% depending upon whether the mother
plants were grown in open or under
protected conditions. The frequency of
aseptic cultures showing bud-break was
found to be independent of the varieties.
Fresh cultures of the above-mentioned
varieties were raised each year as once
the cultures become older, there is a
decline in vigour and also with increase
in number of passages, the cultures
become more prone to somaclonal variations (Fig. 7).

After initiation, the samples were screened
(virus indexed) through Direct ELISA/DAS-
ELISA for six different potato viruses namely,
Potato virus A, Potato virus Y, Potato virus S, Potato
virus X, Potato virus M, and Potato Leaf Curl virus.
Irrespective of the variety, all cultures were free of
PVX and PLRV. Some of the samples were infested
with multiple viruses. In certain cases e.g., Kufri
Chipsona 4 all the cultures were found to be
infected with some or the other virus and therefore,
had to be re-initiated (Fig. 8)

In order to standardize the process of shoot multiplication, effect of various growth regulators
benzylaminopurine (BAP), gibberellic acid, sucrose, ancymidol, calcium nitrate, calcium pantothenate,
and other factors such as shoot density, light intensity on shoot multiplication and quality were studied
(Table 4).

Fig. 7 Micro-plant under asceptic condition

Fig. 8. ELISA for six different potato viruses

Table 4: Shoot multiplication rates in different varieties

S. No. Variety Shoot multiplication Rooting Remarks
rate frequency

1. Kufri Surya 4.2 100% Shoot multiplication and rooting fully
2. Kufri Sadabahar 4.8 optimized in all the varieties

3. Kufri Lauvkar 5.5

4. Kufri Chipsona-1 3.2

5. Kufri Chipsona-3 4.3

6. Kufri Frysona 4.7

7. Kufri Chipsona-4 3.5 - 4.0

8. Kufri Jyoti 2.0 - 2.5 95 – 100% Multiplication rate is relatively low and
not very consistent; also the shoots are
relatively thinner
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The clonal fidelity of tissue cultured plants was established using molecular markers. For this,
procedures for DNA isolation were optimized. ISSR – UBC primers were screened for their suitability
to amplify DNA in various potato varieties (Fig. 9-10).

Molecular studies have confirmed the clonal uniformity of tissue cultured plants; however, in Kufri
Surya and Kufri Jyoti polymorphism was observed in the parental material.

Conditions for production of microtubers in stationary cultures were successfully optimized with
the objective of establishing leads to produce them in a bioreactor.

Design of the bioreactor was a major challenge. Once the bioreactor was operationalized,
microbial contamination became a major impediment in multiplication of shoots in the bioreactor.
This problem was overcome without the use of antibiotics because under in vitro conditions
antibiotics often do not provide a reliable and fool-proof solution to the contamination problem.
Success has been achieved in multiplying shoots inside the bioreactor in case of five varieties
namely Kufri Sadabahar, Kufri Lauvkar, Kufri Chipsona 1, Kufri Chipsona 3 and Kufri Frysona,
and producing microtubers of Kufri Frysona, Kufri Chipsona 1 and Kufri Chipsona 3 (one occasion)
Fig. (11-12 & 13(a)).

Fig. 10. ISSR profile in Chipsona-1 with UBC 812 primerFig. 9. Polymorphism (genetic variation)
in parental material K. Surya as detected
by using UBC 842

Fig. 11. Micro-tubers production Fig. 12. Micro-tubers production
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Transfer of technology for establishment of tissue culture facility by chain partners: Two months
training was imparted to one person each from M/s Bhatti Farms, Jalandhar and M/s Shivalik seeds and
Ware Housing Ltd, Meerut on tissue culture technique during 2009 at CPRI Campus, Modipuram,
Meerut. Further onsite help and guidance was extended in developing the full-fledged TC lab at M/s
Bhatti Farms, Jalandhar including development of project report (Fig. 13(b) & 13(c). The facility was
operationalized for generating quality plating material and onward distribution to the farmer groups.

Fig. 13(a). Micro-plants and tuberization in Bioreactor

Fig.13(b). Tissue culture facility at Bhatti Farms,
Jalandhar

Fig.13(c). Tissue culture facility at M/s Shivalik
Seeds at Meerut (UP)

Outputs: As envisaged in the project technical profile the portable virus detection kits for major viruses
were made available and bioreactor technology for production of mini-tubers was standardized. However,
bioreactor technology needs to be scaled up for mass production.

Outcome

Establishment of full-fledged tissue culture facilities including net houses and development of
dipstick assay kits for detection of viruses in the field has ensured quality seed production. Apart from
CPRI and its regional stations, full-fledged tissue culture facilities are in place at M/s. Bhatti Farms,
Jalandhar and M/s Shivalik Seeds, Meerut. These firms are actively involved in production and supply
of quality seed of various varieties viz. Kufri Frysona, Kufri Surya, Kufri Pukhraj, and Kufri Himsona
etc. across the segments of processing / specialty to potato growers.

(ii) Processing Component

Standardization of production technology for French fry potatoes

Field studies were taken up to optimize the macro-nutrient and planting geometry requirements of
French fry variety Kufri Frysona under flood irrigation system. Fertilizer dose of 270 N + 80 P2O5 +
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150 K2O kg ha-1 was found optimum for getting better French fry grade and total tuber yield (Table 5).
Processing quality traits viz., specific gravity, tuber dry matter content and French fry colour remained
in acceptable range at this level of nutrition. This treatment was also better for long term (165 days)
maintenance of French fry quality of Kufri Frysona in storage with CIPC. Work on calcium nutrition
(source as gypsum) indicated that French fry grade and total tuber yield increased by 21.3, and 18.1%,
respectively at 100 kg Ca ha-1. Results indicated that increase in row to row spacing from 20 to 25 cm,
resulted in significantly higher French fry grade, total and net tuber yield and crop geometry of 67.5 x
25 cm was found optimum. Depth of planting was also standardized i.e. 10 cm for this variety for
higher productivity and avoiding losses due to greening. Production technology was finalized for this
cultivar.

Kufri Frysona should be planted during 15-25 October with crop geometry of 67.5 × 25 cm (59,300
plants, seed size 50-60 g) for realizing higher French fry grade (> 60%) and total tuber yield. Seed
should be placed at 10 cm depth for avoiding greening and fertilizer dose of 270 N + 80 P2O5 + 150
K2O kg ha-1 is optimum under flood irrigation. Half N should be band placed at planting and half at
earthing through soil application. Ca nutrition (100 kg Ca ha-1) is also beneficial for this variety. Inter-
cultivation should be followed by earthing up at 20-25 days to avoid greening of tubers.This variety
takes about 110-120 days for chemical maturity and harvesting should be done 10-15 days after haulm
killing to have proper skin setting.

Table 5: Effect of fertility regimes on French fry grade and total tuber yield (t ha-1) of variety Kufri Frysona

Fertility Levels (kg ha-1) French fry grade Total tuber
tuber yield yield

270 N + 80 P2O5 + 150 K2O 15.7 37.3
252 N + 80 P2O5 + 150 K2O & 2% spray of urea at 60 & 80 days 13.8 38.1
338 N + 80 P2O5 + 188 K2O 14.9 37.8
320 N + 80 P2O5 + 188 K2O & 2% spray of urea at 60 & 80 days 12.8 38.1
LSD0.05 NS NS

Production technology for variety Kufri Frysona under micro- irrigation systems

Water requirement of Kufri Frysona was standardized under micro-irrigation systems. In drip
irrigation, highest and significantly better French fry grade tuber production (31.4 t ha-1) was observed
with 75% CPE level and this level also improved Fry colour (2.0). In sprinkler irrigation, highest and
statistically superior French fry grade tuber yield (30.2 t ha-1) was achieved with 125% CPE treatment
(Fig. 14), which also had best fry colour (2.0).

Fig. 14. Influence of water levels on French fry colour (FFC) of variety Kufri
Frysona under micro-irrigation systems
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Nitrogen, phosphorous and potassium requirements of cv. Kufri Frysona under drip and sprinkler
irrigation systems was also optimized. Economic optimum doses of nitrogen (241.8 kg N ha-1),
phosphorous (45.9 kg P2O5 ha-1) and potassium (120.7 kg K2O ha-1) were worked out for this variety
under micro-irrigation systems. Quality parameters like specific gravity and fry colour were also better
with this N- P- K level.

French fry quality and related attributes under laboratory conditions: The advanced hybrid MP/
98-71 and two varieties namely Kufri Chipsona-1 and Kufri Surya were evaluated for French fry quality
at harvest and after 90 days storage at 10-12oC with CIPC (Isopropyl-N-(3-chlorophenyl) carbamate).
Hybrid MP/98-71 showed highest solid content and Hunter colour values as compared to both the
controls. French fry colour, dry matter, reducing sugar, sucrose and phenol contents studied revealed
that storage of tubers of hybrid MP/98-71 with CIPC (10-12oC) gave promising results.

Studies on chemical maturity of identified hybrid for French fry indicated that mean French fry
colour was acceptable at all the three harvests (90, 100 and 110 days) in Kufri Surya and Kufri Chipsona-
1. However, in hybrid MP/98-71, the French fry colour was acceptable at 100 and 110 days of maturity
and onwards. Specific gravity, a more sophisticated indicator of tuber dry matter content indicated
acceptable specific gravity (>1.080) in all the three varieties. The effect of maturity and interaction
between variety and maturity were non-significant. It was observed that dry matter is positively correlated
with specific gravity.

Industrial testing of varieties/hybrids for French fry production: Industrial testing carried out at
M/s Satnam Agrotech, Jalandhar indicated that hybrid MP/98-71 produced superior quality French
fries than varieties Kufri Chipsona-1 and Kufri Surya. This hybrid also showed higher yield and better
quality as compared to presently used Indian varieties Kufri Chipsona-1 and Kufri Surya (Table 6).
Kufri Frysona (hybrid MP/98-71) produced attractive white skinned, oblong to long shaped tubers
with shallow eyes and white flesh. Tubers did not show knobbiness as in Kufri Chipsona-1 (Table 7).

Table 6: Test Report (Lab testing) at Satnam Agri-products Ltd. Jalandhar

Varieties SVPUA&T, Babugarh Bisoli Farrukhabad Sadabad CPRIC
Meerut Ghaziabad Badaun Agra Modipuram

Total Solids (%)
MP/98-71 20.5 21.5 24.0 22.0 25.0 21.3
K.Chip-1 19.0 21.0 20.0 21.5 24.5 21.1
K.Surya 17.5 18.0 18.5 17.5 21.0 19.5

French Fry Acceptability
MP/98-71 Very good Very good Very good Very good Very good Very good
K.Chip-1 Good Good Good Good Good Good
K.Surya UA UA UA UA UA UA

UA=unacceptable

The industrial testing showed the superiority of this hybrid over controls for French fry sensory
characters like taste, texture and colour.

Commercial processing of variety Kufri Frysona for French fries: Commercial testing of Kufri
Frysona was done in three lots from three farmer’s fields at M/S Mc Cain Foods India Pvt. Ltd. Mahesana
(Gujarat). A total of 53 tones of potatoes of Kufri Frysona after 3 months of storage were processed into
French Fries (Fig. 15) Tuber dry matter (solid %) ranged from 21-23%; 70-86% tubers were of 75 mm
size with acceptable internal/external defects and maintained excellent French fry color and other
quality parameters required by M/S McCain Foods India (Table 8).
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Standardization of harvesting and handling methodology of French fry potatoes: Experiments
were conducted on tuber damage during handling and transport. For the tests, a special device was
fabricated where a mild steel bolt with hexagonal head was dropped with energy of 0, 635J, 1,270 J and
1.905 J on 30 tubers of each variety (Fig. 16). These drops were equivalent to dropping of 200 g tuber
from height of 32.5 cm, 65 cm and 97 cm. Damaged tubers were dipped into 2% catechol solution for
10 minutes and allowed to dry. After droping number of small (<15 mm), medium (15-25 mm) and
large cracks (> 25 mm) were counted (Fig. 17). Based upon these results safe drop height of tubers was
finalized.

Based on experiments on assessment of tuber damage during harvesting and handling, varietal
susceptibility to external impact etc. Protocol for handling of French fry grade potatoes was developed.
It comprises of-

Table 7: Industrial testing of the hybrid (M/s. Satnam Agro-Industries, Jallandhar)

Characters MP/98-71 Kufri Chipsona-1 Kufri Surya

Tuber Shape Oblong Oval to Oblong Oblong
Flesh Colour Off White Off white Yellow
Size 75-100 mm 72-90 mm 72-102 mm
Sugars Trace Nil Nil
Total Solids 21% 20% 19%
Remarks After deep frying, texture After deep frying, the texture After deep frying, oil soaking

good, no oil soaking, crispy, was good, no oil soaking, was observed, not crispy,
breaks in two, no soggingness crispy, breaks in two, no soggingness observed within
observed up to 3 minutes. soggingness observed up to 3 minutes. Although tuber size
Tuber size and shape most 3 minutes. Tuber size appropriate, but not suitable
suitable for fries. Highly appropriate, good for French for French fries.
acceptable and most suitable fries.
for French fries.

Table 8: Performance report Kufri Frysona at M/s Mccains facility after 3 months of Storage (2012-13)

Farmer Wt. kg Solid          Length Sizing mm %             Defects %         USDA Fry Colour
% <50 >50 >75 >90 Ex. Int. 0 1 2 3 4 Sugar

Defects Defects End

Vadibhai 16,442 21.1 1 99 82 59 5.8 0.9 17 2 1 0 0 1
Meghnam 21,375 21.5 1 99 86 61 4.9 0.2 18 1 1 0 0 1
Meghnam 15,862 22.7 3 97 71 37 8.3 0.7 19 1 0 0 0 1

Fig. 15. French Fries produced by commercial processing
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 Stopping of irrigation 8-10 days before haulm cutting so that soil has enough moisture at the time
of harvesting and there is no formation of soil clods.

 Removal of the haulms when crop is fully mature and start digging only after 10-15 days so that
tuber skin is fully mature at the time of harvesting and heap making.

 Adjustment of digger blade 4-5 cms below the tuber zone so that there are no cut potatoes

 Adjustment of forward speed of potato digger to have good soil separation and minimum direct
impact of tubers on elevator web

 Use of plastic trays for tuber handling.

 Making of potato heap on soft surface, by cushioning with 10 cm straw (paddy or locally available
material) or 15 mm thick soft perforated rubber

 While making heap drop height should never be more than 15 cm on hard surface and 60 cm on
cushioning material

 Before sending to processing plant or cold storage tubers should be cure at least for 8-10 days in
heaps.

 Use of padding materials between potatoes and metallic surfaces (floor and side walls) during
transportation from farm to factory/cold storage

Determination of Acrylamide content in French Fries: Acrylamide, classified as a Group 2A
carcinogen (that is, probable human carcinogen), has been detected in common foods, such as potato
crisps and French fries. Since potato French fries have been reported to contain high quantities of
acrylamide, its determination in Indian potato varieties is important due to health concerns. For doing
so, a method was standardized for acrylamide estimations from French fries using HPLC. Freshly
harvested tubers of all the Indian potato varieties were used in the study. The reducing sugar concentration
was analyzed in the tubers which were then processed for making French fries. The colour grading (on
1-10 scale of increasing dark colour) was done and the French fries were sampled for acrylamide
determination in different grades as per the standardized procedure.

The concentrations of acrylamide were observed to be minimal in processing varieties viz., Kufri
Chipsona-1, Kufri Chipsona-2, Kufri Chipsona-3, Kufri Himsona and Kufri Frysona (63-101 mg/kg).
These varieties also contained lower concentrations of reducing sugars in the tubers and had lighter
colour of fries. The varieties like Kufri Chandramukhi, Kufri Surya and Kufri Badshah, which are
presently being used for processing into French fries at commercial scale, had moderate concentrations
of acrylamide (98 to 194 mg/kg) and intermediary colour scores (5.3 to 6.3). However, the varieties,

Fig. 16. Device for impact damage studies
Fig. 17. Tuber cracks developed by bolt impact
from 30, 60 and 90 cm height



33

which are generally considered unsuitable for processing viz., Kufri Arun, Kufri Anand, Kufri Giriraj,
Kufri Ashoka, etc. contained significantly higher concentrations of acrylamide in them (364 to 3686
mg/kg). The correlations between acrylamide content and colour score and with reducing sugars
concentration were positive. The results revealed that dark colour formation in French fries is not only
disliked by the consumers, but can also be a threat to health due to formation of high levels of acrylamide
in such French fries (Fig. 18).

Fig. 18. Acrylamide content (µg/kg wt) in French fries of some Indian potato varieties

French fry quality and related attributes
during long-term storage of French fry grade
potatoes: A field study was conducted during the
years 2009-10 and 2010-11 at CPRIC,
Modipuram in main crop season with
recommended package and practices. The
varieties Kufri Chipsona-1, Kufri Surya and the
hybrid MP/98-71 were harvested at 90, 100 and
110 days, respectively. After planting, the tubers
of above varieties were stored at 12-14oC for six
months coupled with two CIPC fogging
applications. The tuber samples were drawn at
monthly intervals and evaluated for French fry
quality parameters. The biochemical parameters
were studied till 150 days and French fry quality
parameters till 180 days of storage.

French fry colour (Visual): During the years 2009-2013, French fries prepared from the hybrid MP/
98-71 (Fig. 20) and controls (Kufri Chipsona-1 and Kufri Surya) after storage were scored for colour,
subjectively on the scale of 1-10, where 1 is considered highly
acceptable colour and 10 highly unacceptable. Mean of French
fry color indicated that during different sampling stages starting
from 0 to 180 days hybrid MP/98-71 gave promising results
(acceptable French fry colour (<4.0) (Fig. 19).

Five potato varieties viz. Kufri Chipsona-1, Kufri Chipsona-
3, Kufri Surya, Kufri. Frysona and Kennebec were also

 Fig. 19. French fry colour at different days of storage

Fig. 20. French Fry of (A) Kufri Surya (B)
Kufri Frysona
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evaluated under similar conditions for six months at CPRS, Jalandhar. Results indicated that fries of
Kufri Frysona had minimum of oil content (Table 9).

Reducing sugars: Reducing sugar content was minimum in Kufri Chipsona-1 at zero day while it was
statistically at par in hybrid MP/98-71 and Kufri Surya during the first year of experiment (2009-10).
The hybrid MP/98-71 gave acceptable
reducing sugar content up to 120 days of
storage. Whereas, in second year of
experiment (2010-2011), reducing sugar
content increased from zero to 60 days of
storage. The reducing sugar content was
significantly affected by variety, storage
duration and the interaction between the two
during both the years of experiment.
Sampling at 30 days of storage, in second
year of experiment (2010-11) indicated
abrupt increase in reducing sugar content in
variety Kufri Chipsona-1. The hybrid MP/
98-71 was found suitable for long term storage (> 3 months and up to 5 months) with respect to
reducing sugars when compared with controls (Fig. 21).

Sucrose: During first year of experiment (2009-10), duration of storage indicated significant effect on
the sucrose content of potato tubers. However, the effect of variety and interaction between variety and
days of storage was non-significant. The sucrose content (chemical maturity) of all the three variety
hybrids was at par at ‘0’ day of storage. The mean values of sucrose content came down to almost 50%
at ‘60’ days and then shot up at ‘180’ days of storage. During next year of experiment (2010-2011),
reverse trend was observed in accumulation of sucrose content where, it increased up to 60 days of
storage. The decrease in sucrose content during first year of experiment at ‘60’ days can either be
attributed to higher respiration rate or reconditioning, since there was no simultaneous increase in
reducing sugar content.

Glucose content: The hybrid MP/98-71 maintained glucose content of <15.0 mg/100 g fresh weight
till the last sampling at 150 days during first year of experiment (2009-10). Similarly in second year
(2010-11) the glucose content was well below the acceptable limits.

Dry matter: Hybrid MP/98-71 had highest mean dry matter content during both the years of experiment.
The same hybrid showed highest dry matter when harvested at 120 days of maturity. Similar results
were observed at all sampling stages at CPRS, Jalandhar (Fig. 22).

Table 9: Oil content (%) of French fries prepared from potato varieties stored at 10-12 oC with CIPC

Variety/hybrid                 Storage period (days) Mean

0 60 90 120 150 180

Kufri Chipsona-1 12.6 9.9 10.9 11.4 14.7 19.8 13.22
Kufri Chipsona-3 12.5 10.5 11.5 11.2 13.9 19.7 13.22
Kufri Surya 10.5 11.1 11.5 11.7 12.8 20.0 12.93
Kufri Frysona 11.0 10.1 11.2 11.1 11.8 15.3 11.75
Kennebec 11.5 10.5 11.1 11.2 13.4 16.8 12.42
Mean 11.62 10.42 11.24 11.32 13.32 18.32

Fig. 21.  Reducing sugar content at different days of storage
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Phenols: The phenol content increased in hybrid MP/98-71 at ‘30’ days and in controls at ‘60’ days.
Subsequently phenol content came down at ‘90’ days and were maintained till the end of storage period
in Kufri Surya, but no clear cut pattern was observed in hybrid MP/98-71 and Kufri Chipsona-1. Similar
trend was observed for accumulation of phenol content at zero day of storage in second year of
experiment.

Correlation between reducing sugars, sucrose contents and French fry colour at different durations of
storage during reconditioning

Tubers stored at 10-12°C treated with CIPC were withdrawn at 120, 150 and 180 days after storage
and reconditioned at 18 °C in BOD incubator. French fry colour, reducing sugar and sucrose were
analysed after one and two weeks. Analysis from 120 to 180 days after one and two weeks showed no
clear trend in reconditioning behavior with respect to French fry colour in Kufri Frysona at different
days of storage (Fig. 23). Reducing sugar content was in acceptable range in first week and second
week of reconditioning in tubers withdrawal after 120 days storage.

Nutritional attributes of potatoes: Variations in the
contents of antioxidants namely, ascorbic acid and
phenols were estimated in French fry varieties harvested
at different maturity levels and during subsequent
storage at 12oC. changes in enzymatic browning and
protein contents were also determined. Polyphenols
along with carotenoids contribute to antioxidant capacity
of potatoes. Kufri Surya was identified as the antioxidant
rich variety when harvested at different stages of
maturity (70-100 days after planting) and during storage
at 12oC. Kufri Surya contained mean maximum phenol
contents among 6 varieties when harvested at different
maturity dates between 70-100 days and after 100+20
days of skin curing (Fig. 24).

Highest mean contents of carotene were recorded
in Kufri Surya (100 ug/100g fresh weight) which were
almost double than the rest of five varieties (32.6-56.4
ug/100g fresh weight).

Phenol content increased during storage in five
varieties with mean maximum contents (63.3 mg/100g

Fig. 23. French Fry colour during
reconditioning

Fig. 22. Dry matter content at different days of
storage

Fig. 24. Total Phenol and Total Carotene content in
potatoes at different maturity dates of harvest
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fresh weight) recorded in cv. Kufri Surya. Kufri Surya recorded the mean maximum Vit-C contents
(15.13 mg/100g fresh weight) over the storage period up to 180 days at 12oC (Fig. 25).

Fig. 25. Total Phenol and Vitamin C content in potatoes at different storage days

Texture of cooked potatoes

Texture of boiled and baked potatoes was analysed
with TA.HD plus Texture Analyser (Stable
Microsystems, UK) using reversible blade. Microwaved
potatoes were more firm compared to boiled ones
(Fig. 26-27). Out of six varieties evaluated for texture,
potatoes of Kufri Surya, recorded maximum firmness
when cooked by both the methods after 120 and 150
days of storage at 12oC.

An attempt has been made in past two years by
involving farmer’s group in association with associate
partner M/s. McCains Food India Pvt. Ltd, Mahesana
(Gujarat) to popularize Kufri Frysona in the state of
Gujarat. The institute provided technology and seed to
the farmer groups and McCain. They have multiplied
the variety and M/s McCains did on line testing based
on two years extensive testing M/s McCains has approved this variety for French fry making.

Fig. 26. Texture of potatoes after 120 and 150 days
of storage at 10-12oC as affected by cooking
method

Fig. 27. Texture Analyser for quantification of boiled and baked potato texture
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Outputs: India’s first variety for French fry “Kufri Frysona” has been developed through this project
which has higher productivity, higher proportion of French fry grade potatoes and is superior to existing
varieties in terms of processing quality both in lab and industrial tests. This variety has better adaptability
in Indian conditions in comparison to exotic genotypes. Owing to its better productivity and processing
quality it is fast catching up with the industry.

Outcome: The French fry industries namely M/s McCain Foods India Pvt. Ltd., and M/s Simplot India
Pvt. Ltd are already multiplying seed of Kufri Frysona at commercial scale in Gujarat and they are
procuring raw material from farmers at a premium through buy back arrangements. The economic
analysis showed that net returns in cultivation of French fries potatoes was Rs. 145,330/ ha against Rs.
113,852/ ha for general potato. The B-C ratio in the cultivation of French fries potatoes was 2.19
against 2.05 for general potato. This has made French fry value chain highly sustainable and growth
oriented in India.

(iii) Specialty Component

Production technology for ‘antioxidant rich potatoes’, ‘salad potatoes’ and ‘baby potatoes’

Antioxidant rich potatoes (Kufri Surya)

Planting technique was worked out for drip and sprinkler irrigation systems for the ‘specialty potato
segment’ and results revealed that marketable tuber yields in bed planting of two rows (22.6- 43.8 t ha-1)
or three rows (23.5- 38.9 t ha-1) were better in comparison to conventional ridge- furrow system (24.1-
34.8 t ha-1) under drip and sprinkler irrigation systems. In early crop, field studies were taken up to
optimize the macro-nutrients requirement and planting geometry of variety Kufri Surya. Better
marketable and total tuber yield were observed at 240 N + 60 P2O5 + 100 K2O kg ha-1 for this cultivar.
Three planting geometry (60x 20, 45x 20 and 60x 15 cm) were tested and significant improvement in
marketable (16.6 t ha-1) and total tuber yield (18.1 t ha-1) was recorded with 45x 20 cm crop geometry
in comparison to conventional (60x 20 cm) system. Field experiment involving root zone calcium
application indicated that moderate doses of Ca (100 kg ha-1) in the form of gypsum improved marketable
tuber yields (13.5-30.3%) depending upon cultivars. Improvement in Ca content of tubers (specifically
in external tissues) by 6.9- 89.3 %, was recorded depending on the potato varieties. Production
technologies were fine-tuned for variety Kufri Surya.

In plains, raise Kufri Surya in second fortnight of September as early crop (60- 65 days) and it
should be planted in first week of October as main crop (75- 90 days). Fertilizer dose of 240 N + 60
P2O5 + 100 K2O kg ha-1 is applied and N is given in two equal splits i.e. first at planting and other at 20-
25 days, whereas, all phosphorous and potash is applied at planting. Reduce 25-30% fertiliser in drip
and sprinkler irrigation. Use of Calcium (100 kg Ca ha-1 through gypsum) at planting is beneficial as it
improves tuber yield and quality. Spacing of 45 cm between rows, 20 cm for plant to plant and depth of
7.5-10 cm is optimum for early crop. In flood irrigation, apply water at an interval of 6-7 days in light
and 8-10 days in heavy soils. Irrigation should be stopped 8-10 days before haulm cutting. Under drip
and sprinkler irrigation, planting on raised bed of 132 cm width and 17-18 cm height with 2 or 3 rows
should be followed. In micro- irrigation, water is applied on alternate days (drip) or twice a week
(sprinkler) based upon cumulative pan evaporation of a place. Kufri Surya yields around 17-20 t ha-1 in
early season, while it has potential of 35-40 t ha-1 in main crop.

Salad potatoes (Kufri Pukhraj and Kufri Sindhuri)

These varieties were evaluated in SPD for three crop durations (60, 75 and 90 days) in main plot
and three fertility levels (33, 66 or 100% of recommended NPK levels) in sub-plot. Kufri Pukhraj
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produced markedly higher salad tuber yield (25.2 t ha-1) in comparison to Kufri Sindhuri (20.6 t ha-1)
and ninety days crop duration was adjudged the best. NPK levels could be reduced by 33% of
recommended doses (180 N + 80 P2O5 +100 K2O kg ha-1) of the region for achieving optimum yield
and production technologies were compiled for these varieties.

Plant salad potato crop within second fortnight of October when maximum day temperatures are
around 30 (± 2) oC and follow spacing of 60x 20 cm and depth of 7.5- 10 cm in ridge furrow system.
Fertilizer doses of 180 N+ 80 P2O5+ 100 K2O kg ha-1 is optimum for better ‘salad grade tubers’. Nitrogen
is given in two equal splits i.e. first at planting and other at 20-25 days, whereas whole phosphorous
and potash is applied at planting. Irrigation is done at an interval of 6-7 days in light and 8-10 days in
heavy soils and it is stopped 8-10 days before haulm cutting at ninety days. Under drip and sprinkler
irrigation planting on raised bed of 132 cm width and 17-18 cm height having 2 or 3 rows should be
followed. Reduce 25-30% fertiliser in micro-irrigation owning to better utilization efficiency. Water is
applied on alternate days (drip) or twice a week (sprinkler) based upon cumulative pan evaporation.
Kufri Pukhraj yields about 28- 30 t ha-1 of salad grade and 38- 40 t ha-1 of total tubers. Kufri Sindhuri
maintains productivity around 25-26 t ha-1 salad grade and 30-35 t ha-1 total tubers.

Baby potatoes (Kufri Himsona and hybrid HT/03-704)

Studies revealed that variety Kufri Himsona was superior for baby potatoes with dry matter content
of 17.2- 17.7% (<18%) and better yields (8.9 t ha-1) in comparison to Kufri Lauvkar, Kufri Chipsona-
1 and Kufri Chipsona-2, when raised for 60 days crop duration. Nutrient requirements of Kufri Himsona
were 25% of recommended NPK levels (270-80-150 kg ha-1) for processing varieties with 60 days
duration under micro-irrigation systems. Evaluation of two crops of ‘baby potatoes’ in a season revealed
that hybrid HT/03-704 achieved statistically better baby grade tuber number (812 ‘000’ ha-1) that also
tended to improve baby grade yield (11.5 t ha-1) in main season. While in late season, Kufri Himsona
recorded statistically higher baby grade tuber yield (7.07 t ha-1) and maximum total baby grade tuber
yield of both crops (18.5 t ha-1) was with hybrid HT/03-704 and cv. Kufri Himsona raised consecutively
(Fig. 28). Hybrid HT/03-704 retained acceptable tuber dry matter (16.9 to 17.8 %) and glycoalkaloid
contents were very low (3.5±0.2 mg 100g FW-1) which were comparable to Kufri Himsona (2.8±0.2
mg) and much below the acceptable limit of 20.0 mg 100g FW-1. Production technologies were finalized
for baby potatoes.

Fig. 28. Total baby grade tuber yield (t ha-1) of main and late season crop

Two crops of sixty days should be raised in a season for getting maximum profits by adjusting
planting time. Maintain planting depth around 10 cm to avoid greening of tubers. Stop irrigating crop
10-12 days before harvest, so that fine skin sets in. Harvesting may be completed within 2-3 days after
haulm cutting. With this intervention, tubers can easily be utilized for a week period as fresh or for
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preservation in processing industry. Spacing of 67.5 cm between rows, 15 cm for plant to plant and
depth of 7.5- 10 cm in ridge furrow system is advised. In drip and sprinkler irrigation planting on raised
bed of 132 cm width and 17-18 cm height having 3 rows (planting geometry: 44 x 20 cm) should be
followed. Fertilize crop with 68 N + 20 P2O5 + 38 K2O kg/ ha. Nitrogen is given in two equal splits i.e.
first at planting and other at 20-25 days, whereas whole phosphorous and potash is applied at planting.
In flood irrigation, water is applied at an interval of 6-7 days in light and 8-10 days in heavy soils. In
micro- irrigation, water is applied on alternate days (drip) or twice a week (sprinkler) based upon
cumulative pan evaporation of a place.

Development of ‘Indian GAP’ for production of ‘Specialty potatoes’

Series of field and laboratory studies were carried out during 2008-11 on product specific attributes,
evaluation of superior genotypes, production technologies and lesser use of chemicals. As the specialty
potatoes required crop duration of 60-90 days only, lesser crop protection chemicals were required.
This kept chemical residues below their MRL values. Proper post-harvest handling of specialty potatoes
reduced losses and damages while harvesting, during transportation and storage. Grading of antioxidant,
salad and baby potatoes was adopted as per product specifications (Table 10). The results of these
studies inferred that selection of genotypes was indispensable and vital for achieving required quality
of antioxidant, salad and baby potatoes. Further, higher proportion of quality yields were achieved
through optimization and precision production technologies for selected specialty potato varieties, and
this endeavour was able to handle environmental issues to a great extent. Post-harvest handling and
grading of tubers could be done as per the specifications of a product or demand of domestic and export
market. Uniformly graded, defect free and washed specialty potatoes in suitable attractive packing are
likely to bring remunerative prices to potato growers.

Table 10: Tuber traits of identified varieties under different segments of ‘Specialty potatoes’

Tuber traits Antioxidant rich Salad potato (Kufri Baby potato
potato (Kufri Surya) Pukhraj/ Kufri Sindhuri) (Kufri Himsona)

Shape Oblong Uniformly round/ oval Round and uniform
Size 43-65 mm diameter 35-55 mm <40 mm
Eyes Shallow Medium deep Shallow
Skin colour White cream Yellow/ red White cream
Flesh colour Pale yellow Yellow/ creamy Creamy
Texture Waxy Waxy Waxy
Flavour Typical good potato Typical good potato Typical good potato
Dry matter content >18% <18% <18%
Glycoalkaloid content <20 mg 100g FW-1 <20 mg 100g FW-1 <20 mg 100g FW-1

Enzymatic browning Minimum Minimum Minimum

Market survey for awareness demand of specialty potatoes in NCR: A total of 16 potato retail
outlets, 12 French fries outlets and 150 consumers were surveyed by CPRI and UPL for specialty
potato awareness, curiosity to sell this potato and for the estimation of demand in Delhi, Gurgaon and
Noida. Most of the traders/ retailers were aware only about LSG Potato (Low sugar grade potato). Very
few of them (8 -10%) were aware about Salad Potato and only 2-3% were aware about high nutrition
potato. Around 20 -25% were aware about baby potato but conveyed that it was not available in the
market.
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Identification of varieties rich in antioxidant, suitable
for salad and baby potatoes: A total of 13 varieties
representing both table and processing ones and also
belonging to early, medium and late maturity groups were
kept at 2-4 0C storage for 7 months (March to September)
during 2008 and 2009. Samples were drawn at the end of
storage in mid-September when tubers are considered at
the lowest level of antioxidants and evaluated in replicated
sets for ascorbic acid, total phenols and total carotenoids.
Results revealed that Kufri Surya (Fig. 29) performed best
as it retained highest ascorbic acid and carotenoid content
(20.4mg/100g FW and 44.0mg/100 g FW resp.) with
moderate contents of phenols (78.1mg/100g FW).

For improving antioxidants content in tubers macronutrients were tried. Treatments for
macronutrients response were executed in two independent field trials. The results indicated that Kufri
Surya tubers harvested at 60 day could achieve moderate levels of ascorbic acid (11.0 mg 100g FW-1),
maximum phenols (59.9 mg/100g FW-1) and highest tuber dry matter (18.4%) with 240 kg N ha-1.
Application of 240 kg N ha-1 had better tuber yield (9.2 t ha-1), highest total phenols yield (5.5 kg ha-1)
and comparable ascorbic acid productivity (1.01 kg ha-1). Likewise, ascorbic acid and tuber dry matter
were increased significantly by phosphorous and potash nutrients, whereas, total phenols improved
marginally. The highest tuber yield (8.9 t ha-1), compounded yield of ascorbic acid (1.51 kg ha-1) and
total phenols (4.98 kg ha-1) were harnessed with 60 kg P2O5 and 100 kg K2O ha-1.

The findings suggest that macronutrients N, P2O5 and K2O applied @ 240, 60 and 100 kg ha-1,
respectively were most appropriate levels for harnessing optimum antioxidants yield with >18.0 %
tuber dry matter in 60 days early crop of potato variety Kufri Surya.

Status of antioxidants during storage: The antioxidants rich
cultivar Kufri Surya along with Kufri Bahar and Kufri
Chipsona-1 was kept at room temperature and at 10°C for four
months for estimating status of antioxidants at monthly
intervals. Ascorbic acid and carotenoids generally decreased;
decrease being more pronounced at room temperature (Fig. 30).
Reduction in the content of antioxidants on an average varied
from 14-20%. However total phenols generally increased till
60 DAS (days after storage) and then showed a declining trend
at 90DAS. Kufri Surya recorded highest content of ascorbic
acid during storage with a value of 18.8, 15.0, 10.8 and 12.0
mg/100g FW at 30, 60, 90 and 120 DAS respectively at (10°C)
followed by Kufri Bahar and Kufri Chipsona-1 (Fig. 31). Trend
was similar for tubers stored at room temperature. A value of
76.4, 66.1, 53.3 and 43.9 µg/100g FW was recorded during
30, 60, 90 and 120 DAS respectively for total carotenoids in
Kufri Surya at 10°C which was highest in comparison to Kufri
Bahar and Kufri Chipsona-1. Kufri Surya also maintained
higher content of total carotenoids at room temperature as well.

Effect of cooking methods on antioxidants: Results revealed
that antioxidants contents decreased in boiled (15 min.) and

Fig. 29. Anti-oxidant rich potato-Kufri Surya

Fig. 30. Antioxidants in potatoes at
different days after storage (30, 60, 90 and
120) at room temperature and 100C
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baked (4 min.) tubers. However, no definite trend was noticed in the reduction of antioxidants with
respect to the methods of cooking. Generally the variety that was rich in antioxidants before cooking
also emerged as antioxidant-rich after cooking as well. Among fourteen varieties, Kufri Surya had
highest content of ascorbic acid in its raw tubers (27 mg/100 g FW) which decreased to 15.2 mg/100g
FW after boiling. In boiled potatoes, the ascorbic acid content in Kufri Surya was comparable and at
par with that of Kufri Chipsona-2 which had highest content (15.7 mg/100g FW).

In baked tubers, ascorbic acid in Kufri Surya was 12.7 mg/100g FW which was comparable and at
par with the highest values (13 mg/100g FW) recorded in Kufri Chipsona-1. These trends showed that
Kufri Surya was able to maintain appreciable levels of ascorbic acid during cooking; both boiling and
baking. The content of total carotenoids was also highest in raw tubers of Kufri Surya (121.5 µg/100g
FW) which continued to be the highest after boiling (41.5 µg/100g FW ) and baking as well (49.9 µg/
100g FW ). On the other hand, total phenols were highest in Kufri Himsona (61 mg/100g FW) in its
raw tubers but after boiling it was the highest in Kufri Arun (34.4 mg/100g FW) which was almost at
par with Kufri Himsona (33.9 mg/100g FW). In baked tubers, highest content was observed in Kufri
Arun (30.2 mg/100g FW) followed by Kufri Himsona (27.8 mg/100 g FW). These results indicate that
Kufri Surya was highly superior in ascorbic acid, carotenoids and moderate in total phenols not only in
raw tubers but also after boiling and baking (Fig. 31).

Fig. 31. Antioxidants in potatoes of five prominent varieties in raw, boiled (15 min) and baked
(4 min) state while ® is an average values of the contents of fourteen prevalent varieties
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Specialty potatoes were marketed through retail outlets, super markets etc. in National Capital
Region (Meerut, Ghaziabad, etc., Fig. 32) on a pilot basis. Before marketing pamphlets were developed
and distributed along with packets for creating awareness and popularizing specialty potatoes particularly
antioxidant – rich potatoes. Suitable packing material was identified, labels designed and packets
developed for trial marketing in NCR.

Retailing in Ghaziabad

Fig. 32. Trial marketing of specialty potatoes in NCR

Bulk carriage Packing and labeling

Fresh veg store Meerut Meerut fresh

Evaluation of varieties suitable for salad potato: Among the 10 potato varieties evaluated tubers of
Kufri Pukhraj and Kufri Sindhuri qualified for this segment. Kufri Pukhraj meet most of the requirements
of salad potatoes having waxy texture, shallow eyes, oval shape with golden yellow flesh and therefore
was adjudged the best variety for salad potatoes. Quality traits were tested and results were consistent
and confirmed independently both in stored and freshly harvested tubers (Table 11).

Evaluation of quality traits for baby potato: Baby potatoes are low in starch and high in fiber (with
skin on) and therefore considered healthier than the large size potatoes. These ‘little luxury’ are being
preferred for high-end retail and food service market. To meet the specific requirement of this specialty
product initially 23 genotypes (15 potato varieties and 8 hybrids) were screened for desired quality
traits like size, dry matter, shape, flesh and skin colour. Among them two cultivars namely Kufri Himsona
and Kufri Chipsona-2 were selected and evaluated further for productivity and laboratory tests. Results
showed that Kufri Himsona was better than Kufri Chipsona-2 among the commercial cultivars. Further,
attempts were made to develop another hybrid for baby potatoes and selection was targeted in segregating
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population for higher number of baby size (<40 mm) tubers, low tuber dry matter (<18%), uniformity,
skin smoothness and superior yield at 60 days. Hybrid HT/03-704 was found highly suitable and had
better productivity of baby potatoes under late season (2nd crop). Nutritional status (antioxidant contents)
of baby potatoes (Kufri Himsona and HT/03-704) drawn from 60 days crop were comparable when
grown either at 25 % N or at 50 % N of the recommended nitrogen levels. These results encouraged to
conduct industrial tests for organoleptic traits viz. taste, flavor, texture and skin flash colour etc. Hybrid
HT/03-704 (Fig. 33 & 34) cleared majority of the tests, particularly in organoleptic properties required
for baby potatoes (Table 12).

Table 11: Quality attributes in different potato varieties for evaluation as salad potatoes.

Genotype Texture Eyes** Size (mm) Shape* Skin color @ Flesh color@

(dl) (da) (db) (dl) (da) (db)
+K. Anand Floury S 60 L 45.51 3.28 15.22 85.25 3.48 29.74
K. Arun Waxy D-M 58 O 40.71 9.03 11.94 73.27 2.16 30.25
K. Bahar Floury S 56 O 46.94 4.06 16.12 86.30 2.67 31.95
K. Jyoti Floury S 52 O 52.35 3.81 16.26 81.11 2.71 28.94
K. Laukar Floury S 48 R 51.61 4.66 17.22 83.65 0.88 35.63
K. Pukhraj Waxy S 59 O 52.47 3.91 17.06 83.43 0.95 37.82
K. Pushkar Waxy M- D 56 O 48.25 4.65 15.51 87.93 0.29 34.83
K. Sadabahar Floury S 48 O-L 50.88 4.46 15.71 86.71 1.14 25.13
K.Sindhuri Waxy D 33 R 48.62 7.50 15.87 78.67 2.32 26.93
K. Sutlej Waxy S 58 O 50.75 4.26 17.15 84.70 0.55 27.24

+K=Kufri, *O-Oval, R-Round, L-Long. **S-Shallow, D-Deep, MD-Medium deep, dl-indices of lightness, da-redness
and db-yellowness

Fig. 33. Hybrid HT/03-704 for baby
potatoes under micro-irrigation

Fig. 34. Proportion of large and baby grade tubers in 60
days crop of hybrid HT/03-704

Table 12: Test report on organoleptic traits of baby potato samples analyzed at Himalya International Ltd. Paonta Sahib (HP)

Organoleptic trait HT/03-704 Kufri Himsona Score Response
NPK Level NPK Level

50% 25% 50% 25%

Shape (round) 7.3 7.3 8.7 8.0 9 Liked extremely
Skin Firmness 8.0 8.0 8.0 8.0 8 Liked very much
Taste 7.0 7.0 8.0 8.0 7 Liked satisfactorily
Flavour 7.0 7.0 8.0 8.0 6 Liked slightly
Texture 7.0 7.0 8.0 8.0 5 Neither liked nor disliked
Skin colour 7.3 7.0 8.3 8.3 4 Disliked slightly
Flesh colour 7.0 7.0 8.0 8.0 3 Disliked only
Internal Appearance 8.0 8.0 9.0 9.0 2 Disliked very much
Mean 7.3 7.3 8.3 8.2 1 Disliked extremely
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Availability of specialty potatoes in NCR: Availability of Kufri Surya (antioxidant rich potatoes) was
assessed through on-farm survey during harvest time in February 2012 with 15 progressive farmers in
NCR, particularly in district Meerut. It was found that out of approximately 500 q potatoes, half of the
quantity was scheduled for fresh sale and another half after the storage at elevated temperature as low
sugar potatoes. Subsequently linkages were strengthened with Mother Dairy, a key stakeholder and
retailer in fruits and vegetables. In this context, a farmer’s meet was organized at CPRIC Modipuram
on 14.5.2012 in which a team comprising of procurement and marketing officials from M/s Mother
Dairy participated and matter was discussed at length including availability, supply and other logistics
to facilitate the development of a direct business plan among farmers and Mother dairy (Fig. 35).
Similarly baby potatoes could register their presence in megamall, super market, Reliance Fresh, etc.
particularly in NCR (Fig. 36).

Fig. 35. Developing business plan for baby potatoes Fig. 36. Baby potatoes in a NCR mall

Residue estimation of herbicides: The residues of metribuzin in potato tubers were estimated by
multi residue method (MRsMs) with clean-up & Hot extraction procedure in five varieties viz. Kufri
Himsona, Kufri Surya, Kufri
Frysona, Kufri Sindhuri and
Kufri Pukhraj. The residue level
in potato tubers was found to be
much below the permissible
limits (0.6 mg/kg as per
Prevention of Food Adultration
Act, 1954, updated 2007). By
adopting good agricultural
practices (GAP) in conjunction
with the data obtained from the
toxicological studies, all samples were found to be much below the Maximum Residue Limit (MRL).
Among the tested varieties, Kufri Himsona and Kufri Surya had almost negligible residues in comparison
with highest residue obtained in Kufri Pukhraj (0.51mg/kg) which was also below MRL (Fig. 37).

Evaluation of botanicals as sprout suppressant: A total of seven botanicals were evaluated as sprout
suppressants. The plant materials were air-dried at room temperature and then subjected to size reduction
to get coarse powder. The dried powdered material (100 g) was packed in Soxhlet apparatus and thereafter
defatted with solvent extracted. One botanical namely Malkangini was found to be most effective as a
sprout-suppressant at 10-12°C. Results under heap storage revealed that it was very effective in reducing
sprout growth. After 75 days, the lowest (0.138g) sprout weight was observed with the highest dose

Fig. 37.  Residue level (mg/kg) in different potato varieties
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(5%) of Malkangini as compared to the control (0.448g). These alternative sprout suppressants are
most effective when applied at “peeping” stage, or before sprout is one-eighth of an inch long. Delay in
application may result in sprout suppression failure.

Output: Varieties suitable for various segments of Specialty potatoes viz. antioxidant rich potato, baby
potato and salad potato were identified. Besides, production technologies for specialty potatoes namely
antioxidant rich, salad and baby potatoes were developed. Bio-safe plant based sprout suppressant
namely Malkangini has been identified. However, trials on large scale storage are needed to validate
and exploit it fully.

Outcome: Anti-oxidant rich potatoes cv. Kufri Surya has penetrated the farmers field in NCR and
surrounding areas. Owing to its superior traits, it is getting premium (Rs. 1-2 per kg) over normal
potato. A new supply chain for specialty potatoes is developing by linking producers directly to the
retailers particularly for low sugar potatoes (stored at 10-120C). Double cropping in baby potatoes can
prove profitable if remunerative prices are offered for this segment which is still in its infancy in the
country. Recent market trend indicated that Baby potatoes are now visible in megamalls, super markets,
etc. in NCR having a premium of Rs. 4-6 per kg. All these developments are suggestive of a sustained
supply chain in the time ahead.

(iv) Waste Utilization Component

Utilization of industrial waste and non-marketable potatoes for production of animal feed and dietary
fiber

Physical and chemical characteristics of industrial waste of potato and waste potato

Unmarketable potato chips, cutting fines, starch and peel samples were collected from M/s FritoLays,
Channo, Punjab and potato pulp from M/s Merino Industries Ltd, Hapur. Chemical analysis of potato
waste, other feed ingredients like maize and barley were analysed (Table 13).

Table 13: Chemical composition of potato waste and other feed ingredients

Parameters Raw potato Potato mash Dry potato peel Potato chips Barley Maize

Moisture 77.8 75.5 9.54 4.64 14.1 12.2
Protein 2.1 2.4 12.52 9.82 14.36 10.02
Fat 0.1 0.1 0.24 32.73 3.96 5.71
Crude fibre 0.9 1.0 7.49 4.72 4.75 2.96
Crude ash 1.1 1.1 5.53 3.95 2.79 1.48
Sugars 0.5 0.5 2.45 0.2 0.8 0.6
Starch 15 16 51.0 42 57 72
Carbohydrate 18 19.4 52.10 53 73 74

Development of potato based animal feed: Local market was
surveyed for the composition of animal feed being used. Various
combinations of potato based animal feed mixed with jowar, rye
and maize were worked out. Pilot plant for making animal feed
pellets was established at CIPHET (Fig. 39). The feed formula
(Table 14) and method for preparing animal feed was
standardized. Potato processing waste (rejected potato chips/
potato pulp waste) with other feed ingredients was used for feed
preparation (Fig. 38). The grains and seed meal were milled in a
hammer mill using sieves with the openings of 3 mm. Potato

Table 14: Recommended feed formula

Feed ingredients Amount (%)

Potato waste 30
Mustard oil-cake 30
De-oiled rice polish 15
Rice polish 11
Maize 10
Mineral mixture 2
Salt 1
Urea 1
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waste was mixed with other weighed quantity of feed ingredients
after milling. For proper mixing the feed ingredients were mixed
in ribbon blender (at 42 rpm) for about 10 minutes. The mixed
ingredients in form of mash were passed through vertical pelletiser
to form compound feed pellets. The prepared feed pellets were
dried to moisture content of about 11 % and were kept at room
temperature in sealed polyethylene bags for further analysis.

a) Animal feed with rejected potato chips: Animal feed pellets
were prepared from unmarketable potato chips (10-22 %) using
barley and maize and other ingredients. The proximate composition
of animal feed pellets prepared from barley, maize and potato chips

Fig. 38. Animal feed pellets prepared
with potato waste

Fig. 39. Pilot plant established at CIPHET for making animal feed

is presented in Table 15. It was observed that the moisture content of the pellets was slightly higher.
Thus it will be required to dry the pellets before packaging. The tensile strength (which is an indication
of mechanical strength of the pellets under compression) was measured using texture analyzer. The

Table 15: Proximate composition of the animal feed pellets prepared from barley, maize and potato chips

Samples Moisture Ash Crude protein Crude fat Crude fiber Carbohydrates

1 11.51 2.53 12.11 10.63 4.03 59.19
2 12.00 2.58 12.79 9.21 5.35 58.07
3 11.60 2.30 11.69 9.70 3.79 60.94
4 13.04 2.72 12.41 8.71 5.64 57.48
5 11.96 2.29 12.00 8.53 3.85 61.37
6 12.40 2.39 12.67 7.75 4.03 60.76
7 11.15 2.72 11.75 11.37 3.94 59.07
8 11.70 2.55 13.06 10.03 4.09 58.57
9 12.67 2.46 12.67 8.42 4.07 59.71
10 12.20 2.32 12.13 8.00 3.85 61.50
11 11.36 2.64 13.34 11.11 4.15 58.40
12 11.61 2.42 11.92 10.53 3.63 59.89
13 11.80 2.44 12.23 12.23 3.94 60.13
14 11.80 2.44 12.23 12.23 3.94 60.13
15 11.80 2.44 12.23 12.23 3.94 60.13

Animal feed pilot plant
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results of mechanical strength are presented in Table 16. The observed values of the samples containing
potato chips (>15 %) indicated the pellets can withstand mechanical strength during transportation.

Dewatering and pulping of potatoes: Dewatering of potatoes was done by using screw extractor
(Fig. 40 & 41). Pulp obtained had a moisture content of 50-60 % and could be directly mixed with other
feed ingredients for pelletisation. As raw potatoes contain 75-80 % moisture, the potatoes were passed

Table 16: Physico-chemical parameters of cattle feed prepared with 30 % dewatered potato pulp

Parameters Contents Parameters Contents

Moisture (%) 11.40 Acid detergent fibre (%) 13.40
Protein (%) 13.86 Lignin (%) 2.50
Fat (%) 4.96 Cellulose (%) 13.00
Ash (%) 6.00 Tensile strength (MPa) 0.83
Neutral detergent fibre (%) 35.0

Fig. 40. Flow-chart for preparation of cattle feed with potato waste

through screw extractor to reduce its moisture content to
50-60 %. After dewatering of potatoes, 60-65 % of the
pulp is obtained (Fig.42). The pulp obtained with reduced
moisture content could be directly mixed with other feed
ingredients for pelletisation. Fresh feed prepared with
potato pulp contains 25-30 % moisture whereas the feed
prepared with dewatered potatoes contains 20-22 % of
moisture, which helps in saving of energy and time for
drying of feed pellets to 11- 12 % in order to meet the
prescribed limits of BIS.

b) Animal feed pellets with potato pulp: Proximate
composition of feed prepared with 30 % dewatered
potatoes was analyzed (Table 16). The feed pellets had
11.40 % moisture, 13.86 % protein, 4.96 % fat and 6 % ash. The neutral detergent fibre, acid detergent
fibre, cellulose and lignin were observed to be 35, 13.4, 13 and 2.5 % respectively. The tensile strength
of the pellets was observed to be 0.83 MPa.

Fig. 41. Extruded animal feed with potato waste

Fig. 42. Flow-chart for dewatering and pulping of raw potatoes



48

c) Extruded animal feed with potato waste: Extrusion is a
process under which the ingredients are cooked under pressure
with high temperature steam for short period of time. The
feed is then pushed through a die which gives it a unique and
uniform shape. Extruded feed has several advantages over
the feed pellets like: compact in size, increased digestibility,
water stable, easy to store etc. During processing of potatoes
a quantum of industrial waste is produced like rejected
potatoes, pulp, slicer fines, chips, starch, peel etc. which pose
a problem of disposal. These materials have been successfully
included as an ingredient in the manufacturing of the animal feed. Up to 30 % by weight of cattle feed
was replaced by potato waste. The rejected chips from potato industry / waste potato pulp from
unmarketable potatoes were included in a compounded feed consisting of barley (20 %), maize (20 %),
oil cake (10 %), husk (9 %), rice polish (9 %), mineral mixture (1 %), and molasses (1%). The extruded
feed was formed by passing the hydrated mixture (15-16 %) of feed ingredients through the single
screw extruder with die speed of 500 rpm (Fig. 43). The extruder had a die opening of 0.2mm with
screw length and diameter of 165 and 40 mm. The production capacity of extruder is 25-35 kg/hr.
Partial cooking takes place during extrusion and the feed is in compacted form and on consumption by
animals all the ingredients enter the body system. The moisture, protein, fat, ash and carbohydrate
content of the extruded cattle feed were observed to be 8, 13, 16.2, 5.3 and 57.5 % respectively. The
hardness of the extruded feed was observed to be 0.48 MPa (Table 17).

d) High protein extruded animal feed with potato waste: High protein extruded potato animal feed
was prepared (Fig. 43). Along with potato waste, de-oiled soybean and mustard cake was used. Varying
the composition of the feed components total 12 treatments were performed. Proximate composition of
the high protein extruded feed was analysed and physical characteristics like diameter, expansion ratio,
water absorption index, bulk density, true density, sinking velocity and pellet durability index of different
feed samples were also estimated.

Table 17: Physico-chemical characteristics of
extruded animal feed with potato waste

Parameters Content

Moisture (%) 8
Protein (%) 13
Fat (%) 16.2
Ash (%) 5.3
Carbohydrate (%) 57.5
Hardness  (MPa) 0.48

Fig. 43. Different combinations of high protein extruded

Pilot Scale Testing: About 2.5 tonne of animal feed with potato waste was prepared for pilot scale
testing of the technology developed and prepared feed was distributed/sold to dairy owners for animal
trials.

Feed trials on animals : Feed samples were given to following dairy owners for trials on their cattle
and about 5 to 7 % increase in milk yield of animals was observed.

1) Mr. D.S. Oberoi, President of Indian Dairy Association, Ludhiana.

2) Mr. Gurdev Singh Deol, village Ayali Khurd.
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3) Mr. Mangat Ram, village Partap Singh Wala

4) Mr. Pritam Singh, village Dangoo

5) Mr. Hardeep Singh, village Partap Singh Wala.

6) Mr. Jagtar Singh, village Partap Singh Wala.

7) Mr. Jagtar Singh, village Sangowal.

Extraction of dietary fibre from potato peel : The enzymatic-
chemical process for the extraction of dietary fibre from the potato
peel was standardized. The process is outlined in the flow- chart
(Fig. 45). The process involved treatment of peel with enzyme, -
amylase at 90o C for 30 min. Then the sample was treated with
sulphuric acid at 60o C for 30 min. After acid treatment the sample
was neutralized using sodium hydroxide to bring the pH of the sample
to 7. Then the sample was bleached with 3 % hydrogen peroxide at
60o C for 3 hrs. The bleached product was dried at 70o C for overnight
and finally grounded to fine particle size that pass through 100 mesh. Thus the product obtained is the
dietary fibre from potato peel (Fig. 45).

Fig. 44.  Potato peel and extracted
potato peel fibre

Fig. 45. Flow-chart for extraction of dietary fiber from potato peel

Physico-chemical characteristics of extracted potato peel
fibre: Proximate composition of the potato peel and the
extracted dietary fibre from the potato peel was analyzed.
Different physical characteristics like fat absorption, water
retention, swelling, hydrated density, bulk density, true
density, average particle size and water solubility index of
the extracted fibre were determined (Table 18 and Fig. 46-
48).

Fig. 46. Chicken nuggets incorporated  with
extracted potato peel

Table 18: Physico-chemical characteristics of extracted potato peel fibre

Composition (%)                   Physical characteristics

Parameter Potato peal Extracted Parameter Content (%)
dietary fibre

Moisture 7.85 7.13 Fat absorption (g/g) 3.34 (3.05-3.80)
Protein 10.94 1.61 Water retention (g/g) 5.15 (4.8-5.4)
Fat 5.85 1.40 Swelling (cm3/g) 7860 (7640-7990)
Ash 4.90 9.70 Hydrated density (kg/m3) 1310(1005-1670)
Total dietary fibre 70.41 79.59 Bulk density (kg/m3) 250 (226.7-256.5)
Soluble fibre 2.39 2.01 True density (kg/m3) 1853
Insoluble fibre 67.61 77.96 Water solubility index (%) 9.7

Particle average size (mm) 104.4±73.35
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Marketing of products: Animal feed prepared was sold through the agro-processing centre of CIPHET
to the adjoining farmers and dairy owners. An amount of Rs 31,031.5 as revenue was generated by sale
of cattle feed (approx. 2111.5 kg).

Output: Technology for preparation of cattle feed on small/medium/large scale by using potato pulp/
waste potato or unmarketable potatoes has been developed which is financially sustainable. Depending
upon requirement and composition potato-based animal feed is now available. Similarly, technology
for extraction of dietary fibre from potato peel is made available.

Outcome: Utilization of potato pulp/waste potato or unmarketable potatoes in production of animal
feed will help in minimizing the waste disposal problem and mass production of animal feed is expected
to add to the factory income through animal feed making. In this regard pilot plant has been installed at
CIPHET for making animal feed pellets and will be put in regular operation. Feed pellets prepared will
be sold through agro-processing centre of CIPHET, Ludhiana. Besides, technology is being adopted by
private sector which will continue to produce animal feed using waste potatoes. In case of dietary fiber
value addition was attempted and dietary fiber made out from potato peels was used for fortification of
ready to eat food items viz, biscuits of varied composition.

(iv) Social Sciences Component

Study market demand and supply chain for specialty potatoes, French fries, animal feed and dietary
fibers

Baseline survey (2008-09): For carrying out baseline survey in the states of U.P. and Punjab, three sets
of questionnaire were developed and utilized. Its findings have been included above in Part II point 4
“Base line analysis”, in this report.

Demand for French fries and Specialty potatoes in NCR: Demand for French fries and specialty
potatoes was assessed through mailed questionnaires and actual household surveys in NCR. In addition,
survey of fast food restaurants and sale outlets was also carried out in NCR. The demand for French
fries was estimated at 1440 t per annum in the NCR and it was growing at the annual growth rate of
20%. Similarly, the demand of baby potatoes and salad potatoes in NCR was estimated at 530 and 5830
t per annum, respectively, and the respective annual growth of baby and salad potatoes was 20 and
16%. The raw material (processing grade potatoes) demand of potato processing industry was estimated
at 2.8 million t during 2010. Out of this, the raw material demand for Potato chips, potato flakes/
powder and frozen potato products was estimated at 2.45, 0.29 and 0.06 million t, respectively.

Feasibility of growing potatoes for French fries in Gujarat: Survey was conducted in three districts
of Gujarat viz, Sabarkantha, Banaskhantha and Mehsana. The total number of farmers studied was 140
for the assessment of economic feasibility and potential of growing French fries grade potatoes in

Fig. 47. Biscuits incorporated with
extracted potato peel fibre

Fig. 48. Natural fibre from
potato peel
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Gujarat. Cost of cultivation of potatoes for French fries was Rs. 122,000/ ha against Rs. 108,600/ ha for
general potato. The net profit (per ha) and B-C ratio for French fries grade potatoes were Rs. 145,330
and 2.19 compared to 113,852 and 2.05 for general potato.

Specialty Potato Survey: Availability of Kufri Surya (antioxidant rich potatoes) was assessed through
on-farm survey during the harvest time in February 2012 in western UP. Cost of cultivation of antioxidant
rich Kufri Surya was Rs. 100,900/ ha compared to 98,700/ ha for general potato. The net returns from
Kufri Surya cultivation were Rs. 106,532/ ha compared to 82,632/ ha for general potato. Benefit-cost
ratio of potato cultivation also depicted the same trend (2.06 for Kufri Surya versus 1.84 for general
potato cultivation).

Impact assessment of supply chain on seed potato of processing varieties: Seed potato supply
chain for processing potato varieties was established in non-traditional seed potato growing Hoshiarpur
district of Punjab adopting Nanowal and Chatala villages. Quality seed of Kufri Chipsona-3, Kufri
Surya and Kufri Frysona was supplied to the farmers and proper on-farm training on scientific seed
potato cultivation was provided to them. Net returns for seed potato growers were Rs. 105,210/ ha
compared to the Rs. 48,925/ ha from general potato cultivation (early harvested potato). The B-C ratio
of seed potato cultivation was 1.9 compared to 1.7 for general purpose potato cultivation. The yield of
adopter farmers was 24.9 t/ha compared to 21.55 for non-adopter farmers in this area.

6. Innovations

The three best innovations/technologies developed, transferred and-having high impact under the
project are (i) development of portable diagnostic kits for detection of viruses at field level (ii)
development of variety suitable for French fries and (iii) development of animal feed from potato
waste and waste potatoes. These three innovations/technologies are described briefly as under:

(i) Development of portable diagnostic kits for detection of viruses at field

Description of the innovations/technology: Dipstick kits
based on lateral flow immunoassay was standardized for
the detection of five potato viruses viz., PVX, PVA, PVS,
PVM, PVY. The kit contains all the components for
detection of potato viruses at field level within 10 minutes.
For detection of viruses, the infected leaf sample is extracted
in 500µl of extraction buffer (supplied in the kit) by
homogenizing with micro-pastle in a 1.5 ml microfuge tube
(supplied with the kit). The homogenate is left undisturbed
at least for 5 minutes for settling down of particulate matters.
The strip provided in the kit is dipped in the extract until
the solvent reaches the top end. The strip is then taken out
and kept horizontally on a flat surface for 10 min for
development of visible coloured lines as depicted in (Fig. 49). Further, under the refinement programme,
dipstick assay kits, using colored polystyrene beads were also developed for the detection of PVX and
PVA. The technology has since been validated by involving CPRI regional station, AICRP centres and
progressive growers.

Impact of technology: Yet to be evaluated. However, it will have high impact on potato seed production,
since it will help potato growers in ascertaining seed health quickly at their farm gate. Document for
commercialization of dipstick assay kit has been prepared and submitted to ITMU & BPD unit for
commercialization.

Fig. 49. Steps for using the dipstick kit.
A: Extraction of infected sample, B: Dipping
the strip in the extract, C: Appearance of test
and control lines
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Economics of technology: Using this kit, single or two viruses can be detected at a cost of Rs. 40.00
and Rs. 50.00 per sample, respectively. On the contrary, Rs. 150 per sample is being charged by
laboratories for detecting one virus by ELISA.

(ii) Development of varieties for French fry

Description of the innovations/technology: Hybrid MP/98-71 was identified and released for
cultivation as French fry variety under the name ‘Kufri Frysona’ with following characters:

Tubers: oblong, off white skin, shallow eyes Reducing sugars: <200 mg/100g FW

Tuber size :75-120 mm French fry quality : Excellent

Dry matter : >20% Resistance to late blight :Very high

The cultivar has higher yields and better quality than the presently used
Indian variety Kufri Chipsona-1. This variety has been found to maintain superior
French fry quality even after six months of storage at elevated temperatures (10-
12 0C). The industrial testing has shown superiority of this variety over controls
for French fry sensory characters like taste, texture and colour (Fig. 50).

Agronomic management: Planting time- 15-20 October; Crop geometry- 67.5
× 25 cm; Planting depth- 10 cm; Fertilizer dose- 270 Kg N + 80 Kg P2O5 + 150
Kg K2O; Ca- 100 kg/ha; Inter- culture- after 20-25 days followed by earthing up
to avoid greening; Chemical maturity- 110-120 days; Harvesting- 10- 15 days
after haulm cutting for skin setting, post harvest handling should be careful;
Yield potential- 40-45 tons/ha (>50% French Fry grade).

Impact of technology: Cultivar Kufri Frysona has since been adopted by potato
growers in Gujarat in a big way. M/s McCains has contracted the farmers for
growing Kufri Frysona and started producing French fries at commercial scale.
M/s Simplot has also adopted this variety for commercial production of French
fries in their plant in Gujarat. This variety is already giving economic benefits to
farmers in the form of premium of Rs 2-3/Kg.

Economics of technology: The production cost of French fry grade potatoes is
approximately Rs 82,000 per ha and the gross return from this is approximately
Rs 2,80,000. The farmers thus realize approximately Rs 1,98,000 per ha of net
return which is more than 50% higher than from table potatoes. The variety is ideal for French fry
production and as such there is no technical hitch in its adoption by the farmers.

(iii) Development of animal feed from potato waste and waste potatoes

Description of the innovation/technology: Utilization of agro processing waste for the manufacture
of animal feed is one of the alternatives for waste management of agro processing industries. Potato
pulp, peels, potato culls, chips and fragments etc. are produced during processing. Potato waste causes
disposal problem but if properly processed, it can be suitably incorporated into animal feed. A complete
animal feed can be easily and economically prepared with potato waste by replacing about 25 to 30 %
grain component.

Feed samples containing potato waste were prepared by two prevalent technologies viz. pelletisation
and extrusion. Feed was prepared using rejected potato chips (10-22%)/ potato pulp (30%) as feed
ingredient. Raw potatoes containing 75-80% moisture were passed through screw extractor to reduce
its moisture to 50-60%. Potato waste i.e. rejected potato chips/unmarketable potato pulp was mixed

Fig. 50. Raising of
potato variety Kufri
Frysona, raw material
and finished product
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with other weighed quantity of feed ingredients. The grains were milled in a hammer mill before
mixing. For proper mixing the feed ingredients were mixed in blender for about 30 minutes. The mixed
ingredients in form of mash were passed through vertical/horizontal pelletiser or extruder to form
compound feed (Fig. 51 & 52).

Fig. 51. Extruded feed and pellets with potato waste

Fig. 52. Flow- chart for making animal feed

Proximate composition of animal feed pellets with potato waste was analysed. The moisture, protein,
fat and ash content were observed to be 11.04, 26.63, 5.52 and 6.00 % respectively. The neutral detergent
fibre and acid detergent fibre were recorded to be 35 and 12.30 % respectively. The aflatoxin B1, B2,
G1 and G2 of feed samples were observed to be non-detected with MDL (Method Detection Limit)
30ppb.

Impact of technology: The technology has the potential to convert waste of potato processing industry
into value added products i.e. animal feed, thus reducing the disposal problem of the waste. The
technology has since been transferred to private animal feed manufacturers.

Economics of technology: A commercial feed plant can be established and run (on annual basis) at a
total capital investment of Rs 27 lakhs; which will give a profit of approximately 4.0-4.5 lakhs/annum

7. Process/ Product/Technology Developed

S. Process/Product/Technology Developed Adoption/ Validation/ Responsible
No. Commercialization, etc. Partner

Production technologies:6
1. Development of lateral flow immune assay based field Validated and ready for Central Potato

diagnostic kits commercialization Research Institute
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S. Process/Product/Technology Developed Adoption/ Validation/ Responsible
No. Commercialization, etc. Partner
2. Agro-techniques for production of minitubers under Validated -do-

net house
3. Agro-techniques for production of French fry grade Validated -do-

potatoes
4. Production technology for baby potatoes - -do-
5. Production technology for salad potatoes - -do-
6. Production technology for anti-oxidant rich potatoes Validated -do-

Processing technologies: 5
1. Development of varieties for French fry Commercialized Central Potato
2. Harvest and post harvest handling of processing potatoes - Research Institute
3. Long term storage technology for French fry potatoes -
4. Development of animal feed from potato waste and waste Validated CIPHET

potatoes
5. Extraction of dietary fiber from potato peel

8. Patents (Filed/Granted)

S. No. Title of Patent Inventor(s) (Name & Address) Filed/Published/Granted Responsible
(No./Date) Partner

Nil - - -

9. Linkages and Collaborations

S. Linkages developed (Name & Address of Organization) Date/Period From-To
No.

By Central Potato Research Institute

1. Seed component- Farmers in Punjab (Hoshiarpur district) and Bhatti Farms, 2010-11 to 2012-13
Jalandhar.- M/s Shivalik seeds and ware housing Ltd Meerut - M/s Sangha Seeds,
Jalandhar

2. Processing component: M/s Satnam Agri Products Ltd, Jalandhar. Linkages have 2008 to 2009
been developed with farmers of Distt. Banaskantha and Sabarkantha (Gujarat) in
association with associate partner M/s. McCains Food India Pvt. Ltd., Mahesana 2010-11 to 2012-13
(Gujarat) to grow French fry variety Kufri Frysona

3. Specialty component- Farmers in Uttar Pradesh close to the retails market in NCR 2008 to 2009
and Uniphos House, Madhu Park, 11th Road Khar (West) Mumbai-400052.
- Farmers in UP close to the retail markets in NCR; Business plan was attempted 2010-11 to 2012-13
with M/s Mother Dairy, Department of fruits and vegetable, Delhi for marketing
specialty potato.
- Himalya International Pvt. Ltd., Paonta Sahib

By Central Institute of Post Harvest Engineering and Technology

4. The discussion regarding composition of animal feed, procurement of various 2008-09
components of animal feed etc were held with the scientists in the Department
of Animal Nutrition in Guru Angad Dev Veterinary and Animal Sciences
University (GADVASU), PAU campus, Ludhiana.

5. Linkages with Farmers in Punjab for marketing and pilot testing for Animal feed 2011-12 to 2012-13
pellet developed from potato waste under waste utilization component. The famers
include Sh. D.S. Oberoi, 28-A, Dairy Complex, Tajpur Road, Ludhiana-141008.
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S. Linkages developed (Name & Address of Organization) Date/Period From-To
No.

Sh. Pratap Singh Nandha, s/o Sh. Gurdeep Singh, Vill- Rampur Hira, P.O. Bauda
shah Jehan pur, U.P., Dr. Harminder Singh Sidhu, s/o Sardar Surender Singh, VPO
Jalaldiwal, Raikot, Ludhiana, Sh. Nitin Tayal, S/o Dr. S.P. Tayal, c/o Sh. Hardeep
Singh, VPO Mohi, Ludhiana, Sh. Gurdeep Singh, s/o Sh Jasdev Singh, Vill-
Khanjarwal, Ludhiana, Sh. Mani Garewal, s/o Sr. Sadhu Singh, Vill- Chhokran,
P.O. Mansoora, Ludhiana, Dr. Gurjinder Singh Bhullar, s/o Late Sardar Gurnam
Singh, 9960, Durgapuri, Hebbowal Kalan, Ludhiana, Mr. Jaspreet Singh,Village
Sherpur Kalan, Jagraon, Dr. Shobha Nath Rai s/o Late Ram Kuber Rai, Bangalore.

10. Status on Environmental and Social Safeguard Framework
A number of environmental and social benefits/issues arising from implementation of the subproject

were identified and no negative impacts were observed on social and environmental conditions in this
sub-project. The details are as follows:

Activities Issues  Anticipated Mitig-
                                                                    level* of Impacts ation

+Ve -Ve

Development of portable virus Easy detection of virus which will save 2 NA
detection kit time
Standardization of agro techniques for Increase in the availability of healthy 3
production of minitubers and supply quality seed in lesser time
of mini tubers to chain partners
Development/identification of Decrease in dependence on imported 3
indigenous cultivars for French fries French fries and savings in foreign

exchange
Standardization of production Increase in the availability of suitable 3
methodology and industrial testing for variety of French fry
French fry potatoes
Standardization of harvesting and Minimization of losses during harvest 2
handling methodology of French fry and handling
potatoes
Estimation of acrylamide content in Healthy food with low acrylamide 4
French fry varieties/advanced hybrids content available to consumers
during storage
Précise production technology for Healthy food with antioxidant rich 3
antioxidant rich potatoes and baby and potato for quality conscious people
salad potatoes
Residue estimation of organo mercurial Reduction in the leaching of pesticides 3
compounds, herbicides, fungicides and and improvement in soil health
insecticides in potato tubers
Testing of botanicals for sprout Minimum residue level by use of 4
suppression for bio-safe low sugar botanical sprout suppression
potatoes
Development of ‘Indian GAP’ for Reduction in the pesticides load on soil 2
production of specialty potato and ground water quality through

optimization of methodology for
specialty potatoes as per Indian GAP

Manufacturing of animal feed and Utilization of industrial waste by
dietary fiber from potato waste manufacturing animal feed and dietary 4

fiber
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Activities Issues  Anticipated Mitig-
                                                                    level* of Impacts ation

+Ve -Ve

Develop process for extraction of Use of waste of food products for 4
dietary fibre from potato peel/waste development of animal feed and dietary
potato fibre
Utilization of potato waste. Thereby, The developed technology for animal 4
reducing the waste disposal problem feed with potato waste has been
and glut in market during peak season commercialized to several entrepreneurs
of potatoes.

* On 1-5 scale

11. Constraints, if any and Remedial Measures Taken

Constraint Remedial Measure

One of the core partners M/s. Merino Industries Core partner CIPHET managed its activity from
voluntarily left the project local sources

Another core partner M/s. UPL dropped out of the M/s. Mother Dairy, Department of fruits and vegetable,
project due to their poor response. Delhi was involved as associate partner

Associate partner M/s. Satnam Agro closed down M/s. McCain’s Food India Pvt. Ltd was included

Despite repeated tenders electronic potato pendulum Some items viz, tuber damage impact device for bolt test
impactor, soft sieves, field quality assessment were developed using local raw material
equipment and heap making device could not be
purchased.

12. Publications

A. Research papers in peer reviewed journals

S. No. Authors, Title of the paper, NAAS
Name of Journal, Year, Vol. & Page No. Ratings

By Central Potato Research Institute

1. Singh SV, Pandey SK, Kumar D, Marwaha RS, Manivel P, Kumar P, Singh BP 4.0
and Bhardwaj Vinay. 2010. Kufri Frysona: First high yielding potato variety for French
fries in India. Potato J. 37 (3-4): 103-109.

2. Mehta Ashiv, Charaya P and Singh B P 2011. French fry quality of potato varieties: Effect 4.0
of tuber maturity and skin curing. Potato J. 38 (2): 130-136.

3. Jeevalatha A, Priyanka Kaundal, Sharma N N, Priyanka Thakur, Chakrabarti S K and Singh 7.2
B P. 2013. Expression of coat protein of an ordinary strain of Potato virus Y in E. coli and
production of polyclonal antibodies for diagnosis. Journal of Phytopathology 161: 671-674.

4. Kumar Devendra, Rawal S., Singh BP, Chalkoo S., and Kumar Rajeev. 2013. Soil 6.2
macronutrients influence antioxidant status in early season potatoes. Vegetos- 26: 311-317

By Central Institute of Post Harvest Engineering and Technology

5. Dhingra D, Michael M and Rajput H (2012). Physico-chemical characteristics of dietary 3.9
fibre from potato peel and its effect on the organoleptic characteristics of biscuits. Journal
of Agril Engg 49(4): 25-32

6. Dhingra D, Michael M, Rajput H and Patil RT (2010). Dietary fibre in foods-A review. 6.9
J Food Sci Technol 49(3): 255-266
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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.

By Central Potato Research Institute

Popular articles
1. Chakrabarti, SK, Jeevalatha A, Kaundal P and Singh BP. 2010. Dipstick assay for the detection of potato

viruses. CPRI Newsletter No. 43, pp. 3.

2. Singh S, Kumar D, Singh BP and Goyal SK. 2010. Mechanical damage in potato. Indian Farming 2(60): 20-
21.

3. Singh BP and Rana RK. 2013. Potato for Food and Nutritional Security in India. Indian Farming
63(7): 37-43.

4. Singh S, Singh BP, Goyal SK and Kumar P. 2010. vkyqv¨a d¨ p¨V ls cpk¸ks] vfËkd ykÒ dek¸ks a]
(Aaloo ko chot se bachaye, Adhik laabh kamayee) Kheti 1(63): 32-33.

By Central Institute of Post Harvest Engineering and Technology

Popular article
5. Michael M, Dhingra D, Rajput H, Chopra S and Rai DR. 2012. Aaloo ke chelake se khadayeh raeshae ka

nishkarshan aur biscuit mae iska upyog. Krishi Prasankaran Darpan, Central Institute of Post-Harvest
Engineering and Technology 12: 21-23.

6. Rajput H, Dhringra D and Michael M. 2010. Aaloo ke veyarth padarth ka presanakaran aur audhogy ki
subhavanayan. Krishi Prasankaran Darpan, Central Institute of Post Harvest and Engineering Technology,
Vol. 8 10-12.

13. Media Products Developed/Disseminated

S. CD, Bulletins, Brochures, etc. (Year wise) No. of Distribution
No. Copies

CPRI

1. BP Singh, CPI, 2011, video CD on sub-project “Value Chain 1 Submitted to NAIP,
on Potato and Potato Products” covering Seed Component, New Delhi.
Processing Component, Specialty component and Waste
utilization component

2. Singh BP. 2008. Value Chain on Potato and Potato Products- 1000 Project associates,
Launching Workshop Folder. Extension folder No. 1 Co-partner, Associate

partner, delegates and
CAC/CIC meetings

3. Kumar D, Rawal S and BP Singh. 2010. Specialty Potato Kufri 1000 Farmers, kisan mela,
Surya: An anti-oxidant rich potato. Extension folder No. 2 training and meetings

4. Singh SV, Kumar P, Rawal S, Kumar D and BP Singh. 2010.
Kufri Frysona- an excellent variety for French fries. Extension 1000 Farmers, kisan mela,
folder No. 3 training and meetings

CIPHET

5. Dhingra D, 2010. Production of cattle feed from potato industry 1 Library, CIPHET
waste in booklet on CIPHET developed post harvest
technologies, Vol.I p.107-111.

6. CIPHET signs MoU with NABARD. Hindustan Times, HT Live News paper
13.02.13. Correspondent

7. CIPHET introduces potato enriched cattle feed. Hindustan HT Live News paper
Times, 03.02.13. Correspondent
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S. CD, Bulletins, Brochures, etc. (Year wise) No. of Distribution
No. Copies

8. Scientists stresses on potato-rich cattle feed. Hindustan Times, HT Live News paper
02.02.13 Correspondent

9. Potato glut: CIPHET to use it as cattle feed. Hindustan Times, HT Live News paper
6.08.12. Correspondent

10. Saluja. 2012. Abh aaloo bhi kishano kho pauchayegay labh. News paper Punjab Kesari

11. CIPHET develops technology to convert potato waste into News paper Times of India
cattle feed. Times of India, 1.08.12.

12. Saluja. 2012. Kharab aaloo vi kishan nu pauchaungay labh. News paper Jag Bani

13. CS Saluja. 2013. CIPHET licenses potato enriched cattle feed Website News City Air News
technology. 2.02.13, City Air News Ludhiana. Ludhiana.

14. CS Saluja. 2013. CIPHET scientist propagates new cattle feed Website News City Air News
technology. 24.01.13, City Air News Ludhiana Ludhiana.

15. CS Saluja. 2012. Potato glut may cause less pain to farmers. Website News City Air News
1.08.12, City Air News Ludhiana Ludhiana.

14. Meetings/Seminars/Trainings/Kisan Mela, etc. organized

S. Details of Meetings/ Duration No. of Budget Organizer
No. Seminars/Trainings, etc. (From-To) Personnel (Rs) (Name & Address)

Trained

1. Project launching workshop 2008 35 (Scientist, expert CPRI Campus,
and partners) Modipuram, Meerut

2. Training of one person from Two months 1 - CPRI Campus,
M/s Bhatti Farms, Jalandhar on (01-08-2009 Modipuram,
Tissue culture technique to 31-09-2009) Meerut

3. Training of one person from Two months 1 - CPRI Campus,
M/s Shivalik seeds, and ware (01-08-2009 to Modipuram,
housing Ltd Meerut on Tissue 31-09-2009) Meerut
culture technique

4. Meeting at village Jalaldiwal, 24 Jan, 2013 200 CIPHET and
Raikot NABARD

5. Meeting at village Jhalla 8 Feb, 2013 30 CIPHET and
NABARD

15. Participation in Conference/ Meetings/Trainings/ Radio talks, etc.

S. Details of Meetings/Seminars/ Duration Budget Participant
No. Trainings/Radio talk, etc. (From-To) (Rs) (Name & Address)

(Name & Address)

1. TNAU, Coimbatore, Tamil Nadu June 18- 27th, 2013 Dr. A. Jeevalatha, Scientist CPRI,
Shimla, (HP)

2. National training NRCPB, IARI, 22-31 March,2010 36,085 Dr. Devendra Kumar, PS CPRI
New Delhi Campus Modipuram

3. NAARM, Hyderabad, A.P. March 11, 2009. Dr. Rajesh K. Rana,
PS, CPRI, Shimla-1 H.P.
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S. Details of Meetings/Seminars/ Duration Budget Participant
No. Trainings/Radio talk, etc. (From-To) (Rs) (Name & Address)

(Name & Address)

4. 10th Implementation Support December 7-14, 2011 Dr. B.P. Singh CPI & Director
Mission – NAIP, CIPHET Ludhiana CPRI Shimla

Dr. Devendra Kumar
PS CPRIC Modipuram Meerut

5. All India Radio, New Delhi January 15, 2013 Dr. Devendra Kumar, Co PI and
PS CPRI Campus Modipuram

6. AIR New Delhi and CPRI 11, 22 and Dr. Sanjay Rawal, Co PI and PS
29 January 2013 CPRI Campus Modipuram

7. AIR New Delhi and CPRI 29 January and 2013 Dr. Vinay Singh, PS,
12 February 2013 CPRI Campus Modipuram

8. AIR New Delhi and CPRI 8 January 2013 and Dr. M.A. Khan
19 February 2013

9. AIR New Delhi and CPRI 18 January 2013 Dr. V.K. Gupta
10. AIR New Delhi and CPRI 08 January 2013 and Dr. Mehi Lal

05 February 2013
11. AIR, Jalandhar January 4, 2010,

18:45 hrs

16. Foreign Trainings/Visits

S. Name, Visit/Training/Seminar Dates of Seminar Follow up Total Cost
No. Designation, its Place, Organization Delivered and Action (Rs.)

Address of and Duration (From-To) Report Submitted
the Person on Return

1. Dr. R.K. Rana International Potato Centre 16-09-2013 The training skill 4,41,133
Principal Scientist (CIP), Lima from June 24 to Report Submitted and knowledge was
(Agril. Econ.), 5th July, 2013, 12 days on 09-9-2013 utilized in institute
CPRI, Shimla, funded research
(HP) project of “Analysis

of Seed Potato Supply
Chain in India” and
in the CIP-CPRI
collaborative project
on exploring possibilities
of strengthening local
seed-potato production
system in the states
(Karnataka and
Maharashtra) under
abiotic stresses.

2. Dr. Devendra Bioactive Natural Products 25-04-2009 Skill upgraded was 2,47,912
Kumar, Principal & Phytoceuticals, May, 2009 utilized in estimation
Scientist Plant Department of Horticulture of antioxidants and
Physiology, CPRI & National Food Safety nutritional values of
Campus, and Toxicology Center, specialty potatoes in
Modipuram, Michigan State University, project work program
Meerut (UP) East Lansing, MI 48824,

USA.
10 days (March 30 to
April 08, 2009)
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17. Performance Indicators

(As per the enclosed format in Appendix-1: Component-wise; and Sub-component-wise)

S. Indicator Total Numbers
No.

1. No. of production technologies released and/or adopted 6 (4 validated)

2. No. of processing technologies released and/or adopted 5 (1 Validated)

3. Number of technologies/products commercialized based on NAIP research 1

4. No. of new rural industries/entreprises established/ upgraded 1

5. No. of product groups for which quality grades developed and agreed 5

6. Total no. of private sector organizations (including NGOs) participating in consortium 5

7. No. of farmers involved in consortia activities 145

8. Total number of farmers’ group developed for marketing and processing

9. Number of patent/intellectual property protection applications filed based on NAIP -
research

10. Number of patents/intellectual property protections granted/published based on NAIP -
research

11. Number of scientists trained overseas in the frontier areas of science 2

12. Number of scientists trained overseas in consortium-based subject areas -

13. No. of scientists participated in conference/seminar etc. 36

14. Success stories 1

15. Incremental employment generated (person days/year/HH) Baseline Final

0 120

16. Increase in income of participating households (Rs. per annum) Baseline Final

0 Rs.
18,000/HH

17. Number of novel tools/protocols/methodologies developed

18. Publications
Articles in NAAS rated journals 6
Articles in other journals -
Book(s) -
Book chapter(s) -
Thesis 1
Popular article(s) (English) 3
Newspaper article(s) and web site news 10(7+3)
Seminar/Symposium/Conference/Workshop Proceedings 31
Technical bulletin(s) -
Manual(s) -
CDs/Videos 1
Popular article(s) in other language 3
Folder/Leaflet/Handout 4
Report(s) –six monthly and annual project reports 9
Success stories -
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18. Employment Generation (man-days/year)

S. Type of Employment Generation Employment Generation Responsible
No. up to End of Sub-project Partner

1. 96 man months as unskilled labour in carrying out the April 2010 to March 2011 CPRI
project activity.

2. 126 (96+30)man months as unskilled labour in carrying April 2011 to Feb 2012
out the project activity

3. 60 man months as unskilled labour in carrying out the April 2012 to Feb 2013
project activity

4. 5745 man days used for seed production and French April 2013 to Sept 2013
fry chain

5. 12 man months as unskilled labour in carrying out the April 2010 to March 2011 CIPHET
project activity.

6. 12 man months as unskilled labour in carrying out the April 2011 to Feb 2012
project activity

7. 156 man months as unskilled labour in carrying out the April 2012 to Feb 2013
project activity

8. 240 man months as unskilled labour in carrying out work April 2010 to Dec 2013 M/s Bhatti
in TC lab /net houses under seed chain Farms

9. 144 man months as skilled labour in carrying out work in April 2010 to Dec 2013 M/s Bhatti
TC lab /net houses, watch and ward under seed chain Farms

10. 114 man months as skilled and unskilled labours in carrying April 2010 to Dec 2013 M/s Shivalik
out work in TC lab /net houses under seed chain Seeds

19. Assets Generated

(i) Equipment

S. Name of the equipments with Year of Quantity Total cost Responsible
No manufacturers name, model and Sr. No purchase (Nos.) (Rs.) consortium

1. Laminar Flow M/s Windsons Scientific Works, 2009 (4 No.) 21,650 CPRI
Delhi, Make- Wiswo

2. Media Dispenser , M/s Star Micronic Devices, 2009 (1 No.) 1,69,481 CPRI
New Delhi, Make-Perimatic GP Pump Dispenser.

3. Castor Racks 2009 (10 No.) 2,07,917 CPRI
M/s Vista Biocell Pvt. Ltd., Noida, Make – Vista,
Model – V-02301

4. Miscellaneous items CPRI
a) Electronic Weighing Balance M/s Amkette 2009 (1 No.) 48, 880 CPRI

Analytics Ltd., B-27 Shri Rm Enclave Estate
13 LD AMB marg Wadla, Mumbai

b) Refrigerator M/s EASQUIRE Electronics, 2009 (1 No.) 16,750 CPRI
Meerut UP, Make- Samsung, Model- RT -28
YU/ZV

c) pH Meter M/s BIOGEN Scientific, Meerut, 2009 (1 No.) 12,792 CPRI
Make – Labindia, Model – SAB-5000

d) Autoclave M/s Windsons Scientific Works, 2009 (1 No.) 42,938 CPRI
Delhi, Make- Wiswo, Model – AVDS – 800

e) Oven M/s Sandeep Instuments & Chemicals, 2009 (1 No.) 34,680 CPRI
New Delhi, Make-Sanco

5. Pendulum impact assembly, Plywood enterprises, 2008 (1 No.) 6,300 CPRI
184, Naya Bazar Meerut
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S. Name of the equipments with Year of Quantity Total cost Responsible
No manufacturers name, model and Sr. No purchase (Nos.) (Rs.) consortium

6. Computer System with software, M/s. Computer 2009 (1Set.) 96,753 CPRI
Links, Meerut UP, Make – hp, Model – hpdc-
7800-With accessories

7. Purchase/Fabrications of Set of Farm Machinery 2009 (1Set.) 2,29,000 CPRI
for Bed planting, M/s PUNJAB Engineers, Meerut

8. a) Micro centrifuge, M/s Thermo Electron, Noida 2009 (1 No.) 2,41,300 CPRI
b) Deep Freezer (-80), M/s Systems and 2009 (1 No.) 2,75,600 CPRI

Controls, New Delhi
9. Lyophilizer, M/s Bio Digital P Ltd, New Delhi 2009 (1 No.) 5,57,900 CPRI
10. French fry cutter , M/s Sandeep Instrument & 2010 (2 each) 82,125 CPRI

Chemicals, New Delhi
11. Controlled Temperature water bath , M/s Sandeep 2009 (1 No.) 35,760 CPRI

Instruments & Chemicals, New Delhi, Make- Sanco
12. Deionizer, M/s BIOGEN Scientific, Meerut, 2009 (1 No.) 27,223 CPRI

Make– Biogen, Model – 70.
13. a) (1) Air Conditioner (4 No.each) (1.5 tone) 2010 1,65,735 CPRI

along with stabilizer (4KVA)
(2) Temperature Controller microprocessor
based with sequnential timer (1No.)
(3) Photoperiodic Controller Timer (1No.),
M/s Trishul Engineering, E-84, Sector-7,
NOIDA

b) Cutter Hydraulic type with 5 dies, M/s Gyani 2009 (1 No.) 1,06,734 CPRI
Electronic Works, Meerut,

c) Cordless Screw Driver, M/s Gyani Electronic 2009 (1 No.) 10,744 CPRI
Works, Meerut, Make – Hitachi, Model –
9.6 V.

14. Nitrogen Auto Analyzer, M/s Pelican 2009 (1 No.) 10,11,150 CPRI
Equipments, CHENNAI, Make/Model- KES 20C,
KEL VAC, DX-877

15. Spectrophotometer , M/s BIOGEN Scientific, 2009 (1 No.) 1,87,302 CPRI
Meerut

16. Gas Liquid Chromatography (GLC. with 2010 (1 No.) 10,57,253 CPRI
accessories, M/s Thermo Fisher Scientific India
Pvt Ltd, Noida, Make – Trace GC ultra System

17. Sample Shaker, M/s Windsons Scientific Works, 2009 (1 No.) 83,500 CPRI
Delhi-110006, Make - Wiswo

18. a) Rotary Evaporator, M/s Windsons Scientific 2010 (1 No.) 40,500 CPRI
Works, Delhi, Make - Wiswo

b) Water Deionizer, M/s BIOGEN Scientific, 2009 (1 No.) 42,132 CPRI
Meerut, Make – Biogen, Model – 70.

c) Electronic Balance, M/s Amkette Analytics 2009 (1 No.) 62,200 CPRI
Ltd., B-27 Shri Ram Enclave Estate 13 LD
AMB marg Wadla, Mumbai

d) E C meter, M/s Ludhiana Instruments Pvt. 2009 (1 No.) 40,500 CPRI
Ltd., New Delhi, Make- Labindia, Model –
Pico.

e) Flame Photometer , M/s Modern Scientific 2009 (1 No.) 72,919 CPRI
Industries, Meerut, Make-Elico, Model –
CL – 378
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S. Name of the equipments with Year of Quantity Total cost Responsible
No manufacturers name, model and Sr. No purchase (Nos.) (Rs.) consortium

19. Flourometer , Promega Pte. Ltd, 77 Science 2010 (1 No.) 8,48,704 CPRI
Porkdrive Singapore

20. Oxygen Electrode System , M/s. HansaTech 2010 (1 No.) 5,51,140 CPRI
Instrument Narbosough Road Pentney Kings
Lyno Norfolk, England

21. Portable Fluorescence meter, M/s. HansaTech 2010 (1 No.) 2,57,344) CPRI
Instrument Narbosough Road Pentney Kings
Lyno Norfolk, England

22. Grading, Washing and Coating Equipment line, 2010 (1 No.) 1,93,5000 CPRI
M/s. Nu-Tech Dairy Engineers Pvt. Ltd. Ambala
City

23. a) Personal Computer with accessories , M/s 2008 (2 No.) 1,40,966 CPRI
Computer Links, Meerut UP, Make – hp,
Model – hpdc-7800- With accessories

24. Photocopier Machine, M/S Kesar Enterprises, 2008 (1 No.) 1,77,402 CPRI
Meerut UP, Make – Toshiba, Model – e-studio-282

25. Telephone & Fax Machine, M/s Kesar 2009 (1 No.) 19,900 CPRI
Enterprises, Meerut, Make – Panasonic, Model–
MB-772CX

26. LCD Projector with accessories , M/S Kesar 2008 (1 No.) 1,20,375 CPRI
Enterprises, Meerut UP, Make – Hitachi, Model–
CP-X-505

27. Digital Camera , M/s Bhartiya Kala Bhawan, 2009 (1 No.) 19,700 CPRI
Meerut, Make – Canon, Model – SX – 110IS

28. Digital Video Camera, M/s Bhartiya Kala Bhawan, 2009 (1 No.) 48,400 CPRI
Meerut, Make- Canon, Model – FS-10.

29. a) Computer System, M/s Kanwar Enterprises, 2009 (1 No.) 63,915 CPRI
Shimla
b) Sony Voice Recorder, M/s Shohan Studio, 2009 (1 No.) 10,999 CPRI

58, Thermal, Shimla-171001
30. Multi Head Space Analyzer , M/s Nucon 2010 (1 No.) 3,31,650 CPRI

Engineers, New Delhi
31. High speed refrigerated centrifuge 2013 (1 No.) 2,33,982 CPRI

Model Remi CPR 24 plus, Remi Electrotechnik
limited, India

32. UV cross linker 312 nm, 2013 (1No.) 1,61,695 CPRI
Genetix biotech Asia Pvt Ltd

33. Masterblot Vacuum blotter, Uniequip GmbH, 2013 (1 No.) 2,20,500 CPRI
Germany, Sr. No. 205946280

34. Potato processing and packaging machinery 2013 1 No. 24,43,500 CPRI
Sandeep instruments and chemicals, New Delhi.

35. Gas Liquid Chromatography 2009 (1 No.) 5,86,303 CIPHET
M/s. Nucon Engineers, series 5700

36. Ribbon blender 2009 (1 No.) 3,38,000 CIPHET
M/s. BK Engineers, Punjab

37. Grinder And Mixer Unit 2009 (1 No.) 1,59,640 CIPHET
M/s. BK Engineers, Punjab

38. Pelletiser 2009 (1 No.) 7,04,080 CIPHET
M/s. BK Engineers, Punjab

39. Hammer Mill 2009 (1 No.) 2,96,400 CIPHET
M/s. BK Engineers, Punjab
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S. Name of the equipments with Year of Quantity Total cost Responsible
No manufacturers name, model and Sr. No purchase (Nos.) (Rs.) consortium

40. VB elevators 2009 (1 No.) 4,27,440 CIPHET
M/s. Osaw Agro Industries, Ambal Cantt.

41. Water bath 2009 (1 No.) 14,620 CIPHET
M/s. Macro Scientific Works, New Delhi,
MSW-272

42. Muffle furnace 2009 (1 No.) 25,180 CIPHET
M/s. Macro Scientific Works, New Delhi,
MSW-251

43. Tray Dryer 2009 (1 No.) 10,115 CIPHET
M/s. Macro Scientific Works, New Delhi,
MSW-216

44. Hot air Oven 2009 (1 No.) 16,830 CIPHET
M/s. Macro Scientific Works, New Delhi,
MSW-211

45. Vacuum Oven 2009 (1 No.) 44,980 CIPHET
M/s. Macro Scientific Works, New Delhi,
MSW-218

46. Digital Balance 2009 (1 No.) 73,125 CIPHET
M/s. Sartorius Mechatronics India Pvt Ltd. Mohali

47. Ph Meter 2009 (1 No.) 8,980 CIPHET
M/s. Macro Scientific Works, New Delhi,
MSW-522

48. Centrifuge 2009 (1 No.) 1,73,214 CIPHET
M/s. The Bharat Instruments and Chemicals,
Ludhiana, RC-8100 SFS

49. Weighing Machine 2009 (1 No.) 34,762 CIPHET
M/s. Sandeep Instruments, New Delhi

50. Vacuum Cleaner 2009 (1 No.) 23,063 CIPHET
M/s. Arin Industrial Marketing Co. Chandigarh

51. Metal Bins 2009 (1 No.) 22,121 CIPHET
M/s. Gosain Lahori Mal and Sons

52. ELISA Reader 2009 (1 No.) 2,50,000 TERI
M/s. Bioscreen Instruments Private Limited,
New Delhi

53. Bioreactor 2010 (1 No.) 17,15,112 TERI
M/s. Applikon Biotechnology B.V(F0450) De
Brauwweg 13, 3125 AP, Schiedam,
The Netherlands

(ii) Works

S. Particulars of the work, name and address Year of Quantity Total cost Responsible
No. of agency awarded the work work done (Nos.) (Rs.) Partner

1 Drip Irrigation system 2009 1No. 1,49,263 Lead centre-
M/s. Jain Irrigation system Pvt. Ltd., Lucknow CPRI

2 Sprinkler Irrigation system
M/s. Jain Irrigation system Pvt. Ltd., Lucknow 2009 1No. 71,685 CPRI

3 Net House
M/s. Interstate Enterprises, New Delhi 2009 1No. 5,45,918 CPRI

4 Net House
M/s. Rajdeep Agri Products Pvt. Ltd., New Delhi 2009 1No. 9,46,958 CPRI
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S. Particulars of the work, name and address Year of Quantity Total cost Responsible
No. of agency awarded the work work done (Nos.) (Rs.) Partner

5 Growth/ Hardening Chamber
M/s Rajdeep Agri Products Pvt. Ltd., New Delhi 2009 1No. 7,39,070 CPRI

6 Laboratory, Working Table and Chemical Shelves 2009 1No. 1,65,144 CPRI
M/s Anukampa Enterprises, Meerut

7 Renovation of Tissue Culture Lab 2009 1No. 12,32,722 CPRI
M/s Balaji Engineers, Meerut

8 Construction of Shed 2009 1No. 5,68,236 CPRI
M/s Balaji Engineers, Meerut

9 Construction of a poly house 2009 1No. 2,00,000 Co-partner-
M/s Rajdeep Agri Products Pvt. Limited, TERI
New Delhi

(iii) Revenue Generated

S. No. Source of Revenue Year Total amount (Rs) Responsible Partner

1. Sale of microtubers/minitubers 2010-11 1,45,800 Lead Centre - CPRI
2. Sale of specialty potato 2010-11 880 Lead Centre - CPRI
3. Sale of Cattle feed 2010-11 4,677 Co-partner - CIPHET
4. Sale of Cattle feed 2012-13 22,324 Co-partner - CIPHET

(iv) Livestock

S. No. Details of Livestock Year of Procurement/Production Nos. Total Responsible
(Breed, etc.) Cost (‘) Partner

Nil - - - -

20. Awards and Recognitions

S. Name, Award/ Recognition Institution/ Society Responsible
No. Designation, (with Date) Facilitating (Name Partner

Address of & Address)
the Person

1. Rajeev Kumar, SRF SARC Gold Medal National Symposium on Advances Lead Centre –
Award-2011: 14-16 in Biotechnological Research in CPRI
September, 2011. Agri-Horticultural Crops for

sustaining Productivity, Quality
Improvement and Food Security’
held at SVPUA&T, Modipuram,
Meerut

2. Kumar Rajeev, B.P. Best poster paper National Consultation “Production Lead Centre -
Singh, S. Rawal, award of Disease Free Quality Planting CPRI
P. Kumar, Sukhwinder Material Propagated through Tubers
Singh, S.V. Singh, and Rhizomes. at CPRIC, Modipuram
Pawan Kumar, during 4-5 March, 2011
Sanat Kumar and
Neeraj Saini. 2011.

21.  Steps Undertaken for Post NAIP Sustainability

The value chain has been divided broadly in four components and based on economic analysis the
sustainability of each is presented below:
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Sustainability of Seed chain

The seed supply chain has already been made self sustainable. All the technologies related to this
chain viz, technology for mini-tuber production, dipstick based diagnostic kits, etc. have been developed
and passed on to associate partners (M/s. Bhatti Farms, Jalandhar and M/s. Shivalik Seeds, Meerut).
Apart from CPRI and its regional stations, full fledged tissue culture facilities have been created at
M/s. Bhatti Farms, Jalandhar and M/s. Shivalik Seeds, Meerut. Their manpower has also been trained.
These firms have already started producing quality seed and are supplying it to potato growers.

 Further, the economics of seed potato cultivation by adopted farmers vis-à-vis non-adopter growing
general purpose potatoes indicated that net returns in cultivation of seed potatoes was Rs. 105,210/ ha
against Rs. 48,925/ ha for general potato. The B-C ratio in the cultivation of Seed potatoes was 1.90
against 1.70 for general potato.

Sustainability of French fry value chain

Breeder seed of variety Kufri Frysona has been provided to associate partners in seed and processing
chains, which would be further multiplied by them and provided to farmers in the state of Gujarat to
ensure supply of raw material. Kufri Frysona has not only out yielded most of the genotypes raised in
targeted region, but it proved significantly superior in terms of processing quality both in lab and
industrial tests. In future, the institute will be providing breeder seed to all the stakeholders. M/s McCain
Foods India Pvt. Ltd. and M/s Himalaya International Pvt. Ltd. have set up their plant in Gujarat for
French fries production and therefore raw material will be in high demand and ultimately the seed and
commercial potato farmers in Punjab, Gujarat as well as in other regions of the country will be real
beneficiaries due to higher farm profits. As the variety Kufri Frysona has been developed indigenously,
it has better adaptability in Indian conditions in comparison to exotic genotypes, Due to its better
productivity and processing quality it will be in great demand. The French fry industry is already
multiplying its seed on commercial scale. The economic analysis showed that net returns in cultivation
of French fries potatoes was Rs. 145,330/ ha against Rs. 113,852/ ha for general potato. The B-C ratio
in the cultivation of French fries potatoes was 2.19 against 2.05 for general potato. These developments
are making French fry value chain highly sustainable and growth oriented.

Sustainability of value chain on Specialty potatoes

Anti-oxidant rich potato cv. Kufri Surya has been adopted by the farmers in NCR and surrounding
areas. It is getting premium (Rs. 1-2 per kg) over normal potato. A new supply chain for specialty
potatoes involving Kufri Surya is developing by linking producers directly to the retailers. Double
cropping in baby potatoes will be profitable if remunerative prices are offered for this segment which
is still in infancy in the country. The Profitability analysis of specialty potato cultivation in nearby
areas of NCR (Meerut and Agra indicated that net returns in cultivation of specialty potatoes was Rs.
106,532/ ha (Kufri Surya) and Rs. 82,135/- (baby potatoes) against Rs. 82,632/ ha for general potato.
The B-C ratio in the cultivation of Specialty potatoes was 2.06 (Kufri Surya) and 1.95 (baby potatoes)
against 1.84 for general potato. Recent market trend indicated that baby potatoes are now visible in
megamalls, super markets, etc. in NCR having a premium of Rs. 4-6 per kg. All these developments
suggest sustainability of supply chain in the time ahead.

Sustainability of value chain on utilization of potato waste and non marketable potatoes

Preparation of cattle feed on small/medium scale by using potato pulp/waste potato or unmarketable
potatoes is financially sustainable. In this regard, a pilot plant has been installed at CIPHET for making
animal feed pellets which will be put in regular operation. Feed pellets prepared will be sold through
Agro-Processing Centre of CIPHET, Ludhiana. Besides, technology is being adopted by private sector
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which will continue to produce animal feed using waste potatoes. Recent studies on Digestibility trial/
metabolic trial conducted in collaboration with Guru Angad Dev Veterinary and Animal Sciences
University (GADVASU), Ludhiana showed that the effect of replacing cereals with potato waste in
animal feed provided comparable dry matter (DM) and organic matter (OM). This indicated that dried
potatoes had higher CP content as compared to maize grain. These findings are making this value chain
highly sustainable and customer/ user oriented.

22. Possible Future Lines of Work

Following work need to be carried out in future:

 Popularization of portable virus detection kit
 Further up-scaling of mass production of quality seed through bioreactor technology
 Back stopping of corporate sectors by CPRI for commercialization of production in specialty potatoes
 Up-scaling of animal feed production using industry waste and unmarketable potatoes
 Possibilities should be explored to link dietary fiber technology with pharmaceutical industry and

human health.

23. Personnel

(Staff of Lead Centre & Partner-wise, their Name, Designation, Discipline and Duration)
Research Management (CL) From – To

(DD/MM/YYYY)

1. Dr. S.K. Pandey, Director CPRI, Shimla 31.3.2008-30.6.2010
2. Dr. B.P. Singh, Director CPRI, Shimla 01.07.2010- 31.12.2013
Scientific (CPI, CCPI, others)
3. Dr. B.P. Singh, CPI & Director, Plant Pathology, CPRI, Shimla 31.3.2008- 31.12.2013
4. Dr. S.V. Singh, Principal Scientist, Breeding, CPRI Campus, Modipuram, Meerut (UP) 31.3.2008-2011
5. Dr. Devender Kumar, Co-PI & Principal Scientist, Plant Physiology, CPRIC, 31.3.2008- 31.12.2013

Modipuram
6. Dr. Sanjay Rawal, Co-PI & Principal Scientist, Agronomy, CPRIC, Modipuram 31.3.2008- 31.12.2013
7. Dr. Vinay Singh, Co-PI & Principal Scientist, Seed Technology, CPRIC, Modipuram 31.3.2008- 31.12.2013
8. Er. Sukhwinder Singh, Co-PI & Scientist, Farm machinary and power, CPRIC, 31.3.2008- 31.12.2013

Modipuram
9. Dr. Dinesh Kumar, Co-PI & Senior Scientist, Plant Biochemistry, CPRI Campus, 31.3.2008-15-06-2010

Modipuram, Meerut (UP)
10. Dr. Parveen Kumar, Co-PI & Senior Scientist, Agronomy, CPRI Campus, 31.3.2008-30-09-2010

Modipuram, Meerut (UP)
11. Dr. M Narayan Bhat, Co-PI & Senior Scientist, Plant pathology, CPRI Campus, 31.3.2008-15-05-2009

Modipuram, Meerut (UP)
12. Dr. M.A. Khan, Co-PI, Senior Scientist, Agril. Chemistry, CPRIC, Modipuram 31.3.2008- 31.12.2013
13. Dr. V.K. Gupta, Co-PI & Senior Scientist, CPRIC, Modipuram
14. Dr. Mehi Lal, Co-PI & Scientist, CPRIC, Modipuram 19-06-2009- 31.12.2013
15. Dr. Bandana, Co-PI & Scientist, CPRIC, Modipuram 17-09-2010- 31.12.2013
16. Dr. Dr R.K. Rana, Co-PI & Principal Scientist, CPRI, Shimla 31.3.2008- 31.12.2013
17. Dr. N.K. Pandey, Co-PI & Principal Scientist, CPRI, Shimla 31.3.2008- 31.12.2013
18. Dr. S.J. Gwande, Co-PI & Scientist, Viral diagnostics, CPRI, Shimla 31.3.2008-2009
19. Dr. A. Jeevalatha, Co-PI & Scientist CPRI, Shimla 29-08-2009-31.12.2013
20. Dr. Brajesh Singh, Senior Scientist, Plant Physiology, CPRI, Shimla 31.3.2008- 31.12.2013
21. Dr. R.S. Marwaha, Co-PI& Principal Scientist, Plant biochemistry & PHT, 31.3.2008-31-8-2009

CPRS Jalandhar (Punjab)
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Research Management (CL) From – To
(DD/MM/YYYY)

22. Dr. (Mrs.) Ashiv Mehta, Principal Scientist, CPRS, Jalandhar 1.9.2009- 31.12.2013
Partner CCPI
23. Dr. Sanjay Saxena, Senior Fellow Area Convener, CCPI, Plant tissue culture & 31.3.2008- 31.12.2013

molecular biology, TERI, New Delhi
24. Dr. Devendra Dhingra, Sr. Scientist, CCPI, Animal Nutrition, Central Institute of Post 31.3.2008- 2011

Harvest Engineering and Technology, Ludhiana (Pb)
25. Dr. Sangeeta Chopra, Sr. Scientist CCPI, Central Institute of Post Harvest Engineering Oct., 2011 to Feb., 2013

and Technology, Ludhiana (Pb)
26. Dr. Tanbir Ahmad, Scientist, Livestock Products Technology, CCPI, Central Institute Feb., 2013- 31.12.2013

of Post Harvest Engineering and Technology, Ludhiana (Pb)
27. Er. Dinesh Garg, GM, CCPI, Food Technologist, M/s. Merino Industries Ltd., 31.3.2008-09

Hapur, Distt.-Ghzaiabad (UP)
28. Dr. V.K. Singh, Senior Marketing Manager CCPI, Marketing, M/s. United 31.3.2008-10

Phosphorus Ltd., Mumbai (MS)
Associate partners
29. Shri Karan Dhand, (French fry production) M/s. Satnam Agri prod., Jalandhar 31.3.2008- 31.12.2013
30. Mr. S.S. Bhatti, (Seed Production) M/s. Bhatti Farms, Jalandhar 31.3.2008- 31.12.2013
31. Mr. J.B.S. Sangha (Seed Production) M/s. Sangha Seeds, Jalandhar 31.3.2008- 31.12.2013
32. M/s. Mother Dairy, New Delhi 2011-31.12.2013
33. M/s. Shivalik seeds, and ware housing Ltd. Meerut 2010-31.12.2013
Technical- Nil
Contractual
34. Dr. Pardeep Kumar, Research Associate 22-08-2013-31-12.2013
35. Mr. Gaurav Sharma, R.A., Shimla 07.02.2011-31-12.2013
36. Rashmi Dhaka, SRF 21-02-2011-31-12.2013
37. Priyanka Verma, SRF 22-09-2011-31-12.2013
38. Astha Singh, SRF 28-03-2013-31-12.2013
39. Mr. Anil Kumar, SRF 21-08-2013-31-12.2013
40. Priyanka, SRF, Shimla 24.07.2008-31-12.2013
41. Preeti, Office Assistant 10-05-2013-31-12.2013
42. Mrs. Suruchi, SRF. Sharma 21.07.2008-31.03.2012
43. Mr. Rajeev Kumar, Research Associate 18-04-2013-07-06-2013
44. Dr. Rann Pal Singh, Research Associate 09-07-2008-19-08-2009
45. Mr. Anivesh Kumar, Research Associate 04-07-2008-07-11-2009
46. Dr. Sunil Kumar , SRF 19-08-2008-02-04-2010
47. Mr. Rajeev Kumar, SRF 04-07-2008-17-04-2013
48. Mr. Manoj Kumar, SRF 05-07-2008-15-03-2013
49. Mr. Sanat Kumar, SRF 10-07-2008-26-02-2011
50. Kr Illa Gaur, SRF 07-07-2008-15-04-2009
51. Dr. Sunil Kumar Goyal, SRF 05-07-2008-15-11-2009
52. Mr. Samena Chalku, SRF 07-07-2008-02-06-2011
53. Dr. Kesari 22.07.2008-31.07.2010
54. Renu Panwar, O.A 03-07-2009-10-02-2012
55. Mr. Vishal Choudhary, SRF 02-03-2010-31-03-2012
56. Dr. Pawan Kumar, SRF 05-09-2009-11-11-2012
57. Mr. Julfikar Ali Ansari, SRF 30-01-2010-18-09-2010
58. Mr. Naveen Sharma, SRF Sept.2010-31.03.2012
59. Mr. Anuj Yadav, SRF 06-02-2010-23-09-2010
60. Mr. Ajay Kumar, SRF 01-10-2010-22-10-2010
61. Mr. Anil Kumar, SRF 19-09-2011-31-03-2012
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24. Governance, Management, Implementation and Coordination
A. Composition of the various committees (CIC, CAC, CMU, etc.)

S. Committee Name Chairman Members
No. (From-To) (From-To)
1. CIC Dr. P.C. Gaur, 2008- Dr. S.K. Pandey 2008-30-06-2010

continue Dr. Sanjay Saxena, 2008- continue
Dr. Devendra Dhingra, 2008-
Dr. V.K. Singh, 2008-10
Dr. Dinesh Garg, 2008-09
Mr. A.K. Singh
Mrs. Kamlesh Sharma
Dr. B.P. Singh, CPI & Member Secretary, 2008- continue

2. CAC Dr. P.C. Gaur, 2008- Dr. P.K. Chattopadhyay, 2008-continue
continue Dr. S.J. Singh, 2008-continue

Mr. Rajesh Garg, 2008- continue
Dr. TPS Tomar, 2008-continue
Mr. Rudra Pratap Singh, 2008-continue
Mr. Vineet Kathuria, 2008-continue
Mrs. Santosh Banswal
Dr. J.P. Mittal, Ex-Officio Member
Dr. S.K. Pandey, Ex-Officio Member, 2008-30-06-2010
Dr. B.P. Singh , Ex-Officio Member, 2008-continue

3. CMU Dr. S.K. Pandey 2008-30-06-2010
Dr. Sanjay Saxena 2008-continue
Dr. Devendra Dhingra 2008-
Dr. V.K. Singh 2008-10
Dr. Dinesh Garg 2008-
Dr. N.K. Pandey 2008-conitnue
Dr. Praveen Kumar, Nodal Officer
Dr. B.P. Singh, Member Secretary 2008-conitnue

B. List of Meetings organized (CIC, CAC, CMU, etc.)

S. Details of the meeting Date Place & Address
No. (Where meeting was organized)

CIC
1. CIC 15th May, 2008 CPRIC, Modipuram
2. CIC 18th December, 2008 CPRIC, Modipuram
3. CIC 24th July, 2009 CPRI, Shimla
4. CIC 10th April, 2010 CPRIC, Modipuram
5. CIC 26th November, 2010 CPRIC, Modipuram
6. CIC 3rd September, 2011 CPRI, Shimla
7. CIC 10th September, 2012 CPRI, Shimla
8. CIC 07th October, 2013 CPRI, Shimla

CAC
1. CAC 15th May, 2008 CPRIC, Modipuram
2. CAC 18th December, 2008 CPRIC, Modipuram
3. CAC 24th July, 2009 CPRI, Shimla
4. CAC 10th April 2010 CPRIC, Modipuram
5. CAC 26th November, 2010 CPRIC, Modipuram
6. CAC 3rd September, 2011 CPRI, Shimla
7. CAC 10th September, 2012 CPRI, Shimla
8 CAC 07th October, 2013 CPRI, Shimla

CMU
1. CMU 3rd September, 2011 CPRI, Shimla
2. CMU 10th September, 2012 CPRI, Shimla
3. CMU 07th October, 2013 CPRI, Shimla
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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 and materials are available for the same.

Place: Shimla (Bir Pal Singh)
Date: 3.6.2014 Consortium Principal Investigator

Place: Delhi
Date: 3.6.2014   (Devendera Dhingra)

Consortium Co-Principal Investigator

Place: Delhi (Sanjay Saxena)
Date: 3.6.2014 Consortium Co-Principal Investigator

(Bir Pal Singh)
Consortium Leader

Date: 3.6.2014
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Flow Diagram of the Value Chain
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