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Director's desk…….

The overall ecology of research at CSIR-IHBT witnessed a qualitative 
shift and importantly was grounded to local realities. It has been an 
exciting journey from shaping the science at CSIR-IHBT to shaping 
the rural economy based on science done at CSIR-IHBT. I am once 
again fortunate to portray the important events of the first year of the 
XIIth plan i.e. 2012 – 2013. 

 The initiative at Ribling in Keylong further expanded our horizon 
in the Western Himalayan Region. Our activities were intensified 
with the opening of our formal office and construction of a road to the site. In addition to 
the establishment of Hippophae germplasm resource centre, a herbal garden is being developed. 
Further, our quest to decipher the mechanism that confers adaptive advantage and fitness to 
species at high altitudes paid dividends through our experiments with Caragana jubata.  The three 
traits that confer this advantage are- i) quick acclimation capability, ii) role of  chaperones  in 
protection  and iii) concomittent  high growth  and developmental activity. Importantly all the 
genes associated with these activities were identified, characterized and validated. 

CSIR-IHBT consolidated its foray in food technology by launching snack products such as “Lauli 
Puff-Nutri Bar” and “Lauli Puff-Healthy Snack”, a widely grown, underutilized non-cereal grain 
i.e. buckwheat.  Extrusion products were also developed from apple pomace- an unutilized waste 
from apple processing industry. The Institute also developed fortified mango bars and puffed rice 
bars to cater to National Nutritional Programme. 

In silco integrative network biology approach for therapeutic purpose identified Schinidt-Ruppin 
A-2 viral oncogene homolog (SRC) as a promising drug target for asthma with its role in respiratory 
mechanism. The functioning of our Regulatory Research Centre broadened the scope of our 
work on the use of products, biomolecules and nanoparticles by in vitro and in vivo experiments. 
Our chemical sciences group developed nanocatalyst, metal phthalocyanine based catalyst and 
ionic liquid mediated organic synthesis of bioactive molecules having anti-malarial and anti-
diabetic activities. Galanthamine alkaloids from Zephyranthes grandiflora were characterized and 
profiled chemically. These compounds are important acetycholinesterase inhibitors used for the 
treatment of Alzheimer's disease. Our efforts also led to the development of an improved process 
for obtaining 90% pure steviol glycosides. 

For the promotion of apple orchardists in J&K and HP, CSIR-IHBT extended its fungal and viral 
diagnostic kits for field evaluations.  At the fundamental level, the transcriptome of the apple scab 
fungus was elucidated so as to establish the basis of infection and its control. Virus free root stock 
cultures of apple were also supplied to commercial tissue culture laboratories. Over expression 
of thaumatin like protein (TLP) gene from tea into potato exhibited tolerance to two important 
fungal pathogens i.e. charcoal rot and late blight. Interestingly, genome wide expression profiling 
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of NAC transcription factor family in potato provides a direction to breeding for stress tolerance 
in this important crop. 

An intensified and sustained training schedule was implemented for floriculture and medicinal 
and aromatic plants to the farmers. CSIR-IHBT on its annual day releases “The Himalayan 
Wonder”, a thornless ‘bud sport', thereby adding grace to the beauty of roses. Our scientist also 
introduced a purple coloured chimera, “Himalayan Glory” from the cv “First Red”. 

In order to tackle the problem of forest fires during summers, CSIR-IHBT provided digitized fire 
maps of four forest divisions to the State Forest Department, HP. This service is being sought by 
other regions across the Himalayan zone. Our activities with NHPC on reclaiming of dumping 
sites concluded successfully and invoked interest for further interactions.  

The year witnessed the development of AcSIR block having space for interphasing with farmers 
and industry under the Technology Innovation Management (TIM) programme. 

Challenging qualitative achievements are possible only through active support of CSIR 
Headquarter and our funding agencies. The guidance of our Research Council and Management 
Council and its prioritization of the projects and development program proved invaluable. In the 
changing global S&T scenario and the emphasis of private participation in our latest S&T policy, 
team CSIR-IHBT braces itself to rise to the occasion. 

Paramvir Singh Ahuja
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funs'kd dh dye ls----------

lh,lvkbZvkj&fgeky; tSolaink izkS|ksfxdh laLFkku] ikyeiqj us ,d ckj iqu% lexz vuqla/kku 
okrkoj.k esa xq.koÙkk;qDr ifjorZu ns[kk gS vkSj ;g egRoiw.kZ :i ls LFkkuh; okLrfodrk ds /kjkry 
ij gSA lh,lvkbZvkj&vkbZ,pchVh esa foKku dks ,d lgh fn'kk nsus ls ysdj xzkeh.k vkfFkZdh dks 
vius oSKkfud 'kks/k ls ,d vxz fn'kk nsus rd ,d cgqr gh jksekapd ;k=k jgh gSA eSa ,d ckj iqu%  
lkSHkkX;'kkyh gwWaa fd eq>s 12oha ;kstuk ds izFke o"kZ 2012&13 dh egRoiw.kZ miyfC/k;ksa dks vkids 
le{k j[kus dk ekSdk feyk gSA

dsykax ds fjcfyax esa gekjs laLFkku dh igy ls if'peh fgeky; {ks= ds mPp ioZrh; tyok;q ;qDr 
LFkkuksa esa 'kks/k o fodkl dks xfr feyh gSA ykgkSy esa gekjh xfrfof/k;ksa dks xfr nsus ,oa lkdkj 
djus ds fy, ,d dk;kZy; [kksy fn;k x;k gS rFkk blds fy, ,d laidZ ekxZ dk Hkh fuekZ.k 
fd;k x;kA fjcafyx {ks= esa fgiksQh teZIykt+e ,d=.k dsUnz ds lkFk&lkFk ,d okuLifrd m|ku 
Hkh rS;kj fd;k tk jgk gSA dsjkxkuk tqckVk ij gekjs ijh{k.kksa us gekjh ftKklk ds xw<+ fØ;kfof/k 
dks mPp tyok;q;qDr {ks=ksa dh iztkfr;ksa ds vuqdwyu fo'ks"krk vkSj LoLFkrk dh ifq"V dh gSA rhu 
fo'ks"krk,a ftuus bl Js"Brk dks iq"V fd;k gS i½ Rofjr vuqdwyUk {kerk ii½ j{k.k esa laj{kd dh 
Hkwfedk vkSj iii½ lgorhZ mPp o`f) vkSj fodkl xfrfof/k;kaA blesa lcls egRoiw.kZ ;g gS fd bu 
xfrfof/k;ksa esa lgk;d thu~l dh igpku] y{k.kfp=.k vkSj ekudhdj.k dj fy;k x;k gSA

ykgkSy esa cdOghV  ls ^ykgkSyh iQ* ij /;ku dsfUnzr vkSj fuos'k djds lh,lvkbZvkj&vkbZ-,p-
ch-Vh- us [kk| izkS|ksfxdh ds {ks= esa vius nkos dks vkSj etcwr fd;k gSA gekjs oSKkfudksa us lsc ds 
HkqDr'ks"k ls lQyrkiwoZd mRikn fodflr fd, gSaA laLFkku us ^esaxks ckj* vkSj ^i¶M jkbl ckj* dks 
Hkh fodflr fd;k gS tks fd jk"Vªh; iks"k.k dk;ZØe dh t#jrksa dks iwjk djus esa lgk;d gksaxsA

uSnfkud n`f"V ls bu flfydks lefUo;r usVodZ thofoKku fof/k }kjk flfuV&:fiu ,&2 ok;jy 
vkWUdksthu gkseksykWx ¼SRC½ dks nek ds fy, laHkkfor vkS"kf/k ds :i esa igpku dj yh xbZ gSA 
,d fodflr fof/k }kjk 'kq) LVsfo;kWy  XykbdkslkbM~l ¼90%½ dk mRiknu dj fy;k x;k gSA 
gekjs fofu;ked vuqla/kku dsUnz ds dk;Z&dykiksa dh bu&foVªks  vkSj bu&fooks ijh{k.kksa }kjk gekjs 
mRiknksa] tSo v.kqvksa vkSj lw{ed.kksa dks fodflr djus esa vxz.kh  Hkwfedk fuHkk;hA gekjs jlk;u 
oSKkfudksa ds lewg us -eysfj;kjks/kh] e/kqesgjks/kh vkSj tSolfØ; v.kqvksa ds fy, usuks dsVkfyLV] esVy 
isFkkyksflfuu vk/kkfjr mRizsj.k vkSj vk;ksfud fyfDoM esfM,fVM vkjxsfud flaFksflt dks fodflr 
dj fy;k gSA ,YtkbelZ dh jksd ds fy, xykaFkkfeu vYdkykW;M] egRoiw.kZ ,flVhdksyhusLVjst 
fujks/kd dks y{k.kfpf=r dj fy;k x;k gS vkSj >sQkbjSafFkl xzS.Mh¶yksjk esa jlk;fud izksQkby dj 
fy;k x;k gSA ;s ;kSfxd egRoiw.kZ ,flVhdksyhusLVjst jks/kh gS tks fd ,Ytkbej jksx ds funku ds 
fy, iz;qDr gksrs gSaA
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tEew vkSj d'ehj ,oa fgekpy izns'k ds lsc mRikndksa dks izksRlkfgr djus ds fy, laLFkku us iz{ks= 
ewY;kadu ds fy, QQawn vkSj fo"kk.kq uSnkfud fdV iznku dh gSA ewyHkwr  Lrj ij lsc ds LdSc 
QQwan ds VªkalfØIVkse dks le>k gS] rkfd laØe.k ds vk/kkj dks LFkkfir vkSj bls fu;af=r fd;k tk 
ldsA lsc ds fo"kk.kq eqDr ewy Ldan lao/kksZa dks O;kolkf;d mrd lao/kZu iz;ksx'kkykvksa dks iznku 
fd, x;k gSA pk; ls vkyw esaa Vh,yih thu ds vksoj ,Dlizs'ku ls pkjdksy jkWV esa lgu'khyrk 
iznf'kZr gqbZ vkSj ysV CykbV ds jksx y{k.kksa dks vojksf/kr dj fn;k x;k gSA vkyw esa ,u,lh 
VkalfØI'ku QSDVj lewg esa ftukse okbM ,Dlizs'ku izksQkbfyax us bl Qly esa ncko lgu'khyrk 
gsrq ladj.k ds fy, fn'kk dks iznku dh gSA 

fdlkuksa ds fy, iq"i] vkS"k/kh; ,oa lxa/k ikS/kksa ds {ks= esa ,d xgu vkSj yxkrkj pyus okys 
izf'k{k.k dk;ZØeksa dk okf"kZd dySaMj rS;kj fd;k x;k gSA lqUnjrk esa pkj pkan yxkus ds fy, 
lh,lvkbZvkj&vkbZ,pchVh us vius okf"kZd LFkkiuk fnol ds volj ij dkaVk jfgr xqykc ^n 
fgeky;u oaMj* uked iztkfr dks tkjh fd;k gSA gekjs oSKkfudksa us ^QLVZ  jsM* iztkfr ls ijiy 
jax ds fdesjk dks fodflr fd;k gS] ftls ^fgeky;u Xyksjh* uke fn;k x;k gSA
 
lh,lvkbZvkj&vkbZ,pchVh us fgekpy izns'k ds 4 ou e.Myksa ds fMthVy ou vfXu ekufp= iznku 
fd, gSa] rkfd {ks= ds vfXu laHkkfor {ks=ksa dh igpku dh tk ldsA bl izdkj dh lsok,a fgeky; 
ds vU; {ks=ksa ls Hkh ekaxh tk jgh gSaA ,u,pihlh ds lkFk eyokxzLr {ks=ksa esa iqu% gfj;kyh ykus dh 
fn'kk esa gekjs iz;klksa dks ljkgk x;k gS vkSj bls vkxs c<+kus esa #fp fn[kkbZ tk jgh gSA 

bl o"kZ oSKkfud vkSj uoksUes"k vuqla/kku vdkneh ds vdkneh Cykd dks cuk;k tk jgk gS] ftlesa 
izkS|ksfxdh uoksUes"k izcU/ku ds vUrxZr fdlkuksa vkSj m|fe;ksa ds fy, ,d eap gksxkA 

gekjh pqukSrhiw.kZ xq.koÙkk;qDr miyfC/k;ka lh,lvkbZvkj eq[;ky; vkSj gekjs foÙkiksf"kr laLFkkvksa 
ds lfØ; lg;ksx ds dkj.k gh laHko gks ldha gSA gekjh vuqla/kku ifj"kn vkSj izcU/k ifj"kn ds 
ekxZn'kZu vkSj budh ifj;kstukvksa vkSj fodkl xfrfof/k;ksa esa izkFkfedrk gekjs fy, vewY; fl) 
gqbZ gSaA oSf'od Lrj ij cnyrs foKku vkSj izkS|ksfxdh ifjn`'; esa gekjh foKku vkSj izkS|ksfxdh 
uhfr ds vUrxZr futh {ks= dh Hkkxsnkjh ds egRo dks le>rs gq, Vhe lh,lvkbZvkj&vkbZ,pchVh 
us viuh dej dl yh gSA                                          

¼ijeohj flag vkgwtk½



1

C
SIR-IH

BT A
nnual Report 2012-13

CHARACTERIZATION AND MANAGEMENT OF HIMALAYAN  
BIORESOURCES

FIELD SURVEY

Botanical surveys, inventorization, mapping and collection of plant materials were continued in 
the current year for introduction and conservation of plants. Consequently, 13 field surveys were 
conducted to different localities of Himachal Pradesh (HP) (Table 1).

Table 1 Details of the field survey during 2012-2013

Month Areas surveyed Objectives

April 2012 Holi and Nayagran, Chamba district Floristic survey

April 2012 Mohal and Manali, Kullu district Floristic survey

May 2012 Tiari, Deol, Holi and Kuarsi, Chamba district Ecological and ethnobotanical studies

May 2012 Kangra, Shahpur and Trilokpur, Kangra district Collection of ferns and fern allies

June 2012 Tandi and Gondla, Lahaul and Spiti district Collection of ferns and fern allies

June 2012 Barot, Baragran, Panihartu and Plachak, Kangra 
district

Floristic survey

July 2012 Chamba, Holi, Yada and Jalsu, Chamba district Ecological studies and floristic survey

July 2012 Gaggal, Shahpur and Trilokpur, Kangra district Survey and collection of ferns

August 2012 Chamba, Kalel, Banjli and Rupin, Chamba district Floristic and ethnobotanical survey

August 2012 Rajnagar, Bharmour, Hadsar, Dharol and Garola, 
Chamba district

Ecological studies and floristic survey

August 2012 Gwaltikar, Kangra district Survey and mapping of ferns and fern allies

October 2012 Rakh, Khaniara and Dharamshala, Kangra district Survey and mapping of ferns and fern allies

October 2012 Gaggal, Shahpur and Trilokpur, Kangra district Survey and mapping of ferns and fern allies

Landuse/landcover mapping of Bilaspur district of HP

A landuse/landcover classification of Bilaspur district was carried out using LANDSAT TM 
satellite data (Fig. 1a) of February 5, 2010. The district was classified into 7 broad classes namely 
habitations, water bodies, barren land, scrub land, grassland, crop land and forest (Fig. 1b). The 
result showed that 29.8% geographical area of Bilaspur is under forest followed by scrub land 
(23.93%), grass land (16.98%), crop land (15.78%), water bodies (9.72%), barren land (2.86%) and 
habitation (0.8%).
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Preparation of digital forest fire maps

The digital fire maps of Dharamshala, Nurpur, Palampur and Chamba forest divisions of HP were 
prepared in Remote Sensing (RS) and Geographic Information System (GIS) environment. The 
maps provide information on frequency spread and locations of forest fire sites (Fig. 2).

(a) (b)
Fig. 1 (a) LANDSAT TM image (b) landuse/landcover map of Bilaspur

( ) (b)

Fig. 2 Digital forest fire map of Chamba forest division of HP
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Relocation of species

Concerns regarding the status of 
Eremostachys superba Royle ex Benth. 
(family Lamiaceae) in wild and its 
possible extermination are serious. The 
species was re-collected from HP after a 
gap of ~72 years. It was found growing in 
two localities only i.e., Kangra and Una 
districts with a total population of ~500 
individuals.

The species occurs in the sub-Himalayan 
tracts up to 1000 m, has a thick rootstock 
and a rosette of lyrate leaves that are 
produced in winter season. E. superba 
attains a height of more than a meter and 
the plant is hard to ignore when in full bloom (Fig. 3). The inflorescence is a spike with yellow, 
zygomorphic flowers. 

Plant invasion studies

Invasion by exotic species is a prime threat to biodiversity. Information on their expanse is thus, 
pivotal for effective management of 
bioresources. Area of Occupancy (AOO) 
by Sapium sebiferum (L.) Roxb. - an invasive 
species in HP was worked out. Three 
methods namely Aerographic method 
(AM), Cartographic method (CM) and 
Cartographic method by conglomerates 
(CMC) were deployed and compared for 
the same. As expected, the three results 
varied amongst themselves, with AOO 
being 1127.58, 4046.00 and 734.12 sq 
km for AM, CM and CMC, respectively. 
Based on field surveys and observations, 
CMC was found to give the most reliable 
estimates (Fig. 4).

Trade in medicinal plants

Nagchhatri, scientifically referred to as 
Trillium govanianum Wall. ex. D. Don [Syn. 
Trillidium govanianum (D. Don) Kunth)] 
(family Melanthiaceae) is a native plant 
of Himalaya that usually prefers shady 
areas and is distributed from Pakistan to 

Fig. 3 Inflorescence of Eremostachys superba

Fig. 4 Area of occupancy of Sapium sebiferum based on CMC
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Bhutan between the altitudinal ranges 2400-3800 m asl. During the last two years, unregulated 
collection and illegal trade of the species was observed. The plant is a small herb, about 15-25 cm in 
height and has a central inconspicuous purplish brown flower borne at the apex of the stem that is 
surrounded by leaves. Leaf is broadly ovate, acute, three in number with a conspicuous petiole (Fig. 
5). It is reported to contain trillarin and is used in preparation of steroidal and sex hormones. The 
underground part i.e., the tuber of the plant is the key material for trade (Fig. 6).

Between Palachak and Panihartu locations in the Dhauladhar Wildlife Sanctuary, ~100 herb 
collectors were reported to be camping and rampantly extracting the remaining species. 
Interactions with herb collectors (n=10) revealed that plant is being sold at rates between 
`1000 to 1500/kg dry weight. A collector collects 8-10 kg of fresh tubers in a day. Average 
fresh weight of the tuber of a mature plant was found to be 3.13±1.57 g which reduced to 
1.59±0.79 g (n=5) on drying. 

Fig. 5 Nagchhatri flower growing in wild Fig. 6 The collected material for trade

Ethnobotanical studies

Folk knowledge of the Gaddi community on utilization of plants was documented through 
interviews. Information on traditional uses of 45 plant species was recorded. Hedychium (swellings), 
Rumex (antidote), Rabdosia (stomachache), Urtica (internal injuries), Asparagus (dysentery), Plantago 
(itching), Geranium (boils & blisters), Phytolcacca (vegetable), Berberis (edible fruits), Ficus (edible 
fruits), and Pteris (to ward off evil spirit) are the commonly used plant species. 

Bioresource inventorization with a focus on bioprospection of pteridophytes 
of western Himalaya (Funded by National Bioresource Development Board, Govt. of 
India)

Field tours to the alpine regions in Dhauladhar mountain range (Kangra district) were conducted. 
Cryptogramma stelleri (Gmel.) Prantl. was collected from wet, rocky outcrops on the carpet of a thick 
moss layer. Commonly, the plant is referred to as slender rock brake, fragile rock brake and steller's 
rock brake. A creeping scaly rhizome, ephemeral nature of fronds, absence of hydathodes and 
tetrahederal-globose spores with verrucate and smooth exine are characters of this species. The 
plant is a new addition to the fern Flora of HP (Fig. 7).
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Five different ferns viz. Adiantum capillus-veneris, A.incisum, 
Pteridium spp., Equisetum spp., Diplazium maximum and D. 
esculentum were extracted with MeOH:H

2
O (80:20, v/v) 

and screened for pesticidal activities against insect and mite 
pests. 

Preparation of distribution maps of pteridophytes 
in Himachal Pradesh

Distribution maps of Asplenium spp. and Diplazium spp. 
of pteridophytes were prepared by collating co-ordinate 
information of their occurrence from published sources. 
This was then overlaid on the geographical map of HP using 
Geographic Information System (GIS) techniques (Fig. 8).

The maps depict the presence of 19 species of Asplenium 
(A. adiantum-nigrum, A. aitchisonii, A.  alternifolium, A. 
anogrammoides, A. ceterach, A. dalhousiae, A. ensiforme, A. 
fontanum, A. indicum, A.  kukkonenii, A. laciniatum, A. pekinense, 
A. punjabense, A. septentrionale, A. tenuicaule, A. trichomanes, A. trichomanes-ramosum, A. unilaterale 
and A. yunnanense) and 5 species of Diplazium (D. esculentum, D. giganteum, D. longifolium, D. 
spectabile and D. squamigerum) in HP. 

Fig. 7 Cryptogramma stelleri collected from 
the alpine regions of Kangra district is a 
new record for HP

Fig. 8 Distribution of Asplenium spp. and Diplazium spp. in Himachal Pradesh

Introduction of unique ferns in CSIR-IHBT fernery
Fern species were successfully introduced in the CSIR-IHBT fernery. Of these, 5 are native 
of western Himalaya while the remaining are from South India (Table 2). Ferns introduced 
from HP are Botrychium virigeanum, Asplenium cetrach, Dryopteris redacto-pinnata, Woodsia alpina and 
Polystichum nepalense. B. virigeanum and W. alpina are under the critically endangered category of 
International Union for Conservation of Nature and Natural Resources (IUCN). 
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Table 2 Pteridophytes introduced in the CSIR-IHBT fernery

Species Native place

Acrostichum aureum South India

Dicranopteris linearis North-East Himalaya & South India

Dryanaria quercifolia Himalayan region &  South India 

Lygodium macrophyllum South India

Psilotum nudum Himalayan region &  South India

Pteris confusa South India

Pityrogramma calomelons Himalayan region &  South India

Pyrrossia adansons Eastern Himalaya &  South India

Nephrolepis variegated South India

Enrichment of herbarium

Herbarium is a repository of processed and systematically arranged plant specimens for reference 
and research. About 700 voucher specimens (250 pteridophytes and 450 angiosperms) were 
collected from various localities of HP.  Amongst the plants collected, 33 species are new addition 
to the herbarium of the Institute (PLP).  These new additions are Lysimachia chenopodioide Watt 
ex Hook. f. (Primulaceae), Euphorbia hispida Boiss. (Euphorbiaceae), Astragalus hosackioides (Royle 
ex Benth.) Benth., Rhynchosia himalensis Benth. ex Baker, Argyrolobium flaccidum (Royle) Jaub. 
(Fabaceae), Launaea secunda (C. B. Clarke) Hook. f., Hypochaeris radicata Linn., Onopordum acanthium 
L., Hieracium vulgatum Fries, Echinopus cornigerus (Asteraceae), Verbena officinalis Linn. (Verbenaceae), 
Cornus oblonga Wall. ex Roxb. (Cornaceae), Circaea cordata Royle (Onagraceae), Persea duthiei (King 
ex Hook. f.) Kostermans (Lauraceae),  Scutellaria grossa Wall. ex Benth. (Lamiaceae), Ziziphus 
oxyphylla Edgew (Rhamnaceae), Quercus baloot Griff. (Fagaceae), Notholirion thomsonianum (D. 
Don) Stapf (Liliaceae), Arabis pterosperma Edgew. (Brassicaceae), Jasminum parkeri Dunn (Oleaceae), 
Actaea spicata L. (Ranunculaceae), Boschniakia himalaica J. D. Hooker & Thomson (Orobanchaceae), 
Thalictrum alpinum Linn. (Ranunculaceae), Allium victorialis Linn. (Amaryllidaceae), Onosma 
hypoleucum M. Johnston (Boraginaceae), Kickxia ramosissima (Wall.) Janch. (Scrophulariaceae), 
Boerhavia chinensis (Linn.) Aschers & Schweinf. (Nyctaginaceae),  Cortusa brotheri Pax ex Lipsky 
(Primulaceae), Turgenia latifolia (L.) Hoffm. (Apiaceae), Lythrum salicaria Linn. (Lythraceae), Melissa 
axillaris (Bentham) Bakhuizen f. (Lamiacae) and Phryma leptostachya Linn. (Phrymaceae).
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HIGH ALTITUDE BIOLOGY AND CLIMATE CHANGE

Decipherence of the molecular mechanism of survival of Caragana jubata in the 
harsh climate of high altitude 

The harsh and hostile environment of the cold desert in Spiti valley, district Lahaul and 
Spiti, HP is characterized by high radiation, temperature and extreme scarcity of water. The 
molecular mechanism that confers survival fitness to C. jubata, a perennial shrub of this region 
was deciphered and a dominance of genes encoding chaperones was found. Genes associated 
with growth and development (Fig. 9) and 11 late embryogenesis abundance protein genes 
(LEAs) belonging to six groups were observed at low temperature (LT). While some showed 
constitutive expression, others were over-expressed within 3 h of exposure to LT. The sustenance 
of the species in the harsh environment of high altitude was attributed to the simultaneous 
up-regulation of six groups of LEAs. Genes associated with growth and development such as 
early light inducible protein, CjABA inducible, CjCDPK, indole acetic acid inducible protein, auxin 
responsive factor 7, MYB transcription factor 133, rare cold inducible 2A (CjRCI2A), cold acclimation 
responsive2, cold acclimation specific and mammalian cell entry family protein were also regulated in 
response to LT. Expression of all these genes was observed in the species growing  in its natural 
habitat of Kibber-Gete area of Lahaul & Spiti district, HP. 

Fig. 9 Functional analyses of genes obtained from suppression subtractive hybridization library (SSHL) of leaf tissues 
of Caragana jubata exposed to 25°C (control, CO) and 4°C (low temperature, LT). Transcripts were functionally 
classified according to Munich Information Center for Protein Sequences (MIPS, http://www.helmholtz-muenchen.
de/en/ibis)  

Kinetics of gene expression suggested rapid adjustability of the C. jubata cellular machinery in 
less than an hour in its niche environment. This was reflected in LT mediated photosynthetic 
acclimatory response (Fig. 10). Probably such molecular and physiological plasticity allowed C. 
jubata to survive the harsh environment of Himalayan cold desert.  
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Fig. 10 Low temperature mediated photosynthetic acclimation in C. jubata. Net photosynthetic rates (P
N
) in control 

exposed to 25°C throughout the experiment (CO), non-acclimated plants initially exposed to 25°C for 120 h 
followed by exposure to 4°C for 192 h, and then to 25°C (NA) and acclimated (ACC) plants exposed to a cycle of 4 
and 25°C for 0, 72, 120 and 192 h, respectively

Fig. 11 Lakes and glaciers in the Indian trans-Himalayan regions of 
Lahaul and Spiti, HP

Suraj Tal Lake near Bara-lacha-la Pass Chandra Tal Lake near Kunzum Pass

Dhaka Glacier near Kunzum Pass Glacier near Chatru

Glacier near Batal Glacier near Trilokinath 

Work was initiated on diversity 
analysis and characterization of 
microorganisms in novel niches, 
including high altitude lakes 
and glaciers of the Indian trans-
Himalaya region (Fig. 11). A total 
of 1540 bacteria, 66 actinomycetes 
and 150 fungi were isolated on 
different media and grouped into 
60 morphotypes. 

In continuation to earlier work, 
the bacterial morphotypes 
showed relatedness with A. 
cryoconiti,  A. nitroguajacolicus, 
A. citreus,  A. scleromae,  A. 
gandavensis,  A. sulfonivorans,  A. 
oxydans, Bacillus simplex, B. 
nanhaiensis, B. subtilis, Blastomonas 
natatoria, Chryseobacterium 
greenlandense, Enterobacter 
ludwigii, Erythromicrobium 
ramosum, Exiguobacterium indicum, 
Janthinobacterium lividum, Kocuria 
rosea, Leclercia adecarboxylata, 
Micrococcineae bacterium, Massilia 
timonae, Paenibacillus macquariensis, 
Pantoea eucrina, Phyllobacterium 

Isolation and characterization of microorganisms from the Indian trans-
Himalayas
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myrsinacearum, Pseudomonas cedrina, P. arsenicoxydans, P. frederiksbergensis, P. mandelii, Rhodococcus 
cercidiphylli, Variovorax boronicumulans, Yersinia intermedia and Y. aldovae, and the morphotypes of 
actinomycetes showed  relatedness with Streptomyces michiganensis, S. cirratus, S. luridiscabiei, S. 
xanthochromogenes, and S. subrutilus based on 16S rRNA gene sequencing. The fungal morphotypes 
showed highest identity with Aspergillus niger, Aspergillus sp., Cadophora sp., Coniothyrium sp., 
Chaetomium sp., Fusarium solani, Fusarium sp., Geomyces sp., G. vinaceus, Penicillium dipodomyicola, 
P. vinaceum, and Xylaria sp. based on ITS region sequencing (Table 3).

Table 3 BLASTn search results of the microorganisms from lakes and glaciers of the Indian 
trans-Himalayan region of Lahaul and Spiti, HP

Bacteria

Isolate Most closely related species Isolate Most closely related species

IHB B 10167 Pseudomonas cedrina subsp. Cedrina 
strain CFML 96-198

IHB B 6315 Streptomyces subrutilus strain DSM 
40445 

IHB B 10144 Leclercia adecarboxylata GTC 1267(T) IHB B 10205 Streptomyces cirratus strain NRRL 
B-3250 

IHB B 10223 Yersinia intermedia ATCC 29909(T) IHB B 10281 Arthrobacter citreus strain DSM 20133 

IHB B 10209 Enterobacter ludwigii DSM 16688(T) IHB B 10392 Pseudomonas mandelii strain CIP 
105273 

IHB B 10103 Pseudomonas frederiksbergensis  strain 
JAJ28 98

IHB B 10118 Kocuria rosea

IHB B 10104 Arthrobacter nitroguajacolicus G2-1(T) IHB B 10090 Exiguobacterium indicum HHS31(T)

IHB B 10127 Arthrobacter scleromae YH-2001(T) IHB B 10118 Kocuria rosea DSM 20447(T)

IHB B 10170 Arthrobacter sulfonivorans  IHB B 10380 Paenibacillus macquariensis subsp. mac-
quariensis NCTC 10419(T)

IHB B 10102 Arthrobacter oxydans DSM20119(T) IHB B 10403 Arthrobacter cryoconiti Cr6-08(T)

IHB B 10140 Arthrobacter scleromae YH-2001(T) IHB B 10410 Rhodococcus cercidiphylli  YIM 
65003(T)

IHB B 10156 Pseudomonas cedrina subsp. cedrina 
CFML 96-198(T)

IHB B 6464 Janthinobacterium lividum DSM 
1522(T)

IHB B 10156 Pseudomonas cedrina subsp. cedrina 
CFML 96-198(T)

IHB B 6474 Pseudomonas arsenicoxydans VC-1(T)

IHB B 10172 Pseudomonas cedrina subsp. cedrina 
CFML 96-198(T) 

IHB B 6491 Yersinia aldovae ATCC 35236(T)

IHB B 10204 Streptomyces michiganensis NBRC 
12797(T)

IHB B 10370 Phyllobacterium myrsinacearum IAM 
13584(T)

IHB B 10215 Variovorax boronicumulans BAM-48(T) IHB B 10397 Bacillus nanhaiensis JSM 082006

IHB B 10292 Bacillus simplex NBRC 15720(T) IHB B 10017 Janthinobacterium lividum DSM 
1522(T)

IHB B 10173 Pseudomonas cedrina subsp. cedrina 
CFML 96-198(T)

IHB B 10086 Pantoea eucrina LMG 2781(T)

IHB B 10290 Bacillus simplex NBRC 15720(T) IHB B 9110 Micrococcineae bacterium

IHB B 10201 Bacillus subtilis subsp. inaquosorum 
BGSC 3A28(T) 

IHB B 9353 Erythromicrobium ramosum



10

C
SI

R-
IH

BT
 A

nn
ua

l R
ep

or
t 

20
12

-1
3

IHB B 10212 Chryseobacterium greenlandense 
UMB34(T)

IHB B 9354 Erythromicrobium ramosum

IHB B 9528 Pseudomonas arsenicoxydans IHB B 9355 Blastomonas natatoria

IHB B 9529 Pseudomonas jessenii IHB B 9526 Arthrobacter gandavensis

IHB B 9530 Exiguobacterium sibiricum IHB B 9527 Massilia timonae

Actinomycetes

IHB B 10181 Streptomyces cirratus strain NRRL 
B-3250 

IHB B 10203 Streptomyces xanthochromogenes strain 
NRRL B-5410 

IHB B 10154 Streptomyces luridiscabiei strain S63 IHB B 10213 Streptomyces subrutilus strain DSM 
40445 

IHB B 10192 Streptomyces cirratus strain NRRL 
B-3250 

IHB B 10319 Streptomyces cirratus strain NRRL 
B-3250 

IHB B 10202 Streptomyces cirratus strain NRRL 
B-3250 

Fungi

IHB F 2431 Cadophora sp. REF041 IHB F 2409 Coniothyrium sp. CBMAI 1031

IHB F 2401 Aspergillus niger isolate F7-02 IHB F 2411 Fusarium solani

IHB F 2405 Penicillium vinaceum isolate 533 IHB F 2406 Xylaria sp. XF10

IHB F 2428 Fusarium sp. C4 IHB F 2432 Cadophora sp. REF034

IHB F 2422 Aspergillus sp. BMP3039 IHB F 2413 Chaetomium sp. DoF12

IHB F 2412 Penicillium dipodomyicola strain ACBF IHB F 2430 Geomyces vinaceus

Screening of microorganisms from the Indian trans-Himalayas for antimicrobial 
activity

Six hundred thirty cultures were raised from lake sediments and glacier soils of Lahaul and Spiti 
valley. Of these, 82 cultures showed antimicrobial activity against one or more test organisms. 
Activities of 30 cultures against Bacillus subtilis MTCC 121, 18 cultures against E. coli MTCC 
739, 62 cultures against Micrococcus luteus MTCC 2470, 5 cultures against Pseudomonas aeruginosa 
MTCC 2453, 42 cultures against Staphylococcus aureus MTCC 96, 22 cultures against Staphylococcus 
aureus MLS 16 MTCC 2940, 15 cultures against Raoultella planticola MTCC 530, 11 cultures 
against Staphylococcus aureus (MRSA) ATCC 43300, and 7 cultures against Klebsiella pneumoniae 
ATCC 43816 were also observed.

The bacterial cultures showing antimicrobial activity having relatedness with Arthrobacter citreus, 
A. nitroguajacolicus, A. oryzae, Bacillus mycoides, B. cereus, B. endophyticus, B. licheniformis, B. mycoides, 
B. subtilis, Ewingella americana, Pseudomonas cedrina, P. frederiksbergensis, P. orientalis and Serratia 
proteamaculans. The actinomycetes cultures with antimicrobial activity showed relatedness with 
Streptomyces cirratus, and the fungal cultures with antimicrobial activity showed relatedness with 
Aspergillus niger, Chaetomium globosum and Penicillium dipodomyicola (Fig. 12).

Bacteria

Isolate Most closely related species Isolate Most closely related species
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Fig. 12 Phylogenetic tree of fungal-isolates cultured from lake sediments and glacier soils.

Effects of elevated CO
2
 and temperature on growth and biomass production of 

Trifolium repens and Rumex nepalensis

An understanding of the ongoing global climate change is required for its mitigation and for 
future crop production. Thus, the impact of the changes in atmospheric CO

2 
and global warming 

due to elevated CO
2
 and temperature on T. repens and R. nepalensis was studied using Free 

Air CO
2 
Enrichment ring (FACE) and Free Air Temperature Enrichment (FATE). Pot culture 

experiment was conducted by growing T. repens and R. nepalensis under non limiting water 
condition. Total dry biomass of T. repens at FACE was significantly higher than FATE. In R. 
nepalensis, total dry biomass was higher in FATE up to 90 days after sowing as compared to FACE 
and ambient conditions. However, at maturity the biomass of R. nepalensis was higher under 
ambient conditions as compared to FACE and FATE (Fig. 13).

Fig. 13 Effect of elevated CO
2
 and temperature on total dry biomass.
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In another study, the insect pests viz., aphid in Valeriana jatamansi; Spodoptera litura in Trifo-
lium repens and blue beetle in Rumex sp. were reported under FACE (Free Air Carbon Dioxide 
Enrichment) and FATE (Free Air Temperature Enrichment) facilities. The aphids caused dam-
age to the leaves and flowers of V. jatamansi by sucking the plant sap, whereas, the plants of T. 
repens and Rumex sp. were defoliated by S. litura and blue beetle.

Plant diversity: Studying adaptation biology and understanding/exploiting 
medicinally important plants for useful bioactives 

Permanent monitoring plots were set up in Lahaul & Spiti with two at Pin Valley National Park 
and one at Ribling peak area (Table 4).

Table 4 Characteristics of the established PMP 

Plot 
No.

Locality Forest type Dominant species Altitude 
(m)

Aspect

1 Serun, Pin valley (1 ha) Dry alpine scrub Arnebia euchroma 3962 West
2 Sumna, Pin valley (1 

ha)
Dry alpine scrub A. euchroma, Ephedra gerardiana 

Caragana sp.
4224 East

3 Ribling peak (0.1 ha) Alpine meadow Saussurea and Rhodiola spp. 4500 South West

The densities of selected species (per m2) and the diversity indices were worked out (Table 5). 
The chemical characteristics of the top layer of soils sampled from these plots were also evaluated 
(Table 6).

Table 5 Density and diversity of vegetation in the permanent plots at Pin valley

Sl. No. Species Serun Sumna
1 Caragana jubata 227 160
2 Ephedra gerardiana 880 14
3 Lonicera spp. 253 -
4 Rosa spp. - 1627
5 Arnebia euchroma 0.5 0.03
6 Bupleurum longicaule 0.1 -
7 Pleurospermum sp. 0.23 -
8 Selinum candollii - 0.1
Total Species Richness 6 5
Shrubs Shannon's diversity index H΄ 1.23 0.72
Herbs Shannon's diversity index H΄ 2.39 1.69

Table 6 Soil characteristics of the two sites in Pin valley

Plot pH Electrical 
conductivity 

(milli mhos/cm)

Sand 
(%)

Silt 
(%)

Clay 
(%)

Available 
nitrogen 

(%)

Total 
nitrogen 

(%)

Total 
carbon 

(%)
1 7.36

±
1.18

0.182
±

0.17

86.9
±

1.85

2.77
±

1.08

10.33
±

2.31

0.01
±

0.00

0.31
±

0.102

1.35
±

1.17
2 6.53

±
0.47

0.08
±

0.04

82.7
±
1

7.97
±

1.16

9.33
±

0.58

0.038
±

0.00

0.29
±

0.02

1.08
±

0.13
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Vegetation and land cover classification of Landsat TM satellite images of Pin Valley National Park 
and Rupi-Bhabha Wild Life Sanctuary was performed.

Establishment of germplasm resource centre (Funded by Department of 
Biotechnology, Govt. of India)

In order to raise characterized germplasm from different regions of the country, a national level 
repository of Hippophae was established in 2 ha area at Churbhut Phat (32o33'58” N latitude 
76o58'21”E longitude and 3263 m asl altitude) near Marbal, Malang and Baring villages of Tandi 
panchayat, Tehsil Keylong, Distt. Lahaul & Spiti (HP) (Table 7). A descriptor database of the 
morphologically and chemically characterized germplasm was developed for the organization 
and sustainable utilization of the germplasm resources.

Table 7. Accessions available at Germplasm Resource Centre

Institute No. of 
characterized 
germplasm

No. of 
germplasm 

received

No. of 
germplasm  
in nursery

No. of 
germplasm  

plantation in 
field

CSKHPKV, Palampur 188 160 - 159 

Gauhati University 154 60 12 - 

GB Pant University Campus 
Ranichauri 

146 77 - -

Jammu University 238 119 121 - 

TERI-NE 96 16 - - 

Total 746 442 133 143

REMEDIATION OF ENVIRONMENTAL PROBLEMS

Revegetation of dumping sites of NHPC (Funded by the National Hydroelectric 
Power Corporation, Faridabad, Haryana)

The earlier work on revegetation of dumping sites was continued in the current year. The selected 
10 dumping sites of NHPC are located in three valleys viz., Manikaran (DS-01, DS-02 and DS-
03), Garsa (DS-06) and Sainj (DS-08, DS-09, DS-12, DS-13a & -13b, DS-14L & -14U, DS-16) 
of Kullu district, HP. The elevation of the sites ranges from 1403 m to 2221 m asl. The sites vary 
in terms of aspect, slope (gradient) and area. Owing to the steep slope of the dumping sites, a 
network of retaining walls made of stacked stone-filled gabions tied together with mild steel 
wire-net was made by NHPC throughout the dumping sites for their stabilization. Except DS-12 
and DS-13b, all the sites were divided into several grids. Then the medium comprising of forest 
soil or garden soil, well decomposed compost or manure and peat moss was filled into gunny bags 
and used for planting. 

Considering the agro-climatic conditions of the dumping sites, 11 tree species were selected for 
plantation along with shrubs and herbs for under canopy growth. Mainly, Aesculus indica, Ailanthus 
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excelsa, Alnus nepalensis, Pinus wallichiana, Cedrus deodara, Populus nigra, Robinia pseudoacacia, Salix 
tetrasperma, Punica granatum, Quercus leucotrichophora and bamboo sp. were selected. Trees were 
planted during spring (March- April) and rains (July- September). A total of 14,370 tree saplings 
were planted in all the 10 dumping sites. Seeds of Berberis lycium, a shrub species, and herbs 
namely, Rumex hastatus, R. nepalensis, Tagetes minuta, Trifolium alexandrinum and Plantago ovata were 
also sown in natural sites. Pellet form of seeds were also used to restore the under-canopy flora 
(Fig. 14). A consortium of selected plant growth promoting rhizo-bacteria (PGPR) formulated 
by the Institute was also applied at the collar level of the tree saplings in field or in the polybags 
at nursery stage. About 1 year after planting, observations were recorded on the rate of survival 
or establishment of the saplings at each dumping site. The rate of survival ranged from 69.2%  
(DS-01) to 96.6% (DS-13b). The average survival rate was 85.4%. The height of the planted trees 
was recorded at 1 year interval after the date of planting. 

Fig. 14 Dumping sites before (left) and after greening (right)

Prospecting of bioactive molecules in pteridophytes for metal loaded industrial 
wastes and their metabolic adaptations (Funded by Department of Science and 
Technology, Govt. of India under WOS-A Scheme)

Survey and collection of ferns and fern-allies growing in fly ash (FA) contaminated areas of 
National Thermal Power Corporation (NTPC) units of Kanti, Muzaffarpur, Kahalgaon and 
Bhagalpur, Bihar were continued and done thrice in this year to know the seasonal variation 
among fern diversity. Various fern species like Pteris vittata L., Thelypteris dentata (Forssk.) E.P. 
St. John, Diplazium esculentum (Retz.) Sw, Ampelopteris prolifera (Retz.) Copel. and Adiantum 
capillus-veneris L. were found growing luxuriantly. The collected plant specimens were processed 
for herbarium. Spores were stored for raising the equal aged ferns in laboratory for further 
biochemical studies.

During this year, studies were also conducted to assess the feasibility of the fern, Thelypteris 
dentata for revegetation of FA landfills. In this context, pot experiments were designed with 
three FA amendments like 100% garden soil (GS) without FA, 50% FA+50% GS and 100% 
FA without GS. Three month old plants of T. dentata were introduced in these pots. After 30 
days treatment, metal uptake by T. dentata was analyzed and found significantly higher in ferns 
growing at 100% FA (Fig. 15A). The impact of metal accumulation on biomass (Fig. 15B), 
photosynthetic pigments (Fig. 15C), melanoaldehyde (MDA) and superoxide dismutase (SOD) 
(Fig. 15D) were determined in T. dentata grown in different ratios of FA amended with GS after 
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30 days of treatment. The experimental results revealed tolerance of this fern against FA toxicity. 
Slight decrease in biomass and Chlorophyll (Chl. a and b) (Fig.15 B & C) at 100 % FA was 
recorded. This indicated an internal defense mechanism against the toxicity of heavy metals of 
FA.  There was a significant increase in carotenoids, MDA and SOD content in the fronds of T. 
dentata at FA as compared to control on 100% GS. (Fig. 15 C & D). T. dentata has the potential 
to be used in the revegetation /ecorestoration of FA landfills. 

Fig. 15 (A) Metal accumulation in Thelypteris dentata at different FA amendments after 30 d (B) biomass, 
(C) photosynthetic pigments (D) antioxidants (MDA and SOD content)

Adsorbent for removal of heavy metals from water

The heavy metal contamination in groundwater is matter of global concern in developing 
countries. This heavy metal pollution is mainly due to various human activities and rapid 
industrialization. Numerous methods including precipitation, ion exchange, membrane process 
and different electrolytic methods are generally used for the removal and recovery of metals 
from water. Among these, the adsorption of metal ions onto insoluble compound as adsorbent 
is the most effective method. Although activated carbon, charcoal and resin are used as heavy 
metal adsorbents, they are expensive and produce large amounts of sludge leading to incomplete 
removal of metals. To overcome the drawback associated with commercial adsorbent, a low cost 
adsorbent material was developed using industrial waste i.e., apple pomace for removal of metals 
from water. The characterization of the adsorbent was carried out by FTIR, SEM, BET surface 
area (0.7129 m2/g) and particle size (220 d.nm) analyzer (Fig. 16). Detail batch adsorption, 
kinetics, isotherm (q

max
=16.39 mg/g) and thermodynamic studies were conducted to compute 

various adsorption parameters for this material. Regeneration protocol was also tested to reuse 
the saturated adsorbent by multiple recycles.

A B

C D
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MOLECULAR APPROACHES TO CROP IMPROVEMENT

Genome-wide expression profiling of NAC transcription factor family in potato 
(Solanum tuberosum L.) 

NAC (NAM, ATAF1/2 and CUC2) proteins belong to one of the largest plant-specific 
transcription factor (TF) families. They play important roles in plant development processes, 
biotic and abiotic stress response and hormone 
signalling. On exploiting the available potato 
genome data and the genome-wide analysis, 110 
StNAC genes encoding for 136 proteins were 
identified in potato. Phylogenetic analysis of 
StNACs and their arabidopsis and rice counterparts 
divided these proteins into 18 subgroups. 
Interestingly, 36 StNAC proteins clustered in 
NAC-q subgroup were potato-specific (Fig. 17). 
In silico expression analysis using Illumina RNA-
seq transcriptome data revealed biotic and abiotic 
stress as well as hormone-responsive expression 
profile of StNAC genes. Quantitative real-time 
PCR analysis also confirmed the expression 
profile of StNAC genes revealed by RNA-seq 
data (Fig. 18). The data provides valuable leads 
towards putative functions of several StNAC 
TFs.

Fig. 17 Phylogenetic tree of NAC proteins of 
potato, Arabidopsis and rice

Fig. 18 Relative expression ratio of 16 representative StNAC genes analyzed by qRT-PCR under stress treatments for 
(A) 4 h (B) 24 h

Evaluation of transgenic potato lines for resistance against fungal diseases

Transgenic potato plants over-expressing Camellia sinensis thaumatin-like protein (CsTLP) 
gene were developed. Fungal resistance assays of transgenic potato elucidated the potential role 
of CsTLP in imparting tolerance to necrotrophic and hemi-biotrophic fungal pathogens i.e., 
Macrophomina phaseolina and Phytophthora infestans, respectively (Fig. 19 A&B). Transgenic tubers 



18

C
SI

R-
IH

BT
 A

nn
ua

l R
ep

or
t 

20
12

-1
3

with higher resistance to M. phaseolina showed significant increase in transcripts of StPAL, StLOX 
and StTLP genes involved in phenylpropanoid, lipoxygenase and general defense response 
pathway, respectively.

Fig. 19 Evaluation of transgenic potato for resistance against fungal diseases (A) tuber bioassay for resistance 
against M. phaseolina (B) inoculation of detached leaflets with P. infestans; C1, tuber skin control; C2, assay control; 
IN, tuber inoculated with M. phaseolina, WT, wild type, TL1 and TL2, CsTLP transgenic lines 1 and 2, KCM Kufri 
Chandramukhi (susceptible variety)

Over-expression of PaSOD in transgenic potato enhances photosynthetic 
performance under drought

Potato (Solanum tuberosum) is an important tuber crop, which is susceptible to drought stress. 
The present work was undertaken to improve the plant performance under drought stress by 
modulating super oxide radical (O

2
.-) content in potato cv. Kufri Sutlej by over-expressing 

superoxide dismutase (SOD) (Fig. 20), the enzyme involved in the scavenging of O
2
.-

. 

Over-expression of a cytosolic copper-zinc SOD, cloned from Potentilla atrosanguinea (PaSOD) 
resulted in enhanced net photosynthetic rates (P

N
) and stomatal conductance (gs) compared to 

that in the wild type (WT) plants under control (irrigated) as well as drought stress conditions. 
Decline in leaf water potential, P

N
, g

s
, photosystem II activity and chlorophyll content, but  

increased proline and O
2
.- content was more in WT than transgenic potato plants (SS5). 

Significantly lower proline and O
2
.- content but enhanced SOD activity in SS5 compared to WT 

under drought stress probably generated lower stress signal for stomata to close. This was indicated 
by significantly higher g

s
 in SS5 as compared to the WT. Since g

s
 also regulates substomatal  

concentration of CO
2
, SS5 plants exhibited significantly higher P

N
. Manipulation of O

2
.- content 

could be a new way of modulating drought stress tolerance in plants.

A B
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Fig. 20 Confirmation of PaSOD over-expressing transgenic potato lines and evaluation of gene expression by 
RT-PCR under different durations of drought stress. PCR (B) RT-PCR (C) - native activity gel staining for 
PaSOD in un-autoclaved (UA) and autoclaved (A) enzyme samples of WT, PaSOD transgenic lines and Potentilla 
atrosanguinea. Value below each lane denotes SOD activity and different letters indicate significant differences at 
P ≤ 0.05 (D) RT-PCR analysis of PaSOD and native SOD of potato as compared to internal control 26S rRNA  in 
WT and SS5 under drought stress. #Value below each lane indicates the integrated density value (IDV) of the 
amplicons as recorded with AD-1000 software. Background values of IDV were deducted from each lane. n.d.- 
not detected, control-irrigated regularly, stress-irrigation was withheld. P-positive control, W-negative control,  
WT-wild type, Lanes 1 to 8-PaSOD overexpressing transgenic lines SS1 to SS8

Identification of a cryptic bi-directional promoter 

A unique insertion of the promoter-less GFP 
reporter gene at -461 bp of the At4g10596 gene 
led to the identification of a cryptic bidirectional 
promoter. This 461 bp fragment was cloned 
upstream to the GUS gene in two orientations to 
test for bi-directional promoter activity. Transgenic 
arabidopsis plants carrying either of these constructs 
showed GUS activity in anthers indicating that this 
fragment behaves as bi-directional promoter specific 
to anthers. The results were also supported by the 
presence of cis-acting motifs such as TATA box and 
POLLEN1LELAT52 (AGAAA) within the 461 bp 
sequence in both orientations. However, transcripts 
corresponding to the upstream sequences beyond - 
461 nucleotides were not detected in the wild type 
suggesting that this 461 bp fragment is a cryptic 
promoter (Fig. 21). The study reveals the importance of promoter trap approach to identify novel 
regulatory sequences. This novel bidirectional promoter would be especially useful for the simultaneous 
expression of pairs of genes in anthers. 

Fig. 21 Cloning and characterization of cryptic bi-
directional promoter



20

C
SI

R-
IH

BT
 A

nn
ua

l R
ep

or
t 

20
12

-1
3

Transcriptome and small RNA analysis in 
response to drought stress in horsegram 
(Funded by CSIR under YSA scheme)

In continuation to previous study, transcripts, 
small RNA and DNA methylation epigenetic 
marks responsive to drought stress were identified 
and characterized. Variation in CpG methylation 
behavior was studied in drought-sensitive 
(HPKC2) and drought-tolerant (HPK4) genotypes 
of horse gram (Macrotyloma uniflorum). The 
methylation pattern studied through methylation-
sensitive amplified polymorphism revealed higher 
methylation in HPKC2 (10.1%) than in HPK4 
(8.6%). Sequence homology demonstrated that 
the DRE binding factor (cbf1), the POZ/BTB 
protein and the Ty1-copia retrotransposons were 
some of the polymorphic fragments showing 
alteration in methylation behaviour (Fig. 22).

Biochemical and proteomic 
evaluation of horse gram  
(Macrotyloma uniflorum (Lam.) verdc.) 
(Funded by Department of Science and 
Technology, Govt. of India)

In continuation to the work carried out 
earlier, the phenol method for protein 
extraction was applied to some legume and 
non-legume plants. Different salts were used 
for depleting the abundant proteins from 
horse gram seeds and MnCl

2
 was found to be the best (Fig. 23).

Over-expression of CsANR in transgenic tobacco for increased flavan-3-ols

Anthocyanin reductase (ANR) represents a branching-point enzyme of the pathway that 
converts anthocyanidins to flavan-3-ols. When CsANR from Camellia sinensis was over-expressed 
in tobacco, leaf tissue of transgenic lines showed higher contents of flavan-3-ols (epicatechin 
and epigallocatechin) (Fig. 24 A & B). The transgenic flowers were light pink/white in colour 
as opposed to dark pink colour of wild type flowers (Fig. 24 C). The decrease in anthocyanin 
content was also lower in the transgenic lines (Fig. 24 D & E). 

FLS-silenced-tobacco for engineering of flavonoid pathway 

The gene encoding flavonol synthase (FLS) was silenced in tobacco in order to direct the flow 
of metabolites towards the production of flavan-3-ols. When antioxidant enzyme activities were 

Fig. 22 Methylation pattern in HPKC2 and HPK4 
genotypes of horsegram 

Fig. 23 SDS PAGE showing the effect of different salts (CaCl
2, 

MnCl
2, 

MgCl
2, 

NaCl)
 
on the depletion of abundant proteins 

from horse gram seeds 
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assayed in the FLS-silenced-lines, an increase in transcript levels 
and activities of GR, APX and CAT, whereas, decrease in GST 
was observed (Fig. 25). In a separate study, tobacco seedlings 
were also exposed to 10 μM and 50 μM catechins in vitro for 
two days to validate the effect of flavan-3-ols on antioxidant 
system. 

Exploration for doubling the number of proteins 
synthesized by a plant species: Why only ATG is 
translation start codon? Can we make other existing 
codon(s) to act as translation start codon(s)? (Funded 
by CSIR under EMPOWER scheme)

In continuation to earlier studies, the role of different regions 
of Initiator tRNA (tRNAi) was analyzed. The tRNAi gene 
from Arabidopsis thaliana was cloned into pGEM-T easy vector 
and further sub-cloned into pCAMBIA1300 LacZ MCS. The 
pCAMBIA1300 vector  harboring the cloned wild type tRNAi  
and mutated tRNAi genes (site-directed mutagnesis) was  transferred to Agrobacterium tumefaciens 
with pCAMBIA1300 (Fig. 26). 

Fig.  24 Effect of over-expression of CsANR on flavan-3-ols in tobacco (A) epicatechins (B) epigallocatechins 
(C) flowers (D) anthocyanin content (E) DMACA staining confirmed more accumulation of flavan-3-ols 
content

Fig. 25 Changes in the transcript level 
and antioxidant enzyme activities in 
control and FLS silenced transgenic 
lines
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Exploration for making plants survive, develop and multiply under dark 
condition (Funded by CSIR under EMPOWER scheme)

In continuation to previous study, various morphological, physiological and biochemical changes 
were recorded in arabidopsis (ecotype Col-0) after different treatments. Decrease in all the measured 
biochemical parameters (leaf biomass, root biomass, shoot length, root length, number of leaves, 
chlorophyll content) was recorded after dark treatment (Fig. 27). After heat-shock treatment, 
the number of leaves increased under light but was not affected under dark conditions. However, 
alteration in chlorophyll metabolism was observed when the plants were inoculated with fungi. 
As compared to control plants, the inoculated plants performed better under dark conditions. 
External application of 10 μM NADPH also resulted in 26.7% increase in leaf and shoot biomass 
under dark conditions as compared to control plants. 

Fig. 26 Amplification of tRNAi gene from Arabidopsis thaliana and its transfer to Agrobacterium tumefaciens (A) PCR 
amplification of tRNAi (B) confirmation of tRNAi insert  in pGEM-T easy vector by colony PCR (C) PCR transformed 
colonies with pCAMBIA1300

Fig. 27 Effect of dark treatment on root and leaf biomass of arabidopsis 

A B C
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COMPUTATIONAL BIOLOGY AND 
BIOINFORMATICS

Integrative network biology approach for 
therapeutic studies

In continuation to previous study, an Asthma Protein 
Interactome (API) underlying the intricate and complex 
molecular mechanism of the disease was constructed. A 
strategy based on network analysis of the interactome was 
used to identify a set of potential drug targets. Topologically 
and dynamically, v-src sarcoma (Schmidt-Ruppin A-2) viral 
oncogene homolog (SRC) emerged as the most central 
target in API (Fig. 28). SRC is known to play an important 
role in promoting the growth of the airway smooth muscle 
cells and also in facilitating migration in airway remodeling. 
Thus, SRC emerged as a promising drug target for asthma 
from interactome analysis and its reported role in respiratory 
mechanisms. 

Prospecting novel plant-derived molecules as potent drug targets for complex 
diseases 

Aldose Reductase (AR) is implicated in the development of secondary complications in diabetes 
and is an interesting target for therapeutic intervention. Extracts of Rauvolfia serpentina, a medicinal 
plant endemic to Himalaya is known to alleviate diabetes and its complications. Therefore, an 
extensive library of R. serpentina molecules was compiled and computationally screened for 
inhibitory action against AR. The stability of the complexes with docked leads was verified using 
molecular dynamics simulations. Indobine and indobinine are two structurally distinct plant-
derived molecules that were identified as inhibitors. These were used as templates to identify 
16 more leads from plant-derived indole alkaloids and their structural analogs from a manually 
curated dataset (Fig. 29). 

Fig. 28 A topological view of the Asthma 
Protein Interactome (API)

Fig. 29 Comparison of conformations of lead complexes before (blue) and after (orange) molecular dynamics 
simulations
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Identification of key nodes of type 2 diabetes mellitus (T2DM) protein 
interactome 

Protein-protein interaction network associated with T2DM was constructed using candidate genes 
and available data on systems-level interactions. The relevance of the constructed network was 
verified using gene ontology, node deletion and biological essentiality studies. MAPK1, EP300, 
and SMAD2 were identified as the most central proteins of potential therapeutic value. Studies 
were conducted to structurally understand the potential interaction of the anti-diabetic agent, 
phlorizin with proteins central to T2DM mechanisms. The molecular docking results suggested 
that phlorizin was potentially involved in critical interactions with MAPK1.

Development of an accurate miR-BAG tool to identify de novo microRNAs 
across the genomic sequences 

Non-coding elements such as miRNAs play key regulatory roles in living systems. These ultra-short, 
~21 bp long, RNA molecules are derived from their hairpin precursors and usually participate in 
negative gene regulation by binding the target mRNAs. Discovering miRNA candidate regions 
across the genome has been a challenging problem. Most of the existing tools work reliably 
only for limited datasets. Thus, a novel reliable miR-BAG approach was developed to identify 
miRNA candidate regions in genomes. The miR-BAG utilizes a bootstrap aggregation based 
machine learning approach and  successfully creates an ensemble of complementary learners to 
attain > 90% accuracy,  sensitivity and specificity. The miR-BAG was developed for wide range 
of species and tested extensively for performance over a wide range of experimentally validated 
data. In a detailed comparative analysis, miR-BAG performed better than six existing tools. 
Using miR-BAG NGS module, a total of 22 novel miRNA candidate regions were identified in 
cow genome in addition to a total of 42 cow specific miRNA regions. In practice, discovery of 
miRNA regions in a genome demands high-throughput data analysis, requiring large amount of 
processing. Considering this, miR-BAG was developed in multi-threaded parallel architecture as 
a web server as well as a user friendly GUI stand alone version.
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NANOBIOLOGY

Major research initiative were taken during 
the year. These included: (a) Improvement 
of solubility/bioavailability of active 
biomolecules as nanotherapeutics, (b) Green 
synthesis of biodegradable nanoparticles 
using Himalayan bioresource for slow and 
sustained release of bioactive molecules for 
safer cellular uptake and biodistribution, 
(c) Developing hybrid nanocomposite 
materials for multimodal imaging system 
for simultaneous diagnosis of disease sites as 
well as for therapy and (d) Efficacy/toxicity 
evaluation of the developed nanomaterials at 
in vitro and in vivo level.

Several medicinally significant plant extracts 
were used for the synthesis of metallic as well 
as polymeric nanoparticles. Encapsulation, 
controlled and sustained release of few active 
components such as quercetin was also 
achieved (Fig. 30).

In another activity, the synthesized inorganic 
nanohybrid composites modified with 

biologically relevant molecules 
were found to selectively 
recognize targeted cancer cell 
lines.  The initial cell uptake and 
cytotoxicity studies suggested 
that these materials can be used 
as targeting agents towards folic 
acid receptor over-expressing cell 
lines (Fig. 31).

Fig. 30 Characterization of quercetin loaded Lonicera japonica 
plant extract (PE) synthesized polylactic acid nanoparticles 
(PLA NPs) (A) UV-VIS spectra (B) TEM image of quercetin 
loaded PE synthesized PLA NPs  (C) zeta potential of 
quercetin loaded PE synthesized PLA NPs.

Fig. 31 Images of C6 cells treated with nanohybrid composites (A) bright 
field (B) fluorescence microscope

Synthesis and characterization of dendrimer-drug conjugated nanodevice for 
drug delivery and its efficacy

The synthetic estramustine (EM) and natural podophyllotoxin (PODO) are anti-mitotic agents that 
inhibit tubulin polymerization and are known as anti-cancer agents. However,  low bioavailability 
of these compounds limit their anti-cancer properties. Thus their conjugation with PAMAM 
dendrimer (D) for enhanced activity of D-EM and D-PODO was investigated by altering 
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their release pattern. Physico-chemical 
characterization using NMR, MALDI-
TOF-MS, TEM, DLS, Zeta potential and 
HPLC suggested covalent attachment of 
both EM and PODO to the dendrimer 
and indicated the conjugates to be of high 
purity. The nano-particles were uniformly 
distributed. Release kinetics indicated the 
conjugates to be stable against hydrolytic 
cleavage. While both conjugates showed 
sustained release, the release of D-EM 
was slow as compared to D-PODO both 
in PBS and DMEM. Comparison of the 
anti-tumor effect of these two dendrimer conjugates on glioma cell revealed (i) increased cell 
death and cell cycle arrest (ii) decreased migration and (iii) increased tubulin depolymerization 
in cells treated with D-EM and D-PODO as compared to free drug. Importantly, the effects of 
PAMAM conjugated natural PODO on glioma cell survival and migration was more pronounced 
than D-EM.

Dendrimer-drug conjugated nanodevice
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SYNTHETIC CHEMISTRY

Zinc phthalocyanine catalyzed selective reduction of aromatic nitro 
compounds 

Highly selective reduction of nitroarenes was achieved with zinc phthalocyanine in PEG-400 
when hydrazine hydrate was used as a reducing agent. A wide spectrum of reducible functionalities 
remained inert under the reaction conditions. The catalytic system was successfully employed for 
(i) the reduction of carbonyl and ester compounds to their corresponding alcohols and also for 
(ii) reductive amination of benzaldehydes with primary amines into corresponding secondary 
amines. Direct synthesis of benzotriazole from o-dinitrobenzene was achieved for the first time. 
The catalyst was reused up to four times without any significant loss in activity. 

Synthesis of substituted amines and isoindolinones: AlCl
3
/PMHS catalyzed 

reductive amination

Novel sustainable catalytic system (AlCl
3
/

PMHS) was established for highly chemoselective 
reductive amination of carbonyl compounds 
with high contents of primary as well as 
secondary amines. Synthesis of N-substituted 
isoindolinones by tandem amination-amidation 
of 2-carboxybenzaldehyde with different amines 
was also described. The use of abundantly available 
eco-friendly reagents under ambient reaction 
conditions made the method suitable for industrial 
applications. The catalyst can be reused upto three 
times without loss in activity. Substituted amines and isoindolinones

Nitroarenes reduction
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Cobalt phthalocyanine catalyzed synthesis of isoindolinones

Synthesis of N-substituted 
isoindolinones by one pot 
amination-amidation of 
2-carboxybenzaldehyde with 
different amines was carried out. 
Cobalt phthalocyanine (CoPc) 
was employed as catalyst with high chemoselectivity and excellent yield. The method utilized 
diphenylsilane as reducing agent in ethanol. Other remarkable advantages of this method are 
high isolated yields, clean reactions and easy work-up procedure. 

Nickel phthalocyanine assisted selective carbonyl reduction 

Nickel phthalocyanine with polyethylene 
glycol-400 was developed as a highly efficient, 
reusable and green method for the high chemo- 
and regioselective reduction of carbonyl 
compounds to corresponding alcohols using 
NaBH

4
 as hydrogen source. The method 

showed very wide substrate scope with high 
TON and TOF tolerating and highly sensitive functional groups such as hydroxyl, carboxyl and 
olefin. Regioselective reduction of aldehyde group in case of benzenedicarbaldehydes was also 
reported for the first time. The catalyst was reused up to seven times without any significance loss 
in activity. Rapid reaction, easy work up procedure and high efficiency make the present method 
most suitable for carbonyl group reduction. 

Transition metal-free hydration of organonitriles to amides

Transition metal free chemoselective hydration of organonitriles to corresponding amides was 
developed using1,3-dimethylimidazolium hydrogen carbonate as efficient organocatalyst. Various 
aromatic, heteroaromatic and aliphatic organonitriles were hydrated to corresponding amides 
with excellent chemoselectivity and yields. The developed catalytic method was also applicable 
for the synthesis of metal phthalocyanines. 

 
Synthesis of isoindolinones

 Selective carbonyl reduction

Hydration of organonitriles to amides



29

C
SIR-IH

BT A
nnual Report 2012-13

Solid supported palladium(0) catalyzed chemoselective reduction of nitroarenes 
(Funded by Department of Science and Technology, Govt. of India)

Solid supported palladium(0) (SS-Pd) catalyzed highly chemoselective reduction of nitroarenes  
to corresponding anilines was accomplished 
under milder reaction condition. This 
catalyst showed high compatibility with 
various reducing agents (NaBH

4
, Et

3
SiH 

and NH
2
NH

2
.H

2
O). A large number 

of reducible functional groups such as 
sulfonamide, amides, carboxylic acid, 
ester, alcohol, halide, hetero-cycle, nitrile, 
alkene, carbonyl, O-benzyl and N-benzyl 
were tolerated. Most of the reactions were 
clean and high yielding. The SS-Pd catalyst 
could be recycled up to seven runs without 
significant loss of activity.

Solid supported palladium(0) catalyzed C-O, C-S and C-N cross-coupling 
reaction

Ligand free solid-supported nano and microparticles of Pd(0) (SS-Pd) were used as heterogeneous 
catalyst in carbon-heteroatom bond formation reactions. Nitro substituted aryl halides reacted 
with oxygen, sulphur and nitrogen nucleophiles to afford corresponding products in good yields. 
A one pot sequential cross-coupling and nitro-reduction were performed using the same SS-Pd 
catalyst to access amine substituted carbon-heteroatomic molecules. In addition, SS-Pd could be 
recycled up to seventh runs without significant loss of catalytic activity.

Solid supported palladium(0) catalyzed 
mono and multifold Heck cross 
coupling reaction

Solid supported palladium (0) nano/
microparticles were found to be active 
catalyst in performing mono and multifold 
Heck reactions. Different β-unsubstituted 
and substituted alkenes including acrylates, 
methaacrylates, crotonates, styrene, acrylonitrile, 

Nitroarenes to anilines

Cross coupling reaction

Heck cross coupling reaction
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and acrylamide were investigated successfully for mono and multifold Heck reactions with aryl 
iodide under milder reaction condition. One-pot multifold Heck reaction of aryl iodides with 
α, β-unsaturated ester, amide, nitrile, and styrene derivatives were also performed under standard 
reaction conditions. Wide functional groups tolerance, easy catalyst recovery and recyclability 
up to twelve times without significant loss of catalytic activity added extra importance to the 
present process. 

Solid supported rhodium (0) catalyzed Suzuki-Miyaura cross coupling 
reaction

Solid supported nano and 
microparticles of rhodium (0) (SS-
Rh) were prepared. These were  
applied as ligand free heterogeneous 
catalyst for Suzuki-Miyaura cross-
coupling reaction with wide 
range of substrate scope. Hitherto 
unknown Rh-catalysed Suzuki cross 
coupling reaction of aldehyde and cyano haloarenes was observed rather than usual nucleophilic 
arylation.The catalyst was removed by simple filtration and recycled upto twelve runs without 
any deterioration of activity.

Solid supported ruthenium (0) 
catalyzed aerobic oxidation of 
benzylic and allylic alcohol

Polymer immobilized, stable and spherical 
ruthenium nanoparticles were prepared and  
characterized. These acted as a heterogeneous 
catalyst for the selective benzylic and allylic 
alcohol oxidation into corresponding 
carbonyls using molecular oxygen. The 
solid supported Ru(0) (SS-Ru) was used as 
a heterogeneous catalyst, it exhibited good 
reusability and easy separation from reaction 
mixture by filtration.

Tandem Heck-Decarboxylation-Heck strategy: protecting-group-free synthesis 
of symmetric and unsymmetric hydroxylated stilbenoids

A tandem/sequential Heck-Decarboxylation-Heck (H-D-H) strategy was developed for the 
synthesis of hydroxylated symmetrical or unsymmetrical stilbenoids utilizing 4-halophenols and 
acrylic acid as coupling partners. The developed protocol was successfully applied to the formal 
sequential synthesis of antineoplastic agent pterostilbene and a distyrylbenzene with  fluorinated 
analogs having potent β-amyloid binding affinity. 

Suzuki-Miyaura cross coupling reaction

Carbonyl synthesis
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Metal and base-free selective oxidative coupling of thiols to disulfides in ionic 
liquids

Selective aerobic oxidation of thiols into disulfides in [hmim]Br was developed without relying 
on any base/metal catalyst. The 1H NMR based mechanistic study proved a cooperative role of 
imidazolium cation and halide anion of neutral IL as an ambiphile.

Green and recyclable glycine nitrate (GlyNO
3
) ionic liquid triggered 

multicomponent Biginelli reaction for dihydropyrimidinones synthesis

Amino acid ionic liquid was employed as a green catalyst for the multicomponent synthesis of 
3,4-dihydropyrimidin-2(1H)-ones for excellent yields in short reaction time. The ionic liquid is 
inexpensive, biodegradable and can be reused for more than ten consecutive reactions.

Tandem Heck-Decarboxylation-Heck strategy

Oxidative coupling of thiols to disulfides
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Synthesis and SAR investigation of natural phenylpropene-derived methoxylated 
cinnamaldehydes and their novel Schiff bases as potent antimicrobial and 
antioxidant agents

A series of cinnamyl compounds (Fig. 32) were synthesized from abundantly available meth-
oxylated phenylpropenes. These were also evaluated for their antimicrobial activity against 
fourteen opportunistic bacterial and fungal human-pathogens. Structure-activity relationship 
studies indicated that methylenedioxy cinnamaldehyde exhibited promising broad spectrum 
activity against the tested microorganisms. Hence, it was used as a lead structure during the 
synthesis of novel Schiff bases/heterocyclic compounds (23-33) under microwave irradia-
tion. Out of these, thiazole based Schiff bases showed promising antibacterial activity against 
B.subtilis (26; MIC 0.12 mM), M. luteus (27; MIC 0.20 mM) and S. aureus (27; MIC 0.20 
mM) (Tables 8-10). 

Multicomponent Biginelli reaction

Monastrol synthesis
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Fig. 32 Chemical structures of phenylpropenes and cinnamyl derivatives

Table 8. Screening of methoxylated phenylpropenes (1-4) and their benzaldehyde derivatives 
(5-7) for antimicrobial activity

A= E. coli; B= E. cloacae; C= B. subtilis; D= B. cepacea; E= M. luteus; F= S. aureus; G= P. aeruginosa; H= K. pneumoniae; I= A. niger; 
J= A. sydowii; K= A. parasiticus; L= T. rubrum; M= C. albicans and N= I. orientalis; R= resistant; Ampicillin and nystatin were 
standard controls for anti-bacterial and anti-fungal, respectively. 
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Table 9. Screening of cinnamyl derivatives (8-22) for antimicrobial activity

A= E. coli; B= E. cloacae; C= B. subtilis; D= B. cepacea; E= M. luteus; F= S. aureus; G= P. aeruginosa; H= K. pneumoniae; I= A. niger; 
J= A. sydowii; K= A. parasiticus; L= T. rubrum; M= C. albicans and N= I. orientalis; R= resistant; Ampicillin and nystatin were 
standard controls for anti-bacterial and anti-fungal, respectively.

Table 10. MIC of various Schiff base derivatives (23-33) prepared from 3,4-methylenedioxy 
cinnamaldehyde 

A= E. coli; B= E. cloacae; C=B. subtilis; D= B. cepacea; E= M. luteus; F= S. aureus; G= P. aeruginosa; H= K. pneumoniae; I= A. niger; 
J= A. sydowii; K= A. parasiticus; L= T. rubrum; M= C. albicans and N= I. orientalis; R= resistant; Ampicillin and nystatin were 
standard control for anti-bacterial and anti-fungal, respectively.  
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Naturally occurring limonene to cinnamyl-type γ-butyrolactone substituted 
aldol condensation derivatives

Method was developed for the synthesis of γ-butyrolactone substituted aldol condensation 
derivatives under milder basic conditions to serve as antioxidant compounds. Proline and 
triethylamine were used as base for the preparation of different substituted hydroxyl and 
methoxy derivatives. The antioxidant activity of all the synthesized compounds (Fig. 33) was 
assessed using DPPH (1,1-diphenyl-2-picrylhydrazyl) radical scavenging, ABTS [2,2′-azino-
bis(3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt] cation radical and FRAP (ferric 
reducing ability of plasma) bioassays. Among these, 5 and 6 with IC

50
: 0.26±0.39 and 0.29±0.26 

mM displayed higher activity than the standard antioxidants (Table 11).

Fig. 33 Chemical structures of cinnamyl-type γ-butyrolactone derivatives

Table 11. Antioxidant activities of compounds

Compound DPPH radical scavenging 
activity (IC

50
, mM) 

ABTS cation radical scav-
enging activity (IC

50
, mM)

Reducing power (IC
50
, mM) 

1 NA NA NA

2 NA NA NA

3 >3.0 >3.0 >3.0

4 >3.0 0.30±0.28 >3.0

5 >3.0 0.26±0.39 >3.0

6 0.37±0.24 0.29±0.26 0.11±0.27

7 >3.0 0.84±.18 >3.0

8 NA NA NA

AAa 0.87±0.16 1.37±0.23 0.18±0.34

BHTb 2.28±0.29 0.73±0.31 2.88±0.29

BHAc 0.31±0.12 0.31±0.20 1.28±0.37

aAA- ascorbic acid; bBHT- butylated hydroxyl toluene; cBHA-butylated hydroxyl anisole
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NATURAL PRODUCT CHEMISTRY

SHATAVARI (Asparagus racemosus)

The plant is rich in compounds having galactogogue, anti-inflammatory and immunomodulatory 
properties. Thus, a new furostane steroidal saponin, shatavaroside C and a diphenylpentendiol, 
shatavarol, were isolated from its roots along with five known compound such as shatavarin IV, 
racemoside A, β-sitosterol, stigmasterol and ursolic acid. Racemoside A was also reported from 
its roots for the first time (Fig. 34).

Fig. 34 Chemical structures of new compounds isolated from A. racemosus

GUDUCHI (Tinospora cordifolia)

The plant is known for its immunomodulatory activity. Hence, different polysaccharide enriched 
fractions were prepared and evaluated for immunomodulatory activity by the polymorphonuclear 
leukocyte function test. The GC-MS analysis of derivatized active fractions showed the presence 
of glucose, fructose and arabinose as major components (Fig. 35).

Fig. 35 GC-MS chromatogram of (A) standard sugar mixture where 1: rhamnose, 2: arabinose, 3: xylose, 4: galactose, 
5: inositol, 6: mannose, 7: glucose and 8: fructose; (B) active fraction
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PINK RAIN LILY (Zephyranthes grandiflora) 

The different species of Zephyranthes are widely used as folk medicines in many countries for the 
treatment of Diabetes mellitus, tumor, breast cancer, viral infections, and ear and chest ailments. 
The amaryllidaceae alkaloids (AAs) of this genus are responsible for various pharmacological 
activities.  Galanthamine alkaloid is the most important acetylcholinesterase inhibitor used for the 
treatment of Alzheimer disease. Thus, a new betaine type amaryllidaceae alkaloid, Zephgrabetaine 
(Fig. 36) was isolated from the bulbs of this plant along with seven known alkaloids namely, 
lycorine, galanthine, lycoramine, hamayne, haemanthamine, tortuosine and ungeremine. The 
isolated alkaloids were also tested for in vitro cytotoxic activities against two cell lines, C-6 (rat 
glioma cells) and CHO-K1 (Chinese hamster ovary cells). All the alkaloids exhibited a dose 
dependent cytotoxic effect, against two cancer cell lines with prominent activity of lycorine and 
haemanthamine.  

Fig. 36 Chemical structures of new alkaloid isolated from Z. grandiflora

A simple, rapid and reliable ultra performance liquid chromatography method was developed 
and validated for simultaneous quantification of bioactive AAs viz. lycoramine, hamayne, 
haemanthamine and tortuosine. The analytes were separated using a BEH C

18
 column (1.7 μm, 

100 mm x 2.1 mm) and a linear gradient elution with acetonitrile and water (0.05% formic acid) 
was used as the mobile phase at a flow rate of 0.3 mL/min and at λ

max
 280 nm. The method was 

validated for specificity, linearity (R2=0.9999, linear range: 0.005 ~ 0.5 mg/mL), precision (intra-
day RSDs<1.33% and inter-day RSDs<2.67%) and recovery (97.8–105.3%). The method was also 
applied for identification of AAs in the plant. In total, seventeen AAs of different structural types 
viz. lycorine-type, haemanthamine-type, galanthamine-type, narciclasine-type were characterized 
(Fig. 37 & 38).  The concentration of the alkaloids was highest during rainy season.



38

C
SI

R-
IH

BT
 A

nn
ua

l R
ep

or
t 

20
12

-1
3

Fig. 37 UPLC Chromatograms of (A) mixture (B) sample of spring season (C) sample of rainy season 
(D) sample of autumn (E) sample of winter
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                  Fig. 38 Chemical structures of the AAs identified in Z. grandiflora

SKIMMIA (Skimmia laureola)

This evergreen, glabrous shrub of Himalaya is used for the treatment of cold, fever and headache. 
GC-MS analysis of the hydrodistillate revealed the presence of 20 constituents representing 
94.6% of the total oil. The major constituents of oil were linalyl acetate (33.0%), linalool (25.0%), 
limonene (8.1%), α-terpineol (5.9%) and geranyl acetate (5.9%).

PICRORHIZA (Picrorhiza kurrooa)

Traditionally, the plant is known for hepatoprotective effects. Two known compounds, luteolin-
5-O-glucoside and picein were isolated from the n-butanol extract of aerial parts. The extract, 
fractions and isolated molecules showed very good antioxidant activity.

Population assessment and identification of superior genetic stock of Picrorhiza 
kurrooa Royle ex Benth and Valeriana jatamansi Jones by screening different 
populations from North-Western Himalayas (HP and Uttarakhand) (Funded by 
National Medicinal Plant Board)

Thirty eight samples of V. jatamansi were analyzed for valepoteriate contents by HPLC. The 
content ranged between 0.5-2.1%. The sample HFRI\VJ\04\KLK\201 was observed to have 
highest content of valepoteriate (2.1%). 

Fifty six samples of P. kurroa were analyzed for picrosides (picroside-I and picroside-II) content 
by HPLC. The picroside content ranged between 0.15-6.7%. Three samples showed more than 
5% of total picroside (P-I and P-II) content. The sample HFRI\PK\03\KKF showed the highest 
picroside content (P-I=2.3% and P-II=3.4%).

Investigations of secondary metabolites from plants as possible extractants for 
actinides and longlived radionuclides (Funded by BARC, Govt. of India)

In continuation to previous work, the extracted fraction of a few plants (Funaria hygrometrica, 
Helianthus annuus, Brassica juncea, Musa acuminata) showed highest uptake of radionuclide. When it 
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was subjected to column chromatographic purification, three molecules were isolated. Of these, 
only one showed 100% uranium uptake. 

SEABUCKTHORN (Hippophae rhamnoides)

Preparation and phytochemical characterization of extracts from berries of 
Hippophae rhamnoides (seabuckthorn) for onward evaluation of radioprotective 
efficacy (Funded by INMAS (DRDO), Govt. of India)

Various extracts/fractions were prepared and screened for their radioprotective effect. One of the 
fractions (AKMB-11-01) showed radioprotection to mice population in terms of survival. However, 
it caused some toxicity and the number of micronuclei in the peripheral blood increased. 

EUCALYPTUS (Eucalyptus youmanni)

The plant is a good source of rutin (quercetin-3-O-rutinoside) (Fig. 39) which is used for various 
therapeutic purposes. However, there is a lack of commercially established process nationally 
for its production from this plant. Therefore, a lab scale water based process was developed for 
isolation of rutin from leaves. Studies on process variables like leaves, extraction solvent ratio and 
extraction time were optimized. The upscaling of the process is under progress.

Fig. 39 Chemical structure of rutin

INDIAN HORSE CHESTNUT (Aesculus indica)

The plant is widely distributed in the temperate Himalaya. Its anti-inflammatory, vasoconstrictor 
and vasoprotective properties are attributed to a mixture of saponins commonly known as aescin. 
Lab scale experiments were conducted on optimization of liquid-liquid extraction (LLE) unit 
operation, a key step in the isolation of β-aescin. Optimization of solvent to seed ratio, dilution 
factor of feed prior to LLE and solvent to feed in the LLE step were also carried out.
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Triterpenes & Saponins 
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REGULATORY RESEARCH

Screening of high value compounds from western Himalayan bioresource

Regulatory Research Center (RRC) is involved in in vitro and in vivo screening of molecules 
from western Himalayan bioresource for their anti-cancer, anti-diabetic, anti-inflammatory, 
nephro and hepatoprotective activities. Toxicological safety evaluation of novel food constituents, 
cosmetic products and pharmaceuticals of natural origin is another important activity of RRC. 
Several plant products, plant derived natural compounds and their chemical analogues were 
screened in vitro as well as in vivo for their potential anti-diabetic and anti-cancer activities.

In vivo studies

Acute dermal toxicity of aescin extracted from Aesculus indica was determined by Limit test on 
14 wistar rats for its intended use in cosmetic products. The test formulation was applied to the 
dorsolateral area of the shaved skin as a single dermal patch to the rats (Fig. 40). 

Fig. 40 Dermal toxicity evaluation of aescin. Skin section of (A) normal control (B) treated rats

In vitro studies

Based on their cytotoxic potential, different tissue representative human cancer cell lines were 
effectively utilized to screen various molecules and formulations for their anticancer activities. In 
a separate study C-6,  A-549, CHOK1 and THP-1 cells were treated with different concentrations 
of essential oil of Malus domestica for the evaluation of its cytotoxic potential (Table 12). Among the 
different concentrations 1000 μg/ml was found to be effective with more than 50% cytotoxicity 
(Fig. 41). 

Fig. 41 Microscopic images of C-6 (A-C) and THP-1 
(D-F) cells treated with essential oil of leaves of 
Malus domestica. (A) control (B-C) treatment with 
1000 μg/mL test compound for 24 hrs (B) 48 hrs (C) 
(D) control (E-F) treatment with 1000 μg/mL test 
compound after 24 hrs (E) and 48 hrs (F)

A B
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Table 12 In vitro cytotoxicity against different cancer cell lines by SRB assay

Sample Conc. (μg/mL) Growth inhibition percentage

C-6 A-549 CHOK1 THP-1

100 5.5 11.5 0 0

300 18.8 1.5 13.5 19.9 

Essential oil of leaves of M. domestica

1000 58.5 60.7 68.3 65.7

1500 68.0 74.5 70.8 na

2000 98.2 76.7 69.5 na

Mitomycin C

(1 μM) 65.7 76.4 75.4 na

Vinblastin

(1 μM) na na na 73.1

na: The activity not observed
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MULTIDISCIPLINARY APPROACHES TO CROP IMPROVEMENT

BAN KAKDI (Podophyllum hexandrum)

P. hexandrum Royle (syn, Sinopodophyllum hexandrum; Berberidaceae) is an endangered species, 
commonly known  as Himalayan mayapple. It is confined to alpine regions of the Himalayas 
from Ladakh to Sikkim at altitudes of 3000–4200 m. Its rhizomes are known for podophyllotoxin 
having anticancer properties. 

Identification and characterization of novel UniGene-derived microsatellite 
markers in Podophyllum hexandrum 

The level and distribution of genetic diversity was estimated for its effective conservation. In total 
1084 FASTA formatted EST sequences were retrieved from NCBI for subsequent data mining.  
A non-redundant (NR) expressed sequence data set of 26.94 kb was created by clustering 
random ESTs into 655 unigenes (195 contigs and 460 singletons). The clustering of ESTs 
with DNAstar resulted in 41 unigenes containing 47 SSRs. Non-redundant data represented 
33 trirepeats, 9 tetrarepeats, 4 pentarepeats and 1 direpeat. Among the trirepeats, (TTC)n, and 
(GAT)n were most abundant followed by (GGA)n, (GAA)n and (CTT)n. In amplification-based 
validation of the 47 UniGene MicroSatellite (PHUGMS) primer pairs, expected amplicons 
were observed in the target DNA with 36 primer pairs. Of these, 20 PHUGMS markers were 
polymorphic among the tested populations. The identified PHUGMS markers were moderately 
to highly polymorphic having a total of 91 alleles. The number of alleles ranged between 2 to 
9 with an average 4.55 alleles per locus.  The expected and observed heterozygosity obtained 
by Popgene software package ranged from 0.239 to 0.869 (av. 0.687) and 0.067 to 1.000 (av. 
0.703), respectively. A representative profile generated with primer PHUGMS 21 is given in 
Fig. 42.  

Fig. 42 Representative picture of amplification validation generated with PHUGMS 21. M: 50 bp ladder standard, 
lanes 1-28: selected P. hexandrum accessions

Seed germination protein profiles

In continuation to previous studies on 2-DE and Peptide Mass Fingerprint (PMF) analyses,  of 
seed germination protein profiles, several proteins of dormant and germinating seeds were 
identified. Twenty of these were involved in carbohydrate and amino acid metabolism, 17 
in ABA/GA signalling, 15 in stress and 7 were with unknown functions. Two-DE and MS/
MS analysis in conjunction with semi-quantitative RT-PCR data of cell wall hydrolyzing 
genes revealed the up-accumulation of cell wall hydrolases such as β-1, 3-glucanase and XET 
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(Fig. 43). These probably weakened the thick walled endosperm at the micropylar end and facilitated 
radicle protrusion.

Fig. 43 2-DE analysis of seed germination proteins in P. hexandrum 

ATISH (Aconitum heterophyllum)

In continuation to earlier studies on comparative 2-DE analysis of protein profiles of ethanol 
treated and untreated germinating seeds, 40 differentially expressed proteins were recorded at 
Phase II. Twenty seven out of 40 proteins were induced, 5 were increased and 8 were repressed. 
Mass spectrometry and subsequent identification confirmed that these proteins were involved 
in metabolism, DNA regulation, stress tolerance and plasma membrane/cell wall biosynthesis/
extension processes (Fig. 44).  These protein changes might be responsible for physiological and 
physical changes and subsequent increase in germination percentage.

Fig. 44 2-DE analysis of protein changes during ethanol induced seed germination in A. heterophyllum
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KUTKI (Picrorhiza kurrooa)

Transcriptome analysis of Picrorhiza kurrooa for picrosides biosynthesis 
pathway

Previous studies on transcriptome analysis of P. kurrooa for molecular regulation of  
monoterpenoids, picroside I and II was continued. High throughput de novo transcriptome 
sequencing was carried out at temperatures known to modulate the biosynthesis of picrosides 
(15 and 25 °C). Using pair end Illumina sequencing technology, a total of 20,593,412 and 
44,229,272 paired end reads were obtained (Table 13).  Annotation of the transcriptome 
followed by expression profiling through read per exon kilobase per million (RPKM) revealed 
a total of 74,336 assembled transcript sequences with an average coverage of 76.6 and length 
of 439.5. Intense transcriptome changes at the two temperatures were also observed (Fig. 
45). When genes/transcription factors involved in mevalonate, 2-C-methyl-D-erithritol 

Fig. 45 Functional characterization of P. kurrooa transcriptome classified into top 50 abundant enzyme classes. Values 
in percent are represented as pie diagram

Table 13 Summary of transcriptome data generated on Illumina Genome Analyzer IIx for leaf 
tissue of P. kurrooa at 15 and 25 ºC

Generated data 15 °C 25 °C Total/Pooled
Total number of  paired end reads 27,562,496 49,274,224 76,836,720
No. of reads obtained after quality filtering 20,593,412 44,229,272 64,822,684
No. of assembled transcripts 31,338 63,718 74,336
Average length of transcripts (in base pair) 403.87 434.39 439.5
Average coverage 64.68 71.26 76.6
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Fig. 46 Transcriptome data on the effect of temperature on picrosides biosynthesis genes of P. kurrooa 
in KEGG pathways. Numerals in parenthesis indicate fold change in gene expression at 15 and 25 °C 

based on RPKM values. (Source:  BMC Genomics: 13: 126. doi:10.1186/1471-2164-13-126)

4-phosphate of phenyl propanoid pathways were subjected to RT-PCR, 19 out of 21 genes 
were validated.  The genes were found to be up-regulated at 15 °C. Based on the obtained data, 
the KEGG pathways were validated (Fig. 46). 

In vitro shoot cultures were raised from ex vitro leaves. The in vitro leaves were then used to 
develop direct as well as indirect regeneration protocols. The middle portion of leaf explants 
resulted in maximum shoot number (42.0) after thidiazuron (TØ) treatment for 15 days. The 
abaxial surface that was in touch with the medium was more responsive (Fig 47 AB). Increase in 
cell layers from 6-7 to 8-9 and cell size from 0.28 μm to 0.50 μm coupled with small pockets of 
dividing cells or meristemoids prior to callusing or organogenesis were also observed (Fig. 48). 
Scanning electron micrographs showed direct emergence of shoot buds or indirect emergence 
of shoot bud primordia from callus (Fig. 49). While optimum shoot multiplication occurred on 
medium containing 2.32μM Kn, well developed rooting of microshoots was observed on basal 
MS medium after 4 weeks. The survival percent of the plants under green house conditions 
was enhanced by treatment at 15ºC for 10 days. In flow cytometric analysis, no significant 
differences in the 2C DNA (~2.20 pg) contents of the in vitro raised and source plants (Fig. 50) 
indicated genetic stability. 
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Fig. 47 In vitro regeneration of P. kurrooa (A) Comparative response of adaxial (ad) and abaxial (ab) surface of leaf 
explant with middle portion showing maximum response (Bar line 1 cm) (m) (B) In vitro raised shoot cultures

Fig. 48 Light microscopic studies of  transverse section of leaf on medium containing 0.5 μM TDZ (A) at day 0 (B) at 
day 15; Note increase in cell size and number of cell layers (C) meristemoids in leaf tissue (D) shoot buds emerging 
from mid-rib

Fig. 49 Scanning electron microscopic studies (A) direct emergence of shoot buds from leaf (B) emergence of shoot 
bud primordia (arrow) from callus at cut ends
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Fig. 50 Histogram of relative DNA content of P. kurrooa (A) source plant (B) in vitro raised plants where R. sativus was 
internal reference standard (2C=2.2 pg)



55

C
SIR-IH

BT A
nnual Report 2012-13

COLOUR AND DYES

Arnebia species 

Comparative evaluation of Arnebia species with specific reference to metabolome 
related to shikonin synthesis in situ (Funded by Department of Biotechnology, Govt. 
of India)

Three Arnebia species were collected from the high altitude areas of HP (Fig. 51) for metabolome 
studies on shikonin biosynthesis. A. euchroma was collected from Kaza (4190 m) and A. gutata 
from Tabo area (3280 m) of district Lahaul & Spiti (HP), whereas, A. benthamii was collected from 
Yada area (3455 m) of district Chamba (HP). 

Fig. 51 Collections of Arnebia species (A) A. euchroma (B) A. benthamii (C) A. guttata from different altitudes of western 
Himalaya, HP

Sixty samples of secondary metabolites including various aromatic acids were analyzed by 
RP-HPLC method. The analysis revealed significant differences in the formation of shikonin. 
Comparative evaluation of the different parts of Arnebia spp. showed decreasing antioxidant 
activity in stem nodes, roots and leaves.
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PLANTATION CROPS

Tea (Camellia sinensis)

Identification and charaterization of sequence based markers for genetic 
improvement applications in tea (Funded by Department of Biotechnology, Govt. of 
India)

Microsatellite marker development

In continuation to previous work, the trancriptome of tea was sequenced for the identification 
of microsatellite markers. Of the 973 microsatellite markers identified and designated as ‘tea 
transcriptome derived microsatellite' (TTMS), 30 were validated in selected accessions and related 
species of Camellia. The markers were validated by amplification. Repeat motifs were categorized 
in class I (≥ 20 bp) and class II (>12 bp to≤ 20 bp) with respect to EST-SSR length and di- (549), 
tri- (313) and tri-(111) class I repeats were detected (Fig. 52).

Fig. 52 Representative picture of amplification validation and cross species transferability of newly developed TTMS 
primer.  M: 20 bp ladder, lanes 1-4: selected tea accessions, lane CJ: C. japonica, CS: C. sananqua

Genetic mapping

The existing pseudo test cross progeny comprising of 213 individuals from a cross of SA6(R) x 
Asha(S) were utilized for constructing a genetic map. Additional 83 SSR markers were utilized 
for parental polymorphism. Among these, 53 were informative in distinguishing both the parental 
lines. 

Organization of tea germplasm

The germplasm resources of western Himalayan region include selections from the commercial 
estates, abandoned tea gardens of Kangra valley and elite clones of CSIR-IHBT, Palampur. Data 
were recorded for different morphological traits contributing to yield. Multivariate clustering of 
the data differentiated the germplasm resources into distinct groups based on comparisons among 
the clusters for leaf size and biochemical parameters. Leaf size differentiated the tea accessions 
into six phenotypic groups (Fig. 53), while shoot density, an important yield parameter was 
independent of leaf size. Accessions were differentiated into nine groups based on total catechin 
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and caffeine contents (Fig. 54). Of these, Group I recorded the highest total catechin content, 
moderate to high caffeine level and high astringency factor (AF). Epicatechin gallate (ECG) had 
a significantly high correlation with AF implying that high levels of ECG and epigallocatechin 
gallate (EGCG) are critical for the production of Theaflavin 3,3' Digallate (TFDG), an important 
quality constituent providing astringency and briskness to black tea liquor. 

Fig. 53 Variations in leaf size representing different phenotypic groups of western Himalayan germplasm resources 
as compared to Assam type TV-2

Fig. 54 Graphical depiction of biochemical parameters among nine groups (A-I) of western Himalayan tea germplasm 
resources
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Hyperspectral data analysis for discriminating spectral behavior of tea 
plantations

The quality and yield of plantation depends upon factors like type, age of plantation, growth 
stage, pruning status, light conditions, and disease incidence. Hyperspectral data has the ability to 
detect minute spectral variations in vegetation. Therefore, a study was conducted to understand 
the spectral behaviour of tea plantations. Hyperspectral data were recorded from randomly 
selected bushes representing the test parameters in Banuri Tea Experimental Farm, Kangra, HP. 
A handheld spectroradiometer was used with a range of 325-1075 nm. It was observed that 
the green region followed by NIR region was the most appropriate band for discriminating 
different types of plants under sunlight and shade conditions (Fig. 55). For discriminating the 
age of plantation, growth stage, and diseased and healthy bushes, blue region was the most 
appropriate. The red and NIR regions were the best bands for distinguishing  pruned and 
unpruned bushes.

Fig. 55 Spectral reflectance of various management parameters of Camellia sinensis
Source: International Journal of Applied Earth Observation and Geoinformation DOI. 10.1016/j.jag.2012.10.006.

Selection of elite planting material 

Evaluation of clonal plants from selected mother bushes of Kangra Jat and biclonal seed stocks 
was continued. The accessions showed productivity over 1,500 KMTH (Made Tea kg/ha) during 
the past three years (Table 14). Based on varietal performance trial, the accession CEF-02 was 
released as a variety named “Him Sphurti” for commercial cultivation in Kangra. It recorded 
consistently higher yield (an average 37 per cent higher than the high yielding clone UPASI-
09). Based on the yield trend of biclonal seed stock populations in the last 3 years, the accessions 
CEF-01 and BGP-146 were chosen among china hybrid tea selections and SST-09 and SST-02 
from the assam type tea selections.
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Table 14 Performance evaluation of elite planting material 

Accession Number of bushes/
plot

Yield (KMTH)

2010 2011 2012

Germplasm Block - F

BGP-017 13 1572 1786 2144

BGP-063 30 1584 1680 1353

BGP-066 27 1558 1367 1613

BGP-072 30 1882 1425 1452

BGP-118 28 1531 1392 1116

BGP-119 30 1647 1458 1200

BGP-122 29 1635 1406 1119

BGP-123 30 1538 1663 1253

BGP-144 19 1870 1514 1452

BGP-146 19 1728 2057 1984

BGP-156 9 1653 1852 1554

CEF-02 22 2282 2534 2205

UPASI-9* 25 1980 1655 1540

Germplasm Block-G

BGP-146 22 1605 1195 1121

BGP-151 17 1605 1074 1500

CEF-01 12 1968 2059 2059

CEF-03 18 1604 1642 1703

SST-01 19 2010 1483 1718

SST-02 10 1736 2321 1984

SST-09 9 3924 3351 4112

UPASI-9* 23 1803 1561 1712

* High yielding clone (Control)

Tea cultivar (HIM SPHURTI)
The Institute released an improved cultivar of China 
hybrid tea named as “Him Sphurti” (Fig. 56) having 
following features (Fig. 57): 

century old Kangra tea plantations

average) >50% recommended cultivars for the region

>25% of counterparts

and UPASI 09

severity)
Fig. 56 Him Sphurti 
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C

Quality parameter Component Remarks

Aroma Aroma GC- profile Better than Kangra Asha, Kangra Jat and UPASI-9

Astringency TF, TR, Caffeine At par with Kangra Asha, UPASI-9 and better than Kangra Jat

Brightness TF At par with Kangra Jat, Kangra Asha and lower than UPASI-9

Briskness TF, TR, Caffeine At par with Kangra Asha, UPASI-9 and better than Kangra Jat

Fig. 57 Characteristics of “Him Sphurti”- (A) Productivity (B) Quality and (C) Similarity coefficient

Standardization of E-Vision system for rapid detection of quality parameters 
of Kangra orthodox black tea infusion (Collaboration with C-DAC, Kolkata)

Theaflavins (TF) and thearubigins (TR) are the important chemical compounds that contribute 
to colour and brightness of tea infusion. An E-Vision system based on image processing was 
developed by C-DAC. The system was tested for the estimation of the quality of orthodox 
black tea infusions. The data were analyzed using Principal Component Analysis and Multiple 
Linear Regression (MLR).  A correlation was established between colour of tea liquor images 
and TC (tea color), TB (tea brightness),  TR and TF/TR ratio. The results showed good 
correlation (75-88%) between the data recorded on E-Vision system and the results estimated 
by spectrophotometer (Fig. 58). 

Fig. 58 Predicted score value using MLR analysis and actual instrumental analysis (A) 75% (B) 82%

A B
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Effect of tannase application on quality of CTC and Kangra orthodox black 
tea infusions (Collaboration with Delhi University)

CTC and Kangra orthodox black tea infusions were treated with different concentration 
(0.05–0.2%) of tannase extracted from Penicillium charlesii. The tannase treated CTC and 
Kangra orthodox tea infusions showed better infusion quality compared to untreated infusions 
w.r.t. cream formation, extractable theaflavins, polyphenols, antioxidant activity and volatile 
flavour components.  Tannase treated infusions recorded higher brightness, total liquor colour, 
theaflavins and caffeine.  Black tea infusion treated with tannase showed hydrolysis of both 
epigallocatechin gallate and epicatechin gallate to epigallocatechin and epiecatechin, respectively. 
This was accompanied by 11 (CTC tea) and 10-fold (Kangra orthodox tea) increase in gallic 
acid concentration. The tannase treated tea infusion showed reduction in tea cream formation 
and an increase in antioxidant activity to 1.73- and 1.61-fold, respectively. However, there was 
no change in the content and concentration of volatile compounds.

Isolation and characterization of microbes from tea roots

A total of 55 endophytes including 
29 bacteria, 5 actinomycetes 
and 21 fungi were isolated and 
characterized from tea roots. The 
phylogenetic relatedness of bacterial 
and actinomycetes isolates based 
on 16s rRNA gene sequencing   
showed their  affiliations to Bacillus, 
Brevibacillus, Lysinibacillus, Burkholderia, 
Pantoea, Dyella, Streptomyces, 
Rhodococcus, Terracoccus and Nocardia. 
The fungal isolates showed relatedness 
to Fusarium, Aspergillus, Alternaria, 
Pestalotiopsis, Xylaria, Thanatephorus, 
Eurotium, Penicillium, Cadophora, 
Sordariomycetes,  Coprinellus,  Coprinellus, 
Cryptosporiopsis and Bjerkandera. In 
this regard, bacterial-isolates cultured 
from Juniperus communis, the common 
juniper, showed maximum identity 
with Staphylococcus, Streptomyces, 
Bacillus, Paenibacillus, Rhizobium and 
Novosphingobium (Fig. 59). The 
fungal isolates showed relatedness 
with Penicillium, Rhexocercosporidium, 
Cochliobolus, Neonectria and Fusarium  
(Fig. 60). 

Fig. 59 Evolutionary relationship of fungal-endophytes from Juniperus 
communis and its related taxa constructed using the neighbour-joining 
method. The percentage of replicated trees in which the associated taxa 
clustered together
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Profiling of essential and toxic metals of tea garden soil and its transversal 
pattern in tea brew

The level of essential and toxic metals in soil and leaves are known to affect the quality of tea. 
Hence, the level of uptake of essential and toxic metals from soil and its translocation to leaves 
and infusion were assessed.  Fe was one of the predominant heavy metal in soil (5494-5627 mg/
kg) followed by Mn (245-435 mg/kg), Zn (30-111 mg/kg) and Cu (22 - 51 mg/kg). The level 
of essential metal in tea leaves showed a decrease in the order of Mn>Fe>Zn>Cu. The level of 
most abundant essential metal in infusion was Zn followed by Mn (Fig. 61).

Fig. 60 Evolutionary relationship of fungal-endophytes from Juniperus communis and its related taxa constructed using the 
neighbor-joining method. The percentage of replicated trees in which the associated taxa were clustered together in the 
bootstrap test (1000 replicates) and evolutionary distances were computed using the Kimura 2-parameter method in the 
bootstrap test (1000 replicates) and evolutionary distances were computed using the Kimura 2-parameter method.

Fig. 61 Transversal pattern of metal ions from soil to tea infusion (U1: Upper location; M1: Middle location; L1: Lower 
location; FTL: Fresh tea leaves; MT: Made tea; TI: Tea infusion).
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Survey of insect pests of tea 

Surveys were conducted in different  tea gardens of Palampur area for identifying the insect and 
mite pests of tea. The collected insects were preserved in 70% alcohol for their identification. 
Scale insects, aphids and thrips were the major pests. Both adults and crawlers of scales insects 
were congregated on the tender stem/shoots, leaves, buds for sucking of the sap, thereby resulting 
in yellowing, drying and dropping of leaves. However, leaf folder, leaf minors, grasshoppers and 
mites were also recorded as minor pests. 

Improved micropropagation using betaine 

Betaine, a quaternary ammonium compound 
was used to improve the micropropagation 
of two commercially important cultivars 
(UPASI-9 and UPASI-10). At 1,000 mg l-1 
betaine increased the uptake of water and 
nutrients, and facilitated faster assimilation 
of carbon and nitrogen. This led to earlier 
differentiation of vascular elements and hence 
enhanced growth and multiplication. Amongst 
the two cultivars, growth was significantly higher 
in UPASI-10 as compared to UPASI-9 shoots  
(Fig. 62 & 63). 

Gene networks modulated during winter dormancy 

In continuation to previous work on modulation of winter dormancy (WD), a suppression 
subtracted library showed the down-regulation of genes involved in cell cycle and cell division. 
Up-regulation of stress-inducible genes including those encoding chaperons was also observed 

Fig. 62 Transverse sections of 60 days old in 
vitro shoots of UPASI-9 and UPASI-10, where 
T is betaine treated shoots and C is control 
shoots 

Fig. 63 Effect of betaine on the in vitro shoot growth of UPASI-9 
and UPASI-10 cultivars of tea (A) leaf number (B) plant height 
(C) shoot number (D) RGR (E-F) stem thickness of UPASI 10 
shoots after 15 days of growth

A B

C D

E F
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(Fig. 64). When these genes were cloned and subjected to expression analysis, they could be 
grouped into functional classes based on the MIPS classification system. The genes involved in 
cell cycle/cell division included the ones encoding the histone proteins (CsH2A, CsH2A.1, 
CsH2B, CsH2B.1, CsH3, CsH4), Cyclin A (CycA), Cyclin B (CycB), β-tubulin and DNA cytosine 
5-methyltransferase (CsCM). The stress responsive genes comprised of CsLEA4, CsLEA5, CsDeh1 
(dehydrin), CsDeh2, CsCOR413 (cold responsive), CsGST (glutathione S-transferase), CsELP 
(early light induced protein), CsMLP (major latex protein) and CsDIP (drought induced protein). 
Up-regulation of genes involved in cryoprotection and energy metabolism (i.e., β-amylase 
and lipase) was observed during WD and dormancy release (DR) (Fig. 65). The effect of low 
temperature, ABA and GA

3
 treatment on the mature leaves (ML) and the ‘two leaves and a bud' 

(TAB) harvested from field-grown bushes was also studied. The responses were found to vary 
between the ML and TAB, and also between the period of active growth (PAG) and WD. Stress-
responsive genes/chaperons and tissue preparedness were found to be critical for ABA and GA

3 

mediated responses. 

Fig. 64  Functional classification of clones obtained 
in forward (FL) and reverse (RL) subtracted libraries 
showing the over-expression of FL and RL genes 
during winter dormancy and period of active growth, 
respectively 

Fig. 65 Expression of selected genes during PAG, 
WD and DR for two consecutive years in ML and 
TAB. Green and red color indicate down- and up-
regulation of genes, respectively relative to the average 
expression over time at mean maximum (white bar) 
and minimum (black bar) air temperatures

Extraction and characterization of saponins from tea seeds of Kangra valley

Four triterpene saponins extracted from seeds were tested for their cytotoxicity against five human 
cancer cells lines-OVCAR-5 (ovarian carcinoma cells), MCF-7 (human breast adenocarcinoma 
cells), PC-3 (human prostate cancer cells), COLO-205 (colorectal adenocarcinoma cells), and 
HL-60 (human promyelocytic leukemia cells) (Table 15). Cytotoxicity of these saponins was 
evaluated by methyl thiazole tetrazolium and sulfo-rhodamine B assays. High cytotoxicity activity 
was observed by 16-O-acetyl-21-O-angeloyltheasapogenol E 3-O-β-D-galactopyranosyl (1->2) 
β-D-xylopyranosyl(1->2)-β-L-arabinopyranosyl(1->3)-β-D-glucopyranosiduronic acid and 
16,28-di-O-acetyl-21-O-angeloyltheasapogenol E 3-O-β-D-galactopyranosyl (1->2) β-D-
xylopyranosyl (1->2)-β-L-arabinopyranosyl (1->3)-β-D-glucopyranosiduronic acid (99 %) on 
PC-3 cells at concentration of 100 μg/ml. None of the saponins showed significant activity when 
tested against human PBMCs by lymphocytes proliferation assay. 
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Table 15 In vitro cytotoxicity of tea seed saponins against different human cancer cell lines by 
SRB assay

Saponins

Conc.  
(μg/ml)

 

Tissue/Cell lines

Ovary/OVCAR-5 Breast/MCF-7 Colon/Colo-205 Prostate/PC-3

% Growth inhibition

S
1

10 14 20 31 17

30 78 69 79 75

100 98 78 86 99

S
2

10 20 22 21 9

30 78 69 79 75

100 98 78 86 99

S
3

10 0 0 13 0

30 0 0 13 0

100 0 0 14 0

10 15 28 41 9

S
4

30 75 68 76 70

100 95 76 85 98

Adriamycin (1μM) 60 72 69 66

Paclitaxel (1μM) 73 80 57 71

21-O-tigloyltheasapogenol-E-3-O-β-D-galactopyranosyl(1->2)β-D-xylopyranosyl (1->2)-β-L-arabinopyranosyl 
(1->3)-β-D-glucopyranosiduronic acid (IC

50
 = 1.72 mg/ml) showed high metal-chelating activity at a concentration 

of 20 mg/ml

BAMBOO

Micropropagation and transfer to field

Guadua angustifolia

A study was conducted to identify the contaminants present in the 
in vitro cultures of G. angustifolia. The cultures were found to be 
contaminated by Pantoea agglomerans and P. ananatis bacteria. These 
were eliminated using 10 μg/ml kanamycin in the multiplication 
medium for 10 days. Healthy, bacteria free shoots proliferated after 
transfer onto antibiotic free medium (Fig. 66). 

Dendrocalamus membranaceous

In vitro seed germination was attempted in D. membranaceous, an 
economically important edible bamboo. Germination (77.8%) was 
recorded, when surface sterilized seeds were treated overnight with 
50 mg/l GA

3
 and incubated in complete darkness at 30˚C. The shoots 

Fig. 66 Healthy in vitro shoots 
of G. angustifolia growing 
in medium containing 
kanamycin
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from the seedlings were initially incubated on medium containing 8.8 μM BAP for 1 week and 
then multiplied on medium containing 
2.3 μM kinetin and 8.8 μM BAP.  The 
rooted plants were successfully hardened 
in potting mix. 

Phyllostachys pubescens (moso 
bamboo)

P. Pubescens is a multipurpose commercial 
bamboo of temperate regions. It was 
introduced in Palampur, HP in 2010-11. 
Emergence of edible shoots (culms) was 
observed in the current year (Fig. 67).

Fig. 67 New culms of edible bamboo species emerging from 
the baseGenetic transformation

Dendrocalamus hamiltonii 

A protocol for raising transgenic plants was developed to increase the range of plant adaptability,  
for plantations in denuded areas of dry temperate zones. The constraints of necrosis and death due 
to polyphenol oxidation, thickening of epidermal cells due to wound response and difficulties 
in Agrobacterium attachment due to surface waxes in somatic embryos were removed. Somatic 
embryos immersed in Agrobacterium culture containing 0.01% Tween-20 and 500 mg/l PVP for 
15 min followed by co-cultivation for 48 h yielded good frequency of putative transformants. 
Strong signals in GUS histo-chemical assay, PCR, slot blot and southern hybridization confirmed 
successful transformation (Fig. 68). The study paves the way for producing transgenic bamboos 
expressing useful traits.

Fig.  68 Genetic transformation of D. hamiltonii (A) putatively transformed plantlets (B) transgenic plant (C) 
GUS transient expression on leaf explants of 1 year old transgenic plant (D) PCR of gus transgenic (E) Slot blot 
showing positive signals using 15, 30 and 45 ng DNA (F) Southern hybridization analysis of transgenic lines 
(UT: un-transformed control and P: positive control; 1-10: transgenic lines)
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Genetic characterization of industrially important reed bamboo (Ochlandra 
travancorica)

Among the different bamboo species, Ochlandra is widely distributed in the forests of Kerala 
in the leeward side of the Western Ghats. Besides its importance in the cottage industry, the 
species is a major source of fibre (with 
a length of 4.03 mm), used in paper 
and pulp industries. A high level of 
genetic diversity was recorded in 
randomly collected populations of this 
genus from Kerala, India. Fifty primers 
(8 AFLP & 42 RAPD) detected 914 
polymorphic loci. Cluster and Principal 
Coordinate Analysis (PCA) based 
on combined AFLP & RAPD data 
grouped all the random accessions into 
three different populations (Fig. 69). 
Further, AMOVA revealed a moderate 
to high level of genetic variation 
with 54% within population and 46% 
among population. Highly significant 
and high PhiPT estimate (Fst value; 
0.456) indicated that these populations 
are not panmictic and are significantly 
isolated. 

DAMASK ROSE (Rosa damascena)

Estimation of total chlorophyll content 

The polynomial regression models were found to be suitable 
for non-destructive estimation of total chlorophyll (Chl.)  
based on experimental data. The model predicted values were 
very close to traditionally measured values with a root mean 
square prediction error (RMSEp) of less than 0.20 mg g-1 
of Chl. Confidence interval (95%) was built up (Fig. 70) 
for developed models indicating a 95% chance of a new 
observation  falling within the lower and upper bounds. The 
model is important because the Chl. status of leaf provides 
valuable information about the physiological condition of 
plants. In contrast, the conventional methods for measuring 
Chl. content in leaf are destructive, costly, time consuming 
and do not allow repetitive measurements.

Fig. 69 Genetic relationship among the O. travencorica population 
based on 8 AFLP and 42 RAPD markers. Tree branches with 
bootstrap values ≥60 %

Fig. 70 The polynomial regression model 
showing the mathematical relationship 
between Chl content index (CCL) and 
non-destructive estimation of total chl.
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Effect of pruning on quality of essential oil 

Field experiment was conducted to standardize the level and time of pruning for higher yield 

and quality of essential oil from flowers. Pruning at 90 cm from ground level (FGL) recorded 

significantly higher flower yield (13.22 g/new shoot) as compared to pruning at 120 FGL but 

remained statistically at par at 60 cm FGL. The maximum flower yield (14.32 g/new shoot) was 

recorded when pruning was done on 15th December followed by pruning on 30th November 

(13.07 g/new shoot). The lowest amount of flower yield was recorded with pruning on 31st 

October. 

Although there was no significant effect of the level and time of pruning on the essential oil 
content of flowers, yet analyzed data suggested that the major and minor components of rose oil 
were affected.

Effect of organic and inorganic manures on quality of essential oil 

A field experiment was conducted during 

2008-2012 to study the effect of different 

manures on yield and composition of essential 

oil. Application of 90:80:90kg NPK ha-1 

outshone all other treatments and recorded 

significantly higher number of flowers per 

plant, fresh flower weight per plant, number 

of branches and chlorophyll concentration 

index. This treatment recorded 50% 

higher flower yield as compared to control  

(Fig. 71). Geraniol content was also highest 

(26.2%) when the plants were fertilized with 

90:40:90kg NPK ha-1. Citronellol and nerol/

geraniol ratio were also higher in fertilized 

plots.

Effect of harvesting date on quality of essential oil 

Experiment was conducted to study the effect of harvesting 
date on essential oil content and composition of damask 
rose flowers. Significantly higher oil content (0.051%)  
(Fig. 72) and  concentration of citronellol and nerol (36.8±2.3%) 
(Table 16) was recorded in flowers harvested on 19th April. 

Fig. 71 Effect of organic and inorganic manures on flower 
yield and essential oil content of damask rose
T1  (90:40:90 kg NPK ha-1); T2  (90:80:90 kg NPK ha-1); T3  (120:40:90 kg NPK 
ha-1); T4  (120:80:90 kg NPK ha-1); T5 (90:40:120 kg NPK T1  (90:40:90 kg NPK 
ha-1); T2  (90:80:90 kg NPK ha-1); T3  (120:40:90 kg NPK ha-1); T4  (120:80:90 kg 
NPK ha-1); T5 (90:40:120 kg NPK ha-1); T6  (90:80:120 kg NPK ha-1); T7  (120:40:120 
kg NPK ha-1); T8 (120:80:120 kg NPK ha-1); T9 (FYM 25 t ha-1); T10 (FYM 50 t 
ha-1); T11 (Control)

Fig. 72 Effect of harvesting date 
on yield of essential oil 
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Table  16 Effect of harvesting date on major constituents of damask rose oil

Major compounds Harvesting date

12-April 19-April 26-April 3-May 10-May 17-May

β-Citronellol+nerol 26.2±4.3 36.8±2.3 32.1±0.9 28.7±3.7 26.5±0.2 15.0±1.7

E-Geraniol 23.2±6.6 21.7±0.6 20.6±0.4 23.5±3.4 21.7±4.4 13.3±2.5

Processing

About 10580.7 kg fresh rose flowers were processed at pilot plant to produce 3.789 L rose oil 
(0.036%, v/w) and rose water (1800 L).

AGARWOOD (Aquilaria spp.)

Agarwood: Isolation and characterization of microorganisms involved in its 
formation and constituents of its oil (Colaboration with CSIR-National Chemical 
Laboratory, Pune)

Agarwood also called as aloeswood, eaglewood, jinkoh, gaharu is the world's most valuable incense. 
The exact mechanism leading to the fragrant resin formation in agarwood tree trunk due to 
microbial infection is not understood. In order to understand the microorganisms responsible for 
the formation of agarwood and the volatile components in Aquilaria agallocha at different stages 
of development, studies were undertaken. 16S rRNA gene of 78 bacterial and ITS region of 16 
fungal isolates were sequenced. Among bacterial isolates,  the dominant species were Bacillus sp. 
followed by Pseudomonas, Enterobacter, Staphylococcus, Lactobacillus, Citrobacter, Flavobacterium and 
Stenotrophomonas. Five isolates showed 95.9% sequence similarity with the most closely related 
species Pectobacterium cacticida. One isolate showed 95.6% sequence similarity with the most closely 
related species Brenneria salicis.

In Bacillus, sixteen isolates were most closely related to B. altitudinis, six to B. subtilis subsp. inaquosorum, 
six to B. safensis, five to B. aryabhattai, one isolate each to B. anthracis, B. cereus, B. stratosphericus, and 
B. tequilensis. Nine isolates belonged to Pseudomonas with four isolate closely related to P. aeruginosa, 
and one isolate each to P. delhiensis, P. hibiscicola, P. nitroreducen, P. psychrotolerans and P. taiwanensis. 
Eight isolates belonged to Enterobacter with one isolate most closely related to E. aerogenes, six to E. 
oryzae and one to E. ludwigii. Three isolates belonged to Staphylococcus with one isolate most closely 
related to S.  gallinarum and two to S. succinus.  Two isolates belonged to Lactobacillus and both were 
closely related to L. pentosus. Five isolates belonged to Pectobacterium and showed 95.9% 16S rRNA 
gene sequence similarity with the most closely related species, P. cacticida. Two isolates belonged 
to Achromobacter and Bordetella. One isolate each belonged to Acinetobacter, Bordetella, Brenneria, 
Citrobacter, Flavobacterium, Luteibacter, Pantoea, Staphylococcus and Stenotrophomonas, respectively. Out 
of sixteen fungal isolates, six showed highest relatedness with Fusarium sp., six with Penicillium sp., 
two with Mucor and one each with Fungal sp. and Trichoderma, respectively (Table 17).
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Table 17 BLASTn analysis of 16S rRNA gene/ITS region sequencing of bacteria and fungi 
isolated from agarwood

Bacterial isolates

Isolate Most Closely Related Species Isolate Most Closely Related Species

33N1 Achromobacter xylosoxidans DSM 10346(T) 18N2A Klebsiella variicola F2R9(T)

39N1 Achromobacter xylosoxidans DSM 10346(T) 18Y3 Klebsiella variicola F2R9(T)

22N2 Acinetobacter bereziniae ATCC 17924(T) 16N3 Pantoea dispersa LMG 2603(T)

3N2 Bacillus altitudinis 41KF2b(T) 23N1 Pseudomonas aeruginosa LMG 1242(T)

3C4 Bacillus altitudinis 41KF2b(T) 29C1 Pseudomonas aeruginosa LMG 1242(T)

3N3 Bacillus altitudinis 41KF2b(T) 47Y1 Pseudomonas delhiensis RLD-1(T)

16N2 Bacillus altitudinis 41KF2bT 39N2A Pseudomonas hibiscicola ATCC 19867(T)

30C3 Bacillus altitudinis 41KF2b(T) 13Y1 Pseudomonas taiwanensis BCRC 17751(T)

30N1(A) Bacillus altitudinis 41KF2b(T) 5N2 Staphylococcus gallinarum ATCC 35539(T)

31N1(A) Bacillus altitudinis 41KF2b(T) 5N1 Staphylococcus succinus subsp. casei SB72T

42C1 Bacillus altitudinis 41KF2b(T) 50N1 Staphylococcus succinus subsp. casei SB72T

42N1 Bacillus altitudinis 41KF2b(T) 9C1 Bacillus safensis FO-036b(T)

43N1 Bacillus altitudinis 41KF2b(T) 12C1 Bacillus safensis FO-036b(T)

45P1 Bacillus altitudinis 41KF2b(T) 28N3 Bacillus safensis FO-036b(T)

50N2 Bacillus altitudinis 41KF2b(T) 48N2 Bacillus safensis FO-036b(T)

53N1 Bacillus altitudinis 41KF2b(T) 45N1 Bacillus stratosphericus 41KF2a(T)

56Y1 Bacillus altitudinis 41KF2b(T) 15N1 Bacillus subtilis subsp. inaquosorum BGSC 
3A28(T)

57P1 Bacillus altitudinis 41KF2b(T) 16N1(A) Bacillus subtilis subsp. inaquosorum BGSC 
3A28(T)

3Y4 Bacillus aryabhattai B8W22(T) 39N2(B) Bacillus subtilis subsp. inaquosorum BGSC 
3A28(T)

18N2(B) Bacillus aryabhattai B8W22(T) 52N1 Bacillus subtilis subsp. inaquosorum BGSC 
3A28(T)

17N1 Bacillus aryabhattai B8W22(T) 54C1 Bacillus subtilis subsp. inaquosorum BGSC 
3A28(T)

17N2 Bacillus aryabhattai B8W22(T) 52C1(A) Bacillus tequilensis 10b(T)

31N2B Bacillus aryabhattai B8W22(T) 28Y2 Brenneria salicis LMG 2698(T)

54Y1 Bacillus anthracis ATCC 14578(T) 8N2 Citrobacter koseri CDC 3613-63

47Y2 Bacillus cereus ATCC 14579(T) 24N1(B) Enterobacter oryzae Ola 51(T)

9N1 Bacillus safensis FO-036b(T) 37C1 Enterobacter oryzae Ola 51(T)
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9C1 Bacillus safensis FO-036b(T) 30C1 Flavobacterium oceanosedimentum ATCC 
31317(T)

52P1A Bacillus subtilis subsp. inaquosorum BGSC 
3A28(T)

40N1 Gibbsiella quercinecans FRB 97(T)

14P2 Bordetella avium 197N 57Y1 Lactobacillus pentosus JCM 1558(T)

11N2 Enterobacter aerogenes KCTC 2190(T) 5P2 Lactobacillus pentosus JCM 1558(T)

13P2 Enterobacter oryzae Ola 51(T) 8C2 Pectobacterium cacticida LMG 17936(T)

21N1 Enterobacter oryzae Ola 51(T) 28C2 Pectobacterium cacticida LMG 17936(T)

24N1A Enterobacter oryzae Ola 51(T) 28N1 Pseudomonas aeruginosa LMG 1242(T)

37C1 Enterobacter oryzae Ola 51(T) 29C1 Pseudomonas aeruginosa LMG 1242(T)

31Y1 Enterobacter ludwigii DSM 16688(T) 31N1 Pseudomonas nitroreducens DSM 14399(T)

6N1 Luteibacter yeojuensis R2A16-10(T) 3C2 Pseudomonas psychrotolerans C36(T)

6P2 Pectobacterium cacticida LMG 17936(T) 50C1 Staphylococcus succinus subsp. succinus AMG-
D1(T)

8N1 Pectobacterium cacticida LMG 17936(T) 6Y3 Stenotrophomonas panacihumi MK06(T)

28N2 Pectobacterium cacticida LMG 17936(T)

Fungal isolates

3C3 Fusarium sp. 166AS/T 4C1 Penicillium sumatrense strain CBS 416.69

6C1 Fusarium solani strain NRRL 22400 4Y1 Penicillium meleagrinum var. viridiflavum 
strain KUC1678

8Y1 Fusarium solani isolate PCO.30 13P3 Penicillium sp. PSF41

22Y2 Fusarium solani strain LW-1 13Y3 Penicillium sp. strain 92506

30N1B Fusarium solani isolate PCO.30 13P6 Penicillium sp. 92506

30P1(B) Fusarium solani isolate MZ01 3Y1 Penicillium sumatrense strain CBS

5Y1 Mucor circinelloides strain OTU31 4P1 Trichoderma sp. E10502a

25Y1 Mucor circinelloides 3C1 Fungal sp. strain ARIZ B141

Development of molecular markers for evaluation of population genetic 
structure of the Aquilaria malaccensis in northeast India: Implication for its use 
and conservation (Funded by Department of Biotechnology, Govt. of India)

The agarwood tree (Aquilaria malaccensis) is a precious floral wealth of northeastern India. 
The resinous patches of fragrant wood traditionally known as “agar” are in great demand in 
Egypt, Arabia and all Eastern countries. In the genomic DNA of 62 accessions of A. malaccensis 
representing 11 populations of northeastern India, a total of 305 fragments were detected. Of these, 
257 (84.5%) fragments were found to be polymorphic with an overall rate of 85.6 polymorphic 
loci per primer combination (Fig. 73). The average accession wise genetic similarity was 55%, 
while population wise average genetic similarity ranged from 20.6 to 75.0%.  Further, cluster 

Isolate Most Closely Related Species Isolate Most Closely Related Species
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analysis based on AFLP data using both UPGMA and neighbor joining distances distinguished 
11 populations representing 62 accessions into four major groups. A high level of gene flow 
between A. malaccensis populations prevailing in northeastern states of India was indicated by 
genetic variations among and within the populations in AMOVA (Fig. 74). 

Fig. 73 Bins and sizing of AFLP fragments by Genemapper 

Fig. 74 Graphical representation of partitioned genetic variations within 
and among populations
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EDIBLE AND SPICE CROPS

APPLE (Malus sp.)

Improvement of apple through biotechnological interventions (Sponsored by 
Department of Biotechnology, Govt. of India)

Enhancing productivity of apple through understanding the molecular basis of 
host-pathogen interactions 

In continuation to the work on Venturia inaequalis pathogenesis, the transcriptome of V. inaequalis 
was assembled de novo, annotated and characterized. Venturia transcripts expressed during its 
biotrophic stage of apple infection were sequenced using Illumina RNAseq technology. A total 
of 94,350,055 reads (50 bp read length) specific to Venturia were obtained after filtering. The 
reads were assembled into 62,061 contigs representing 24,571 unique genes. Gene ontology 
suggested the prevalence of genes involved in metabolism, transport and response to stimulus 
and also molecular function like binding, catalytic activities and transferase activities were found 
in majority. EC and KEGG pathway analyses suggested prevalence of genes encoding kinases, 
proteases, glycoside hydrolases, cutinases, cytochrome P450 and transcription factors (Fig. 75). 
Several putative pathogenicity determinants, candidate effectors in V. inaequalis and a large number 
of transcripts encoding membrane transporters were identified. Comparative analysis revealed 
the number of transporters encoded by Venturia were significantly more than those involved in 
other plant fungal pathogens. Phylogenomics analysis revealed a close relationship of  V. inaequalis 
with Pyrenophora tritici-repentis, the causal organism of tan spot in wheat.

De novo assembly, annotation and characterization of V. inaequalis transcriptome

Fig. 75 (A and B) Summarization of transcripts based on gene ontology (C) enzyme classes identified (D) KEGG 
pathways (Area under each pie represents the value in percent)
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Candidate virulence factors

BLASTP analysis against kinase database resulted in 240 hits classifying the sequences into 9 
kinase groups (Table 18). A total of 88 transcripts encoding CYP subfamily proteins were 
identified in V. inaequalis while selecting the unique hits from Pfam and InterproScan searches 
and BLASTp analysis against fungal Cytochrome P450 database. 

Table 18 The number of genes encoding protein kinases in V. inaequalis

Kinase group No. of occurrences

AGC (protein kinase A, G and C group) 31

Atypical kinases (His k, BRD, PDHK) 35

CAMK(Calcium/Calmodulin regulated kinases) 33

CK1 (Casein kinase 1 group) 14

CMGC (CDK, MAPK, GSK3 and CLK kinases) 58

STE (MAP kinase cascade kinases) 38

TK (Tyrosine kinase) 0

TKL (Tyrosine kinase-like group) 0

Other 31

Total 240

Secretome of V. inaequalis
Secretome or the secreted pathogenic proteins and effectors are crucial for establishing infection 
on host plant as these disable plant defense or sabotage cellular processes to suit the needs of 
invading pathogens. Proteins which contain signal peptides but lack transmembrane helices are 
considered as secreted proteins. Following such criteria, 463 set A transcripts and 483 set B 
transcripts were predicted to be secreted. V. inequalis was found  to harbor similar number of 
secreted proteins as majority of other phytopathogenic fungi (Fig. 76). 

Development of risk reduced pest management package and management of pesticide 
residues in apple and its products (Funded by Department of Biotechnology, Govt. of India)

Field efficacy trial of different acaricides against apple mites

Biorational pesticides (spiromesifen, chlorfenapyr, fenpyroximate, hexythiazox, abamectin and 
neem formulation) and conventional acaricides (fenazaquin and dicofol) were evaluated against 
apple mites (Panonychus ulmi) in a field trial laid at Marhi, Kullu (HP). All the treatments showed 
significant reduction in mite population over control up to 28 days, except horticultural mineral 
oil (HMO) and neem formulation. HMO was the least efficacious in controlling mites.
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Biotechnological interventions for improvement of apple through virus and genetic 
fidelity certification and production of virus tested elite planting material 

The complete nucleotide sequence of an Indian isolate of Apple chlorotic leaf spot virus (ACLSV) 
encoding three ORFs was determined and found to be 7,525 nt in length. The genome organization 
was similar to known isolates of the virus. Comparisons indicated high sequence variability among 
known isolates with overall nucleotide sequence identities of 80 to 84%. A striking variable region 
was identified among the replicase protein upstream of the RNA-dependent RNA polymerase 
(1510–1590 aa). It showed 41 to 43% match with the corresponding region in other isolates. 
Phylogenetic analysis at the nucleotide level clustered the isolates into three groups without any 
relation to geographical origin. Recombination analysis showed that the isolate is a recombinant 
with recombination sites spread throughout the genome, especially in the polymerase gene 
region (4700–5400 nt). Most recombination sites were bordered by GC-rich upstream region (5') 
and downstream region (3') of AU-rich sequences of similar length (Fig. 77). The interlineage 
recombinations in the apple host was more in comparison to intralineage recombinations. 

Fig. 76 Prediction of V. inaequalis secretome (A) comparative analysis of secretome sizes of various filamentous fungi  
(B) genes involved in metabolic processes (C) molecular function based on GO data analysis (Area under each pie 
represents the value in percent)

Fig. 77 Description of the recombination sites in ACLSV
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Expression of ASGV coat protein (CP) in pET-32a(+) and pHIS expression 
system

CP gene was amplified and cloned in pET-
32a(+) expression vector. Protein was induced 
optimally in soluble fraction containing  (1 
mM) IPTG  at 30°C (pET-32a)/28 °C (pHIS) 
(Fig. 78).  

The protein was purified and its identity was 
confirmed by Western blotting (Fig. 79). 

Purified protein was used for rabbit 
immunization. The IgG was extracted and 
purified from the antiserum using Protein A antibody purification system. This IgG was used for 
testing of field samples where the antisera developed was equally effective when compared to 
commercial kits.

Fig. 78 ASGV CP as His Tag fusion protein. Lanes 1-4: 45 
kDa His Tag fusion protein expressed after 1, 2, 3 and 4 h 
of induction, respectively; Lane 5: Control with no IPTG. 
Lane M: Prestained protein marker (Fermentas)

Detection and identification of ASGV 
from nectarine, peach, wild cherry, 
almond and apricot

Various stone fruits such as nectarine, peach, wild 
cherry, almond and apricot were tested for ASGV
by ELISA and confirmed positive through RT-
PCR (Fig. 80). 

Genetic transformation of apple rootstock 
MM106 (Funded by Department of Biotechnology 
Govt. of India)

In continuation to previous activity, transgenic lines of apple rootstock MM106 were tested 
for RT-PCR expression of gus gene. Positive signals were obtained in the tested lines  
(Fig. 81A). These were multiplied on BAP and NAA supplemented MS medium (Fig. 81B) and rooted 
prior to their transfer to soil for maintenance under contained polyhouse conditions (Fig. 81C). 

Fig. 79 The purified ASGV CP as (A) His Tag fusion protein in pET-32a (B) and pHIS parallel vectors  (C) confirmation 
by Western blotting

Fig. 80 Amplifications with detection primers for 
ASGV. M1kb ladder, 1: Nectarine, 2: Peach, 3: Wild 
cherry, 4: Almond & 5: Apricot
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Fig. 81 Transgenic apple rootstock MM106 (A) RT-PCR analysis where T1-T4: transgenic lines, C1: untransformed 
control  and P: positive control (B) multiplication of transgenic lines (C) rooting of microshoots (D) transgenic 
plant growing in soil under poly house 

STEVIA (Stevia rebaudiana)

Stevia accumulates up to 30% of diterpenoid steviol glycosides (SGs) of the total leaf dry weight. 
SGs are approximately 300 times sweeter than common table sugar and are used as non-calorific 
sweetener in many countries of the world. 

Effect of foliar spray of nutrients on leaf area index (LAI) and crop growth rate 
(CGR) 

A field experiment was conducted to (i) record 
the effect of nipping and foliar fertilization 
on the productivity and quality of stevia, 
and (ii) break the apical dominance and 
increase physiological activities. Increased 
branching and dry leaf yield by 13 to 17% 
was recorded as compared to not-nipped. 
Foliar application of nutrient solutions 
also affected the growth parameters, 
yield attributes and chlorophyll content. 
Crop fertilized with 0.5% KNO3 recorded 
maximum LAI and CGR (Fig. 82). Among 
the foliar spray treatments, 0.5% KNO3 and 
0.406% Ca(NO3)2 were most effective in 
improving the dry leaf yield. 

Fig. 82 Effect of foliar application of nutrient solutions on leaf 
area index (LAI) and crop growth rate (CGR)
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Effect of types of crop and harvest management system 

A field experiment on comparative evaluation 
of annual and perennial crops of stevia revealed 
that two cuts per crop season resulted in higher 
dry leaf yield as compared to single cut and triple 
cuts. Irrespective of the number of harvests, the 
performance of stevia as a perennial crop was 
superior (increased dry leaf yield by 137%) to 
annual crop (Fig. 83).  

Molecular regulation of steviol 
glycosides (SGs) biosynthesis 

The molecular regulation studies of SGs 
biosynthesis revealed various genes such as 
SrDXS, SrDXR, SrCPPS, SrKS, SrKO and three 
glucosyltransferases, SrUGT85C2, SrUGT74G1 
and SrUGT76G1 were identified. Additionally, 15 genes including SrMCT, SrCMK, SrMDS, 
SrHDS, SrHDR, SrIDI and SrGGDPS were cloned and subjected to expression analysis. Maximum 
accumulation of SGs in leaf followed by stem and root was corroborated by similar pattern of 
gene expression (Fig. 84). 

Fig. 83 Effect of types of crop and harvest management 
system on stevia

Fig. 84  Molecular of regulation steviol glycosides biosynthesis (A) SGs content  
(B) expression of SGs biosynthetic pathway genes in leaves at different node positions

Crop improvement by mutation 

To improve leaf yield and sweet glycoside content, leaves and seeds were treated with colchicine 
to induce mutations. Treatment of seeds with 0.2 to 0.6% colchicine reduced the survival rate of 
young seedlings to below 50%. While maximum number of polyploids (tetraploids) were obtained 
with 0.6% colchicine treatment for 24 h; mixoploidy was observed at 0.2% colchicine treatment 
for 6 h. The nuclear DNA content (2C-value) of diploid S. rebaudiana variety Madhuguna was 
estimated to be 2.72 pg by flow-cytometry (Fig. 85A). Polyploids C7-3-4, C7-3-5, C9-1-1 and 
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C9-4-3 were distinguished from diploid control plants as their DNA content doubled, suggesting 
autotetraploidy. Chromosome count in root-tip cells of polyploids (2n=44) confirmed the 
tetraploid status (Fig. 85B). The autotetraploids had significantly increased leaf size and thickness, 
chlorophyll content and reduced internode length. 

A B

C D
E

Fig. 85 Flow-cytometry histogram peaks differentiating (A) diploid (B) tetraploidplants (C) chromosome count 
diploid with 2n=22 (D) tetraploid with  2n=44 and (E) morphological variations among diploid control and tetraploid 
(C7-3-4) plants developed through colchicine treatment

SAFFRON (Crocus sativus)

Demonstration plots of saffron were established at Sher-e-Kashmir University of Agricultural 
Sciences and Technology (SKUAST-K), Srinagar, J&K in September, 2009. Growth performance 
of in vitro derived cormlets and in vivo corms of corresponding size was evaluated under field 
conditions. As compared to in vivo corms (5.0-6.0 g), sprouting of in vitro cormlets (<5.0 g) 
was delayed by one month, and the percent sprouting (62.20) was lesser than in vivo cormlets 
(76.78). The time required for flowering was similar in the in vitro and in vivo corms. The in vitro 
cormlets behaved similar to that of in vivo corms under natural conditions. Daughter cormlets 
produced under natural conditions after first growth phase were re-planted for second year. In the 
second and third year, the growth parameters were comparable in the in vivo and in vitro corms. 
At the end of third growth phase, 3-4 daughter corms developed from in vitro corms, whereas, 
5-6 were formed from in vivo ones. Well developed root system comparable to in vivo corms was 
also observed (Table 19). 
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Table 19 Growth performance evaluation of  in vivo corms and corms derived from in vitro cormlets

Parameters

Growth season under natural habitat

Second year Third year

< 5.0  g 
(in vitro)

5.0-6.0  g 
(in vivo)

< 5.0 g 
 (in vitro)

5.0-6.0 g
 (in vivo)

Average  plant height (cm) 30.00 35.00 34.00 34.67

Average number of leaves/ditch 14.67 32.33 44.00 41.67

Mean flower weight per corm   0.40   0.40   0.40   0.40

Average fresh pistil weight per flower (g) 0.035 0.036 0.036 0.032

Average dry pistil weight per flower (g) 0.0067 0.0066 0.007 0.006

LARGE CARDAMOM (Amomum subulatum Roxb.)

Studies on the essential oil composition of large cardamom populations growing 
in HP

The essential oil components of large cardamom growing in different agro-climatic zones of HP 
showed qualitative and quantitative variations. Based on GC and GC-MS analysis, 55 compounds 
representing 98% of oil were identified (Table 20). Major components included 1,8-cineole, 
α-terpineol, dl-limonene, nerolidol, 4-terpineol, δ-terpineol, δ-3-carene, β-myrcene, germacrene 
D, α-terpinene and longifolenaldehyde. The oil ranged between 9.8-19.5 g/kg. Cardamom oil 
from HP was found to contain new compounds, viz. 4-terpineol, δ-3-carene, trans-sabinene 
hydrate, 1-phellandrene, α-terpinene, bicyclo-germacrene, isopinocarveol and ledenoxid-II. 
α-Terpenyl acetate, a major constituent of small cardamom essential oil was also detected in 
the oil of large cardamom.  The five most intense aromatic components were identified as dl-
limonene, 1,8-cineole, β-myrcene, α-pinene and α-basabolol.

Table 20 Percent composition of essential oil from A. subulatum seeds

BP-20 HP-5 Compound Kullu Mandi Sirmour Bilaspur Chamba Palampur Mode of  
identification

1147 1000 δ-3-Carene 2.02 ± 0.17 1.95 ± 0.13 2.17 ± 0.07 2.18 ± 0.09 2.05 ± 0.05 1.22 ± 0.46 KI, MS

1162 981 β-Myrcene 1.51 ± 0.17 1.45 ± 0.25 1.34 ± 0.31 1.59 ± 0.42 1.16 ± 0.36 2.36 ± 0.95 KI, MS

1167 997 1-Phellandrene 0.74 ± 0.07 0.76 ± 0.05 0.83 ± 0.04 0.54 ± 0.05 0.53 ± 0.04 0.34 ± 0.10 KI, MS

1181 1008 α-Terpinene 0.95 ± 0.08 0.94 ± 0.13 1.14 ± 0.09 1.01 ± 0.08 0.98 ± 0.06 0.70 ± 0.33 KI, MS

1205 1028 dl-Limonene 11.76 ± 0.85 11.33 ± 1.02 11.37 ± 1.33 10.93 ± 1.39 10.06 ± 1.42 5.49 ± 4.88 KI, MS

1215 1002 1,8-Cineole 57.31 ± 2.70 51.93 ± 2.19 52.22 ± 2.35 50.55 ± 1.87 52.39 ± 1.55 60.46 ± 3.50 KI, MS

1282 1054 α-Terpinolene 0.38 ± 0.04 0.40 ± 0.04 0.47 ± 0.03 0.42 ± 0.03 0.42 ± 0.01 0.30 ± 0.15 KI, MS

1485 1366 Copaene 0.07 ± 0.02 - - - - 0.08 ± 0.02 KI, MS

1521 1099 trans- Sabinene hydrate 0.92 ± 0.26 - 0.78 ± 0.06 1.33 ± 0.16 1.76 ± 0.42 2.16 ± 0.73 KI, MS

1532 1409 β-Damascone 0.13 ± 0.03 0.10 ± 0.01 0.11 ± 0.03 0.10 ± 0.01 0.06± 0.01 - KI, MS

1539 1121 Campholenicaldehyde 0.09 ± 0.02 0.11 ± 0.02 0.11 ± 0.02 - - - KI, MS

1582 1091 Linalool 0.15 ± 0.01 0.17 ± 0.01 0.21 ± 0.02 0.20 ± 0.01 0.16 ± 0.01 0.14 ± 0.03 KI, MS

1587 1153 Pinocarvone 0.18± 0.01 0.17 ± 0.02 0.21 ± 0.03 0.1± 0.01 0.11± 0.01 0.12 ± 0.01 KI, MS



81

C
SIR-IH

BT A
nnual Report 2012-13

BP-20 HP-5 Compound Kullu Mandi Sirmour Bilaspur Chamba Palampur Mode of  
identification

1591 1033 cis-Sabinene hydrate 0.49 ± 0.07 0.86 ± 0.17 - - - - KI, MS

1601 1408 trans-β-Caryophyllene 0.09 ± 0.02 0.11 ± 0.01 0.10 ± 0.01 0.15 ± 0.02 0.15 ± 0.01 0.34 ± 0.09 KI, MS

1615 1170 4-Terpineol 4.89 ± 0.16 4.60 ± 0.21 5.39 ± 0.22 4.63 ± 0.16 5.09 ± 0.26 2.60 ± 0.87 KI, MS

1628 1184 1R-(-)-Myrtenal 0.15 ± 0.01 0.1± 0.01 0.17 ± 0.03 - - - KI, MS

1650 1148 Isopinocarveol 0.30 ± 0.04 0.25 ± 0.07 0.26 ± 0.06 0.11 ± 0.04 0.16 ± 0.01 0.12 ± 0.03 KI, MS

1657 1382 α–Caryophyllene - - - - - 0.05 KI, MS

1665 1191 δ-Terpineol 2.86 ± 0.13 3.21 ± 0.17 3.30 ± 0.29 3.35 ± 0.21 3.16 ± 0.27 2.98 ± 0.33 KI, MS

1670 1196 cis-Piperitol 0.10 ± 0.05 - - 0.13 ± 0.02 - - KI, MS

1677 1344 α-Terpenyl acetate 0.08 ± 0.01 0.14 ± 0.02 0.11 ± 0.01 0.11 ± 0.01 0.14 ± 0.01 0.44 ± 0.13 KI, MS

1681 1451 Germacrene D 0.55 ± 0.08 0.65 ± 0.05 0.52 ± 0.05 1.34 ± 0.12 0.90 ± 0.13 2.28 ± 0.78 KI, MS

1685 1181 α–Terpineol 15.84 ± 1.20 14.88 ± 0.64 15.33 ± 1.21 15.82 ± 1.49 16.48 ± 1.34 15.30 ± 0.86 KI, MS

1696 1496 Bicyclogermacrene 0.10 ± 0.02 0.12 ± 0.02 0.10 ± 0.01 0.25 ± 0.03 0.18 ± 0.02 0.63± 0.1 KI, MS

1704 1242 Carvone 0.21 ± 0.03 0.21 ± 0.02 0.31 ± 0.06 0.10 ± 0.02 0.11 ± 0.02 0.09 ± 0.03 KI, MS

1715 1518 β-Cadinene - - - 0.16 ± 0.02 - 0.36 ± 0.11 KI, MS

1721 1209 Paramenth-1-en-3-one - 0.13 ± 0.02 - 0.12 ± 0.01 0.15 ± 0.01 0.15 ± 0.09 KI, MS

1747 1206 Myrtenol - 0.20 ± 0.09 - 0.14 ± 0.03 - - KI, MS

1780 1217 1-Carveol 0.24 ± 0.02 - 0.36 ± 0.07 0.17 ± 0.03 0.13 ± 0.01 0.07 ± 0.03 KI, MS

1897 1273 Isogeraniol 0.10 ± 0.01 0.17 ± 0.03 0.18 ± 0.04 0.09± 0.01 0.11 ± 0.01 0.08 ± 0.01 KI, MS

1926 1530 Nerolidol 3.79 ± 0.49 5.29 ± 0.93 4.39 ± 0.31 5.18 ± 0.71 6.04 ± 0.65 5.91 ± 1.12 KI, MS

1977 1594 Spathulenol - 0.70 ± 0.03 0.43 ± 0.12 0.82 ± 0.04 0.42 ± 0.14 0.51 KI, MS

2000 1876 Longifolenaldehyde 0.85 ± 0.08 1.50 ± 0.32 0.91± 0.13 1.36 ± 0.20 0.88 ± 0.12 0.32 ± 0.33 KI, MS

2050 1639 Isospathulenol - - 0.1± 0.01 0.11 ± 0.01 - - KI, MS

2057 1663 α–Cadinol - - - 0.28 ± 0.05 0.21 ± 0.03 0.20 ± 0.08 KI, MS

2095 1682 Ledenoxide-II - 0.09 ± 0.06 - 0.12 ± 0.02 0.07 ± 0.02 - KI, MS

2110 2399 Tetracosane 0.12 ± 0.03 0.26± 0.04 0.45± 0.05 0.32± 0.02 0.32 ± 0.02 0.18± 0.01 KI, MS

2261 1807 2-Ethyl-2-methyl-tri-
decanol

- 0.19± 0.03 0.11 ± 0.04 0.12 ± 0.02 0.44 ± 0.57 0.10 ± 0.02 KI, MS

2385 1768 Myristic acid - - - - 0.27 ± 0.05 0.10 ± 0.00 KI, MS

Oxygenated monoterpenes 71.46 65.71 65.31 69.04 71.21 75.54

Monoterpene hydrocarbons 17.12 16.13 16.38 16.78 15.36 10.53

Aldehydes 1.06 1.61 1.10 1.36 0.88 0.32

Ketones 0.57 0.91 0.94 0.83 0.87 0.39

Fatty acids 0.08 0.13 0.10 0.11 0.41 0.54

Alkanes and alkenes 0.52 0.53 0.55 0.40 0.46 0.69

Sesquiterpene hydrocarbons 4.64 5.65 5.02 7.01 7.04 8.91

Bicyclic sesquiterpenes 0 0 0 0.28 0.21 0.20

Oxygenated sesquiterpenes 0 0.66 0.49 0.93 0.42 0.51

Others 0.620 1.70 1.98 2.92 2.70 1.66

% of identified components 96.07 93.03 91.87 99.66 99.56 99.29
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FLOWER CROPS

ORNAMENTAL ROSE (Rosa spp.)
Breeding
Hybridization among scented, ornamental and wild roses was undertaken to generate new floral 
variations (Table 21). Inter-specific hybridization was carried out among 6 different rose species 
(Rosa damascena, R. bourboniana, R. multiflora, R. centifolia, R. rugosa and R. chinensis minima) to generate 
desirable variations for flower, fruit and essential oil characters. Inter-varietal crosses involving 
reciprocals were attempted in R. damascena and R. hybrida (ornamental roses), respectively. Overall, 
112 seeds were obtained from 76 pollinations in crosses involving ornamental roses, 93 seeds from 
202 pollinations in back-crosses, 19 seeds from 61 pollinations in inter-varietal crosses among 
varieties of damask rose and 981 seeds from 317 pollinations involving inter-specific crosses.

Table 21 Seed set obtained under inter-varietal and inter-specific hybridization program

Cross No. of pollinations No. of seeds

Inter-varietal

a)  Damask rose 61 19

b)  Ornamental rose 76 112

Inter-specific 317 981

Back-cross 202 93

Himalayan Wonder-a thornless ornamental rose 

Rose is universally acclaimed as the “queen of flowers”. The plant has a wide range of adaptability 
to various soil and climatic conditions. It has a long blooming period and its flowers are beautiful 
with good shelf life. Besides its use as cut flowers, rose is grown in beddings and gardens for its 
ornamental values. However, the presence of thorns in the plant irritates the consumer and is 
an undesirable trait. Therefore in an earlier work, a thornless ‘bud sport' ornamental rose was 
selected naturally from among 30 plants of cv First Red having thorns. In the current year, the 
performance of the thornless ‘bud sport' was evaluated under polyhouse conditions (Fig. 86 A,B 
& C). The vegetative and reproductive parameters of this thornless ‘bud sport' ornamental rose 
were recorded (Table 22). The flower colour of this thornless ‘bud sport' was Red Purple as per 
the Royal Horticulture Society (RHS) Colour chart. 

Fig. 86 Himalayan Wonder-a thornless ‘bud sport' ornamental rose of cv First Red (A) plants in full 
bloom and (B) close up flower in full bloom 
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Table 22 Salient features of the cultivar 'Himalayan Wonder'

 Diameter of flowering shoot (cm) 0.71

 Diameter of flower bud (cm) 2.59

 Length of flower bud (cm) 4.51

 Diameter of bud neck (cm) 0.52

 No. of flowering shoot per plant/year 26.6

 No. of flowering shoot/m2 net area/year 213

 Size of fully open flower (cm) 10.23

 No. of petals per flower bud 31.4

Colour of stem/shoot Green

Colour  of upper surface of leave Green

Colour of lower surface of leave Green

Outer colour of petal Red Purple

Inner colour of petal Red Purple

Vase life (days) 7

Rose is propagated by seeds, budding, grafting, layering, cutting and through micropropagation 
for disease free planting materials. Asexual propagation allows plants to grow true to type. It 
is commercially propagated by budding. T-budding is the most widely accepted method for 
propagating ornamental roses. It was observed that the highest survival (80%) in plants through  
T-budding of rose cv First Red was obtained in February in mid hills.

GERBERA (Gerbera jamesonii)

Breeding

In continuation to the gerbera breeding program, variability was generated and characterized 
for improvement of floral traits through hybridization. Considerable variations were observed 

Fig. 86 (C) Flower with thornless stalk
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for the floral traits viz., flower colour (different hues of white, yellow, yellow-orange, orange, red 
and red-purple), shape (single, semi-double and double types), diameter (standard and mini sizes), 
disc colour (dark brown/green), scape length (tall/dwarf), disc diameter, ray floret width (spider/
standard types) and ray floret number among the parental genotypes and their progenies. The 
promising gerbera genotypes (IHBT-Gr-24-5, IHBT-Gr-24-6 and IHBT-Gr-11-6) were selected 
on the basis of flower characteristics (Table 23 and Fig. 87). 

Table 23 Details of floral features of gerbera F
1
 selections 

Plant No. Flower colour Peduncle 
length (cm)

Flower dia- 
meter (cm)

Flower shape Disc 
colour

Flower type

IHBT-Gr-24-5 Red 41.2 10.8 Double Brown Standard

IHBT-Gr-24-6 Yellow orange 29.6 11.7 Semi-double Brown Standard Dwarf

IHBT-Gr-11-6 Yellow 33.1 7.9 Double Green Mini Dwarf

Fig. 87 Flower of F
1
 selections of gerbera

CARNATION (Dianthus caryophyllus)

Five cultivars of standard carnation viz. White Dona, Red Dona, Pink Dona, Yellow Soto and 
Mazanda Dona were procured and planted under polyhouse conditions for multiplication.

LILIUM (Lilium sp.)

Among the different types of lilies, the Asiatic hybrid lily is very popular. Experiment was 
conducted to standardize the foliar spray of fertilizers and mulching in lilium growing beds. The 
cv Novecento produced maximum number (5.93) and weight (71.66 g) of bulbs and bulblets, 
when a foliar spray of 250 ppm of fertilizer at 19:19:19 was used . 

Sprouted and dormant bulbs of Asiatic hybrid lily cv Grand Paradiso were grown under Palampur 
conditions. Number of days to flowering was increased, when dormant bulbs were used. Maximum 
length of flower shoot (123.30 cm) and flower bud (8.14 cm) were recorded in dormant and 
sprouted bulbs, respectively. Largest size of bulbs were produced, when dormant bulbs were 
used.

In the performance evaluation of Asiatic hybrid lily cvs Novecento, Polyana and Parato in village 
Jagla, Lahaul & Spiti (HP) in July, 2011, maximum length of flower shoot (165 cm) and flower 
bud numbers (14.33 per shoot) were observed in cv Novecento. 
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Two cultivars of hybrid lily namely Pavia and Menorca were collected and planted under shade 
house conditions for evaluation, multiplication and utilization. Menorca and Pavia produced 
flower shoots of length 82 and 88.50 cm with 11 and 9 cm flower buds, respectively.

LISIANTHUS (Eustoma grandiflorum)

Lisianthus belongs to the family Gentianaceae and 
originated from central and north America. It is grown as 
a cut flower, border plant of gardens and as pot plants. An 
experiment was conducted to standardize the optimum 
quantity of NPK for quality flower production under 
poly house conditions. Maximum flower shoot length 
(58.00 cm) and flower size (7.32 cm) was observed when 
175 ppm nitrogen, potash and 100 ppm phosphorus was 
applied to the crop (Fig. 88).

ORCHIDS 

The regeneration potential of Cymbidium giganteum and 
Rhyncostylis retusa was assessed using single, segmented and 
clumps of protocorm like bodies (PLBs). After 60 days of 
inoculation, 100% regeneration was observed in the clumps 
of C. giganteum when 4.53 μM 2,4-D and  8.88 μM BAP 
were used. Although the single and segmented protocorms 
of C. giganteum and R. retusa showed regeneration, they 
turned brown with time. In a separate study, clumps of PLBs 
emerged from the base of C. giganteum seedlings and these 
proliferated on medium supplemented with 8.88 μM BAP and 
2.0 g/l AC (Fig. 89). Most of these PLBs turned dark green 
and developed into plantlets. 

Fig. 88 Flowers of Lisianthus

Fig. 89 Formation of PLBs at the base 
of C. giganteum seedlings on basal MS 
medium containing 8.88 μM BAP and 
2.0 g/l AC (bar line=2.0 cm)
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MICROBIOLOGY AND PLANT PROTECTION

Bioprospecting microbes for enzyme production

Twenty two previously identified protease producing bacterial isolates were characterized for 
isozyme variation on casein-zymogram. A total of 15 isoforms were detected and majority of them 
were identified to be as serine type of proteases. All the isolates were active at low temperature and 
alkaline pH. Crude proteases from 7 isolates were compatible with commercial detergents.

Gene encoding serine alkaline protease from psychrotrophic Acinetobacter sp. MN12 (MTCC 10786) 
was cloned and expressed in E. coli. The amino acid sequence deduced from the complete ORF 
(1323 bp) revealed that the protein was 441 amino acids long with an estimated molecular weight 
of 46.6 kDa and had a theoretical pI value of 8.85. The protease exhibited sequence similarities 
with members of the subtilisin family (S8). Based on the  amino acid homology to previously 
described sequences contained a signal peptide (1-21 residues), a prepeptide (22-143 residues), a 
mature peptidase (144-433 residues) and a small propeptide (434-441) amino acid. The protease 
from Acinetobacter sp. MN12 formed a cluster with other species of the same genus, while the 
proteases from other genera were grouped into another cluster. 

Twenty seven bacterial isolates from cold deserts of Himalayas were tested for CMCase activity 
using the method recommended by the International Union of Pure and Applied Chemistry. CMC 
hydrolysing activity was significantly higher at pH 6 in all the isolates. At pH 9, all the isolates 
exhibited more than 50% CMC hydrolysing activity. Three genes encoding endoglucanase from a 
promising isolate Paenibacillus sp. were amplified and cloned using  T & A cloning vector into E. coli 
DH5  and sequenced. Molecular 
analysis showed that the 
endoglucanase genes have ORF 
encoding a protein of 334, 537 and 
573 amino acid residues including 
a signal peptide. Comparison of 
deduced amino acid sequence 
with other cellulases indicated that 
the enzymes can be classified as a 
family 5 glycoside hydrolase. The 
evolutionary relationship between 
endoglucanase gene corresponding 
to ~63kDa protein from Paenibacillus 
sp. IHB B 3084 and closely related 
bacterial endoglucanases is shown 
(Fig. 90). The active recombinant 
endoglucanase from one clone 
corresponding to ~63kDa enzyme 
was partially purified using 
ion exchange chromatography. 
Potential probiotic bacteria 

 ABV08876 Cel5B Paenibacillus polymyxa
 YP_003949589 Endoglucanase B Paenibacillus polymyxa SC2 
 YP_003873206 Endo-14-beta-glucanase Paenibacillus polymyxa E681 
Endogluanase Paenibacillus sp. IHBB 3084
 YP_005074431 Endo-14-beta-glucanase Paenibacillus terrae HPL-003 
 ZP_09776676 Endoglucanase B Paenibacillus sp. Aloe-11
 ZP_10240043 Endo-14-beta-glucanase Paenibacillus peoriae KCTC 3763 
 P23550 Endoglucanase B Paenibacillus lautus 
 AFC68970 cellulase Paenibacillus xylanilyticus
 BAJ22272 Endogluanase Paenibacillus sp. KSM-N546 
 ZP_07898684 Cellulase Paenibacillus vortex V453
 ZP_08283662 Cellulase Paenibacillus sp. HGF5
 YP_003241425 Cellulase Paenibacillus sp. Y412MC10
 NP_241469 Endo-beta-14-glucanase Bacillus halodurans C-125 
 ADD62401 Cellulase Bacillus sp. BG-CS10
 CAD61243 Cellulase Uncultured bacterium
 CAD61244 Putative cellulase Bacillus agaradhaerens
 YP_004451908 Cellulase Cellulomonas fimi ATCC 484
 YP_005460733 Putative glycosyl hydrolase Actinoplanes missouriensis 431
 ZP_06922166 Endoglucanase B Streptomyces sviceus ATCC 29083 
 ZP_10454243 Endoglucanase Streptomyces acidiscabies 84-104 
 YP_003494111 Endoglucanase Streptomyces scabiei 87.22 
 YP_003101086 Cellulase Actinosynnema mirum DSM 43827 
 CCK24845 Endoglucanase B Streptomyces davawensis JCM 4913 
 ZP_20878828 Cellulase Streptomyces turgidiscabies Car8 
 ZP_06914473 Endoglucanase B Streptomyces sviceus ATCC 29083 
 YP_004968212 Glycoside hydrolase family protein Streptomyces bingchenggensis BCW-1
 ZP_09954337 Glycoside hydrolase family protein Streptomyces chartreusis NRRL 12338 
 ACZ98603 Endoglucanase Cellulosilyticum ruminicola
 YP_004463133 Glycoside hydrolase Mahella australiensis 50-1 BON 
 AEV59723 Putative cellulase uncultured bacterium
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Fig. 90 Evolutionary relationship between endoglucanase gene correspond-
ing to ~63kDa protein from Paenibacillus sp. IHB B 3084 and closely related 
bacterial endoglucanases
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belonging to different genera were screened for cholesterol reduction ability. Enterococcus lactis, E. 
faecium and Lactobacillus plantarum were found to reduce cholesterol. Additionally, bacteria isolated 
from yak milk were evaluated for probiotic traits under in vitro conditions. Two bacteria showing 
cholesterol reduction were identified as Lactobacillus on the basis of 16S rRNA gene sequencing. 
Cholesterol was reduced in the presence of bile and bile salts under anaerobic conditions.  Bile 
deconjugation ability and production of bile salt hydrolase was also present. Work on gut microbiome 
determination of aged individuals (above 85) and respective families was initiated. Bacteria were 
isolated under aerobic and anaerobic conditions from the stool samples of individuals and further 
selected on the basis of potential probiotic traits.

Systematic pathogens of fruit tree crops in India: Molecular investigation and 
development of control strategies (Funded by Department of Science & Technology, 
Govt. of India) 

Grape (Vitis vinifera) is known to be infected by Grapevine leaf roll associated viruses (GLRaV's), 
Grapevine fleck virus (GFkV), Grapevine fanleaf virus (GFLV) and Grapevine virus A & B (GVA 
& GVB). During survey of grapevine orchards in Kullu, HP, symptoms related to viral infection 
(leaf yellowing, vein greening, reduced leaf size, downward rolling/cup shaped leaves to reduced 
fruit bearing) were observed (Fig. 91).

Fig. 91 Symptoms observed in vineyards during survey (A) leaves displaying characteristic symptoms of grapevine 
leafroll associated viral disease on white grapes such as leaf yellowing, reduced leaf size, downward rolling/cup 
shaped leaves and reduced fruit bearing (B) red grapevine with red leaves and green main veins (C) reduced leaf size 
with yellowing or mosaic pattern and green main veins (D) plants at Bajaura (Kullu)

A B

C D
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During analysis, specific amplification in 
RT-PCR for GLRaV-1 (~232 bp), GLRaV-3 
(~300 bp), GFkV (~179 bp) and GVB (~440 
bp) confirmed the presence of these pathogens  
(Fig. 92). Nucleotide sequences of GLRaV-1 
and GLRaV-3 showed 99% similarity with 
US isolates (JF811849, GU983863) whereas 
GVB and GFkV nucleotide sequences 
showed 88 and 98% similarity with Chinese 
(JF927940) and Italian (AJ309022) isolates, 
respectively. At amino acid level, a sequence 
similarity of 99, 100, 90 and 100% with 
Acc. No. ACT31733 (China), AAR02009 
(Czech), ACX30795 (China) and NP542613 
(Italy) was found for GLRaV-1, GLRaV-3, 
GVB and GFkV respectively. ELISA and 
RT-PCR results confirmed the presence 
of GLRaV-3 (66.7%), GLRaV-1& GFkV 
(50%), and Grapevine virus B (GVB) 
(12.5%) in symptomatic plants. None of 
the samples were found positive for GFLV, 
GLRaV-2 and phytoplasma.

Biological and molecular characterization of Cucumber mosaic virus subgroup II 
isolate causing severe mosaic in cucumber 

Cucumber mosaic virus causing severe mosaic (CMV) and chlorosis was characterized at the molecular 
level. Its phylogenetic analysis with other 31 CMV isolates reported worldwide, clustered it with 
subgroup II strains (mild strains). The genome comprised of RNA 1 (3379 nucleotides), RNA 2 
(3036 nucleotides) and RNA 3 (2206 nucleotides). The isolate showed highest homology with 
subgroup II isolates: 95.1-98.7%, 87.7-98.0% and 85.4-97.1% within RNA1, RNA2 and RNA3, 
respectively. RNA1 and RNA2 were closely related to the Japanese isolate while RNA3 clustered 
with an American isolate.

It was found to be closely related to an isolate infecting carrot (EU642567; Aligarh isolate). The 
isolate is very competitive in its infection of different host plants (Fig. 93). Host range studies 
revealed severe mosaic symptoms on tobacco and cucumber but mild filiform type symptoms in 
tomato. 

Fig. 92 RT-PCR based detection of grape viruses in HP 
(A) amplicons of GLRaV-1; lane M marker (100 bp) 
(B) amplicons of GLRaV-3 (C) amplicons of GFkV (D) 
amplicons of GVB samples

A

B

C

D
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In vitro expression and production of antibody against Cymbidium mosaic virus 
coat Protein (CP)

Polyclonal rabbit antisera were produced using CP of Cymbidium mosaic virus (CymMV) Indian 
isolate expressed in E. coli as GST fusion. The expressed protein was purified by GST-fusion 
protein purification kit for use as an immunogen in rabbits. The antisera thus prepared, reacted in 
double antibody sandwich enzyme-linked immunosorbent assay (DAS ELISA) with extract from 
CymMV-infected tissue. The polyclonal antisera prepared from expressed CymMV coat proteins 
were useful in detecting CymMV in an array of assays. As compared to  internationally available 
kits,  the developed kit is highly effective for detection of Indian strain of the virus.

Genomic sequence analysis of four new Chrysanthemum virus B isolates reveals evidence 
of RNA recombination (Funded by Department of Biotechnology, Govt. of India)

Sequence diversity of Chrysanthemum virus B (CVB), a member of the genus carlavirus, family 
Betaflexiviridae was studied by analysing four complete genome sequences representing the genetic 
diversity of these strains. The analysis by maximum likelihood indicated a close relationship of 
the  four new full genome sequences with one another as compared to other carlavirus including 
CVB-S from Japan. 

Fig. 93 Symptoms induced by CMV on different host plants (A and C) stunting of infected cucumber plants var. 
veer and summer green  (B and D) chlorosis and mosaic on leaves after two weeks post inoculation (E-G) tomato 
(E) mock infected (F) chlorotic patches on leaves (G) leaf deformation and curling (H-J) chilli (H) stunted growth of 
infected plant (I) mock infected leaf (J) infected leaf with chlorotic patches (K-L) chenopodium (K) mock infected  
plant  (L) leaves with chlorotic necrotic lesions (M-O) tobacco (M) mock infected leaf (N) leaves with mosaic 
pattern and lesions (O) infected leaf with concentric chlorotic lesions

A

E

I J L

M N O

K

F G H

B C D
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Seven recombination analysis method implemented in the program, RDP3 were used to check 
the presence of recombination within the full-genome sequences of CVB and representatives of 
other carlavirus species. Evidence of 16 potentially unique recombination events was detected 
by more than three recombination detection methods. One potential recombination event 
detected in the evolution of isolate CVB-S was found significant (P-Values: RDP=6.69x10-154, 
GENECONV=1.49x10-143, BOOTSCAN=3.49x10-162, MAXIMUM CHI SQUARE=4.49x 
10-62, CHIMAERA=1.39x10-44, SISCAN=1.39x10-114, 3SEQ=1.19x10-19). CVB-S was found 
to be a recombinant of UP as the major parent and TN as the minor parent. The potential 
recombination beginning and ending breakpoints were predicted to be at nucleotide positions 
538 and 4260, respectively (Fig. 94). The recombinant region lay in the replicase region of the 
viral genome. The CP gene of CVB may be a recombination cold-spot.

Fig. 94 Evidence of isolate CVB-S as a recombinant of viruses resembling isolates CVB-UP and an unknown CVB-
TN-like virus (A) maximum-likelihood trees (model HKY, 100 bootstrap replicates) constructed using different 
portions of the CVB genome (B) BOOTSCAN evidence for the recombinant origins of different portions of CVB-S 
(100 bootstrap replicates, Jukes Cantor distances) constructed for 200-nucleotide sequence windows, step size 20

Chitinase expression due to reduction in fusaric acid level in an antagonistic 
Trichoderma harzianum S17TH

Antagonistic Trichoderma spp. were screened for their ability to reduce the level of fusaric acid 
(FA), a phytotoxin produced by Fusarium spp. Although the T. harzianum isolate S17TH tolerated 
high levels of FA up to 500 ppm, it was unable to reduce the toxin to a significant non-toxic level  
when added to minimal synthetic broth (MSB). When  the effect of 400 ppm FA on chitinase 
gene expression was studied using PCR assays, the isolate reduced the FA to a non-toxic level. 
It displayed similar level of antagonism over control in liquid medium after 7 days (Fig. 95). 
Significant repression of nag1 but only slight repression of ech-42 was observed. Chitinase activity 
was either reduced or absent. Selection of S17TH as a toxin insensitive isolate commensurated the 
negative effects on chitinase activity. This makes it a potential antagonist against Fusarium spp.

A

B
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Control of rhizome rot of ginger by chitinolytic Bacillus atrophaeus strain 
S2BC-2

A highly chitinolytic antagonistic Bacillus S2BC-2 was identified from apple rhizosphere.  Standard 
bacteriological tests and sequencing of 16S rRNA, gyrA and rpoB genes indicated its taxonomic 
affiliation to Bacillus atrophaeus.  It showed enhanced growth and chitinase production with 
increased anti-fungal activity against vascular wilt pathogens. Extracellular proteins of cell-free 
extracts of media amended with chitin and fungal cell wall contained 4–10 novel polypeptides 
(Fig 96A). Under bamboo structures 
covered with polyvinyl sheet, a chitin 
supplemented talc-based formulation 
of the S2BC-2 was challenge 
inoculated with Fusarium oxysporum 
f.sp. zingiberi. It recorded low disease 
indices (84.9% and 79.2% for yellows 
and rhizome rot, respectively). This 
correlated with 113.3% maximum 
rhizome production (Fig. 97) and 
2-fold higher chitinase induction 
over pathogen control. In native gel 
activity assays, S2BC-2 expressed 
more chitinase isoforms than the 
pathogen control upon challenge-
inoculation (Fig. 96B). B. atrophaeus 
can be used in biocontrol of rhizome 
rot of ginger.

Fig. 95 Expression of antifungal chitinases in S17TH (A) semi-quantitative PCR Lanes 1: control (MSB alone), 2: 100 
ppm, 3: 200 ppm, 4: 300 ppm, 5: 400 ppm (B) quantitative RT-PCR for enzyme induction by 400 ppm FA

Fig. 96 Native gel assays for induced chitinase profiles of S2BC-2 
(A) extracellular proteins of the culture media. Lanes 1: MSB 2: 
MSB+GIFOZ-UHF 3: MSB+GIFOL-IHBT 4: MSB+Chitin 5: 
MSB+Chitin+GIFOZ-UHF 6: MSB+Chitin+GIFOL-IHBT (B) pro-
teins induced in ginger challenged with GIFOZ-UHF. Lanes 1: plants 
treated with S2BC-1, 2: pathogenic control (arrows indicate the iso-
forms)
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Evaluation of plant extracts for pesticidal activities

Different solvent extracts of 
Zanthoxylum armatum were 
evaluated against larvae of 
Plutella xylostella. n-Hexane 
extract showed maximum 
larvicidal activity followed by 
ethyl acetate extract, whereas, 
chloroform leaf extract was 
least effective (Fig. 98). 
The GC-MS analysis of 
n-hexane fraction led to the 
characterization of twenty 
two compounds representing 
90.48% of the constituents 
detected. n-Hexane fraction 
of the leaf extract of Z. armatum showed maximum larvicidal activity, which may be due to two 
major compounds i.e. 2-undecanone and 2-tridecanone. The results of present study would be 
useful in integrated pest management (IPM) of lepidopteron pests.

In another study, ethanoloic extract of the underground parts of Costus speciosus were evaluated. 
The extract showed promising activities (80-100% mortality) at 15000-20000 ppm against second 
instar larvae of P. xylostella.

In another study, six fern extracts were screened pesticidal activities against diamondback moth 
(Plutella xylostella), tobacco caterpillar (Spodoptera litura), aphids (Aphis craccivora) and mites 
(Tetranychus urticae). One sample IHB-PED-M001 showed promising larvicidal activity against P. 
xylostella. It resulted in 90, 60 and 47% mortality at 2.0, 1.5 and 1.0% concentrations, respectively, 
after 48 hrs of treatment.

Fig. 98 Efficacy of Zanthoxylum armatum extract against Plutella xylostella (48 
hrs after treatment)
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Fig. 97 Performance of chitinolytic S2BC-2 against ginger rhizome rot under shade conditions (A) rhizome yield 
(B) root length (T1 S2BC-2 T2 carbendazim+mancozeb T3 hot water treatment T4 pathogenic control T5 untreated 
control)
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Tea anthocyanins as nutraceuticals

Four anthocyanins were purified and characterized from purple coloured tea shoots growing 
in the Tea Experimental Farm of the Institute. The chemical structures were elucidated on the 
basis of 1-D and 2-D NMR, and LC/MS. The purified anthocyanins were, cyanidin-3-glucoside 
(AN-1): ESI-MS m/z 449 [M]+ (calcd. For C

21
H

21
O

11
+ was m/z 449.1213).UV–Vis λmax 

0.01% HCl–MeOH (nm):517.cyanidin-3-O-β-D-(6-(E)-coumaroyl) glucopyranoside (AN-2): 
HR-ESI-MS m/z 595 [M]+ (calcd. For C

30
H

27
O

13
+ was m/z 595.14462). UV–Vis λmax 0.01% 

HCl–MeOH (nm):522. delphinidin-3-O-β-D-(6-(E)-coumaroyl) glucopyranoside (AN-3): 
HR-ESI-MS m/z 611 [M]+ (calcd. for C

30
H

27
O

14
+ was m/z 611.13953). UV–Vis λmax 0.01% 

HCl–MeOH (nm):529. cyanidin-3-O-(2-O-β-xylopyranosyl-6-O-acetyl)-β-glucopyranoside 
(AN-4): HR-ESI-MS m/z 623 [M]+ (calcd. For HR ESI-MS m/z 623.3868 [M]+ (calc. for 
C

28
H

31
O

16
 623.4412). UV–Vis λmax 0.01% HCl–MeOH (nm):534. 

The antioxidant activity of the purified anthocyanins was evaluated by 2, 2-diphenyl-1-
picrylhydrazyl (DPPH) and 2, 2'-azino-bis (3-ethylbenzothiazoline-6-sulphonic acid) (ABTS) 
assays. Anti-cancer activity was determined by sulfo-rhodamine B (SRB) assays against C-6 
(glioma) and A549 (human lung carcinoma) cell lines. Apoptosis induction was resolved by 
Caspase-3/7 activity assay and immune-stimulatory activity was evaluated by lymphocyte 
proliferation assay against human PBMCs. Highest antioxidant activity was recorded in AN-2 
(IC

50-DPPH
=25.27±0.02 μg/ml, IC

50-ABTS
=10.71±0.01μg/ml). AN-1, AN-2, AN-3 showed higher 

activity on C-6 cells at concentration of 200 μg/ml. However, AN-4 did not show any significant 
effect on C-6. The effect of all the compounds on A549 cells was not prominent. The results of 
immunostimulatory activity suggest that all the compounds induce T-lymphocyte proliferation. 

Processing of apple pomace for value added product development (Funded by 
Ministry of Food Processing Industries, Govt. of India)

Earlier, the process for extraction of dietary fiber from apple pomace was developed and dietary 
fiber enriched food such as bakery and extruded products were prepared (Fig. 99). 

FUNCTIONAL FOOD AND NUTRACEUTICALS

Fig. 99 Dietary fiber from apple pomace and its use in enriched food products (A) 
dietary fibre (B) bakery (C) extruded products 

A B C
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In a previous study, a prototype for mechanical separation of seeds at 
industrial scale was also developed and filed for patent. In current year, 
the separated seeds (Fig. 100) were used to extract oil, with average yield 
of 15-20%. When the edible properties of the seed oil were examined, 
it was found to be rich in linoleic and oleic acid and had comparable 
physico-chemical properties of edible oils. 

Utilization of apple pomace for high end product development (Funded by the 
Department of Biotechnology, Govt. of India)

Fresh pomace collected from the processing unit of HPMC, Parwanoo (HP) was dried using oven, 
sun and freeze drying methods. Oven drying at 60oC was the best method (Fig. 101A). However, 
freeze-drying method (-40 to-80oC) was found to retain maximum antioxidant properties as per 
the ferric reducing antioxidant power (FRAP) assay (Fig. 101B). 

Pectins were extracted from apple pomace by three methods at different temperatures, pH and 
acid treatment. The alditol acetate derivatives of purified pectins were analyzed by GC-MS. The 
uronic acid content was also determined by Folin–Ciocalteau reagent.

The GC-MS analysis of alditol acetate derivatives from hydrolyzed samples of dietary fiber of 
apple pomace showed the presence of sugars such as arabinose (7.02%), glucose (7.66%) and 
mannose (7.55%).

Value added products from buckwheat

Buckwheat (Fagopyrum spp.) is a traditional crop of 
high altitude region. Keeping in view its importance 
for highlanders, R&D work on its value addition was 
initiated. Snack products such as Puffed buckwheat and 
Puffed buckwheat bars were developed and analyzed for 
their nutritional compositions. The products were also 
launched at the tribal fair at Keylong, district Lahaul 
and Spiti (HP) in August, 2012 to motivate the farmers 
of the area for its large scale cultivation (Fig. 102). 

Fig. 100 Apple seeds extracted 
from separator prototype

Nutritional value of Puffed buckwheat

Composition Values

Energy value 383 kcal

Protein 1.1%

Fat 5.46%

Total carbohydrates 67.8%

Fig. 101 (A) Effect of different drying methods on apple pomace and (B) antioxidant activity of dried fractions of apple 
pomace 
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Fig. 102  (A) Buckwheat seeds (B-C) snacks (D) flour

Nutritionally enriched food products to combat malnutrition

CSIR-IHBT identified certain bioresources with nutritional value having potential to be 
incorporated into food products. Calcium and iron rich products such as as Mango Bar and 
Puffed Rice Bar were developed using low cost affordable technology.

                                  Mango Bar Puffed Rice Bar

Mango Bar and Puffed Rice Bar meets 40 and 60% of RDA requirement of iron and calcium, 
respectively. These products will be disseminated in a single serve pack under national mission 
programme of S&T intervention to combat malnutrition with the help of NGOs and other 
organizations closely link to the masses.

A B

C D
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(a)

RURAL DEVELOPMENT

CSIR-IHBT worked in a network mode with other stake holders to enhance the livelihood 
options and quality of life in rural and periurban areas across the country. Associated notable 
stake holders were the District Watershed Development Agency, Shimla; State Departments of 
HP namely, Agriculture, Horticulture, Forest, Rural Development, Ayureveda, Tea Board and 
National Mission on Bamboo Applications (NMBA), India. A total of 1100 farmers, extension 
officials, entrepreneurs and students visited plantations, research and demonstration plots of 
commercially important cut flower crops, medicinal & aromatic plants, botanical and biodiversity 
garden, bamboo nursery and museum at CSIR-IHBT, Palampur. The exposure created awareness 
in the individuals on improved farming practices and alternate options of enhancing productivity, 
quality and income generation. Scientists and technical personnel of the Institute extended 
different technical know-how through trainings and demonstrations. Quality planting materials 
were supplied on a regular basis and periodic field advisory services were rendered as per the 
need and demand of local growers. Query based counseling of visitors was entertained with 
due diligence. Relevant literature in terms of technical bulletins and technical brochures were 
generated and distributed to the growers. More than 250 farmers were registered for value added 
product development during the year.

CSIR-IHBT also disseminated its technological know-how with the help of the press and 
media including national and regional newspapers, television channels such as Delhi, Shimla and 
Jalandhar Doordarshan and Akashvani.

Trainings

Trainings on advances in tea husbandry practices and  nursery management were organized in the 
institute for trainees from different regions of Kangra district of HP.

Training of tea growers on advances in tea husbandry practices



97

C
SIR-IH

BT A
nnual Report 2012-13

Exposure visits of the tea growers 

Activity Date Area No. of growers

Adoption of improved technology: Tea farm 
mechanization

19.09.2012 Bir & Baijnath 17

Adoption of improved technology: Pruning and 
skiffing and other winter operations in tea plan-
tation and large cardamom cultivation

14.12.2012 Palampur 23

17.12.2012 Bir & Chauntra 27

26.12.2012 Baijnath 30

27.12.2012 Palampur 28

Adoption of improved technology: Fertilizer 
application and other winter operations in tea 
plantation and large cardamom cultivation

26.02.2013 Palampur and Dharmshala 20

27.02.2013 Bir 20

Coordinator: R.K. Sud; Team members: V.S. Dhadwal, Khushal Katoch and Bhushan Kumar

Workshop on the uniqueness of Kangra tea 

A workshop was organized on the uniqueness 
of Kangra tea on April 6, 2012 at CSIR-
IHBT, Palampur in which 74 participants 
(including 1 from UK and 2 from Ethiopia) 
participated. The workshop was held with 
a view to highlight the distinctiveness of 
Kangra tea and exhibit its premium brands. 
A tea tasting session was also conducted 
to  apprise the growers on importance of 
quality tea and its production. 

Coordinator: R.K. Sud; Team members: 
Ashu Gulati, H.P. Singh, V.S. Dhadwal and 
Khushal Katoch

Visit of tea board officers to the 
experimental tea farm 

Shri MGVK Bhanu, Chairman,  Ms. 
Roshni Sen, Deputy Chairman and Shri 
B. Boriah, Director, Tea Development, Tea 
Board of India visited the CSIR-IHBT Tea 
Experimental Farm on August 4, 2012 and 
witnessed different R&D and extension 
work undertaken by the institute on tea 
husbandry.

                                   

Tea tasting session for growers

Visit of tea board officers to IHBT tea experimental farm
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TRANSFER OF CUT-FLOWER PRODUCTION TECHNOLOGY

Transfer and advisory services

CSIR-IHBT played a catalytic role in promoting commercial floriculture in the hilly states. 
Motivation of farmers through advisory visits, trainings, demonstrations, and distribution of 
planting materials by the institute led to the extension of area under cultivation for commercial 
flower crops in HP and neighbouring states. This impacted their socio-economic status. The 
impact of this intervention was evident from the sale of cut flowers worth Rs. 60 lakhs by the 
farmers of Lahaul & Spiti, HP in the market of Delhi during 2012-13.  

Consultancy visits to M/s Neva Plantation Pvt. 
Ltd., Gopalpur, Kangra (HP) for cultivation 
and post harvest technology of lilium bulb 
production

Advisory visits to farmer's field for gerbera 
cultivation at Kangra

Cultivation of lilium and rose at Lahual & Spiti and Bilaspur



99

C
SIR-IH

BT A
nnual Report 2012-13

Demonstration plots

Demonstration plots of chrysanthemum, 
alstroemeria, gerbera, lilium, bird of 
paradise and marigold were established at 
CSIR-IHBT and at farmers' field.  

Multiplication and distribution of planting materials

Planting materials of cut flower crops viz., chrysanthemum, lilium, gerbera, alstroemeria, bird 
of paradise, gladiolus, agapanthus and marigold were multiplied and distributed to the growers 
and extended to approximately 14.5 h area for commercial floriculture during the year. Virus 
tested lilium cvs. Brunello, Prato, Adelina and Polyanna were mass multiplied in vitro. Twelve 
hundred  bulblets of each cvs were planted in field for optimum size of bulbs. Gerbera cvs 
Jaffona was mass propagated by tissue culture and twelve thousand in vitro propagated plants were 
hardened. Ten culture bottles of cv Jaffona were supplied to M/s Rajat Biotech, Ghumarwin, 
Bilaspur, HP for mass multiplication under material transfer agreement. 

Details of the planting materials of floriculture crops distributed to farmers 

Crop Form of planting materials Qty./No.  
distributed

Location of supply

Lilium Bulbs 25548 Kangra and Lahaul & Spiti 

Chrysanthemum Cuttings 2570 Kangra, Mandi and Kullu

Marigold Seedling 19320 Kangra,  Chamba and Una

Alstroemeria Plants   561 Kangra, Chamba and Shimla

Agapanthus Plants   859 Kangra
Bird of Paradise Plants   681 Kangra, Kullu and Shimla

Gladiolus Corms   597 Kangra and Mandi

Extension of area under cultivation of commercial floriculture in HP

Crop Area (h) Location

Lilium 2.50 Kangra, Lahaul & Spiti, Mandi, Kullu and Solan
Chrysanthemum 0.50 Kangra, Mandi and Solan
Marigold 7.00 Kangra, Mandi, Chamba, Sirmaur and Una
Rose 1.0 Kangra
Gladiolus 1.50 Kangra, Mandi  and Kullu 
Carnation 1.50 Bilaspur, Kangra, Kullu and Solan
Gerbera 0.50 Una, Kangra
Total                14.50

Demonstration plot of chrysanthemum at CSIR-IHBT, 
Palampur
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Participation in exhibition

CSIR-IHBT along with other state departments and local farmers participated in a meeting on 
“Scope of horticulture and medicinal crops in district Lahaul & Spiti, HP” held on September 
25, 2012 at Karga, Lahaul & Spiti organized by the Department of Horticulture, Keylong, Lahaul 
& Spiti, HP.  

Activity: Demonstration-cum-training Date Coordinator:/Team No. of growers

Cultivation and post harvest technology of 
commercially important cut flower crops

19-21.02.2013 Markandey Singh/
D Dhyani, Vipin Hallan, Sanat 
Sujat Singh, Raja Ram and 
Sanjay Kumar

20

19-21.02.2013 20

Cultivation and post harvest technology of 
lilium at Shishu, Lahaul & Spiti.

26.09.2012 Markandey Singh 14

Cultivation and post harvest technologies of  
commercially important flower crops from 
district Shimla.

2012-13 Markandey Singh and Sanjay 
Kumar

206
10 batches

One thousand seventy nine farmers and students visited the demonstration plots of commercially important cut 
flower crops at CSIR-IHBT, Palampur during the year.

Demonstration-cum-training on floriculture crops

Glimpses of meeting at Karga, Lahaul & Spiti

Training programmes organized 
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CSIR-IHBT along with other state departments and local farmers participated in one day meeting 
on “Revival of floriculture of Kangra, HP” held on May 31,  2011 at Flower Federation, Darang, 
Kangra, HP organized by District Rural Development Agency (DRDA), Kangra, HP.  

In another activity, CSIR-IHBT along with other CSIR institutes exhibited its technologies in 
Agrovision, 2013 at Nagpur from January 24-27, 2013. More than 800 farmers visited the CSIR 
stall and showed interest in commercial cultivation of stevia, damask rose, gerbera, gladiolus, 
chrysanthemum and lilium.

Glimpses of Agrovision, 2013 at Nagpur

CSIR-IHBT participated and exhibited technologies in a “Kisan Mela” at Jammu organized by 
CSIR-IIIM, Jammu, J&K on March 17,  2013 and Holi Mela at Pragati Maidan, Palampur during 
March 25-28, 2013. More than 400 farmers and students visited the institute stall and showed 
interest in commercial cultivation of flowers and medicinal & aromatic crops.   

Glimpses of Kisan Mela at Jammu Glimpses of Holi Mela-cum-Flower Show at Palampur
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Multiplication and distribution of plant propagules of medicinal, aromatic and 
culinary herb 

Various MAPs viz. rosemary (2 lakhs), lavender (1.5 lakhs), damask rose (0.50 lakh), ginkgo (0.20 
lakh) and stevia (0.25 lakh) were propagated in bulk in the institute's nursery for distribution 

to growers. Mother stock of other MAPs like  
ashwagandha, bacopa, chameli, taxus, gingko, aloe, 
muskbala, bacopa, lemon grass, viola, oregano, 
eucalyptus etc. were maintained and propagated 
in small quantities and supplied to small growers. 
The plant propagules distributed by the Institute 
were adequate to cover 15.0 ha approximately.

Mass propagation of rosemary saplings for distribution

List of propagated planting materials distributed to growers 

Crop Material 
form 

Qty./No.  
distributed

Area  
equivalent (ha)

Location of supply  
(district/state)

Rosemary Plants 161302 no. 4.35 HP, Punjab  and Uttarakhand

Lavender Plants 80137 no. 3.61 HP

Stevia
Stevia

Plants 2540 no. 0.03 HP and Punjab

Seeds 100 g. 0.03 Hissar (Haryana)

Tagetes Seeds 2.6 kg. 1.00 Solan (HP) and Punjab

Scented geranium Plants 1211 no. 0.03 HP and Punjab

Kapur kachari Rhizomes 466 kg. 0.38 Bangalore

Damask rose Plants 21572 no. 2.43 HP, Punjab  and Uttarakhand

Ashwagandha, bacopa, 
chameli, taxus, gingko, aloe, 
muskbala, lemon grass, viola, 
oregano,  eucalyptus etc.

Plants 1100 no. Nursery and 
back yard  
planting on 
about 0.14 

HP, Punjab, Haryana, New 
Delhi,  J&K  and Uttarakhand

Total area equivalent 15.00
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Activity: Training-cum-Orientation 
Workshop

Date No. of growers

Sustainable Utilization of Regional Bioresources 
and Floriculture for Enhancing Livelihood 
Options

17-19.04 2012 23
01-03,.05.2012 23
16-18.05.2012 24
26-28.06.2012 21
17-19.07.2012 19
01-03.08.2012 20
29-31.08.2012 18
04-06.09.2012 20
18-20.9.2012 16
16-18.10.2012 22

Large cardamom

With a view to promote large cardamom cultivation in suitable niche areas, nucleus planting 
material (200 rhizomes) of suitable cultivars were supplied to six interested growers of Kangra 
region during the year. Trainings on the cultivation of large cardamom were also imparted to 
growers of different regions of Kangra district of HP.

Specialized trainings

District Watershed Development Agency, district Shimla sponsored 10 batches of training-
cum-orientation workshop at CSIR-IHBT in order to show-case its know-how on sustainable 
utilization of regional bioresources and floriculture. The objective was to enhance the livelihood 
options of the people. People from Theog, Rampur and Basantpur Development Blocks of HP 
participated in these specialized trainings. 

Demonstration-cum-orientation workshop on sustainable utilization of regional bioresourcs
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Detail of group visits conducted on MAPs and floriculture crops at the institute

Theme Date Duration 
(Days)

No. of 
Participants

From

Demonstration cum field training  on  
“medicinal, aromatic and cut flower crops”  
at CSIR-IHBT, Palampur

23.05.2012 1 31 Shopian, J&K  

31.05.2012 1 25 DWDA, Shimla  

16.08.2012 1 11 J&K  

31.03.2013 1 50 J&K  

Field advisory services to growers' fields were also undertaken as per the demand of growers from 
district Kangra, HP.

Field screening trial

A new field demonstration plot was set up on 
medicinal, aromatic and floriculture crops at 
farmer's field in periurban area of Gurdaspur, 
Punjab. A field trial was laid out for 12 crops. 
The main crops were rosemary, chamomile, 
oregano, brahmi, peppermint, marigold, 
sataver, carvon mint, kitchen mint, basil and 
stevia. 

 

Exhibition in Lahaul & Spiti Tribal Fair- 2012

The institute participated as major partner in the annual Tribal Fair organized by Lahaul & Spiti 
district administration at Keylong during    August 14-16, 2012. A team of scientists and technical 
staff from the institute presented the technologies related to floriculture, value added plants, 
products and processes for industrial, societal and environmental benefits. 

The local MLA and the DC, Lahaul & Spiti launched two premier products namely, “Lauli Puff-
Nutri Bar” and “Lauli Puff–Healthy snack” that were developed by CSIR-IHBT from buck 
wheat, a widely grown non-cereal grain. Different varieties of cut flowers viz., lilium, gladiolus 
etc. and medicinal and aromatic crops viz., rose, lavender, Artemisia sp., Gingko biloba etc. were 
displayed and the villagers were educated on the benefits of growing these crops in the region. 
Disease free production of planting stocks of saffron and other commercially viable crops were 
also demonstrated. The goals and current activities of the research centre ‘CSIR-Centre for High 
Altitude Biology' at Tandi, district Lahaul & Spiti were also popularized among the locals.

Planting of different crops under screening trial
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Glimpses of Lahaul & Spiti Tribal Fair, 2012

Promotion and utilization of bamboos

During the year, different varieties of bamboo plants were supplied to private growers, forest 
departments of HP and Arunachal Pradesh and farmers from HP and neighbouring states for 
covering approximately 30 ha area. A notable plantation moso bamboo (10 ha) was established 
with the help of DFO, Forest Range Basbha in Chail Chowk block near Sundernagar, district 
Mandi, HP. 
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A total of 2.5 lakh plants were propagated in nurseries using seeds and nodal cuttings. Out of 
these, 11774 plants were supplied to various planters. 

Distribution of bamboo plants to different planters

Species and plant supplied Name of planter

Phyllostachys pubescens moso 
(8414)

1. Mr. Rajpal Singh, Kukonet, Hoshiarpur, Punjab

2. Hon'ble Justice HP High Court, Shimla, Himachal Pradesh

3. Mr. Hari Shankar Jha, Horticulturist, Kamang, Bomdila, Arunanchal Pradesh

4. Dr. G. Murtem, SFRI & Nodal Officer, State Bamboo 
    Mission, Govt. of Arunanchal Pradesh

5. Mr. Subesh Singh Gill, Kathgarh, Indora, Kangra, Himachal Pradesh

6. NHPC, Kullu, Himachal Pradesh

7. Range Officer, Forest Range Basbha, Block Chail Chock, Sundar Nagar, 
Himachal Pradesh

8. DWDC, Shimla, Himachal Pradesh

9. Mr. Ashok Goswami, Dharer, Baijnath, Kangra, Himachal Pradesh

10. Mr. Jitender Singh Sandhu, Lohna, Bandla, Palampur, Kangra, Himachal 
Pradesh 

Dendrocalamus hamiltoni
(2498)

1. Mr. Rajpal Singh, Kukonet, Hoshiarpur,  Punjab

2. Mr. K.G.Butail, Tea Estate Sungal, Kangra, Himachal Pradesh

3. Trident Group, Patiala, Punjab

4. Mr. Subesh Singh Gill, Kathgarh, Indora, Kangra, Himachal Pradesh

5. Dr. D.S.Dhaliwal, 91- Punjab Bagh, Patiala, Punjab

Dendrocalamus membranaceous 
(188)

1. Trident Group, Patiala, Punjab

2. Adhaarsila School Dehan near Thakudwara, Kangra, Himachal Pradesh

Dendrocalamus asper 
(395)

1. Trident Group, Patiala, Punjab

2.  Mr. Subesh Singh Gill, Kathgarh, Indora, Kangra, Himachal Pradesh

3.  Mr. Rajpal Singh, Kukonet, Hoshiarpur, Punjab

Bambusa multiplex
(23)

1.  Adhaarsila School, Dehan near Thakudwara, Kangra, Himachal Pradesh

2. Ms. Radhika Sharnik Surya Yadvara, Dadh, Kangra, Himachal Pradesh

Phyllostachys aurea
(18)

1. Adhaarsila School, Dehan near Thakudwara, Kangra, Himachal Pradesh

2. Mr. Jitender Singh Sandhu,  Lohna, Kangra, Himachal Pradesh

Phyllostachys nigra
(13)

1. Adhaarsila School, Dehan near Thakudwara, Kangra, Himachal Pradesh

2.  Mansimbal Tea Estate,  Thakudwara, Kangra, Himachal Pradesh

Dendrocalamus strictus
(200)

1. Trident Group, Patiala, Punjab

Sasa auricoma
(25)

1. Mansimbal Tea Estate,  Thakudwara, Kangra, Himachal Pradesh

2. Ms. Radhika Sharnik Surya Yadvara, Dadh, Kangra, Himachal Pradesh

Total 11774 plants supplied
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In a separate activity, women trainees were exposed to the know-how of making various edible 
products from bamboo like candies, nuggets, cake, doughnuts, syrups and papad. 

Besides imparting trainings, a one day 
workshop was organized for the forest officials 
on propagation methods and value addition of 
bamboo through charcoal and bamboo candy 
making. 

Bamboo World Day was also celebrated 
on September 18, 2012 at the institute for 
genetating awarenes among students about the 
benefits of bamboo. Children and teachers from 
different schools attended the programme.

The ‘House of Bamboo' was also duly 
inaugurated during June 21, 2012 by the 
Hon'ble D.G. CSIR, Prof. Samir K. Brahmachari 
and bamboo based dishes like bamboo candies, cakes, doughnuts, syrups were prepared and served. 

Glimpses of trainings and celebration of 'Bamboo 
World Day'
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FACILITIES AND S & T SERVICES

State of the art facility at pilot plant

FT-NMR (600 MHz,
 
Bruker) was installed at Natural Plant Products Division. The facility will 

be used for recording high resolution NMR spectra of natural and synthetic compounds. The 
facility will also benefit Institutes/universities.

A membrane filtration unit having spiraly wound 
polymeric membrane filtration area of 15 m2 and 
ceramic membrane filtration with an area of 1 
m2 was installed and commissioned at Pilot Plant. 
This will be used for concentration/purification/ 
separation of plant extracts. 

FT-NMR (600 MHz, Bruker)Polymeric UF/NF and ceramic membrane filtration unit

Regulatory Research Centre (RRC)

In the current year, the fully equipped in-vitro lab was further advanced with new equipments and 
basic animal cell culture facilities. Many different tissue representative human cancer cell lines were 
procured and are being cultured in the lab.

Elongated Chambers (EC) for Carbondioxide CO
2
 gradient studies

Plant species distributed along a wide altitudinal range are exposed to different partial pressures 
of CO

2
 that decline with increase in altitude.  Varying partial pressure of CO

2
 is known to impact 

plant processes. However, it is not clear if plants response to partial pressures of CO
2
 is comparable 

to the corresponding concentrations of CO
2
. Therefore, the EC facility was constructed at the 

Institute's experimental farm (Chandpur) to study the response of different plant species to 
ambient and sub-ambient concentrations of atmospheric CO

2.
 

The salient features of EC facility:

� EC facility has ten inter-connected elongated chambers, each 10 m long.
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� Air blown from one end of the first chamber passes through the next and so on before escaping 
out through the distal end of the last.

� In the process, CO
2
 in the air is fixed by plants in each chamber and its concentration continues 

to decline as the same air moves from the first to the last chamber. 
� Plants growing in the last chamber get exposed to a much lower concentration of CO

2
 than 

that in the ambient air.
� EC facility has provision to control irrigation in each pot and also regulates temperature and 

relative humidity in each chamber. 
� Data is recorded at regular intervals through PC operated software. 

The inside view of the chamber and top view of the tunnel
S&T Services/ Technical Services Rendered

CSIR-IHBT prepared the digital fire maps of Dharamshala, Nurpur and Palampur forest divisions of 
Kangra district and Chamba forest division of Chamba district of HP using Remote Sensing (RS) and 
Geographic Information System (GIS) environment. The maps depicted various thematic information 
such as fire incidences, fire lines,  boundaries of division, range boundaries, block, beat, drainages, 
transportations, name of locations, check posts, inspection huts, rest house etc. This service was provided 
to State Department of Forests, HP.

Seven potato samples received from M/s Mahindra Shubhlabh, Palampur were tested for Potato virus Y, 
Potato virus X and Potato virus S.

Damask rose weighing 337 and 98 kg supplied by Mr. B.B.L Butail and Mahaavtar Yogiraj Baba, respectively 
were distilled at the Pilot Plant, Chandpur for rose water.

Processing services were provided to IVRI, Palampur for defatting tea seeds weighing around 
24.8 kg. 

Technical services were rendred for laboratory distillation of Senecio spp. and production of 
essential oils. 

Steam distillation of lemon grass on a pilot scale was conducted for a farmer from Jaisinghpur. 
The technical service was rendered to farmers to facilitate processing of their harvest for value 
added product.

Spray drying of samples of tea extracts from tea growers for making new products.
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jktHkk"kk xfrfof/k;ka

if'peh fgeky; {ks= esa vkfFkZd egRo dh tSolaink ds vk/kkj ij ewY;of/kZr ikS/kksa] mRiknksa rFkk iØe.k fof/k;ksa 
}kjk vkS|ksfxd] lkekftd vkSj i;kZoj.kh; ykHk gsrq 'kks/k ,oa fodkl lsok,a iznku djus ds y{; ds lkFk&lkFk 
lh,lvkbZvkj&vkbZ,pchVh] ikyeiqj Hkkjr ljdkj dh jktHkk"kk uhfr ds dk;kZUo;u ,oa fganh Hkk"kk ds ek/;e 
ls foKku ds izpkj&izlkj esa lrr~ iz;kljr gSA bl fn'kk esa laLFkku vius vuqla/kku ,oa fodkl ls lacfU/kr 
fofo/k vk;keksa ij fganh esa lalk/ku lkexzh Hkh rS;kj djrk gSA jktHkk"kk fganh dks c<+kok nsus gsrq laLFkku dbZ 
izdkj ds dk;ZØeksa dk Hkh vk;kstu djrk gSA vius 'kks/k dks vke yksxksa] fdlkuksa m|fe;ksa rd igaqpkus ds fy, 
lekpkji=ksa] if=dkvksa] jsfM;ks rFkk nwjn'kZu ds ek/;e ls jktHkk"kk fgUnh esa igqapkuk Hkh laLFkku dk y{; gSA 
laLFkku us tks d`f"k rduhdsa fodflr dh gSa mudks fdlkuksa ,oa m|fe;ksa rd igaqpkus ds fy, u dsoy izns'k 
vfirq vU; jkT;ksa esa Hkh izf'k{k.k dk;ZØe jktHkk"kk fgUnh ds ek/;e ls fd, x, gSaA o"kZ 2012&13 dh izeq[k 
miyfC/k;ka fuEu izdkj ls gSa%

^^vkbZ,pchVh laokn** frekgh vkWuykbu if=dk

laLFkku us jtr t;arh o"kZ ds miy{; esa ,d vkWuykbu frekgh U;wtysVj 'kq# djus dk fu.kZ; fy;k FkkA 
blh Øe esa vc rd blds 16 vad laLFkku dh osclkbV esa miyC/k gSA

osclkbV v|ruhdj.k

laLFkku dh fgUnh osclkbV dk v|ruhdj.k fd;k x;k rFkk lkexzh dks ;wfudksM esa djus dk dk;Z gks x;k 
gS rFkk ;g osclkbV ij miyC/k gSA

iqLrdsa] if=dk,a ,oa lanHkZ lkefxz;ksa  dks miyC/k djkuk  

jktHkk"kk foHkkx] Hkkjr ljdkj ,oa ifj"kn~ eq[;ky; }kjk le;&le; ij tkjh funsZ'kksa ds vuq:i fgUnh esa 
dk;Z djus ds fy, mfpr okrkoj.k cukus vkSj jktHkk"kk fgUnh esa ewy :i ls dk;Z djus dks izksRlkfgr djus 
ds fy, fgUnh esa izdkf'kr lgk;d lkefxz;ksa tSls iqLrdsa] dks'k] if=dk,a vkSj vU; lanHkZ lkfgR; laLFkku esa 
miyC/k djok;k tkrk gSA 

laxks"Bh esa izfrHkkfxrk 

gSnjkckn fLFkr lh,lvkbZvkj dh iz;ksx'kkykvksa lh-lh-,e-ch-] vkbZ-vkbZ-lh-Vh- ,oa ,u-th-vkj-vkbZ- }kjk 22&24 
vxLr 2012 lh,lvkbZvkj vuqla/kku& lkekftd lanHkZ la;qDr jk"Vªh; oSKkfud fgUnh laxks"Bh esa laLFkku dh 
vksj ls ofj"B vuqoknd Jh lat; dqekj us izfrHkkfxrk dhA

izf'k{k.k dk;Z'kkyk

17-09-2012 ;wfudksM ,oa dEI;wVj] Jh dsoy d`".k] ofj- rduhdh funs'kd jktHkk"kk foHkkx] Hkkjr  
  ljdkj] ubZ fnYyh

yksdfiz; foKku ys[ku rFkk izdk'ku 

laLFkku dh vksj ls bl vof/k esa 4 yksdfiz; foKku ys[k ^^foKku izxfr* esa rFkk dqN ys[k nSfud lekpkj 
i=ksa esa izdkf'kr gq,A ^ykgkSy esa fyfy;e dh [ksrh* ij ,d fganh esa rduhdh czks'kj rS;kj fd;k x;kA ^ikni 
lw{e izo/kZu&,d O;kogkfjd iqfLrdk* ,oa ^iq"i mRiknu dh rduhd* fo"k; ij nks iqLrdsa fganh esa izdkf'kr 
dh xbZ gSaA 
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nwjn'kZu okrkZ

o"kZ ds nkSjku nwjn'kZu ds fnYyh] f'keyk] tkya/kj  dsUnz  rFkk th U;wt] gsMykbu VwMs tSls pSuyksa ls fofHkUu 
dk;ZØeksa ds vUrxZr 14a rFkk vdk'kok.kh ds /keZ'kkyk dsUnz ls 2 okrkZ,a izlkfjr gqbZaA 

fganh fnol lekjksg

laLFkku esa fgUnh fnol lekjksg ds vUrxZr 14 flrEcj 2012 dks funs'kd egksn; us viuk lans'k lHkh LVkQ 
lnL;ksa dks fn;kA fgUnh lIrkg ds vUrxZr oSKkfudksa ,oa rduhdh deZpkfj;ksa ds fy, fgUnh esa yksdfiz; foKku 
ys[ku] iz'kklfud deZpkfj;ksa ds fy, fgUnh fVIi.k ,oa i= ys[ku ,oa fjlpZ LdkWyj ds fy, Hkk"k.k izfr;ksfxrk 
dk vk;kstu fd;k x;kA lHkh izfr;ksfxrkvksa ds fotsrkvksa dks izFke iqjLdkj ds :i esa 1000 #i;s] f}rh; 
iqjLdkj ds :i esa 700 #i;s rFkk r`rh; iqjLdkj ds :i esa 500 #i;s rFkk izek.ki= iznku fd;s x,A blds 
vfrfjDr fgUnh fVIi.k izksRlkgu ;kstuk ds vUrxZr Hkh deZpkfj;ksa dks iqjLd`r fd;k x;kA 
laLFkku es fgUnh lIrkg lekjksg&2012 fnukad 11 ls 17 flrEcj 2012 rd laLFkku ifjlj esa vk;ksftr fd;k 
x;kA blds vUrxZr fuEufyf[kr dk;ZØeksa dk vk;kstu fd;k x;k

11-09-2012 fganh Hkk"k.k izfr;ksfxrk] ¼fjlpZ LdkWyj ds fy,½ 
fo"k;%  vkbZ-,p-ch-Vh- 'kks/k dh lekt ds fy, nsu ,oa laHkkouk,a 

12-09-2012 fgUnh fVIi.k ,oa i= ys[ku] ¼iz'kklfud deZpkfj;ksa ds fy,½

13-09-2012 fgUnh esa yksdfiz; foKku ys[ku] ¼oSKkfudksa ,oa rduhdh deZpkfj;ksa ds fy,½ 
fo"k;%  vkbZ-,p-ch-Vh- 'kks/k dh lekt ds fy, nsu ,oa laHkkouk,a

14-09-2012 fganh fnol lekjksg&2012 eq[; lekjksg

fganh fnol dk eq[; lekjksg 14 flrEcj 2012 dks vk;ksftr fd;k x;kA lekjksg esa vius Lokxr Hkk"k.k esa 
laLFkku dh oSKkfud Mk- vi.kkZ eS=k us fgUnh fnol ds vk;kstu ds mns'; ij izdk'k Mkyrs gq, laLFkku dh 
fgUnh lacU/kh xfrfof/k;ksa ds ckjs esa foLrkj ls crk;kA laLFkku ds ofj"Bre oSKkfud Mk- vkj- Mh- flag us vius 
lacsk/ku esa laLFkku dh xfrfof/k;ksa ij izdk'k Mkyk rFkk crk;k fd dSls laLFkku vius 'kks/k dks ljy jktHkk"kk 
fganh esa fofHkUu ek/;eksa ls tu&tu rd igqapkus dk dk;Z dj jgk gSA mUgksaus oSKkfudksa rFkk 'kks/k Nk=ksa ls 
vkg~oku fd;k fd os vkus okys le; esa oSKkfud miyfC/;ksa dks vke turk rd igqapkus ds fy, T;knk ls 
T;knk fgUnh foKku ys[k yksdfiz; if=dkvksa ,oa nSfud lekpkji=ksa esa izdkf'kr djsaA lekjksg ds eq[; oDrk 
vk;q"k foHkkx] Hkkjr ljdkj ds lykgdkj Mk- ,l- ds- 'kekZ us ^^vk;qosZn&izkphu Hkkjr dk Kku vkSj vk/kqfud 
thou esa mldh mi;ksfxrk** fo"k; ij laHkk"k.k fn;kA

vU; fofo/k dk;Z

laLFkku }kjk fd;s tk jgs 'kks/k dk;ksZa dks vke turk rd igaqpkus ds mís'; ls lekpkj i=ksa esa fofHkUu ys[k 
izdkf'kr fd, x;sA blds lkFk gh laLFkku }kjk vk;ksftr fd, tkus okys fofHkUu lekjksgksa tSls lrØrk 
tkx#drk lIrkg] dkSeh ,drk lIrkg] ln~Hkkouk fnol] dk;Z'kkykvksa ds vk;kstuksa] fuea=.k i=] foKkiu] izsl 
uksV vkfn dks rS;kj djus esa Hkh vuqHkkx us lfØ; ;ksxnku fn;kA laLFkku ds iz'kklu ds LFkkiuk rFkk lkekU; 
vuqHkkxksa ds dk;ksZa esa Hkh vuqHkkx lg;ksx djrk gSA
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SUPPORT SERVICES

PROJECT PLANNING, MONITORING & EVALUATION CELL 

In a major initiative, a web based system was designed for the project entitled “Development of database 
on the photosynthetic diversity in Indian grass flora”. It shows the distribution of grasses in the Indian 
Himalayan regions with respect to C3 and C4 pathways.

In another activity, queries on location and physical parameters such as temperature, rainfall etc. were 
raised, and about 350 entries were made during 2012-13 into the Institutional Repository of CSIR-
IHBT hosted at Central Harvester maintained by CSIR-URDIP, Pune. 

In a joint activity of the Stores, Finance, Administration and ESU, the PPME also undertook the task of 
role mapping of IHBT staff, generation of personal information, project data entry and generation of 
payroll slip through ONECSIR portal. Test checks of the process were also carried out successfully under 
OneCSIR–Enterprise Transformation Portal. 

Besides the above activities, PPME successfully created Notional projects for all IHBT staff with ESS tag. 
It entered the information of various networked, non-networked, sponsored, grant-in-aid projects into 
project database. It also facilitated information collection for vehicle master, guest house master, store and 



113

C
SIR-IH

BT A
nnual Report 2012-13

material master, facility master, building master etc. through ONECSIR portal. Different HR processes 
like viewing payslips, GPF, CEA, telephone reimbursement, leaves, NOC, LTC, TA, indents, transport 
request etc. were also facilitated through ERP system.

As a part of routine activity, information pertaining to projects, staff, papers, patents, ECFs, royalties, MoUs 
etc. and also information in CSIR-IHBT website and intranet were maintained and updated regularly. 
It also monitored the performance of CSIR-IHBT through publications, ECFs patents and ToTs. It also 
compiled reports on significant achievements of the institute for CSIR HQ on a monthly basis and 
sent regular inputs to CSIR and CSIR-IHBT Annual report. It also conducted the 48th meeting of the 
Research Council of CSIR-IHBT on 8th December 2012 at CSIR Science Center, New Delhi. It also 
organized the celebration of National Technology Day, IHBT Foundation Day, CSIR Foundation Day 
and National Science Day on behalf of the Institute. 

In an extension of routine activites that PPME performs, the compilation and strengthening of ‘XIIth 
Five Year Plan' projects was facilitated and information of 12 completed projects was included in the 
compendium. The compendium now has information on 151 Projects. The cell recorded the initiation of 
14 new projects funded by various agencies. Moreover, PPME furnished information on 13 cases under 
RTI Act and filed quarterly report to RTI portal www.rti.gov.in.  

PPME was instrumental in building the image of the institute in the current year. It popularized science 
among school and college children and also arranged the visit of over eleven hundred students. It handled 
queries of about 202 students for training at the institute and actually facilitated the training of selected 
students (47) as winter and summer trainees in different divisions of the institute. Most importantly, it 
organized the INSPIRE Internship 2012 Science Camp on September 24-28,  2013 for 98 students. 

PPME also emphasized the writing of notices and circulars in Hindi and also furnished replies in Hindi 
to category “A” states.

COMPUTER CELL

CSIR-IHBT has campus wide network facilities for more than 300 data nodes over fiber backbone, wi-
fi, video-conferencing, and a fleet of servers from HP and IBM. Under National Knowledge Network, a 
dedicated 1Gbps leased line was provided for Internet facility throughout the campus including hostel and 
staff quarters. Network security hardware like Unified Threat Management Solutions, IDS, IPS, Centralized 
Anti-Virus on client server based model and SMTP spam/virus protection software and its policies were 
deployed to protect CSIR-IHBT resources centrally. 

Constant support was lent for in-house management of CSIR-IHBT DNS (Domain Name Server), 
WEB, Email and Proxy servers on Linux. Video-conferencing with CSIR and other institutes was also 
facilitated.

The cell also constantly extended services related to network, computers and peripherals over Local Area 
Network in the campus. 

CSIR-IHBT-KNOWLEDGE RESOURCE CENTRE (IHBT-KRC)

CSIR-IHBT-KRC continued to support all research and academic activities of the Institute. It 
played significant role in facilitating creation and dissemination of knowledge by providing a 
range of services including reference and consultation, circulation, document delivery, resource 
sharing, information alert, user awareness using ICTs for web based library management and 
services.
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Information on publishers' guidelines to authors, publishing policy and impact factor of journals 
were provided to S&T staff for deciding on journals for publication of their research articles. 
Citation reports on research papers and authors were prepared and provided on demand.   

Collection development: Collection is one of the major functions of the library that supports 
research and academic projects of the scientists, scholars, students, staff and other users. Books, 
journals, theses, reports, standards and other reading material in science and technology were 
added to existing library collection.

Current awareness and up-keeping: A list of new additions of books, journals, reports etc. 
were prepared and made available on the library home page. Library has developed a system of 
sending email alerts to members for overdue documents, announcement on new arrivals and 
latest information of interest. Besides these services, necessary care was also taken to facilitate 
users to locate the desired document. 

Web site and e-Resources: Library has its own homepage (http://library.ihbt.res.in) and 
provides web-based access to its resources. As a result, CSIR-IHBT staffs can access over 4500 
electronic journals and databases in biological and chemical sciences under NKRC of CSIR-
DST Consortium in addition to 155 journals in print mode. The library is a part of the institute-
wide network and has adequate computing infrastructure to cater to the needs of the users. 

On-line catalogue: The On-line Public Access Catalogue (OPAC) is accessible round the clock 
via the link on library web site. It allows on-line reservation of book issued by other user, one 
time self renewal of book issued and recommendation for new titles, besides indicating status of 
a particular document. It is searchable by keywords, author, title, accession number, subject etc. 

Reference, referral and documentation: Reference service was provided to users in locating 
information or document of their choice. Library was visited by 6044 visitors. Scientists, students, 
research scholars, faculty members from several academic and R&D institutions consulted library 
resources. The library loaned 1159 books and other documents to its members during the year. 
Photocopying/ laser printing service was one of important services offered by the library and 
provided more than 4.5 lakhs of pages of photocopies/printing to the scientists, research scholars 
and staff of the institute.

User orientation: Orientation to new users on access of online journals and databases was 
provided, enabling them to use resources more widely and effectively. 

PHOTOGRAPHY UNIT

This unit provided a comprehensive photographic and videography services including recording 
research activities in labs, fields, surveys as well as demonstration plots established at remote and 
rugged terrains. It strove to achieve the highest standards using traditional skills and modern 
technologies and ensured best reproduction in theses and publications. The unit also covered 
all  official functions, trainings, workshops, conferences and symposia organised by the Institute 
both within and outside the campus. Regular assistance was rendered in designing cover pages 
of annual reports, books, brochures, the in-house magazine, 'Manthan',  banners and certificates. 
It also recorded interviews of farmers and entrepreneurs depicting successful adoption of 
technology provided by the Institute. 



115

C
SIR-IH

BT A
nnual Report 2012-13

PATENTS, PUBLICATIONS, HUMAN  
RESOURCES AND PUBLICITY 

PATENT FILED

India

Krishna Kumar Singh, Anil Sood and Om Prakash (2012) A simple portable type charcoal 
kiln for wood, sticks and leaves, 0035NF2011/IN dated 08/10/2012.

Rajesh Thakur, Anil Sood and Paramvir Singh Ahuja (2012) A bioreactor vessel for large 
scale growing of plants under aseptic conditions, 0013NF2012/IN dated 06/08/2012.

Shashi Bhushan, Sakshi Gupta, Garikapati Dyva Kiran Babu, Mohit Sharma and 
Paramvir Singh Ahuja (2012) Method and apparatus for the separation of seeds from fruit 
pulp/slurry/pomace, 0116NF2011 dated 07/11/2012

Yelam Sreenivasulu, Rimpy Diman, Ramamurthy Srinivasan,  Shripad Ramachandra 
Bhat  and Paramvir Singh Ahuja (2013) Novel bidirectional promoter trap construct to trap/
identify novel promoters, 0109NF2013/IN dated 25/03/13.

Abroad

Anish Kaachra, Surender Kumar Vats, Paramvir Singh Ahuja and Sanjay Kumar (2012) 
A method for enhancing status of carbon, nitrogen, biomass and yield of plants, 0057NF2011/
WO dated 19/04/2012.

Harsh Pratap Singh and Ajay Rana (2013) An economical process for purification of bio 
amino acids, 0135NF2011/WO dated 08/02/2013.

Karnika Thakur and Gopaljee Jha (2012) A universal fungal pathogen detection system, 
0169NF2009/PL, 0169NF2009/TR, 0169NF2009/EP dated 14/09/2012, 0169NF2009/CN 
dated 09/10/2012.

PATENT GRANTED 

India

Garikapati Dyva Kiran Babu and Ravindranath Srigiripuram Desikacha (2012) A field 
convenient jacketed leaf inactivator for green tea processing, 252566 dated 23/05/2012.

Abroad

Pralay Das, Dharminder Sharma and Bikram Singh (2013) Substituted cyclohexane-1, 
3-dione compounds, process for preparation thereof and its applications, US 2013/0079545A1 
dated 28/03/2013.

Sanjay Ghwana, Kashmir Singh, Jyoti Raizada, Arti Rani, Pradeep Kumar Bhardwaj 
and Sanjay Kumar (2012) A cost effective, less hazardous, two-solution system for rapid isolation 
of RNA, 2006341291 dated 30/08/2012 and ZL200680054561.3 dated 28/11/2012.
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Singh Bikram (2012) A simplified process for purification of aescin from Indian horse chestnut 
(Aesculus indica), 66228B1 dated 31/07/2012.

Vijai Kant Agnihotri, Bikram Singh, Garikapati Dyva Kiran Babu, Gopi Chand, 
Rakesh Deosharan Singh and Paramvir Singh Ahuja (2012) Process for development of 
value added fragranced products from Curcuma aromatica essential oil, WO 2012/131505 A1, dated 
04/10/2012. 

PUBLICATIONS

Journal Articles

Acharya A (2013) Luminescent magnetic quantum dots for in vitro/in vivo imaging and 
applications in therapeutics. Journal of Nanoscience and Nanotechnology 13: 3753-3768. 

Acharya K, Pal AK, Gulati A, Kumar S, Singh AK and Ahuja PS (2012) Over expression 
of Camellia sinensis thaumatin-like protein, CsTLP in potato confers enhanced resistance to 
Macrophomina phaseolina and Phytophthora infestans infection. Molecular Biotechnology 54: 609-622. 

Agnihotri VK (2012) Recent trends in essential oil sciences. Indian Perfumer 56: 31-38.

Atri  NS, Kumar S, Kaur  N, Rahi P and Gulati A (2012) Morpho-cultural molecular and 
nutraceutical studies on coremiopleurotus from India. World Applied Sciences Journal 17(6): 759-
763.

Atri NS, Sharma SK and Gulati A (2012) Study on mycelial growth pattern of five wild Pleurotus 
species from North West India. American-Eurasian Journal of Scientific Research 7(1): 12-15.

Bandna, Guha NR, Shil AK, Sharma D and Das P (2012) Ligand-free solid supported 
palladium(0) nano/microparticles promoted C-O, C-S and C-N cross coupling reaction. 
Tetrahedron Letters 53: 5318-5322.

Barwal I, Sood A, Sharma M, Singh B and Yadav SC (2012) Development of stevioside 
pluronic F-68 copolymer based PLA-nanoparticles as an antidiabetic nanomedicine. Colloids and 
Surfaces B: Biointerfaces 101: 510-516.

Bhardwaj J, Mahajan M and Yadav SK (2013) Comparative analysis of DNA methylation 
polymorphism in between drought sensitive (HPKC2) and tolerant (HPK4) genotypes of 
horsegram (Macrotyloma uniflorum (Lam.) Verdc.). Biochemical Genetics DOI: 10.1007/s10528-013-
9580-2.

Bhardwaj PK,  Kapoor R,  Mala D, Bhagwat G,  Acharya V,  Singh AK, Vats SK, Ahuja 
PS and Kumar S (2013) Braving the attitude of altitude: Caragana jubata at work in cold desert 
of Himalaya. Scientific Reports 3: Article number: 1022, DOI:10.1038/srep01022.

Brar J, Anand M and Sood A (2012) In vitro seed germination of economically important edible 
Bamboo, Dendrocalamus membranaceus Munro. Indian Journal of Experimental Biology 51: 88-96.
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Chand P and Pakade YB (2013) Removal of Pb from water by adsorption on apple pomace: 
equilibrium, kinetics and thermodynamics studies. Journal of Chemistry 2013: Article ID 164575, 
DOI:10.1155/2013/164575.

Chandel M, Sharma U, Kumar N, Singh B and Kaur S (2012) Antioxidant activity and 
identification of bioactive compounds from leaves of Anthocephalus cadamba by ultra-performance 
liquid chromatography/electrospray ionization quadrupole time of flight mass spectrometry. 
Asian Pacific Journal of Tropical Medicine 5: 977-985.

Chaudhary A, Das P, Mishra A, Kaur P, Singh B and Goel RK (2012) Naturally occurring 
himachalenes to benzocycloheptene substituted amino vinyl bromide derivatives: as antidepressant 
molecules. Molecular Diversity 16: 357-366.

Chawla A, Kumar A, Lal B, Singh RD and Thukral AK (2012) Ecological characterization 
of high altitude Himalayan landscapes in the upper Satluj river watershed Kinnaur, Himachal 
Pradesh,  Journal of the Indian Society of Remote Sensing 40(3): 519-539.

Chawla A, Parkash O, Sharma V, Rajkumar S, Lal B, Gopichand, Singh RD and Thukral 
AK (2012) Vascular plants, Kinnaur, Himachal Pradesh, India. Check List 8(3): 321-348.

Chawla A, Yadav PK, Uniyal SK, Kumar A, Vats SK, Kumar S and Ahuja PS (2012) Long-
term ecological and biodiversity monitoring in the western Himalaya using satellite remote 
sensing. Current Science 102(8): 1143-1156.

Dar MY, Shah WA, Zagar MI, Agnihotri V, Qureshi MA and Singh B (2012)  Chemical 
composition, antibacterial and antifungal activities of the essential oil of Skimmia laureola growing wild 
in Jammu and Kashmir, India. Natural Product Research DOI: 10.1080114786419.2012.096252.

Dogra V, Ahuja PS and Sreenivasulu Y (2013) Change in protein content during seed 
germination of a high altitude plant Podophyllum hexandrum Royle. Journal of  Proteomics 8: 26-
38.

Dutta P, Reddy SGE and Borthakur BK (2013) Effect of neem kernal aqueous extract (NKAE) 
in tea mosquito bug, Helopeltis theivora (Waterhouse, 1886) (Heteroptera Miridae). Munis Entomology & 
Zoology  8(1): 213-218.

Gangurde NS, Sayyed RS, Kiran S and Gulati A (2012) Development of eco-friendly 
bioplastic like PHB by distillery effluent microorganisms. Environmental Science and Pollution 
Research DOI: 10.1007/s11356-1021-y.

Ghosh P and Katiyar A (2012) Densitometric HPTLC analysis of juglone, quercetin, myricetin, 
rutin, caffeic acid and gallic acid in Juglans regia L. Journal of Planar Chromatography 25: 420-425.

Gopichand, Meena RL, Nag M, Pathania VL, Kaul VK, Singh B, Singh RD and Ahuja 
PS (2013) Effect of organic manure and plant spacing on biomass and quality of Mentha piperita 
L. in Himalaya in India. Journal of Essential Oil Research DOI: 10.1080/10412905.2013.775674.
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Guha NR, Reddy CB, Aggarwal N, Sharma D, Shil AK, Bandna and Das P (2012) 
Solid supported Rh(0) nano/microparticles: an efficient ligand free heterogeneous catalyst for 
microwave- assisted Suzuki-Miyaura cross coupling reaction. Advanced Synthesis & Catalysis 354: 
2911-2915.

Guleria P and Yadav SK (2012) Steviol glycosides from stevia: biosynthesis pathway review and 
their application in foods and medicine. Critical Review in Food Science and  Nutrition 52: 988-998.

Hossain MM, Sharma M and Pathak P (2012) In vitro propagation of Dendrobium aphyllum 
(Orchidaceae) - Seed germination to flowering.  Journal of Plant Biochemistry and Biotechnology 
22(2): 157-167.

Jaryan V, Uniyal SK, Kumar A, Gupta RC and Singh RD (2013) Extent of occurrence and 
area of occupancy of tallow tree (Sapium sebiferum): using the red list criteria for documenting 
invasive species expanse. National Academy Science Letters 36: 85-91.

Jha A, Chauhan R, Mehra M, Singh HR and Shankar R (2012) miR-BAG: bagging 
based identification of microRNA precursors. PLoS ONE 7(9): e45782, DOI:10.1371/journal.
pone.0045782.

Joshi R,  Sood S, Dogra P, Mahendru M, Kumar D, Bhangalia S, Pal HC, Kumar N, 
Bhushan S,  Gulati A, Saxena AK and Gulati A (2012)  In vitro cytotoxicity, antimicrobial, 
and metal-chelating activity of triterpene saponins from tea seed grown in Kangra valley, India. 
Medicinal Chemistry Research 21(12): 404-409.

Joshi R, Sharma P, Sharma V, Prasad R, Sud RK and Gulati A (2012) Analysis of the 
essential oil of large cardamom (Amomum subulatum Roxb.) growing in different agro-climatic 
zones of Himachal Pradesh. India Journal of the Science of Food and Agriculture DOI: 10.1002/
jsfa.5886.

Katoch D, Kumar D, Sharma U, Kumar N, Padwad YS, Lal B and Singh B (2013) 
Zephgrabetaine: a new betaine-type amaryllidaceae alkaloid from Zephyranthes grandiflora. Natural 
Product Communications 8: 161-164.

Katoch D, Kumar S, Kumar N and Singh B (2012) Simultaneous quantification of 
amaryllidaceae alkaloids from Zephyranthes grandiflora by UPLC-DAD/ESI-MS/MS. Journal of 
Pharmaceutical and Biomedical Analysis 71: 187-192.

Kaur P, Chaudhary A, Katiyar A, Singh B, Gopichand and Singh RD (2012) Rapid 
validated RP-HPTLC method for the quantification of major bioactive constituents of Crataegus 
oxyacantha L. Journal of Planar Chromatography 25: 415-419.

Kaur P, Das P, Chaudhary A and Singh B (2012) Naturally occurring limonene to cinnamyl-
type γ-butyrolactone substituted aldol condensation derivatives as antioxidant compounds. Natural 
Product Communications 7: 1127-1130.

Kaur P, Sharma N, Singh B, Kumar S and Kaur S (2012) Modulation of genotoxicity 
of oxidative mutagens by glycyrrhizic acid from Glycyrrhiza glabra L. Pharmacognosy Research 4: 
189-195.
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Kaur R, Kumar R, Gulati A, Ghanshyam C, Kapur P and Bhondekar AP (2012) Enhancing 
electronic nose performance: a novel feature selection approach using dynamic social impact 
theory and moving window time slicing for classification of Kangra orthodox black tea (Camellia 
sinensis (L.) O. Kuntze). Sensors and Actuators B: Chemical 166-167: 309-319. 

Kumar  A, Dutt S, Bagler G, Ahuja PS and Kumar S (2012) Engineering a thermo-stable 
superoxide dismutase functional at sub-zero to >50 °C, which also tolerates autoclaving. Scientific 
Reports 2: 387.

Kumar A, Manjunath KR, Meenakshi, Bala R, Sud RK, Singh RD and  Panigrahy S 
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Ahuja PS: Some recent innovations in tea biotechnology, p.430-476.

Chopra VL (2013) Climate Change and its Ecological Implications for the Western Himalaya, 
Scientific Publisher, ISBN: 9788172338091, 407 pages. 
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Chapters

Kumar A, Uniyal SK and Singh RD: Land use and land cover patterns of Indian Western 
Himalayas, p.49-77.

Uniyal SK and Singh RD: Vegetation characteristics, floral diversity and resource use in Western 
Himalayas, p.162-179. 

Kumar S and Aggarwal PK: Climate-affected alterations in agricultural scenario of Western 
Himalayan region: local, regional and national relevance and implications, p. 217-244.

Vats SK and Ahuja PS: Ecological components most likely to be influenced by climate change: 
nature and impact of the effects, p.288-319.

Ahuja PS and Chawla A: Research needs for technological preparedness, p.320-359.

Chopra VL, Chandershekharan I and Chawla A: Policy Considerations, p.360-377. 

Chopra VL and Singh MK (2013) Ornamental Plants for Gardening, Scientific Publisher, ISBN: 
978-81-7233-830-5, 306 pages.

Chapters

Singh MK:  Annual flowers, p. 201-208.

Singh MK: Rose, p.209-223.

Dhyani D: Gladiolus, p. 268-282.

Kumar S: Gardening techniques, tools and directory of services, p. 294-306.

lwn vfuy ,oa vkgwtk ijeohj flag ¼2012½ ikni mrd lao/kZu&,d O;kogkfjd iqfLrdk, n;k ifCyf'kax gkml, ISBN 
: 9788170358060, 191 ì"BA

flag ,e- ds,  dqekj lat; ,oa vkgwtk ijeohj flag ¼2012½ iq"i mRiknu dh rduhd, Today and Tomorrow's 
Printers and Publishers, ISBN: 9788170194668, 167 ì"BA

Arya RK and Yadav AK (2012) Pearl Millet Breeding for Grain Colour, LAP LAMBERT Academic 
Publishing, ISBN:    978-3-8484-4782-4, 148 pages.

Yadav SK, Kumar D and Yadav AK (2012) Seed Priming in Okra, LAP LAMBERT Academic 
Publishing, ISBN:    978-3-8484-8266-5, 154 pages.

Chapters

Arya RK and Yadav AK (2013) Seed production technology and seed testing. In: Agricultural 
Science Spectrum- The Cutting Edge Technology (Eds. Pawan Kumar and Sandeep Kumar), Agrobios 
(International) Agro House, Jodhpur,  ISBN: 978-93-81191-01-9, p.13-24.

Kamunya SM, Wachira FN, Pathak RS, Muoki RC and Sharma RK (2012) Tea improvement 
in Kenya. In: Global Tea Breeding: Achievements, Challenges and Perspectives (Advanced Topics in 
Science and Technology in China (Ed. by Ling chen, Zeno Apostolides, Zong-Mao), Springer, ISBN: 
9783642318771, p.177-217. 

Kumar S, Paul A, Bhattacharya A, Sharma RK and Ahuja PS (2012) Tea: Present status and 
strategies to improve abiotic stress tolerance. In: Improving Crop Resistance to Abiotic Stress (Eds. 
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N Tuteja, SS Gill., Tiburcio A.F. and Tuteja R.) Part III, Chapter 54. Wiley-Blackwell, ISBN: 978-
3527328406, p.1401-1424.

Sharma M, Kaul K, Kaur N, Singh MK, Dhyani D and Ahuja PS (2013) Rose: improvement 
for crop productivity, In: Improving Crop Productivity in Sustainable Agriculture,  First edition, (Eds. 
N Tuteja, S Gill, R Tuteja), Wiley-VCH, ISBN: 978-3527332427, p.485-506.

Sood A, Bhattacharya A, Sharma M, Sharma RK, Nadha HK, Sood P, Mehta R, Kaur 
D, Brar J and Ahuja PS (2013) Somatic embryogenesis and Agrobacterium mediated genetic 
transformation in bamboos. In: Somatic Embryogenesis and Genetic Transformation in Plants (Eds. 
J Aslam, PS Srivastava, MP Sharma) Narosa Publishing House, New Delhi, ISBN: 978-8184872279, 
p.167-178.

Technical Brochures Released

CSIR-IHBT Released a technical bulletin on ykgkSy esa fyfy;e iq"i mRiknu dh rduhsd by  D C, 
Lahaul & Spiti on August 4, 2012 at Keylong  (HP).

BOOKS/BROCHURES PUBLISHED
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Conference and Symposium 

Ahuja M, Bhardwaj P, Dhir S, Kumar S, Ram R, Hallan V and Zaidi AA (2012) Detection 
of major apple viruses by ELISA and its conformationby RT-PCR. In: XXI National conference 
on immunobiology and management of viral disease in 21st century,   Indian Virological Society, 
IVRI Mukteswar, November  8-10 (Poster 78/PVP-11).

Akuli A, Pal A, Joshi R, Gulati A, Dey T and Bhattacharyya N (2013) A new method for 
rapid detection of total colour (TC), theaflavins (TF), thearubigins (TR) and brightness (TB) 
in orthodox tea using electronic vision system. In: Sixth International Conference on Sensing 
Technology (ICST), IEEE, Hyatt Regency Kolkata, December 18-21, p.23-28.

Awasthi P, Noorani MS, Hallan V, Ram R and Zaidi AA (2012) Genome sequence of sweet 
cherry isolate (JK10) of cherry necrotic rusty mottle virus (CNRMV) in India. In: XXI National 
conference on immunobiology and management of viral disease in 21st century,  organized by the 
Indian Virological Society, IVRI Mukteswar, November 8-10 (Poster 77/PVP-10).

Dogra V and Sreenivasulu Y (2013) Analysis of seed germination mechanisms in Podophyllum 
hexandrum Royle: a high altitude medicinal plant. In: Proteomic forum-2013, Berlin, Germany, 
March 17-21 (Poster PM028). 

Guha NR, Shil AK, Kumar S, Sharma D, Reddy CB and Das P (2013) Solid supported 
transition metal nano/microparticales as a sophisticated catalyst system for numerous organic 
transformations. In: 3rd International conference of Nano India, CSIR-National Institute for 
Interdisciplinary Science and Technology, Trivandrum, Kerala, February 19-20, p.42. 

Kumar R, Shard A and Sinha AK (2013) Unprecedented ionic liquid catalysed oxidation and 
condensation/decarboxylation reaction; green synthesis of disulfides arylethenes, arylketones and 
enones. In: 15th Chemical Research Society of India (CRSI) symposium, Banaras Hindu University, 
Varanasi, January 31 - February 3, p.299 (Poster 251).

Kumar R, Sood S and Sharma S (2012) Effect of mulch and 113A on stem cuttings of oil bearing 
rose (Rosa damascena Mill.) nursery in North Western Himalayas. In 3rd International agronomy 
congress, New Delhi, November 26-30, 3: 792-793. 

Kumar S, Panchariya PC, Bhanuprasad P, Gulati A and Sharma AL (2012) Classification 
of Himalayan teas using Vis-NIR spectroscopy. In: Sixth International Conference on Sensing 
Technology (ICST), Kolkata, December 19-21, p.753-756.

Kumar Y, Hallan V and Zaidi AA (2012) Chilli leaf curl Palampur virus : a distinct monopartite 
begomovirus infecting chilli in Northern India. In: XXI National conference on immunobiology 
and management of viral disease in 21st century,  organized by the Indian Virological Society, IVRI 
Mukteswar, November 8-10 (Poster 80/PVP-17).

Kumari A (2013) Thelypteris dentata: a potential fern for phytoremediation of fly-ash contaminated 
sites. In: National seminar on pteridophyta an intriguing flora- environmental and ethnobotanical 
significance,  St. Aloysius College, Mangalore, Karnataka, February 8-9 (Oral OP-11, pp 32).

Mehta M and Bhattacharya A (2013) Improved micropropagation of apple rootstock B9. In: 
National smposium on plant tissue culture biotechnology: food and nutraceutical sciences, organized 
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by Plant Tissue Culture Association of India, CSIR-CFTRI, Mysore, March 11-13,Abstract No. 56, 
p.54.

Noorani MS, Sharma MP, Zaidi AA and Hallan V (2012) Molecular detection of cherry virus: 
a from sour cherry in India. In: XXI National conference on immunobiology and management of 
viral diseas in 21st century, Indian Virological Society, IVRI Mukteswar, November  8-10 (Poster 
79/PVP-15).

Patial V, Sharma M and Ahuja PS (2013) Regeneration potential of different explants of 
Picrorhiza kurrooa: an endangered medicinal plant of western Himalaya.  In: XXXIV annual meeting 
of PTCA(I) & national symposium on plant tissue culture & biotechnology, CSIR-CFTRI, Mysore, 
March 11-13, MP-08.

Salwan R, Dhar H, Gulati A and Kasana RC (2012) Exploring cold environments and glaciers 
of Lahaul Spiti for extremophilic microbial diversity. In: International Conference on Industrial 
Biotechnology (ICIB-2012), Punjabi University, Patiala, November 21-23 (Oral presentation).

Sareen B and Bhattacharya A (2013) In vitro propagation of Diplazium maximum- an important 
edible fern. In: National seminar on pteridophyta: an intriguing flora. Environmental and 
ethnobotanical significance, organized by  Indian Fern Society and Department of Botany and 
Biotechnology, St. Aloysius College, Mangalore, India, February 8-9, Abstract No. P10, p.66.

Shanmugam V (2012) Selection of a compatible biocontrol strain mixture based on co-cultivation 
to control rhizome rot of ginger. In: National symposium on Blending conventional and modern 
plant pathology for sustainable agriculture, Indian Institute of Horticultural Research,  Bangalore, 
December 4-6,  p.122.

Shanmugam V (2013) Management of rhizome rot of ginger by PGPR mixture in the western 
Himalayas. In: Tenth national symposium on biotechnological approaches for plant protection: 
constraints and opportunities, ICAR Research Complex, Goa, January 27-29, p.105.

Shard A, Kumar R and Sinha AK (2013) Green synthesis of natural and unnatural phenolics 
employing concede hook reaction. In: 15th Chemical Research Society of India (CRSI) symposium, 
Banaras Hindu University, Varanasi, January 31-February 3, (Poster 252).

Shard A, Kumar R, Saima and Sinha AK (2012) Ionic liquid and biocatalyst promoted 
coupling decarboxylation and oxidation reactions: green synthesis of stilbenods disulfides 
and indole derivatives. In: 2nd International Indo-German Symposium on green chemistry & 
catalysis for sustainable development, Mumbai, October 29-31, p.112 (Poster No. 51)

Sharma S, Singh B, Thulasidas SK, Kulkarni MJ, Natarajan V and Manchanda VK (2013) 
Biosorption potential of moss (Funaria hygrometrica), banana (Musa acuminata), mustard (Brassica 
juncea) and sunflower (Helianthus annuus) for uranium. In: Eleventh biennial symposium on nuclear 
and radiochemistry (NUCAR-2013), RD University, Jabalpur, Madhya Pradesh, February 19-23, 
p.619-620. 

Sharma U, Verma PK, Kumar V, Kumar N and Singh B (2012) Highly chemo- and regioselective 
metal phthalocyanines catalyzed reductions. In: 12th Eurasia conference on chemical sciences, 
organised by University of Ioannina, Chandris Hotel, Corfu, Greece, April 16-12, (Poster).
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Shil AK, Sharma D, Bandana, Guha NR and Das P (2013) Solid supported palladium (0) nano/
microparticles: an emerging heterogeneons catalyst applicable in versatile organic transformations. 
In: 15th Chemical Research Society of India (CRSI) symposium, Banaras Hindu University, Varanasi, 
January 31- February 3, p.90

Singh MK (2012) Technology transfer and impact analysis of flower and bulb production of lilium 
in district Lahaul & Spiti (H.P.). In: National seminar on Indian agriculture: present situation, 
challenges, remedies and road map, CSK HPKV, Palampur, August 4-5, p.87.

Singh MK and Sanjay K (2013) Diversification of high altitude agriculture by protected cultivation 
of lilium in Lahaul & Spiti. In: National seminar on protected cultivation of horticultural crops, NASC, 
Complex, Pusa, New Delhi, March 21, p.181.

Singh MK, Kumar S, Ram R and Prasad R (2012) Effect of size of bulb, growing conditions 
and depth of planting on flower and bulb production of Asiatic hybrid lily cv. Brunello. In: 5th Indian 
horticulture congress, PAU, Ludhiana, November 6-9, p.241.

Yadav AK and Singh S (2012) Stevia rebaudiana: a natural non-calorie sweetener and its improvement. 
In: International conference on perspectives and challenges in pharmacy and healthcare systems, 
Manav Institute of Pharmacy, Jevra, Haryana, September 21-23, Abstract # P4-010.
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Vsyhfotu rFkk jsfM;ks }kjk izlkfjr dk;ZØe
PROGRAMMES TELECAST ON TV CHANNELS & RADIO

fo"k; Subject fnuakd Date fo'ks"kK Specialist

nwjn'kZu dsUnz fnYyh  ls uoksUes'k Hkkjr J`a[kyk ds vUrxZr 
Telecast from DD National under Innovative Technology India Series 

lsc ds iksess'k ls ewY;of)Zr mRikn cukus 
gsrq mi;ksx
Utilization of apple pomace for value 
added food product development 

05 May 2012 Mk- 'k'kh Hkw"k.k ,oa ijeohj falg 
vkgwtk
Dr. Shashi Bhushan and Dr. PS 
Ahuja

nwjn'kZu dsUnz f'keyk }kjk izlkfjr uoksUes'k dk;ZØe ds vUrxZr
Telecast from DD Shimla Under Innovative Technology

dkaxM+k pk; dk Lokn
Flavour from Kangra tea 

08 May 2012 Mk- v"kq xqykVh
Dr Ashu Gulati

nwjn'kZu dsUnz f'keyk }kjk izlkfjr d`f"k n'kZu dk;ZØe ds vUrxZr
Telecast from DD Shimla Under Krishi Darshan Programme

,yLVªksesfj;k dh [ksrh vkSj Qlyksijkar 
rduhd
Cultivation and post harvest technologies 
of Alstroemeria

15 June 2012 Mk- ekjd.Ms; flag ,oa Jh lat; 
dqekj
Dr. Markandey Singh and  Sh. 
Sanjay Kumar

vkS"k/kh;]lxa/k ,oa mPp ewY;;qDr ikS/kksa dh 
d`f"k rduhd
Cultivation of medicinal & aromatic 
plants and high value crops

29 June 2012 Mk- ohjsUnz flag ,oa Mk- vkj-ds- 
lwn 
Dr. Virendra Singh and Dr. RK 
Sud

tjcsjk dh lajf{kr [ksrh 
Protected cultivation of gerbera

09 July 2012 Mk- ekjd.Ms; flag
Dr. Markandey Singh

pk; Lokn vkSj fofo/k pk; mRikn 
Tea aroma and diversified tea products

10 July 2012 Mk- v"kq xqykVh
Dr. Ashu Gulati

fyfy;e ds cYo mRiknu vkSj Qlyksijkar 
rduhd
Bulb production and post harvest 
technologies of Lilium

19 July 2012 Mk- ekjd.Ms; flag
Dr. Markandey Singh

tjcsjk dfrZr iq"i dh lajf{kr [ksrh
Protected cultivation of Gerbera cut 
flower crop

28 August 2012 Mk- ekjd.Ms; flag
Dr. Markandey Singh
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fo"k; Subject fnuakd Date fo'ks"kK Specialist

ØsVxl& de mi;ksx esa yk;k x;k o`{k
Crataegus – an under-utilized medicinal 
tree 

05 October 2012 Mk- vkj-Mh flag ,oa Mk- vkj-ds 
lwn 
Dr. RD Singh and  Dr. RK 
Sud

fg-iz- esa mPp xq.kork;qDr izFke ¶y'k pk; 
ikS/k dk izcU/ku
Management of high value first flush in 
tea plantations of H.P

23 April 2013 Mk- vkj-ds- lwn
Dr. RK Sud

f'keyk nwjn'kZu ls izlkfjr
Doordarshan Kendra Shimla

lh,lvkbZvkj&vkbZ,pchVh LFkkiuk fnol 
ij fo'ks"k izlkj.k
A documentary on the CSIR-IHBT 
Foundation Day 

28 June 2012 lh,lvkb Zv k j&v kb Z ,pc hV h 
CSIR-IHBT, Palampur, HP

tkya/kj nwjn'kZu ls izlkfjr

Telecast from Jalandhar Doordarshan

lh,lvkbZvkj&vkbZ,pchVh LFkkiuk fnol
IHBT Foundation Day

23 June, 2012 lh,lvkb Zv k j&v kb Z ,pc hV h 
CSIR-IHBT, Palampur, HP

Telecast from Headlines Today

Kangra tea - Production and 
processing 

28 April, 2012 Dr. RK Sud & Dr. Ashu Gulati

th U;wt ls lh/kk izlkfjr
Telecast from Zee News Live discussion

tokuh dh cwVh
Jawani ki Buti 

30 July, 2012 Mk- lat; dqekj 
Dr. Sanjay Kumar

jsfM;ks okrkZ izlkj Hkkjrh vkdk'kok.kh dsUnz /kekZ'kkyk
Relay From Prashar Bharati AIR Dharmashala

ckal izo/kZu& fdlkuksa ds fy, lwpuk
Bamboo propagation- information for 
farmer

20 March 2013 Mk- vfuy lwn
Dr. Anil Sood

dkaxM+k ?kkVh esa iq"iksRiknu 
Cultivation of flowers in Kangra valley

26 March 2013 Mk- ekjd.Ms; flag
Dr. Markandey Singh
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AWARDS/HONOUR/RECOGNITION

Award

Dr. Paramvir Singh Ahuja: Director, CSIR-IHBT was awarded the prestigious “Dr. William 
Wight Chair for Plant Improvement" for a period of three years. The chair was instituted by the 
‘Government of India Centenary Grant' during the centenary year celebration of Tea Research 
Association, Tocklai. 

Dr. Arun Kumar Sinha: Awarded the 2013 "CRSI Bronze medal"  for his contribution in the 
field of chemistry at the 15th Chemical Research Society of India (CRSI) symposium, Banaras 
Hindu University, Varanasi, January 31- February 3, 2013.

Dr. Sudesh Kumar Yadav: Awarded the "Prof. Hira Lal Chakravarty Memorial Award" for the 
year, 2012-13 at the 100th Indian Science Congress, Kolkata, January 3-7, 2013. 

Dr. Rakesh Kumar: Received  the "ISA Associateship Award" for the year 2010 at the  3rd 
International Agronomy Congress, IARI, New Delhi, November 26, 2012. 

Mr. Vinay Kumar: SRF was awarded the "AU-CBT Excellence Award" for the year, 2011 by 
the Biotech Research Society of India, Punjabi University, Patiala, November 21-13, 2012. 

CSIR-IHBT received the "Best Flower" (Bird of Paradise) prize in cut flower group at the 
Flower Show, Palampur (HP) organized by State Level Holi Mela Committee, March, 28 2013.

Fellow

Dr. PS Ahuja: Director, CSIR-IHBT 
was elected the "Fellow of Indian National 
Science Academy" from 1st January, 2013 
for his noteworthy work in the field of 
plant biotechnology and his outstanding 
contribution in establishing a state-of-art 
research institute on Himalayan Bioresource.

Dr. Sudesh Kumar: Selected as an 
"Associate" by the National Academy of 
Agricultural Sciences from 2013.

Dr. V Shanmugam: Selected as the "Fellow of the Society of Plant Protection Sciences (FSPPS)" 
from 2013.

Dr. V Shanmugam: Selected as the "Fellow of the Phyto-pathological Society of India (FPSI)" 
for the year, 2012.

Dr. Ravi Shankar: Awarded the "INSA DST Early Career Researcher award" for the year, 
2012-13.  
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Dr. Rakesh Kumar: Received the "MASHAV scholarship" from the  Government of Israel 
on "Agriculture and environment in a changing climate - The Israeli Perspective", Israel, 28 

November to 17 December, 2012.   

Nomination 

Dr. Shashi Bhushan: Nominated by the Asian Productivity Organization, Tokyo, Japan to 
participate in training course at Manila, Philippines.

Chaired in Conference/Seminar/Meeting

Dr. Bikram Singh: Chaired a session on "Recent Development in Validation of Traditional 
Medicinal Plants" in an interactive workshop on "Indo-South African workshop on Traditional 
medicine system: Sharing knowledge and experience" on October 29-31, 2012 organized by JSS 
College of Pharmacy Ootacamund- 643 001, The Nilgiris, Tamil Nadu, India.

Best Poster Award

Sareen B and Bhattacharya A (2013) First prize for poster presentation  entitled "In Vitro 
propagation of Diplazium maximum- An important edible fern". In: National seminar on 
pteridophyta: an intriguing flora. environmental and ethnobotanical significance. Indian Fern 
Society,  Department of Botany and Biotechnology, St. Aloysius College, Mangalore, India, 8-9 
February.

Sharma A, Kumar R and Sinha AK (2013) Best poster award for poster entitled "Green 
synthesis of natural and unnatural phenolics employing concede hook reaction". In: 15th Chemical 
Research Society of India (CRSI) symposium, Banaras Hindu University, Varanasi, 31 January - 3 
February (Poster No. 252 p.300). 

Evaluator/Judge

Dr. Shashi Bhushan and Dr. Gireesh Nadda : Judges for evaluation of Scientific Survey 
Reports in State Child Science Conference, Chamba (HP) India, November 23-27, 2012.

Representator

Dr. Ravi Shankar:  CSIR 12th FYP projects leadership Representing CSIR-IHBT for two 12th 
FYP projects as the major partner. Representing in GENESIS computational biology project and 
EpiHed, Epigenetics Project (2012-17).

Felicitation by CSIR-IHBT

Dr. AK Sinha: Felicitation by CSIR-IHBT on National Science Day (28 Feb. 2013) for publishing 
a paper in international journal of high repute (Angew. Chem. Int. Ed. with I.F. 12.73). 
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Ph.D. AWARDED

Awardees Title of Thesis Supervisor University/Institute

Abha Chaudhary Chemical investigations of Cedrus 
deodara, Albizzia chinensis, Podophyllum 
hexandrum and synthetic modification 
of himachalenes and their biological 
activities 

Dr. Bikram Singh Guru Nanak Dev 
University, Amritsar

Harleen Kaur Nadha In vitro clonal propagation of some 
important woody bamboos and 
ascertaining their clonal fidelity.

Dr. Anil Sood Thapar University, 
Patiala

Harsharan Singh Cloning and characterization of genes 
involved in picrosides biosynthesis in 
Picrorhiza kurrooa Royle ex Bentham

Dr. Sanjay Kumar Guru Nanak Dev 
University, Amritsar

Hitesh Kumar Molecular basis of stevioside biosynthesis 
in stevia rebaudiana bertoni, a source of 
non-calorific sweetener

Dr. Sanjay Kumar Panjab University, 
Chandigarh.

Naina Sharma Synthetic and bioactivity investigations 
of some phenolics and heteroaromatic 
compounds 

Dr. Arun Kumar 
Sinha

Guru Nanak Dev 
University, Amritsar

Praveen Rahi Selection of widespread genotypes 
of plant growth promoting bacteria 
from Lahaul and Spiti in the Western 
Himalayas for improving crop 
productivity

Dr. Arvind Gulati Guru Nanak Dev 
University, Amritsar

Priyanka Sood Development of genetic 
transformation system for 
Dendrocalamus hamiltonii Nees et Arn. 
Ex Munro

Dr. Anil Sood Guru Nanak Dev 
University, Amritsar

Pushpinder Kaur Synthesis of biologically active 
γ-butyrolactone derivatives and 
chemical investigations of Ginkgo 
biloba and Crataegus oxyacantha 

Dr. Bikram Singh Guru Nanak Dev 
University, Amritsar

Ravi Shankar Molecular studies on shikonin 
biosynthesis in Arnebia 
euchroma (Royle) Johnsto

Dr. Sanjay Kumar Guru Nanak Dev 
University, Amritsar

Upendra Sharma Phytochemical investigations 
of Tinospora cordifolia, Asparagus 
racemosus and synthesis of phthalimide 
derivatives for immunomodulatory 
active molecules 

Dr. Bikram Singh Guru Nanak Dev 
University, Amritsar

Vinay Kumar Metabolic engineering of tobacco 
with dihydroflavonol 4-reductase and 
anthocyanidin reductase for analyzing 
the influence on flavonoids and 
antioxidant systems

Dr. Sudesh Kumar 
Yadav

Guru Nanak Dev 
University, Amritsar

Vivek Sharma Cloning and characterization of 
antifungal glycosyl hydrolase genes 
from trichoderma spp mycoparasitic 
to Fusarium oxysporum f.sp. dianthi

Dr. V Shanmugam Guru Nanak Dev 
University, Amritsar



138

C
SI

R-
IH

BT
 A

nn
ua

l R
ep

or
t 

20
12

-1
3

M. Sc./M. Pharma/M. Tech

Awardees Title of Thesis/ Dissertation/ 

Project

Supervisor University/Institute

Aashima Mahajan Techniques in plant genetic engineering Dr. Sudesh Kumar Punjabi University, Patiala

Aditi Sharma Molecular techniques involved in gene 
cloning

Dr. Som Dutt Sri Gurunanak Khalsa 
College, Sriganganagar

Amita Prashar Financial management and techno-
economic evaluation : a case study of 
CSIR-IHBT

Dr. Aparna Maitra Pati CT Institute of Management 
& Information Technology, 
Jalandhar

Amrita Ghosh In vitro studies in Cymbidium giganteum 
Wall. and Rhynchostylis retusa (L.) Bl.: 
Commercially important orchids.

Dr. Madhu Sharma CSK HPKV Palampur

Anchal Sharma Cloning and expression analysis of NAC 
transcription factor genes from Potato 
(Solanum tuberosum L.)

Dr. Anil Kumar Singh Thapar University, Patiala

Anjali Rakwal E-system for recruitment of project staff 
of CSIR-IHBT

Dr. Aparna Maitra Pati Central University 
of Himachal Pradesh, 
Dharamshala

Anuradha Sharma Basic techniques in molecular biology Dr. Y. Sreenivasulu Guru Nanak Dev University, 
Amritsar

Arjuna Katal Equilibrium, kinetics and 
thermodynamics study before and after 
chemical modification of apple pomace 
for the removal of cadmium (II) from 
water

Dr. Yogesh Balkrishan 
Pakade

Dr. B.R. Ambedkar National 
Institute of Technology, 
Jalandhar

Ashish Kumar Application of heterogeneous Pd(0) 
catalyst in Suzuki-Miyaura cross 
coupling reaction using different 
techniques

Dr. Pralay Das Indian Institute of Science 
Education and Research, 
Mohali

Ashwani Kumar 
Bhardwaj

Cloning of a gene encoding "Cathepsin 
B" : a senescence associated protein

Dr. Som Dutt Shoolini University, Solan

Balwinder Kaur Introduction to modern practises and 
green approaches in synthetic organic 
chemistry

Dr. A.K. Sinha Dr. B.R. Ambedkar National 
Institute of Technology, 
Jalandhar

Bilkees Khanam Characterization of arabidopsis promoter 
trap line

Dr. Y. Sreenivasulu Baba Ghulam Shah Badshah 
University, Rajouri 

Deepika e-system for recruitment of project staff 
of CSIR-IHBT

Dr. Aparna Maitra Pati Central University 
of Himachal Pradesh, 
Dharamshala

Garima Rai Tools & techniques in microbiology Dr. Ramesh C. Kasana Panjab University, 
Chandigarh
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Awardees Title of Thesis/ Dissertation/ 

Project

Supervisor University/Institute

Harmandeep Kaur 
Sekhon

Basic techniques in plant biotechnology Dr. Amita Bhattacharya Punjabi University, Patiala

Jyoti Standardization of Agrobacterium 
tumefaciens mediated transformation 
protocol for obtaining mutants of 
venturia inequalis

Dr. Gopaljee Jha Baba Ghulam Shah Badshah 
University, Rajouri 

Kamal Kant Antioxidant activity guided chemical 
investigation of Picrorhiza kurroa leaves 
growing in western himalayan region

Dr. Vijai Kant Agnihotri Kumaun University, Bhimtal 
Campus, Bhimtal

Kanika Gupta Study of computational tools for 
understanding protein interaction and 
structure

Dr. Ganesh Bagler Panjab University, 
Chandigarh

Kshitiz Gupta Tools and techniques in microbiology Dr. Ramesh C. Kasana Panjab University, 
Chandigarh

Lakhvinder Kaur Evaluating pesticidal activities of plant 
extracts, biopesticides and chemical 
pesticides

Dr. Gireesh Nadda Panjab University, 
Chandigarh

Lipakshi Awasthi Molecular characterization of 
agriculturally important microbes

Dr. V. Shanmugam Chandigarh Group of 
Colleges, Landran campus, 
Mohali

Mamta Devi Integrated remote sensing and 
geographic information system modeling 
for estimating soil erosion in Kangra 
district, Himachal Pradesh, India

Er. Amit Kumar Allahabad University, 
Allahabad

Monika Bharti To study the interaction of AC4 protein 
of tomato leaf curl Palampur virus with 
Skp1 protein of tomato

Dr. Vipin Hallan Baba Ghulam Shah Badshah 
University, Rajouri 

Neha Singh Microsatellite marker based genotyping 
in stevia

Dr. Ram Kumar Sharma Lovely Professional 
University, Phagwara

Parwinder Kaur Animal tissue culture and histopathology Dr.Yogendra S. Padwad Punjabi University, Patiala

Pooja Devi Extraction, fractionation and isolation of 
compounds from funaria hygrometrica

Dr. Bikram Singh Dr. B.R. Ambedkar National 
Institute of Technology, 
Jalandhar

Prakashjyoti Kalita  “Studies on the response of proteome 
of Picrorhiza kurrooa Royle ex Benth. to 
environmental cues'.

Dr. Som Dutt CSK HPKV, Palampur 
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Awardees Title of Thesis/ Dissertation/ 

Project

Supervisor University/Institute

Priya Sharma Basic plant molecular biology techniques Dr. Gopaljee Jha Guru Nanak Dev University, 
Amritsar

Priya Approaches for Management of Serious 
Plant Pathogens 

Dr. V. Shanmugam Guru Nanak Dev University, 
Amritsar

Rajat Dhyani Diagnostic techniques for plant viruses Dr. Vipin Hallan Burdwan University, 
Burdwan

Rajni Devi Diagnostic techniques for plant virus Dr. Vipin Hallan Lovely Professional 
University, Phagwara

Ravinder Dhiman Morphometric analysis and mapping 
of fluvial erosion susceptibility of 
watersheds in Kangra, Himachal Pradesh, 
India using geographic information 
system

Er. Amit Kumar Institute of Environmental 
Studies, Kurukshetra 
University Kurukshetra

Rishu Rana Molecular fingerprinting in Stevia 
rebaudiana using genic microsatellite 
markers

Dr. Ram Kumar Sharma Guru Nanak Dev University, 
Amritsar

Sharda Sharma Studies on evaluation of transgenic tea 
for cold stress tolerance.

Dr. Amita Bhattacharya CSK HP Krishi Vidyalaya, 
Palampur, HP

Shivani Molecular characterization of soybean 
infecting begomovirus(es),

Dr. Vipin Hallan CSK HPKV, Palampur

Sandeep Kaur Saggu Isolation of genes from caragana jubata 
and their cloning in different vectors

Dr. Sanjay Kumar Guru Nanak Dev University, 
Amritsar

Sourabh Soni Diagnostic techniques for plant viruses Dr. Vipin Hallan Panjab University, 
Chandigarh

Sukhbir Kaur Techniques related to plant tissue culture, 
DNA fingerprinting and microbial 
technology

Dr. Madhu Sharma, Dr. 
R. K. Sharma &
Dr. R.C. Kasana

Central University of Panjab, 
Bathinda

Suman Bala Identification and expression analysis 
of NAC transcription factors family in 
potato (Solanum tuberosum L.)

Dr. Anil Kumar Singh Jaipur National University, 
Jaipur

Tanya Chanana Germplasm resources of the CSIR-
IHBT

Dr. Aparna Maitra Pati Central University 
of Himachal Pradesh, 
Dharamshala
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BE/BTech

Awardees Title of Thesis/ Dissertation/ 
Project

Supervisor University/Institute

Amit Kumari Overview of extraction techniques for 
medicinal and aromatic plants

Er. Mohit Sharma University Institute of 
Chemical Engineering 
& Technology, Panjab 
University, Chandigarh

Ankita Garg Genetic characterization of Picrorhiza 
kurrooa through SSR markers

Dr. Ram Kumar Sharma Thapar University, Patiala

Arushi Vats Determination of efficacy of anticancer 
drugs against different cancer cell lines

Dr. Yogendra S. Padwad Banasthali University, 
Banasthali 

Ashray Gupta Extraction, purification, identification 
and estimation of catechins from 
Camellia sinensis

Dr. Ashu Gulati Beant College of 
Engineering and Technology, 
Gurdaspur 

Gargi Rastogi Genetic transformation of woody plants 
and their characterisation

Dr. Amita Bhattacharya Banasthali University, 
Banasthali

Geetika Saini Identification and characterization of 
genic microsatellite markers in stevia 
rebaudiana

Dr. R.K. Sharma Beant College of 
Engineering & Technology, 
Gurdaspur

Jasneet Kaur Anther culture response in stevia 
rebaudiana for the development of 
haploids

Dr. Ashok Kumar Thapar University, Patiala

Mishti Chaudhary Techniques in plant biotechnology Dr. Madhu Sharma Jaypee University of 
Information Technology, 
Waknaghat, Solan

Neha Extraction of medicinal and aromatic 
plants

Er. G.D. Kiran Babu Beant College of 
Engineering & Technology, 
Gurdaspur 

Radhika Sharma Study of epigenetic changes during 
winter dormancy in tea [Camellia 
sinensis (L.) O. Kuntze]

Dr. Sanjay Kumar Beant College of 
Engineering & Technology, 
Gurdaspur

Rizul Awasthi Basic techniques in plant 
biotechnology

Dr. Shashi Bhushan University Institute of 
Engineering & Technology, 
Panjab University, 
Chandigarh

Shivani Cloning and characterization of selected 
genes from plants

Dr. Sanjay Kumar Shoolini University 
of Biotechnology & 
Management Sciences, Solan

Sumit Sharma Extraction, purification, identification 
and estimation of catechins from 
Camellia sinensis

Dr. Ashu Gulati University Institute of 
Engineering & Technology, 
Panjab University, 
Chandigarh

Suraj Prakash Extraction of medicinal and aromatic 
plants

Er. GD Kiran Babu Beant College of 
Engineering & Tech, 
Gurdaspur 
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LECTURES DELIVERED

Spokesperson Topic Occasion with Place Date

Alka Kumari Biomonitoring of atmospheric 
pollution levels with Riccia gangetica 
growing in the vicinity of fly ash 
near NTPC, Kahalgaon

International conference and 
workshop on monitoring of 
metals and gases in plants with 
special reference to bryophyte 
physiology & climate change, 
Department of Botany, Bareilly 
college, Bareilly, UP

December 18, 2012  

Amit Kumar Land-use land-cover mapping NRDMS-DST sponsored 
summer training programme 
on geospatial technologies and 
applications, Centre for Geo-
informatics Research & Training, 
CSK HPKV, Palampur, HP

July 9, 2012

Anil Sood Bamboo – A wonder of nature Lecture delivered to the students 
from different schools of Palampur 
on World Fascination Day, CSIR-
IHBT, Palampur, HP 

May 18, 2012

Anil Sood Bamboo propagation methods and 
value addition

National bamboo mission 
workshop, organized by the 
Forest Department, HP,  Bangana 
Gram Panchayat, District Una, 
HP

March 28, 2013

Arun Kumar Sinha Relevance of` green approaches 
towards protecting-group-free 
synthesis of natural and non-
natural bioactive phenolic 
compounds

First international workshop on 
naturural product chemistry held 
at National Science Foundation 
of China (NSFC), Beijing 

September 24-26, 2012

Arun Kumar Sinha Green prospective on protecting-
group-free synthesis of natural and 
non-natural phenolics

Asian network for natural and 
unnatural materials II (ANNUM 
II), organized by NTU, Singapore

October 2-5, 2012

Arun Kumar Sinha Green methodologies towards 
protection-group-free synthesis of 
natural and non-natural bioactive 
phenolics

XV NOST-Organic chemistry 
conference, Agra, UP

October 10-13, 2012

Arun Kumar Sinha Protection-group-free approaches 
for natural & non-natural bioactive 
phenolics

15th Chemical Research Society 
of India (CRSI) symposium, 
Banaras Hindu University, Varanasi

January 31- February 
3, 2013

Bikram Singh Recent development in validation 
of traditional medicinal plants

Workshop on “Indo-South 
African workshop on traditional 
medicine system: sharing 
knowledge and experience, JSS 
College of Pharmacy, Ootacamund 
– 643 001, The Nilgiris, TN

October 29-31, 2012
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Spokesperson Topic Occasion with Place Date

Brij Lal Pharmacopoeial standardization 
of herbal drugs used in indian 
system of medicine: the basis for 
electrohomeopathy

Training-cum-orientation 
workshop on electrohomeopathy, 
jointly organized by Himachal 
Pradesh Electrohomeopathic 
Doctors Association and Rabisan 
India Electrohomeo Pharma, 
Chamba, HP

December 8, 2012

Madhu Sharma Orchids : the wonders of nature Lecture delivered to the students 
from different schools of Palampur 
on World Fascination Day, CSIR-
IHBT, Palampur, HP

May 18, 2012

Madhu Sharma Micropropagation of saffron for 
production of disease free cormlets

International training programme 
on cultivation, processing 
and value addition of saffron, 
organized by Centre for 
Environment and Economic 
Development, New Delhi, at 
CSK HPKV Palampur, HP

November 07, 2012

Markandey Singh Scope of commercial floriculture 
in district Lahaul & Spiti

Workshop on Scope of 
horticulture and medicinal 
crops in district Lahaul & 
Spiti, organized Department of 
Horticulture Keylong, HP

September 25, 2012

Markandey Singh Commercial floriculture Lecture delivered to the students 
from different schools of 
Palampur on World Fascination 
Day, CSIR-IHBT, Palampur, HP

May 18, 2012

Markandey Singh Cultivation technology of Saffron International training programme 
on cultivation, processing 
and value addition of saffron, 
organized by Centre for 
Environment and Economic 
Development, New Delhi, at 
CSK HPKV Palampur, HP

November 7, 2012

Markandey Singh Advances in protected cultivation 
and post harvest technology of 
Lilium, Chrysanthemum and Rose Training on production and 

marketing of commercially 
important flower crops,organized 
by Department of Horticulture, 
Dharamshala, HP

November 15, 2012

Markandey Singh Cultivation technology of 
Alstroemeria, importance of 
project size in ensuring viability 
and supply chain logistic including 
cool chain management

November 16, 2012

Paramvir Singh Ahuja Challenges and expections from 
women in present scenario

Women empowerment workshop 
by Inner-wheel and rotary club, 
Palampur, HP

May 12, 2012

Paramvir Singh Ahuja Keynote address Seminar on pteridophytes, at 
St. Aloysius college, Mangalore, 
Karnataka

February 8, 2013
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Spokesperson Topic Occasion with Place Date

Raja Ram Agro and post harvest technology 

of Carnation and Gerbera 

technology

Training on production and 

marketing of commercially 

important flower crops,organized 

by Department of Horticulture, 

Dharamshala, HP

November 15, 2012

Raja Ram Agro-technology of of Marigold 

and Bird of Paradise

November 16, 2012

Rakesh Kumar Potentials of  MAPs and 

floriculture in sustainable 

agriculture and rural development 

in cold desert region of India

GBPIHED Himachal Unit, 

Mohal Kullu, HP

October 18-19, 2012

Rakesh Kumar Lavender cultivation and its 

prospectus in Lahaul valley 

Workshop on Scope of 

horticulture and medicinal 

crops in district Lahaul & Spiti, 

organized by HP Department of 

Horticulture Keylong, HP

September 25, 2012

Sanjay Kumar   Molecular basis of biosynthesis 

of flavonoids and terpenoids: case 

studies on Camellia sinensis and 

Picrorhiza kurrooa  

National seminar on current 

trends in secondary plant 

metabolite research, Jamia 

Hamdard, New Delhi

March 19, 2012

Sanjay Kumar Need, nature: the teacher- by 

chance: the leaper

INSPIRE organized by DST and 

CSIR-IHBT, Palampur, HP

September 24, 2012

Som Dutt Techniques in Proteins and 

Proteomics

one day seminar on Recent 

Techniques in Biotechnology-

2012, Department of 

Biotechnology,  Panjab 

University, Chandigarh  

September 15, 2012

Sudesh Kumar Yadav RNAi biology and its potential in 

plants

Department of Biochemistry, 

GGD SD College, Chandigarh

February 22, 2013

GUEST LECTURES

Prof. Asis Datta, National Institute of Plant Genome Research, New Delhi, “Dream to bring 
Science to Society', April 9, 2012

MkW- vks-lh- gkaMk] iqjkrRo fo'ks"kK] *fgekpy izns'k ds eafnjksa dk f'kYi*] ebZ 

Prof. Indrapal Singh Aidhen, IIT, Chennai, 'Recent accomplishments at synthetic front',  July 17, 2012

MkW- ,l- ds- 'kekZ lykgdkj ¼vk;qosZn½] vk;q"k foHkkx] LokLF; ,oa ifjokj dY;k.k ea=ky;] Hkkjr ljdkj]  'Fundamental 
Concepts of Ayurveda and their Application in Clinical Medicine' flracj

Jh dsoy Ñ".k] ofj- rduhdh funs'kd] jktHkk"kk foHkkx ,oa jk"Vªh; lwpuk foKku dsanz ¼,uvkbZlh½] Hkkjr ljdkj] 
^^;wfudksM vkSj dEi;qVj**] flracj 17, 2012 
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WORKSHOP/TRAINING/CONFORENCE/MEETING ORGANISED

Period Theme Coordinator & Team Participants (No.)

March 29 - April 28, 
2012

Training  on improved 
production and processing 
technologies for MAP and 
Tea

Dr Rakesh Kumar Participants from Ethiopia

April 6, 2012 Workshop on the uniqueness 
of the Kangra tea

Coordinator: Dr. RK 
Sud 
Team: Dr. Ashu Gulati, 
Dr. HP Singh, Sh. 
VS Dhadwal and Sh. 
Khushal Katoch

74 Participants (including 1 
from UK, 2 from Ethiopia) 

April 6, 2012 Training on advances in 
tea husbandry practices, 
nursery management and 
large cardamom cultivation, 
sponsored by State 
Agriculture Department

Coordinator: Dr. RK 
Sud 
Team: Sh. VS Dhadwal, 
Sh. Khushal Katoch and 
Sh. Bhushan Gupta

61 Participants

April 9-11, 2012 Orientation course in plant 
tissue culture

Dr. Madhu Shrama Two personnels from 
Ethiopia

April 12-20, 2012 Training on processing and 
quality aspects of Medicinal 
and Aromatic Plants (MAP's)

Dr. Rakesh Kumar Representatives of M/s 
Ethio Agri-CEFT, Ethiopia

 June 17-30, 2012 Training on plant tissue 
culture 

Dr. Anil Sood Mr. Jayesh Pathak Assistant 
Professor Agroforestry, Aspee 
College of Horticulture 
and Forestry, Navsari 
Agricultural University, 
Navsari, Gujarat

July 9-10, 2012 Improved production 
technologies for natural 
sweetener plant stevia

Dr Rakesh Kumar Mr Rishi Nirula 
(Industrialist ) D-216, 2nd 
Floor, Vivek Vihar, New 
Delhi

September 24-28, 2012 INSPIRE (Innovation in 
Science Pursuit for Inspired 
Research) Internship - 2012 
Science Camp

Dr. Aparna Maitra Pati 98 Participants

October 3, 2012 Training on how to make 
bamboo candies?

Dr. Anil Sood Members of women NGOs 
working in the region

February 19-March 8, 
2013 

Training in transmission 
electron microscopy  (sample 
preparation and imaging)

Dr. Madhu Shrama Dr. Praveen Kumar  Dass, 
Asstt  Prof,  Deptt of 
Anatomy,  Dr. Rajendra 
Prasad Govt. Medical 
College, Tanda  Kangra HP

February 4-16, 2013 Training on plant tissue 
culture

Dr. Madhu Shrama Mr. Daljeet Singh C/o M/s 
Annex Farming Pvt. Ltd., 
Siliguri (WB)
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VISIT ABROAD

Dr. Amit Chawla: Participated in PRECIS training workshop, held at United Kingdom, April 
23-27, 2012.

Dr. Anil Sood: Delivered a keynote lecture entitled  “Biotechnological approaches for propagation 
conservation and improvement of important bamboos in the 9th World Bamboo Congress, held at 
Antwerp, Belgium, April 10-15, 2012.  

Dr. Arun Kumar Sinha: Invited talk at Asian network for natural and unnatural materials II 
(ANNUM II), organized by Nanyang Technological University (NTU), Singapore, October 2-5, 
2012.

Dr. Arun Kumar Sinha: Represent India (nominated by CRSI to RSC, London) in the field 
of natural product chemistry, in the first international workshop on naturural product chemistry 
symposium held at National Science Foundation of China (NSFC), Beijing, September 24-26, 
2012. 

Dr. PS Ahuja and Dr. Sanjay Kumar:  Attended the  meeting & discussion on Indo-German 
project entitled "Imparting drought stress-tolerance to crop plants by heterologous transfer of 
high altitude plant protection mechanisms", held at Institute of Bio- and Geosciences, IBG-2: 
Plant Sciences, Forschungszentrum Jülich GmbH, D-52425 Julich Germany, May 5-11, 2012.

Dr. Rakesh Kumar:  Attended the training programme entitled "Agriculture and environment 
in a changing climate - The Israeli perspective", held at Israel, November 28-December 17, 
2012. 

Dr. Shashi Bhushan: Participated in the training course on "Value addition to agricultural 
products for greater access to new markets", held at Manila, Philippines, sponsored by Asia 
Productivity Council, Tokyo, Japan, July 9-14, 2012.

Sh. Mohit Kumar Swarnkar: Attended a workshop in EBI-ENGAGE/GEUVADIS RNA-
Seq Workshop Course RNA-Seq, held at Cambridge, UK, December 4-6, 2012.

Sh. Vinay Kumar : Participated in a conference on "Plant abiotic stress and sustainable agriculture: 
Translating basic understanding to food production", held at Sagebrush Inn and Conference 
Centre, Taos, New Maxico, USA, January 17-22, 2013.

Sh. Vivek Dogra Participated in Proteomic Forum-2013, Frie University, Berlin Germany, 
March 17-21, 2013. 
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LINKAGES

International

� CRA - Centro di Ricerca per la Patologia Vegetale, Roma, Italy

� Ethio Agri-CEFT Plc, Ethiopia

� Institute of Chemistry and Dynamics of the Geosphere, ICG-3: Phytosphere, 
Forschungszentrum Jülich GmbH, Jülich, Germany

� Instituto de Bioquímica y Biología Molecular (IBBM), Facultad de Ciencias Exactas, Calles 47 
y115, 1900 La Plata, Argentina

� Pannon University, H-8200 Veszprem, Egyetem u. 10, Hungary

� Procter & Gamble, England, UK

National
Government/Autonomous/PSUs

� Biotech Consortium India Ltd., New Delhi

� Botanical Survey of India, Dehradun, Uttarakhand

� Commission for Scientific and Technical Terminology, Govt. of India, New Delhi

� CSK Himachal Pradesh Krishi Vishwavidyalaya, Palampur, Himachal Pradesh

� District Rural Development Agency, Mandi, Himachal Prdaesh

� University of Delhi, New Delhi

� Dr. YS Parmar University of Horticulture and Forestry, Nauni, Solan, Himachal 
Prdaesh

� Guru Nank Dev University, Amritsar, Punjab

� Himachal Pradesh Horticultural Produce Marketing & Processing Corporation 
Limited(HPMC), Shimla, Himachal Pradesh

� Indian Institute of Technology Mandi, Mandi, Himachal Prdaesh 

� National Dairy Research Institute, Karnal, Haryana

� The Parbati Hydroelectric Project (Stage-II), under NHPC, Nagwain, Mandi, Himachal 
Prdaesh 

� Panjab University, Chandigarh (UT)

� Punjab Agricultural University, Ludhiana, Punjab

� Punjabi University, Patiala, Punjab

� Space Applications Centre (SAC), ISRO, Ahmedabad, Gujarat

� Tea Research Association, Tocklai, Assam
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� The Chief Conservator of Forests (Admn.) cum Project Director, Panchkula, Haryana

� TN Medical College & BYL Nair Ch. Hospital, Mumbai Central, Mumbai

� United Planters Association of South India (UPASI), Valparai, Tamil Nadu

� Uttarakhand Bamboo and Fiber Development Board (UBFDB), Dehradun, Uttarakhand

Private

� Andel Equipment Pvt. Ltd., Mohali, Punjab

� Aroma Aromatics and Flavours, Baddi, Solan, Himachal Prdaesh

� Baba Ghulam Shah Badshah University, Rajouri, Jammu & Kashmir

� Crystal Phosphate, Karnal, Haryana

� Kanan Devan Hills Plantation Pvt. Ltd., Munnar, Kerala

� Krishidhan Research Foundation Pvt. Ltd., Indore, Madhya Pradesh

� Krishna Food & Seeds Processors, Gurdaspur, Punjab

� Mahindra Shubhlabh Services Ltd., Mohali, Punjab

� Merck Specialties Pvt. Ltd., Bengaluru, Karnataka

� MESCO Equipments Pvt. Ltd., Kolkata, West Bengal

� Multiplex Bio-Tech Pvt. Ltd., Bangaluru, Karnataka

� Namiex Chemicals Pvt. Ltd., Pathankot, Punjab

� National Masala Mills (J&K) Pvt. Ltd., Anantnag, Jammu & Kashmir

� Panacea Biotec Ltd., New Delhi

� Panacea Biotec Pvt. Ltd., Lalru, Punjab

� Rescholar Equipment, Ambala Cantt., Haryana

� Thapar University, Patiala, Punjab

� Thirumalai Chemicals Pvt. Ltd., Vellore, Tamil Nadu

NGO

� Yog Manav Vikas Trust, Banikhet, Himachal Pradesh

� Farmer First Foundation, New Delhi
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MEMORANDUM OF UNDERSTANDING (MoU)
Date Agreement with Purpose

May 4, 2012 M/s Rajat Biotech Farm, Vill- Padyalag, P.O.- Dadhol, 
Tehsil- Ghumarwin, Distt.- Bilaspur (HP)

Materials transfer agreement 

May 22, 2012 M/s Krishidhan Research Foundation Pvt. Ltd.302, 
Royal House, 11/3. Usha Ganj, Indore

Identification and isolation of novel 
genes, production of transgenics, somatic 
hybridization and production of quality 
planting material through tissue culture

June 5, 2012 M/s A.K. Biotech, Tehsil- Chaurah, 
Distt. - Chamba (HP)

To facilitate setting up a Tissue Culture 
Lab

June 25, 2012 M/s Gujarat Biotech Vanaushadh Vikas Parishad, 
Pvt. Company presently engaged in Stevia and other 
organic agro produces and has their registered office at 
Ahmedabad

For material transfer

August 17, 2012 M/s Sagar Biotech, Thakurdwara, Palampur (HP) For material transfer

December 6, 2012 M/s Nishant Biotech, Vill-Padyalag, PO-Dadhol, 
Tehsil- Ghumarwin, Distt- Bilaspur (HP)

For material transfer

January 8, 2013 Maharana Pratap University of Agriculture and 
Technology, Udaipur

For academic collaborations

January 31, 2013 Neva Plantations Pvt. Ltd. Village-Gopalpur, Teh. 
Palampur, Distt. Kangra -176 059 (HP)

For material transfer

March 8, 2013 Central University of Punjab, Bathinda For academic collaborations

March 20, 2013 Central University of HP, Dharamshala, District-
Kangra (HP) 

For academic collaborations

TRAINING/WORKSHOPS/MEETING ATTENDED

Name Training/Workshop/ 
Conference/Meeting

Organiser & Venue Period

Dr. RK Sharma Special invitee  to task force 
and brain storming meeting on 
association mapping in plants

Department of Biotechnology, 
Govt of India, held at   Tamil Nadu 
Agricultural University, Coimbatore

May 2-4, 2012

Er. Amit Kumar Training on microwave remote 
sensing applications

National Remote Sensing Centre, 
Hyderabad, Andhra Pradesh

May 7-18, 2012

Dr. Som Dutt Training on Radiation safety aspects 
in research applications in radiation: 
RA-038

BARC, Mumbai (MH) May 21-29, 2012

Dr. Aparna Maitra Pati,  
Dr. RK Sharma  and 
Dr. Shashi Bhushan

Training programme on science and 
technology  communication and 
presentation skills 

CSIR-HRDC, Ghaziabad May 23-25, 2012

Dr. Anil Kumar Singh Training programme on creativity 
and out-of-box thinking

CSIR-HRDC, Ghaziabad June 11-13, 2012

Dr. Anil Sood,  
Dr. RD Singh,  
Dr. Virendra Singh,  
Dr. RK Sud, 
Dr. Markenday Singh 
and 
Dr.  VK Agnihotri

Proposed projects for rural 
development programme of CSIR-
IHBT under CSIR 800 

Brainstorm meeting on rural 
development programme with Dr. 
Ehrlich Desa, CSIR-IHBT, Palampur

June 15, 2012
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Name Training/Workshop/ 
Conference/Meeting

Organiser & Venue Period

Dr. Mahesh Gupta Participated in Annual Tribal Fair 
2012 

Keylong (Lahaul & Spiti) August 14-16, 
2012

Ms. Meenakshi Training on introduction to ArcGIS 
Desktop 10

ESRI India (NIIT GIS) Ltd., New 
Delhi

August 27-31, 
2012

Dr. Mahesh Gupta Product/technology demonstration Kisan Sangoshti, Tandi, Keylong 
(Lahaul & Spiti)

September 25, 
2012

Dr. Som Dutt Workshop on Launch of NInC-
CSIR Cluster Innovation Scale-Up 
Programme

CSIR-HRDC, Ghaziabad September 26-28, 
2012

Dr. RK Sud and 
Dr. VK Agnihotri

Workshop: societal interventions: 
empowering people

CSIR-Institute of Genomics and 
Integrative Biology, New Delhi

September 27, 
2012

Dr. Mahesh Gupta International workshop on sustainable 
agriculture in cold dessert region of 
India

G.B Pant Institute of Himalayan 
Environment and Development and 
Jawaharlal Nehru University, New 
Delhi held at Mohal-Kullu (HP)

October 18-19, 
2012

Dr. PS Ahuja,  
Dr. Anil Sood,  
Dr. RD Singh,    
Dr. Virendra Singh and  
Dr. RK Sud

Video conferencing on formulation 
of TECHVIL project with Dr. 
Ehrlich Desa 

C-MMACS, Bangalore November 7, 2012

Dr. RK Sud CSIR-IHBT technologies suitable 
for Gopalpur and adjoining villages in 
the proposed TECHVIL area

Meeting of Pradhans of the proposed 
Gopalpur- Chachian, CSIR-IHBT, 
Palampur

November 8, 2012

Dr. Rakesh Kumar 
Dr. Shashi Bhushan 
and Dr. Mahesh Gupta

Participated in a committee meeting 
of coordinated programme for cold 
desert regions (CODER), of DST, 
GOI, New Delhi

CSKHPKV, Palampur November 19, 
2012

Dr. Som Dutt Attended the Training programme 
on Integrated Scientific Project 
Management

Centre for Organizational 
Development, Hyderabad,  sponsored 
by DST 

November 19-23, 
2012

Mr. Vikrant Gautam 
and Mr. Jasbeer Singh

ERP implementation- cum-training 
workshop   

CSIR-SERC, Chennai November  29-30, 
2012

Ms. Kiran Rawat Flow Cytometry NCBS, Banglore December 4 -7, 
2012

Dr. RD Singh Project execution committee meeting 
to review the project on cultivation, 
value addition and marketing of 
medicinal and aromatic plants for rural 
upliftment in Himachal Pradesh

Himachal Pradesh Department of 
Environment, Science & Technology, 
Shimla

December 5, 2012

Dr. Anil Sood, 
Dr. RD Singh,  
Dr. Virendra Singh,  
Dr. RK Sud and
Dr. MK Singh

Video conferencing on issues of 
TECHVIL project with Dr. Ehrlich 
Desa 

C-MMACS, Bangalore December 14, 2012

Dr. Yogendra Padwad 
and  Dr. Vikram Patial

Training course for study directors of 
GLP Test Facilities

NGCMA, DST, New Delhi December 17-19, 
2012
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Name Training/Workshop/ 
Conference/Meeting

Organiser & Venue Period

Dr. A Acharya 3rd International cancer research 
conference

Jointly organized by University 
of Calcutta, University of Kansas 
Medical Center, USA, University 
of Colorado, USA, University of 
Oklahoma, USA and University of 
Pittsburgh, USA at Kolkata

December 18-21, 
2012

Dr. Ashu Gulati Three days training programme 
on S & T Communication and 
Presentation Skills 

CSIR-HRDC, Ghaziabad November 29 - 
December 1, 2012

Dr. Sanatsujat Singh Participated in the first meeting 
of the task force for finalizing 
distinctiveness, uniformity and 
stability test guidelines for tea

Organized by Protection of Plant 
Varieties & Farmers' Rights 
Authority, Govt. of India, New Delhi

January 23, 2013

Er. Amit Kumar DST sponsored national workshop 
on hyperspectral remote sensing and 
application

MS University of Baroda, Vadodara, 
Gujarat

January 17-18, 
2013

Er. Amit Kumar Training on hyper spectral 
applications in agriculture

Sponsored by Department of 
Science & Technology, GoI at Indian 
Agricultural Research Institute, New 
Delhi

February 18-27, 
2013

Sh. Dharmesh Kumar 
and Ms.  Kiran Rawat

Image Flow Cytometry Imperial Life Sciences, Gurgaon March 01, 2013

Dr. RK Sud Innovation and Entrepreneurship in 
Higher Education Institutes, MHRD-
IPR Chair

Indian Institute of Technology, 
Roorkee

March 2-3, 2013

Dr. RK Sud Short Term Course on Promotion 
of Innovation in Higher Educational 
Institutions

Indian Institute of Technology, 
Roorkee

March 1-5, 2013

Dr. Mahesh Gupta AAHAR 2013, International Food 
Fair

Pragati Maidan, New Delhi March 14-18, 2013

Dr. Madhu Sharma Attended and participated in 
programme on work life balance for 
women scientists and officers

CSIR-HRDG, Ghaziabad March 20-22, 2013

Dr. Anil Sood, 
Dr. Arvind Gulati and  
Dr. RK Sud

Market promotion schemes of Tea 
Board

Tea Board of India, Regional Office, 
Palampur

March 22, 2013

Dr. RD Singh Workshop on Biodiversity in HP: the 
way forward

State Biodiversity Board, Shimla March 22-23, 2013

Dr. RD Singh To review utilization of funds and 
to assess the impact of the financial 
support provided under Star College 
Programme of Department of 
Biotechnology, Government of India, 
New Delhi. 

Government Post Graduate College, 
Dharamshala, Himachal Pradesh

March 28, 2013
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PARTICIPATION IN EXHIBITIONS

Dr. Markandey Singh:  "AGROVISION 2013" exhibition  at Nagpur, Maharashtra, January 24-27, 
2013.

Sh. Sanjay Kumar and Sh.Arvind Kumar:  Exhibited CSIR-IHBT technologies, Kisan Mela, Jammu, 
organized by CSIR-IIIM, Jammu (J&K), March 17, 2013.

Sh. Sukhjinder Singh and Sh. Sanjay Kumar: Exhibited CSIR-IHBT technologies at State Level 
Holi Festival, Palampur (HP) organized by State Government from March 25- 28, 2013. 

Dr. Markandey Singh: “Flower Show'at State level Holi Festival, Palampur (HP) organized by State 
Government on March 26, 2013

DISTINGUISHED VISITORS

Dr. RK Khandal, Director, Shriram Institute for Industrial Research, Delhi, May 11, 2011

Dr. VP Dimri, Distinguished Scientist, CSIR-NGRI, Hyderabad, May 11, 2012

Prof. Asis Datta, National Institute of Plant Genome Research, New Delhi, April 9, 2012

MkW- vks-lh- gkaMk] iqjkrRo fo'ks"kK] ebZ

Prof. Deepak Pental, Former Vice Chancellor, Delhi University, June 21, 2012

Prof. Samir K Brahamchari, DG CSIR, New Delhi, June 21, 2012

Dr. BK Mishra, Directror, CSIR-IMMT, Bhubaneswar, June 21, 2012

Prof. Indrapal Singh Aidhen, IIT, Chennai, July 17, 2012

Dr. K Kasturirangan, Hon'ble Member (Science), Planning Commission, Govt. of India, August 
14, 2012

Prof. VL Chopra,  Chancellor, Central University, Kerala, September 27, 2012

MkW- ,l-ds- 'kekZ] lykgdkj ¼vk;qosZn½] vk;q"k foHkkx] LokLF; ,oa ifjokj dY;k.k ea=ky;] Hkkjr ljdkj] 
flracj 14, 2012 
Jh dsoy Ñ".k] ofj- rduhdh funs'kd] jktHkk"kk foHkkx ,oa jk"Vªh; lwpuk foKku dsUnz ¼,uvkbZlh½] Hkkjr 
ljdkj] flracj 17, 2012 
Dr. T Ramasami, Secretary to Govt of India, Dept. of Science and Technology, October 7, 2012

Dr. Arvinder Singh, IAS, Secretary, State Information Commission, Punjab, December 18, 2012

Dr. S Natesh, Former Senior Advisor & Head, International Collaboration, Department of 
Biotechnology, New Delhi, February 28, 2013

GROUP VISITORS
Visitors No. of Visitors

Students from Educational Institutes 1160

Farmers, NGOs, and Govt. Officials 1079

Total Visitors 2239
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IMPORTANT EVENTS

DIRECTOR GENERAL CSIR AT CSIR-IHBT

The institute celebrated its 30th Foundation Day on June 21, 2012. Prof. Deepak Pental, Director, 
Centre for Genetic Manipulation of Crop Plants, Delhi (Former Vice Chancellor, University of 
Delhi) delivered the foundation day lecture on “Are model species and crop species two different 
worlds of scientific enquiry?”. The function was presided over by Prof. Samir K Brahmachari, 
Director General, CSIR and Secretary, Department of Scientific & Industrial Research, Govt. of 
India. Prof. BK Mishra, Director, CSIR-IMMT, Bhubaneshwar was also present on the occsssion. 
Prof. Brahmachari released the annual report 2011-12 of the instiute and laid foundation stone of 
the Extension & Academic Block. He also inaugurated the Bamboo Museum in CSIR-IHBT.

Dr. Anil Sood, Prof. BK Mishra, Prof. SK Brahmachari, Prof. Deepak Pental and Dr. PS Ahuja (from 
left to right) on the event of 30th Foundation Day of CSIR-IHBT

Prof. SK Brahmachari laid foundation stone of the 
Extension & Academic Block

Inauguration of the Bamboo Museum by Prof. SK 
Brahmachari and Prof. Deepak Pental 
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DIRECTOR GENERAL ICAR AT CSIR-IHBT

Dr. S Ayyappan, Director General, Indian Council of Agricultural Research (ICAR) discussing with Dr. PS Ahuja, 
Director, CSIR-IHBT during his visit on June 9, 2012. 

National Technology Day 

The Institute celebrated the National Technology Day on May 11, 2012 and Dr. RK Khandal, 
Director, Shriram Institute for Industrial Research, Delhi delivered the key note lecture on 
“Potential of Bioresources for sustainable growth”. The function was presided over by Dr. Vijay 
Prasad Dimri, distinguished scientist of Council of Scientific Industrial Research (CSIR) and 
former director of National Geophysical Research Institute, Hyderabad.

CSIR Foundation Day

CSIR Foundation Day celebration was 
organized on September 27, 2012. Prof. VL 
Chopra, Chancellor, Central University, 
Kerala and Former Member, Planning 
Commission, Govt. of India delivered the 
foundation day lecture on “Knowledge-
based entrepreneurship for plant based 
enterprise”.

National Science Day

The National Science Day was organized 
on February 28, 2013 in the institute. Dr. 
S Natesh, Former Senior Advisor & Head, 
International Collaboration, Department 
of Biotechnology, New Delhi delivered 
the Science Day lecture on “Plants that 
changed India and the World”.

Dr. Anil Sood, Dr. S Natesh and Dr. PS Ahuja  
(from left to right)

Dr. RD Singh, Prof. VL Chopra and Dr. Anil Sood  
(from left to right)
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Workshops

Workshops on molecular Diagnostics of Fungal and Viral Diseases in Apple was organized during August 
7-8, 2012 by Dr. Vipin Hallan and Dr. Gopaljee Jha where ten participants from various R&D institutes 
in Himachal Pradesh, Uttarakhand and Jammu & Kashmir attended.

Stakeholders Workshop on National Mission for Sustaining the Himalayan Ecosystem (NMSHE) 
funded by the Department of Science and Technology (DST), Govt. of India was organized 
during October 6-7, 2012. Dr. T. Ramasami, Secretary, DST was present in the workshop. Dr. SK 
Uniyal was coordinator of the workshop, 125 stakeholders from various government and non-
government organizations of the Indian Himalayan region participated.

INSPIRE 

The institute organised INSPIRE Internship-2012 Science Camp from September 24-28, 2012, 
sponsored by the Department of Science and Technology, Govt. of India. The camp was attended 
by 98 students.

Dr. CK Varshneya, Dr. SK Dash, Dr. T Ramasami, Dr. SP Singh, Dr. Ajit Tyagi and Dr. Akhilesh 
Gupta (from left to right)
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RESEARCH COUNCIL

CHAIRMAN

Prof. Sudhir K Sopory, FNA
Vice Chancellor, Jawahar Lal Nehru University, New Mehrauli Road, New Delhi-110 067

MEMBERS

Prof. Deepak Pental  
Director
Centre for Genetic Manipulation of Crop 
Plants, Delhi University South Campus, 
New Delhi– 110021

Dr. S Natesh    
Former Senior Advisor 
& Head, International Collaboration 
Department of Biotechnology 
New Delhi - 110 003 

Prof. JS Singh   
Professor Emeritus
Centre for Advanced Study in Botany
Banaras Hindu University, Varanasi-221 005

Dr. Girish Sahni   
Director
CSIR-Institute of Microbial Technology
Chandigarh-160 036

Prof. Alok Bhattacharya  
Professor
School of Life Sciences, 
Jawaharlal Nehru University, 
New Delhi-110 067

Dr. Chandra Shekhar  
Director
CSIR-Central Electronics Engineering 
Research Institute
Pilani-333 031

Prof. KN Ganesh   
Director
Indian Institute of Science Education and 
Research, Sutarwadi, Pashan, Pune- 411021

Dr. Rajesh Jain   
Joint Managing Director
Panacea Biotec Ltd., New Delhi-110044

PERMANENT INVITEE

Head or Nominee
Planning & Performance Division (PPD)
Council of Scientific & Industrial Research
New Delhi-110 001

DIRECTOR 
Dr. PS Ahuja   
CSIR-Institute of Himalayan Bioresource 
Technology, Palampur-176 061 (HP)

MEMBER SECRETARY

Dr. Aparna Maitra Pati  
Principal Scientist 
Planning Project Monitoring & Evaluation
CSIR-Institute of Himalayan Bioresource 
Technology, Palampur-176 061 (HP) 
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MANAGEMENT COUNCIL

Chairman

Dr. PS Ahuja
Director
CSIR-IHBT, Palampur, HP

Members

Dr. Ram A Vishvakarma
Director
CSIR-IIIM, Jammu, J&K

Dr. Arvind Gulati 
Sr. Principal Scientist
CSIR-IHBT, Palampur, HP

Dr. Aparna Maitra Pati 
Principal Scientist 
CSIR-IHBT, Palampur, HP

Dr. Markandey Singh  
Principal Scientist
CSIR-IHBT, Palampur, HP

Dr. Ram Kumar Sharma 
Sr. Scientist
CSIR-IHBT, Palampur, HP

Dr. Pralay Das  
Scientist
CSIR-IHBT, Palampur, HP

Sh. RK Bindal
Principal Technical Officer
CSIR-IHBT, Palampur, HP

Sh. Sunil Kumr  
Finance & Accounts Officer
CSIR-IHBT, Palampur, HP

Member Secretary

Sr. Jaswant Rai
Administrative Officer
CSIR-IHBT, Palampur, HP
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STAFF

Scientific 

Director
Dr. PS Ahuja

Chief Scientist 
Dr. Anil Sood  
Dr. RD Singh  
Dr. Arvind Gulati 
Dr. Bikram Singh

Sr. Principal Scientist 
Dr. AK Sinha  
Dr. Virendra Singh 
Dr. Sanjay Kumar 
Dr. Madhu Sharma 
Sh. D Dhyani 
Er. KK Singh 
Dr. Ashu Gulati

Principal Scientist 
Dr. Brij Lal 
Dr. RK Sud 
Dr. Aparna Maitra Pati  
Er. GD Kiran Babu 
Dr. Amita Bhattacharya  
Dr. Gopi Chand 
Dr.  SK Vats 
Dr. Markandey Singh

Senior Scientist 
Dr.V Shanmugam  
Dr.Vipin Hallan  
Dr. Sanjay K Uniyal 
Dr. RK Sharma 
Er. Amit Kumar  
Dr. Y Sreenivasulu  
Dr. Sudesh Kumar  
Dr. Sanat Sujat Singh  
Dr. Rakesh Kumar 
Dr. Som Dutt

Scientist 
Dr. Ramesh C Kasana  
Dr. Shashi Bhushan 
Dr. Gireesh Nadda 
Dr. Neeraj Kumar 
Dr. Pralay Das 
Dr.  Vijai Kant Agnihotri  
Dr. Ravi Shankar 

Dr. Probir Kumar Pal  
Dr. Anil Kumar Singh 
Dr. Amit Chawla 
Dr. SGE Reddy 
Dr. Bagler Ganesh B 
Dr. Partha Ghosh 
Dr. Mahesh Gupta 
Dr. Yogendra S Padwad

Junior Scientist 
Er. Mohit Sharma 
Dr. Ashok Kumar 
Dr.  Yogesh B Pakade 

Technical

Principal Tech.Officer 
Er. RK Bindal 
Dr. Raja Ram

Sr. Technical Officer (3) 
Sh. Mukhtiar Singh 
Sh. Om Prakash 
Sh. RK Tandon

Sr. Technical Officer (2) 
Dr. Kiran Kaul 
Sh. RS Shekhawat
Sh. Sukhjinder Singh

Sr. Technical Officer (1)  
Dr. Avnesh Kumari 
Sh. Sandeep Tripathi  
Sh. Vikrant Gautam 
Sh. Jai Prakash Dwivedi 
Dr. Kiran Singh Saini 
Sh. Ramdeen Prasad  
Sh. JS Bisht

Technical Officer 
Sh. Rakesh Kumar  
Sh. Anil Kumar 
Sh. Vivesh Sood 
Sh. Mahesh S 
Sh. Ramjeelal Meena 
Sh. Sanjay Kumar 
Sh. Mohit K Swarnkar

Technical Assistant
Sh. Jasbeer Singh 

Sh. Mukesh Gautam
Sh. Om Parkash
Sh. Prashanta K Behera 
Ms. Vijay Lata Pathania
Sh. Pabitra Gain 
Sh. Shiv Kumar 
Ms. Meenakshi 
Sh. Arvind Kumar Verma
Sh. Dharmesh Kumar

Sr. Technician(2)
Sh. Gian Chand 
Sh. Janak Singh 
Sh.VS Dhadwal 
Sh. Khushal Chand 
Sh. Dhruv Kumar 
Sh. Ajay Parmar
Sh. Om Prakash 
Sh. Karandeep

Sr. Technician(1)
Sh. Kewal Chand

Technician(2)
Sh. Bhushan Kumar
Sh. Harmesh Chand 
Sh. Ramesh Kumar 
Sh. Dharub Kumar 
Sh. Parveen Kumar 
Sh. Kuldip Singh
Technician (1) 
Sh. Sanjay Kumar 
Sh. Avinash C Rana 
Sh. Sandeep Sood 
Sh. Ranjeet Singh 
Sh. Ajay Kumar  
Sh. Surjeet Singh  
Sh. Arvind Kant 
Sh. Vikas Kumar 
Ms. Jasveer Kaur

Lab Assistant 
Sh. Naresh Kumar 
Sh. Prem Parkash

Lab Attendant Gr. I(2) 
Sh. Baldev Singh 
Ms. Rajni Devi Chettri 
Sh. Rakesh Chand
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Lab Attendant Gr. I(1) 
Sh. Yam Bahadur Chettri 
Sh. Uttam Chand  
Sh. Balak Ram 
Sh. Girja Nand 
Sh. Deepak Sood  
Sh. Kuldip Singh  
Sh. Balwant Raj  
Ms.  Anupama Saini 
Sh. Shamsher Singh

Administration 

Finance & Accounts 
Officer  
Sh. Sunil Kumar

Store & Purchase Officer  
Sh. Surender Kumar

Section Officer (F&A)  
Sh. Inderjit Singh

Senior Hindi Translator 
Sh. Sanjay Kumar

Senior Stenographer 
Sh. Didar Singh Patial

Assistant (GEN) Gr. I
Sh. Shanti Kumar  
Sh. Raj Kumar 
Sh. Lakshmi N Pandey

Assistant (GEN) Gr. II
Sh. Parveen Singh
Sh Kiran Kumar 
Ms. Santosh Kumari 
Sh. Baldev

Assistant (GEN) Gr. III
Ms. Pooja Awasthi

Assistant (F&A) Gr. I
Sh. Manoj Kumar
Sh. Vipan Kumar 

Assistant (F&A) Gr. II 
Ms. Aruna Kumari

Assistant (S&P) Gr. I  
Ms. Vimla Devi  
Sh. Rajeev Sood

Assistant (S&P) Gr. II 
Sh. Puneet Kumar

Security Assistant 
Sh. Trilok Nath

Coupon Clerk 
Sh. Anand Sharma

Staff Car Driver  
Sh. Pratap Chand  
Sh. Braham Dass

Cook 
Sh. Oman Singh 
Sh. Karan Singh

Chowkidar 
Sh. Baleshwar Prasad 
Sh. Parshotam Lal  
Sh. Jagat Ram 
Sh. Bahadur Ram  
Sh. Ramesh Kumar
Sh. Kuldip Singh

Tea/Coffee Maker
Sh. Bipan Gurang

Others
Sh.Thaman Bahadur
Sh. Nand Lal
Ms. Krishna Devi 
Sh. Shankar
Sh. Bipan Kumar
Ms. Rujala Devi

Newly Joined 

Sh. JK Prashar, Administrative Officer, on promotion from the post of P.S. DOJ: 06-03-2013 
Sh. SD Rishi, Section Officer (G), on transfer from CSIR-IMT, Chandigarh, DOJ: 03.04.2012 
Sh. Anil K Choudhary, Tech. Asstt., on transfer from CSIR-IMT, Chandigarh, DOJ: 16.04.2012

Superannuation 

Dr. HP Singh, Sr. Principal Scientist, on 30.11.2012 
Dr. RK Ogra, Sr. Tech. Officer (3), on 30.04.2012 
Sh. DR Mishra, Assistant (G) Gr.I (MACPs), on 30.11.2012

Resigned 

Dr. CS Seth (21-09-2012)  
Dr. Gopaljee Jha(31-01-2013)

Transferred to other CSIR Labs :

Sh. Jaswant Rai, Administrative Officer, CSIR-IMT, Chandigarh on 08-03-2013 
Sh. Sanjoy Kumar Chanda, Tech. Asstt., CSIR-NEIST, Jorhat on 12-03-2013 
Sh. Digvijay S Naruka, Tech. Asstt., CSIR-IMT, Chandigarh on 11-04-2012 
Sh. Susheel Kumar, Technician, CSIR-CIMAP, Lucknow on 31-05-2012
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PRINCIPAL INVESTIGATORS/SCIENTIST FELLOW/NAM 
RESEARCH FELLOW/JRFs/SRFs

Principal Investigators
Dr. Tanuja Rana 
Dr. Jyoti Bhardwaj 
Dr. Lakhmir Singh 
Dr. Ugir Hossain SK

Scientist Fellow 
Dr. Aditi Saurabh 
Dr. Vishal Acharya 
Dr. Vikram Patial 
Dr. Amitabha Acharya

NAM Research Fellow 
Mr. Longue Ekon JP

Sr. Research Fellow 
Mr. Himanshu Sharma 
Mr. Rahul Kumar 
Ms. Archna Thakur 
Ms. Richa Salwan 
Ms. Ruchi Sharma 
Ms. Hena Dhar 
Mr. Vivek Dogra 
Mr. Vineet Kumar 
Ms. Karnika Thakur 
Ms. Monika Mahajan 
Mr. Sunil Kumar Singh 

Ms. Parul Gahlan 
Ms. Reenu Kumari 
Mr. Dharminder Sharma 
Mr. Amit Sharad 
Mr. Piar Chand 
Mr. Praveen Kumar 
Ms. Shammi Bhatti 
Mr. Rajesh Kumar 
Mr. Rahul Mohan Singh 
Ms. Rupali Jandrotia 
Mr. Anish Kaachra 
Mr. Vishal Kumar 
Ms. Prachi Awasthi 
Mr. Ram Dhan 
Ms. Praveen Guleria 
Ms. Amrina Shafi 
Ms. Rimpy Diman 
Mr. Arun Kumar Shil 
Mr. Surender Kumar 
Mr. Nitul Ranjan Guha 
Mr. Yogesh A Thopate 
Ms. Pritu Prathiba 
Ms. Mrigaya Mehra 
Ms. Sushila Sharma 
Mr. AN Hauserao 
Mr. Aditya Kulshrehta 

Ms. Vandna Chawla  
(Inspire Fellow)

Jr.  Research Fellows 
Mr. Jai  Parkash 
Mr. Sandeep Kumar 
Ms. Shikha (JRF-INSPIRE) 
Ms. Parul  Goel 
Mr. C.Balreddy 
Mr. Manoranjan Kumar 
Mr. AG Lavekar 
Ms. Preeti 
Ms. Monika Bhuria 
Mr. Ajay Kumar (DBT-JRF) 
Mr. Ashish Kumar 
Ms. Poonam  Roshan 
Ms. Indu Gangwar 
Ms. Shivalika Pathania,  
(JRF-INSPIRE) 
Mr. Surender Pal 
Ms. Kiran M Rawat 
Ms. Madhu Kumari 
Ms. Vandna Thakur  
Ms. BL Barsain  
Mr. Saurabh Sharma 
Mr. Vinod Bhatt  
Mr. Ashish Verma

Tenure Completed 
Mr. Richard Chawlo Mouki (PG Fellow) 04.11.2012
Mr. Vikas, SRF 30.04.2012
Mr. Vikrant Jaryan, SRF 30.04.2012
Ms. Bandna, SRF 30.04.2012
Ms. Abha Chaudhary,SRF 22.04.2012
Mr. Upendra Sharma, SRF 31.07.2012
Ms. Yashika Walia, SRF 10.09.2012
Mr. Sewa Singh, SRF 28.02.2013
Dr. (Mrs.) Alka Kumari, PI 02.08.2012 
Mr. Arunava Datta, JRF 14.02.2013

Ms. Pushpinder Kaur, SRF 30.06.2012 
Mr.  Vinay Kumar, SRF 18.03.2013 
Ms. Naina Sharma, SRF 13.04.2012 
Ms. Swati Sood, SRF 16.07.2012 
Mr. Sandeep Kumar, SRF 03.01.2013 
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lkjka'k

'kks/k ,oa fodkl xfrfof/k;ka rFkk izeq[k miyfC/k;ka

fgeky; tSolaink dk y{k.kfp=.k ,oa izcU/ku

o"kZ 2012&13 ds nkSjku if'peh fgeky; dh iq"ih; laink ,oa iknih; laj{k.k ds izys[ku ds mís'; ls izns'k ds 
13 fofHkUu {ks=ksa ds losZ{k.k fd;s x,A

fgekpy izns'k ds fcykliqj ftys esa Hkwfe mi;ksx@Hkwfe vkoj.k dk ekufp=hdj.k

5 Qjojh 2010 ds  LANDSAT TM  mixzg fp= ds vk/kkj ij fcykliqj ftys esa Hkwfe mi;ksx@Hkwfe vkoj.k 
dk oxhZdj.k fd;k x;kA oxhZd`r ekufp= dks 7 Hkkxksa esa ¼i;kZokl] catj Hkwfe] tyh; Hkwfe] LdohZ] pjkxkg] 
Qlyh ,oa ou Hkwfe esa foHkDr fd;k x;kA fcykliqj ds dqy Hkw{ks= 29-8% Hkkx ouksa ds vUrxZr rFkk 'ks"k LdohZ  
¼23-93%½] pkjkxkg ¼16-98%½] d`f"k ds vUrxZr ¼15-78%½ tyh; Hkwfe ¼9-72%½ catj Hkwfe ¼2-86 %½ rFkk i;kZokl 
¼0-8%½ ds :i esa gSA 

fMftVy ou vfXu ekufp=
fgekpy izns'k ds /keZ'kkyk] uwjiwj] ikyeiqj  vkSj pEck ou e.My {ks=ksa dk  fMftVy vfXu ekufp= lwnwj laosnh 
HkkSxksfyd lwpuk iz.kkyh ¼RS GIS½ ds vk/kkj ij rS;kj fd;k x;kA ;g ekufp= ouksa esa yxh vkx dh rhczrk 
QSyko vkSj LFkyksa dh lwpuk iznku djrk gSA

iztkfr dk LFky 

,fjeksLVSfdl lqijck jkW;y ,Dl cSaFk- ¼dqy ySfe,lh½] if'peh fgeky; dh ,d foyqIr ikS/k çtkfr gSA yxHkx 75 
o"kks± ds mijkUr bl laLFkku us fgekpy çns'k esa bl çtkfr dh iqu% [kkst dh gSA fgekpy çns'k esa bl çtkfr 
ds yxHkx 525 ikS/kksa ik, x,A 

vkS"k/kh; ikS/kksa dk O;kikj
ukxNrjh fgeky {ks= dk ,d LFkkuh; ikS/kk gS tks Nk;knkj {ks=ksa esa 2400 ls 3800 ehVj dh dh mapkbZ esa  
ikfdLrku ls HkqVku rd ds {ks=ksa esa ik;k tkrk gSA fiNys 2 o"kksZa ds nkSjku bl iztkfr ds ,d=.k vkSj vuSfrd 
:i ls O;kikj dh [kcjsa vk jgh gSaA blesa Vªkbysfju uked rRo ik;k tkrk gS tks LVhjkW;M vkSj gkjeksu rS;kj 
djus ds mi;ksx esa yk;k tkrk gSA /kkSyk/kkj oU;tho vH;kj.k {ks= esa bldks ,df=r djus okys 100 O;fDr;ksa 
dk irk yxk;k x;k gSA bu yksxksa ls ckrphr djus ij irk pyk fd ;g ukxNrjh  `1000 ls  `1500 izfr 
fdyksxzke ds fglkc ls fcdrh gS rFkk ,d O;fDr izfrfnu 8&10 fdyksxzke rkts dan ,df=r dj ysrk gSA ikS/ks 
ds blh danh; Hkkx dk O;kikj esa egRo gSA

u`okuLifrd Kku dk v/;;u

xíh tutkfr ds ikl ikS/kksa ds mi;ksx ij ijEijkxr Kku dks lk{kkRdkjksa ds ek/;e ls izysf[kr fd;k x;kA 
blds vUrxZr 45 ikS/kksa dh tkudkjh dks tqVk;k x;kA ftlesa fgMhfp;e] j~;qeSDl] vfVZdk] ,lisjkxl] IykVkaxks] 
tsjsfu;e] QkbVksykbdk] cjcsfjl] Qkbdl vkSj Vsfjl eq[; ikni iztkfr;ka eq[;r% ikbZ tkrh gSaA

if'peh fgeky; esa VsjsMksQkbV ds ouLFkyksa dk vkadM+k lap;
if'peh fgeky;h esa VsjsMksQkbV ds ouLFkyksa dk vkadM+k lap; rFkk i;kZokl ,oa ek=k tkuus ds fy, /kkSyk/kkj 
ioZrh; {ks=ksa esa iz{ks= losZ{k.k fd;k x;kA fØIVksxzkek LVkysjh vknz 'kSyh;  {ks=ksa ls ,df=r fd;k x;kA VsjsMksQkbV 
ds thfor ikS/kksa dks laLFkku dh QuZjh esa yxkus ds fy, vkSj ikniky; esa j[kus gsrq ,df=r fd;k x;kA
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fgekpy izns'k esa VsjsMksQkbV ds forj.k dk ekufp=

fgekpy izns'k esa VsjsMksQkbV ds forj.k@ek=k dks  tkuus ds fy, ,LIysfu;e vkSj fMiysft;e iztkfr;ksa dh 
tkudkjh izdkf'kr izys[kksa ls ,df=r dh xbZ rFkk HkkSxksfyd lwpuk i)fr ls ,d ekufp= cuk;k x;kA bl 
ekufp= esa fgekpy izns'k esa Asplenium (A. adiantum-nigrum, A. aitchisonii, A. alternifolium, A. anogrammoides, A. 
ceterach, A. dalhousiae, A. ensiforme, A. fontanum, A. indicum, A. kukkonenii, A. laciniatum, A. pekinense, A. pun-
jabense, A. septentrionale, A. tenuicaule, A. trichomanes,  A. trichomanes-ramosum, A. unilaterale rFkk A. yunnanense) 
and 5 species of Diplazium (D. esculentum, D. giganteum, D. longifolium, D. spectabile ,oa D. squamigerum) dh 5 
iztkfr;ksa dh mifLFkfr ns[kh xbZA

QuZ Liksjksa dk y{k.kfp=.k ds mís'; ls laLFkku esa Liksj jsikstsVjh LFkkfir dh xbZA bl esa 15 QuZ iztkfr;ka 
lajf{kr fd;k rFkk laLFkku ds i.kkZaxx`g esa yxk;h x;hA buesa ls 5 if'peh fgeky; {ks= dh gSa rFkk 'ks"k nf{k.k 
Hkkjr ls gSaA

ikniky; dk le`f)dj.k

ikniky; ikS/kksa ds uewuksa dks fof/k vkSj i)fr;qDr laxzg gksrk gS tks fd lanHkZ ,oa 'kks/k ds fy, mi;ksx esa yk, 
tkrs gSA yxHkx 700 uewuksa ¼250 VsjsMkQkbV vkSj 450 ,fUt;ksLieZ½ dks fgekpy izns'k ds fofHkUu Hkkxksa ls ,df=r 
fd;k x;kA buesa ls 33 iztkfr;ka laLFkku ds ikniky; PLP esa ubZ 'kkfey dh xbZa gSaA

mPp rqaxrk thofoKku vkSj tyok;q ifjorZu

mPp rqaxrk dBksj tyok;q ;qDr {ks=ksa esa dsjkxkuk tqckVk mÙkjthfork ds fy, vkf.od mik;

fgekpy izns'k ds ykgkSy o Lihfr ftys ds 'kq"d e#LFky Lihfr ?kkVh ds dBksj vkSj izfrdwy i;kZoj.k dks mPp 
fofdj.k] rkieku vkSj ty dh vR;kf/kd deh dh n`f"V ls y{k.kfpf=r fd;k x;kA bl {ks= dh fpjLFkk;h >kM+h 
dsjkxkuk tqckVk dh mÙkjthfork dks tkuus ds fy, vkf.od Lrj ij v/;;u fd;k x;k vkSj thu dh izHkqrk 
ikbZ xbZA

Hkkjrh; Vªkal&fgeky; ls lw{ethoksa dk foyxu vkSj igpku 

Hkkjrh; Vªkal &fgeky; fLFkr >hyksa ,oa fgeufn;ksa ls lw{ethoksa dk fo'ys"k.k fofo/krk ,oa igpku dk dk;Z 'kq# 
fd;k x;k gSA dqy feykdj 1530 cSDVhfj;k] 66 ,fDVuksekbflVh ,oa 150 QQwan fudkys x,A 16 sRNA thu  
flDosaflax ds vk/kkj ij cSdVhfj;k ,oa ,DVhuksekbflVh us vyx&vyx cSDVhfj;k ,oa ,fDVuksekbflVh ds lkFk 
lacU/krk fn[kkbZA ITS fjtu flDosaflax ds vk/kkj ij QQwanksa us ,lijftyl] dSMksQksjk] dksfu;kFkhfj;e] dhVksfeee] 
¶;wtsfj;e] th;ksekblht] isfuflfy;e ,oa tkbysfj;k ds lkFk lacU/krk fn[kkbZA

Hkkjrh; Vªkal&fgeky; ls lw{ethoksa dk lw{etho izfrjks/kh xfrfof/k ds fy, p;u

dqy feykdj 630 lw{ethoksa esa ls 82 lw{ethoksa us ,d ;k ,d ls vf/kd thoksa ds foijhr  lw{etho izfrjks/kh 
xfrfof/k fn[kkbZA 30 lw{ethoksa us cSflyl lcfVfyl MTCS121 ds foijhr] 18 us bZ-dksykbZ MTCC 739 ds foijhr] 
62 us ekbØksdksdj YlwfVlk MTCC2470 ds foijhr 5 us lwMkseksukl MTCC2453 ds foijhr 42 us LVSQkbyksdksdl 
vkWfj;l MTCC96 ds ds foijhr ,oa 11 us LVSQkbyksdksdl vkWfj;l ATCC 43300 ds foijhr xfrfof/k fn[kkbZA

lw{etho ,aMksQkbV~l dh tSoizR;k'kk

dqy feykdj 55 ,UMksQkbV~l ftuesa 29 oSdVhfj;k 5 ,fDVuksekbflVh ,oa 21 QQwan pk; dh tM+ksa ls foyfxr 
vkSj y{k.kfpf=r fd, x,A 16 sRNA thu flDosaflax ds vk/kkj ij cSDVhfj;k ,oa ,fDVuksekbflVh us cSflyl] 
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cSc=ohoSflyl] ykbluhcSflyl] iSafUV;k] MkbZyk] LVªSIVksekblht] jksMksdksdl] VSjkdksdl ,oa uhdkjfM;k ls  
lacU/krk n'kkZbZA ITS jhtu flDosaflax ds v/kkj ij QQwanksa us ¶;wtsfj;e] ,lijftyl] vYVjusfj;k] tkbysfj;k] 
FkkukfVQksje] ;wjksfV;e] isfjflfy;e] dSMksQksjk ,oa lksjMsfj;ksekbflV ls lac/krk fn[kkbZA

VªbZQksfy;e fjisUl vkSj j~;wesDl usikysflal dh o`f) vkSj ck;ksekl mRiknu ds fy, mPp 
CO2 vkSj rkieku dk izHkko
blds izHkkoksa dks tkuus vkSj Hkfo"; dh Qly mRiknu ds fy, orZeku oSf'od tyok;q ifjorZu dks le>uk 
vko';d gks x;k gSA

ikni fofo/krk 

vuqdwyu thofoKku v/;;u vkSj mi;ksxh tSolfØ;ksa ds fy, vkS"k/kh; :i esa egRoiw.kZ ikS/kksa dks le>uk rFkk 
nksgu djuk

fiu ?kkVh jk"Vªh; m|ku vkSj ykgkSy ds fjcfyax pksVh ij nks LFkk;h vUos{k.k iz{ks= fodflr fd, x, gSaA dqN 
pquh gqbZ iztkfr;ksa ds ?kuRo vkSj fofo/krk dk v/;;u fd;k x;k gSA bl Hkwfe dh mijh lrg ds jlk;fud 
fo'ks"krkvksa dk dh ewY;kadu fd;k x;k 

teZIykte lalk/ku dsUnz dh LFkkiuk

ns'k ds fofHkUu Hkkxksa ls y{k.kfpf=r teZIykte dks rS;kj djus ds ft, ykgkSy o Lihfr ftys ds rkanh iapk;r 
esa 2 gs- {ks= esa fgQksih dh jk"Vªh; Lrj dh fjiksftVjh LFkkfir dh xbZA teZIykte lalk/kuksa ds lrr mi;ksx ds 
fy, vdkjdh; vkSj jlk;fud y{k.kfp=.k ;qDr ,d fooj.k;qDr MsVkcsl dks fodkflr fd;k x;kA

i;kZoj.k dk mipkj

Hkw&ty ls Hkkjh /kkrqvksa dks [kRe djuk

Hkw&ty esa Hkkjh /kkrq iznw"k.k fodkl'khy ns'kksa esa fpUrk dk fo"k; gSA lsc dk HkqDr'ks"k ,d O;FkZ inkFkZ gS ftlls 
Lojl fudkyus ds ckn R;kx fn;k tkrk gSA bl v/;;u ls ;g fu"d"kZ fudyk gS fd lsc ds HkqDr'ks"k dks 
vo'kks"kd ds :i esa mi;ksx esa  ykdj Hkw ty esas /kkrqvksa  ds iznw"k.k ls cpk tk ldrk gSA

pk; esa lxa/k vkSj fo"kSyh /kkrqvksa dk v/;;u pk; dh xq.koÙkk vkSj mRiknu esa lrr fodkl dh iz;kstuk ds 
vkdyu esa mi;ksxh gksrh gSA

,u,pihlh dh eyok;qDr LFkyksa esa iqu% gfj;kyh

,u,pihlh dh eyok;qDr LFkyksa esa iqu% gfj;kyh ykus ds dk;Z dks bl o"kZ Hkh tkjh j[kk x;kA dqYyw ftys 
ds euhd.kZ] xM+lk vkSj lSat {ks=ksa esa jk"Vªh; tyfo|qr fuxe fy- dh 10 eyok;qDr LFkyksa esa laLFkku us iqu% 
gfj;kyh yk nh gSA rh[kh <ky ;qDr bu LFkyksa esa yksgs dh tkyh esa iRFkj Hkjd esM+ yxkbZ xbZ rkfd feêh ds 
dVko dks jksdk tk lds rFkk ikS/kkjksi.k fd;k tk ldsA laLFkku us ogka dh tyok;q ifjfLFkfr;ksa dks ns[krs gq, 
11 o`{k iztkfr;ks] >kfM+;ks ,oa 'kkdh; iztkfr;ksa dks yxk;k ftlesa ls Aesculus indica, Ailanthus excelsa, Alnus 
nepalensis, Pinus wallichiana, Cedrus deodara, Populus nigra, Robinia pseudoacacia, Salix tetrasperma, 
Punica granatum- pomegranate, Quercus leucotrichophora o ckal izeq[k gSaA bu o`{k iztkfr;ksa dks clUr 
_rq ¼ekpZ&vizSy½  vkSj cjlkr ¼tqykbZ&vxLr½ esa yxk;k x;kA 14370 ikS/kksa dks lHkh 10 LFkyksa esa yxk;k x;kA 
>kM+h dh ,d iztkfr Berberis lycium ds cht 'kkdh; iztkfr Rumex hastatus, R. nepalensis, Tagetes minuta, 
Trifolium alexandrinum, o Plantago ovate dks Hkh izkd`frd :i ls yxk;k x;kA
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ftuksfeDl ,oa izksfV;ksfeDl
vkyw ds thukse esa ,u,lh VªkalfØI'ku QSDVj ifjokj dh vfHkO;fä :ijs[kk

,u,lh ¼,u,,e, ATAF1 / 2 vkSj CUC2 çksVhUl tSfod vkSj vtSfod LVªsl çfrfØ;k vkSj gkekZsu ladsru esa 
egRoiw.kZ Hkwfedk fuHkkrs gSa- geus vkyw thukse MkVk esa 136 ,u,lh çksVhu dks cukus ckys 110 StNAC thu dh 
igpku dhA muds vjsfcMksfIll vkSj pkoy led{kksa ds StNACs dh oa'kkoyh fo'ys"k.k ls 18 milewgksa esa bu 
çksVhuksa foHkkftr fd;k x;k StNAC072 vkSj StNAC101 lfgr StNAC thu, futZyhdj.k, ds fy, mŸkjnk;h 
ik, x,- ;g 'kks/k vkyw ds StNAC thu ds lq/kkj esa  mi;ksx ds fy, Cyw fçaV miyC/k djk,xkA

QQwan çfrjks/kh Vªkaltsfud vkyw dk fodkl vkSj ewY;kadu

pk; ds iks/ks ds thauma�n dh rjg çksVhu (CsTLP) ds thu dks vksoj ,Dlizsl dj ds Vªkaltsfud vkyw ds 
ikS/kksa dks fodflr fd;k x;k gS- Vªkaltsfud vkyw dh QQwan çfrjks/k {kerk QQwan jksxtudksa] Macrophomina 
phaseolina vkSj Phytophthora infestans ds çfr vf/kd ikbZ x;h-

vdky ds ruko dh izfrfØ;k es dqYFkh ds izfrfyfi laxzg o LekWy dk ewY;kadu@fo'ys"k.k ¼lh-,l-
vkbZ-vkj-&okbZ-,l-,- ifj;kstuk½

dqYFkh ,d Qyhnkj ikS/kk gS tks fd fodkl”khy ns”kksa ds “kkdkgkjh vkgkj es izksVhu dk ,d egRoiw.kZ L=ksr gSA ;g 
,d vdky lfg".kq Qly gSA bls /;ku j[krs gq, bl ifj;kstuk dk mís”; vdky ds ruko es izHkkoh izfrfyfi;ksa] 
LekWy vkj-,u-,- esFkyhdj.k dh igpku o o.kZu djuk gSA Mh-,u-,- esFkyhdj.k ,d iqjkvuqokaf”kdh :ikarj.k 
gS tks ikS/kks esa fi=Sd O;fDrdj.k dks izHkkfor djrk gSA dqYFkh ¼eSØksVkbyksek ;wfu¶Ykksje ¼oSe½ ofnZd½ ds nks 
izkd`frd oa”koxksZa ,p ih ds lh&2 ¼vdky&laosnu'khy½ o ,p ih ds&4 ¼vdky lfg".kq½ esa lh-ih-th- esFkyhdj.k 
dh fofHkUurk dk v/;;u fd;k x;k gSA nksuksa gh oa”koxksZa esa lh-ih-th- esFkyhdj.k ds Lo:i dk v/;;u ,e-,l-
,-ih- rduhd }kjk fd;k x;k gSS urhtksa ls ;g Kkr gksrk gS fd ,p-ih-ds-lh-&2¼10-1½ esa ,p-ih-ds-&4¼8-6½ dh 
rqyuk esa vf/kd esFkyhdj.k gSA Øfed vuq:irk ;g n”kkZrh gS fd Mh-vkj-bZ- ftYn dkjd ¼lh-ch-,Q-&1½] ih vks 
tsM@ch Vh ch izksVhu rFkk Vh okbZ&1 dksfi;k jsVzksVzkalikstkWu dqYFkh ds Mh-,u-,- esFkyhdj.k ds O;ogkj ifjorZu 
ds fy;s ftEesnkj gSA nksuksa oa”koxksZa esa Mh-,u-,- esFkyhdj.k ds Lo:i dh fofHkUurk buds vdky&ruko ds izfr 
O;ogkj dks n”kkZrh gSA 

dqYFkh dk tSojklk;fud o izksfV;ksfud ewY;kadu ¼foKku ,oa rduhdh foHkkx] Hkkjr ljdkj }kjk 
foÙkiksf"kr½

blh ifj;kstuk esa igys fd;s x;s dk;Z dh fujarjrk esa ekudhd`r ewyfyfi ¼fQukWy iz.kkyh½ }kjk dqYFkh o vU; 
Qyhnkj ,oa Qyhjfgr ikS/kksa dk izksVhu fu"d"kZ.k fd;k x;k o fu"d"kZ.k izksVhu ls fofHkUu uewuksa dh xq.koRrk o 
ek=k dk vkadyu fd;k x;kA ;g ns[kk x;k fd pquh x;h iz.kkyh vPNh izdkj ls izksVhu fu"d"kZ.k esa l{ke gSA 

ekudhd`r ewyfyfi dks dqYFkh ds vafre izksfV;ksfed ijh{k.k ls igys] pkj fofHkUu ;kSfxdksa ¼dSfY”k;e DyksjkbM]
esxuht DyksjkbM] esxuhf”k;e DyksjkbM o lksfM;e DyksjkbM½ dks dqYFkh ds chtksa ls izpqj izksVhu ds fu"d"kZ.k 
gsrq iz;ksx fd;k x;kA ;g rqYukRed v//k;u ;g n”kkZrk gS fd esxuht DyksjkbM dqYFkh ds chtksa ls izpqj izksVhu 
ds fu"d"kZ.k esa lkoZf/kd l{ke gSA 

izpqj izksVhu dk fu"Ø"khdj.k yo.k ruko ds vUrxZr izHkkoh de@vi;kZIr izksVhu dh igpku es lgk;d gksxsaA 
bu izksVhu dk y{k.k&o.kZu ekYMh&VkWQ rduhd }kjk fd;k tk,xkA

lh-,l-,-,u-vkj- }kjk c<k;s x;s ¶ysou&3&vkSYl dh ijkmRifrewyd rEckdw esa vfr&vfHkO;fDr 

,sUFkkslkbfuUl rFkk ¶ysou&3&vkSYl ikS/kksa esa foLr`r :i es forfjr jgrs gSA budk la”ys'k.k ,d gh tSfod 
la”ysf'kr iFk }kjk gksrk gSA ,-,u-vkj- bl iFk dk “kk[kk fcUnq gSA ;g fd.od ,UFkkslkbfufMUl dks ¶ysou&3&vkSYl 
esa ifjofrZr djrk gSA Kkr gS fd pk; esa ¶ysoukWbMl vf/kd ek=k es ik;s tkrs gSA vr% ,UFkkslkbfula rFkk 
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¶ysou&3&vkSYl ds izHkko dks ns[kus ds fy, pk; ds lh-,l-,u-vkj- dh la;kstd Mh-,u-,- dks ijkmrifrewyd 
rEckdw ikS/ks esa vfrvfHkO;Dr fd;k x;k o ijkmRifrewyd rEckdw dks vuqokaf”kdh ih-lh-vkj- ,oa ijkfi=Sd dh 
vfHkO;fDr dks v/kZ&ifjek.kkRed ih-lh-vkj- ds ijh{k.k }kjk izekf.kr fd;k x;kA jkspd :i ls ijkmRifrewyd 
rEckdw ds gYds xqykch@lQsn jax ds Qwy taxyh rEckdw ds xgjs jax ds Qwyksa dh rqyuk esa ,UFkkslkbfuu 
dh ek=k ds ?kVus dks n”kkZrs gSA ekius ij bls de ik;k x;kA tcfd ijmRifÙkewyd rEckdw dh ifRr;ksa esa 
¶ysou&3&vkSYl dh c<+r ik;h x;hA lh-,l-,-,u-vkj- vfrvfHkO;Dr ijkmifrewyd rEckdw rFkk taxyh rEckdw 
ds fofHkUu iq'i Hkkxksa ¼ckg~; ny] ia[kqM+h] iqadslj] v.Mi½ es Hkh vU; ¶ysoukWbM tSola”ysf'kr ikS/kksa ds fi=Sdksa dh 
vfHkO;fDr dk ifj{k.k fd;k x;kA taxyh rEckdw dh rqyuk esa lh-,l-,-,u-vkj- ijkmRifrewyd rEckdw ds lHkh 
iq"i Hkkxksa esa ih-,-,y- rFkk dSydksu vkblksejst fi=Sdksa dk izfrfyfi Lrj fuEu&fu;af=r Fkk tcfd dSydksu 
flUFkst] ¶ysokuksu&3&gkbMzksDlhyst] ¶yksoksuksy flUFkst] ,UFkkslkbfuu fjMDVst&1 o ,UFkkslkbfuu fjMDVst&2 
ds fi=Sdksa dk izfrfyfi Lrj mPp&fu;af=r FkkA Qwy ds fofHkUu Hkkxksa esa Mh-,Q-vkj- rFkk ,-,u-,l- fi=Sdksa dk 
O;fDrdj.k Hkh lh-,l-,u-vkj- ds vfr&vfHkO;Dr gksus ds dkj.k vifjofrZr FkkA vr% rEckdw ds Qwyksa esa lh-,l-
,-,u-vkj- dk vfr&vfHkO;fDrdj.k fofHkUu ¶ysoukWbM tSola”ys'k.k ekxZ ds fi=Sdksa ds O;fDrdj.k dks Bhd djds 
muds ¶ysou&3&vkSYl dh ek=k dks c<+krk gSA o ,UFkkslkbfuu dks gVkrk gSA ;g cnyko lEHkor% lh-,l-,-,u-
vkj- ijkmRifÙkewyd rEckdw esa ijkx.k ls igys gh ijkxdks'k esa gksrs gq, Hkh ijkxksa esa ijkxuyh dh mifLFkfr 
ds fy, mrjnk;h gSA

vkWDlhdj.kjks/kh ds lUnHkZ esa ¶ysoksuksy flUFkst lkbysUlM rEckdw dk y{k.k&o.kZu

¶ysou&3&vkSYl ¼dSVsfdu o ,ihdSVsfdu½ vtSfod :Ik esa izR;{k eqDr d.kksa ds laektZd ds :Ik es tkuk tkrk 
gSA ijUrq tSfod :Ik es vkWDlhdj.kjks/kh fd.odksa ds lkFk budh vkWDlhdj.kjks/kh {kerk dk v/;;u ugh gqvk gSA 
rEckdw ¶ysou&3&vkSYl ds mRiknu es lfEefyr eSVkcksykbV dks funsZf”kr djus ds fy;s ¶ysoksuksy flUFkst dks 
dksfMr djus okys fi=Sd dks ekSu djds ¶ysoukWbM ekxZ dk vfHk;a=.k fd;k x;k gSA ,Q-,y-,l- dks “kkar djus 
ds i”pkr ¶ysoksukWy dh ek=k esa 17&53 izfr”kr dh deh ik;h x;h tcfd dSVsfdu o ,ihdSVsfdu dh ek=k esa 
Øe”k% 51&93 izfr”kr o 18&27 izfr”kr dh c<+ksrjh gqbZA ,Q-,y-,l- ekSu Jsf.k;ksa esa ¶ysou&3&vkSYl ds lap;u  
dk izfrfyfi Lrj o vkDlhdj.k jks/kh fd.odksa ds fØ;k Lrj dk v/;;u fd;k x;k] ,Q-,y-,l- ekSu rEckdw 
esa vkDlhdj.k jks/kh fd.odksa th-vkj-] ,-ih-,Dl- dSV dk izfrfyfi Lrj c<+k gqvk Fkk tcfd th-,l-Vh- dk Lrj 
de FkkA ,Q-,y-,l- ekSu rEckdw esa vkDlhdj.k jks/kh fd.odkas dh vf/kd lfØ;rk ns[kh x;hA bldh iqf'V ds 
fy, ,d iz;ksx fd;k x;k ftlesa rEckdw ds vadqjksa dks dSVsfdu dh fofHkUu lkUnzrkvksa esa j[kk x;kA dSVsfdu esa 
vuko`Rk ds vadqjksa ds vkDlhdj.k jks/kh fd.odksa ds izfrfyfi;ksa esa oSlh gh izo`fr ns[kh x;h tSlh ,Q-,y-,l- ekSu 
rEckdw ds vadqjksa es ns[kh xbZ FkhA ifj.kkeksa ls ;g Kkr gksrk gS fd laHkor%  ¶ysou&3&vkSYl th-vkj-] ,-ih-
,Dl-] dSV ds laokgd vkj-,u-,- Lrj dks mUur djds mudh fØ;kRedrk dks c<k jgk gSA blfy;s ;g mik; 
dSVfdu dh mRikndrk c<+kus ds fy, Qlyksa ds thou ds lkFk gh mUgsa th.kZdkjh ruko ds fo:) lfg".kq cukus 
es lgk;d gksxkA

rEckdw esa yo.k&ruko ds le; ¶ysoukWbM tSola'ys"k.k o vkWDlhdj.kjks/kh rU=ksa ds iqjkvuqokaf'kdh 
fu;a=.k esa vjkfcMkWifll ds jkWl&1 fi=Sd ds izHkko dk ewY;kadu 

;g tkuus ds fy, fd yo.k&ruko ds le; ¶ysoukbM o vkWDlhdj.kjks/kh rU= iqjkvuqokaf”kdh fu;a=.k esa gS ;k 
ugh vjSfcMkWifll ds jkWl&1 fi=Sd dks vfrvfHkO;Dr djus okys rEckdw ds ikS/ks dks fodflr fd;k tk,xkA bkds 
fy, vjSfcMkWifll ls jkWl&1 ds la;kstd Mh-,u-,- dks i`Fkd dj mls ih-bZ-th-,-Mh- lfn”k esa izfr:fir fd;k 
x;k gSA bl iqulZa;kstd ih-bZ-th-,-Mh&jkWl&,d lfn”k dks ,xzkscSDVhfj;k e/;LFk :ikarj.k }kjk ijkmRifr ewyd 
rEckdw mRiUu djus ds fy;s iz;qDr fd;k tkrk gSA
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ikS/kksa esa izksVhu~l dh la[;k nksxquh djus gsrq ,DlIyksjsVjh  v/;;u 

ikS/kksa esa izksVhu~l dh la[;k nksxquh djus gsrq ,DlIyksjsVjh  v/;;u % izksVhu cuus dh izfØ;k ATG dksMksu ls gh 
D;ksa ‘kq# gksrh gSA bl ftKklk ds v/kkj ij bl ifj;kstuk ds vUrxZr ATG dksMksu ds vfrfjDr vU; fdlh 
dksMksu ls izksVhu cukus dh izkjfEHkd izfØ;k dh laHkkouk dk v/;;u fd;k x;kA

vU/ksjh ifjfLFkfr;ksa esa ikS/kksa dh cpko] fodkl vkSj cgqxq.ku gsrq vUos"k.k

bl ifj;kstuk ds vUrxZr ikS/kksa dh izdk'k ij fuHkZjrk ds fodYi dk v/;;u fd;k x;kA blds vUrxZr NADPH 

jlk;u }kjk ikS/kksa ds fodkl ij ldkjkRed vlj ik;k x;kA

dEI;wVs'kuy thofoKku ,oa lwpuk thofoKku
osapqfj;k busbD;wfyl dk la;kstu daI;wVs'kuy vkSj fo'ys"k.k dh Ja`[kyk ds ckn fd;k x;kA thuksfed flDosafll 
vkSj NSG ls miRNA dh igpku djus ds fy, lcls LVhd lkW¶Vos;j fodflr fd;k x;kA 

uSuksrduhd
DosjlsfVu ds larqfyr o vuojr fuxZeu gsrq ikS/kksa ds rRoksa }kjk la'ysf"kr ih-,y-,- uSuks d.k&,d 
gfjr izLrko

/kkrq uSuksa d.kksa dk gfjr la”ys'k.k ikS/k&rRoksa }kjk lapkfjr gksrk gSA ftuesa fLFkjd@ik;l ds xq.k gksrs gSA ;g 
,slk izFke v/;;u gS ftles ikS/k&rRoksa dks lM+u”khy ih-,y-,- uSuks d.kksa ds mRiknu esa iz;ksx fd;k x;k gSA 
ikjEifjd i)fr;ka tks fd fo"kkDr inkFkksZa ds iz;ksx ls lEiUu gksrh gSA ijUrq orZeku v/;;u ikS/k&rRoksa ds iz;kl 
ih-,y-,- uSuks d.kksa ds fuekZ.k ij vk/kkfjr gSA orZeku i)fr ls rS;kj uSuks d.k DosjlsfVu ds larqfyr fuxZeu es 
lgk;d gSA buds fuekZ.k ds fy;s eq[;r% iÙkh ds rRoksa dk iz;ksx fd;k x;k gSA ikS/k rRoksa ds e/;LFk la”ys'k.k 
ij vk/kkfjr bl izLrko us izkofjr nokbZ;ksa@NksVs v.kqvkas rFkk vU; tSofØ;kRed ?kVdksa ds lqjf{kr tSoforj.k 
ds ekxZ dks lgt cuk fn;k x;k gSA ;g nokbZ;ksa dk mipkj {kerk c<+kus esa lgk;d gksaxsA lkFk gh vU; ikS/kksa 
ds vUos"k.k esa Hkh lgk;d gksaxsA  

izkd`frd ikni jklk;fudh
'krkoj ¼,sLisjsxl jsfleksll½ 

vk;qosZn esa 'krkoj dks ok;qfodkl] vYlj] Luk;q lacU/kh fodkj] iznkgd] ;d`r jksx] vip] nqX/klkzoh ds mipkj 
ds :i esa fd;k tkrk gSA 'krkoj dh tM+ ls u;s LVhjk;My liksfuul lVkojkslkbM&lh vkSj MkbfQukby 
isaVkMkbvkWy dk 'kqf)dj.k fd;k x;kA lkFk gh ikap Kkr ;kSfxdksa dk Hkh 'kqf)dj.k fd;k x;kA

xqMqfp ¼fVuksLiksjk dkWfMZQksfy;k½ 

;g ikS/kk vius izfrj{kk xfrfof/k ds fy, tkuk tkrk gSA orZeku v/;;u esa ikyhekWQkZsU;wfDy;j Y;wdkslkbV QaDlu 
VsLV dk iz;ksx djds izfrj{kk xfrfof/k ds fy, fofHkUu ikWyhlSdsjkbM ls le`) va'k  dk fuekZ.k ,oa ewY;kadu 
fd;k x;kA th-lh-,e-,l- }kjk Kkr gqvk fd lfØ; ikWyhlSdsjkbM va'k esa Xywdkst izDVkst ,oa ,sjsfcukst FksA 

fiad jsu fyyh ¼tSfQjsUFkhl xzSafM¶yksjk½

bl lewg dh iztkfr;ka V~;wej] e/kqesg vkSj fofHkUu Fksjsfi;ksfVd izHkkoksa ds iz;qDr gksrs gSaA bl oa'k ds lfØ; ;kSfxd 
,esjkbfyM~slh ,YdsykbM fofHkUu vkS"k/kh; xfrfof/k;ksa ds fy, ftEesnkj gSA tSfQjsUFkhFk xzSaMh¶yksjk esa ck;ks,fDVo 
,esjkbjhMslh ,DysykW;Ml ¼jkbdksjsehu gsekbu] gsekuFkehu vkSj VksjVkslhu½ ds fu/kkZj.k gsrq ljy vkSj fo'oluh; 
;wih,ylh fof/k fodflr dh xbZ gSA
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Ldhfe;k ¼Ldhfe;k yksfjvksyk½

Ldhfe;k yksfjvksyk ds ty ok"ihdj.k }kjk fu"df"kZr  rsy dk fo'ys"k.k thlh&,e,l rduhd ls fd;k x;kA 
bl izdkj 20 ?kVdksa dh mifLFkfr dk irk pyk tks dqy rsy dk 94-6% FkkA 

fiØksjkbtk ¼fiØksjkbtk dq#vk½

bl ikS/ks ds gokbZ Hkkx ds ,u-&C;wVsukWy jlksa ls nks ;kSfxd fudkys x;sA budh igpku Y;wfV;ksfyu&5 vks 
XywdkslkbM vkSj fiflbu ds :i esa dh xbZA blds jl] va'k ,oa 'kqf)d`r ;kSfxdksa esa izfrvkWDlhdkjd xfrfof/k 
ds xq.k ik, x,A fiØksjkbtk dq#vk dh 56 uewuksa dk fiØkslkbM A o AA dh ek=k ds fy, ,pih,ylh }kjk 
fo'ys"k.k fd;k x;k tks 0-15 ls 6-7% ek=k esa ik, x,A

lh&cd&FkkWuZ ¼fgIiksQh jseukbfMl½

bl ifj;kstuk ds vUrxZr fgiksQjsukWbM ds fofHkUu jlksa dk muds jsfM;ks lqj{kkRed izHkko ds fy, tkap dh xbZA 
,d jl esa lokZf/kd izHkko ik;k x;kA

;wdsfyIVl ¼;wdsfyIVl ;ksekuh½ 

;wdsfyIVl dh ifÙk;ksa ls iz;ksx'kkyk iSekus esa ty vk/kkfjr izfØ;k }kjk :Vhu 'kqf)dj.k izfØ;k fodflr dh 
xbZA

bafM;u gkWlZ psLVuV ¼,ldqyl bafMdk½

ou[kksM+ ls chVk&,flu ds 'kqf)dj.k ds fy, iz;ksx'kkyk iSekus ij rjy&rjy fu"d"kZ.k bdkbZ iz;ksx dh xbZA

neLd xqykc ¼jkstk Msesfluk½

neLd xqykc ds rkts Qwyksa ¼10580-7 fd-xzk-½ dk o`gn Lrj ij vklou dj 3-789 yhVj xqykc rsy fudkyk 
x;k rFkk 1800 yhVj xqykc ty dk mRiknu fd;k x;kA if'peh fgekpy; {ks= ds vUrxZr jkstk Msesfluk ds 
lxa/k rsy dh mit o la?kVu ij fofHkUu [kk| ds izHkko dk v/;;u djus ds fy, ,d iz;ksx fd;k x;k ftlesa 
90%80%90 fdyksxzke ,uihds izfr gS- ds mi;ksx ls 50 izfr'kr ls vf/kd Qwyksa dh ek=k easa o`f) ikbZ xbZA

dVkbZ dh frfFk dk neLd xqykc ds lxa/k rsy dh ek=k rFkk lajpuk ij izHkko dk v/;;u djus ds fy, 2012 
ds nkSjku ,d iz;ksx fd;k x;k ftlls irk pyk fd dVkbZ dh frfFk neLd xqykc ds Qwyksa ds lxa/k rsy dh 
ek=k rFkk lajpuk dks dkQh izHkkfor djrh gSA

eqLdckyk ¼osysfj;kuk tVkekalh½

osysfj;kuk tVkekalh dh 3 uewuksa dk osyhiksVsjh,V ek=k ds fy, ,pih,ylh }kjk fo'ys"k.k fd;k x;k tks fd 0-5 
ls 2-1 izfr'kr dh lhek esa ik, x,A

pkj ikS/kksa ls 50 ØwM fu"d"kZ.k rS;kj fd, x, rFkk mudk jsfM;ksU;wfDykbM mnxzg.k ds fy, ewY;kadu fd;k x;k 
,oa muesa ls dsoy 4 fu"d"kZ.kksa ds vPNs ifj.kke vk,A

ikap fofHkUu QuZ] ,fM,uVe bukflle] fMIysft;e eSfDtee]  VSjhfM;e bDohflVe vkSj fMIysft;e ,ldqysUVe 
dk esFksukWy % ty ¼80%20½ ds lkFk fu"d"kZ.k fd;k x;kA bu fu"d"kZ.kksa dh dhVuk'kd xfrfof/k;ksa ds fy, tkap 
dh xbZ ftlesa ls MkbIysft;e eSfDlel esa ykjohlkbMy xfrfof/k fn[kkbZ nhA

isfDVu dks 3 fofHkUu fof/k ls vyx&vyx rkieku] ih-,p- vkSj vEy }kjk mipkj fd;k x;k 'kq) isfDVu ds 
,YMhVksy ,flVsV O;wRiUu cuk, x, ,oa mudk thlh,e,l }kjk fo'ysf"kr fd;k x;kA 
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lsc [kyh ls fu"df"kZr vkgkjh; js'kksa ds ykbQksykbt uewus ls esuks lsDdsjkbM bdkb;ksa ds O;qriUu cuk, x, 
ftudk thlh,e,l }kjk fu/kkZj.k fd;k x;kA 

XyqdksfluksysV ds gkbMªksfyfVd mRikn ds fu"d"kZ.k ds fy, izksVksdkWy ekudhd`r djus ds Øe esa czsfldk tkafl;k 
,oa b#dk LVkbok ds fofHkUu cht fdLeksa dh vyx&vyx foyk;dksa }kjk fu"d"kZ.k fd;k x;k] ftuesa ?kVdksa dk 
thlh ,e,l }kjk fo'ys"k.k fd;k x;kA 

izd`fr esa mifLFkr fyeksuhu ls ,YMksy la?kVu O;qRiUu xkek&C;wVkbZjksysDVksu la'ys"k.k ds fy, fof/k fodflr dh 
xbZ ftlesa izfr vkWDlhdjd xfrfof/k ikbZ xbZA

ihbZth 400 esa ftad FkSykslkbfud ds lkFk ukbVks,jhu dk vR;kf/kd p;ukRed vip;u fd;k x;kA ftlesa 
gkbMªksthugkbMªsV dk mipkid ds :i esa mi;ksx fd;k x;kA dkcZfuy ;kSfxdksa dk fjMfDVe vekbus'ku fd;k 
x;k ftlesa vekbu vPNh ek=k esa izkIr gq,] bl fof/k ls fofHkUu vekbu ds lkFk 2&dkoksZvkWDlhcsUtyMhgkbM 
dk VsUMe vehus'ku }kjk ,gkbMªsthugkbVMªsV vkblksb.Mksfyuksu cuk, x,A

dksckYV Fksykslk;uhu dk mRizsjd dh rjg iz;ksx dj ,ehuslu&,ekbMslu }kjk mPp dSekslsysfDju vkSj mRd`"V 
ek=k ds  lkFk ,u&izfrLFkkfir vkblksb.Mksa dk la'ys"k.k fd;k x;kA 

PEG-400 ds lkFk fudy FkSykslk;uhu vkSj gkbMªkstu lzksr ds :i esa lksfM;e cksjksgkbMªkbM dk mi;ksx dj 
dkcZfud ;kSfxdksa dh dSek vkSj jhftlks,ysfDVo vip;u djus ds fy, dq'ky iquiZz;kstu ,oa xzhu fof/k fodflr 
dh xbZA

1]3&MkbfeFkkbyhfeMtksfy;e gkbMªkstu dkcksZusV dk ,d dq'ky vkxZyksDSVsfyLV ds :i esa mi;ksx dj 
vkxsZuksukbVkby dk laØe.k ;qDr /kkrq ty;kstu ls ,ekbu dk eSekslsysfDVo ty;kstu fd;k x;k gSA

Bksl liksZVM isysfM;e mRizsjd ls ukbVks,jhu dk dSekslsysfDVo vip;u fd;k x;k ftlesa ,ehu vPNh ek=k esa 
izkIr gq,, yhxsZUM eqDr Bksl liksZVM uSuks vkSj lw{ed.kksa dk fotkrh; mRizsjd ds :i esa iz;ksx dj dkcZu fc"ke 
ijek.kq cU/k dk xBu fd;k x;kA ftlesa ukbVks&izfrLFkkfir ,jkbygSykbM dh vkDlhtu] lYQj vkSj ukbVªkstu 
U;wfDy;ksQkby ds lkFk vfHkfØ;k esa blh mRikn dh vPNh ek=k izkIr gqbZA 

,dy vkSj cgqin gSd vfHkfØ;kvksa dks iznf'kZr djus ds fy, Bksl liksZVM iSysfM;e uSuks vkSj lw{ed.kksa dks 
lfØ; fd;k x;kA 

jksfM;e ds Bksl uSuks o lw{e d.kksa dk ;qXeu vfHkfØ;k ds fy, ,d fyxsaUM ;qDr fotkrh; mRiszjd ds :i esa 
foLr`r J`a[kyk ds lkFk rS;kj ,oa ykxw fd;k x;kA

cgqyd fLFkj xksykdkj :Fkhfu;e uSuks d.kksa dks rS;kj ,oa y{k.kfpf=r fd;k x;kA ftlesa vk.kfod vkDlhtu dk 
iz;ksx cSUtkbfyu vkSj ,ykbfyu ,Ydksgy dk blds dkcksZfuy esa p;ukRed vkDlhdj.k ds fy, ,d fotkrh; 
mRizsjd ds :i esa dk;Z fd;k x;kA

vPNh ek=k ,oa de le; esa 3&4 MkbgkbMªksikbjhfuMhu dk eYVhdEiksusUV la'ys"k.k ds fy, vehuks ,flM 
vkifud nzO; dk xzhu mRisjd ds :i esa iz;ksx fd;k x;kA 

cgqrk;kr esa miyC/k esFkkWDlhysVsM fQukby izksVhu ls flusekby ;kSfxdksa dh J`a[kyk dk la'ys"k.k fd;k x;k 
vkSj 14 vljnkj cSDVhfj;y vkSj Qaxy jksxtudksa ds fo#) czksFk ekbØksMkbY;wlu fof/k }kjk mudh jksxk.kqjks/kh 
xfrfof/k ds fy, ewY;kadu fd;k x;kA
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LVhfo;k ¼LVhfo;k jsckfM;kuk½

LVhfo;k dh mRikndrk ,oa xq.koÙkk ij fufiax vkSj iÙks ds fu"kspu ds izHkko dks ns[kus ds fy, ,d iz;ksx fd;k 
x;kA LVhfo;k dh f'k[kj dfy;ksa dh fufiax ls xq.koÙkk dks izHkkfor fd, fcuk 'kk[kkvksa esa o`f) gqbZ vkSj var esa 
lw[kh iÙkh mit esa ukWu fufiax dh rqyuk esa 13 ls 17% dh of`) gqbZA 

DyksjkfQy lkexzh lwpdkad ewY; vkSj dqy DyksjksfQy lkexzh ds chp dqy DyksjksfQy ds xSj izHkkdkjh vkdyu 
ds fy, mi;qDr xf.krh; lacU/k LFkkfir djus ds fy, iz;ksx 'kq# fd;k x;k ftuesa cgqin izfrxeu ekWMy dqy 
DyksjksfQy dh xSj fouk'kdkjh vkdyu ds fy, mi;qDr gSA

fofu;ked vuqla/kku dsUnz
laLFkku ds fofu;ked vuaqla/kku dsUnz eas if'peh fgeky; dh tSolaink ls mRikfnr v.kqvksa dh ik=s o thos tkap 
muds dØ jksx] e/kqesg] xqnsZ ,oa ftxj ls lacfU/kr jksxksa ds fy, dh tk jgh gSA mlh ds lkFk bl dsUnz esa ,u 
vUu ?kVdksa] lkSan;Z izlk/kuksa rFkk vkS"k/kh; mRiknksa dh fo"k fo|k lacU/kh ijh{k.kksa dks fd;k tk jgk gSA

868-GFP izksRlkgd tky ykbu ds fo'ys"k.k ;g Kkr gksrk gS fd ckjh thu (T-DNA) dh izfof”V dkYifud thu 
(AT4G10596) ds 461 bP Åij gqbZ gS ftlesa fjiksVZj dh vfHkO;fDr ijkxdks”k fof'k"V gSA ,jksfcMksfIll dh taxyh 
,oa la'kksf/kr ftlesa T-DNA le;qXed voLFkk esa gS esa At4G 10596 thu dh vfHkO;fDr lHkh mrdksa esa rqyukRed 
ikbZ xbZ] tcfd GFP fjiksVZj thu dh vfHkO;fDr ijkxdks”k fof'k"V esa ikbZ xbZ] ftlls ;g irk pyrk gS fd 
461bP dk VqdM+k f}fn'kd izksRlkgd dk dke djrk gSA vr%] tc nksgjh izksRlkgu dh {kerk dh tkap gsrq ;g 
VqdM+k GUS fjiksVZj thu ds lkFk fn'kkRed rjhds ls Dyksu fd;k x;k gSA fn'kkRed Dyksu ds tkap ls ;g irk 
pyk fd GUS fjiksVZj thu dh vfHkO;fDr Hkh ijkxdks"k fof'k"V gS] ftlls ;g izekf.kr gksrk gS fd 461 bP dk 
VqdMk ijkxdks"k fof'k"V f}fnf'kd izksRlkgu dk dke djus esa l{ke gSA ,jksfCMksfIll dh taxyh iztkfr 461 bP 
ds mij fdlh Hkh VªkalfØIV dk u cuuk ;g n'kkZrk gS fd ;g ,d xqIr izksRlkgd gSA ;g vuqla/kku izksRlkgd 
tky rduhd ,oa ,sls izksRlkgd dks vyx dj csgrj vuqla/kku djus dh egrk dh vkssj izdk'k Mkyrk gSA

Qly lq/kkj ds fy, ogqfoZ"k;h i)fr
iksMksQkbye gSDlS.Mªe

iksMksQkbye gSDlS.Mªe jk;y ,d yqIrizk;% iztkfr gS ftls es ,Iiy ds uke ls Hkh tkuk tkrk gSA ;g fgeky; 
ds mPp ioZrh; {ks=ksa esa ynk[k ls flfDde rd 3000&4200 ehVj dh ÅapkbZ esa ik;k tkrk gSA bldh tM+sa 
^iksMksQkbyksVkWDlhu* uked fyfXuu dk eq[; lzksr gS ftlesa dsalj jks/kh fo'ks"krk gksrh gSA

iksMksQkbye gSDlS.Mªe jk;y esa uohu ;wuhthu ;qDr ekbØkslsVsykbV fpUgdksa dh [kkst ,oa  
y{k.kfp=.k

izHkkoh laj{k.k ds fy, vkuqokaf'kd fofo/krk Lrj vkSj forj.k {ks= ds vkdyu fd;k fd;k x;kA ijorhZ MkVk 
ekbfuax ds fy, 1084 FASTA QksjesVsM EST flDosafll dks ,ulhchvkbZ ls iqu% izkIr fd;k x;kA

iksMksfQYe gSDlSaMe jk;y ¼ouddM+h½ ,oa ,dksfuVe gSVksfQYe mPp ioZrh; {ks=ksa esa ik, tkus okys ikS/ks gSaA bu 
ikS/kksa dk izlkj ikjEifjd :i esa chtksa }kjk gksrk gSA ijUrq cht lq"kqIrkoLFkk ds dkj.k izlkj djuk dfBu gSA 
orZeku v/;;u esa bu nksuks ikS/kksa dh cht lajpukRed dkf;dh vkSj tSo jklk;fud ck/kkvksa dks cht vadqj.k ds 
le; izksVhu esa ifjorZu ds ek/;e ls le>kus dk iz;kl fd;k x;k gSA rqyukRed izksVhu ifjorZu fo'ys"k.k ls 
irk pyrk gS fd cht vadqj.k esa ck/kk igqapkus okys Hkwz.kiks"k dksf'kdkvksa ds ladyu djus okys mi;ksxh izksVhu 
tSls fd bi-3 Xyqdkusl] XET ,DLisukflu tks fd ,ckflfld vEy ,oa ftczsfyd vEy tSls gkeksZu ls fu;af=r 
gksrh gS] tho vdj.k esa fu.kkZ;d Hkwfedk fuHkkrs gSaaA 
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,dksfuVe gSVjksfQye 

fiNys v/;;u dks tkjh j[krs gq, ,Fkuksy esa mipkfjr vkSj vumipkfjr vadqfjr chtksa esa rqyukRed fo'ys"k.k 
izksVhu izksQkby esa Qsl AA esa 40 fofHkUu ,DlizSlM izksVhu dks fjdkMZ fd;k x;kA

ckxkuh Qlysa
pk; ,d cgqr gh egRoiw.kZ Qly gS D;ksafd blesa ik, tkus okys f}rh;d mRikn eq[;r% dsfVfdu vkSj blds 
O;qRiUu vkS"k/kh; xq.k j[krs gSaA pk; ds cgqr egRoiw.kZ gksus ds lkFk cgqr ls tSfod vkSj vtSfod dkjd blds 
mRiknu dks izHkkfor djrs gSaA fofHkUu tSfod dkjdksa esa ls fCyLVj CykbV ,d cgqr gh egRoiw.kZ jksx gS tks 
pk; ds mRiknu rFkk xq.kork dks dkQh gn rd de dj nsrk gSA blh izdkj vtSfod dkjdksa esa ls vuko`f"V 
,d cgqr gh egRoiw.kZ dkjd gS tks pk; ds mRiknu dks izHkkfor djrk gSA pk; ds vkuqokaf'kdh ds ckjs esa cgqr 
vf/kd tkudkjh u gksus ds dkj.k bldh mRikndrk dks fofHkUu izdkj ds tSfod vkSj vtSfod dkjd izHkkfor 
dj jgs gSaA pk; dh vkuqokaf'kdh] thu lewg dh lajpuk rFkk ubZ vPNh mRikndrk okyh fdLe dks cukus ds 
fy, geus fCyLVj cykbV izfrjks/kh SA6 vkSj fCyLVj CykbV laosnu'khy vk'kk ikS/kksa dk VªkalfØIVkse fd;kA 
bl VªkalfØIVkse ls geus 973 ekbØks lsVsykbV  ekjdj cuk,A bu 973 fpUgdksa dks 30 fofHkUu iztkfr;ksa ij 
osfyMsV fd;kA fCyLVj CykbV SA6 vkSj fCyLVj CykbV laosnu'khy ^vk'kk* ls mRikfnr 213 dh F1 ih<+h ij 
83 ekbØkslsVsykbV ekjdj ls budk i`FFkddj.k izfr:i ns[kkA blds vk/kkj ij ge pk; dk tSusfVd ekufp= 
cuk,axs ftlls lkbVksykftdy vkSj fQftdy ekufp= cukus esa enn feysxhA bl ekufp= ls iksft'kuy Dyksafux 
dk mi;ksx djrs gq, ge fCyLVj CykbV izfrjks/kh thu dh igpku djsaxsA Hkfo”; esa fCyLVj CykbZV ds fy, 
laosnu'khy ysfdu vPNh xq.koÙkk okys pk; dh fdLe esa fCyLVj CykbV izfrjks/kh thu Mkydj ge fCyLVj CykbV 
laosnu'khy ikS/kksa dh xq.koÙkk c<+kus dh laHkkouk dks c<+k ldrs gSaA bl izdkj Hkkjr dh oSf'od vFkZO;oLFkk dks 
c<+kus esa lgk;d gksxkA

pk; ikS/kksa ds LisDVªy O;ogkj dks tkuus ds fy, gkbijLisDVªy MkVk fo'ys"k.k

pk; ds ikS?kksa dh xq.koÙkk ,oa ek=k mldh fdLe] ikS/kksa ds dky] o`f) Lrj] dkaV&NkaV Lrj] izdk'k ifjfLFkfr;ksa 
vkSj O;kf/k vkfn ij fuHkZj djrh gSA gkbijLisDVªy MkVk esa ;g ;ksX;rk gksrh gS fd os ouLifr esa LisDVªy  
fofo/krk dk irk yxk ysrh gSA blfy, pk; ikS/kksa ds LisDVªy O;ogkj dks tkuus ds fy, gkbijLisDVªy MkVk 
fo'ys"k.k ds fy, ,d v/;;u fd;k x;kA 

Js"B jksi.k lkexzh dk p;u 

dkaxM+k tkV vkSj f}Dyksu cht Lda/kksa ls p;fur ekr` ikS/kksa Dyksu;qDr ikS/kksa ds ewY;kdau ds dk;Z dks tkjh j[kk 
x;kA eupkgs vkdkj dh pk; iÙkh dh rqM+kbZ ds fy, fLdfQax e'khu dh rhljs o"kZ dk;Z fu"ikndrk tkaph xbZ 
rFkk okafNr ifj.kke ik;k x;kA ijh{k.kksa ds vk/kkj ij dkaxM+k esa pk; dh O;kolkf;d [ksrh ds fy, lhb,Q&02 
ifjxzg.k dks ^fge LQwfrZ* uke dh ,d fdLe dks tkjh fd;k x;k blls 37 izfr'kr vf/kd ek=k esa Qly izkIr 
gksrh gSA 

fgeLQwfrZ

laLFkku }kjk tkjh fgeLQwfrZ dh eq[; fo'ks"krk,a

dkaxM+k pk; dh lSadM+kas o"kZ iqjkuh pk; ls fodflr dh xbZA bldk ikS/k'kkyk esa Js"B izn'kZu jgk gSA bldk Lokn 
dkaxM+k tkV] dkaxM+k vk'kk vkSj miklh 09 ls csgrj gS] rFkk ;g fCyLVj CykbZV ls de izHkkfor gksrh gSA
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dkaxM+k dh ijEijkxr dkyh pk; ds xq.koÙkk iSekus ds Rofjr igpku ds fy, b&fotu dk 
ekudhdj.k

fFk;k¶ysfou vkSj fFk;kfofxy pk; ds jax vkSj ped dks c<+kus ds fy, nks egRoiw.kZ jklk;fud ;kSfxd gSaA lh&Msd 
}kjk ,d b&fotu dks fodflr fd;k x;k gSA bl iz.kkyh dks ijEijkxr dkyh pk; ij xq.koÙkk ds fy, ijhf{kr 
fd;k x;k] ftlds vPNs ifj.kke lkeus vk, gSaA 

ckWal 

lw{eizo/kZu vkSj iz{ks= esa gLrkraj.k

xqMqvk ,xqfLVQksfy;k

xqMqvk ,xqfLVQksfy;k ds bu&foVªks lao/kksZa esa lanw”k.kksa dh igpku ds fy, ,d v/;;u fd;k x;kA ;g  
lao/kZ isaVks;k ,xyksejul vkSj ih- ,ukfufVl thok.kqvksa ls lanwf"kr ik, x,A budks 10 fnuksa rd dsukfeflu dh  
fu/kZfjr ek=k ls gVk;k x;kA QlyLo:i LoLF; vkSj fo"kk.kq jfgr vadqj.k izkIr gqvkA

vkuqokaf'kd :ikarj.k

MsaMªksdsykel gsfeyVksukbZ

ikS/kksa dh vuqdwyu'khyrk dks c<+kus ds fy, Vªkaltsfud ikS/kksa dks rS;kj djus ds fy, ,d izksVksdky dks fodflr 
fd;k x;k ftlls fd 'kqd e#LFkyksa esa Hkh blds ikS/ks yxk, tk ldsaxsA

m|ksxksa ds fy, egRoiw.kZ jhM ckWal ¼vkdysaMjk Vªsoudksfj;k½ 

ckWal dh fofHkUu iztkfr;ksa esa vksdysaMjk  dsjy ds if'peh ?kkV esa cgqr vf/kd la[;k esa QSyk gqvk gSA

jax ,oa jatd
vjusfc;k iztkfr;ka

vjusfc;k iztkfr dk fldksfuu la'ys"k.k esVkoksykse ds fo'ks"k lanHkZ esa rqyukRed v/;;u ¼tSoizkS|ksfxdh 
foHkkx] Hkkjr ljdkj }kjk foÙkiksf"kr½

vjusfc;k dh rhu iztkfr;ksa dks fgekpy izns'k ds mPp tyok;q okys {ks=ksa ls ,df=r djds fldksfuu tSo la'ys"k.k 
ds esVkcksyke v/;;u fd;k x;kA vjusfc;k xqVkVk dks rkcks {ks= ¼3280 eh-½ ftyk ykgkSy ,oa Lihfr fgekpy 
izns'k rFkk vjusfc;k cSaFkeh dks pEck ftys ds ;kMk {ks= ¼3455 eh-½ dh ÅapkbZ ls ,df=r fd;k x;kA RP-HPLC
mik; ls 60 uewuksa dks fofHkUu lxa/k vEyksa lfgr lsdsUMjh esVkoksykbV ds lkFk fo'ysf"kr fd;k x;kA  

[kk| ,oa elkyk Qlysa

lsc iksesl 

lsc iksesl ls chtksa dks vyx djus ds fy, ,d izksVksVkbi dks fodflr fd;k x;k rFkk bldk ,d isVsaV Hkh 
Qkby fd;k x;k gSA ,d LorU= ,tsUlh ds }kjk fodkflr vkgkjh; jslksa dk lqj{kk ewY;kadu iqu% fu/kkZfjr fd;k 
x;kA fu"d"k.kZ rduhd ls vkgkjh; jslksa ls cgqr ls mRiknksa dks Hkh fodflr fd;k x;k gSA 

dslj

dslj ,d cgqewY; Qly gS ftldks [kk| inkFkksaZ esa jax o lqxa/k ,oa vkS"k/kh; mi;ksx ds fy, iz;ksx esa yk;k 
tkrk gSA dslj ,f'k;k dh Qly gS rFkk Lisu vkSj Hkkjr ds tEew ,oa d'ehj esa bldh [ksrh dh tkrh gSA 'ksjs 
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d'ehj d`f"k foKku ,oa izkS|ksfxdh fo'ofo|ky;] Jhuxj ds dslj vuqla/kku dsUnz esa flrEcj 2009 dks izn'kZu 
[k.M fodflr fd, x, ftlds vPNs ifj.kke vkus yxs gSaA

LVhfo;k

LVhfo;k ds lw[ks iÙkksa dh tSoek=k esa ikS/k fojyrk vkSj tSfod eYp dk izHkko ns[kus ds fy, v/;;u esa ik;k x;k 
fd phM+ dh ifÙk;ksa dh vis{kk ikiqyj ds iÙkksa dh efYpax djus ij LVhfo;k ds lw[ks iÙkksa dh tSoek=k vf/kd 
ikbZ xbZ] tcfd flyoj vksd ds eYp dk izHkko phM+ ds eYp ds leku gh jgkA ubZ ifjofrZrk ds fy, p;fur 
thuksVkbi ls ladj.k dk dk;Z vkajHk fd;k x;k gSA 

iq"i Qlysa

'kksHkkdkjh xqykc

iztuu

ubZ iq"i fdLeksa dks cukus ds fy, 'kksHkkdkjh xqykcksa dk iztuu fd;k x;kA rsy dh xq.koÙkk] Qwyksa ds vkdkj vkSj 
iq"i fofo/krk ds fy, xqykc ds 6 fofHkUu iztkfr;ksa ¼jkstk ckScsZfu;kuk] jks- cSasdslh] jks- cqzuksuh]  jks- lsaVhQksfy;k] 
jks- #xkslk vkSj jks- pk;usafll fefuek½ esa varjtkrh; ladj.k fd;k x;k ftlds vPNs ifj.kke lkeus vkus yxs 
gSaA ‘kksHkkdkjh xqykcksa ds iztuu ls 76 ijkx.kksa ls 112 cht izkIr gq,  cSd ladj.k ls 202 ijkx.kksa ls 93 cht] 
neLd xqykc ds vr% fdLeksa ds ladj.k ls 61 ijkx.kksa ls 19 cht rFkk vUrj fof'k"V ladj.kksa ds 317 ijkx.kksa 
ls 981 cht izkIr gq,A

p;fur xqykc dfy;ksa dk ewY;kadu

xqykc dks Qwyksa dh jkuh Hkh dgk tkrk gSA bldh yksdfiz;rk dk dkj.k bldh gj izdkj dh tyok;q vkSj e`nk 
esa vuqdwyu'khyrk] yEcs le; rd f[kys jguk gSA fons'kt dfrZr iztkfr QLV jsM fdLe dh nks dfy;ksa dk 
ewY;kadu fd;k x;kA budks cgwxqf.kr djds 'kksHkkdkjh xqykc dh ,d ubZ fdLe dks rS;kj fd;k x;k gSA e/;e 
igkfM+;ksa esa Qjojh ekg esa QLVZ jsM iztkfr esa Vh cfMax esa 80% mÙkjthfork ns[kh xbZA

tjcsjk

iztuu

tjcsjk iztuu dk;ZØe ds py jgs dk;Z dks vkxs c<krs gq, tjcsjk tselksukbZ dh nks fdLeksa esa varjtkrh; ladj.k 
}kjk Qwyksa ds jax] vkdkj vkfn esa vPNs ifj.kke ik, x,A 

dkusZ'ku

dkusZ'ku ,d cgqr gh egRoiw.kZ dfrZr iq"i Qly gS ftldh eksgdrk vkSj rjksrktxh ds fy, vf/kd ekax gSA 
v/;;u esa ik;k x;k gS fd bldh [ksrh vf/kd ykHk nsus okyh gSA ekufdr dkusZ'ku dh 5 d`"kksitkfr;ksa dks 
ikyhgkml esa cgqxq.ku ds fy, yxk;k x;k gSA

fyfy;e

O;kolkf;d :i ls ,f'k;kfVd ladj fyfy iztkfr cgqr gh yksdfiz; gSA fyfy;e mxkus okyh D;kfj;ksa esa [kkn 
mojZd vkSj efYpax dks ekufdr djus ds fy, dk;Z 'kq# fd;k x;kA uksolsaVks iztkfr esa lcls T;knk dan la[;k 
¼5-93½ rFkk vkdkj ¼71-66 xzk-½ ik,  tc 250 ihih,e Qksfy;j fNM+dko vkSj mojZd 19%19%19 dk iz;ksx fd;k 
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x;kA fyfy;e ds iq"i dh lqUnjrk] vkd"kZ.k] pednkj o fofHkUu jaxksa esa miyC/krk] rqM+kbZ ds mijkUr T;knk fnuksa 
rd rjksrktk cus jgus dh {kerk] ljyrk ls mxk, tkus rFkk dqN fdLeksa esa eueksgd lqxa/k ik, tkus ds dkj.k 
;g fo'o ds loksZPp 10 dfrZr iq"iksa dh Js.kh esa vkrk gSA ykgkSy ,oa Lihfr esa O;kolkf;d :i ls ,f'k;kfVd 
ladj fyfy iztkfr ds danks ds vkdkj ds ekudhdj.k esa uksolsaVks] iksfy;kuk vkSj ijkVks iztkfr esa vf/kdre dan 
¼14-33 ls-eh- izfr izjksg½ rFkk vf/kdre iq"i yEckbZ ¼165 lseh-½ uksolsaVksa esa ik;k x;kA

fyft,aFkl ¼;wLVksek xzsUMh¶yksje½

fyft,aFkl tsafV,lh dqy dk ikS/kk gS vkSj ;g e/;e vkSj mÙkjh vesfjdk dk ewy ikS/kk gSA bldks dfrZr iq”i] 
ckxkuksa esa ,dne lkeus yxk, tkus okys ikS/ks vkSj ikWV IykaV ds #i esa mxk;k tkrk gSA bldh vkn'kZre mRiknu 
ikus ds fy, iz;ksx py jgk gSA

vkfØM

lhfEchfM;e xkbtSauVh;e vkSj fjUdhLVkbfyl jsVwtk esa PLBs dk iqutZuu {kerk dks ij[k x;k ,oa 60 fnuksa 
ds lajksi.k ds ckn lhfEchfM;e xkbtSauVh;e Dyai esa 'kr&izfr'kr iqutZuu ik;k x;kA ,d vyx v/;;u esa 
lhfEchfM;e xkbtSauVh;e ikS/k ds lrg@uhps ds Hkkx esa PLBs ds xqPNs  esa curs gSaA ;g PLBs igys xgjs gjs 
gq, vkSj ckn esa iwjs ikS/k cu x,A

lw{etSfodh vkSj ikni j{k.k
ekbØksfc;y ,atkbe

çksVh,l mRiknu ds fy, ldkjkRed pkSng cSDVhfj;y vkblksysVl dh 16S rRNA thu vuqØe.k ds vk/kkj ij 
igpku dh xbZ gS, vkSj ;s thUl pjkbZlkscSDVhfj;e] lwMkseksukl vkSj cSlhyl ds lkFk lac) j[krs gsaA igys ls 
igpku fd;s gq,s çksVh,l mRiknu djus okys 22 cSDVhfj;y vkblksysVl dks dSflbu&tkbZeksxzke ij vkblkst+kbe 
cnyko ds fy, ij[kk x;kA bl esa dqy 15 vkblksQkseZ Fks vkSj muesa ls vf/kdka'k dh lhfju çdkj ds :i esa 
igpku dh xbZA  lHkh vkblksysVl ls ØwM çksVh,l de rkieku vkSj {kkjh; ih,p esa lfØ; FksA ,sflusVkscsDVj 
ls {kkjh; lhfju çksVh,l thu dks bZ- dksykbZ esa Dyksu vkSj O;ä fd;k x;kA çksVh,l lcVhfyflu ifjokj (S8)
ds lnL;ksa ds lkFk vuqØe lekurk dk çn'kZu djrk gSA ,d gksugkj ihfucSlhyl ls rhu ,aMksXywdkusl thu dks  
bZ- dksykbZ esa Dyksu vkSj O;ä fd;k x;kA ,d Dyksu ls 63 fdyks MkYVu lfØ; iqu% la;kstd ,aMksXywdkusl dks 
vk;u ,Dlpsat ØkseSVksxzkQh dk mi;ksx djds ‘kq) fd;k x;kA 

dhVksa dk losZ{k.k %

pk; dh Qly ij yxus okys dhV rFkk ekbZV tkuus ds fy, ikyeiqj ds pk; ckxkuksa dk losZ{k.k fd;k x;kA 
bDVBs fd, x,s dhVksa dks 70% ,Ydksgy esa lajf{kr fd;k x;kA Ldsy dhV ,fQM vkSj fFkzIl pk; ij ik,s tkus 
okys lcls T;knk dhV FksA Ldsy dhV ds ,MYV vkSj ØkWyj rus “kk[kk] iRrksa vkSj dfy;ksa ls jl pwlrs gS] ftlls 
ifRr;ka ihyh] lw[k vkSj fxj tkrh gS gkaykfd pk; ij yhQ QksYMj] yhQ ekbuj rFkk xzkl gksij Hkh de ek=k 
es ik, x,A

,d nwljs v/;;u es FACE vkSj FATE QSflyhVh es oSySfj;kuk tVkekulh uked vkS'k/kh; ikS/ks ij ,fQM] 
VªkbQksfy;e fjisUl ij LiksMksiVSjk yhVwjk rFkk :eSDl ?kkl ij uhyk chVy ik;k x;kA ,fQM dks oSyksfj;uk 
tVkekalh ds iÙkksa vkSj Qwyksa dk jl pwlrs gq, vkSj LiksMksiVSjk yhVwjk rFkk uhys chVy ds :eSDl vkSj VªkbQksfy;e 
ds iÙks [kkrs gq,s ik;k x;kA
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ikS/kksa ls cus dhVukf'k;ksa dh tkap

ikS/kksa ls cus dhVuk”kh ds fodkl ds fy, VSjksMksQbV ds 6 ,DlVªsDV IywVSyk tkbyksLVSyk] LiksMksiVSjk yhVwjk] 
,fQM vkSj ekbV dksVksa dks fu;a=.k djus ds fy, ijh{k.k fd, x, vkSj muesa ls lcls vPNs ifj.kke IHB-PED-
M001 us fn[kk,A bl uewus us 48 ?k.Vs ds ckn 90%] 60%] 47% ifj.kke 2-0%] 1-5%] vkSj 1-0% lkanzrk ij 
fn[kk,A

tSaFkks>kbye ls cus vyx&vyx ,DlVSDVl] IywVSyk tkbyksLVSyk dks fu;a=.k djus ds fy, yxk, x, ftUkesa ls 
n&gSDlSu dk lkjlRo us lcls vPNs ifj.kke fn[kk, tcfd DyksjksQkWeZ es cuk lkjlRo lcls de vkadk x;kA 
n&gSDlSu dk tc GC-MS fd;k x;k rks bles 22 rjg ds rRo ik;s x,A 

dksLVl Lisfl;ksll uked ikS/ks ds Hkqfe ds vUnj ds Hkkx dk bFkSuksbd lkjlRo Hkh IywVSyk tkbyksLVSyk uked 
dhV ds fy, 20]000 vkSj 15000 ppm ij lfØ; ik;k x;kA  

{ks= iz;ksx

Lksc dh ekbV dks fu;af=r djus ds fy, vyx&vyx vdSfjlkbM dks QhYM es tkapk x;kA u, dhVuk”kh 
tSls LikbjkseSlhQsu] DyksjQSuikbj] QSuikbZjksDlheSV] gSDlhFkkbtksDl ,okeSdfVu] uhe vkSj ijaijkxr dhVuk”kh 
tSls QSuTkDohu vkSj MkbdksQksy dqYyw ftyk ds uXxj rFkk e<h esa lsc dh ekbV dks fu;af=r djus ds fy, 
cxhpksa esa VSLV fd;kA gksfVZdypj feujy vkW;y vkSj uhe dks NksMdj ckdh lHkh ds 28 fnuksa ds ckn rd vPNs  
ifj.kke vk,A

xzkeh.k fodkl
lh,lvkbZvkj&vkbZ,pchVh Hkkjr ds xzkeh.k ,oa NksVs dLcksa ds yksxksa ds thou dks lq/kkjus rFk muds vthfodk 
ds fy, ,d usVoØ eksM esa dk;Z dj jgk gSA laLFkku ds eq[; ykHkkFkhZ ftyk tykxe fodkl ,tsalh] f'keyk ds 
lkFk&lkFk fgekpy izns'k ljdkj ds d`f"k ckxokuh] ou] xzkeh.k fodkl vkSj vk;qosZn foHkkx gSaA pk; cksMZ] jk"Vªh; 
ckWal mi;kssx fe'ku Hkkjr Hkh bl laLFkku ls tqM+s gq, gSaA o"kZ ds nkSjku yxHkx 1100 fdlkuksa] foLrkj vf/kdkfj;ksa] 
m|fe;ksa vkSj fo|kfFkZ;ksa us bl laLFkku ds ckxku vuqla/kku iz{ks=  vkSj O;kolkf;d n`f"V ls egRoiw.kZ dfrZr iq"i 
ds izn'kZu iz{ks=ksa ] vkS"k/kh; ,oa lxa/k ikS/kksa] okuLifrd vkSj tSofofo/krk m|ku] ckWal ikS/k'kkyk vkSj laxzgky; dk 
nkSjk fd;kA blls O;fDr;ksa dks mUur [ksrh i)fr vkSj oSdfYid mi;ksa ds ckjsa esa irk pyk ftlls mRikndrk] 
xq.koÙkk ,oa vk; miktZu gqvkA laLFkku ds oSKkfudksa rFkk rduhdh LVkQ us izf'k{k.k] izn'kZu }kjk Kku dks vkxs 
igqapk;k gSA pk;] ckal ikS/kkjksi.k] O;kolkf;d iq"ifoKku] ckxokuh vkSj vkS"k/kh; ,oa lxa/k ikS/kksa ds mRiknu vkSj 
ewY;o/kZu ds fy, lkekftd fodkl xfrfof/k;ksa dks 'kq# fd;k x;kA xq.koÙkk;qDr jksi.k lkexzh] ikS?k'kkyk ,oa ikS/k 
rS;kjh] LFky ij tkdj gh O;kogkfjd izf'k{k.k]  izØe.k izn'kZu] tkx#drk Hkze.k] rduhdh cqysfVu rS;kj ,oa 
forfjr djuk] Vsyhfotu ,oa jsfM;ks dk;ZØe izLrqfr] osclkbV esa lkexzh vkSj laLFkku }kjk fodflr izkS|ksfxdh 
ij Kku dk vknku&iznku tSlh dbZ xfrfof/k;ka xzkeh.k fodkl dk;ZØe dk fgLlk gSaA

fdlku] xzkeh.k leqnk;] lxa/k  rsy ,oa ikni jlk;u m|ksx] vk;qosZn {ks=] tSolaink laj{k.k esa yxs yksx vkSj 
xzkgd vkfn bl ifj;kstuk ls lh/ks rkSj ij ykHkkfUor gks jgs gSaA tSoizkS|ksfxdh] ckxokuh] ou foHkkx vkSj ftyk 
xzkeh.k fodkl vfHkdj.kksa dks Kku] rduhd ds lkFk&lkFk jksi.k lkexzh Hkh iznku dh tkrh gSA 

laLFkku vius Kku dks izSl o ehfM;k ds ek/;e ls Hkh izpkfjr vkSj izlkfjr dj jgk gSA nwjn'kZu ds f'keyk]  
tkya/kj vkSj fnYyh dsUnzksa ds lkFk&lkFk futh pSuyksa esa dk;ZØ; izlkfjr gq, gSaA vdk'kok.kh ds /keZ'kkyk dsUnz 
ls Hkh okrkZ,a izlkfjr gks jgh gSaA blds vfrfjDr if=dkvksa] lekpkji=ksa esa Hkh le;&le; ij ys[k tkudkjh 
vkfn izdkf'kr gksrs jgrs gSaA
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izf'k{k.k

fgekpy izns'k ds dkaxM+k ftysa ds fofHkUu {ks= izf'k{k.kkfFkZ;ksa dks pk; d`f"k i)fr vkSj ikS/k'kkyk izcU/ku ij 
izf'k{k.k fn;k x;kA 

cM+h bykbph dh [ksrh dks c<+kok nsus ds fy, mi;qDr LFkyksa dk p;u dj vPNh iztkfr dss 200 danksa dks dkaxM+k 
ftys ds 6 bPNqd fdlkuksa dks miyC/k djk;k x;kA bldh [ksrh dh rduhd ls lacfU/kr izf'k{k.k Hkh miyC/k 
djk, x,A

dk;Z'kkyk dk vk;kstu

dkaxM+k pk; dh fo'ks"krkvksa ij ,d dk;Z'kyk 6 vizSy 2012 dks laLFkku ifjlj esa vk;ksftr dh xbZA blesa 74 
izfrHkkfx;ksa us izfrHkkfxrk dh ftlesa ls 1 baxySaM o 2 bFkksfi;k ls FksA 

pk; ckxkuksa dk nkSjk

pk; cksMZ] Hkkjr ds Jh ,ethohds Hkkuq] v/;{k] lqJh jks'kuh lsu] mik/;{k vkSj Jh ch cksfj;k] funs'kd] pk; fodkl 
us laLFkku ds cuwjh fLFkr pk; ijh{k.k QkeZ dk fnukad 4 vxLr 2012 dks nkSjk fd;k rFkk laLFkku }kjk pk; ds 
{ks= esa fd, tk jgs 'kks/k ,oa fodkl vkSj foLrkj dk;ksZa dks ns[kkA

dfrZr iq"i mRiknu rduhd dk gLrkraj.k 

laLFkku bl igkM+h jkT; esa O;kolkf;d iq"i [ksrh ds fy, ,d mRizsjd dh Hkwfedk dks fuHkk jgk gSA ijke'kZ 
;k=kvksa] izf'k{k.kksa] izn'kuksZ vkSj jksi.k lkexzh dks miyC/k djk dj fdlkuksa dks izsfjr dj jgs gSa ftlls fd laLFkku 
dks O;kolkf;d iq"i [ksrh ds vUrxZr fgekpy izns'k o lkFk yxrs jkT;ksa esa blds {ks= esa foLrkj esa lQyrk feyh 
gSA blls muds lkekftd&vkfFkZd fLFkfr esa ifjorZu vk;k gSA blds izHkko dk bl ckr ls irk pyrk gS fd 
vdsys ykgkSy Lihfr ftys ls o"kZ 2012&13 ds nkSjku 60 yk[k #i;s ds dfrZr iq"iksa dk O;kikj gqvkA

eS- usok IykaVs'ku izk- fy- xksikyiqj] ftyk dkaxM+k dks fyfy;e ds dUnksa ds mRiknu dh [ksrh vkSj Qlyksijkar 
rduhd ij xzkgdksa dh larqf"V ds vuq:i ijke'kZ lsok,a iznku dh xbZaA 

izn'kZu iz{ks=

laLFkku ifjlj ,oa fdlkuksa ds [ksrksa esa fØlsafFkee] tjcsjk] fyfy;e] cMZ&vkQ&isjkMkbt vkSj xsans ds izn'kZu 
iz{ks=ksa dks LFkkfir fd;k x;kA 

jksi.k lkexzh dk cgqxq.ku vkSj forj.k

fØlsafFkee] fyfy;e] tjcsjk] ,YlVªksesfj;k] cMZ&vkQ&isjkMkbt] XyksfM;ksyl] ,xisUFkl vkSj xsans tSls dfrZr 
iq"iksa dh jksi.k lkexzh dks cgqxqf.kr fd;k x;k rFkk fdlkuksa esa forfjr fd;k x;k vkSj bl o"kZ ds nkSjku 14-5 
gS- ds yxHkx {ks= dks O;kolkf;d iq"i [ksrh ds vUrxZr foLrkfjr fd;k x;kA fyfy;e dh fo"kk.kq ijhf{kr fofHkUu 
d`"kksitkfr;ksa dh izR;sd iztkfr ds 12 gtkj dUnksa dks mxk;k x;k rkfd bldk vkdkj ,d leku gksA tjcsjk 
dh tQksuk iztkfr dk cgq la[;k esa mrd lao/kZu rduhd ls izo/kZu fd;k x;k rFkk bldk n`<+hdj.k fd;k x;kA 
blh tQksuk iztkfr dh 10 lo/kksZa dks eS- jtr ok;ksVsd] /kqekohZa dks cgqxqf.kr djus ds fy, lkexzh gLrkarj.k 
le>kSrs ds vUrxZr iznku dh xbZaA 

le;&le; ij O;kolkf;d n`f"V ls egRoiw.kZ dfrZr iq"iksa dh d`f"k ,oa Qlyksijkar rduhd ij fofHkUu izdkj 
ds izn'kZu ,oa izf'k{k.k dk;ZØeksa dk vk;kstu fd;k x;kA ftuesa ls dqN laLFkku ifjlj esa rFkk dqN vU; LFkyksa 
ij vk;ksftr fd, x,A
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izn'kZuh esa izfrHkkfxrk

laLFkku us jkT; ljdkj ds vU; foHkkxksa ds lkFk feydj 25 flrEcj 2012 dks ykgkSy Lihfr ftys esa vk;ksftr 
^fg-iz- ds ykgkSy Lihfr ftys ckxokuh ,oa vkS"k/kh; Qlyksa dh laHkkouk,a* fo"k; ij vk;ksftr cSBd esa izfrHkkfxrk 
dh rFkk ,d izn'kZuh Hkh yxkbZA

blh izdkj laLFkku us jkT; ljdkj ds vU; foHkkxksa ds lkFk feydj 31 ebZ 2012 dks ftyk xzkeh.k fodkl 
vfHkdj.k] dkaxM+k }kjk ¶ykoj QsMjs'ku] njax ds lkFk ,d cSBd dhA 

laLFkku us lh,lvkbZvkj ds vU; laLFkkuksa ds lkFk feydj 24&27 tuojh 2013 ds nkSjku ukxiqj esa vk;ksftr 
,xzksfotu 2013 esa izfrHkkfxrk dhA yxHkx 800 fdlkuksa us bl izn'kZuh esa lh,lvkbZvkj ds LVky esa ;k=k dh 
rFkk LVhfo;k] neLd xqykc] tjcsjk] XysfM;yl] fØlsafFkee vkSj fyfy;e dh O;kolkf;d [ksrh esa viuh vfHk#fp 
O;Dr dhA

laLFkku us 17 ekpZ ds tEew esa vk;ksftr fdlku esys esa izfrHkkfxrk dhA blds vfrfjDr laLFkku us ikyeiqj ds 
izxfr eSnku esa gksyh esys ds nkSjk Hkh vius LVky yxk,A cM+h la[;k esa yksxksa us LVky esa vkdj laLFkku }kjk 
fd, tk jgs dk;kssZa esa #fp fn[kkbZA

vkS"k/kh;] lxa/k vkSj ikddyk ds gClZ dk cgqxq.ku vkSj forj.k

laLFkku us jksteSjh ¼2 ykk[k½] ySosUMj ¼1-5 yk[k½  neLd xqykc ¼50 gtkj½] ftadks ¼20 gtkj½ vkSj LVhfo;k  
¼25 gtkj½ ds ikS/kksa dk izo/kZu fd;k rkfd ;g ikS/ks mRikndksa dks vkacfVr fd, tk ldsA v'oxa/kk] cdksik] pesyh] 
VsDll] ftUdks] ,yks,] eqLdckyk] yseuxzkl] ok;ksyk] vksfjxsuks] lQsnk vkfn ds enj LVkWd dks izfrikfnr fd;k 
vkSj izof/kZr dj mRikndksa dks bldh vkiwfrZ dhA ;g lkexzh 15 gS- ds yxHkx {ks= ds fy, i;kZIr gSA

fo'ks"k izf'k{k.k

ftyk tykxe fodkl ,tsalh] ftyk f'keyk }kjk izk;ksftr ftys ds fFk;ksx] jkeiqj vkSj clariqj fodkl [kaMks ds 
10 lewgksa dks o"kZ ds nkSjku izf'k{k.k ,oa izn'kZu dk;Z'kkykvksa dk vk;kstu fd;k x;k blesa dqy 202 izfrHkkfx;ksa 
us Hkkx fy;kA 

blds vfrfjDr o"kZ ds nkSjku lSadM+ksa fdlkuksa vkSj mRikndksa us laLFkku ds vkS"k/kh; ,oa lxa/k ikS/kksa ds izn'kZu 
iz{ks=ksa dk nkSjk Hkh fd;kA   

fg- iz- ds dkaxM+k ftys ds mRikndksa dh ekax ds vk/kkj ij iz{ks= ijke'kZ lsok,a Hkh iznku dh xbZA

iatkc ds xqjnkliqj esa vkS"k/kh;] lxa/k ,oa iq"ih; Qlyksa ds izn'kZu iz{ks= fdlku dh Hkwfe esa LFkkfir fd;k x;kA 
blesa 12 Qlyksa dks mxk;k tk,xkA

14&16 vxLr ds nkSjku laLFkku ds okf"kZd tutkrh; esys esa izn'kZuh dk vk;kstu fd;k x;kA bl nkSjku 
laLFkku }kjk cd OghV }kjk rS;kj nks mRiknksa dks Hkh iznf'kZr ,oa tkjh fd;kA fyfy;e] tjcsjk] XysfM;ksyl dh 
fofHkUu fdLeksa] vkSj vkS"k/kh; ,oa lxa/k ikS/kksa dh xqykc] ysosUMj] vkfVZehfl;k] ftUdks vkfn dks Hkh iznf'kZr fd;k 
x;k rFkk ogka ds yksxksa dks bu Qlyksa ds mxkus ij gksus okys ykHk ds ckjs esa Hkh crk;k x;kA dslj vkSj vU; 
O;kolkf;d n`f"V ls mi;ksxh Qlyksa ds jksxjfgr jksi.k lkexzh dk Hkh izn'kZu fd;k x;kA lh,lvkbZvkj&mPp 

tyok;q thofoKku dsUnz] rkanh] ftyk ykgkSy o Lihfr ds y{;ksa vkSj orZeku xfrfof/k;ksa dks LFkkuh; yksxksa dks 

crk;k x;kA
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ck¡l dks c<+kok nsuk ,oa mi;ksx

o"kZ ds nkSjku ck¡l dh fofHkUu iztkfr;ksa ds ikS/kksa dks mRikndksa] ou foHkkx] fg-iz- o v#.kkpy izns'k rFkk fgekpy 

izns'k ,oa lkFk yxrs jkT;ksa ds fdlkuksa dks forfjr fd, x,A ftlls ck¡l dks yxHkx 30 gS- {ks= ds vUrxZr  

yk;k x;kA fgekpy izns'k ds eaMh esa phu dh ekslks ck¡l fdLe dks 10 gSDVs;j  {ks= esa yxk;k x;kA 

2-5 yk[k ikS/kksa dks ikS/k'kkykvksa esa izof/kZr fd;k x;kA blesa ls 11777 ikS/kksa dks fofHkUu Hkkxksa esa forfjr fd;k 

x;kA

efgykvksa dks ck¡l ls cuus okys [kk| inkFkksZa tSls dsUMh] cfM+;k] dsd] MksuV] flji vkSj ikiM+ vkfn cukus dk 

izf'k{k.k iznku fd;kA blh izdkj d, dk;ZØe ou foHkkx ds vf/kdkfj;ksa ds fy, vk;ksftr fd;k x;k ftlesa ck¡l 

ls pkjdksy vkSj dsaMh vkfn cukus dk izf'k{k.k fn;k x;kA

18 flrEcj 2012 dks laLFkku ifjlj esa fo'o ck¡l fnol dk vk;kstu fd;k x;kA 

bathfu;fjax lsok izHkkx

tksfxUnzuxj esa fgekpy izns'k ljdkj ds vk;qosZn foHkkx ds fy, ,d iz;ksx'kkyk dk fuekZ.k] Vsi] fVe vkSj xzkeh.k 

fodkl dsUnz dk fuekZ.k

;kstuk] ifj;kstuk] vUos{k.k vkSj ewY;kadu bdkbZ

12oha iapo"khZ; ;kstuk dks rS;kj fd;kA lh-,l-vkbZ-vkj- rFkk vkbZ-,p-ch-Vh- ds okf"kZd izfrosnu ds fy, lwpuk 

dks ,df=r fd;kA bUVjusV rFkk bUVªkusV ij lkexzh dks v|ru fd;kA ,u,ch,y ds fy, osc vk/kkfjr flLVe 

dks fodflr fd;kA lh,lvkbZvkj&;qvkjvkbZMhih] iq.ks dh 350 ls T;knk ,aVjh dks ntZ fd;k x;kA iwjh gqbZ 12 

ifj;kstukkvksa dh lwpuk dk ladfyr fd;kA vc 151 ifj;kstukvksa dh tkudkjh miyC/k gSA 48oha vuqla/kku 

ifj"kn cSBd dk vk;kstuA laLFkku ifjlj esa fofHkuu laLFkkuksa ds 202 Nk=ksa dks ifj;kstuk izf'k{k.k gsrq tcko 

fn;k rFkk 47 Nk=ksa dks izf'k{k.k fnyk;k x;kA laLFkku dh xfrfof/k;ksa dks crkus ds fy, rFkk Ldwyh Nk=ksa esa 

foKku ds yksdfiz;dj.k ds fy, le;&le; ij laLFkku esa 'kS{kf.kd Hkze.k djk;k x;kA bUlik;j bUVjf'ki dsEi 

dk vk;kstu fd;k x;kA fofHkUu lh-,l-vkbZ-vkj- LFkkiuk fnol] vkbZ-,p-ch-Vh- LFkkiuk fnol] jk"Vªh; foKku 

fnol] jk"Vªh; izkS|ksfxdh fnol lfgr dbZ izdkj ds lekjksgksa dk vk;kstu fd;kA laLFkku esa py jgh ifj;kstukvksa 

dk ewY;kadu fd;kA izdk'ku] isVsaV vkfn ls lacfU/kr tkudkfj;ksa dks laxzfgr fd;kA Hk.Mkj] foÙk ,oa iz'kklu ds 

lkFk feydj ,d&lh,lvkbZvkj ds fy, lkexzh dk ladyu fd;kA 

dEI;wVj bdkbZ

300 ls vf/kd dEI;wVjksa dks Qkbcj cSdcksu ,oa okbZ&QkbZ usVoØ] ohfM;ksdkUÝsaflax lqfo/kk] ,p-ih-] vkbZ-ch-,e- 

ljoj ds ek/;e ls iznku dh x;ha gSaA jk"Vªh; Kku usVoØ ds vUrxZr lkjs laLFkku ifjlj esa 1Gbps yhTM ykbu 

dh lqfo/kk iznku dh xbZ gSA usVoØ flD;ksfjVh ds fy, ;wfuQkbM FkzsV eSustesaV flLVe] vkbZMh,l] vkbih,l] 

lsaVªykbt usVoØ flD;ksfjVh flLVe] ,UVhok;jl  vku DykbaV ljoj eksMe rFkk ,l,eVhih Lise@ok;jl 

izksVsD'ku lkW¶Vos;j  dks laLFkku ds b fjlkslZl dks lajf{kr djus ds fy, yxk;k x;kA Mskesu use ljoj] Mh,u,l] 
osc] besy izksDlh vkQfyusDl dks izcfU/kr fd;k x;kA 
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vkbZ-,p-ch-Vh- Kku lalk/ku dsUnz

vkbZ-,p-ch-Vh- dk Kku lalk/ku dsUnz laLFkku ds oSKkfudksa rFkk rduhdh dfeZ;ksa rFkk ikyeiqj ds vkl&ikl 
ds 'kS{kf.kd dsUnzkas dks yxkrkj lsok,a iznku dj jgk gSA oSKkfudksa rFkk rduhdh LVkQ ds fy, lkbVs'ku fjiksVZ 
dks ,df=r fd;k x;k rFkk fo"k; fo'ks"k ij fcfofy;ksxzkQh miyC/k djkbZ xbZA izR;sd lIrkg dsUnz esa vkus okys 
uohrre iqLrdksa] if=dkvksa  vkfn dh tkudkjh lHkh dks miyC/k djkbZ tkrh gSA 4500 ls vf/kd b&tuZy vkSj 
MsVkcsl dks ns[kk tk ldrk gSA blds lkFk gh 155 izdkf'kr tuZy Hkh miyC/k gSaA 6044 mi;ksxdrkZvksa us dsUnz dh 
lsokvksa dk ykHk mBk;kA 1159 iqLrdsa bl o"kZ ikBdksa dks tkjh dh xbZA 5-2 yk[k ls vf/kd i`"Bksa dh QksVksdkih 
iznku dh xbZA vkWuykbu tuZy dks ns[kus ds fy, ikBdksa dks izf'k{k.k Hkh iznku fd;k x;kA 

QksVksxzkQh ;qfuV
QksVksxzkQh ;qfuV us fofHkUu lekjksgksa] dk;Z'kkykvksa] izf'k{k.k vkfn dh dojst ds vfrfjDr 'kks/k ,oa fodkl ls 
lacfU/kr fo"k;ksa ij Hkh QksVksxzkQh dhA 

isVsaV
o"kZ ds nkSjku laLFkku us Hkkjr esa 4 rFkk fons'kksa esa 4 isVsaV Qkby fd, rFkk 1 isVsaV Hkkjr rFkk 4 fons'k esa izkIr@
iathd`r gq,A

izdk'ku

o"kZ ds nkSjku laLFkku us Lrjh; tuZy esa 142 'kks/k i= izdkf'kr djk,A pkj yksdfiz; foKku ys[k foKku izxfr 
esa izdkf'kr gq,A iqLrdksa esa 19 ys[k@ikB izdkf'kr gq,A pkj iqLrdsa izdkf'kr gqbZa ftuesa ls 2 vaxzsth esa rFkk 2 
fganh esa gSaA 

laxks"Bh@lsfeukj esa izfrHkkfxrk

laLFkku ds oSKkfudksa us 26 laxksf"B;ksa rFkk 23 cSBdksa esa izfrHkkfxrk dhA

laLFkku us 4 izn'kZfu;ksa esa vius mRiknksa rFkk izkS|ksfxdh dks iznf'kZr fd;kA 

O;k[;ku

laLFkku ds oSKkfudksa us 27 LFkkuksa esa O;k[;ku fn,A

laLFkku esa 5 vkaef=r O;k[;ku vk;ksftr fd, x,A

nwjn'kZu dk;ZØe

laLFkku ds oSKkfudksa us o"kZ ds nkSjku 10 nwjn'kZu dk;ZØe fn, rFkk 4 dk;ZØe vU; pSuyksa ls izlkfjr gq,A 
vdk'kok.kh ds /keZ'kkyk dsUnz ls 2 okrkZ,a Hkh izlkfjr gq,A

fons'k ;k=k

o"kZ ds nkSjku laLFkku ds 8 oSKkfudksa 1 rduhdh deZpkjh rFkk nks 'kks/k Nk=ksa us fons'k nkSjk fd;k 

Nk=ksa dks izf'k{k.k

laLFkku us 14 fo'ofo|ky;ksa@ laLFkkuksa ds 38 Nk=ksa dks izf'k{k.k iznku fd;kA



179

C
SIR-IH

BT A
nnual Report 2012-13

laLFkku ds oSKkfudksa dks bl o"kZ dbZ egRoiw.kZ iqjLdkj@lEeku izkIr gq,A

bl o"kZ laLFkku ds 12 'kks/k Nk=ksa us ih- ,pMh-] 39 Nk=ksa us LukrdksÙkj rFkk 14 us ch-Vsd- fMxzh ds fy,  
'kks/k&izcU/k fofHkUu fo'ofo|ky;ksa esa tek fd,A

vuqcU/k

laLFkku us viuh izkS|ksfxdh ds Kku ds izlkj ds fy, 10 laLFkkuksa ls vuqcU/k fd,A

fof'k"V vfrfFk

bl o"kZ 15 fof'k"V vfrfFk;ksa us laLFkku esa ;k=k dhA

laLFkku dk 'kS{kf.kd Hkze.k

'kS{kf.kd laLFkkuksa ls Nk= 1160

fdlku] Lo;alsoh laLFkk,a rFkk ljdkjh vf/kdkjh 1079
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OBITUARY

Sh. Shyam Lal, Lab Attendant  1 
(10.03.1955 – 13.10.2012)

Sh. Shyam Lal was born on March 10, 1955 in Village- Punner 
Kaswa, Palampur (HP). He joined CSIR-IHBT on January 12, 
1994 as Helper with temporary status, and was absorbed  on 
December 26, 2002 under the Casual Workers Absorption 
Scheme of CSIR, 1990 & 1995. He contributed significantly in 
Engineering Service Unit (ESU) of the Institute and catered to 
routine electrical maintenance activities of the Institute. He will 
be remembered for his dedication and diligence. He departed for 
his heavenly abode on October 10, 2012. He is survived by his 
wife Ms. Veena Devi and daughter Ms. Nisha Devi, Ms. Reeta 
Devi and son Sh. Shubham Sharma.

CSIR-IHBT family prays for eternal peace to the departed soul 
and extends heartfelt condolences to the bereaved family.






