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funs'kd dh dye ls---------

lh,lvkbZvkj&jk"Vªh; ouLifr vuqla/kku laLFkku] 
y[kuÅ ds fy, o"kZ 2016-17 dbZ ek;uksa esa ;knxkj 
jgsxkA bl o"kZ ds nkSjku laLFkku us foKku vkSj çkS|ksfxdh 
ds {ks= esa iwjs fo'o esa loiZzFke lQsn eD[kh çfrjks/kh dikl 
dh fdLe dks fodflr djds ,d u;k eqdke gkfly fd;kA 
bl 'kks/k dks çfrf"Br tuZy uspj ck;ksVsDuksykWth ¼bEiSDV 
QSDVj 41.667½ esa çdkf'kr  fd;k x;kA

12 oha iapo"khZ; ;kstuk ds iwjk gksus ds lkFk&lkFk 
fofHkUu esxk usVodZ ifj;kstukvksa ls dbZ u, urhts çkIr 
gq;s tks ubZ çkS|ksfxfd;ksa vkSj mRiknksa esa :ikarj.k gsrq rS;kj 
gq,A buesa ls dqN egRoiw.kZ 'kks/k urhts fuEu gSA dikl dh 
iSnkokj vkSj js'kksa dh xq.koÙkk esa c<+ksÙkjh gsrq ,sukdkfMZd 
vEy vk/kkfjr QkseqZys'ku] uSuks ,eYlu&vk/kkfjr 
,aVhekbØksfc;y mRikn] fofo/k Qlyksa esa ¶;wtsfj;e ds 
fu;a=.k gsrq ekbØksfc;y çHksn] ,oa nkuksa esa vYi vklsZfud okyh pkoy dh fdLeA ekuo LokLF; ns[kHkky gsrq mPp {kerk ;qä 22 ;kSfxdksa dh 
csVqyk ;qVSfyl dh Nky ls] 29 ;kSfxdksa dh gsMsfd;e fLiVdsVe ds dan ls ,oa 20 ;kSfxdksa dh tfLVfl;k v/kSrksMk ls igpku dh x;hA pkj 
dSalj lsy ykbuksa tSls Lru] c`gnkU=] flj vkSj xnZu] vkSj lkekU; midyk dksf'kdkvksa ds fo#) bu&foVªks dksf'kdh; fo"kkärk xfrfof/k ds 
fy, ,d czk;ksQkbZbV ekdsZfU'k;k ikyheksQkZ dk ewY;kadu fd;k x;kA ,d jksxk.kqjks/kh ck;ks&uSuks tsy ¼,uchlh&099½ dks fodflr fd;k x;k 
,oa bu&foVªks vkSj bu&fooks ekWMy flLVe ds rgr bldh ?kko Hkjus dh {kerk gsrq ijh{k.k fd;k x;kA dkWfeQksjk ,xsykspk ls ,d u, 
fpfdRlh; ;kSfxd dh igpku dh xbZ] ftlus TNF-α lfgr lwtu ds fy, ftEesnkj e/;LFkksa dks jksd dj egRoiw.kZ ,aVh ba¶ysesVjh ,oa ,aVh 
vksFkhZjkbfVd xq.kksa dk çn'kZu fd;k A blh ikS/ks ds ysVsDl ls ,d nwljs ;kSfxd] 2,4 MkbZVjC;qVkby fQuksy] tks ,d 'kfä'kkyh ,aVhvkWDlhMsaV 
gS] dks vyx dj ds] 'kks/ku dj igpkuk x;kA ,tsjsVe dksuhtkW;Msl uked [kj&irokj ls ,d jlk;fud ;kSfxd dh igpku dh x;h ftlus 
eosf'k;ksa dh fdyfu;ksa dks fu;af=r djus esa vk'kktud urhts çnf'kZr fd,A lathouh ikS/ks lsykftusyk czk;ksiVsfjl ikS/ks ls i`Fkd fd, x, 
ikWyhQsukWYl us pwgksa esa ruko tfur dkWfVZlksy ds Lrj ,oa jä 'kdZjk ds Lrj esa egRoiw.kZ deh çnf'kZr dhA 'kSdksa vfLu;k yksafxflek rFkk 
DySMksfu;k QdsZVk us pwgksa esa isfIVd vYlj vkSj bZlksQsxy fj¶ysDl jksxksa ds fo#) laHkkfor {kerk,¡ çnf'kZr dhA 

f}rh;d ikni mRikn tSola'ys"k.k esa miRNA dh Hkkxhnkjh LFkkfir djus ds fy, ,jsfcMksfIll miR858a dk foLr`r dk;kZRed 
y{k.k o.kZu fd;k x;kA dikl esa] Qkbcj fodkl ls lacaf/kr fgLVksu la'kks/kuksa esa 'kkfey thu ifjokjksa dh igpku dh x;h  ,oa y{k.k o.kZu 
fd;k x;kA tma12 thu ¼,d QuZ ls i`Fkd fd;k x;k dhVuk'kd thu½ vkSj Tma12 çksVhu dks dikl Vªkaltsfud ykbuksa esa vfHkO;ä djkrs 
gq;s foLr`r o.kZuhdj.k fd;k x;k A pkoy dh fdLeksa ^bafMdk* vkSj ^tiksfudk* ds dSyl lao/kZu dh fofHkUu fodklkRed voLFkkvksa ls 
VªkalfØIVkse dh LFkkiuk vkSj mudk fo'ys"k.k fd;k x;kA lksysue [kkfl;kue ds dkaVk jfgr ,oa dkaVk ;qä çHksnksa ds ckáRoph; Årdksa ls çkIr 
vkj,u, dh fMÝsafl;y mRNA flDosaflax }kjk dkaVk fuekZ.k dh xfrfof/k dks le>us ds fy, ,d lQy ç;kl fd;k x;kA ;g çnf'kZr fd;k 
tk pqdk gS fd ,jkfcMksfIll FkSfy;kuk ,oa ,LiftZyl ukbtj ls vyx fd, x, isfDVu esfFkybZLVsjst dk mPp çn'kZu esFksuksy mRiknu ds 
}kjk dhVksa ds o`gn lewg ds çfr çfrjks/kdrk çnku djrk gSA dhV çfrjks/kdrk gsrq esFksuksy mRiknu ds fy, bl thu dks dikl esa Mkyus ds 
ç;kl fd, tk jgs gSaA ,jkfcMksfIll FkSfy;kuk dh Hkkjrh; vkckfn;ksa esa Mh,u, esfFkyhdj.k iSVuZ esa fHkUurk ds v/;;u ds }kjk vk.kqfod 
Lrj ij vuqdwyu ra= dks tkuus dk ç;kl fd;k tk jgk gSA 

laLFkku }kjk fodflr mPp Fkhcsu ;qä vksfi;e ikWih dh ykbUl ds czhMj chtksa dks O;olkf;d mi;ksx gsrq laLFkku esa i`Fkd&Hkw[kaMks ij 
oa'ko`f) gsrq mxk;k tk jgk gSA bu ykbUl ds çn'kZu ijh{k.k jktLFkku ,oa e/; çns'k ds xk¡oksa esa fd;s tk pqds gSA 



ns'k ds fofHkUu fgLlksa esa 'kSoky] 'kSdksa] czk;ksQkbZbV~l] VsjhMksQkbZV~l] dqdjfcV~l ,oa Qyhnkj o`{kksa dh fofof/krk dk  v/;;u tkjh j[kk 
x;kA laLFkku }kjk eksuksxzkfQd ,oa oa'kkoyh v/;;u ls Hkkjr esa MsyQsuh Vªkbc ¼jSuudqyslh½ dh 46 çtkfr;ksa ,oa 6 baVªkLisflfQd VSDlk dh 
miyC/krk dh iqf"V gqbZ tks rhu tsusjk ,dksfuVe] MsyfQfu;e ,oa dalksfyMk esa forfjr gSaA Hkkjr esa MhMeksdkiZl&gsUdsfy;k tsusfjd lewg 
¼tsLusfj,lh½ ds vk.kqfod ofxZdh v/;;u esa gsUdsfy;k dh 26 çtkfr;ksa ,oa MhMeksdkiZl dh 17 çtkfr;ksa dh vkdkfjdh&ofxZdh tkudkjh dk 
ladyu fd;k x;kA 

ikn~iy; ds laxBu ,oa j[kj[kko dh xfrfof/k ds varxZr chth ikS/kksa ds yxHkx 1036 uewuksa] vchth ikS/kksa ds 2311 uewuksa 
¼VsjhMksQkbZbV~l&280] czk;ksQkbZbV~l& 836] 'kSoky&45½ ,oa 'kSdks ds 1150 uewuksa dks laxzkgy; esa tksM+k x;k ftlls ikn~iy; ds laxzg dh dqy 
la[;k 2,96,317 igq¡p xbZ gSA 

d`f"k vkSj ou ikfjfLFkfrdh ç.kkfy;ksa ij tyok;q ifjorZu ds çHkkoksa vkSj dkcZfud ,oa xSj&dkcZfud çnw"kdksa ds tSo&mipkj ij fd, tk 
jgs dk;Z ç'kaluh; jgs gSaA rhu thok.kq çHksnksa] dksjhuscSDVhfj;e çtkfr PSM 10] L;wMkseksul ,#ftukslk PSA 5 vkSj jksMksMksdl çtkfr NJ 

2 }kjk ,UFkzsflu ds tSo&vi?kVu dks tkapk x;k  ftUgksaus vPNs urhts çnf'kZr fd,A QkWLQsV ?kksyd thok.kqvksa ij vk/kkfjr ,d QkewZys'ku dks 
fodflr fd;k x;k ftlus XysfM;ksyl esa ikni o`f) {kerk,¡ çnf'kZr dha ,oa blds vusdksa vU; iq"ih; Qlyksa esa laHkkfor vuqç;ksx gSA [ksrksa esa 
pkoy dh Hkwlh dk vi?kVu rsth ls djus gsrq rhu VªkbZdksMekZ çHksnks ,oa ,d csflyl çHksn dks feyk dj ,d QkewZys'ku dks fodflr fd;k 
x;kA 

ikS/kksa ds fofo/k lewgksa ,oa ltkoVh ikS/kksa ds tuunzO; ds 'kkfey djus] lao/kZu vkSj j[kj[kko ds fy, çfrc) lh,lvkbZvkj& 
,uchvkjvkbZ ds ouLifr m|ku us m|ku esa bl o"kZ dbZ foyqIr çtkfr;ksa ds tuunzO; dks 'kkfey fd;k gSA  bl o"kZ ds nkSjku] xqynkmnh dh 
foyafcr iq"iu okyh nks u;h fdLeks ^,uchvkjvkbZ&vk'kk fdj.k* ,oa lh,lvkbZvkj dh IysfVue t;arh ds miy{; esa 
^,uchvkjvkbZ&lh,lvkbZvkj 75* dks tkjh fd;k x;kA ouLifr m|ku esa ,d vf/kikni fMldsfM;k estj ,oa vU; rh{.k lqxa/k okys ikS/ks 
gks;k iSjkflfVdk dks yk;k x;kA uksax uwp ouLifr m|ku] FkkbZySaM us lkbZadsM dh lkr ladVxzLr çtkfr;ksa ds 70 cht nku djds lkbZadsM 
laj{k.k dsaæ dks le`) djus esa enn dhA MkW- fxjh'k lkguh] egkfuns'kd] lh,lvkbZvkj vkSj lfpo] Mh,lvkbZvkj] U;w fnYyh us ouLifr 
m|ku esa ,d v�fdZM x`g dk mn?kkVu fd;k  ftles yxHkx 80 fofHkUu çtkfr;ksa ds vkWfdZM~l dks lax`fgr fd;k x;k  gSA 

laLFkku ds nwjLFk vuqla/kku dsaæksa us vkfFkZd :i ls egRoiw.kZ ikS/kksa ds laj{k.k ds fy, dk;Z fd,A voØfer e`nk gsrq vusdksa vkfFkZd :i 
ls egRoiw.kZ ikS/kksa dh d`f"k&rduhdh dk ekudhdj.k fd;k x;kA gYnh dh pkj çtkfr;ksa ddqZek yksaxk] d- lsfl;k] d- ftvksMsvksfj;k ,oa d- 
,ekMk dk mudh mit] xq.koÙkk ,oa jklk;fud fo'ks"krkvks ds fy, ewY;kadu fd;k x;kA 

laLFkku us bl o"kZ esa vusdksa lewg çf'k{k.kksa] dk;Z'kkykvksa ,oa fdlku laokn dk;ZØeksa dk vk;kstu fd;k A fofHkUu fgr/kkjdksa dks 
fofHkUu fo"k;ksa tSls ofxZdh] ckxckuh] iq"ih;] d`f"k çkS|ksfxdh] tSo&moZjd] iq"i futZyhdj.k ,oa iq"i dyk] iku dh [ksrh] vkS"k/kh; ,oa lxa/k 
ikS/kksa dh [ksrh vkfn ij çf'k{k.k çnku fd;k x;kA fofHkUu fo'ofo|ky;ksa@laLFkkuksa ds ijkLukrd fo|kFkhZ;ksa dks Hkh ikni fo|kfFkZ;ks foKku ds 
fofHkUu fo"k;ksa tSls vk.kqfod tSfodh] lw{e tho foKku] Hks"kt foKku ,oa tSo&çkS|ksfxdh ij çf'k{k.k çnku fd;k x;kA

laLFkku us bl o"kZ vkarfjd] mPp laLFkkxr] fufefVyh ,oa vU; laLFkkuksa ls çk;ksftr 120 'kks/k ,oa fodkl ifj;kstukvksa ds ek/;e ls 
viuh 'kks/k xfrfof/k;ksa dks tkjh j[kkA bu vuqla/kkuksa ls fofHkUu jk"Vªh; ,oa varjkZ"Vªh; foKku tuZYl esa 202 'kks/k i= çdkf'kr gq,A bl o"kZ 
dqy 130 'kks/k i= ,llhvkbZ if=dkvksa esa çdkf'kr gq, ftudk dqy bEiSDV QSDVj 330.102 ,oa vkSlr bEiSDV QSDVj 2.54 çfr 'kks/k i= 
FkkA ek= 60 oSKkfudksa ds laLFkku ds fy, ;g ,d mYys[kuh; miyfC/k gSA bl o"kZ 18 fo|kfFkZ;ksa dks ih,pMh fMxzh çnku dh xbZ ,oa 25 us 
vius ih,pMh 'kks/k çca/k tek fd,A bl o"kZ 2 isVsaV dk vuqeksnu çkIr gqvk ,oa rhu vU; nkf[ky fd, x,] 20 le>kSrksa ij gLrk{kj gq, ,oa 
41 ubZ ifj;kstuk,a çkjEHk dh xbZaA 

laLFkku dks bl o"kZ thou foKku esa lh,lvkbZvkj çkS|ksfxdh iqjLdkj 2016 çnku fd;k x;k tks lh,lvkbZvkj&,uchvkjvkbZ ,oa 
lh,lvkbZvkj&lheSi dks la;qä :i ls Vkbi II e/kqesg ds çca/ku gsrq ,d gcZy la;kstu ¼NBRMAP-DB½ ds fodkl ds fy, çnku fd;k 
x;kA ruko ,oa dSalj ihfM+rksa dh dheksFksjsih ds nkSjku ykHknk;d gcZy ,aVhvkWDlhMsaV QkWewZys'ku ,oa Kkr vk;qosZfnd ikS/kksa ls çkIr ikWyhgcZy 

2



QkWewZys'ku ;qä gcZy VwFkisLV dh rduhdksa dks fodflr fd;k x;k tks okf.kfT;dj.k gsrq rS;kj gSaA vYdksgy eqä gSaM lSuhVkbtj dh ,d 
rduhd rS;kj dh xbZ ftldk ykblsal gky gh esa esllZ lrxq# ck;ksyksftdYl] ckjkcadh] mÙkj çns'k dks çnku fd;k x;kA  

o"kZ 2016-17 esa MkW-�g"kZo/kZu] dsaæh; ea=h] foKku ,oa çkS|ksfxdh ,oa i`Foh foKku] Hkkjr ljdkj us laLFkku dk Hkze.k fd;k ,oa blds 
dk;ksaZ dh ljkguk dhA MkW- fxjh'k lkguh] egkfuns'kd] lh,lvkbZvkj ,oa lfpo] Mh,lvkbZvkj] ubZ fnYyh ,oa egkefge 
çks- vehuk xqfjc&Qdhe] jk"Vªifr] ekWjh'kl us Hkh laLFkku dk Hkze.k fd;k ,oa oSKkfudksa ds lkFk vius fopkj lk>k fd,A

eSa laLFkku dks ,d thoar ,oa mRiknd laxBu cukus ds fy, bZekunkjh ls ç;kl djus ds fy, lh,lvkbZvkj&,uchvkjvkbZ ds lHkh 
oSKkfud] rduhdh ,oa ç'kklfud lkfFk;ksa c/kkbZ nsrk gw¡A tgk¡ gesa viuh lexz miyfC/k;ksa ij xoZ gS ogha gesa vkxs dh pqukSfr;ksa ds fy, [kqn 
dks rS;kj j[kuk pkfg,A tSlk fd gekjs ekuuh; ç/kkuea=h Jh ujsaæ eksnh ,oa ekuuh; dsaæh; ea=h] foKku ,oa çkS|ksfxdh] MkW-�g"kZ o/kZu th 
}kjk ckj ckj tksj fn;k x;k gS] lHkh lh,lvkbZvkj laLFkkuksa dks mi;qä çkS|ksfxfd;ksa ds fodkl ds ek/;e ls ns'k dh fpfUgr leL;kvksa dks 
gy djus dh vko';drk gSA ns'k dks mEehn gS fd oSKkfud 'kks/k esa viuh oSf'od usr`Ro dh fLFkfr dks cuk, j[krs gq, lh,lvkbZvkj ds 
oSKkfud ,sls mRiknksa dks fodflr djsa tks tks gekjs lekt ds cM+s fgLls ds fy, mi;ksxh gksaA lh,lvkbZvkj ds oSKkudksa dks vke vkneh dh 
leL;kvksa dks gy djus ,oa gekjs fdlkuksa ds fy, csgrj [kk| mRiknu esa lgk;d ubZ çkS|ksfxfd;ka fodflr djus dh vko';drk gSA ns'k ds 
^dkS'ky fodkl fe'ku* ds varxZr gekjs f'kf{kr csjkstxkj ;qokvksa ds fy, vyx vyx O;olk;ksa esa dkS'ky fodflr djus esa lh,lvkbZvkj dks 
egRoiw.kZ Hkwfedk fuHkkuh gksxh ,oa gekjs oSKkfudksa dks ̂ ftKklk* dk;ZØe ds ek/;e ls ;qok Ldwyh cPpksa dks foKku dks ,d dSfj;j ds :i esa 
ysus ,oa muesa oSKkfud LoHkko fodflr djus ds fy, mRlkfgr djuk pkfg,A ,d ikni vk/kkfjr 'kks/k laxBu gksus ds ukrs 
lh,lvkbZvkj&,uchvkjvkbZ esa ns'k dks uohu çtkfr;ksa] tSo&v.kq ,oa thal rFkk uohu ikni&vk/kkfjr çkS|ksfxfd;k¡ ,oa mRikn miyC/k djk 
dj ns'k dh vusdksa xaHkhj leL;kvksa dks gy djus dh {kerk gSA cqfu;knh foKku vuqla/kku esa mRd`"Vrk gkfly djrs gq, gesa vuqokfnr 
vuqla/kku ij leku tksj nsus dh vko';drk gSA gesa gekjs dk;ksaZ esa vf/kd rkyesy ,oa /;ku nsus dh] vf/kd vfHkuo gksus dh] ,oa fpfUgr 
y{;ksa dks gkfly djus ds fy, xq.koÙkk;qä le; çnku djus dh vko';drk gSA eq>s iwjk Hkjkslk gS fd lHkh lnL;ksa dh c<+h gqbZ çfrc)rk 
vkSj dM+h esgur ds lkFk lh,lvkbZvkj& ,uchvkjvkbZ tYnh gh ,d ubZ ÅapkbZ gkfly dj ldsxkA lh,lvkbZvkj ifjokj ds ,d uo ços'kh 
gksus ¼3 uoacj 2017 ls½ ds ukrs bl egku laLFkk dk usr`Ro djus esa eq>s xoZ dh vuqHkwfr gks jgh gS ,oa eq>s fo'okl gS fd ,d lkFk ge vius 
vfHkuo foKku ,oa vuqoknijd vuqla/kku ds ek/;e ls jk"Vª dh mEehnksa dks iwjk djus esa l{ke gksaxsA       

eSa laLFkku ds lQy oSKkfud ,oa rduhdh çca/ku ds fy, leFkZu] ekxZn'kZu ,oa lykg gsrq MkW- fxjh'k lkguh] egkfuns'kd] 
lh,lvkbZvkj dk vkHkkjh gw¡A ge laLFkku ds 'kks/k ,oa fodkl dk;ZØeksa ds lQy fØ;kUo;u esa fn'kk funsZ'ku gsrq çks- ,l ds lksiksjh] v/;{k] 
'kks/k ifj"kn] ,oa 'kks/k ifj"kn rFkk çca/k ifj"kn ds lHkh lEekfur lnL;ksa ds vkHkkjh gSaA  ge viuh 'kks/k ,oa fodkl rFkk vkmVjhp 
xfrfof/k;ksa ds lQyrkiwoZd çn'kZu esa vius lg;ksfx;ksa] 'kqHkfpardksa ,oa leFkZdksa ls feyh lgk;rk ,oa lg;ksx ds vkHkkjh gSaA ge vius Hkfo"; 
ds ç;klksa esa vkids fujarj ekxZn'kZu] lykg ,oa leFkZu ds vkdka{kh gSaA

ljkst ds ckfjd
funs'kd 
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From the Director’s Desk .........

The year 2016-17 is memorable for CSIR-

National Botanical Research Institute (CSIR-

NBRI), Lucknow in many ways. The institute 

achieved a major break-through in science and 

technology during the year in the form of 

development of white fly- resistant transgenic 

cotton lines for the first time in the world. This 

research was published in the journal Nature 

Biotechnology with an impact factor of 41.667.

thWith the completion of 12  Five Year Plan, 

several new leads from different mega network 

projects got matured and were ready to translate 

them into new technologies and products. To 

mention a few, anacardic acid-based formulation 

to enhance cotton yield and fibre quality, nano 

emulsion-based antimicrobial products, 

microbial strains for control of Fusarium in diverse crops, and development of low arsenic grain rice variety. Twenty 

two compounds from Betula utilis bark, 29 compounds from Hedychium spicatum rhizome and 20 compounds from 

Justicia adhatoda were identified with high potential for human health care. Marchantia polymorpha, a bryophyte was 

evaluated for in vitro cytotoxic activity against four cancer cell lines viz., Breast, Colon, Head & Neck, and normal 

epithelial cells. An antimicrobial BIONANO gel (NBC-099) was developed and tested for its wound healing potential 

under in-vitro and in-vivo model systems. A novel therapeutic compound from Commiphora agallocha was identified, 

which showed significant anti-inflammatory and arthritic properties by inhibiting the mediators responsible for 

inflammation including TNF-. A second compound, 2, 4 ditertbutyl phenol, a potent antioxidant was isolated, 

purified and identified from the latex of C. agallocha. A chemical compound was identified from the weed, Ageratum 

conyzoides, which showed promising results in controlling cattle ticks. Polyphenols isolated from the resurrection 

plant, Selaginella bryopteris showed significant decrease in stress induced elevated levels of Cortisol and blood glucose 

levels in rats. The lichens, Usnea longissima and Cladonia furcata, showed potential against peptic ulcer and oesophageal 

refluxes disease in rats.

A detailed functional characterization of Arabidopsis miR858a was carried out to establish involvement of 

miRNAs in secondary plant product biosynthesis. In cotton, gene families involved in histone modifications related to 

fibre development were identified and characterized. Detailed characterization of cotton transgenic lines expressing 

tma12 (an insecticidal gene isolated from a fern) and Tma12 protein was carried out. Transcriptome of callus culture 

from different developmental stages of Indica and Japonica rice was established and analyzed. A successful effort has 

been made to decipher the mechanism of prickle formation in Solanum khasianum, using RNA isolated from the 

epidermal tissues from the stem of prickly and prickleless strains by differential mRNA-sequencing. It has been 

demonstrated that the over-expression of Pectin methylesterase (PME) isolated from Arabidopsis thaliana and 

Aspergillus niger provides resistance against broad spectrum of insects by producing methanol. It is being tried to 

introduce this gene in cotton for methanol production for insect resistance. The adaptation mechanism at the 

molecular level is being tried to unravel in Arabidopsis thaliana by studying the variation in DNA methylation pattern in 

Indian populations.

Breeder seeds of high thebaine lines of opium poppy developed by the institute are being multiplied in isolation 

plots at CSIR-NBRI campus for commercialization, and the performance trials of these thebaine lines were conducted 

at various villages of Rajasthan and Madhya Pradesh. 
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The taxonomy and assessment of diversity of Algae, Lichens, Bryophytes, Pteridophytes, wild relatives of 

Cucurbits and Tree Legumes in different parts of the country was continued. The monographic and phylogenetic 

studies in the Tribe Delphineae (Ranunculaceae) confirmed that, in India the tribe Delphineae is represented by 46 

species and six infraspecific taxa distributed in three genera namely, Aconitum, Delphinium and Consolida. In the study 

of molecular systematics of the Didymocarpus- Henckelia generic complex (Gesneriaceae) in India, morphotaxonomic 

data on 26 species of Henckelia and 17 species of Didymocarpus were compiled.

As a part of organization and maintenance activity of Herbarium, about 1,036 specimens of seed plants and 2311 

specimens of cryptogamic plants (Pteridophytes-280, Bryophytes-836 and Algae-45), and 1150 specimens of Lichens 

were added to the Herbarium taking the collection to 2,96,317.

The works on impact of climate change on agriculture and forest ecosystems and bioremediation of organic and 

non-organic pollutants have been appreciable. Biodegradation of anthracene was investigated using three bacterial 

strains, namely Corynebacterium sp. PSM10, Pseudomonas aeruginosa PSA5 and Rhodococcus sp. NJ2 which showed 

promising results. A Phosphate solubilizing bacteria (PSB) based formulation was developed that showed plant 

growth promoting attributes in Gladiolus and has potential application in several other floriculture crops. A microbial 

formulation consisting of three Trichoderma and one Bacillus strain was formulated for fast degradation of rice straw in 

the field.

The Botanic Garden of CSIR-NBRI, which is committed to introduction, enrichment and maintenance of 

germplasms of diversified groups of plants and ornamentals, enriched its collection by introducing several threatened 

species. During the year under report, two new late blooming varieties of Chrysanthemum, 'NBRI-CSIR75', 

commemorating the platinum jubilee of CSIR, and 'NBRI-Asha Kiran' were released. The Botanic Garden was enriched 

with Dischidia major, an epiphyte species, Hoya parasitica, a plant with strong sweet fragrance. The Nong Nooch 

Botanical Garden, Thailand extended help in enriching the Cycad Conservation Centre by donating 70 seeds of seven 

threatened cycads. An Orchidarium, which houses about 80 different species of orchids, was inaugurated by Dr. Girish 

Sahni, DG, CSIR and Secretary, DSIR, New Delhi.

The Distant Research Centres worked on conservation of economically important species. It standardized agro-

technologies for several economically important plants on degraded sites. Four species of Curcuma viz. C. longa. C. 

caesia, C. zeodoaria and C. amada were grown for evaluating their yield, quality and biochemical properties.

The Institute during the year conducted a number of training programmes, workshops and Farmer's Interaction 

programmes. Training was imparted to various stakeholders on different subjects, including taxonomy, gardening, 

floriculture, agrotechniques, biofertilizers, dehydration of flowers and floral crafts, betelvine cultivation, and 

cultivation of medicinal and aromatic plants. Post-graduate students of different universities/institutes were also 

imparted training on various aspects of plant sciences, including molecular biology, microbiology, pharmacology, and 

biotechnology.

The institute during the year carried out its research activities through 120 Research and Development projects 

under in-house, network, supra-institutional, NMITLI and other externally funded projects. These R&D activities led 

to 202 publications in peer reviewed national and international journals. One hundred and thirty papers were 

published in SCI journals with a cumulative impact factor of 330.102 and an average impact factor of 2.54 per paper. 

This was a commendable achievement for the institute with only 60 scientists. Eighteen students were awarded Ph.D. 

degree and 25 students submitted their Ph.D. theses. Two patents were granted and three were filed. Twenty 

MoUs/Agreements were signed and 41 new projects were initiated.

The institute was the recipient of the CSIR TECHNOLOGY AWARD FOR LIFE SCIENCE 2016 which was 

conferred jointly to CSIR-NBRI and CSIR-CIMAP, for the development of Herbal Composition (NBRMAP-DB) for 

management of Diabetes Type II. Technologies for a herbal antioxidant formulation useful during stress and 

chemotherapy of cancer patient, and a herbal toothpaste containing polyherbal formulation from known Ayurvedic 
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medicinal plants have been developed and are ready for commercialization. A technology for alcohol free Herbal 

Hand Sanitizer was made ready and recently licensed to M/s. Satguru Biologicals, Barabanki, Uttar Pradesh.

During the year, Dr. Harsh Vardhan, Union Minister for Science & Technology and Earth Sciences, Govt. of India 

visited the Institute and appreciated its work. Dr. Girish Sahni, DG, CSIR and Secretary, DSIR, New Delhi, and Her 

Excellency Prof. Ameenah Gurib-Fakim, President of Mauritius also visited the Institute and shared their visions with 

the scientists of CSIR-NBRI.

I congratulate all the scientific, technical and administrative staff of CSIR-NBRI for their sincere efforts to make 

the institute a vibrant and productive scientific organization. While we take pride in our overall achievements, we 

must prepare ourselves for the challenges ahead. As has been repeatedly emphasized by our Hon'ble Prime Minister 

Shri Narendra Modi and Hon'ble Minister, Science and Technology, Dr. Harsh Vardhan, all the CSIR institutions need 

to solve country's identified problems through developing appropriate technologies. While maintaining its global 

leadership position in scientific research, the country expects CSIR scientists to develop products which are useful for 

the large section of our society. CSIR scientists need to solve the problems of common man and develop new 

technologies to help enhanced food production for our farmers. CSIR has to play a pivotal role in developing skill in 

different vocations for our educated unemployed youth under country's “Skill development Mission” and also our 

scientists need to enthuse young school children to take science as a career and develop scientific temper among them 

through “Jigyasa” programme. Being a plant-based research organization, CSIR-NBRI has the ability to solve several 

of the country's acute problems by providing the nation several novel species, biomolecules and genes, and novel 

plant-based technologies and products. While continuing to excel in basic science research, we need to put equal 

emphasis on translational research. We need more synergy and focus in our actions, need to be more innovative, and 

provide quality time to achieve the identified goals. I am confident that, with enhanced commitment and hardwork of 
rdall the members, CSIR-NBRI would attain a new height very soon. As a new entrant to CSIR family (since 3  

November, 2017), I feel privileged to lead this great institution, and I am sure, together we shall be able to meet the 

expectation of the nation through our innovative science and translational research approach.

I take this opportunity to place on record my sincere gratitude to Dr. Girish Sahni, the Director General of CSIR, 

for his support, guidance and advice for the successful S&T management of the Institute. We sincerely thank Prof. SK 

Sopory, Chairman, Research Council and all the honourable members of the Research Council as well as of the 

Management Council for their guidance in successful implementation of the research and development programs of 

the Institute. We acknowledge the help and cooperation received from our peers, well-wishers and supporters in 

performing our R&D and outreach activities successfully. We look forward to your continued guidance, advice and 

support in all our future endeavours.

SK Barik

Director
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The Council of Scientific and Industrial Research - 

National Botanical Research Institute (CSIR-NBRI), 

Lucknow, established in the year 1953, is one of the 38  

constituent laboratories of CSIR, Department of 

Scientific and Industrial Research, Ministry of Science 

and Technology, Government of India. The institution 

has been in the forefront of plant sciences research in the 

country for the past six decades and is an institution of 

national importance. As a globally  recognized advanced 

centre of botanical research, the institute carries out 

multidisciplinary R&D programmes in almost all fields 

of plant sciences. The mandate of the institute is to 

undertake basic and applied research on various aspects 

of plant science, including conservation, systematics, 

documentation, prospection and genetic improvement 

with particular emphasis on under-exploited,  non-

traditional and wild plant genetic resources of the 

country for the sustainable development and human 

welfare. The institute has core strength in the following 

areas: 

l Plant diversity, systematics  and databases for 

lower and higher plant groups.

l Bioprospection and development of nutraceutical, 

cosmaceutical and health care products.

l Botanic garden, plant conservation and 

development of new varieties of floricultural 

plants.

l Microbes for enhanced plant productivity.  

l Pollution remediation through plants and 

microbes.

l Climate change adaptation studies and carbon 

sequestration. 

l Plant improvement through conventional and 

molecular breeding, and genetic engineering.

l Agro-technologies for sustainable development of 

sodic land and other wastelands.

l Societal development activities through outreach 

programmes.

The Institute is surging ahead with its envisioned 

goals of exploring the untapped potentials of the 

underexplored and unexplored plant diversity of the 

country for generating new knowledge, and affordable 

technologies for human health care, agriculture, and 

environmental protection. The year 2016-17 witnessed 

several significant achievements in the scientific, 

technological and outreach activities of CSIR-NBRI, a 

summary of which is given below:  

Plant diversity documentation and conservation

The institute continued its sustained efforts to carry 

out systematic documentation, characterization, 

evaluation and conservation of plant and lichen 

resources of India. The floristic account of Govind 

Wildlife Sanctuary was completed. A total of 637 species 

of angiosperms, 352 lichens, 381 bryophytes, 391 taxa of 

algae and 88 species of pteridophytes, and additionally 

25 ethnobotanically important plants were documented 

from the sanctuary. Taxonomic studies on various 

groups such as Thelotrematoid (121 spp.), Cetrarioid 

lichens, (47 spp.) Corydalis (23 spp.) and Ficus (40 spp.) 

were completed. Molecular systematic studies of the 

g e n e r a  B e r g e n i a  ( S a x i f r a g a c e a e )  a n d  L u f f a  

(Cucurbitaceae) in India were completed, while a new 

study on molecular systematics of the Didymocarpus- 

Henckelia generic complex (Gesneriaceae) in India has 

been initiated. 

In the area of molecular characterization of plant 

genetic resources, analysis of genetic variability and 

population genetic structure was carried out in 11 

populations of Ephedra foliata collected from its 

distributional range in arid and semi-arid regions of 

north western India. Additionally, sequence-

characterized amplified region (SCAR) markers from the 

RAPD and ISSR fragments were developed for the 

identification and authentication of Gladiolus 

germplasm.

The monographic and phylogenetic studies in the 

Tribe Delphineae (Ranunculaceae) confirmed that, in 

India the tribe Delphineae is represented by 46 species 

and six infraspecific taxa distributed in three genera, viz., 

Aconitum, Delphinium and Consolida.

Mapping the floristic diversity and conservation 

studies on plant resources of Kishanpur Wildlife 

Sanctuary (KWS) continued for better understanding of 
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the plant diversity of the protected area. A total of 215 

plant species were collected from KWS and deposited in 

the herbarium of the institute (LWG) for future reference. 

A diversity assessment of angiospermic flora has been 

initiated to provide a taxonomic account of angiosperms 

of Sonbhadra district in the Vindhyan region of Uttar 

Pradesh. The extensive survey of the area over the years, 

critical examination of previous collections housed at 

various herbaria, and review of published literature 

revealed that a total of 705 species belonging to 459 

genera under 110 families are present in Sonbhadra 

district. This year, a new study on the plant diversity 

assessment in Dima Hasao, a hilly region of Assam, was 

initiated and about 150 species were collected from the 

area.

Lichens were recorded from 18 sites of Nilgiris in 

Western Ghats, which clearly differentiated the diverse 

micro and macroclimatic conditions of the area. A total of 

223 species belonging to 80 genera and 33 families were 

recorded from these study sites.

A survey of bryophytes was carried out in 

Darjeeling hills to study the species composition along 

the altitudinal gradients. The primary data indicated that 

over the decades, the species richness index fluctuated at 

Tiger Hill and it had a steady increase at Llyod Botanical 

Garden (LBG). These differences could be due to the fact 

that Tiger hill is a site with greater tourist influx as 

compared to the LBG which has limited anthropogenic 

activities.

Exploration of bryophyte rich localities in the 

Eastern Ghats of Odisha was undertaken. About 321 

specimens were collected, and an illustrated account of 

the studied taxa with descriptions along with their 

distribution data is in the final stage. Similarly, a study on 

the bryophytes from Terai region of Uttar Pradesh has 

revealed the occurrence of 29 species of bryophytes: 21 

species belonging to 16 genera of 11 Families of Mosses; 6 

species belonging to 3 genera of 3 families of Liverworts; 

and 2 species belonging to 1 genus of 1 family of 

Hornworts.

From the water samples collected from different 

parts of Lucknow, 12 algal taxa under 11 genera and 2 

classes were described. Algal studies for harnessing its 

potential as a source of biofuel were continued. 

Under the National Mission for clean Ganga project, 

algae were collected from eleven defined sites and the 

study revealed the occurrence of 37 species belonging to 

24 genera. The diversity and distribution pattern of 

pteridophytes from Haridwar and Ganga Sagar showed 

a record of 17 species which belonged to 12 genera under 

9 families.

Six species of bryophytes were introduced to the 

collection in the Moss House of the institute. Plants of 

Nephrolepis hirsutula collected from Andaman Islands 

were introduced in the fern house of the institute. Mass 

multiplication of 13 ornamental species of pteridophytes 

was undertaken for conservation, and experimental 

studies.

About 1,036 specimens of seed plants and 2311 

specimens of cryptogamic plants (Pteridophytes-280, 

Bryophytes-836, Algae-45), and 1150 specimens of 

Lichens were added to the Herbarium (LWG), making 

the total collection to 2,96,317.

The Botanic Garden of CSIR-NBRI continued its 

activities through introduction, enrichment and 

maintenance of germplasms of diversified groups of 

plants and ornamentals. It also serves as a National 

Repository of Indian and exotic germplasm including 

threatened plant species. During the year under report, 

two new late blooming varieties of Chrysanthemum, 

'NBRI-CSIR75', commemorating the platinum jubilee of 

CSIR, and 'NBRI-Asha Kiran' were released. The Botanic 

Garden was enriched with Dischidia major, an epiphyte 

species, and Hoya parasitica, a plant with strong sweet 

fragrance. The Nong Nooch Botanical Garden, Thailand 

extended help in enriching the Cycad Conservation 

Centre by donating 70 seeds of seven threatened cycads. 

Four species of succulents were introduced in the Cactus 

and Succulent House. A new “Indoor and Plants of 

A n c i e n t  T i m e s ”  C o n s e r v a t i o n  H o u s e  w a s  

conceptualized to add more educative values to the idea 

of conserving plant diversity of different ages at one 

place. Adding plants of ancient times such as Gingko 

biloba, Cycas sp., Zamia sp., Dioon sp. and ferns was 

highlight of plant propagation centres during 2016-17. 

An Orchidarium, which houses about 80 different 

species of orchids, was inaugurated by Dr. Girish Sahni, 

DG, CSIR and Secretary, DSIR, New Delhi.

The Distant Research Centres accelerated their 

working on conservation of economically important 

plant species, and standardization of agro-technologies 

for economically important plants on degraded sites. 

Four species of Curcuma viz. C. longa. C. caesia, C. zeodoaria 
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and C. amada were grown for evaluating their yield, 

quality and biochemical properties. The turmeric variety 

'Kesari', released last year, was further evaluated for 

performance, yield and for comparison with locally 

grown varieties. Matricaria (Chamomilla recutita) was 

evaluated for its oil content and quality at different soil 

pH. Bixa orellana, a dye yielding shrub and one of the 

most widely used food colouring substances of the food 

industry, was studied for pruning effects on growth and 

productivity. Aloe and Andrographis paniculata were 

studied for their sustainable cultivation on sodic 

wastelands.

A Phosphate solubilizing bacteria (PSB)- based 

formulation has been developed which shows potential 

for plant growth promoting attributes on Gladiolus and 

can be taken up for large scale production for utilization 

in floriculture crops.

Climate change monitoring using plants and 

lichens

Long-term climate change monitoring studies were 

undertaken in three highest summit point (HSP) in the 

Indian Himalayan region. The sites were surveyed for 

lichens, and lichenometry analysis in and around Kabi 

and Tingda area of north Sikkim was undertaken. A total 

of 52 species of lichens belonging to 27 genera and 16 

families were recorded from three summit points. The 

bryophytic diversity was marked with dominance of 

mosses, followed by liverworts. The bryo-diversity of 

these areas mostly consisted of populations of temperate-

subalpine bryo-flora, while typical alpine-subalpine 

elements were observed in lesser quantity. Studies 

regarding changes in atmospheric deposition during the 

last half century and its impact on lichen community 

structure were carried out in Darjeeling and Tawang area 

of the Eastern Himalayas, Pindar valley in Western 

Himalayas and Mount Abu in North-western India. The 

research demonstrated the potential use of herbarium 

specimens for mapping lichen diversity which can help 

as a tool for the assessment of environmental stress on 

toxitolerant lichens in the study area. Studies on 

secondary metabolites and amino acids of lichens along 

with the diversity of lichens were used to assess the 

response of rising temperature and ultra-radiance in 

Indian Himalayan region.

In order to study the dynamics of forest ecosystems 

in relation to climate responses, above ground biomass 

assessment in tropical deciduous forest at Katerniaghat 

Wildlife Sanctuary (KWLS) of Uttar Pradesh was 

undertaken in three forest communities, viz. dry mixed, 

sal mixed and teak forests.

In another study, response of three wheat varieties 

to elevated carbon dioxide and ethylene diurea (EDU) 

treatment was assessed under Free Air CO  Enrichment 2

(FACE) facility.

Environmental Biotechnology and 

Bioremediation

Studies on impact of climate change on agriculture 

and forest ecosystems resulted in several significant 

leads in terms of identifying potential plant and microbes 

for bioremediation of arsenic, and organic and non-

organic pollutants such as anthracene and total 

petroleum hydrocarbons.

The impact of Ortho Silicic Acid, the bioavailable 

form of silicon, in reducing arsenic accumulation in rice 

grains was analysed. Application of Silicon enhanced the 

growth and yield of plants under arsenic stress by 

stimulating synthesis of thiols and activities of 

antioxidant enzymes, and greatly reduced grain arsenic 

accumulation. Results confirmed that application of 

Ortho Silicic Acid reduces negative impacts of arsenic, 

not only in terms of economic yield but also the quality of 

grains. Rice seedlings supplemented with Selenium 

mitigated Arsenic toxicity by reducing arsenic uptake 

and ameliorating amino acid content.

A rice variety CN-1794-2-CSIR-NBRI (Muktashree) 

exhibiting low grain As accumulation developed by 

CSIR-NBRI in collaboration with West Bengal 

Government is being approved for cultivation in arsenic 

affected areas following successful multi-locational field 

trials.

A consortium of four fungal strains were identified, 

studied and confirmed for their superior performance in 

arsenic removal and was developed as a bio-augment 

formulation for remediating arsenic contamination in 

paddy crop.

Biodegradation of anthracene was investigated 

using three bacterial strains viz., Corynebacterium sp. 

PSM10, Pseudomonas aeruginosa PSA5 and Rhodococcus sp. 

NJ2. All the three strains showed promising results. A 

microbial consortium of selected bacterial and fungal 
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strains degraded 49% of total petroleum hydrocarbons 

after one month of incubation, when grown in 30% crude 

oil spiked soil.

A microbial formulation consisting of three 

Trichoderma and one Bacillus strain was formulated for in 

situ application in the fields having remains of rice 

stubble. Application of the formulation resulted in faster 

degradation of rice straw in the field. The technology has 

great promise to substitute the on-going practice of 

burning the field after crop harvest.

Genetic improvement of plants  through conventional 

and molecular interventions

Anacardic acid was identified as an important 

candidate molecule for the improvement of yield and 

fibre quality in cotton. The same was used for multi-

location field trials in Bhatinda, Maharashtra and 

Telangana.

In cotton, gene families involved in histone 

modifications related to fiber development were 

identified and characterized. Development of a 

commercially viable F1-Hybrid Cotton using Novel 

Reversible Male Sterility System is in progress.

Detailed characterization of cotton transgenic lines 

expressing tma12 (an insecticidal gene isolated from a 

fern) and Tma12 protein was carried out.

Molecular genetics of guar (Cyamopsis tetragonoloba) 

was studied using  more than 200 accessions collected 

from different parts of the country using SNP marker 

approach, and tagging Alternaria blight resistance loci, 

and marker assisted backcrossing (MABC) were carried 

out in linseed (Linum ussitatisimum L.). 

Breeder seeds of high thebaine lines of opium 

poppy, developed by the institute are being multiplied in 

i s o l a t i o n  p l o t s  a t  C S I R - N B R I  c a m p u s  f o r  

commercialization, and performance trials of these 

thebaine lines were conducted at various villages of 

Rajasthan and Madhya Pradesh.

Full-length cDNAs of putative genes involved in 

uncharacterized steps of Papaverine biosynthesis were 

identified and functionally characterized.

The analysis of sterol glycosyltransferase (sgt) gene 

family of Withania somnifera using artificial miRNA 

technology in the glycosylation of secondary metabolite 

revealed that sterol glycosyltransferase enzyme activity 

of W. somnifera provides tolerance against high 

temperature.

Transcriptome and small RNA sequencing of ripe 

and unripe stages of banana completed, and detailed 

analysis of various gene and miRNA families carried out.

To obtain insights into the molecular changes that 

occur during the ripening, an Illumina-based 

transcriptome analysis of inner and outer zones of 

Dashehari mango was carried out. Prominent genes of the 

ethylene pathway, cell wall softening, and other major 

ripening related pathways that included the aroma genes 

and carotenoids were identified.

Transcriptome analysis of a fragrant variety of rose, 

R. bourboniana (commonly known as Desi Gulab), which 

is also sensitive to endogenous and exogenous ethylene 

with petal fall within hours of exposure to ethylene, is 

under progress.

Transcriptome of callus culture from different 

developmental stages of Indica and Japonica rice was 

established and analysed.

To establish involvement of miRNAs in secondary 

plant product biosynthesis, a detailed functional 

characterization of Arabidopsis miR858a was carried 

out.

The mechanism of prickle formation in Solanum 

khasianum was understood using RNA isolated from the 

epidermal tissues from the stem of prickly and 

prickleless strains by differential mRNA-sequencing.

Targeted manipulation of SlERF6 and SlERF8 in 

tomato and deciphering their role in regulating fruit 

ripening and productivity, and in silico identification of 

SNP diversity in cultivated and wild tomato species are 

in progress.

The role of Nonexpressor of pathogenesis-related 

gene, NPR1 in the Nucleosome remodelling in 

Arabidopsis thaliana was unravelled. Over-expression of 

Pectin methylesterase (PME) isolated from Arabidopsis 

thaliana and Aspergillus niger showed resistance against 

broad spectrum of insects by producing methanol. 

Efforts are continued to introduce this gene in cotton for 

methanol production for insect resistance.
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The adaptation mechanism at the molecular level 

was examined in Arabidopsis thaliana by studying the 

variation in DNA methylation pattern in Indian 

populations.

Study on the role of miRNA(s) in plant growth 

promoting rhizobacteria Pseudomonas putida RAR 

mediated drought stress alleviation in chickpea (Cicer 

arietinum L.), indicated that RAR inoculation alters 

miRNA and target gene expression resulting in 

ameliorating drought stress response in drought tolerant 

chickpea cultivar.

Transcript profiling of major millet crops under 

drought stress and cloning-characterization of stress-

inducible transcription factors showed that a zinc finger 

protein coding gene (PgZnF) was found to be up-

regulated under late drought stress.

The GheCAMTA and NAC-2 genes in chickpea were 

functionally validated in response to water stress. The 

aim was to develop drought-tolerant chickpea.

One of abiotic stress related genes, OsASR6 was 

found to be up-regulated by PGPR treatment in rice 

roots. Transgenic lines with Arabidopsis thaliana were 

developed. 

Physiological studies were carried out in Gossypium 

species to decipher the alteration in the metabolic 

pathways during drought stress in the leaf tissues. The 

accumulation of more sugars, sugar alcohols, amino 

acids and increase in fatty acid content provided 

enhanced osmo-protection under drought stress.

Soybean plants treated with salicylic acid through 

seeds pretreatment, under drought regimes showed that 

the proteins involved in photosynthesis and carbon 

metabolism were major proteins upregulated which 

contributed towards increased productivity and seed 

yield.

Molecular virological studies revealed association 

of Cotton leaf curl Multan virus in Hibiscus rosa-sinensis.  

Molecular characterization of a begomovirus 

associated with diseases of Parthenium hysterophorus and 

wild sunflower (Helianthus sp.) was undertaken. 

Coexistence of three virus genera viz., Badnavirus, 

Potyvirus and Cucumovirus in Canna species was 

reported.

Bioprospection of plant resources and natural 

product development

 The institute during the year under report 

developed the following scientifically validated herbal 

products from indigenous plants and associated 

indigenous knowledge systems of India. These include: 

(i) Sindoor stick with herbal colours with vegetable oil 

aroma and bees wax as base material, (ii) a herbal 

antioxidant formulation useful during stress and 

chemotherapy of cancer patient, and (iii) a herbal 

toothpaste containing polyherbal formulation from 

known Ayurvedic medicinal plants. The technologies for 

all these products have been transferred to industry. A 

technology for alcohol free Herbal Hand Sanitizer was 

made ready, and recently licensed to M/s. Satguru 

Biologicals, Barabanki, Uttar Pradesh.

A CSIR-NBRI formulation is being developed from 

Artemisia nilagirica plants which have shown significant 

termite mortality rate as compared to that of synthetic 

pesticides.

The bioprospecting R&D at the institute has also 

generated the following promising leads with potentials 

of translating them into products and technologies for 

the herbal, cosmetic and nutraceutical industries.

Twenty two compounds from Betula utilis bark, 29 

compounds from Hedychium spicatum rhizome and 20 

compounds from Justicia adhatoda have been identified 

which would be of human health interest. Marchantia 

polymorpha, a bryophyte has been evaluated for in vitro 

cytotoxic activity against four cancer cell lines of Breast, 

Colon, Head & Neck, and normal epithelial cells. An 

antimicrobial BIONANO gel (NBC-099) has been 

developed and tested for its wound healing potential 

under in-vitro and in-vivo model systems.

A novel therapeutic compound from Commiphora 

agallocha was identified, which showed significant anti-

inflammatory and arthritic properties by inhibiting the 

mediators responsible for inflammation including tumor 

necrosis factor alpha (TNF-). A second compound, 2,4 

ditertbutyl phenol, a potent antioxidant was isolated, 

and purified from the latex of C. agallocha.

A chemical compound has been identified from 

Ageratum conyzoides which shows promising results in 

controlling cattle ticks.
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Polyphenols isolated from the resurrection plant 

Selaginella bryopteris, showed significant decrease in 

stress induced elevated levels of Cortisol and blood 

glucose levels in rats.

The lichens, Usnea longissima and Cladonia furcata, 

have shown potential against peptic ulcer and 

oesophagal refluxes disease in rats.

A marker metabolite, quinic acid, was identified in 

leaves of Commiphora wightii which may be used as a 

marker metabolite for identifying the commercially/ 

medicinally important high guggulsterone yielding elite 

chemotypes.

A method was standardized to develop squalene 

enriched fraction from amaranth grain oil. This can be 

used for development of cosmaceutical and 

nutraceutical products.

Fifteen gum bearing plants were identified to 

explore the potential of the plant gums as natural 

binders and stabilizer of food, colour, and for 

development as a natural additive or nutritional food 

supplement.

Training, Extension and Outreach

The Institute during the year conducted a number 

group trainings, workshops and Farmer's Interaction 

programme. Training was imparted to various 

stakeholders on different subjects including taxonomy, 

gardening, floriculture, agrotechniques, biofertilizers, 

dehydration of flowers and floral crafts, betelvine 

cultivation, cultivation of medicinal and aromatic plants. 

The beneficiaries of these training programmes were 

farmers, teachers, students, housewives, entrepreneurs 

and officers of Biofertilzer units. Post-graduate students 

of different universities/institutes were also imparted 

training on various topics in plant sciences, including 

molecular biology, microbiology, pharmacology, and 

biotechnology.

Projects, Publications and Awards

During the year under report, 120 R&D projects 

were implemented by the institute, 202 papers were 

published with cumulative impact factor of 330 (IF 2.54 

per paper), and 18 students were awarded Ph. D. degree. 

The Institute jointly with CSIR-CIMAP won CSIR 

Technology Award for Life sciences - 2016 for the anti-

diabetic (Type II) formulation-NBRMAP-DB.



CSIR-NBRI Success Story : Development of Whitefly Resistant Cotton

CSIR-NBRI, Lucknow becomes the First Institute in the World to develop a 
technology for resistance against whitefly

Whitefly (Bemisia tabaci)

• Highly invasive pest on several 

field crops.

• Most affected countries are 

India, Pakistan, Israel, Brazil, 

Argentina, USA, China and 

Australia

• Major affected crops are cotton, 

tomato, brinjal, capsicum, chilli, 

cucumber, other vegetables

Loss Value

In 2015 outbreak of whitefly caused widespread devastation of 
cotton crop, grown in 1.5 million hectare land in Punjab, Haryana 
and Rajasthan.

In terms of productivity, the revenue loss was estimated at INR 
10,000 Crores, despite the use of pesticides worth INR 500 Crores.

Infection Mode

Whitefly damages the crops by sucking phloem sap; causing fungal 
infection and spreading plant viruses.

Damage Value

Routinely, it leads to average loss of 10-30% in crop productivity, 
which may exceed to 100% in severe cases.

Worth Notable
It is notable that no GM technology is available for the control of whitefly in world. It is 

still an unmet need.

Brought Glory
The above work has been published in one of the Top Nature Group journals – 

Nature Biotechnology having an Impact Factor of 41.667

CSIR-NBRI Counter Measure Efforts

• A team of scientists and students, led by Dr. PK Singh has isolated a novel anti-whitefly gene (designated as 
tma12) from a fern (Tectaria macrodonta). This fern has been maintained in the fernery at CSIR-NBRI Botanic 
Garden.

• The anti-whitefly gene was introduced in cotton. The fern gene has made GM cotton resistant to whitefly 
infestations. It controls the whitefly population by inhibiting its reproduction and hampering colonization.

• Whitefly resistance in GM cotton has been consistent for generations. Whitefly is also a vector of plant 
viruses. Restriction on whitefly population also controls whitefly spread viral diseases. 

•  Whitefly resistant GM cotton does not cause any harmful effect on beneficial insect like Ladybird beetle.

About the Ethics

The source plant of the gene is a fern, Tectaria macrodonta. This fern is eaten as salad and vegetable. Its concoction 
is used in medical remedies. 

Rodents fed with very high dose of the Tma12 protein for two weeks, did not show any negative effect in animals. 
This indicates that the use of tma12 gene in cotton and other crops will be safe to non-target animals and to the 
environment.

This is for the first time a novel insecticidal protein was discovered from an untapped plant resource. The tma12 
gene can be deployed in more than 30 crops to protect the yield without application of hazardous pesticides.
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Distinguished Visitors

Visit of Dr. Harsh Vardhan, Hon'ble Union Minister, 
Ministry of Science & Technology and Ministry of Earth Sciences,

Government of India

on April 20, 2016
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on November 25, 2016

Visit of Her Excellency Prof. Ameenah Gurib Fakim, President of Mauritius

Distinguished Visitors
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on December 10, 2016

Visit of Dr. Girish Sahni, Director General, CSIR & Secretary, DSIR, 
Government of India, New Delhi

Distinguished Visitors
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l aLFkku dk vf/kns' k

oS-vkS-v-i - j k"Vªh;  ouLi fr  vuql a/kku l aLFkku] y[kuÅ o"kZ 1953 esa LFkkfi r ] oSKkfud ,oa vkS| ksfxd vuql U/kku i fj "kn~] oSKkfud rFkk
vkS| ksfxd vuql a/kku foHkkx] foKku ,oa çkS| ksfxdh ea=ky; ] Hkkj r  l j dkj  ds 38 l aLFkkuksa esa l s ,d va'kHkwr l aLFkku gSA

l aLFkku fi Nys Ng n'kdksa j k"Vªh;  çfr "Bk ds : i  esa i kni  vuql a/kku ds {ks= esa i wj s ns'k esa vxz.kh j gk gSA okuLi frd vuql a/kku ds {ks= esa fo'o
ç[; kr  dsaæ ds : i  l s çfl )  ; g l aLFkku i kni  vuql a/kku ds yxHkx l Hkh vxz.kh cgq&fo"k; d {ks=ks esa vuql a/kku o fodkl  i j  dk; Zj r  gSA l aLFkku dk
eq[;  mí~'ks;  ewy : i  l s i kni  rFkk i kni  vuqç; qä vuql a/kkuksa ds fofHkUu i gyqvksa t Sl s l aj {k.k] ofxZdh] çys[ku] i woZ{ksi .k ,oa vkuqokaf' kd l q/kkj  ds
l kFk xSj &i kj ai fj d] vYi &'kksf"kr  o çfr ' kr  i kS/k l al k/kuksa ds l r r~ fodkl  esa dk; Z dj uk gS ft l s ekuo dY; k.k gsrq mi ; ksx fd; k t k l dsA

l aLFkku dh eq[;  l keF; Z fuEu fyf[kr  fo' ks"kKrk ds {ks=ks esa gSaA

 i kni  fofof/krk] ofxZdh ,oa U; wu o mPpre i kS/kksa ds fy,  MkVkcsl

 i woZ{ksi .k ,oa i kSf"Vd&vkS"k/kh; ] vkS"k/kh; &çl k/ku ,oa LokLF;  dY; k.k gsrq mRi kn fodkl

 ouLi fr  m| ku] i kni  l aj {k.k ,oa i q"i h;  i kS/kksa dh ubZ fdLeksa dk fodkl

 mPp i kni mRi kndrk gsrq l w{et hoh

 i kS/kksa ,oa l w{et hoh }kj k çnw"k.k mi pkj

 t yok; q i fj orZu vuqdwyu v/; ; u ,oa dkcZu t Crh v/; ; u

 i kj ai fj d o vk.kqfod çt uu ,oa vkuqoaf' kd vfHk; kaf=dh }kj k i kni  l q/kkj

 l ksfMd o cat j  Hkwfe ds l r r~ l q/kkj  gsrq df̀"k&rduhfd; k¡

 vkmVj hp dk; ZØeksa ds }kj k l ekt  dY; k.k gsrq xfr fof/k; k¡

l aLFkku ekuo dY; k.k] df̀"k ,oa i ; kZoj .k cpko gsrq i kni  vuql a/kku ds fy,  v/; ; uj r~ Kkr  o vKkr {ks=ksa esa vi us vç; qä {kerk ds l kFk
uo&Kku l t̀ u ,oa fdQk; rh rduhd fodkl  esa vkxs c<+us ds fy,  ges'kk çfrc)  gSA
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okuLi frd m| ku ,oa nwj LFk vuql a/kku dsaæ

vuqnku çkIr i fj ; kst uk, a

mÙkj  çns'k esa gYnh ds t Sfod cht  mRi knu dk ekudhdj .k
, oa çpkj

gYnh ds t Sfod cht  mRi knu ds fy,  vkSj k¡ok vuql a/kku dsUæ]
j k"Vªh;  ouLi fr  vuql a/kku l aLFkku] y[kuÅ esa fuEufyf[kr  nks ç; ksx fd; s
x; s&

¼i½ ,dhdr̀  t Sfod [ksrh ds varxZr vuqdwy xq.koÙkk ,oa mi t  ds fy,
gYnh dh [ksrh dk ekudhdj .k

¼ii½ ,dhdr̀  t Sfod [ksrh ds varxZr j ksx vkSj  dhV çca/ku

ekudhdj .k ds varxZr mi pkj ksa ds l kFk i j h{k.k fd; k x; k vkSj
i k; k x; k fd ukbVªkst u] QkLQksj l  ,oa i ksVk'k ds l kFk ft ad dh 100%
ek=k }kj k i kS/kksa dh yackbZ] i fÙk; ksa dh yackbZ ,oa pkSM+kbZ] çdan ds rkt k
Hkkj  ,oa dqy mi t  esa vU;  mi pkj ksa dh rqyuk esa l kFkZd òf)  i kbZ x; h
fdUrq dsapqvk [kkn ds l kFk t hok.kq }kj k cht  mi pkj  vR;f/kd çHkkoh i k; k
x; k] gkykafd bl  ekeys esa i fÙk; ksa dh l a[ ; k esa l kFkZd var j  ugha i k; k
x; kA gYnh i kmMj  ,oa rsy esa i k,  t kus okys dqj dqfeuksbM vkfn esa Hkh
l kFkZd var j  ugha ns[kk x; kA urht ksa esa fofHkUu t So fu; a=.k mi pkj ksa
ds ç; ksx l s gYnh dh Ql y esa chekfj ; ksa ds çfr  l kFkZd çfr j ks/k Hkh ns[kk
x; kA

dkyes?k dh mi t  , oa xq.koÙkk i j  t Sfod i nkFkksaZ ds fofHkUu
l zksrksa , oa Lrj ksa ds çHkko dk v/; ; u

v/; ; u esa ; g ns[kk x; k fd fdl ku 15 Vu çfr  gsDVs; j  dh nj
l s FYM dk ç; ksx dj ds #- 56]280 dh ykxr  i j  #- 1]70]860 dk
ykHk çkIr  dj  l drs gSa] bl h çdkj  çsl eM ds 7-5 Vu çfr  gsDVs; j  ds
ç; ksx l s #- 47]040 dh ykxr i j  #- 1]70]860 dk ykHk rFkk oehZdai ksLV
ds 5 Vu çfr  gsDVs; j  ds mi ; ksx l s #- 90]720 dh ykxr  i j  #- 84]780
dk ykHk çkIr  dj  l drs gSaA bl  i zdkj  çsl eWM dk ç; ksx vf/kd ykHkdkj h
i k; k x; kA dkyes?k ds i kS/kksa esa ukbVªkst u] QksLQksj l  ,oa i ksVsf' k; e dk
l okZf/kd xzg.k Hkh çsl eM esa ns[kk x; kA gkykafd eSaxuht  dk xzg.k FYM
; k oehZdai ksLV dh ek=k c<+us ds l kFk c<+h ysfdu çsl eM dh ek=k c<+kus
i j  deh ns[kh xbZA

mÙkj  çns'k dh l ksfMd cat j  Hkwfe i j  [ ksrh gsrq fdl kuks dks
çf' k{k.k ,oa çpkj &çl kj  gsrq , yks çt kfr; ksa dh df̀"k çkS| ksfxdh
fodkl

,yks osj k] ,yks osj k ,Dl s' ku ,oa ,yks eSdqykVk ds i kS/kksa dks fofHkUu
pH Lr j ksa esa mxk; k x; kA fofHkUu ekudksa dk v/; ; u dj us l s Kkr  gqvk
fd ,yks osj k ,Dl s' ku mPp l ksfMd ènk esa [ksrh gsrq md"̀V gSA

?kj syw i fj ; kst uk, a

l aj {k.k] f' k{kk , oa t So&l qanj hdj .k gsrq pqfuUnk l t koVh
Ql yksa , oa fofHkUu l ewgksa ds i kS/kksa dk l axzg.k , oa t uuæO;
l axzg dh ns[ kHkky

l aLFkku } kj k fodfl r ubZ fdLesa

xqynkmnh

t uoj h 2017 esa xqynkmnh dh nks ubZ fdLeksa ,̂uchvkj vkbZ&
l h,l vkbZvkj  75* ¼l h, l vkbZvkj  ds IysfVue t qcyh l ekj ksg ds miy{;
esa½ ,oa ,̂uchvkj vkbZ&vk'kk fdj .k* dks t kj h fd; k x; kA

m| ku esa uohu i kS/ks

fMLdhfM; k est j

vl e l s bl  vf/kikni  çt kfr  ds i kS/ks dk ,d uewuk l axzfgr fd; k
x; kA fo'ks"k : i  l s : i kar fj r  i fÙk; ksa esa phfV; ksa ds ?kj  cukus ds dkj .k
bl  i kS/ks dks l kekU;  : i  l s p̂haVh i kS/kk* ds : i  esa t kuk t krk gSA

gks; k i Sj kfl Vhdk

vl e&es?kky; ds l hek {ks= l s ,d= fd,  x,  bl  ehBh l qxa/k okyh
çt kfr  ds i k¡p i kS/kksa dks m| ku esa yxk; k x;k gS ft uesa l s ,d i kS/ks esa Qwy
yxus Hkh vkj aHk gks x,  gSaA

t uuæO;  l axzg.k

uksax uwp okuLi frd m| ku] FkkbZySaM l s l aLFkku dks l kr  nqyZHk ,oa
l adVxzLr l kbdsM~l  ds 70 cht  çkIr  gq, gSaA m| ku ds l kFk l aj {k.k ,oa
ofxZdh ds {ks=ksa esa Hkfo";  esa l g; ksx gsrq ç; kl  fd,  t k j gs gSaA dSDVl  ,oa
l SdqysaV x̀g esa Hkh pkj  çt kfr ; ksa dks yxk; k x; kA

okuLi frd m| ku dk t So fofo/krk çys[ ku

m| ku esa dqy 103 baosfl o çt kfr ; k¡ ns[kh xbZaA buds vfr fj ä csyksa
dh 45 çt kfr ; k¡ Hkh ns[kh xbZaA m| ku esa >kfM+; ksa] fr r fy; ksa] edfM+; ksa ,oa
ò{kksa fd i quxZ.kuk dk dk; Z Hkh fd; k t k j gk gSA

t uu æO;  l axzg.k

Ng l adVxzLr çt kfr ; ksa ,oa nks l SdqysaV çt kfr ;ksa dks m| ku esa yxk; k
x; kA bl ds vfr fj ä l qanj ukFk dkWyst ] dksydkrk ,oa czãkuUn dkWyst ]
dkui qj  l s t eZIykTe ,Dl psat  dk; ZØe dh ' kq#vkr  dh xbZA

uohu l qfo/kk&?kj syw i kS/kksa , oa çkphu i kS/kksa dk l aj {k.k dsaæ

bl  dsaæ ds i k¡p eq[;  vkd"kZ.k gSa v½ l aj{k.kx̀g] c½ fodkl  m| ku]
l ½ l kbdsM dkuZj ] n½ ,Msul ksfu; k dkWuZj  ,oa bZ½ vkfdZM vuqdwyu dsaæA

okuLi frd m| ku ,oa nwj LFk vuql a/kku dsaæ
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buds vfr fj ä ; gk¡ nks vkd"kZd t y fudk;  Hkh gSaA fofHkUu l qfo/kkvksa dks
vki l  esa j kLrksa ds }kj k t ksM+k x; k gSA

vksfdZMsfj ; e

bl dk ' kqHkkj aHk l h,l vkbZvkj  ds egkfuns'kd MkW‚fxj h'k l kguh }kj k
fnl acj  2016 esa fd; k x;kA ;gk¡ vksfdZM dh 80 fofHkUu çt kfr ; k¡ l aj f{kr
gSaA buesa l s dqN vkfFkZd : i  l s egRoi w.kZ gSa ogha dqN l adV xzLr gSaA bl
çdkj  l s ; g x̀g vksfdZM~l  ds okuLi frd v/; ; u ,oa ' kks/k ds vfr fj ä
buds l aj {k.k dsaæ ds : i  esa Hkh dk; Z dj sxkA

nwj LFk ' kks/k dsaæ ¼caFkj k ' kks/k dsaæ½

vkaf' kd : i  l s df̀"k gsrq cukbZ xbZ l ksfMd ènk gsrq gYnh dh
çt kfr; ksa dk fo' ys"k.k

gYnh ¼ddqZek ykaxk½ dh 36 çt kfr ; ksa  dks fofHkUu t So HkkSxksfyd
{ks=ksa l s ,d= dj  l aLFkku ds ck; ksekl  ' kks/k dsaæ esa t wu 2015 esa Ål j
Hkwfe esa ewY; kadu gsrq yxk; k x; kA o"kZ 2016 esa vkSj koka ' kks/k dsaæ esa gYnh
ds nks l sVks esa 34 t eZIykLe yxk, x,  ,oa Qj oj h esa mudh [kqnkbZ dh xbZA
çt kfr  NB 2017 esa l cl s vf/kd i Snkokj  i kbZ xbZ ft l dk xq.kkRed
ewY; kadu fd; k t k j gk gSA xq.koÙkk ewY; kadu gsrq gYnh dh pkj  çt kfr ; ksa
ddqZek yksaxk] ddqZek l sfl ; k] ddqZek ft vksMksfj ; k ,oa ddqZek vekMk dk
t So j kl k; fud fo'ys"k.k Hkh fd; k x; kA

fofHkUu pH i j  rsy dh ek=k , oa xq.koÙkk gsrq dSeksekby dk
fo' ys"k.k

dSeksfeyk j sdqfVVk ¼Chamomilla recutita½ dh i kS/k dks fofHkUu
i h,p ¼7-8] 8-5] 9-43] 9-8 vkSj  10-1½ ds LFkkuksa i j  yxk; k x; kA bl
ç; ksx dk mís' ;  dSeksekby dh i kS/k i j ] ml ds rsy dh ek=k rFkk rsy ds
; kSfxd i j  fofHkUu i h,p dk vl j  t kapuk rFkk ml j  Hkwfe esa mxkus l s
ènk esa l q/kkj  ns[kuk gSA bl  l s çkIr  rsy ds t hl h,e, l  fo' ys"k.k esa -
Farnesene, Caryophyllene oxide, -Bis abo lo l oxide-,
Chamazulene  vkSj  -Bisabolol t Sl s çeq[k ; kSfxd i k; s x; s gSaA feêh
dh pH, OC, Na and K dh t k¡p cksokbZ l s i gys vkSj  Ql y dVkbZ ds
ckn dh xbZA dSeksekby dVkbZ ds ckn feêh dh pH, Na vkSj  K dh ek=k
?kVh gqbZ i kbZ x; h t ksfd l aHkor% i kS/kksa }kj k Na vkSj  K ds vo'kks"k.k ds

dkj .k] de i h,p vkSj  vf/kd t Sfod dkcZu dks n'kkZrk gSA

fcDl k vksj sykuk i j  NaVkbZ ds çHkko dk v/; ; u

fl anwj h ¼fcDl k vksj sykuk½ dk j axhu [kk|  i nkFkZ : i  esa [kk|  m| ksx
esa l okZf/kd O; ki d : i  esa bLrseky fd; k t krk gSA orZeku v/; ;u esa 17
HkkSxksfyd {ks=ksa l s ,df=r  fl anwj h ds fofHkUu uewuksa dk mi t  vkSj  xq.koÙkk
ds fy,  ewY; kadu fd; k t k j gk gSA dqy l axzg dks l kr  l ewgksa esa O; ofLFkr
fd; k x; k gSA i kS/kksa dh csgr j  mi t ] det ksj  i kS/kksa dks gVkus ds fy,  vkSj
i kS/kksa ds vkdkj  dks l arqfyr  dj us ds fy,  ' kk[kkvksa dh dVkbZ N¡VkbZ
¼çwfuax½ dh t krh gSA fcDl k ds 110 i kS/kksa esa ;s çwfuax o"kZ 2016 ds vçSy
ekg esa ,d ehVj  dh ÅapkbZ l s dh xbZ ft l ds çfrdwy çHkko ns[kus dks
feysA dqN i kS/kksa esa de Qwy f[kys ,oa de Qy ¼dSIl wy½ cusA ,p&1 Vkbi
esa gYdk çHkko fn[kk ,oa mi t  esa ekewyh deh ns[kh xbZ t cfd bZ&1 Vkbi
cqj h r j g çHkkfor  gqvk ,oa mi t  esa 85% dh deh ns[kh xbZA

t y ruko dk l keuk dj us esa t So moZj dksa dk çn'kZu

fl apkbZ ds i kuh dh deh esa pus dh i Snkokj  i j  l aLFkku }kj k
fodfl r  t So moZj dksa dh Hkwfedk dks i j [kus dh mís' ;  pus dh nks fdLeksa
i wl k 362 ¼ns'kh½ ,oa i wl k 1003 ¼dkcqyh½ i j  i j h{k.k fd, x,  ft l esa nksuksa
fdLeksa dks fl apkbZ dh fHkUu voLFkkvksa esa mxk; k x; kA t kap ds nkSj ku i wl k
dkcqyh esa fofHkUu ç; ksxksa esa t So moZj dksa dh enn l s csgr j  çn'kZu fd; kA

mÙkj  çns'k dh çeq[ k /kku fdLeksa dh òf)  ,oa mi t  i j  l w{e
t hok.kqvksa dh Hkkxhnkj h dk fo' ys"k.k

bl  v/; ; u gsrq /kku dh pkj  fdLeksa baækl u] l j t w 52] l aHkk eal wj h
,oa NDR&359 i j  i j h{k.k fd,  x,A bu fdLeksa dh òf)  ,oa mi t  i j
fofHkUu t hok.kqvksa ,oa dodksa dh Hkkxhnkj h dk çHkko ns[kk x; kA çkIr
urht ksa dks nwl j s o"kZ esa i qu% t kap ds }kj k l qfuf'pr  fd; k t k,xkA

l ksfMd ènk esa , yks çt kfr; ksa dk l axzg] vuqdwyu , oa
t uuæO;  cSad dh LFkki uk

,yks l ksfMd ènk ds l q/kkj  {kerk ; qä ,d egRoi w.kZ çt kfr  gSaA
l aLFkku ds caFkj k ' kks/k dsaæ i j  bl dh çt kfr ; ksa ds t uuæO;  ds l axzg gsrq
,d cSad dh LFkki uk dh x; h t gk¡ ns'k ds fofHkUu bykdks l s ,df=r  5
çt kfr ; ksa@uewuksa dks l axzg dj  LFkkfi r  fd; k x; kA

vuql a/kku ,oa fodkl
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vuqnku çkIr i fj ; kst uk, a

vR; k/kqfud ck; ks&t sV bZa/ku çkS| ksfxdh gsrq varj kZ"Vªh;  da'kksf'kZ; e

l h, l vkbZvkj &,uchvkj vkbZ dh ' kSoky ç; ksx'kkyk esa mi yC/k 70
' kSoky çHksnksa esa  fyfi M dh ek=k dk MsVk ,df=r  fd; k x; kA ; s ' kSokyh;
çHksn 14 dqyksa ds gSa ft Ugsa Hkkj r  ds fofHkUu LFkkuksa l s ,d= fd; k x; k gSA
mPp fyfi M dh ek=k ,oa vkl kuh l s mi yC/krk ds vk/kkj  i j  nks çt kfr; ksa

uSuksDyksj ksfIl l  çt kfr  ¼95-77 ±1-7 fexzk@yh½] ,oa l susMsLel  çt kfr
¼222-08 ± 8-1 fexzk@yh½ dk t SoHkkj  mRi knu gsrq p; u fd; k x; kA
uSuksDyksj ksfIl l  çt kfr dks bl  dk; Z gsrq fo'ks"k : i  l s fufeZr t yk'k; ksa esa

l host  t y esa mxk; k x; kA bl  t yk'k;  l s 40 fnuksa ckn uSuksDyksj ksfIl l
çt kfr dk 7-5 fdxzk ' kq"d t SoHkkj  çkIr  gqvk ft l esa 8% fyfi M dh ek=k
FkhA bu fnuksa esa l host  t y dh xq.koÙkk esa Hkh l q/kkj  ns[kk x; kA bl h çdkj

,d vU; t yk'k;  esa l kekU;  t y esa 1-5 xzk@yh ; wfj ; k ,oa 0-04 xzk@yh
l qi j  QkWLQsV dks i ks"kd rRoksa ds : i  esa feykdj  l susMsLel  çt kfr  dks
mxk; k x; k ft l l s 30 fnuksa esa 9% fyfi M dh ek=k ; qä 4-7 fdxzk t SoHkkj
çkIr  gqvkA

l w{e ' kSoky l s l rr t So Åt kZ , oa ewY;  of/kZr mRi knksa ds
mRi knu gsrq vk.kqfod ǹf"Vdks.k

l susMsLel  DokMªhdkMk ds t So Hkkj  ,oa fyfi M mRi kndrk dh fofHkUu
LFkkuksa l s i F̀kDdr̀  fd,  x,  vU;  l w{e ' kSokyksa l s rqyuk dh xbZA bu
i F̀kDdr̀  fd,  x,  l w{e ' kSokyksa esa uSuksDyksj ksfIl l  vksdqysVk] Dyksj sYyk

oYxsfj l  ,oa fdj Pusfj , fy; k vkscsl k vf/kd rsy dh ek=k ; qä l cl s
vf/kd rst h l s mxkus okys ' kSoky i k,  x,A fofHkUu ehfM; k i j  mxkus i j
TAP ehfM; k esa l okZf/kd t So Hkkj  l susMsLel  DokMªhdkMk dk i k; k x; kA

bl h çdkj  TAP ehfM;k esa l susMsLel  DokMªhdkMk ds nksuksa çHksnksa dh fyfi M
dh ek=k Hkh dkQh vf/kd i kbZ xbZA bu çHksnksa dh t So&çkS| ksfxdh;
{kerkvksa dk vkadyu dj us gsrq t hukse l hDosafl ax dh xbZ ,oa budh

oa'kkoyh dk v/; ; u fd; k x; kA l susMsLel  DokMªhdkMk ds çHksn NBRI012
esa ,xzkscSDVhfj ; e vk/kkfj r  : i kUr j .k Hkh fd; k x; k ft l dk ç; ksx vkus
okys l e;  esa bl  çt kfr  esa fyfi M mRi knu esa l q/kkj  gsrq vkuqokaf' kd ,oa

mi ki p; h : i kUr j .k dj us esa fd; k t k,xkA

vk'kkçn l w{E'kSokyh;  çHksnksa dk i F̀kDdhdj .k] NaVuh , oa
i ks"k.k l aca/kh : i j s[ kk

i k¡p ' kSoky çt kfr ; ksa ¼LQsj ksfl fLVl  JksVsj kbZ] Dyksj sYyk oYxsfj l ]
Øwdksdl  ekbuj ] gheSVksdksdl  Iyqfo,fyl  ,oa xksysadhfu; k j sfM,Vk½ ds

vdksaZ mudh dqy Qsuksfyd ek=k] ysoksuksbM~l ] Ýh j sfMdy l QkbZ fØ; k]
,aVhvkWDl hMsaV {kerk vkfn dk fo'ys"k.k fd; k x; k l okZf/kd dqy Qsuksfyd
ek=k] dqy ysoksuksbM ek=k] fj Mî wfl ax {kerk ,oa dqy ,aVh vkWDl hMsaV

{kerk Dyksj sYyk oYxsfj l  esa ns[kh xbZA  fj Mî wfl ax {kerk l okZf/kd Dyksj sYyk

i kni  fofo/krk] ofxZdh ,oa i kni ky;

oYxsfj l  esa t cfd l cl s de Øwdksdl  ekbuj  esa ns[kh xbZA

l Hkh i k¡p çHksnksa us vdksaZ dh l kaærk c<~us dh l kFk l kFk Ýh jsfMdy

l QkbZ fØ; k esa òf)  çnf' kZr  dhA bl esa Hkh de l kaærk i j  Dyksj sYyk
oYxsfj l  t cfd vf/kd l kaærk i j  xksysadhfu; k j sfM,Vk  us l okZf/kd fØ; k

çnf' kZr  dhA bl l s ; g fl )  gqvk fd Dyksj sYyk oYxsfj l  Ýh j sfMdy l QkbZ
fØ; k esa ,d csgr j  çt kfr  gSA l okZf/kd IC50 ek=k Hkh Dyksj sYyk oYxsfj l
esa i kbZ xbZA

dkyhu m| ksx v i f' k"V l s çkIr l w{e ' kSoky dk
l w{et hoj ks/kh , oa t So&bZa/ku {kerkvksa gsrq fu: i .k

vkdkj dh;  ,oa vk.kqfod y{k.kksa ds vk/kkj  i j  dqy 22 ' kSoky

çt kfr ; ksa dks i gpkuk x; kA Dyksj ksQkbl h l nL; ksa ds NksVh l c; wfuV ds 18S
rRNA t hu  dk l hDosal  NCBI t hu cSad esa l axzfgr  dj k; k x; k ft uds
,Dl sl u uacj  gSa% Dyksj sYyk i zt kfr - KY407757; Dyksj sYyk l ksj ksfdfu;kuk

KY285080; Dyksj sYyk FkeksZfQyk KY317933; ,oa Dyksj sYyk oYxsfj l
KY407756A

l Hkh ' kSoky uewuksa l s QksYp fof/k l s fyfi M fu"df"kZr fd;k x; k ,oa
t So&bZa/ku {kerkvksa dk v/; ; u fd; k x; kA

Hkkj rh;  fgeky;  esa , Yi kbu i kfj fLFkfrd ra= xfrdh , oa
t yok; q i fj orZu dk çHkko

nh/kkZof/k t yok; q i fj orZu v/; ; u gsrq ykbZdsu ,oa ykbdsuksesVªh
fo'ys"k.k dj us ds fy,  Hkkj rh;  fgeky;  {ks= esa mÙkj  fl fDde ds dkch

,oa fVaxM+k {ks= esa rhu mPpre f' k[kj  fcUnqvksa dks pquk x; kA  bu rhu
f' k[kj ksa l s 16 oa'kksa ds 27 t hul  dh 52 çt kfr; ksa dks l axzfgr  fd;k x; kA

ykbZdsu oa'k ikj esfy; sl h dk bl  {ks= esa l okZf/kd çHkqRo gSA vfLu; k t hul
bl  {ks= esa 13 çt kfr; ksa ds l kFk l cl s vf/kd foLr r̀  gS t cfd j kbt ksdki ksZu]
,dSj ksLi ksj k] ysdkuksj k vkfn bl  {ks= esa fcYdqy Hkh ugha i k,  x,A

bl  {ks= esa czk; ksQkbV~l  esa l cl s T;knk fofo/krk ekWl  ikS/kksa dh ns[kus

feyhA C: Vsfy; k MkbØsusf' k; k bl  {ks= esa l okZf/kd i k; k t kus okyk ekWl
gSA ; gk¡ i j  dh ' khrks".k&l c,Yi kbu i kS/kksa dh fefJr  vkcknh ns[kh xbZ
t cfd fof' k"V ,Yi kbZu&l c,Yi kbZu i kS/ks de ek=k esa ns[kus dks feys

gkykafd ; gk¡ ns[ks x,  dqN fyoj oVZ~l  t Sl s ,ukLVªsi Vk ,oa , i kseksl qZi sYyk
fo' ks"k : i  l s ,Yi kbZu&l c,Yi kbZu {ks= ds ikS/ks gSa ft udk nh/kkZof/k fuxj kuh

gsrq ckW; ks&l wpd ds : i  esa ç; ksx fd; k t k l drk gSA

f'keyk ft ys ds j ksg# {ks= esa pka'ky i kl  ds rhu mPpre f' k[kj

fcanqvksa i j  ykbZdsu i kS/kksa dh 51 çt kfr ;k¡ ns[kh xbZaA ; gk¡ Hkh i kj esyh; sl h
oa'k ds i kS/ks cgqrk; r  esa i k,  x,A ykbdsuksesfVªd v/; ; u gsrq

ykbZdsu çt kfr  j kbt ksdki ksZu ft ; ksxzkfQde dh òf)  dk v/; ; u fd; k
x; kA

i kni  fofo/krk] ofxZdh ,oa i kni ky;
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' kSdksa ¼ykbZdsu½ i j  jk"Vªh; dk; ZØe% buds f} rh; d esVkcksykbVksa
dk t So&i wosZ{k.k rFkk l ao/kZuksa , oa l axzgksa dh LFkki uk

Hks"kt  v/; ; u

vfLud vEy] ykbdsLVsfj fud vEy ,oa vU;  f} rh; d esVkcksykbV
; qä ' kSdksa ¼ykbZdsu½ dk mudh fgi SVksçksVsfDVo {kerk gsrq v/; ; u fd; k
x; kA ykbZdsu vdksaZ ¼NBRI/L10/Ha1, NBRI/L8A/Ha1and NBRI/
L5A/Ha1½ us pwgksa esa dkcZu VsVªkDyksj kbZM çsfj r  fo"kkärk ds fo#)
çHkkoh çfr fØ;k çnf' kZr  dhA

i kni &j kl k; fud v/; ; u

çeq[k dsaæksa }kj k çkIr  Li "V ,aVh&Vî wcj dqyksfl l  fØ; k ; qä 5
çHkkoh vdksaZ ds çksVksdkWy dk ekudhdj .k fd; k x; kA fof' k"V dheksekdZj ksa
dh i gpku ,oa fu"d"kZ.k ds fy,  mfpr  ra= fodfl r  dj us gsrq i k¡p fHkUu
foyk; d ra=ksa dk ç; ksx fd; k x;kA pkj  ' kSdksa dk HPLC ,oa LC-MS dk
ç; ksx dj rs gq, ' kqf) dj .k ,oa j kl k; fud fu: i .k fd; k x; kA

HPLC ,oa LC-MS ds }kj k nks 'kSdksa NBRI-LS6 ,oa NBRI-LS7
esa Ng Kkr ykbZdsu vEyksa dh i gpku ,oa fu: i .k fd; k x; kA bl h çdkj
nks ' kSdksa NBRI-LS8 ,oa NBRI-LS9 ds , l hVksu vdksaZ esa ykbZdsu vEyksa@
; kSfxdksa dks i F̀kDdr̀  dj  i gpkuk x; kA

MSSRF, ARI ,oa NBRI dsaæksa l s çkIr  26 dksMsM vdksaZ esa
dheksekdZj ksa dk i F̀kDdhdj .k ,oa i gpku dh xbZ ,oa i k¡p p; fur  vdksaZ
dks ; kSfxdksa ds fu"d"kZ.k gsrq vkxs dh çfØ; k l s xqt kj k x; kA l okZf/kd ,aVh
Vî wcdqZyksfl l  fØ; k ; qä ik¡p vdZ Øe'k% ARI/L7/Ha1, ARI/L7/Se1,
ARI/L8/Ha1, ARI/L8/Se1 ,oa MSSRF/TE/04 ns[ks x,  ,oa bUgsa i k¡p
fofHkUu foyk; d ra=ksa esa i F̀kd fd; k x; k rkfd dheksekdZj ksa@ykbZdsu
vEyksa ds i F̀kDdhdj .k ,oa i gpku gsrq l oZJs"B foyk; d ra= dh i gpku
dh t k l dsA

fo'ys"k.k rduhd ds }kj k PTLC dkWye ØkseSVksxzkQh dk ç; ksx
dj rs gq, dqy 12 ' kq)  ;kSfxdksa dks fu"df"kZr fd; k x; k] i F̀kd fd; k x; k]
' kq)  fd; k x; k ,oa fu: fi r  fd; k x; kA ykbZdsu ; kSfxdksa dh ykbczsj h
fodfl r dj us dh fn'kk esa çkIr  fd,  x,  j kl k; fud vkadM+ksa dks O;ofLFkr
dj us dk dk; Z fd; k t k j gk gSA

Hkkj r esa ' kSdksa dk ç; ksx djrs gq,  t yok; q i fj orZu fuxj kuh
gsrq ra= dk fodkl

i wohZ fgeky;  ds nkft Zfyax ,oa rokax {ks=] i f' peh fgeky;  dh fi aMj
?kkVh ,oa mÙkj  i f' pe Hkkjr  ds ekmaV vkcw esa fi Nys vk/kh l nh ds nkSj ku
ok; qeaMyh;  fu{ksi  ,oa ' kSd l eqnk; ksa ds l axBu i j  bl ds çHkkoksa l s
l acaf/kr  v/; ; u fd,  x,A bu v/; ; uksa l s bu {ks=ksa esa 'kgj hdj .k dh cgqr
rhoz nj  çnf' kZr  gqbZA bl  v/; ; u us ok; qeaMyh;  fu{ksi  ds , frgkfl d
: >kuksa dks i quxZBu dj us esa ,oa oSf'od t yok; q vFkok LFkkuh;
l w{e&t yok; qoh;  i fj orZuksa ds l anHkZ esa ' kSdksa ds l keqnkf; d l axBu esa
fHkUurk ds v/; ; u esa i kni ky;  uewuksa ds egRo dks Hkh bafxr  fd; kA
ÝwVhdksl  ' kSd l eqnk;  çnw"k.k ds çfr  l okZf/kd l aosnu'khy i k,  x,A bl
l anHkZ esa nkft Zfyax {ks= esa l okZf/kd çnw"k.k ns[kk x; k bl h Øe esa ?kVrs Øe
esa Øe'k% ekmaV vkcw] fi aMj  ?kkVh ,oa rokax {ks= j gsA

t yok; q i fj orZuksa ds dkj .k c<+rs rki eku , oe mPp
i j kcSaxuh fofdj .k ds çfr ' kSdksa dh çfrfØ; k

bl  v/; ; u esa ' kSdksa ds f} rh; d esVkcksykbV~l ] vehuks vEyksa ,oa
'kSdksa dh fofo/krk ds ç; ksx ds }kj k Hkkj rh;  fgeky; h {ks= esa c<+rs rkieku
,oa i j kcSaxuh fofdj .k ds çHkkoksa dk v/; ; u fd; k x; kA 3200 eh l s
vf/kd dh ÅapkbZ i j  ' kSd fofo/krk esa j at d ; qä ' kSd] eq[;r% l kbukscSDVhfj; k
; qä ' kSd cgqrk; r  esa ns[ks x,A ; g l adsr  dj rk gS fd bl  r j g dh ' kSd
fofo/krk ,oa l kSj  fofdj .k esa dqN l aca/k gS ft l dh vkxs fd,  x,  ç; ksxks
l s iqf"V gqbZA bl ds vfr fjä vU;  ÅapkbZ okys LFkkuksa i j  Hkh l kSj  fofdj .k
dks j ksdus esa l {ke ' kSdksa dh cgqyrk okyh fofo/krk ns[kus dks feyhA
gsVsj ksMesZVk MkbZfMesVk esa ol h;  vEyksa dks t So&ekdZj ksa ds : i  esa ç; ksx dj
' kSd l eqnk;  i j  rki eku ds çHkko dks vk¡dk xvkA Hkkj rh;  fgeky;  ds
l wnwj  nqxZe {ks=ksa esa dkcZfud çnw"kdksa ds i k,  t kus l s LFkkuh;  ,oa yach nwj h
ds çnw"kd l zksrksa es var j  Li "V gqvkA PAHs ,oa PCBs yach nwj h ds l zksrksa
l s mRi Uu gksus ,oa NAPH rFkk /kkrqvksa ds LFkkuh;  Jksrksa l s mRi Uu gksus
ds l adsr  feysA

Hkkj r ds i f' peh ?kkV dh uhyfxj h i gkfM+; ksa ds m".k
dfVca/kh;  o"kkZ ouksa dh i kfj fLFkfrd fuj arj rk gsrq ' kSdksa dk
fo' ys"k.k

uhyfxj h i gkfM+; ksa ds 18 LFkkuksa l s 223 çt kfr ; k¡ ns[kh xbZA
l okZf/kd çpqj ' kSdksa esa xzSfQl  dqy dh 25 çt kfr ; k¡] vfLu; k dh 15 rFkk
gsVsj ksMfeZ; k dh 11 çt kfr ; k¡ ns[kh xbZaA vi us ?kus ouksa ds dkj .k l kbysaV
oSyh j k"Vªh;  m| ku dh ' kSd fofo/krk uhyfxj h dh ' kSd fofo/krk l s dkQh
vyx ns[kh xbZA i woZ esa ns[kh xbZ vusdksa çt kfr ; k¡ orZeku esa ugha i kbZ xbZa
t ks t axyksa ds dVus ds pyrs fo'ks"k vkokl ksa ¼fo'ks"k ò{kksa½ ds u"V gks t kus
ds dkj .k l aHko gSA Åaps LFkkuksa i j  fupys LFkkuksa dh rqyuk esa vf/kd ' kSd
fofo/krk ns[kh xbZA uhyfxj h ds t axyksa esa xzSfQMsl h ' kSdksa ds feyus l s l adsr
feyrs gSa fd ; g ou i kni &vuqØe.k dh pj e voLFkk esa gSaA

fgeky; h ' kSdksa dh ckj dksfMax% 'kSd fofo/krk v/; ; u , oa
Hkkj r esa ' kSd l aj {k.k j .kuhfr; k¡ cukus gsrq vR; k/kqfud
ǹf"Vdks.k

fgeky; h {ks=ksa ds ' kSd dqy vfLu; k ,oa l sVªsfj ; ksbM l ewg ds ' kSdksa
dks Mh,u, ckj dksfMax v/; ; uksa ds fy,  pquk x; kA l sVªsfj ; ksbM l ewg ds
dqy 75 uewuksa dks ITS ds }kj k fo' ysf"kr  fd; k x; kA i hl hvkj  ,oa
l hDosafl ax l Qyrk dk çfr ' kr  Øe'k% 75% ,oa 80% i k; k x; kA vkadM+ksa
ds ek/; e l s ; g Hkh ns[kk x; k fd Hkkj r  esa vfLu; k l ewg ds ' kSdksa dks
vkl kuh l s U;wfDy; j  jkbcksl ksey vkbZVh,l  ds ek/; e l s vyx fd;k t k
l drk gSA

t So&çkS| ksfxdh mís' ; ksa ds fy,  Vhyksf' kLVsl h l ewg ds nf{k.k
, f' k; kbZ ' kSdksa dk oa'kkuqØe l ewghdj .k

Hkkjr  ds Vhyksf'kLVsl h l ewg ds ' kSdksa i j  v/; ;u l s : l ofLd;k dh
nks ubZ çt kfr ; ksa dh [kkst  gqbZ ,oa ,d çt kfr  dks i gyh ckj  Hkkj r  esa
ns[kk x; kA bl h ds l kFk i k¡p ' kSd dodksa dks Hkh Hkkj r  esa i gyh ckj  ns[kk
x; kA

vuql a/kku ,oa fodkl



23

CSIR-NATIONAL BOTANICAL RESEARCH INSTITUTE

LoPN xaxk gsrq j k"Vªh;  fe' ku ds varxZr xkseq[ k l s gqxyh rd
t y dh xq.koÙkk dh fuxj kuh

bl  v/; ; u ds nkSj ku 11 LFkkuksa l s ,d= uewuksa l s 34 çt kfr ; ksa

dh t kudkj h çkIr  gqbZA bu l Hkh LFkkuksa i j  Dyksj ksQkbl h] l k; uksQkbl h ,oa

cSfl ysfj ; ksQkbl h ds l nL; ksa dh O; ki d mi fLFkrh l s QkLQksj l  ,oa

ukbVªkst u t Sl s i ks"kd rRoksa dh mPp ek=k ds ekSt wn gksus ds l adsr  çkIr  gq,A

cfy; k] i Vuk ,oa Hkkxyi qj  t Sl s LFkkuksa i j  unh ds fdukj s cgqr de ek=k

esa ' kSoky feys t ks unh ds fdukj s ds [ksrksa esa j kl k; fud moZj d vkSj

dhVuk'kdksa ds ç; ksx dk l adsr  dj rk gSA okj k.kl h] gqxyh] dkui qj ] uj ksj k

vkfn LFkkuksa i j  l host  t y dh vf/kdrk ds dkj .k l k; uksQkbl h ' kSokyksa

dh cgqrk; r  ns[kus dks feyhA ogha] Qj Ddk {ks= esa l aHkor% ?kus oukPNknu

,oa cgrs t y ds dkj .k de ' kSoky ns[kus dks feysA

xaxk unh ds fdukj s xkseq[k l s ysdj  xaxkl kxj  rd xaxk unh ds

fdukj s Vsfj MksQkbV~l  dh fofo/krk ,oa for j .k dks l e>us ds fy,  ,d

v/; ; u fd; k x; k ft l esa 215 uewuksa ds v/; ;u l s 17 çt kfr ; ksa ds gksus

dk i rk pykA

nkft Zfyax dh i gkfM+; ksa esa t yok; q i fj orZu , oa l aj {k.k
j .kuhfr; ksa ds l anHkZ esa czk; ksQkbV~l  dh fofo/krk] çt kfr
çpqj rk dk vkadyu

i kniky;  esa mi yC/k czk; ksQkbV~l  uewuksa dks i gpkuk x; k ,oa 1000
eh l s 2500 eh ds chp vyx&vyx ÅapkbZ i j  6 vkokl  LFkkuksa Øe'k%

ènk] xhyh pêkusa] l w[kh pêkusa] ènk vkPNkfnr  pêkusa] iFkj hyh nhokjksa ,oa

vf/ki kni  esa for j .k ds vk/kkj  i j  vkadyu fd; k x; kA çkFkfed vkadM+ksa

ds rhu l sVksa Øe'k% l sV 1¼1965½] l sV 2 ¼1981] 1983½ ,oa l sV 3
¼2002] 2003½ ds fo'ys"k.k ds vk/kkj  i j  316 çt kfr ; ksa dks vfHkysf[kr

fd; k x; kA çt kfr  çpqj rk ds vkadM+ksa l s ; g l adsr  feys fd Vkbxj  fgy

t Sl s LFkkuksa i j  i ; ZVdksa dh ekuoh;  xfr fof/k; ksa ds pyrs çt kfr  çpqjrk ds

vkadM+ksa esa dkQh vO; oLFkrk fn[kh t cfd yk; M ouLi fr  m| ku esa de

xfr fof/k; ksa ,oa çkdf̀rd vkokl ksa dh vkl kuh l s mi yC/krk ds dkj .k

vkadM+ksa esa fuj ar j rk ns[kh xbZA

cht k.kqvksa l s l aof/kZr fd,  t k l dus okys LQsXue [kkfl ; kue dks

nSfgd Årdksa l s l ao/kZu esa mxkus esa l Qyrk çkIr  dh xbZA bl h çdkj  ,d

egRoi w.kZ , f' k; kbZ çt kfr  l ksysuksLVksek ' kkÅfy; kue ds l ao/kZu esa l Qyrk

çkIr  gqbZA

i f' peh ?kkV esa czk; ksQkbV fofo/krk dk v/; ; u

vksfM'kk dh dbZ egRoi w.kZ czk; ksQkbV çpqj  LFkkuksa t Sl s fl eyhi ky

ck?k ,oa ck; ksLQh; j  fj t oZ] e; wj Hkat  ft ys] egsUæfxj h i oZr] xt i fr  ft ys

vkfn dk l osZ{k.k fd; k x; k ,oa yxHkx 321 uewus ,d= fd,  x,  ft ul s

75 çt kfr ; ksa dh t kudkj h çkIr  gqbZA 12 çt kfr ; k¡ nf{k.k Hkkj r  esa i gyh

ckj  ns[kh xbZa t cfd 15 çt kfr ; k¡ i f' peh ?kkV {ks= l s i gyh ckj

vfHkysf[kr  dh xbZaA

pqfuUnk l adVxzLr , oa l aHkkouk ;qä czk; ksQkbV~l  dh vkdkfj dh]
çt uu t Sfodh , oa , Dl &l hVw l aj {k.k dk v/; ; u

rhu l adVxzLr ,oa 2 l aHkkouk ; qä fyoj oVZ~l  ,oa 1 ekWl  dk
v/; ; u i w.kZ fd; k x; kA l adVxzLr çt kfr  LVhQsal ksfu; sYyk czsohi sMadqysVk
ds Vî wcj  l s mRi Uu l ao/kZu dks LFkkfi r  dj us ds ç; kl  fd,  x,A ; g ns[kk
x; k fd bl  çt kfr  dks gksxySaM ehfM; e ,oa gkQ LVªsaFk ukWi  $ foVkfeu
ehfM; e esa ç;ksx'kkyk fLFkfr ;ksa esa csgr j  rj hds l s l aof/kZr fd; k t k l drk
gSA

Hkkj r esa MsYQhuh ¼j suudqysl h½ Vªkbc dk eksuksxzkfQd , oa
oa'kkuqØe v/; ; u

Hkkj r  esa MsYQhuh Vªkbc dh 46 çt kfr ; ksa ,oa 6 vU;  fuEu VSDl k
dh mi fLFkfr  dk i rk pyk t ks eq[; r% 3 dqyksa ,dksfuVe] MsYQhfu; e ,oa
dksal ksfyMk dh gSaA eq[; r% fgeky;  ds ' khrks".k dfVca/kh;  {ks=ksa l s ysdj
vYi kbu bykdksa esa feyus okys dqy ,dksfuVe dh ,d ubZ çt kfr
,dksfuVe v#.kkbZ vfXugks=h ,oa vU;  dks fl fDde l s [kkst k x; kA ; g
Hkh ns[kk x; k fd MsYQhfu; e dh çt kfr ; k¡ ,dksfuVe dh rqyuk esa vf/kd
nqyZHk gSaA

vk.kqfod oa'kkuqØe v/; ; uksa esa ,dksfuVe ,oa MsYQhfu; e ds nks
fHkUu ,oa Li "V DysM çkIr  gq,A v/; ; u us ,dksfuVe ds ,dy oa'kØe
dks Li "V : i  l s çnf' kZr  fd; k fdUrq cgqo"khZ;  çt kfr  , - ySoh] ,dksfuVe
dh fdl h Hkh vU;  çt kfr  ds l kFk l ewgc)  ugha gqbZA

bl  l ewg dh ofxZdh dks csgrj  : i  esa l e>us ds fy,  dksf' kdkofxZdh
v/; ; uksa ds varxZr MsYQhfu; e] ,dksfuVe ,oa dksal ksfyMk dh fHkUu
vkckfn; ksa ds l w=h ,oa v/kZl w=h foHkkt uksa dk Hkh v/; ; u fd; k x; kA

,dksfuVe ds 4 VSdl k ds ysDVksVkbi  Hkh fu/kkZfj r  fd,  x,A

fd' kui qj  oU;  t ho vHk; kj .;  dh oU;  fofo/krk dk eki u
, oa i kni  l al k/kuksa dk l aj {k.k v/; ; u

mÙkj çns'k ds r j kbZ {ks= esa fLFkr fd'kui qj  oU;  t ho vHk; kj .;  ds
l osZ{k.k ds nkSj ku 215 i kni  çt kfr ; ksa ds uewus çkIr  fd,  x,  ft udh
i gpku dh xbZ ,oa uewuksa dks i kni ky;  esa l axzghr fd; k x; kA dqN yrk
çt kfr ; ksa dk i kfj fLFkfrd v/; ; u Hkh fd; k x; kA

mÙkj  çns'k ds l ksuHkæ ft ys ds i q"i h;  i kS/kksa dk fofo/krk
vkadyu

l osZ{k.k ,oa i woZ t kudkj h ds vk/kkj  i j  {ks= esa 705 çt kfr ; ksa dk
i rk yxk; k x; k ft uesa l s 541 çt kfr ; k¡ f}cht i =h i kS/kksa dh ,oa 164
,dcht i =h i kS/kksa dh gSaA 10 çt kfr ; ksa ds l kFk QScsl h i fj okj  l cl s
vf/kd çpqj  l ewg gS t cfd 14 çt kfr ; ksa ds l kFk l kbçsj l  t hul
l cl s cM+k gSA i wj s ou esa eq[; r% ,dsf' k; k dVspw] cksLosfy; k l sj sVk]
C; wfV; k eksuksLi ekZ] gkMZfofd; k ckbukVk ,oa ' kksfj ; k j kscLVk i kS/kksa dh
cgqyrk gSA

i kni  fofo/krk] ofxZdh ,oa i kni ky;
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mÙkj  çns'k esa y[ kuÅ ds uokc okft n vyh ' kkg çk.kh
m| ku dh i kni  fofo/krk dk vfHkys[ ku

LFkkuh;  i kni  fofo/krk dks t kuus ds mís' ;  l s y[kuÅ ds uokc
okft n vyh ' kkg çk.kh m| ku esa fuj ar j  l osZ{k.kksa ds vk/kkj  i j  75 ò{k
çt kfr ; ksa dks i gpkuk x; kA

vl e ds nhek gkl ks ft ys esa i kni  fofo/krk vkadyu

vl e ds nhek gkl ks ft ys dh i kni  fofo/krk vkadyu ds fy,  {ks=
esa nks l osZ fd,  x,  ft uds ek/; e l s vc rd 150 çt kfr; ksa dks vfHkysf[kr
fd; k t k pqdk gSA

Hkkj r esa fMfMeksdki Zl &gsadsfy; k t susfj d l ewg dh vk.kqfod
ofxZdh v/; ; u

Hkkj r  ds 10 ,oa 5 fons'kh i kniky; ksa esa mi yC/k uewuksa ds v/; ; uksa
ds ek/; e l s gsadsfy; k dh 26 ,oa fMfMeksdki Zl  dh 17 çt kfr ; ksa ds
çkFkfed ofxZdh v/; ; u ds vkadM+ksa dks ,d= fd; k t k pqdk gSA nf{k.kh
i f' peh ?kkV ¼dsj y ,oa r fey ukMq½] i f' pe ¼mÙkj k[kaM½ ,oa i wohZ fgeky;
¼fl fDde½ ds 18 LFkkuksa i j  fd,  x,  l osZ{k.kksa l s gsadsfy; k dh 12 çt kfr ;ksa
ds 66 uewus ,oa fMfMeksdki Zl  dh 5 çt kfr ; ksa ds 41 uewus çkIr  fd,  x,A
Mh,u, fu"d"kZ.k gsrq budh i fÙk; ksa ds 88 uewuksa dks ,d= fd; k x; kA 52
uewuksa dks i hl hvkj  }kj k çof/kZr fd; k x; kA foLr r̀  i hl hvkj  l hDosafl ax
çfØ; k py j gh gSA

?kj syw i fj ; kst uk, a

ofxZdh v/; ;u , oa Hkkj r dh ikni  fofo/krk dk Mhft Vyhdj.k

mÙkj  çns'k ds Åi j h xkaxs;  eSnkuksa esa ' kSoky] ' kSd] czk; ksQkbV~l ]
Vsfj MksQkbV~l ] dqdqj fcV~l  ds oU;  l aca/kh ,oa Qyhnkj  ò{kksa dk ofxZdh ,oa
fofo/krk dk v/; ; u

' kSoky

y[kuÅ l s 7 rkt s t y ds ' kSoky uewus ,d= fd,  x,  ft uesa 12
' kSoky VSDl k dh mi fLFkfr  ns[kh xbZA Dyksj ksQkbl h ds l okZf/kd 5 t hul
dh mi fLFkfr  ns[kh xbZA l kFk gh l kr  ' kSoky çHksnksa dks ,ul hchvkbZ t hu
cSad esa t ek fd; k x; kA

' kSd

xaxk ds ck<+ {ks= esa gfj }kj  ,oa HkhexksM+k LFkkuksa l s ' kSdksa ds 100
uewus ,d= fd,  x,  ft ul s 32 çt kfr; ksa dh mi fLFkfr  dk i rk pykA bu
{ks=ksa esa bu LFkkuksa esa ØLVkst  ' kSdksa dh cgqyrk Hkh ns[kus dks feyhA

czk; ksQkbV~l

mÙkj çns'k ds r jkbZ {ks= ds l osZ{k.k esa czk; ksQkbV~l  dh 29 çt kfr ;ksa
dk i rk pyk ft uesa 7 çt kfr ; k¡ mÙkj  çns'k esa i gyh ckj  ns[kh xbZaA

i pe<+h ck; ks LQh; j  fj t oZ esa fofHkUu vkokl ksa ,oa fHkUu fHkUu
Åapkb; ksa i j  fofo/krk ds vknkj  i j  fd,  x,  v/; ; u esa dqy 41 yhoj oVZ
çt kfr ; ksa dk i rk pyk ft uesa l s 17 fupys LFkkuksa ¼400&800 eh-½ t cfd

12 vf/kd ÅapkbZ okys LFkkuksa ¼1001&1400 eh-½ i j  i k,  x,A fdUrq
l okZf/kd VSDl k ek/; e ÅapkbZ okys LFkkuksa esa i k,  x,A

,d vU;  yhoj oVZ dqft Z; k VªkbdksDySMksl  ¼ds- eqyj ½ xzksYys dks
i gyh ckj  Hkkj r  esa ns[kk x; kA ; g i kS/kk ,d vl ac)  for j .k çnf' kZr  dj rk
gS vkSj  bl l s i woZ ; wj ksi ] mÙkj h vesfj dk ,oa nf{k.k i wohZ , f' k; k l s Kkr
FkkA orZeku v/; ; u l s nf{k.k , f' k; k esa bl  i kS/ks ds for j .k {ks= esa foLrkj
dk i rk pyk gSA

es?kky;  ds ekWl  i kS/kksa ds v/; ; u l s ,aVksMksu t hul  ds 6 VSDl k dk
i rk pyk ft l esa l s , - dksfUl ul  ¼Ms ukWV½ i sj - mi çt kfr  dSfyt huksl l
¼feê-½ fet qf' kek i wohZ fgeky;  ds fy,  ,d ubZ [kkst  gS t cfd , -
LdSfj ; ksl l  es?kky;  ds fy,  ,d ubZ [kkst  gSA

j k"Vªh;  ouLi fr  vuql a/kku l aLFkku ds ekWl  x̀g esa yk, x,  i kS/ks

1½ czk; e dksj ksusVe LobZxj

2½ ; wusfj ; k gkbxzksesVªhdk gsMfox

3½ dksuksl sQsye dksfude ¼yh-½ fyaMsac-

4½ fj cksfy; k gsehLQsfj dk ¼yh-½ j SM+kbZ

5½ fol usj sYyk MsuwMsVk ¼feê-½ LVsQkuh

6½ ekdsZfU'k; k i ksyheksQkZ yh-

Vsfj MksQkbV~l

mÙkj  çns'k ds Vsfj MksQkbV~l  dh ,d psdfyLV rS; kj  dh xbZ gSA 151
Vsfj MksQkbV~l  uewuksa dks v/; ; u fd;k x; k] ,oa buds uewuksa dks i kni ky;
esa l axzghr fd; k x; kA

j k"Vªh;  ouLi fr vuql a/kku l aLFkku ds QuZ x̀g esa yk,  x,
u,  i kS/ks

vaMeku }hi  l ewg l s ,df=r  usjksysfi l  fgl qZVsVk ¼t h- Qksl Z~V-½ l h-
çsLy dks QuZ x̀g esa yxk; k x; kA

ògn mRi knu , oa l aj {k.k%

13 l t koVh çt kfr ; ksa ds 1200 i kS/kksa dk l aj {k.k ,oa çk; ksfxd v/
; ; uksa gsrq ògn mRi knu fd; k x; kA

Hkkj rh;  yqQk yh- ¼dqdqfcVsl h½ dh oU;  , oa [ ksrh dh t kus
okyh çt kfr; ksa dk vk.kqfod ofxZdh v/; ; u

Dyksj ksIykLV Mh,u, ds trnL-F {ks=ksa ds fo'ys"k.k ds }kj k yqQk ds
5 VSDl k ds vk.kqfod oa'kkuqØe v/; ; u fd,  x,A dqy 35 uewuksa dk
vkadyu fd; k x; kA oa'kkuqØe vkadM+ksa ds vuql kj  yqQk ds l Hkh uewus
eq[; r% nks l ewgksa esa foHkä gq,:  l ewg 1 esa yq- gekZj ksfMVk ,oa yq-
vD; wVsaxqyk ds l Hkh uewus ,oa l ewg 2 esa 2 mi &l ewg ns[ks x,A mi l ewg
2a esa yq- , fpusVk ds l Hkh uewus t cfd mi l ewg 2b esa i qu% vU;  çt kfr ;ksa
esa foHksnu ns[kk x; kA çkIr  vkadM+ksa ds vk/kkj  i j  yq- gekZj ksfMVk çt kfr
yq- vD; wVsaxqyk ds varxZr gh l ewg cukrh ns[kh xbZA l kFk gh yq- Vî wcsjksl k
dk ekseksMhZdk esa l ekfgr  gksus dks Hkh l gh l kfcr  fd; kA

vuql a/kku ,oa fodkl
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Hkkj r esa bQsMªk t hul  dh ofxZdh , oa fofo/krk

Hkkj r  ds ' kq"d ,oa v/kZ ' kq"d {ks=ksa esa for fj r  bQsMªk Qksfy,Vk dh
11 vkckfn; ksa l s çkIr  uewuks ds vk/kkj  i j  vkuqokaf' kd fofHkUurk ,oa
vkcknh dh vkuqokaf' kd l aj puk i j  v/; ; u fd; k x; kA bu vkadM+ksa us
l Hkh çkdf̀rd vkckfn;ksa dks nks l ewgksa esa foHkä fd; k ft l l s nks vkuqokaf' kd
: i  l s fHkUu vkckfn; ksa dk i rk pyk ft udk Lo: i  HkkSxksfyd for j .k ds
vk/kkj  i j  ns[kk x; kA

l h, l vkbZvkj &, uchvkj vkbZ i kni ky;  ¼j k"Vªh;  l qfo/kk½
dk fMft Vyhdj .k , oa l axBu

l aLFkku ds i kni ky;  ds l axBu ,oa ns[kHkky dh çfØ; k ds varxZr
ns'k Hkj  ds fofHkUu LFkkuksa l s yxHkx 836 czk; ksQkbV uewus ,d= dj
l axzghr fd,  x,A xksfoan oU;  t ho vHk; kj .;  ¼mÙkj k[kaM½] i f' peh ?kkV
¼rfey ukMq½ ,oa [kkl h igkfM+; ksa ¼es?kky; ½ ds 800 uewuksa dks i gpkuk ,oa
l axzghr dj us dk dke i wj k gks pqdk gSA

i kni ky; &, d j k"Vªh;  l qfo/kk

l kekU;  i kni ky;  xfr fof/k; ksa ds vfr fj ä vU;  xfr fof/k; k Hkh
l Ei Uu dh xbZaA ns'k Hkj  ds ' kks/k l aLFkkuksa@fo'ofo| ky; ksa@ dkWyst ksa vkfn
ds fofHkUu fo| kfFkZ; ksa ,oa ' kks/kkfFkZ; ksa dks i kS/kksa dh i gpku gsrq rduhdh

l gk; rk çnku dh xbZA ns'k ,oa fons'k ds vU;  i kni y; ksa l s i kni  uewuksa
ds gLrkar j .k vkfn ds fy,  l aca/k LFkkfi r  fd,  x,A ns'k ds fofHkUu fgLl ksa
t Sl s fd t Eew ,oa d'ehj ] fgekpy çns'k] vksfM'kk] fl fDde] r feyukMq]
mÙkj k[kaM] mÙkj  çns'k ,oa i f'pe caxky vkfn l s ,d= uewuksa dks i kniky;
esa l axzg dj  bl s çpqj  fd; k x; kA

u, l axzgksa esa cht h i kS/kksa ds 1]036 uewus ,oa vcht h i kS/kksa ds 2311
uewus l fEefyr  gSa ¼Vsfj MksQkbV~l  &280] czk; ksQkbV~l  &836] ykbZdsu
&1150] ' kSoky &45½A

i kni ky;  l axzg

mPp i kS/ks ¼,aft ; ksLieZ~l  ,oa ft EuksLi eZ~l ½ 1]02]862

Vsfj MksQkbV~l 6138

czk; ksQkbV~l 17]142

ykbZdsu 1]51] 500

' kSoky 2675

cht  l axzg 16]000

dqy i kni ky;  l axzg 2]96]317

i kni  fofo/krk] ofxZdh ,oa i kni ky;
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vuqnku çkIr i fj ; kst uk,a

vkFkksZ&fl fyfl d vEy ds ç; ksx l s /kku esa vkl sZfud l anw"k.k
ds çHkkoksa dk v/; ; u

/kku ds nkuksa esa vkl sZfud l axzg.k dks de dj us esa vkFkksZ fl fyfl d
vEy ds okf.kfT; d QkseqZys’ku dh Hkwfedk dk v/; ; u fd; k x; kA vkl sZusV
¼AsV] 10 ,oa 50 fexzk çfr  yh-½ ,oa vkl sZukbV ¼As III] 10 ,oa 25 fexzk
çfr  yh-½ ds ç; ksx us i kS/kksa dh o‘f)  dks Mkst  fu/kkZfj r  : i  esa çHkkfor
fd; kA urht ksa l s i rk pyk fd As III 25 fexzk çfr  yh- ,oa AsV 50 fexzk
çfr  yh- us i kni  o‘f)  ,oa mi t  dks fuf’pr  : i  l s de fd; kA

i kS/kksa dks vkl sZfud nsus l s vU;  l w{e vo; oksa ds l axzg.k dks Hkh
çHkkfor  fd; kA vkl sZfud mi pkfj r  i kS/kksa ds nkuksa esa fu; af=r  uewus dh
rqyuk esa ft ad ,oa dksckYV dh ek=k dkQh de i kbZ xbZ t cfd dkWi j ]
eSaxuht  rFkk l sysfu; e dh ek=k esa c<+r ns[kh x; hA

Hkwfe esa mipkj  dj us dh rqyuk esa i fÙk; ksa i j  fl fydkWu dk mi pkj
dj us l s nkuksa esa vkl sZfud dh ek=k l cl s de ns[kh xbZA urht ksa us
l qfuf’pr  fd; k fd; k fd vkFkksZ fl fyfl d vEy vkl sZfud ds cqj s çHkkoksa
esa deh ykrk gS ft l l s u fl QZ mi t  esa c<+r çkIr  gksrh gS vfi rq nkuksa
dh xq.koÙkk esa Hkh l q/kkj  çkIr  gksrk gSA

vkl sZfud l gu'khyrk gsrq /kku dh fdLeksa dh NaVuh% l fg".kq
, oa l aosnu’khy fdLeksa dh t So j kl k; fud çfrfØ; k, ¡

fofHkUu vkl sZfud fdLeksa ds mi ki p;  dks l e>us ds fy,  /kku dh
t M+ksa ,oa ruksa esa vdkcZfud ¼AsV½ ,oa esfFkysVsM ¼MAV, DMAV½
vkl sZfud ds l axzg.k] i fj ogu vkfn dk v/; ; u fd; k x; kA esfFkysVsM
vkl sZfud dh rqyuk esa AsV l s mi pkfj r  fdLeksa esa t M+ksa esa vkl sZfud dk
l axzg.k vf/kd j gkA AsV l s mi pkfj r  i kS/kksa esa vf/kdka’k vkl sZfud t M+ksa
esa gh l afpr  gqvk ,oa ek= 4% gh ruksa esa x; kA t cfd MAV ,oa DMAV

l s mi pkfj r  i kS/kksa esa ruksa esa Øe’k% 15% ,oa 81% vkl sZfud i gqapkA

/kku dh Ql y esa vkl sZfud l anw"k.k ds mi pkj  gsrq t So
vko/kZu vk/kkfj r l qj f{kr df̀"k i ) fr dk fodkl

vçSy&ebZ 2016 esa i f' pe caxky dh vkl sZfud l s cqjh rj g çHkkfor
t xgksa dk l osZ fd; k x; k rkfd bu LFkkuksa i j  df̀"k Hkwfe esa vkl sZfud dh
ek=k dk i rk yxk; k t k l ds bl  l osZ esa i f' pe caxky ds 5 ft yksa ds 9
CykWdksa ds varxZr 10 xkaoksa ds 33 [ksrksa dks ' kkfey fd; k x; k vkSj  /kku
ds [ksrksa l s feêh ds uewus fy,  x,A vkl sZfud dh mPp ek=k gksus ds
vk/kkj  i j  t qykbZ 2016 esa ukfn; k ft ys ds pdnkg CykWd ds xksVsj k ,oa
?ksrqxkph xkaoksa ,oa mÙkj  24 i j xuk ds xkb?kkVk CykWd ds fi i yh xk¡o dk
i qu% l osZ fd; k x; kA çR; sd xk¡o l s 5 /kku ds [ksrksa l s feêh ds uewus fy,
x,A rhu xkoksa ds 15 [ksrksa l s fy,  x,  uewuksa esa ns[kk x; k fd feêh esa
ekSt wn dqy vkl sZfud esa t So&mi yC/k vkl sZfud dh ek=k 15&25% FkhA bu

i kni  i kfj fLFkfrdh ,oa i ; kZoj .k foKku

rhuksa xkaoksa ds 15 [ksrksa esa l s ,d dks {ks= i j h{k.kksa ds fy,  pquk x; kA bu
i j h{k.kksa ds fy,  ,d LFkkuh;  fudk;  ûkfn; k ft Yyk fdl ku fodkl
l axBu* ds l kFk l g; ksx LFkkfi r  fd; k x;kA  bUgha xkaoksa esa t So&l q/kkj  gsrq
cksj ks&/kku ds l ht u esa 4 vkl sZfud l axzkgd fdLeksa Øe'k% vkbZvkj &36]
f=xq.kk] yykV ,oa f{kfr t  i j  dod mi pkj  ds ç; ksx Hkh fd,  x,A

bl ds vfr fj ä 4 dod çHksnksa Øe'k% osl Vj MkbdsYyk vkSj sfU'k; kdk]
VªkbdksMekZ yksaxhczS'kh,Ve] ysfl ; ksfMIyksfM; k çt kfr ] j kbt ksi l  Msyej  dks
mudh vkl sZfud fu"d"kZ.k dh {kerk ds fy,  v/; ; u fd; k t k j gk gSA

j l k; uksa ds fo' ks"k l anHkZ esa t ksf[ ke vkadyu ds fy,  i kni &
i ; kZoj .k l aca/kksa dh ekWMfyax

i kS/kksa ds i ; kZoj .kh;  l anw"k.k ds t So&fuj h{kdksa dh Hkkafr  ç; ksx ,oa
t So&l q/kkj  ç; kl ksa gsrq i kS/kksa esa j l k; uksa ds xzg.k dh l hek dks l e>uk
egRoi w.kZ gSA 63 ok"i ' khy dkcZfud j l k; uksa ¼VOCs½ ds t y&i kni
D; wfVdy i kVhZ'ku dksfQf' k,aV ds vkadM+ksa dks ,dr j  fd; k x; k ,oa
D; w,l i hvkj  vk/kkfj r  ekWMfyax ds fy,  pquk x; kA l Hkh j l k;uksa ds fy,
,d ,oa nks foeh;  vk.kqfod fMl ØIVl Z ¼n=3839½ dk vkadyu fd; k
x; kA bl  ekWMy us de ykxr  ,oa de l e;  ds ç; ksx l s vuqeku yxkus
esa cf<+; k {kerk,¡ çnf' kZr  dh gSa ft udk ç; ksx l aj pkukRed : i  l s dkQh
fHkUu j l k; uksa ds t y&i kni  D; wfVdy i kVhZ'ku dksfQf' k,aV ¼log KMXw½
ds vkadyu esa gks l drk gSA

?kjsyw i fj ; kst uk,a

/kku esa vkl sZukbV fo"kkärk dk l sysusV l s mi pkj

l sysusV l s mi pkfj r  /kku us vkl sZukbV fo"kkärk ds çfr  l fg".kqrk
çnf' kZr  dh ,oa vko' ; d vehuks vEyksa dh xq.koÙkk c<+kbZA

di kl  dh çt kfr; ksa ds i .kZ Årdksa esa l w[ kk ruko ds nkSj ku
mi ki p; h i kFkos esa cnyko

l w[kk ruko dh fLFkfr ; ksa esa l w[kk çfr j ks/kh fdLeksa JKC&770 ,oa
JKC&717 us l aosnh fdLeksa KC&2 dh RAHS&187 dh vi s{kk vf/kd
'kdZj k ,d= dh t cfd l aosnh fdLeksa dh ' kdZj k Lr j  esa [kkl  var j  ugha
fn[kkA bl h çdkj  &vehuks C; wVkbfj d vEy ,oa  çksyhu Hkh çfr j ks/kh
fdLeksa esa ,d= gqvk ,oa ol h;  vEy dh ek=k esa òf)  ns[kh xbZA

l w[ kk ruko esa l ks; kchu esa l Sfyfl fyd vEy dh Hkwfedk

l ks; kchu ds i kS/kksa dks cht ksa ds ek/; e l s l Sfyfl fyd vEy ¼0-5
mM+½ l s mi pkfj r  dj  l w[ks l s ruko dh fLFkfr ; ksa esa j [kk x; k ,oa nSfgd
,oa i q"i u dh fLFkfr ; ksa esa i j h{k.k fd,  x,A vf/kd ruko dh fLFkfr  esa
nSfgd ,oa i q"i u nksuksa gh fLFkfr ; ksa esa ,LdkscsZV i j kDl hMst  fØ; k Li "V : i
l s vf/kd ns[kh xbZA l kFk gh XywVkFkh; ksu fj M+DVsl  ,oa dSVkysl  fØ; kvksa
esa Hkh ek/;  ruko dh fLFkfr  esa òf)  ns[kh xbZA l Sfyfl fyd vEy l s mi t
y{k.kksa esa Hkh Li "V çHkko ns[kk x; kA

vuql a/kku ,oa fodkl
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vuqnku i zkIr i fj ; kst uk,a

l ksysue [ kkfl ; kue esa dk¡Vksa ds fuekZ.k esa Hkkx ysus okys
VªkafLØI’ku fu; a=dksa dh [ kkst

l ksysue [kkfl ; kue esa dk¡Vksa ds fodkl  l s l acfU/kr  dksf’kdh;
y{k.ku dk; Z i w.kZ dj  fy;k x; k gSA geus dk¡Vksa dh vkdkfj dh;  ,oa fodkl
voLFkkvksa dks i gpku fy; k gSA ; g i k; k x; k fd dk¡Vksa dk fodkl  xzaFkh;
j s’kksa ds vk/kkj  i j  çkj aHk gksrk gSA bl  çdkj  ds j s’ks rus dh l rg i j  çpqj
ek=k esa i k,  x,A dkaVk ; qä ,oa dkaVk j fgr  çHksnksa ds rus ds cká Ropk
Årdksa l s fM+Ýsafl ; y mRNA&l hDosafl ax gsrq vkj ,u,  dks fudkyk x; k
rkfd dk¡Vksa ds fodkl  ,oa muds dk; Zfof/k l s l acfU/kr  Vªkal fØI’ku fu; a=dksa
dks çkIr  fd; k t k l dsA

, l , ui h ekdZj ksa ds ç; ksx l s Xokj  dh vk.kqfod vkuqoaf’kdh

bl  v/; ; u ds nks eq[;  mís’;  gSa& i gyk mís’;  Xokj  ds çeq[k d̀f"k
y{k.kksa dk y{k.ku ,oa t uuæO;  dk l axzg.k t cfd nwl j k mís’;  , l ,ui h
[kkst  gsrq t uuæO;  ykbuksa dh l hDosafl ax ds }kj k t huksVkbfi ax ,oa
mi yC/k t uuæO;  dk fofo/krk vkadyu

200 l s vf/kd uewuksa l s t huksfed Mh,u, dks vyx fd; k x; k]
ek=kRed fo’ys"k.k fd; k x; k ,oa ,xzkst  t sy i j  xq.kkRed t kap dh xbZA
vkj ,Mh ykbczsj h dk fuekZ.k ,oa t hch, l  ds }kj k , l ,ui h [kkst  dk dk; Z
py j gk gSA

vyl h esa vkYVusZfj ; k CykbV çfr j ks/kh yksl kb dh VSfxax , oa
ekdZj  ds ek/; e l s cSdØkWfl ax

bl  v/; ; u dks fuEu mís’; ksa ds gsrq fd; k x; kA

 vkYVusZfj ; k CykbV çfr j ks/kh yksl kb dk fyadst  vkadyu ,oa eSfi ax

• çeq[k fdLe l s CykbV çfr j ks/kh yksl kb dh ekdZj  ds ek/; e l s
cSdØkWfl ax ,oa i q"Vhdj .k

bl  fn’kk esa vyl h dh fi r ‘ ykbuksa vkbZvkj ,Q&4 ,oa pacy l s 216
cgq: i h ,l , l vkj  dh i gpku dh xbZ ¼dqy 2001 çkbejksa dks t kapk x;k½A

bu 216 esa l s 198 , l , l vkj  dks fyadst  eSfi ax ds fy,  mi ; qä
i k; k x; kA bu 198 , l , l vkj  esa 191 , l , l vkj  dh 15 fyadst  l ewgksa
esa eSfi ax dh xbZA bu l ewgksa dks LG1 l s LG15 ds : i  esa fpfUgr fd; k
x; kA

f} rh; d esVkcksykbVksa ds Xykbdksfl ys’ku esa df̀=e miRNA
rduhd ds } kj k v’oxa/kk ds LVsj ksy Xykbdksfl yVªkal Qsj st
t hu i fj okj  dk vkadyu

geus df̀=e miRNA ds ç; ksx ds }kj k t hu i fj okj  dks
voj ksf/kr  dj rs gq, ,oa fo"kk.kq çsfj r  l kbysafl ax i ) fr  }kj k v’oxa/kk
¼foFkkfu; k l kseuhQsj k½ ds SGTL t hu i fj okj  dh fØ; kvksa dk fo’ys"k.k

vkuqoaf’kdh ,oa vk.kqfod t Sfodh

fd;kA t hu voj ksf/kr  i kS/kksa us xehZ ds çfr l gu’khyrk [kks nh ft l l s ruko
dh i fj fLFkfr ; ksa esa dksf’kdk gksfe; ksLVSfl l  cuk, j [kus esa budh Hkwfedk dk
i rk pykA

,l t hVh ,at kbeksa dk xehZ ds ruko esa Hkwfedk dk Hkh v/; ; u fd; k
x; kA ; s ,at kbe LVsj ksy : i kUr j .k esa ' kfey gksrs gSa ,oa ruko ds l e;
mi ki p; h yphysi u esa Hkh Hkkx ysrs gSaA

Wsamisgt ykbuksa esa HSPs dk çn’kZu l aHkor% ruko ds nkSj ku
'kj hj dkf; Zdh fØ; kvksa esa ' kkfey gSA çksyhu ds mPp ,d=hdj .k dks Hkh
ns[kk x; k t ks fd l aHkor% Wsamisgt ykbuksa esa i kuh dh deh dks j ksdus
esa ' kkfey gSA

v/; ; uksa l s i rk pyk fd v’oxa/kk esa , l t hVh ,at keksa dh fØ; k
mPp rki eku ds l e;  dksf’kdk f>Yyh esa LVsj ksy Xykbdksl kbZM ,oa LVsj ksy
ds vuqi kr  dks cuk, j [k dj  dksf’kdk esa vkarfj d uqdl ku dks de l s
de l qfuf’pr  dj us ds fy,  vko’; d gSA

VekVj  esa SlERF6 , oa SlERF8 dk yf{kr gsj Qsj % Qy
i dus , oa mRi kndrk ds fu; a=.k esa budh Hkwfedk

SlERF6 dks vusdksa ikni  o‘f)  fØ; kvksa ds çHkkfor  dj us ds fy,
t kuk t krk gSA bl  v/; ; u ds fy,  t M+ksa dh o‘f)  dks rhu l ht u esa
1-5] 2-5 ,oa 4-5 ekg i j  t kapk x; kA fHkUu ç; ksxksa ds nkSj ku 1-5 ,oa
2-5 ekg ds chp] Vªkal t hfud ykbuksa esa t M+ ds rkt k Hkkj  ,oa ' kq"d Hkkj
esa Li "V o‘f)  ns[kh xbZA 4-5 ekg i j  ¼t hou pØ dh l ekfIr  i j ½ 1-4
l s ysdj  2 xquk o‘f)  ns[kh xbZA gkykafd] vk’p; Zt ud : i  l s t M+ ds dqy
'kq"d Hkkj  esa 2-5 ekg dh vi s{kk 4-5 ekg esa deh ns[kh xbZA bl h
vof/k esa rus ds t So Hkkj  esa dksbZ Li "V i fj orZu ugha ns[kk x; kA

, j fcMksfIl l  FkSfy; kuk esa Xykscy U; wfDy; ksl ksey j heksMfyax
esa NPR1 dh Hkwfedk

NPR1 t hu ,d Vªkal fØI’ku dks ,DVhosVj  gS ,oa fl LVsfed
,Dok; MZ j st hLVsal  ¼SAR½ dk dsaæh;  fu; a=d gSA ; g fofHkUu l qj {kk
çfr fØ; kvksa l s t qM+s j ksxt uu l acaf/kr  t hal ksa dh ,d cM+h ek=k dks SAR
fl Xuy v.kq l Sfyfl fyd vEy dh l aosnuk ds ek/;e l s fu; af=r dj rk gSA
ge , j fcMksfIl l  FkSfy; kuk esa U; wfDy; ksl ksey j heksMfyax esa NPR1 dh
Hkwfedk dk v/; ; u dk j gs gSaA bl ds fy,  , j fcMksfIl l  FkSfy; kuk esa
MNase-seq ,oa Vªkal fØIVksfed l hDosafl ax dh xbZ gSA

uohu uj  ca/;  ra=  ds ek/; e l s F-1 l adj  di kl  dk
fodkl

,d u,  uj  ca/;  ra= ds ek/; e l s okf.kfT; d : i  l s l {ke F1
l adj  di kl  ds fodkl  dh fn’kk esa ç; kl  fd,  t k j gs gSaA bl  ra= dk
fodkl  Hkh l aLFkku }kj k gh fd; k x; k gSA Cocker&312 dh i kj t huh uj
ca/;  ¼ms½ ,oa fjLVksj j  ¼rs½ ykbuksa gsrq ,xzkscSDVhfj; e vk/kkfj r  vkuqokaf’kd
: i kUr j .k çksVksdkWy dk ekudhdj .k fd; k t k j gk gSA

vkuqoaf’kdh ,oa vk.kqfod t Sfodh
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i kni  j {kk esa TBP&l acaf/kr dkj dksa dh Hkwfedk dk
, j kfcMksfIl l  FkSfy; kuk esa v/; ; u

i kni  j ksxt u l aca/k esa TAF4b ,d Vªkal fØI’ku dks&,DVhosVj  dh
Hkwfedk fuHkkrk gSA bl  dk; Z esa j {kk l s l acaf/kr  TAF4b l aca/kh Hkkxksa dks
i gpkuuk Fkk t ks i kS/kksa esa çfr j {kk fodfl r  dj us esa l gk; d gksaA vr% nks
fHkUu r j hdksa dks vi uk; k x; k% ,d vfu; fer  esfVax ǹf"Vdks.k ,oa ,d
ckbuj h esfVax ǹf"Vdks.kA vfu; fer  esfVax ǹf"Vdks.k ds }kj k 42 çksVhuksa
,oa ckbuj h esfVax ǹf"Vdks.k ds ek/; e l s 41 çksVhuksa dh i gpku dh xbZA

bl ds vfr fj ä TAF4b ,oa ,d vKkr çksVhu] ft l s TIP1 uke
fn; k x; k gS] ds l hDosal  dks Mksesu l aj puk ds fy,  NCBI-CDD Vwy ds
}kj k t kapk x; kA

, ukdkfMZd vEy% di kl  esa j s’kksa dh mi t  , oa xq.koÙkk c<+kus
gsrq , d l {ke v.kq

,ukdkfMZd vEy di kl  esa mi t  ,oa j s’kksa dh xq.koÙkk c<+kus ds fy,
,d egRoi w.kZ v.kq gSA i kS/kksa dh o‘f)  fu; ked ds rkSj  i j  bl dk l kekU;
i fj fLFkfr ;ksa esa [ksrksa esa ç; ksx fd; k x; kA  ; g i j h{k.k rhu LFkkuksa HkfVaMk
¼i at kc½] vkSj axkckn ¼egkj k"Vª½ ,oa gSnj kckn ¼rsyaxkuk½ esa fd,  x,A
çkFkfed urht ksa us di kl  ds xksyksa ds Hkkj  ,oa j s’kksa dh mi t  esa o‘f)
l qfuf’pr  dh gS gkykafd foLr‘r  v/; ; u vHkh py j gs gSaA

QsukWdkWdl  l ksysuksfIl l  esa dfYi r y{; ksa dh VªkafLØIVkse
vk/kkfj r NaVuh , oa fØ; kRed i q"Vhdj .k

di kl  ehyhcx ds fy,  H1-NMR ds ek/; e l s ¶yks,e&j l  dk
fo’ys"k.k fd; k x; k rkfd df̀=e vkgkj  esa ?kVdksa dk ekudhdj .k fd; k
t k l dsA vkgkj  esa eq[;  ?kVd ' kdZj k] vehuks vEy ,oa dkcZfud vEy
i k,  x,A dfYi r  RNAi y{; ksa dh NaVuh ds fy, VªkafLØIVkse vl sacyh dk
ç; ksx fd; k x;kA vaMksa] f} rh; ] r r̀h;  baLVkj  ,oa o; Ld eknk l s vkj ,u,
ykbczsj h dks l hDosal  fd; k x; kA bl  v/; ; u l s bl  dhV dh l Hkh fodkl
voLFkkvksa ds cgqewY;  t huksfed l al k/kuksa dk i rk pyk ft l l s Hkfo";  esa
vk.kqfod v/; ; uksa esa l gk; rk çkIr  gksxhA

?kjsyw i fj ; kst uk,a

dSuk t Sfodh% i quq#Ri knu , oa dSuk çt kfr; ksa dk vkuqokaf’kd
: i kUrj .k

ckxokuh egRo ds t hal  ds } kj k dSuk dk vkuqokaf’kd l q/kkj

dSuk dh pkj  fdLeksa ds çdanksa l s çkIr  fgLl ksa dks 6&csaft yvehuksI; wjhu
¼6-BA½] fFkfM; kt qj ksu ¼TDZ½ vFkok dkbusfVu ds baMksy&3&,l sfVd
vEy ¼IAA½ ds l kFk fofHkUu l a; kst uksa esa ,e,l  ek/; e i j  mxk; k x; kA
l cl s l Qy fdLe f=usdsfj ; k osj hxsVk j gh t cfd vU;  esa fiad l ucl Z~V]
vfXuf’k[kk] ,oa j fäek j ghaA

di kl  esa dhV çfr j ks/k gsrq dhV mRçsfj r esFksuksy mRi knu

; g çnf’kZr fd; k x; k fd , j fcMksfIl l  FkSfy; kuk ,oa ,Li ft Zyl
ukbt j  l s fudkys x,  i sfDVu esfFkybZLVsj st  ¼PME½ ds vf/kd çn’kZu l s

dhV çfr j ks/k çkIr  gksrk gSA pwafd i kj t huksa dk yxkrkj  vf/kd çn’kZu
dHkh&dHkh i kni  fodkl  ds fy,  mi ; qä ugha gksrk gS vr% ?kko mRçsfj r
çkseksVj  ds varxZr vf/kd çn’kZu dj us okys i kj t huh di kl  ds i kS/ks
fodfl r  dj us ds ç; kl  fd,  t k j gs gSaA bl  çdkj  l s fodfl r  i kS/ks dhV
ds dkVus l s mRçsfj r  esFksuksy mRi knu çnf’kZr dj saxs ft l l s dhVksa ds çfr
çfr j ks/k mRi Uu gksxkA

i kj ai fj d , oa vk.kqfod i ) fr; ksa ds ek/; e l s i kS/kksa esa
vkuqokaf’kd l q/kkj

l h, l vkbZvkj &,uchvkj vkbZ ds çkax.k esa i F̀kDdr̀  D; kfj ; ksa esa
okf.kfT; d foi .ku gsrq fodfl r  mPp Fkhcsu ykbuksa ds cht ksa dk cgqxq.ku
fd; k x; kA

foxr  6 o"kksaZ esa Fkhcsu ykbuksa l s çkIr MsVk dks l adfyr  fd;k x; kA
NBIHT&1 ,oa NBIHT&3 ykbuksa us o"kZ nj  o"kZ vksfi ; e dh mi t  esa
Li "V o‘f)  çnf’kZr dhA t cfd Fkhcsu dh ek=k esa l aHkor% i ; kZoj .kh;
i fj fLFkfr ; ksa ds dkj .k fofo/krk çnf’kZr gqbZA j kt LFkku ds fpÙkkSM+x<+ ,oa
e/;  çns’k ds eanl kSj  ft yksa esa çR; sd esa nks xkaoksa esa 500 eh2 {ks= esa Fkhcsu
çpqj  ykbuksa NBIHT&1 ,oa NBIHT&3 dk cgqxq.ku ,oa czhMj  cht ksa dk
fo’ys"k.k fd; k x; kA

vyl h esa SSR , oa SNP vk/kkfj r vkuqoaf’kd fofo/krk dk
vkadyuA vyl h esa fyuksysfud vEy , oa vU;  df̀"k mi ; ksxh
y{k.kksa gsrq fyadst @QTL eSafi x

, l ,ui h ekdZj ksa ds o‘gn l sV dk ç; ksx dj rs gq, ¼10]057 SNPs½
vyl h ds 86 uewuksa dh vkuqoaf’kd fofo/krk dk vkadyu fd; k x; k ,oa
fofo/k uewuksa ds ,d l sV dks Hkfo";  ds czhfMax dk; ZØeksa ds fy,  i gpkuk
x; kA

161 SSR ekdZj ksa i j  vk/kkfj r  vyl h ds fyadst  eSi  dks fodfl r
fd; k x; k ,oa D; wVh,y eSfi ax dh xbZA dqy D; wVh,y i gpkus x,% i kS/ks dh
ÅapkbZ ds fy,  2 D; wVh,y] 3 D; wVh,y dSIl wy çfr  i kS/ks gsrq] 2 D; wVh,y
cht  çfr  dSIl wy gsrq ,oa 2 D; wVh,y rsy dh ek=k ds fy,A

oU;  , oa [ ksrh dh xbZa VekVj  çt kfr; ksa esa , l , ui h fofo/krk
dh bu fl fydks i gpku

ekSt wnk ckt kj  esa mi yC/k VekVj  dh fdLeksa ds l q/kkj  ds fy,  mPp
mi t  ,oa ruko l fg".kq fdLeksa dk fodkl  vko’;d gSA ,dy U;wfDy; ksVkbM
i ksfyeksfQZt ~e ¼SNPs½] vkuqoaf’kd fofo/krk dk ,d egRoi w.kZ l zksr  gS
ft l dk vDl j  Ql y l q/kkj  dk; ZØeksa esa ç; ksx fd; k t krk gSA orZeku
v/; ; u esa Øe ,oa l aj puk nksuksa Lr j ksa i j  U; wfDyvksVkbM çfrLFkki u dk
çHkko ns[kus ds fy,  t axyh ¼l ksysue gkbczksdkbVsl ½ ,oa [ksrh fd,  t kus
okys ¼l ksysue ykbdksi fl Zdksu½ çt kfr ; ksa esa U; wfDyvksVkbM i ksyheksfQZt ~e
dk bu fl fydks v/; ; u fd; k x; kA

, j kchMksfIl l  FkSfy; kuk dh Hkkj rh;  vkckfn; ksa esa Mh, u,
esfFkyhdj .k i SVuZ esa fofo/krk dk v/; ; u

l eqæry l s 700&3500 eh- dh vyx&vyx Åapkb;ksa l s ,j kchMksfIl l
FkSfy; kuk dh 7 vkckfn; ksa l s uewus ,d= fd,  x,A ;s vkckfn; ka , jkchMksfIl l
FkSfy; kuk i j  dke dj us okys oSKkfudksa ds fy,  ubZ gSaA

vuql a/kku ,oa fodkl



29

CSIR-NATIONAL BOTANICAL RESEARCH INSTITUTE

i kni  l w{et ho l aca/k

vuqnku çkIr i fj ; kst uk,a

dkcqyh pus esa i kni  òf)  dks c<+kus okys j kbt kscSDVhfj ; k
vk/kkfj r l w[ kk ruko l q/kkj  esa miRNA dh Hkwfedk dk
v/; ; u

dkcqyh pus ds t hukse esa 290 l aj f{kr  miRNA ds fy,  dqy 572
fpfUgr t hal  dks i gpkuk x; k t cfd 73 uohu miRNA ds fy,  1481
fpfUgr t huksa dk vuqeku yxk; k x; kA l kr  p; fur  miRNA ¼pkj
l aj f{kr  ,oa rhu uohu½ ds fu; af=r qRT i hl hvkj] RAR] l w[kk ,oa l w[kk
+ RAR mi pkj ksa ds ek/; e l s çn'kZu fo'ys"k.k ds }kj k Mhi  l hDosafl ax MsVk
dh i qf"V dh xbZA

gekj s urht ksa l s RNA-seq  ,oa  qRT-PCR MsVk ds chp vkSj  l kFk
gh l kFk miRNA , oa fpfUgr t hu çn'kZu ds chp cf<+; k
l gl aca/k ds l adsr  çkIr  gq,A dqy feykdj  ; g l adsr  feys fd RAR
Vhdkdj .k] miRNA ,oa fpfUgr t hu çn'kZu dks cny nsrk gS ft l l s
dkcqyh pus dh l w[kk çfr j ks/kh fdLe esa l w[ks ds çfr  çfr fØ; k esa l q/kkj
vkrk gSA

' kq"drk ruko esa çeq[k ckt jk Ql yksa dh Vªkal fØIV çksQkbfyax
, oa ruko&çsfj r Vªkal fØI' ku QSDVl Z dk vfHky{k.ku

nks ckt j k fdLeksa PRLT2/89&33 ,oa H77/833-2 ds i .kZ Årdksa
ds l eLr  vkj ,u,  dks MªkbZ Mkmu çksVksdkWy ¼NTR> 0-2½ ds ek/; e l s
l w[ks l s ruko dh fLFkfr  esa j [kk x; k ,oa byqfeuk MiSeq IysVQkWeZ ds
fy,  ç; ksx fd; k x; kA fofHkUu çdkj  l s çnf' kZr  dqy 40880 t hal  çkIr
gq, ft uesa l s 17709 vi &j sxqysVsM ,oa 22414 Mkmu j sxqysVsM FksA t hu
vksaVksykst h ,uksVs'ku esa r̂uko ds çfr  çfr fØ; k*] m̂íhi d ds çfr
çfr fØ; k* çnf' kZr  dj us okys PRLT2/89-33 t hal  ,oa l kFk gh f̂odkl
çfØ; k* ,oa t̂ Sfod fu; a=.k* l s l acfU/kr  t hal  vf/kd ek=k esa çkIr  gq,A

nks uewuksa esa fl axy U; wfDy; ksVkbM i ksyheksfQZLe ,oa fl Ei y l hDosal
ekdZl Z Hkh ns[ks x,A H77/833&2 dh rqyuk esa PRLT2/89&33 esa vf/kd
l a[ ; k esa SNP ,oa SSR i k,  x,A

l aosnh ¼H77/833&2½ ds rqyuk esa l gu'khy t huksVkbi  ¼PRLT2/
89&33½ esa vf/kd çnf'kZr 10 p; fur DEG ds RNA-Seq ek=k dh qRT-
PCR ds ç; ksx l s i qf"V dh xbZA

ckt j k l s ,d ft ad fQaxj  çksVhu dksfMax t hu ¼PgZnF½ dks Hkh
Dyksu fd; k x; k ,oa bl ds çn'kZu dks l w[kk ruko dh fofHkUu voLFkkvksa
esa t kapk x; kA ; g i k; k x; k fd ; g t hu ruko dh nsj  dh voLFkkvksa esa
vi &j sxqyVsM FkkA

i kni  l w{e&t ho l eUo; u] Hks"kt  foKku ,oa i kni  j l k; u

?kjsyw i fj ; kst uk,a

i kni  vk.kqfod fo"kk.kq foKku v/; ; u

dkWVu yhQ dyZ eqYrku fo"kk.kq , oa bl l s l acfU/kr chVk
l SVsykbV dk Hkkj r esa xqM+gy dh yhQ dyZ chekj h l s
l aca/k

xqM+gy ds dqN i kS/kksa esa ,d l aHkkfor  csxkseksok; j l  l aØe.k ds y{k.kksa
dh t kap dh xbZA DNA dh t kap l s csxkseksok; j l  ds l aØe.k ds l adsr
feys l kFk gh dkWVu yhQ dyZ eqYrku fo"kk.kq l s vkuqokaf' kd l ekurk ns[kh
xbZA dkWVu yhQ dyZ fo"kk.kq ds nks u, çHksnks dks i gpkuk x; kA i hl hvkj
ds ek/; e l s chVkl SVsykbV l s l aca/k dks t kapk x; k ft l l s Hkkj r esa i gyh
ckj  xqM+gy esa dkWVu yhQ dyZ eqYrku fo"kk.kq ,oa dkWVu yhQ dyZ chVk
l SVsykbV dh i qf"V gqbZA

Hkkj r esa i kj Fkhfu; e fgLVsj ksQksj l  dh yhQ dyZ chekj h l s
l acfU/kr ,d csxkseksokbj l ] vYQk l SVsykbV ,oa chVk l SVsykbV
dk vk.kqfod vfHky{k.ku

y[kuÅ ds [ksrksa esa i kj Fkhfu; e fgLVsj ksQksj l  ds ikS/kksa dh i fÙk; ksa esa
vR; f/kd ?kqeko o vU;  y{k.k ns[ks x,A bl  ekeys esa csxkseksokbj l ] vYQk
l SVsykbV ,oa chVk l SVsykbV ds l aca/k dh t kap ds fy,  Mh,u, dh t kap
dh xbZ ft l l s l aØkedksa csxkseksokbj l ] vYQk l SVsykbV ,oa chVk l SVsykbV
dh i gpku Øe'k% ToLCV] PaLCuB ,oa AYVIA ds : i  esa gqbZA

Hkkj r esa t axyh l wj t eq[ kh dks l aØfer djus okys csxkseksokbj l
, oa chVk l SVsykbV dk vk.kqfod vfHky{k.ku

j kt LFkku ds t ; i qj  esa t axyh l wj t eq[kh ds i kS/kksa i j  csxkseksokbj l
l aØe.k l s feyrs t qyrs y{k.kksa dks ns[kk x; kA bu chekj  i kS/kksa l s LoLFk
i kS/kksa esa l Qsn eD[kh ds ek/; e l s l aØe.k dk çl kj  Hkh ns[kk x; kA y{k.kksa
dh t kap ds fy,  Mh,u, t kap l s l aØkedksa ds : i  esa okbj l  ,oa l SVsykbV
ds : i  esa Øe'k% AEV ,oa ALCB dh i gpku gqbZA

Hkkj r esa dSuk çt kfr; ksa esa rhu fo"kk.kq dqyksa ¼cSMukokbj l ]
i ksVhokbj l  , oa dqdqeksokbj l ½ dk l kFk&l kFk i k; k t kuk

t uoj h 2012 l s t uojh 2014 ds e/;  ,uchvkj vkbZ ds dSuk dsaæ
esa 10 fdLeksa ds i kS/kksa esa ; syks eksl Sd eksVy ,oa osu LVªhd ds e/; e l s
ysdj  xaHkhj  y{k.k ns[ks x,A bu i kS/kksa esa Mh,u, t kap ds }kj k dSuk ; syks
eksVsy okbj l  ¼CaYMV½] chu ; syks eksl Sd okbj l  ¼BYMV½ ,oa
dqdqEcj  eksl Sd okbj l  ¼CMV½ dh i gpku ,oa i qf"V dh xbZA Hkkj r  esa
bu rhuksa okbj l ksa ds dSuk esa ,d l kFk l aØe.k dks i gyh ckj  l wfpr fd; k
x; k gSA

i kni  l w{e&t ho l eUo; u] Hks"kt  foKku ,oa i kni  j l k; u
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Hks"kt  foKku

vuqnku çkIr i fj ; kst uk,a

l a' kksf/kr [ ksrh , oa bu&foVªks rduhdksa ds ek/; e l s dqN
l adVxzLr vkS"k/kh;  i kS/kksa ds fo' ks"k dheksVkbi ksa l s i kni j l k; uksa
dk fuekZ.k

dksfy; l  Qksl Z~dksgykbZ ds 74 uewuksa ,oa Xyksj h; ksl k l qi ckZ ds 127
uewuksa dks ns'k ds fofHkUu LFkkuksa l s ,d= fd; k x; k rFkk budh
i kni &HkkSxksfyd t kudkj h ,d= dh xbZA ,d= fd,  x,  t uunzO;  ds
okuLi frd ,oa HkkSfrd&j kl k; fud  ekudksa dk Hkh vfHkys[ku fd; k x; kA
,d= fd,  x,  uewuksa ds l w{e y{k.kksa esa dksbZ fo'ks"k i fj orZu ugha ns[kk
x; kA

eosf' k; ksa esa çfr j ks/kh dhVksa ds fu; a=.k gsrq l aHkkfor i kni
dhVukf' k; ksa dh dheksçksQkbfyax , oa fØ; kRed vfHky{k.ku

, t sj sVe dksusTok; fMl  ds 96 uewuksa dks 16 j kT; ksa l s ,d= fd; k
x; k ,oa HPTLC ds mi j kar  ekdZj  ; kSfxd ,oa dhVj ks/kh fØ; k dk
vkadyu fd; k x; kA HPTLC vkadM+ksa l s fHkUu {ks=ksa l s ,d= fd,  uewuksa
esa ekdZj  ; kSfxdksa dh ek=k esa fHkUurk ds l adsr  feysA mÙkj  çns'k] i f' pe
caxky] fl fDde] r feyukMq ,oa mÙkj k[kaM ds uewuksa esa çsdksl hu I dh ek=k
i kbZ xbZA NAC&01 uewus esa pkj  eq[;  ;kSfxd ¼Lead&I, II, III, IV½ ,oa
CVP&05 uewus esa rhu ; kSfxd ¼VP1, VP3 and VP5½ i gpkus x,A

czkãh ds fo' ks"k dheksVkbi ksa ds i gpku , oa i ; kZoj .k&Hkwxksy
l s l aca/k

czkãh ds dqy 150 uewuksa dks ns'k ds fofHkUu {ks=ksa l s ,d= fd; k
x; k ,oa t So&HkkSxksfyd t kudkj h ,d= dh xbZA 78 uewuksa dh vkdkj dh;
,oa vkarfjd l aj puk dh t kap dh xbZ] ft l esa dksbZ [kkl  var j  ugha çnf' kZr
gqvkA pkj  t So&ekdZjksa dk ek=kRed vkadyu i zkaj Hk fd; k x;k ,oa 67 dk
i w.kZ fd; k x; kA

p; fur NksVs i kS/kksa esa i ks"k.kkRed çksQkbfyax] Ýh j sfMdy dh
l QkbZ , oa , sUVh&vkWDl hMsaV fØ; k, ¡

fofHkUu vkS"k/kh;  ,oa [kk|  i kS/kksa t Sl s vfLu; k çt kfr ] FkSfyDVªe
çt kfr ] NksVs ckt j k] l j kdk çt kfr ] VfeZusfy; k çt kfr  vkfn esa i ks"k.k
l aca/kh] ,aVhvksDl hMsaV ,oa ,aVh ekbØksfc; y fØ; kvksa dk v/; ; u fd; k
x; kA l kFk gh ck; ks,fDVo rRoksa ds fu"d"kZ.k ds fy,  ,d l ksyosaV fl LVe
dk fodkl  fd; k x; k ,oa Ýh j sfMdy dh l QkbZ dks t kapk x; kA

dqi ks"k.k gsrq , d de ykxr dk gcZy feJ.k fodfl r dj us
ds fy,  dqN vYi Kkr i kS/kksa dh i gpku , oa ewY; kadu

PC3 l sy ykbuksa i j  ,saVhdSal j  fØ; k dks t k¡pus ds fy,  ckgqfu; k
osj hxsVk] i q"i  ,oa dyh] ckgqfu; k i j I; wfj ; k ds i q"i  ,oa dyh ds l kFk&l kFk
vkWxt sfyl  dkWuhdqysVk ds l cl s vf/kd izHkkoh esFksukWy vdks± dk ewY; kadu
fd; k x; kA bu vdks± us dSal j  l sy ykbuksa i j  l kanzrk vk/kkfj r  r j hds l s

QSyko j ks/kh i zHkko i znf' kZr  fd; kA

fl ysft usyk czk; ksIVsfj l  ¼l at houh½ l s fudys x,  i kWyhQsuksYl
dk t So&j kl k; fud , oa Hks"kt  v/; ; u

pwgksa i j  fd, x,  v/; ; uksa l s çkIr  urht ksa l s i rk pyk fd l at houh
l s mi pfj r  pwgksa dh ruko l gus dh {kerk esa òf)  ds urht s vkS"kf/k i kni
foFkkfu; k l ksEuhQsj k ds ç; ksx l s çkIr  urht ksa ds l eku gh gSaA

ykbZdsu çt kfr; ksa vfLu; k yksafxfl ek , oa DySMksfu; k Qj dsVk
dk vka= vYl j  esa ç; ksx] ekudhdj .k , oa i qf"V

ykbZdsu çt kfr ; ksa esa yxHkx 800 f} rh;d esVkcksykbV i k,  t krs gSa
ft uesa l s vf/kdka'k fl QZ buesa gh feyrs gSa ogha dqN f} rh; d esVkcksykbV
dod ,oa vU;  mPp i kS/kksa esa Hkh feyrs gSaA

vfLu; k yksafxfl ek ,oa DySMksfu; k Qj dsVk l s çkIr  t kudkfj ; ksa ds
vk/kkj  i j  pwgksa esa vYl j  i j  fd,  x,  i j h{k.kksa esa bul s çkIr  vdZ us
chekj h ds çfr  Li "V çfr fØ; k çnf' kZr  dhA

l aHkkfor t SofØ; k' khy j kl k; fud ekdZj  ; kSfxdksa dh i gpku
rFkk Xyksfj ; ksl k l qickZ dk t Sfod v/; ; u , oa ml dh HkkSxksfyd
fofHkUurk, a

i kS/kksa esa ekSt wn i kni j l k;u] fofHkUu chekfj ; ksa l s cpko ,oa mipkj
esa mudh i zHkkoksRi kndrk esa egRoi w.kZ Hkwfedk fuHkkrs gSa ,oa LokLF; j {kk ra=
i j  dkQh i zHkko Mkyrs gSaA Xyksfj ; ksl k l qi ckZ ,d l adVxzLr vkS"k/kh;
i kS/kk gSA i sV ds vYl j  i j  bl ds t SofØ; kh'ky ; kSfxdksa ds t Sfod v/; ; u
dk dk; Z fd; k t k j gk gSSA

?kjsyw i fj ; kst uk,a

vkS| ksfxd mi ; ksx okys Hkkj rh;  ns' kh vkS"k/kh;  i kS/kksa dk
xq.koÙkk vkadyu , oa oSKkfud i q"Vhdj.k rFkk i kj ai fj d Kku
vk/kkfj r gcZy mRi kn  dk fodkl

vkS"k/kh;  : i  l s egRoi w.kZ VfeZusfy; k çt kfr ds fofHkUu
Hkkxksa dk rqyukRed HkkSfrd&i kni &j kl k; fud vkadyu

vkS"k/kh;  : i  l s egRoi w.kZ VfeZusfy; k çt kfr ; ksa t Sl s VfeZusfy; k
vt qZuk ,oa VfeZusfy; k csfyfj dk ds fofHkUu Hkkxksa dk HkkSfrd&j kl k; fud
xq.kksa] dqy Qsuksy dh ek=k] dqy ysoksuksbM ek=k] xq.kkRed ,oa ek=kRed
,pi hVh,yl h vkadyu ,oa ,aVhvksDl hMsaV fØ; k gsrq i j h{k.k fd; k x; kA

vfLu; k dh pkj  çt kfr; ksa esa , oj fud , oa vfLud vEy ds
vkadyu ds fy,  HPTLC Msal hVksesfVªd i ) fr , oa , aVh
vkWDl hMsaV {kerk dh rqyuk

vfLu; k dh pkj  çt kfr ; ksa esa ,oj fud ,oa vfLud vEy ds
vkadyu ds fy,  ,d l j y] l aosnh ,oa l Vhd HPTLC Msal hVksesfVªd i ) fr
,oa dk fodkl  fd; k x; kA

vuql a/kku ,oa fodkl
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FkSfyDVªe Qksfy; ksyksl e esa f} rh; d esVkcksykbV] , aVh
ekbØksfc; y , oa , aVh vkWDl hMsaV {kerkvksa i j  ÅapkbZ dk
çHkko

FkSfyDVªe Qksfy; ksyksl e dks i kj ai fj d : i  l s vkS"kf/k ds : i  esa
fofHkUu chekfj ; ksa ds mi pkj  esa ç; ksx fd; k t krk j gk gSA bl ds vdZ ds
fuj h{k.k l s dSaMhMk , fYcdsal ] LVSQkbyksdksdl  vkWfj ; l ] , ' psfj fp; k
dksykb ,oa L; wMkseksukl  vk#ft uksl k ds çfr  ek/; e l s mPp çfr fØ; k
çnf' kZr  dhA

i kj ai fj d : i  l s ç; qä gksus okyh vk; qosZfnd vkS"kf/k
fMIyksl kbDyksl  i ksesVl  ¼dqdqj fcVsl h½ esa Qsuksfyd vEyksa dk
vkadyu

fMIyksl kbDyksl  i ksesVl  ds ok; qoh;  Hkkxksa esa Qsuksfyd vEyksa ,oa
mudh t So&fØ; k'khyrk {kerk dk vkadyu bu foVªks ,aVh vkWDl hMsaV , l s
ds ek/; e l s fd; k x; kA ok; qoh;  Hkkxksa ds Qsuksfyd vEyksa esa çpqj
t So&fØ; k ns[kh xbZA çkIr  l adsrksa l s Hkfo";  esa j kl k; fud vfHky{k.ku ,oa
Hks"kt  i q"Vhdj .k esa l gk; rk çkIr  gksxhA

ck; ksQkbVe l sal hfVoe esa Qsuksfyd ; kSfxdksa dk RP-HPLC
ek=kRed vkadyu , oa t Sfod vkadyu

ck; ksQkbVe l sal hfVoe dks fo'o Hkj  dh i kj ai fj d vkS"kf/k i ) fr ; ksa
esa vkS"k/kh;  i kni  ds : i  esa ç; qä fd; k t krk gSA orZeku v/; ;u esa bl ds
Qsuksfyd vEyksa i j  i j h{k.kksa l s bl  i kS/ks esa ,aVhvkWDl hMsaV ,oa e/kqesg
j ks/kh fØ; kvksa ds l adsr  feys t ks bl ds i kj ai fj d vkS"k/kh;  ç; ksx dks l gh
fl )  dj rs gSaA

gcZy mRi knksa dk fodkl %

gcZy fl anwj  fLVd

gcZy j axksa] ouLi fr  rsyksa] l qxa/k ,oa ch oSDl  dks vk/kkj  i nkFkZ ds
: i  esa ç; ksx dj  fl anwj  fLVd cukus dh rduhd fodfl r  dh xbZA ; g
mRikn fo"kSyk ugha gS ,oa Hkkj h /kkrqvksa ; k j l k; uksa l s eqä gSA ; g çkS| ksfxdh
okf.kfT; d foi .ku gsrq rS; kj  gSA

gcZy , aVhvkWDl hMsaV QksewZys'ku

vkWDl hMsfVo ruko ds çca/ku gsrq ,d ,aVhvkWDl hMsaV QksewZys'ku
cukus dh fn'kk esa p; fur  i kni  vdksaZ dks fHkUu vuqi krksa esa feyk dj
feJ.k cuk; k x; kA bl dh eq[;  ckrsa gSa &

 bl esa vk; qosZfnd i kS/kksa dk ç; ksx fd; k x; k gS t ks vkl kuh l s
mi yC/k gSaA

 ; g dheksFksj si h ,oa ' kY; &fpfdRl k l s ej ht ksa esa mRi Uu gksus okys
ruko dks de dj us esa ykHkdkj h gSA

 Ýh jsfMdYl  dks fudkydj  vkar fj d ,aVh vkWDl hMsaV ra= dks et cwr
dj rk gSA

 bl esa i ksfyQsuksYl ] foVkfeu ,oa [kfut  ekSt wn gSaA

 de ykxr  dh rduhdA

gcZy gSaM l SuhVkbt j

LoPNrk dh fn'kk esa rS; kj  bl  gcZy mRi kn dh eq[;  fo' ks"krk,¡ fuEu
gSa%

 ,Ydksgy j fgr  mRi kn

 i kni  t fur  doduk'kh ,oa t hok.kqukf' k; ksa dk ç; ksx

 xzke&fuxsfVo] xzke&i kWft fVo t hok.kqvksa ,oa dodksa dks ej us esa
l {ke

 j ksxt ud t hok.kqvksa ds ck; ks fQYe ds : i  esa QSyko dks j ksdus esa
l {ke

 l aØe.k dh j ksdFkke ,oa gkFkksa dh i w.kZ LoPNrk

 gkFkksa dh dkseyrk dks cuk, j [krk gS

gcZy VwFki sLV

dbZ vk; qosZfnd i kS/kksa i j  vk/kkfj r  ; g mRi kn LVªsi Vksdksdl  E; wVsUl
l s nkrksa dks gksus okys {k;  l s cpko esa l {ke gS ,oa l kFk gh mPp ,aVh
vkWDl hMsaV fØ; k ; qä gSA bl dh eq[;  fo' ks"krk,¡ fuEu gSa&

 vk; qosZfnd i kS/kksa ,oa vko' ; d rsyksa dk ç; ksx

 çkdf̀rd ekmFkok'k çHkko

 nkarksa ,oa el w<+ksa dh l eL; kvksa ds fy,  mi ; qä

 ¶yksj kbM jfgr

i kni  j l k; u foKku

vuqnku çkIr i fj ; kst uk,a

xSj &fpfUgr esVkcksyksfed i ) fr } kj k xqXxqy ds fHkUu
dheksVkbiksa esa GC-MS , oa NMR Li sDVªksLdksi h ds ç; ksx l s
j kl k; fud fofHkUurk dh t kap

esVkcksfyd fofHkUurk ds v/; ; u ds fy,  xqXxqy ds rhu fHkUu
dheksVkbi ksa ¼NBRI&101] NBRI&102 and NBRI&103½ dh GC-MS,
HPLC ,oa NMR Li sDVªksLdksi h ds ç; ksx l s esVkcksfyd çksQkbfyax dh xbZA
j kl k; fud : i  l s fHkUu 132 esVkcksykbVksa dks igpkuk x; k ,oa ek=kRed
fo'ys"k.k fd; k x; kA

ruko fu; a=.k gsrq , ej sUFkl  gkbi ksdksafMª; kdl  ds LDokyhu
dh mPp ek=k çnku dj us okys dheksVkbi ksa dh esVkcksfyd
çksQkbfyax

ruko ; k mPp j äpki  ,d t fVy LokLF;  l eL; k gS ft l ds dkj .k
j äpki  c<~us l s ân; k?kkr ] fdMuh ds Qsy gksus t Sl h vusd [kr j s mRi Uu
gks t krs gSaA bl  l aca/k esa LDokyhu ,d l {ke LokLF;  ; kSfxd gS ft l s dbZ
okuLi frd rsyksa esa fHkUu fHkUu l kaærkvksa esa i k; k x; k gSA ,esj UFk LDokyhu
dk ,d ,sl k gh l zksr  gS ft l dk vHkh rd Bhd l s nksgu ugha fd; k x; k
gS vr% bl  fn' kk esa dk; Z fd; k t k j gk gS rkfd bl dk [kk| ] çl k/ku ,oa
vkS"kf/k m| ksx esa mi ; ksx fd; k t k l dsA

i kni  l w{e&t ho l eUo; u] Hks"kt  foKku ,oa i kni  j l k; u
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¼v½, ej sUFkl  gkbi ksdksafMª; kdl  dh esVkcksfyd çksQkbZfyax

,ej sUFkl  gkbi ksdksafMª; kdl  dh vkB fdLeksa Øe'k% NBRI-A1,
NBRI-A2, NBRI-A3, NBRI-A4, NBRI-A5, PRA-1, PRA-2 ,oa
PRA-3 dks l h, l vkbZvkj &,uchvkj vkbZ ,oa oh-l h-, l -t h- mÙkj k[kaM
ckxokuh ,oa okfudh fo'ofo| ky; ] j kuhpkSj h] mÙkj k[kaM l s çkIr  fd,  x,
,oa  buesa LDokyhu ,oa vU;  t So&fØ; k'khy esVkcksykbVksa dh ek=k dk
vkadyu fd; k x; kA LDokyhu dh l kUærk 6-02 l s 54-3 fexzk@xzk
cht Hkkj  ds chp ns[kh xbZA l cl s de l kaærk NBRI&A2 esa o vf/kdre
l kaærk PRA&3 esa ns[kh xbZA

¼c½LDokyhu çpqj  rsy va'kksa dk fodkl

,esj UFk ds nkuksa ds rsy va'kksa l s LDokyhu fodfl r  dj us ds ,d
r j hds dk ekudhdj .k fd; k x; kA i j h{k.kksa l s i rk pyk fd bl dk mi; ksx
çl k/ku ,oa i ks"k.k mRi kn cukus esa fd; k t k l drk gSA

mRrj  i zns'k dh l ksfMd cat j  Hkwfe esa [ ksrh gsrq vkS"k/kh;
i kS/kksa dk vkadyu

foFkkfu; k l ksesuhQsj k dh ikap fdLeksa ds ikS/kksa ds fofHkUu i kni  vaxksa
esa ekSt wn N% eq[;  t Sol fØ;  ; kSfxdksa ds ek=kRed fo'ys"k.k gsrq ,d mPp
{kerk ; qDr i ) fr  dk fodkl  ,oa i q"Vhdj .k fd; k x; kA bl  i ) fr  ds
i z; ksx l s i zkIr  vkadM+ksa us l adsr  fn; s fd ; g i ) fr  dkQh vk/kqfud Rofj r
gS ,oa foFkkfu; k l ksesuhQsj k ds l kFk&l kFk vU;  l eku i kS/kksa dh xq.koRrk
vkadyu gsrq mi ; qDr gSA

dqN vYi Kkr i zkdf̀rd xksan ds i F̀kDdj .k@fu"d"kZ.k gsrq de
ykxr dh rduhd dk fodkl

fofHkUu QkeqZys'ku ds fuekZ.k gsrq m-i z- ds i kap ft yksa Øe'k%
okj k.kl h] t kSui qj ] l ksuHknz] y[khei qj  ,oa y[kuÅ ds xkaoksa esa ,d xksan
mRi knd i kS/ks l sLckfu; k l sLcu gsrq l osZ{k.k fd; s x; sA bu v/; ; uksa l s
fofHkUu t ut kfr ; ksa }kj k i z; ksx fd; s t kus okys rhu uohu] de ykxr  ds
i kni  xksanksa ds ckj s esa t kudkj h i zkIr  gqbZA

50 l s vf/kd vkS"k/kh; ] l xa/k] l t koVh ,oa vkfFkZd : i  l s
egRoi w.kZ i kS/kksa dh i gpku dh xbZ ,oa xksan mRi knu gsrq 15 l s vf/kd
i kS/kksa dks ,d= fd; k x; kA

90 l s vf/kd xkaoksa esa xksan ,oa vU;  t So mRi knksa dh i gpku] l axzg
,oa i F̀kDdj .k gsrq i zf' k{k.k dk; ZØe pyk; s x; sA

?kjsyw i fj ; kst uk,a

vkS"k/kh;  , oa l xa/k i kS/kksa i j  i kni &j kl k; fud v/; ; u

nf{k.k Hkkj r ds i oZrh;  bykdksa esa mxus okys vkVhZfefl ; k
uhyfxfj dk ds rsy dk j kl k; fud l axBu , oa nhed j ks/kh
fØ; k

vkVhZfefl ; k uhyfxfj dk ds ok; qoh; vaxksa l s çkIr  rsy dk GC-MS
Li sDVªksLdksi h ds ek/; e l s fo' ys"k.k fd; k x; k ,oa l kFk gh nhed j ks/kh
fØ; k dk bu&foVªks ,oa bu&fooks i j h{k.k fd; k x; kA rsy esa Li "V nhed
j ks/kh fØ; k ns[kh xbZA

{ks= i j h{k.k

xsgwa dh Ql y ds nhed l s dkQh çHkkfor  gksus ds dkj .k ,uchvkj vkbZ
}kj k fodfl r  fd,  x,  nhed j ks/kh QksewZys'ku dh fØ; k dk [ksrksa esa i j h{k.k
fd; k x; k ft l esa df̀=e j kl k; fud dhVuk'kdksa ds eqdkcys vf/kd nhed
j ks/kh fØ; k ns[kh xbZA

LVªscyl  , Li j  dh ekuo dSal j  l sy ykbu i j  dSal j  j ks/kh
fØ; k

LVªscyl  ,Li j  ds esFksuksy vdZ ds fofHkUu va'kksa SAH ¼n&gsDl su½]
SAC ¼Dyksj ksQkWeZ½] SAW ¼i kuh½ ,oa SAB ¼n&C; wVsuksy½ dks rS; kj  dj
Y; wdsfe; k ¼K562½] QsQM+s ¼A549½] gsi SVksek ¼Hep-G2½ ,oa Lru dSal j
¼MCF-7½ dh ekuo dSal j  l sy ykbuksa i j  budh fØ; k dk i j h{k.k fd; k
x;kA ek= DyksjksQkWeZ va'k us gsi SVksek dSal j  l sy ykbu i j  çfr fØ; k çnf'kZr
dhA

vuql a/kku ,oa fodkl
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1. t So l al k/kuksa , oa vU;  çkdf̀rd mRi knksa dk t So&i wosZ{k.k

mÙkj k[kaM j kT;  ds mÙkj dk'kh ft ys es fLFkr xksfoan i ' kq fogkj  dk
okuLi frd ys[kk dqy 11 LFkkuh;  nkSj ks }kj k i w.kZ fd; k x; kA t h i h , l
Vsfxax ds l kFk vkòÙkcht h dh dqy 637] ' kSd dh 352] czk; ksQkbV dh
381] ' kSoky dh 391 ,oa Vsfj MksQkbZV dh 88 çt kfr ;k¡ vkysf[kr  dh x; h]
l kFk gh yksdokuLi frd egRo ds 25 i kS/kksa dks Hkh vkysf[kr  fd; k x; kA
fofHkUu i kni l ewg t Sl s& fFkyksVªsesVksbZM 'kSd ¼121 çt kfr ; k¡½] fl Vªsfj vksbZM
'kSd ¼47 çt kfr ; k¡½] i q"i h;  i kS/kksa esa dksj hMsfyl  ¼23 çt kfr ; k¡½ ,oa QkbZdl
¼40 çt kfr ; k¡½ dk ofxZdh v/; ;u i w.kZ fd; k x;kA Hkkjr  es i k,  t kus okys
cft Zuh; k ¼l sDl hÝsxsl h½ çt kfr ; ksa dk vk.kqfod ofxZdh }kj k v/; ; u i w.kZ
fd; k x; kA czk; ksQkbVl  dh 20 çt kfr ; ksa dks l aof/kZr dj  ,oa mudh
LFkki uk l aLFkku ds ekSl  x̀g esa dh xbZA

Vsfj MksQkbZV ds vkSafd; e dkSaVhxe] ,Fksfj ;e i sDVhusVe rFkk Mªk; ksIVsfj l
dksfPy,Vk  çt kfr ; ksa dk çt uu t ho foKku v/; ;u rFkk df̀=e bu&foVªks
fof/k }kj k xq.ku fd; k x; kA

rhu IykfLVM yksdkbZ ¼matK, trnH-psbA, rbcL½ ds vk/kkj  i j
vkS"k/kh;  egRo ds 30 i kS/kksa dk Mh,u, ckj dksM i w.kZ fd; k x; kA mÙki Uu
t kudkj h dks l Qyrki woZd GenBank rFkk BOLD MkVkcsl  esa l koZt fud
l anHkZ ds fy,  çLrqr  fd; k x; kA

csVqyk ; qfVfyl  ds Nky Ård ¼ckdZ fV' ; w½ l s cVqZyhu ,oa
cVqZfyfud , fl M ds xq.kkRed ,oa ek=kRed eki u vuqeku ds fy,  ,d
rhoz ,oa fo'ol uh;  fof/k fodfl r  dj  ml dh i qf"V dh x; hA  l kFk gh
csVqyk ; qfVfyl  dh Nky esa mi fLFkr vko' ; d rsyksa l s 22 ; kSfxdks
¼dEi kmaM~l ½ dh i gpku dh xbZA bl  rsy us ekuoh;  j ksxt ud ¼áweu
i sFkkst su½ ds fo#)  l w{et hofuokj d xfr fof/k ¼,aVhekbØksfc; y , fDVfoVh½
dks çnf' kZr  fd; kA

pkj  fHkUu HkkSxksfyd {ks=ksa l s l axzghr gsfMfp; e Li kbdsVe çdUn
¼j kbZt kse½ l s mÙkiUu vko'; d rsy l s 29 ; kSfxdks ¼dEi kmaM~l ½ dh i gpku
dh xbZA ekuoh;  dSal j  l sy ykbZUl  ds fo#)  dksf' kdkfo"kh xfr fof/k
¼l kbVksV‚fDl d , fDVfoVh½ ds fy,  bu rsy uewuksa dk ewY; kadu fd; k
x; kA i axksV ¼uSuhrky½ l s çkIr  uewus ¼l Sai y½ esa &dsMhuksy ¼-Cadinol½
dh mi fLFkfr  ds dkj .k bl us l Hkh dSal j  l sy ykbZUl  ds fo#)  mPpre
l fØ; rk çnf' kZr  dhA gsfeMsLel  bafMdl  dh i fÙk; ksa l s i F̀kd nks ; kSfxdks
¼dEi kmaM~l ½ us vfrXywdksl j ärk l fØ; rk ¼gkbi jXyk; l sfed , fDVfoVh½
çnf' kZr  dhA

t fLVf' k; k vk/kkVksMk l s mÙki Uu vko' ; d rsy l s 20 ; kSfxdks
¼dEi kmaM~l ½ dh i gpku dh xbZ rFkk ; g i k; k x; k fd ; s ekuoh;
j ksxt udksa ¼áweu i sFkkst su½ ds fo#)  l w{et hofuokj d l fØ; rk
¼,aVhekbØksfc; y , fDVfoVh½ çnf' kZr  dj rs gSaA

gsfMf'k; e Li kbZdsVe ds fofHkUu l qxaf/kr  ¼,j ksesfVd½ rsyksa rFkk

mPp l aLFkkxr usVodZ i fj ; kst uk,a

j l k; uksa i j  vk/kkfj r rhu l wf=dj.kksa dh mez&j ks/kh ¼,aVh , ft ax½ {kerk gsrq
i j h{k.k fd; k x; kA

gsfMf'k; e Li kbZdsVe ds fofHkUu vdksaZ ¼,DLVªsDV~l ½ l s vkB fof' k"B
i ksfyQhuksYl  ¼xsfyd , fl M] çksVksdsVspqbd , fl M] Økst sfud , fl M] Qs#fyd
,fl M] dsfQd , fl M] #fVu] Dosl sZfVu rFkk dseQsj ksy½ dk eki u fd; k
x; k rFkk l kFk gh l kFk dqy Qsuksfyd ek=k ¼daVSaV½] dqy ysoksauksbM ek=k
rFkk ,afVvkfDl MsaV xfr fof/k dk Hkh v/; ; u fd; k x; kA

czk; ksQkbV dh ekjdsaf'k; k i kWyheksQkZ çt kfr  dk bu&foVªks dksf'kdkfo"k
xfr fof/k ¼l kbVksVkWfDl d , fDVfoVh½ dk ewY; kadu pkj  dSal j  l sy ykbZUl
¿Lru] cg̀nka=] fl j  vkSj  xzhok rFkk l kekU;  mi dyk dksf' kdkvks ¼ukWeZy
,fi Fksfy; y l sYl ½À ds fo#)  fd; k x; kA

bu foVªks rFkk bu fooksa e‚Msy ç.kkyh ds varxZr l w{et hofuokj d
¼,afVekbØksfc; y½ ckbZusuksa t sy ¼BIONANO gel½ dks ¼NBC&099½
fodfl r  fd; k x; kA

2. vkS"k/kh;  i kS/kksa , oa df̀"k ds fy,  egRoi w.kZ y{k.kksa dh
t huksfeDl

i Si koj hu t So&l a'ys"k.k l s l acaf/kr  dfYi r  t hal  ds cDNA dks
i gpkuk x; k ,oa Dyksfuax dh xbZA mi ki p; h mRi knksa esa mrkj  p<+ko ds
v/; ; u gsrq fo"kk.kq çsfj r  t hu l kbysafl ax ds fy,  fofHkUu [kaMksa dks
fodfl r  fd; k x; k ,oa ç;ksx fd; k x; kA l kFk gh Fkhcsu çpqj  i kWi h ykbuksa
ds VªkafLØIVkse MsVkl sV dks Hkh LFkkfi r  fd; k x; k ,oa v/; ; u fd; k t k
j gk gSA i ds ,oa dPps dsys dk VªkafLØIVkse v/; ; u ,oa y?kq vkj ,u,
l hDosafl ax dk dk; Z Hkh i w.kZ gks pqdk gS ,oa miRNA i fj okj ksa ds fofHkUu
t huksa dk foLr r̀  v/; ; u fd; k t k j gk gSA

vkeksa dh n'kgj h ,oa ckWxui Yyh fdLeksa ds ckgj h ,oa van: uh
fgLl ksa ds vkj ,u,  dh bY; wfeuk vk/kkfj r  l hDosafl ax i w.kZ dh xbZ ,oa
fo'ys"k.k fd; k x; kA

j kst k ccksZfu; kuk ,oa jkst k gkbZfczM+k ds foyxu {ks= fo'ks"k VªkafLØIVkse
MsVkl sV ds fo'ys"k.k l s xqykc esa i a[kqfM+; ksa ds >M+us esa ,Fksyhu t Sol a'ys"k.k
,oa vU;  fl Xufyax fØ; kvksa ds fy,  ft Eesnkj t huksa dh i gpku esa l gk; rk
i kIr  gqbZA

f}rh; d i kni  mRi kn t Sol a'ys"k.k esa miRNA dh Hkwfedk dks
LFkkfi r  dj us ds fy,  , j kfcMksfIl l  ds miR858a dk fØ; kRed foLr r̀
vfHky{k.ku fd; k x; kA bl  v/; ; u l s ySoksuksbM t Sol a'ys"k.k ,oa i kni
òf)  ,oa fodkl  esa miR858a dh Hkwfedk LFkkfi r  dh xbZA

di kl  esa] j s' kksa ds fodkl  l s l acfU/kr  fgLVksu : i kar j .kksa esa ' kkfey
t hu i fj okj ksa dks i gpkuk x; k ,oa foLrkj  l s vfHkyf{kr fd; k x; kA l kFk
gh] }hrh; d dksf' kdk fHkfÙk t Sol a'ys"k.k ds VªkafLØI'kuy fu; a=.k] t ks fd
di kl  ds j s' kksa ds fodkl  dh ,d egRoi w.kZ voLFkk gS] dks foLrkj  l s
v/; ; u fd; k x; kA

mPp l aLFkkxr  usVodZ i fj ; kst uk,a
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bafMdk ,oa t Si ksfudk /kku ds dSyl  l ao/kZu dh fofHkUu fodkl

voLFkkvksa ds VªkafLØIVkse dks LFkkfir  ,oa fo'ysf"kr  fd; k x; kA nSfgd Hkwz.k
fodkl  ds nkSj ku xfr ' khy VªkafLØIVkse ySaMLdsi  us /kku dh t Si ksfudk ,oa
bafMdk mi &çt kfr ; ksa esa fHkUukRed LVse l sy çca/ku çksxzkfeax ds l adsr  fn; sA
vkl sZfud dk de l axzg.k dj us okyh /kku dh fdLe fodfl r  dj us dh
fn'kk esa] vkl sZfud l anwf"kr  ènk {ks= l s osLVj MkbdsYyk vkj af' kdk l s ,d
uohu vkl sZfud esfFkyVªkal Qsj st  t hu dks fudkyk x; k ,oa fØ; kRed
vfHky{k.ku fd; k x; kA bl  t hu us t hok.kqvksa bZ- dksykbZ ,oa , l -
l sj sfol h esa vkl sZfud l gu'khyrk esa òf)  çnf' kZr  dhA /kku dks bl
vkuqokaf' kd : i  l s l q/kkfj r  ; hLV ds l kFk l aof/kZr dj us l s /kku esa
vkl sZfud l fg".kqrk us bl  t hu ds vkl sZfud t So&mi pkj  esa l aHkkfor

Hkwfedk ds l adsr  fn; sA

di kl  dh wtp12 ¼QuZ l s fudkys x,  ,d dhVuk'kd t hu½ ,oa
WTP12 çksVhu dk çn'kZu dj us okyh i kj t huh ykbuksa dk foLr r̀
vfHky{k.ku fd; k x; kA dhVuk'kd çksVhu dh fØLVy j puk LFkkfi r  dh
xbZ ft l us d‚i j  ds l a;kst u dks n'kkZ; k ,oa çksVhu j puk esa nks Mkbl YQkbM
ca/kksa dk ' kkfey gksuk çnf' kZr  fd; kA l Qsn eD[kh çfr j ks/k ds l kFk gh]
i kj t huh ykbuksa us dkWVu yhQ dkyZ chekj h ds çfr  Hkh çfr j ks/k çnf' kZr
fd; kA m| ksxksa dks rduhdh gLrkar j .k dh l aHkkoukvksa dks ryk'kk t k j gk
gSA bl  v/; ; u l s l acfU/kr 'kks/ki = ç[ ;kr foKku t uZy uspj ck;ksVsDuksykst h
esa çdkf' kr  gks pqdk gSA

3. i kni  fofo/krk% vuqdwyu t Sfodh dk v/; ; u , oa
mi ; ksxh ck; ks, fDVo gsrq vkS"k/kh;  : i  l s egRoi w.kZ
i kS/kksa dk v/; ; u@nksgu

Hkkj rh;  m".k dfVca/kh;  i .kZi krh ou esa t ehu l s Åi j  t So
Hkkj  dk vkadyu

t ehu l s Åi j  dk t So Hkkj  i kfj fLFkd ra= dk ,d egRoi w.kZ ekud
gS t ks bl dh fØ; k'khyrk çnf' kZr  djrk gSA ; g i kfj fLFkfrd dkcZu l axzg
,oa yDl  ds vkadyu ds fy,  l h/ks rkSj  i j  egRoi w.kZ gSA

çLrqr  v/; ; u mÙkj  çns'k ds dr fuZ; k?kkV oU;  t ho vHk; kj.;  esa
ou ds t So&Hkkj  ds vkadyu ,oa dkcZu ,oa i ks"kd rRoksa ds i fj pkyu ds
fu; a=.k esa ml dh Hkwfedk dks l e>us ds fy,  fd; k x; kA geus Mhch,p
MsVk dk ç; ksx dj rs gq, rhu ou l eqnk; ksa ¼'kq"d fefJr ] l ky fefJr  ,oa
Vhd ou½ esa ou ds Hkwfe l s Åi j  ds t So Hkkj  dks vk¡dk ,oa mi j ksä fHkUu
çt kfr  l axBu] ?kuRo ,oa /kj kryh;  {ks= okys rhuksa ou l eqnk; ksa ò{kksa esa
t So Hkkj  dkcZu for j .k Hkh fu/kkZfj r  fd; kA

fu; af=r  i fj fLFkfr; ksa dh rqyuk esa l kekU;  m| kuksa esa
, j kfcMksfIl l  FkSfy; kuk dh ÅapkbZ okyh LFkkuksa dh vkckfn; k¡
vf/kd yphyki u , oa vuqdwyu {kerk

geus i f' peh fgeky;  ds fHkUu LFkkuksa l s çkIr  , j kfcMksfIl l
FkSfy;kuk  dh rhu çkdf̀rd vkckfn;ksa ¼Øe'k% Deh&700mt] Mun&1800mt
,oa Chit&3500mt½ esa vkdkfj dh;  fHkUurk ,oa yphysi u dks fo'ysf"kr
fd; kA geus t huksVkbi  ds dkj .k çnf' kZr  yphysiu ds Lr j ksa dh vki l  esa

rqyuk dh ,oa bl dh i ; kZoj .kh;  yphysiu l s rqyuk dhA vkckfn; ksa dks nks
i fj fLFkfr ; ksa esa mxk; k x; k% CG - ,uchvkj vkbZ esa l kekU;  m| ku esa ,oa
GH&fu; af=r  , j kfcMksfIl l  l ao/kZu d{kA òf)  dh fofHkUu voLFkkvksa ds
nkSj ku vkdkfj dh;  vkadM+s ,d= fd,  x,A QhuksfVfi d y{k.kksa] muds
yphysi u ,oa p; u ds gekj s fo'ys"k.k l s l adsr  feys fd l kekU;  m| ku
ds i kS/ks l sgr  ds l aca/k esa fu; af=r  i fj fLFkfr ; ksa okys i kS/kksa l s vf/kd l Qy
j gsA bu i kS/kksa dh l sgr  çdk'k dh rhozrk ,oa vf/kdre rki eku }kj k
çHkkfor  gqbZA foi j hr  i ; kZoj .kh;  i fj fLFkfr ; ksa dk l keuk dj us ds dkj .k
vkf/kd ÅapkbZ okyh vkckfn; k¡ l aHkor% fefJr  i fj fLFkfr ; ksa esa vPNh r j g
LFkkfi r  gksus ds fy,  fodfl r  gqbZa vr% vf/kdre fupys LFkkuksa dh
vkckfn; ksa dh rqyuk esa vf/kd yphyki u ,oa vuqdwyu çnf' kZr  fd; kA

dehQksj k okbVkbZ ¼xqXxqy½ ds esVkcksykbV~l  esa l ht uy
fHkUurk

esVkcksfyd fofo/krk ds v/; ; u ds fy,  dehQksj k okbVkbZ ds rhu
fHkUu dheksVkbiksa ¼NBRI&101] NBRI&102 and NBRI&103½ dh i fÙk;ksa]
ruksa ,oa ysVsDl  uewuksa ds t yh;  ,oa xSj &t yh;  vdksaZ dh esVkcksfyd
çksQkbfyax dh xbZA GC-MS, HPLC ,oa NMR Li sDVªksLdksi h vk/kkfj r
esVkcksykbV çksQkbfyax l s j kl k; fud : i  l s fHkUu 132 esVkcksykbVksa dks
i gpkuk x; k ft uesa 25 vehuks vEy] 15 dkcZfud vEy] 2 DokVZj usj h
vehu] 6 ' kdZj k,¡] 1 ,YdsyksbM] 31 ol h;  vEy] 14 ,Ydsu] 7 çsXusu
Msj hosfVo] 2 dhVks&LVsj ksy] 2 LVsj ksy] 18 Vi hZu] 1 foVkfeu ,oa 1 i k¡p
l nL; h;  ySDVe 'kkfey gSaA orZeku v/; ; u l s i rk yxk fd vkS"k/kh;
mi ; ksxksa ds fy,  xqXxqy ds l aj {k.k gsrq okaNfur  dheksVkbi ksa dks i gpkuus
esa xSj &yf{kr esVkcksykbVksa dks ç; ksx fd; k t k l drk gSA ;g Hkh i rk pyk
fd l fnZ; ksa ¼t uoj h½ esa çkIr  fd,  x,  i kni  vaxksa l s vf/kdre ek=k esa
çHkkoh LokLF;  j{kk , t saV çkIr  gksrs gSaA j kenkuk ¼,esj sUFkl  gkbi ksdksaMªh; kDl½
ds fofHkUu dYVhol Z l s muds eq[;  ; kSfxd LDosyhu dh fofo/krk dks
,pi h,yl h rduhd }kj k i gpkuk x; kA fofHkUu dYVhol Z esa LDosyhu dh
ek=k fHkUu fHkUu i kbZ xbZ ft l dk mi ; ksx gcZy] i ks"k.k ,oa çl k/ku mRi kn
cukus esa fd; k t k l drk gSA

4. vkS"k/kh;  : i  l s egRoi w.kZ ikS/kksa dh LFkki uk] vuqdwyu]
l q/kkj  , oa df̀"k

dsuk] XySfMvksyl  , oa vU;  dannkj  Ql yksa dh mUur fdLeksa
dk vfHky{k.kk , oa fodkl

dsuk fdLeksa i j  ç; ksx

ubZ fdLeksa ds fodkl  gsrq xksYMu xyZ ,oa j sM çsl hMsaV fdLeksa ds
çdanksa dks xkek j sfM, ' ku l s mi pkfj r  fd; k x; k ,oa mxk; k x; kA u,
E; wVsaV ns[ks x,  ft udks i gpku dj  vyx dj  fy; k x; k ft Ugksaus Qwyksa ds
j ax ,oa l a; kst uksa esa i fj orZu esa LFkkf; Ro çnf' kZr  fd; kA ,sl s nks E; wVsaVksa ds
vkdkj dh;  y{k.kksa dk çys[ku fd; k x; kA

XySfMvksyl  dk vkuqokaf' kd v fHky{k.ku

l Hkh uewuksa ds gfj r  yod l hDosal ksa dks Clustal W çksxzke ds ç;ksx
ds }kj k i afäc)  fd; k x; kA XySfMvksyl  fdLeksa esa psbA-trnH {ks= ds

vuql a/kku ,oa fodkl
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i afäc)  cpDNA l hDosal  vkSl r  yackbZ 579 bp ds l kFk 556 bp l s 583
bp ds chp ns[ks x,A bl h çdkj  XySfMvksyl  çt kfr ; ksa esa trnL&trnF {ks=
ds i afäc)  cpDNA l hDosal  vkSl r  yackbZ 672 bp ds l kFk 671bp l s
678 bp rd i k,  x,A 62 XySfMvksyl  fdLeksa esa vkuqokaf' kd fofo/krk gsrq
EST mRi Uu ekbØksl SVsykbV dks fodfl r  ,oa vfHkyf{kr  fd; k x; kA

XySfMvksyl  t uu æO;  dh i gpku ds fy,  vkbZ, l , l vkj  ,oa
vkj , i hMh mRi Uu , l l h,vkj  ekdZjksa dk fodkl

XySfMvksyl  t uu æO;  dh i gpku ,oa i q"Vhdj .k ds fy,
vkbZ, l , l vkj  ,oa vkj , i hMh [kaMksa l s mRi Uu , l l h,vkj  ekdZj ksa dk
fodkl  fd; k x; kA , l l h,vkj  ekdZj  ScG12] ScG34 ,oa ScG36 l Hkh
62 fdLeksa ds fy,  foy{k.k gSaA

XySfMvksyl  fdLeksa esa vkuqokaf' kd fofo/krk fo' ys"k.k gsrq
cpSSR ekdZjksa dk fodkl

XySfMvksyl  ds Dyksj ksIykLV {ks= ds fj i hV l hDosal  l s 12 uohu
ekbØks l SVsykbV ekdZj ksa dks dks vyx dj  fodfl r  fd; k x; kA fl Ei y
l hDosal  fj i hV dh [kkst  ds fy,  XySfMvksyl  ds Dyksj ksIykLV {ks= ds dqy
1188 U; wfDy; ksVkbM l hDosal ksa dks ç; ksx fd; k x; k ,oa 108 l hDosal ksa esa
124 , l , l vkj  ekdZj  i k,  x,A 12 , l , l vkj  ekdZj ksa ds mi ; ksx l s
XySfMvksyl  dh 62 okf.kfT; d : i  l s egRoi w.kZ fdLeksa esa vkuqokaf' kd
fofo/krk dk vkadyu fd; k x; kA

i kni  l q/kkj  gsrq fcDl k ,oa dqjdqek t uu æO;  l axzg dk
fo' ys"k.k

gYnh dh ,d ubZ fdLe d̂sl j h*] ft l dks 8 Qj oj h] 2016 dks t kj h
fd;k x;k Fkk] esa BaM dks l gus dh mPp {kerk gS l kFk gh mPp mit  {kerk
Hkh gS t ks fd l ksfMd ènk esa Hkh ut j  vkrh gSA bl  ubZ fdLe ds çdanksa
dks y[kuÅ ds vkl  i kl  ds vke ds ckxku okys çxfr ' khy fdl kuksa dks
mi yC/k djk; k x;kA o"kZ 2016&17 esa Hkh nsj h l s rS; kj  gksus] ' kh?kz çLQqVu
okys] Nk; k çseh ,oa j ksxeqä t uu æO;  dh t kap gsrq 34 uewuksa dk xkaxs;
eSnkuksa esa l ksfMd ènk esa i j h{k.k t kj h j gkA

fcDl k ds 17 uewuksa dks l aj f{kr  fd; k x; k ,oa mudh òf)  ,oa
xq.koÙkk çn'kZu gsrq l ksfMd ènk i fj fLFkfr ; ksa esa mxk; k x; k ,oa vkadyu
fd; k x; kA muds vkdkj dh;  çn'kZu] mi t ] ,oa xq.koÙkk ds vk/kkj  i j
bu uewuksa dks 8 l ewgksa esa ckaVk x; kA bu 17 uewuksa esa l s 5 csgr j  uewuksa
dks p; fur  dj  l h, l vkbZvkj &,ubZvkbZ,l Vh ,oa l h, l vkbZvkj &
vkbZvkbZvkbZ,e esa cgq&LFkkuh;  ç; ksxksa ds varxZr yxk; k x; kA bl  o"kZ
NaVkbZ l s l acfU/kr  ç; ksx fd,  x,A

i kS/kksa i j  t So&moZj dksa , oa t So i hMduk'kh ds çn'kZu dk
vkadyu

fofHkUu LFkkuksa i j  XySfMvksyl  ds i kS/kksa i j  i kni  òf)  mRçsj d ds
: i  esa buds ç; ksx dks t kapk x; k ,oa vPNs urht s i k;s x,A QkWLQsV ?kksyd
t hok.kqvksa i j  vk/kkfj r  QksewZys'kuksa dks u fl QZ XySfMvksyl  vfi rq vU;
Ql yksa ds fy,  Hkh ck; ks&buksdwysaV cukus ds fy,  ògn Lr j  i j  ç; ksx fd; k
t k l drk gSA

5. LokLF; ] j ksx , oa i ; kZoj .kh;  fo"kkyqrk ds {ks= esa
, dhdr̀] vxyh i h<+h dk l esfdr ǹf"Vdks.k

vkl sZfud i kni  fu"d"kZ.k , oa /kku ds nkuksa esa vYi  vkl sZfud
gsrq vuqdwyu j .kuhfr

cksj ks [ksrh ds nkSj ku nkuksa esa de vkl sZfud l kaærk ,oa mPp mi t
okyh pkoy dh ,d fdLe CN&1794&2&CSIR-NBRI ¼eqäkJh½ dks
l h, l vkbZvkj &,uchvkj vkbZ ,oa j kbl  fj l pZ LVs'ku] pqpqj k] i f' pe
caxky l j dkj  ds }kj k l a; qä rRok/kku esa fodfl r  fd; k x; kA bl s LVsV
oSjkbVh fj yht  desVh] i f' pe caxky }kjk 15 t uoj h] 2016 dks vuqeksfnr
fd; k x; kA l Qy cgw&{ks=h;  i j h{k.kksa ds mi j kar  vkl sZfud çHkkfor  {ks=ksa
esa [ksrh ds fy,  bl  fdLe dk vuqeksnu dj  fn; k x; k gSA

Ql yksa ds l kFk vkl sZfud l axzkgdksa dks mxkdj  vkl sZfud
xzkárk dks de dj uk

vkl sZfud çHkkfor  ènk esa rhu eq[;  mPpl axzkgdksa Vsfj l  foVkVk]
ÝSXekbfVl  ,oa osfVosfj ; k dks D; kfj ; ksa esa /kku ,oa xsgwa dh Ql yksa ds l kFk
mxk;k x; kA /kku ds l kFk bUgsa mxkus i j  ènk esa vkl sZfud dh ek=k esa deh
ns[kh xbZA ÝSXekbfVl  ds l kFk /kku ,oa xsagw dh Ql y mxkus i j  i j  ènk
vkl sZfud esa Øe'k% 56 l s 63% dh deh ns[kh xbZA

/kku dh Hkwl h ds vi ?kV~u } kj k Hkwfe esa dkcZu t Crh gsrq ènk
esa ekSt wn çHkkoh l w{e t hok.kq

yxHkx 100 l w{et ho uewuksa esa l s l syqyksfyfVd] i sfDVuksfyfVd]
fyxuksfyfVd fØ; k ; qä 23 l aHkkfor  t hok.kq foHksn ,oa 12 VªkbdksMekZ
vkbl ksysV dks NkaVk x; kA buesa l s 11 esa i kni  òf)  çsj d fØ; k ns[kh xbZ
t cfd 3 t hok.kq çHksnksa ,oa 4 VªkbdksMekZ çHksnksa esa fl fydksu feusj kykbZt s'ku
{kerk ns[kh xbZA ; g {kerk /kku dh Hkwl h ds vi ?kVu ds fy,  vko' ; d
gSA

i sVªksfy; e gkbMªksdkcZu ds Rofj r vi ?kV~u gsrq l w{e t hok.kq
vk/kkfj r j .kuhfr dk fodkl

rSyh;  dhpM+ l s 12 fofHkUu t hok.kq çHksn vyx fd,  x,  ft uesa
bu&foVªks i fj fLFkfr ;ksa esa mPp vi ?kVu {kerk ns[kh xbZA j ksMksdksdl  çt kfr
,u12 ,oa L; wMkseksukl  ,#ft uksl k  PSA5 us 10 fnuksa esa yksjSUFkhu dh mPp
l kaærk ¼200 ppm½ dk vi ?kVu çnf' kZr  fd; k ogha mUgha i fj fLFkfr ; ksa esa
bu nksuksa ds l a; kst u us 97% rd vi ?kVu çnf' kZr  fd; kA

6. Hkkj r ds xkaxs;  eSnkuksa , oa fgeky; h {ks=ksa esa cnyrs
i ; kZoj .k , oa bl ds çHkkoksa dk v/; ; u

fi Nys dqN n'kdksa esa ekuoh; xfr fof/k; ksa us i ;kZoj .kh;  i fjorZuksa dh
nj  dks rst  dj us esa fo'ks"k Hkwfedk fuHkkbZ gSA 1970 l s 2004 ds e/;  CO2

mRi knu esa 80% rd dh òf)  gqbZ gSA CO2 ds c<+rs Lr j  dk i kS/kksa i j
çHkko FACE rduhd ds ç; ksx l s csgr j  : i  l s v/; ; u fd; k t k l drk
gS ft l ds ek/; e l s çkdf̀rd i fj fLFkfr ; ksa esa mPphdr̀  CO2 dk i kS/kksa i j
çHkko ns[kk t k l drk gSA ,Fkhyhu MkbZ; wfj ; k ¼EDU½ ds ç; ksx l s [kqys
[ksrksa dh fLFkfr ; ksa esa i kS/kksa i j  O3 ds çHkkoksa dk v/; ; u fd; k t k l drk
gSA

mPp l aLFkkxr  usVodZ i fj ; kst uk,a
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bl  fn' kk esa l kekU;  rkSj  i j  mxk, t kus okyh xsagw dh rhu fdLeksa
i j  v/; ; u fd; k x; kA EDU ds ç; ksx us i kS/kksa dh vkst ksu ds gkfudkj d
nq"i fj .kkeksa l s j {kk dhA p; fur  xsagwu dh fdLeksa esa l s HD2967 us
vkdkfj dh] dkf; Zdh ,oa t So&j kl k; fud çn'kZuksa esa csgr j  çn'kZu fd; kA

7. i kni ] l w{et ho , oa ènk l aca/k

ènk ds l w{et hok.kqvksa esa ikS/ks dh òf)  dks c<+kus ds xq.k gksrs gSa i j arq
ruko dh fLFkfr  esa l Hkh l w{et hok.kq i kS/kksa ds fy,  i ; kZIr  ykHkdkj h ugha
gksrs gSaA ,sl s esa ' kks/kdrkZvksa ds fy,  pqukSrh gS fd pj e okrkoj .k ds çfr
vi us ' kks/k dks foLrkj  dj rs gq, l eFkZ t hok.kqvksa dks i F̀kd~ dj sa t ks fofHkUu
çdkj l s i kS/kksa ds fodkl  ds fy; s ykHkdkj h rFkk vt Sfod okrkoj .k ds çfr
l fg".kq gksaA orZeku v/; ; u esa i kS/kksa ds fodkl  dks c<+kok nsus vkSj
vt Sfod ruko dks de dj us ds y{k.kksa ds vk/kkj  i j  Tokykeq[kh;  feêh
¼pj e okrkoj .k½ l s ènk t hok.kqvksa dk ewY; kadu dj us ds fy,  ,d ç; kl
fd; k x; k gSA  bl ds i ' pkr p; fur  t hok.kqvksa esa fofHkUu l e;  var j ky
i j  vt Sfod ruko ds df̀=e i fj os'k esa t hfor  j gus gsrq ¼dkWyksuh fuekZ.k
bdkbZ½ QkWLQsV ?kqyu'khyrk] ck; ksfQYe fuekZ.k] vkWfDl u] vYt husV vkSj
,Dl ks&i kWyhl sdsj kbM mRiknu {kerkvksa dk v/; ; u fd;k x; k gSA çkd̀frd
i fj os'k esa eDdk ds cht ksa dk p; fur  t hok.kqvksa l s mi pkj  ds ckn i kS/kksa
ds rus ,oa t M+ dh yEckbZ rFkk Hkkj  ¼rkt k@l w[kk½ esa egRoi w.kZ òf)  i kbZ
xbZA QyLo: i  i kS/kksa ds fodkl  esa l gk; d ,oa vt Sfod ruko dks de
dj us esa l {ke t hok.kqvksa ds i gpku vksØksczSDVªe ,oa L; wMkseksukl  ds : i
esa dh xbZA

t axyh vFkok m| kuksa esa mxus okys xSj &Ql yh i kS/kksa esa fo"kk.kqvksa dh
i gpku dk cgqr egRo gSA geus xSj  Ql yh i kS/kksa i j  vusdksa Mh,u, ,oa
vkj ,u,  fo"kk.kqvksa ds l aØe.k dk i rk yxk; k gSA [ksrksa ds vkl  i kl  mxus
okys xqM+gy i j  dkWVu yhQ dyZ eqYrku fo"kk.kq ,oa dkWVu yhQ dyZ
eqYrku chVkl SVsykbV dks i gpkuk x; kA ,sl s fo"kk.kqvksa ds çca/ku gsrq geus
i suhcsfl yl  ysaVhekscZl B&30488 ,oa CMV dks ekWMy ra= ds : i  esa ç; ksx
}kj k i kni  òf)  çsj d j kbt kscSDVhfj ; k vk/kkfj r  ǹf"Vdks.k vi uk; k ,oa
rackdw d, i kS/kksa esa vkt ek; kA urht ksa l s i rk pyk fd B&30488 u fl QZ
ekjd {kerk ,oa CMV RNA l axzg.k dks 12 xq.kk rd de dj rk gS cfYd
vusdksa t So&j l k; fud rFkk t So&HkkSfrd xq.kksa esa Hkh l q/kkj  dj rk gSA ; g
i kni  òf)  ekudksa dks çHkkoh : i  l s c<+rk gS ,oa CMV l aØe.k ?kVukvksa
dh nj  dks Hkh de dj rs gq, varr% [ksrh dh fLr fFk; ksa esa mi t  xq.kksa esa
l q/kkj  ykrk gSA vko' ; d i j h{k.kksa ds ckn CMV ds çca/ku gsrq Ql y
l aj {k.k j .kuhfr  ds : i  esa bl ds mi ; ksx dh l aLrqfr  dh t k l drh gS ,oa
l kFk gh bl s vU; Ql yksa esa vU;  fo"kk.kqvksa gsrq Hkh ç;ksx fd; k t k l drk
gSA

8. efgyk; ksa , oa cPpksa esa dqi ks"k.k l s eqdkcyk dj us ds
fy,  oSKkfud , oa rduhdh gLr{ksi

bl  i fj ; kst uk esa i ks"kd mRi kn U; wVªh t Se dks ckj kcadh ft ys ds
nQsnkj  dk i qj ok xzke] mUuko ft ys ds nkSu xzke ,oa vesBh ft ys ds
rqyl hiqj  xzke esa esa dqi ks"k.k çHkkfor  efgykvksa ,oa cPpksa esa for fjr  fd; k
x; kA nkSu] rqyl hi qj  ,oa nQsnkj  dk i qj ok l s Øe'k% 60] 58 ,oa 169 yksxksa
l s çfr fØ; k ,d= dh xbZA ;g i k;k x;k fd bl  mRi kn ds ç; ksx l s p; fur

yksxksa ds ckWMh ekl  l wpdkad esa c<+ksÙkj h ns[kh xbZ ft l l s muds LokLF;  esa
l q/kkj  ds l adsr  feysA

9. t M+ t Sfodh , oa bl dk l rr i kni  fodkl  , oa ènk
mRi kndrk l s l aca/k

cht i =h;  uksM , Dl IykaV~l  esa ?kko l s l zkfor gksus okys
i kWyhQsuksYl  ds fu"ks/k } kj k , xzkscSDVhfj ; e vk/kkfjr dkcqyh
pus ds : i kUrj .k esa l q/kkj

cht i =h;  uksM ,Dl IykaV~l  esa ?kko l s l zkfor  gksus okys i kWyhQsuksYl
,xzkscSDVhfj ; e Vî wesQsfl ,Ul  dh t hou {kerk ds fy,  uqdl kunk; d gksrs
gSa ft l l s : i kUr j .k çfØ; k /kheh gks t krh gSA fj ol Z Qst  gkbZ&i j QksesaZl
fyfDoM ØkseVksxzkQh ds }kj k ,sl s 12 Qsuksfyd ; kSfxdksa ,oa l Sfyfl fyd
vEy dks i gpkuk x; kA

dkcqyh pus ¼l kbZl j  , j hfVue½ ds nks LdSQksYM+ vVSPesaV {ks=ksa
dk vfHky{k.ku , oa fØ; kRed i q"Vhdj .k

Mh,u, ds VqdM+ksa dh byqfeuk l hDosafl ax ds }kj k dkcqyh pus ds
LdSQksYM+ t qM+ko {ks=ksa dk ,d l axzg rS; kj  fd; k x; kA l kr  VqdM+ksa dks SAR
l acaf/kr  eksfVQksa ds vk/kkj  i j  NkaVk x; k ,oa dkcqyh pus ds dsUædh;
LdSQksYMksa ds l kFk muds l EcU/kksa dks t kapk x; kA

rqyukRed çksfV; ksfeDl  ǹf"Vdks.k ds mi ; ksx ds } kj k /kku
dh t M+ esa PEG mRçsfj r l w[ kk&ruko çfrfØ; k dh t fVy
çòfr dh O; k[ ; k

/kku dk çksfV; kse] çksVhu ds ,d vHkwri woZ l zksr  dk çfr fuf/kRo
dj rk gS t ks l L; foKku dh ǹf"V l s egRoi w.kZ y{k.kksa] t Sl s l w[ks ds çfr
l fg".kqrk] dks fu; af=r  dj rk gSA bl  v/; ; u esa ,d l w[ks ds çfr  l fg".kq
/kku dh fdLe ¼ghuk½ ds t M+ ds t hoæoh;  çksfV; kse dh PEG mRçsfj r  l w[ks
dh fLFkfr ; ksa esa rqyuk dh xbZA PDQuest fo' ys"k.k }kj k dqy 510 çksVhu
/kCcs ns[ks x, ,oa 125 fHkUukRed : i  l s fu; af=r  /kCcksa dk MALDI-TOF
MS-MS fo'ys"k.k fd; k x; k ft uesa l s 102 çksVhu /kCcksa dks fpfUgr fd; k
x; k ft ul s vkxs pydj  78 çksVhuksa dh i gpku dh xbZA ; s 78 fHkUu fHkUu
: i  l s çnf' kZr  çksVhu l aHkkor% fHkUu fHkUu t Sfod i kWFkos esa l fEefyr  gSaA
bu [kkst ksa l s l Vhd vuqdwyu gsrq l aHkkfor  vk.kqfod y{; ksa ds : i  esa l w[kk
l aosnu'khy çksVhuksa dk ' kh?kz fØ; kRed fu/kkZj .k ,oa çkFkfedrk fu/kkZj .k gks
l dsxkA

nks foj ks/kkHkkl h /kku fdLeksa dh l w[ ks dh fLFkfr; ksa esa df; Zdh
çfrfØ; k

/kku dh nks fdLeksa PR&115 ,oa l qi j &7 dks l w[ks dh fLFkfr ; ksa esa
j [k dj  fofHkUu dkf; Zdh y{k.kksa dks ns[kk x; k ft l l s bu fdLeksa ds l w[ks
esa çn'kZu dk vkadyu fd; k t k l dsA  gkykafd nksuksa gh fdLeksa esa dkf; Zdh
y{k.kksa esa deh ns[kus dks feyh fdUrq l qi j &7 esa ; g dqN T; knk gh ns[kh
xbZA PR&115 ,oa l qi j &7 dh nkuksa dh mi t  esa l kekU;  : i  l s fl afpr
i kS/kksa dh rqyuk esa Øe'k% 17 ,oa 54% deh ns[kh xbZA v/; ; u l s i rk
pyk fd PR&115 ,d l w[kk çfr j ks/kh t cfd l qi j &7 fdLe ,d l w[kk
l aosnh fdLe gSA

vuql a/kku ,oa fodkl
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j kbt ksDVksfu; k l ksysuh ds t Sfod ruko dh fLFkfr esa csfl yl
vekbyksfyfDoQsf' k, Ul  dh e/; LFkrk ds } kj k c<+s gq,  /kku
ds mRi knu ds i gyqvksa dks l qy>kuk

orZeku v/; ; u esa ,d vt Sfod ruko l fg".kq] i kni  òf)  dks
c<+kok nsus okys j kbt kscSDVhfj ; k cSfl yl  vekbyksfyfDoQsf' k,Ul  ¼,l ,u
13½ dks t Sofu; a=d , t saV ds : i  esa dke dj rs vkSj  /kku esa jkbt ksDVksfu; k
l ksysuh ds fo#)  fofHkUu ' kkj hfj d] mi ki p; ] ,oa vk.kqfod dk; ksaZ dks
l a'kksf/kr  dj  çfr j {kk çfr fØ; k dks c<+krs gq, çnf' kZr  fd; k x; kA

l q/kkfj r , oa mRçsj d : i  l s dq'ky l ksus ds uSuks d.kksa ds
fodkl  ds fy,  t Sol a' ys"k.k ds nkSj ku HkkSfrd&j kl k; fud
fLFkfr vuqdwyu esa l q/kkj

uSuksd.kksa ds t So&l a'ys"k.k dks ykxr  çHkkoh vkSj  i ; kZoj .k ds
vuqdwy cukus esa cgqr /; ku fn; k x; k gSA orZeku v/; ; u esa fofHkUu
vkdf̀r ; ksa vkSj  vkdkj ksa ds l ksus ds uSuksd.kksa dks Vªk; dksMekZ foj hM fQYVªsV
dk mi ; ksx dj rs gq, fofHkUu HkkSfrd eki naMksa dks l a' kksf/kr  dj ds çkIr  fd; k
x; kA bu d.kksa dk ǹ';  voyksdu] Mkbusfed ykbZV LdSVsfj ax] ; woh&foft cy

Li sDVªksLdksih] Vªkal fe'ku bysDVªkWu ekbØksLdksi h] Qwfj ; j  Vªkal QkeZ bUÝkj sM
Li sDVªksLdksi h vkSj  ,Dl  j s foorZu ds vk/kkj  i j  fu: i .k fd; k x; kA
t cfd bu d.kksa dk vkdkj  2&500 ,u,e ds chp j gk] buds vkdkj
uSuksLQs; l Z] uSuksVªkb,axy] uSuksi saVkxal ] uSuksgsDl kxal  vkSj  uSuks'khV~l  FksA
uSuksd.kksa ds vkdf̀r ; ksa vkSj  vkdkj ksa dks fu; af=r  dj us l s ck; ksfMxzsMs'ku
dh çfØ; k esa Økafr vk l drh gS t ks orZeku i fj ǹ' ;  esa l Hkh ck/kkvksa dks
nwj  dj  l drh gSA

vkl sZfud l fg".kq VªkbdksMekZ çt kfr } kj k dkcqyh pus esa
vkl sZfud çsfj r ruko esa deh

vkl sZfud t Sl s t gj hys esVykWbM u rks l ekIr  gks l drs gSa vkSj  u
gh i ; kZoj .k l s u"V gks l drs gSa] gkykafd] mUgsa fo"kSys l s de@xSj  fo"kSys
: i ksa esa i fj ofrZr  fd; k t k l drk gSA vkl sZfud çt kfr ; ksa ds : i  vkSj
mudh l kaærk i kS/kksa esa bl dh fo"kkärk dks fu/kkZfj r  dj rs gSaA bl fy, ]
vkl sZfud dk l w{et ho e/; LFkrk }kj k ck; ksVªkat SD'kal ] i kS/ks }kj k bl ds
xzg.k vkSj  fo"kkärk ds fy, egRoi w.kZ gSA orZeku v/; ; u esa dkcqyh pus
ds i kS/kksa esa vkl sZfud fo"kkärk O; ofLFkr dj us esa vkl sZfud l fg".kq
Vªk; dksMekZ dh Hkwfedk dk i rk yxk; k x; kA

mPp l aLFkkxr  usVodZ i fj ; kst uk,a
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The Council of Scientific and Industrial Research - National Botanical Research Institute (CSIR-NBRI), Lucknow,
established in the year 1953, is one of the 38  constituent laboratories of CSIR, Department of Scientific and Industrial
Research, Ministry of Science and Technology, Government of India. The institution has been in the forefront of plant
sciences research in the country for the past six decades and is an institution of national importance. As a globally
recognized advance centre of botanical research, the institute carries out multidisciplinary R&D programmes in almost
all fields of plant sciences. The mandate of the institute is to undertake basic and applied research on various aspects of
plant science, including conservation, systematics, documentation, prospection and genetic improvement with particular
emphasis on under-exploited,  non-traditional and wild plant genetic resources of the country for the sustainable
development and human welfare. The institute has core strength in the following areas:

 Plant diversity, systematics  and databases for lower and higher plant groups.

 Bioprospection and development of nutraceutical, cosmaceutical and health care products.

 Botanic garden, plant conservation and development of new varieties of floricultural plants.

 Microbes for enhanced plant productivity.

 Pollution remediation through plants and microbes.

 Climate change adaptation studies and carbon sequestration.

 Plant improvement through conventional and molecular breeding, and genetic engineering.

 Agro-technologies for sustainable development of sodic land and other wastelands.

 Societal development activities through outreach programmes.

The Institute is surging ahead with its envisioned goals of exploring the untapped potentials of the underexplored
and unexplored plant diversity of the country for generating new knowledge, and affordable technologies for human
health care, agriculture, and environmental protection. The year 2016-17 witnessed several significant achievements in
the scientific, technological and outreach activities of CSIR-NBRI, a summary of which is given below:

CSIR-NBRI : MISSION AND MANDATE
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Grant-in-Aid Projects
Standardization of protocols for organic seed production
of turmeric (Curcuma longa) in Uttar Pradesh

India is the largest producer, consumer and exporter
of turmeric in the world. India is also the global leader in
value added products of turmeric and exports. To meet the
increasing demand world over for organic materials,
organic cultivation protocols are required for its profitable
cultivation by the farmers. The studies to significantly
improve the production economics of turmeric were
continued.

An experiment was conducted using an integrated
organic farming approach previously standardized for
cultivation of turmeric. Studies on the number of mother
rhizomes and number of primary rhizomes, the dry weight
of rhizome (%) and rhizome oil (%) were all found to be
non-significant in all the treatments tried. The content of
Curcuminoids in dry rhizome (%) of turmeric like C
(Curcumin), DMC (demethoxycurcumin) and BDMC
(bisdemethoxycurcumin) was also found non-significant
in all the treatments in both the years. The content of
Curcuminoids (%) in rhizome oil of turmeric like -
tumerone, Ar-tumerone p-cymen and -sesquiphe-
llandrene were also found non-significant in all the
treatments in both the years.

However, another set of experiment, in which the
seeds were treated with Trichoderma viride showed very
positive results. The yield of mother rhizomes, primary
rhizomes and the total yield were significantly higher than
the control. The result also indicated that application of
different bio control treatments showed significant
resistance against the disease infestation in turmeric crop.

Study on the effect of different sources and levels of
organic matter on biomass yield and quality of Kalmegh

The standardization of the sources and levels of
organic matter for the cultivation of Kalmegh (Andrographis
paniculata) was continued at Banthra Research Station
during third year (Fig. 1). It is concluded from this

investigation that farmers can get a benefit of Rs. 1,70,860
with the input cost of Rs. 56,280 by the application of FYM
@ 15 t ha-1. A benefit of Rs. 1,70,860 with the input cost of
Rs. 47,040 can be achieved by the application of Pressmud
@ 7.5 t ha-1 while a benefit of Rs. 84,780 with the input cost
of Rs. 90,720 by the application of Vermi-compost @  5.0 t
ha-1 is possible. The application of Pressmud was more
beneficial followed by FYM and Vermi-compost.

The physico- chemical properties of the soil showed
that the soil pH, EC and bulk density decreased with
increasing doses of all three organic manures (FYM,
Pressmud and Vermi-compost) which are good indicators
of the soil properties.

Maximum Nitrogen (N), Phosphorus (P) and
Potassium (K) uptake by Kalmegh was recorded in Press
mud experiment followed by Vermi-compost and FYM.
The micronutrients (Fe, Zn, Cu) contents increased with
increasing doses of FYM, PM or Vermi-compost. However,
Manganese (Mn) content increased with increasing doses
of FYM or Vermi-compost but decreased with increasing
doses of Pressmud.

Agrotechnological development of Aloe species for
popularization and tra ining among farmers for
cultivation on sodic degraded lands of Uttar Pradesh

Field experiments were initiated in a sodic degraded
plot, of 60 x 25 m at DRC Banthra (80045–53E 26040–
45N) for screening the sodicity tolerance associated with
growth and productivity in the Aloe species: Aloe vera,
Aloe vera accession and Aloe maculata. Soil samples were
collected from each bed at two depths (0-15 and 15-30 cm).
All samples were processed and analyzed for chemical
parameters of pH, EC, OC (%), Available N, P, CaCO3 (%)
and micronutrients viz Cu, Fe, Mn and Zn. The pH ranged
from 7.75 to 9.56 and from 8.20 to 10.20 at 0-15 and 15-30
cm depths, respectively. To determine the suitable sodicity
levels, these Aloe species were grown on a range of ten pH
levels. After four months of plantation, plant growth
parameters were observed at every two months interval
corresponding to varying range of pH and species under
study.
 Plant height, length, width and number of leaves per

plant of Aloe vera increased significantly from 2nd

observational interval.
 Significant increase in plant growth of A. vera

accession and A. maculata could be observed from 3rd

interval of observation.
 Thickness of leaves and number of suckers per plant

increased significantly at 4th interval from the interval
Fig. 1. Cultivation of Kalmegh (Andrographis paniculata) at Banthra
Research  Station
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observation in all three Aloe species.

 Highest number of leaves per plant was found in A.
maculata at 8.5 to 9.5 pH levels with maximum leaf
width and greater leaf thickness in A. vera at almost
all pH levels.

 Plant height, leaf length, number of leaves and
suckers per plant were relatively high in A. vera
accession at almost all pH levels at 4th interval of
observation.

 Overall results indicate that Aloe vera accession
appears to be superior for cultivation at high sodicity
levels (Fig. 2).

the Institute. The garden has a rich collection of germplasm
of about 5000 taxa. The Botanic Garden with its vast
genetic resource is an education centre for the students,
researchers and public as a whole.

The Botanic Garden serves and renders as a:

 A National Repository of germplasm collection of
plants (Indian and exotic) including rare, endangered
and threatened.

 Introduction, multiplication, assessment and
utilization of new plant species from various sources.

 Commercial floriculture as a livelihood for farmers
and entrepreneurs.

 Technical advice on development of ornamental and
botanic gardens.

 Organization of flower shows, training, exhibitions,
awareness programmes, etc. for societal purposes.

 Development of new and novel varieties  of
ornamental plants.

 Capacity building by organiz ing tra ining
programmes on various aspects of horticulture and
garden management.

New varieties released

Chrysanthemum

Two new late blooming varieties: Chrysanthemum
‘NBRI-CSIR75’, commemorating the platinum jubilee
celebrations of CSIR, and ‘NBRI-Asha Kiran’ were released
on January 21, 2017.

 NBRI-CSIR75: Bright red (colour mutant) florets [Red-
Purple Group 60A; RHS Fan-2) with central florets
showing prominent yellow tinge at their apex (Fig.
3).

Parent: Chrysanthemum ‘Suneel’

Fig. 2. Plant growth character graphs of experiment entitled as sodicity
screening, plant growth and yield performance of Aloe species (Aloe
vera, Aloe vera accession and Aloe maculata)  at different sodici ty
levels

In-House Projects
Enrichment and Maintenance  of the  Germplasms
Collection of Diversified Groups of Plants and Selected
Ornamental Crops for Conservation, Education and
Bioaesthetics

The Botanic Garden serves as a National Facility of Fig. 3. Chrysanthemum ‘NBRI-CSIR75’



45

CSIR-NATIONAL BOTANICAL RESEARCH INSTITUTE

BOTANIC GARDEN AND DISTANT RESEARCH CENTRES

 NBRI-Asha Kiran: Bright-red (colour-mutant) [Red-
Purple Group 71A; RHS Fan-2) and tubular (shape
mutant) florets with larger capitulum size (9.0-9.5 cm)
(Fig. 4).

Parent: Chrysanthemum ‘Suneel’

a) October-November and B) February-March. Mass
propagation of several succulents is underway to
increase the sale of these plants.

Enrichment of Threatened Species

Catamixis baccharoides, Eremostachys phlomoides,
Hypericum gaitii, Incarvillea emodi, Pittosporum eriocarpum
and Selaginella adunca

Enrichment of Succulents

Aptenia cordifolia and Kalanchoe thyrsiflora

Ex situ and In situ conservation material transfers

Selected plant material exchanged with the following
parties –

International
Nong Nooch Botanical Garden, Bangkok
National
University of Calicut

Surendranath College, Kolkata
Brahmanand PG College, Kanpur

Enrichment of Germplasm Collection

 Dischidia major (Vahl) Merr.: A single plant of this
epiphyte species was collected from Assam (Fig. 5A).
Dischidia major is commonly known as Ant plant. It
has  modified hollow leaves  which offer
accommodation to ants that provide carbon dioxide,
nitrogen and protection from harmful animals and
plants.

 Hoya parasitica Wall. ex Traill: Five plants of this sweet
fragrant wax plant were introduced in the Botanic
Garden. These were collected from Assam-
Meghalaya border in vegetative stage. One plant
showed initiation of flowering in late June 2016 (Fig.
5B).

 Cycads: Nong Nooch Botanical Garden, Thailand
extended help in the enrichment of germplasm at the
Cycad Conservation Centre by donating 70 seeds of
seven rare and threatened cycads. Efforts are being
made for future collaboration in ex-situ conservation
and taxonomy of cycads with Nong Nooch Botanical
Garden, Thailand and Montgomery Botanical Center,
United States.

 Succulents : Four species of succulents  were
introduced in the Cactus and Succulent House.
Though multiplication of succulents takes place
throughout the year, mass multiplication and
transplantation, both a t the plant house and
adjoining nursery take place in two major period viz.

Fig. 4. Chrysanthemum ‘NBRI-Asha Kiran’

Fig. 5. Dischidia major (Vahl) Merr. (A) and Hoya parasitica Wall. ex
Traill inflorescence (B).
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Biodiversity Inventory of the Botanic Garden

An initiative to inventory the biodiversity wealth of
the Botanic Garden was taken up recently. A total of 103
invasive alien plant species under 86 genera and 36
families were recorded in the Botanic Garden. Besides
these, 45 species of climbers belonging to 35 genera in 21
different families were also documented. These species
have their origin in Asia (21), South America (13), Africa
(6), North America (3) and Australia (2). Inventory of
shrubs, and re-inventory of trees are in progress.

New Facilities Created

Indoor and Plants of Ancient Times Conservation Centre

The Indoor and Plants of Ancient Times Conservation
Centre serves as the imperative facility of the Botanic
Garden which provides education on different plant
groups along with the practical knowledge of their display
and conservation activities. The Conservation Centre
consists of five features: a) Conservatory, the oldest and
largest plant house in CSIR-NBRI Botanic Garden, b)
Evolution Garden, c) Cycad Corner (Fig. 6), d) Adansonia
Corner, and e) Orchid Acclimatization Study. The
conservation centre was conceptualized to add more
educative values to the idea of conserving plant diversities
of different ages at one place. Plants of ancient times such
as Gingko biloba, Cycas sp., Zamia sp., Dioon sp. and ferns
constituted the evolution garden. The Cycad Corner is a
sitting space near the entrance of the Conservatory. The
corner constitutes three Cycas plants on a raised bed and
few succulent plants. Four colourful sitting stones near
the plant bed make the corner ideal place for enjoying the
beauty of these ancient plants. Adansonia Corner consists
of two young trees of Adansonia rubrostipa, an endangered
tree species of Madagascar. Besides these facilities, there
are two water bodies within the premise of the conservation
centre. The different facilities of the conservation centre
are connected to each other by pathways.

threatened. The Orchid House will serve as an ex-situ
conservation centre besides a facility for botanical study
and research on Orchids.

The Orchidarium was inaugurated by Dr. Girish
Sahni, DG, CSIR and Secretary DSIR, Government of India
on December 11, 2016 in the presence of Director, CSIR-
NBRI, dignitaries and other Senior Scientists.

Distant Research Centre (Banthra Research Station)

The Distant Research Centre has five field units,
Banthra , Biomass, Gehru, Aurawan and Ranipur
rehabilita ted under diverse land use systems viz.
Floriculture, Herbiculture, Moriculture, Energy
plantations, Field Gene Bank, Populatum, Bambusetum
and semi-natural forest over the years. The centers are
working on conservation of economically important
species . R&D experiments  are carried out for
standardization of agro-technology of economically
important plants on degraded sites. Emphasis is given on
non-traditional crop plants, including floriculture and
medicinal and aromatic plants.

Evaluation of Curcuma species for partially reclaimed
sodic soil

Thirty six accessions of Curcuma longa, collected from
various bio-geographical regions were planted in June 2016
for evaluation at Biomass Research Centre. Thirty Four
germplasm of turmeric in two sets, planted at Aurawan
Research Centre in 2015, were harvested in February 2017.
NBH-4 was found to be the highest yielder. The qualitative
analysis is in process. Four species of Curcuma viz. C. longa.
C. caesia, C. zeodoaria and C. amada were grown in second
year for evaluating their yield and quality. Biochemical
analysis (total curcuminoids, total phenolic contents and
Antioxidant activity) was also performed. Released
turmeric variety “Kesari” was grown on farmer’s field for
performance evaluation and comparison with local grown
variety

Evaluation of Chamomile for oil content and quality at
different soil pH

Matricaria (Chamomilla recutita) seeds were sown in
nursery and then seedlings were transferred to field at five
locations with pH 7.8, 8.5, 9.43, 9.8 and 10.1. The plant
height, number of branches and fresh flower weight were
recorded. Essential oil was extracted from Clevenger type
apparatus. The oil quantity was measured, and oil was
subjected to GCMS analysis (Fig. 7) to see the effect of pH
on oil content. -Farnesene, Caryophyllene oxide, -
Bisabolol oxide-B, Chamazulene and -Bisabolol were
found to be the major compounds. The pH, organic carbon,
Na and K contents of soil were measured just before the
plantation and after harvesting. Soil pH, Na and K contents

Fig. 6. Cycad Corner in the Botanic Garden

Orchidarium

The house contains about 80 different species of
Orchids. Some of the Orchid species are economically
important for cut-flower purpose while others are
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were found to decrease after chamomile harvesting,
probably because of absorption of Na and K by plants
which leads to low pH and more organic carbon content.

varieties of Uttar Pradesh (Fig. 9). Experiment consisted of
four rice varieties namely, Indrasan, Sarjoo 52, Sambha
mansoori and NDR -359. The growth and yield of these
varieties, as affected by diverse bacterial and fungal
consortia have been studied in field condition. The results
will be confirmed by repetition of the trial again in second
year.

Response of PGPRs for alleviating water stress

A field experiment was conducted to examine the
response of different PGPRs developed by the institute, on
growth and development of two chickpea varieties, PUSA
362 (Desi) and PUSA 1003 (Kabuli), grown in field at
different water stress levels. These varieties were treated
with different PGPRs viz., Trichoderma, PSB and their
combination before sowing. PUSA 1003  (Kabuli)
performed better in terms of growth at different water stress
levels. The higher number of branches per plant and grain
yield were obtained from PUSA 1003 in different water
stress condition. Among different water levels, combined
treatment of Trichoderma and PSB, responded very well.

Collection, acclimatization, multiplication and
establishment of germplasm bank of Aloe spp. in sodic
soil

Utilization of degraded sodic wastelands with
adaptable plants of industrial importance was the target
of this research work. Aloe was identified as a potential
species for the amelioration of the sodic soil. To carry
forward this research work a germplasm bank of different
Aloe spp was established at the Banthra Research Station.

Study on effect of pruning Bixa orellana

Bixa orellana, a dye yielding shrub, is one of the most
widely used food colouring substances in  the food
industry. Seventeen accessions of Bixa, collected from
different bio-geographical regions are being evaluated for
growth, yield and quality. Based on morphological
characterization, total collection has been arranged into
seven groups. It is wise to prune branches after harvesting
the capsules; as pruned plants yield better. Pruning is done
to remove weak stems and also to balance the shape of the
plant. Pruning enhances branching and reduces plant
height for the ease of the harvesting.

The pruning was done in April 2016 from the height
of one meter in 110 plants. Four plants died due to pruning.
Few morphotypes showed adverse effect of pruning,
reflected in poor fruiting and capsule setting. H1 type had
mild effect, and showed slight reduction in yield. Few of
the plants that did not flower in previous years, showed
flowering for the first time. E1 type was severely affected
by pruning, recording 85% reduction in yield (Fig. 8).

Evaluation of microbial consortia on plant growth and
productivity of important rice varieties of Uttar Pradesh

A field experiment was conducted to evaluate the
response of different microbial consortia on important rice

Fig. 7. GCMS profiling of Chamomile oil grown in different soil pH

Fig. 8. Bixa orellana: before pruning (A,) after pruning (B), and Pruned
field of Bixa  (C).

A B

C
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Five species/ Accessions of Aloe have been collected from
various locations in the country. These have been identified
as Aloe ammophilla, Aloe vera accessions (IC281122,

Fig. 9. A Field experiment to evaluate the response of different microbial consortia on important rice varieties of Uttar Pradesh.

IC333202), Aloe ciliaris and Aloe saponaria. A total of twenty
six Aloe species has been conserved and maintained in
germplasm bank in sodic soil environment.
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Grant-in-Aid Projects

International consortium for renewable advanced bio-
jet fuel technology

Data on lipid content of 70 algal strains available at
Algology laboratory of CSIR-NBRI were compiled. These
algal strains belonged to 14 genera, collected from different
localities of India. Based on the high lipid content and
their easy cultivability, two species, Nannochloropsis sp.
(95.77 ± 1.7 mg/L) and Scenedesmus sp. (222 ± 8.1 mg/L)
were selected for biomass production. Two raceway ponds
with the dimensions of 50’ length x 17’ breadth x 1.5’ depth
were constructed for the biomass production. Each raceway
pond holds approximately 20,000 litters of water. The
ponds were roofed with transparent polycarbonate sheets
and mesh nets on sides to prevent litter falling. In one of
the ponds, approximately 16,000 liters of sewage water
was filled and Nannochloropsis sp. was inoculated for mass
cultivation. The semi treated sewage water was
transported from ‘345 MLD Capacity Sewage Treatment
Plant’ located at Bharwara, Lucknow. The water quality
and growth of algae were monitored regularly. The pond
yielded 7.5 kg of dry biomass of Nannochloropsis sp. in 40
days with 8% of lipids, 15% w/w of carbohydrates and
15.44% mg/L of protein. The quality of the sewage water
improved significantly during these days. In the other pond
filled with approximately 15,000 liters  of tap water
supplemented with urea 1.5 gm/L and super phosphate
0.04 gm/L as nutrients, according media composition of
BG11, yielded 4.7 kg of dry biomass of Scenedesmus sp. in
30 days with 9% lipids, 12% w/w of carbohydrates and
16.01% mg/L of protein.

Molecular approaches for production of sustainable
bioenergies and value added products from microalgae

Biomass and lipid productivity of Scenedesmus
quadricuada has been compared with other oleaginous
microalgae isolated from different localities. Among the
isolates, Nannochloropsis oculata, Scenedesmus quadricuada,
Chlorella vulgaris and Kirchnerielia obesa were found to be
the fast growing algae with rich oil  content. When
compared in different media the highest biomass content
was obtained in S. quadricauda (Dal Lake, Kashmir:
1.35 ± 0.06 g/L), followed by Nannochloropsis oculata (Uttar
Pradesh: 1.29 ± 0.05 g/L), Chlorella vulgaris (Uttar Pradesh:
1.23 ± 0.05 g/L) and S. quadricauda (Uttar Pradesh: 1.01 ±
0.05 g/L) in TAP media. High lipid contents were obtained
in both isolates of Scenedesmus quadricuada (305.4 ± 23.1
mg/L and 404.0 ± 30 mg/L) in TAP media. To evaluate the

biotechnological  potential  of this  s train, genome
sequencing (using Ion Torrent) and annotation were
performed, and their phylogeny was inferred. The analysis
of lipid metabolism pathways will be done for further
understanding of related genes . The partia l rDNA
sequence was obtained using the universal primers and
submitted to NCBI gene bank (accession no. KY654954.1).
Agrobacterium mediated transformation has been carried
out in S. quadricuada NBRI012 using Agrobacterium
LBA4404 and binary vector pBI121, which will be further
used for genetic and metabolic modification of the organism
to ameliorate the lipid production.

Isolation, screening and nutritional profiling of promising
microalgal strains

Extracts of five algal species (Sphaerocystis schroeteri,
Chlorella vulgaris, Chroococcus minor, Haematococcus
pluvialis and Golenkinia radiata) were analysed for their
total phenolic contents, flavonoids, free radical scavenging
activity, reducing power and antioxidant capacity. The
highest value of total phenolic content, total flavonoid
content and total antioxidant capacity was found in
Chlorella vulgaris with 38.65 µg GAE/mg, 32.82 µg QE/
mg and 567.12 µg quercetin/mg, respectively (Fig. 1).
Chlorella vulgaris also exhibited highest value of the
reducing power (0.889) at 3mg/ml concentration. Lowest
value of reducing power was detected in Chroococcus minor
(0.184) at 0.5mg/ml concentration (Fig. 2).

All the five algal strains showed a gradual increase
in the free radical scavenging activity with the increase in
concentration of the extract (10 mg/ml in 80% methanol).
At lowest concentration of 50 µl, C. vulgaris exhibited

Fig. 1. Total phenolic content (TPC) µg gallic acid equivalents (GAE)/
mg extract, the total flavonoid content (TFC) µg quercetin equivalents
(QE)/mg extract and the total  antioxidant capacity (TAC) (µg
quercetin/mg extract) of five selected algal biomass.
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% inhibition Sample  
50µl 100µl 150µl 200µl 250µl 300µl 

S. schroeteri 10.83 17.13 24.01 27.53 35.67 42.97 
C. vulgaris 16.25 22.25 23.57 25.48 28.67 31.24 
C. minor 9.08 14.06 17.42 20.64 24.57 28.89 
H. pluvialis 8.20 11.86 18.01 24.16 32.56 40.78 
G. radiata 11.27 21.23 29.87 38.65 49.46 58.97 
 

Characterization of microalgae from carpet industry
effluent to assess their potential for antimicrobial and
biofuel

A total of 22 algal species were identified based on
morphological and molecular features which belonged to
class Chlorophyceae (10 taxa) and Cyanophyceae (12
taxa). Chlorophyceae members were identified as Anabaena
sp., Chlorella sp1 to 6, C. sorokiniana, C. thermophila, C.
vulgaris, Chlamydomonas sp., Scenedesmus sp., and
Selenestrum sp. Cyanophyceae members belonged to
Phormidium sp1 to 4, Oscillatoria sp1 to 6., and Nostoc sp.
The sequences of the small-subunit (SSU) of 18S rRNA
gene of Chlorophyceae members were submitted to NCBI
gene bank with following accession numbers: Chlorella
sp3. KY407757; C. sorokiniana KY285080; C. thermophila
KY317933; and C. vulgaris KY407756. A neighbor joining
(NJ) was constructed based on SSU 18S rRNA sequences
(Fig. 4).

highest inhibition of 16 .25%, whereas at h ighest
concentration 300 µl, G. radiata exhibited highest inhibition
with 58.97%. With this result it can be concluded that C.
vulgaris extract is a better free radical scavenging species
(Table 1). The highest IC50 value was found in C. vulgaris
(319.05 mg/ml) while the lowest was in G. radiata (127.26
mg/ml) (Fig. 3).

Table 1. Free radical scavenging activity (FRSA) in terms of
percenta ge inhibition of f ive select ed algal biomass a t s ix
different concentrat ions

Fig. 2. Reducing power (RP) of five selected algal biomass at different
concentrations

Fig. 3. Free radical scavenging activity (FRSA) in terms of IC50 (mg/
ml) of five selected algal biomass

Fig. 4. Phylogenetic relationships between SSU 18S rRNA sequences of Chlorella sp. and other Chlorophyceae members available at NCBI
genebank. (In-house sequence are marked with black circle)
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Lipid was extracted from all the algal samples
following Folch method, transesterified and biodiesel
properties of the same were analyzed.

Alpine ecosystem dynamics and impact of climate
change in Indian Himalaya

To conduct long term climate change monitoring
studies, three highest summit points (HSP) in the Indian
Himalayan region were surveyed for lichens  and
lichenometry analysis in and around Kabi and Tingda
area of north Sikkim.

A total of 52 species of lichens belonging to 27 genera
and 16 families were recorded from three HSPs.  HSP II
exhibited the maximum diversity of lichen species with 30
species, followed by HSP III and HSP I with 30 and 18
species, respectively. The lichen family Parmeliaceae
showed its dominance in  the area  followed by
Cladoniaceae, Lecanoraceae and Physciaceae. Among the
different substrates, lichen species growing on tree bark
exhibited their dominance over rock and soil. The lichen
genus Usnea was the largest with 13 species dominating
the region, followed by Cladonia (7 species). The lichen
genera Rhizocaron, Acarospora , Lecanora  (used in
lichenometry) were totally absent in the study area.

The bryophytic divers ity was marked with
dominance of mosses, followed by liverworts. The bryo-
divers ity mainly exhibited mixed populations  of
temperate-subalpine bryo-flora, while typical alpine-
subalpine elements were observed in lesser quantity.

Among liverworts, Anastrepta orcadensis (Hook.)
Schhiffn., Riccardia multifida (L.) Gray, Lophocolea sikkimensis
Herzog & Grolle, Plagiochila semidecurrens (Lehm. &
Lindenb.) Lehm. & Lindenb., Apomarsupella revoluta (Nees)
RM Schust., Scapania f erruginea (Lehm. & Lindenb.)
Gottsche, Blepharostoma trichophyllum (L.) Dumort.,
Pseudolepicolea trolli (Herzog) Grolle & Ando, were the
main components. Among mosses Pogonatum urnigerum
(Hedw.) P. Beauv., Campylopus gracilis (Mitt.) A. Jaeger.,
Pogonatum microstomum (R.Br. ex Schwagr.) Brid, Breutelia
dicranacea (Mull. Hal.) Mitt., Pogonatum cirratum (Sw.) Bridel.
subsp. cirratum, Pogonatum perichaetiale (Mont.) A. Jaeger,
were the common ones.

Breutelia dicranacea was the most abundant moss,
available throughout. Though alpine-subalpine bryo-
elements were not found frequently in the study sites, some
typical Alpine-subalpine liverworts like Anastrepta and
Apomarsupella  could be selected as bryo-indicators for long
term monitoring.

The Chanshal pass of Rohru area of Shimla district
was  represented by a total of 51 species of lichens
belonging to 34 genera and 19 families from three HSPs,

between an altitude of 3600 and 4150 m. Parmeliaceae
family exhibited its dominance in the area, followed by
Cladoniaceae, Physciaceae and Lecanoraceae with 12, 7,
6 and 5 species, respectively. The HSP I contained 34
species of lichens followed by HSP III and HSP II with 22
and 15 species, respectively. The growth pattern of lichen
species Rhizocarpon geographicum was also monitored for
carrying out lichenometric studies.

National Network program on lichens: Bioprospecting
its secondary compounds and establishing cultures and
collections

Pharmacological studies

Lichen taxa containing the usnic acid, lichesterinic
acid, and other secondary metabolites were studied to
evaluate their hepato protective potentials (Fig. 5). The
lichen extracts (NBRI/L10/Ha1, NBRI/L8A/Ha1 and
NBRI/L5A/Ha1) showed promising activity against
carbon tetrachloride (CCl4) induced toxicity in mice. In an
attempt to model the liver fibrosis process, CCl4 has been
used to experimentally induce liver injury in rodents
widely. Group I (Control) and Group II (CCl4) mice were
given the respective vehicles daily for 4 weeks (p.o.), Group
III (Positive control) mice received silymarin daily for 4
weeks (100 mg/kg, p.o.), and the mice in Group IV and
Group V were treated with NBRI/L10/Ha1 and NBRI/
L5A/Ha1 (100 mg/kg; p.o.), respectively every day for 4

weeks on the beginning of the other day after the first
double-dosage CCl4 administration. Every 6 days during
this month, CCl4 dissolved in peanut oil (6.4 g/kg of body
weight, s.c.), was administrated under the skin between
head and neck to each group except Group I, and the
dosage of CCl4 was 12.8 g/kg at the first time. Group I was
given peanut oil with the same dosage with other groups.
The administration with CCl4 (model, 6.4 g/kg of body

Fig. 5. Evaluation of hepato protective potentials in mice using lichen
metabolites.
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weight, s.c.) caused hepatotoxicity in mice, indicated by a
marked increase in GOT and GPT serum levels, probably
due to the damaged structural integrity of the liver (Fig. 5).
GOT and GPT are cytoplasmic in location and are released
into circulation after cellular damage and protected
significantly the elevated levels of liver biochemical
markers treated with NBRI/L10/Ha1 and NBRI/L8A/
Ha1.

Phytochemical studies

Protocols were standardized for five potential
extracts with significant anti-tubeculosis activity.  Five
different solvent systems were used for developing suitable
system for separation and identification of specific
chemomarkers.

Purification and chemical characterization of four
lichens using HPLC & LC-MS have been carried out.
Standards for all the compounds, chemical data and library
of lichen compounds isolated from lichen natural thallus
and mycobiont cultures have been maintained at CSIR-
NBRI.

Lichen natural thallus (NBRI-LS5) of different
weights viz. 0.5, 5 and 50g were extracted by cold & hot
successive soxhlet methods with five different solvents
including acetone and ethanol. The yield of acetone
extracts varied from 0.24% to 1.68% while the yield of
ethanolic extracts were higher and varied from 2.84% to
5.57%. Seven fractions were isolated for identification and
chemoprofiling of major/minor compounds.

The identification and characterization of six known
lichen acids were carried out in lichens NBRI-LS6 and
NBRI-LS7 through HPLC and LC-MS. Lichen acids/
compounds were separated and identified in acetone and
alcohol extracts  of NBRI-LS8  and NBRI-LS9 .
Chemomarkers were developed, fractionations of non-
polar to polar compounds were made to identify depsones,
depsides and lichen acids through chemo-profiling.

Separation and identification of  chemo-markers in
26 coded extracts supplied by MSSRF, ARI and NBRI were
carried out and five selected markers among them, were
subjected to fractionation for isolation of compounds. Two
pure markers were obtained through fractionation and
separation through PTLC and Column chromatogravity.
The markers were identified through chemoprofiling using
HPTLC, HPLC and LC-MS.

Developing a system to monitor climate change with
lichens in India

Studies regarding changes in atmospheric deposition
during the last half century and its impact on lichen
community structure were carried out in Darjeeling and
Tawang area of Eastern Himalayas, Pindar valley in

Western Himalayas and Mount Abu in North-western
India.

The accumulation trends of trace elements and PAHs
deposited and N accumulated in lichens reflected rapid
urbanization of the study areas.

The study also highlights  the importance of
herbarium specimens for reconstructing historical trend
in atmospheric deposition and to study the temporal
variation in the community structure of lichens with
respect to global climate or local microclimate change.

The sensitivity of different lichen growth forms
against pollution exhibited a  sequences of
fruticose<foliose<crustose lichens, while the concentration
of heavy metals and PAHs in lichens was directly
proportional to anthropogenic activity in the area.

The lichen samples collected from humid and arid
zone exhibited more or less similar selectivity sequence of
metals, Fe<Zn<Cu and Fe>Zn>Pb, respectively, while the
western and eastern Himalayan regions showed a different
metal selectivity sequence as Fe>Zn>As and Fe>Zn>Mn.

The humid region of Darjeeling showed high
pollution level, followed by arid zone of Mount Abu,
Pindar valley and Tawang area.

The research demonstrated the potential use of
herbarium specimens for mapping lichen diversity which
can help as a tool for the assessment of environmental
stress on toxitolerant lichens in the study area.

Lichens response  to rising temperature  and high
ultraviolet radiance due to on-going climate change

The s tudy involves use of lichen secondary
metabolites, amino acids and diversity of lichens to assess
the response of rising temperature and ultra-radiance in
Indian Himalayan region.

The lichen diversity existing above 3200m was found
rich in pigmented lichen species, especially cyanobacteria
containing lichens. This indicated that there could be a
probable correlation between existing lichen diversity and
the solar irradiance. Isolation and characterisation of
potential ultraviolet protective class of compounds,
Mycosporine like amino acids (MAA) authenticated this
assumption. Further, in other high altitude sites certain
Parmelioid lichens, containing green algae and producing
lichen secondary metabolites having ultraviolet screening
potential were found in abundance.

How the temperature variation influences lichen
diversity has been established based on the use of fatty
acids as biomarker in Heterodermia diademata. Abundance
of saturated fatty acid reflected high temperature
conditions at lower altitudes of Garhwal Himalayas.
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Detection of organic pollutants at remote sites of
Indian Himalayan region provided clear segregation of
local and long range pollution, which clearly segregated
PAHs and PCBs having major long range sources and
NPAH and metals, originating from local sources.

Lichen analysis for ecological continuity of tropical rain
forests in Nilgiri Hills of Western Ghats, India

The lichens recorded from 18 sites of Nilgiris Hills in
Western Ghats, clearly differentiated the diverse micro and
macroclimatic conditions of the area.

A total of 223 species belonging to 80 genera and 33
families have been recorded from the Nilgiris. The genus
Graphis dominated the Nilgiris with 25 species, followed
by Usnea and Heterodermia with 15 and 11  species,
respectively. The study area  was  represented by a
maximum number of crustose lichens with 132 species,
followed by 58  foliose and 24  fruticose (including
dimorphic species) lichens.

The distribution of lichens in forests patches of Silent
Valley National Park was entirely different as compared
with localities within the Nilgiris due to the dense canopy
of the forests in Silent Valley National Park.

Several lichen species that were available in the past
could not be traced in our present study, probably due to
deforestation of exclusive tree species. The selective
removal of phorophytes resulted in scanty appearance of
species that were commonly observed in the past. A
continuous trend of species repetition was also observed
due to unavailability of tree diversity.

However, home gardens of local people still conserve
many of the crustose species of lichens  as trunks of
cultivated trees Areca catechu and Artocarpus heterophyllus
provide suitable environment for colonization of
Graphidaceous and other crustose taxa of lichens. The
high altitude, dense and protected forests provided an ideal
condition for formation of large patches of moisture and
shade loving lichens.

The high altitude sites (Avalanche dam area, around
Lovedale and Doddabetta) are rich in lichen diversity as
compared to low altitudinal localities. The dominance of
Graphidaceous lichens in the Nilgiris forests, indicates
that the forest patches are achieving a climax stage of plant
succession. Most of the forests are old growth forests and
exhibit those lichens, which require a tree girth of large
circumference. Maintaining reserve forests and home
gardens, propagation of lichen rich areas as l ichen
sanctuaries and lichen gardens could improve the situation
of highly disturbed areas.

Barcoding Himalayan Lichens- cutting edge approaches
to study Lichen Biodiversity and setting Lichen
Conservation Strategies in India

The lichen genus Usnea and cetrarioid group of
lichens from western and eastern Himalayan region were
investigated for DNA barcoding.

Cetrarioid group: Among the different group of lichens,
cetrarioid lichens are found with more cryptic species in
India. A total of 75 accessions of cetrarioid lichen have
been analyzed using ITS. PCR and sequencing success
was 75% and 80%, respectively.

Usnea group: The DNA barcode studies on Usnea
lichens indicated that all studied Usnea species in India
could be successfully discriminated using the nuclear
ribosomal ITS region, the standard DNA barcode for fungi.

(I). Phylogenetic analysis: All traditional Usnea species
were recovered as monophyletic clades with strong
statistical support [bootstrap support (BS) 88%] in
the ITS tree. Additionally, the cetrarioid and
Cornicularia clades were recovered asmonophyletic
with strong BS (84%) in the ITS topology, although
the genus Cornicularia was recovered with only weak
statistical  support (BS<50%). Well-supported
phylogenetic sub-structure was identified within
Cornicularia normoerica, Usnea longissima, U. baileyi,
U. subfloridana, and U. himalayana.

(II). ITS genetic distances: - The distribution of intraspecific
pair wise distances for each species was estimated
together with Clade-specific (i .e., cetrarioid,
Cornicularia, and Usnea clades) intra- and interspecific
genetic distances. Mean distance values, standard
deviations, and the ranges of intraspecific distances
within the 13 Usnea species occurring in India were
also recorded. A slight overlap in intra- and
interspecific distances was identified in comparisons
among all Usnea species taken collectively. However,
in  clade-specific comparisons (i.e., Cetrarioid,
Cornicularia, and Usnea clades), a barcode gap was
detected for each clade, with the exclusion of outlier
values in the Cornicularia clade. The interquartile
range of genetic distances for the majority of species
fell  below the estimated 0.015–0.017 s/s intra-
interspecific threshold.

Phylogenetic grouping of South Asian lichens of the
Teloschistaceae (Ascomycota) for biotechnological
purposes

The revis ionary s tudies carried out on
Teloschistacean lichens of India resulted into discovery of
two species of Rusavskia as new to science: R. indica S. Y.
Kondr. & D. K. Upreti and R. upretii S. Y. Kondr., G. K.
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Mishra & S. Nayaka, while Rusavaskia sorediata (Vain.) S.
Kondratyuk and Kärnefelt was reported as new record for
India. Five lichenicolous fungi, Oxneria huculica S.Y.
Kondr., Variospora flavescens (Hud.) Arup, Frödén &
Søchting, and Zeroviella esfahanensis S.Y. Kondr. & B. Zarei-
Darki, Arthonia epiphyscia Nyl., and Zwackhiomyces zarei
S.Y. Kondr., were recorded as new to India.

Water quality monitoring of Ganga River from Gomukh
to Hooghly, under National Mission for clean Ganga

All the information on algae collected from eleven
sites under this project was compiled. The study revealed
the occurrence of 37 species belonging to 24 genera. The
localities surveyed had higher concentration of nutrients
such as phosphorus and nitrogen as indicated by the
luxuriant growth of Chlorophyceae, Cyanophyceae and
Bacillariophyceae. The areas such as Ballia, Patna and
Bhagalpur having agriculture land along the river bank
exhibited low diversity of algae probably due to usage of
chemical fertilizer and pesticide in the field. The localities
near the cities such as Varanasi, Hooghly, Kanpur, Narora
having disposal of sewage waters to the river had
dominance of Cyanophycean algae. Although the study
sites in Farrakka district  were located away from city area
with having comparatively clean waters, they exhibited
less diversity of algae. This may be due to the presence of
many porophytes (mango orchards) in these sites which
do not allow penetration of sun rays to the water. Also,
most of the water bodies were covered with luxuriant
growth of microhytes which further may  have restricted,
the growth of algal population. Farrakha area also has
running water like in Haridwar and Bhimgoda, where
less algae are grown. However, stagnant water along the
coast of Narora, Kannauj and Kanpur provide suitable
condition for growth of many algal population.

A study was carried out to understand the diversity
and distribution pattern of Pteridophytes across the stretch
of Ganga River from Gomukh to Gangasagar. A total of
215 specimens were collected from Haridwar and Ganga
Sagar. Taxonomic studies revealed 17 species of these
belonged to 12 genera under 9 families.

Assessment of Bryophyte diversity, species richness and
composition in Darjeeling hills with special reference to
climate change and conservation strategies

The objectives of the study included the survey and
sampling of bryophytes from selected sites of Darjeeling
hills; to study the ecological aspects based on species
composition at various habitats along the altitudinal
gradients of species richness, between habitat diversity
and species composition; ex-situ conservation of selected
threatened (including endemic) bryophytes.

Bryophytes from herbarium data were identified and
assessed for distribution along an altitudinal gradient
ranging from 1000 m to 2500 m across six habitats, viz.
soil, wet rocks, dry rocks, soil covered rocks, stony walls
(terricolous habitats) and epiphytic habitats. A total of 316
bryophytes have been recorded from the three sets of
primary data viz. Set 1. (1965), Set 2. (1981, 1983) and Set 3.
(2002, 2003). Among these, 129 taxa of liverworts belonging
to 51 genera and 29 families; 11 species of hornworts
belonging to four genera and three families, and 176 moss
taxa belonging to 89 genera and 29 families were recorded.

The species richness as calculated from the primary
data indicated that over the decades, the species richness
index was fluctuated at Tiger Hill and it had a steady
increase at Llyod Botanical Garden (LBG). These
differences could be due to the fact that Tiger hill is a site
with greater tourist influx as compared to the LBG which
has limited anthropogenic activities and also provides
protected natural habitat to plants unlike Tiger Hill, where
indiscriminate human activity and construction has been
a regular feature. Better conclusive results can only be
provided when recently collected data will be compared
(under progress) to this data and other parameters are
taken into consideration.

Sphagnum khasianum Mitt. has been raised in vitro by
tip of vegetative explants, which is a novel method of its
propagation as earlier workers could usually raise it in
culture from spores.

Solenostoma schaulianum (Steph.) Váòa et D.G. Long,
an important Asiatic species has been propagated in vitro
and multiplied well in axenic culture. Leafy liverworts are
difficult to propagate in vitro and their propagation is rarely
accomplished under artificial conditions.

Study of Bryophyte diversity in the Eastern Ghats

Exploration of several bryophyte rich localities of
Odisha viz., Similipal Tiger and Biosphere Reserve in
Mayurbhanj District (Orchidarium, Kollah, Uski Falls,
Barehipani, Joranda Falls, Matighati, Gurguria Research
centre, Lanjighosra) and Mahendragiri Forest Reserve in
Gajapati District (Bureakhata, Budighati, Ganesha Temple,
Darpanchanchara), have been made. About 321 specimens
have been collected. A critical morphotaxonomical
investigation on the bryoflora of Eastern Ghats area of
Odisha  has been carried out, which revealed the
occurrence of 75 species of liverworts and mosses. The
mosses comprised 59 species belonging to 36 genera and
18 families, and 16 species of liverworts belonging to 13
genera and 7 families. An illustrated account of studied
taxa with descriptions is under preparation alongwith
their distribution data.
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Ectropothecium dealbatum (Reinw. & Hornsch.) A.
Jaeger, Hypnum cupressiforme Hedw., Hypnum plumaeforme
Wilson, Entodon pulchellus (Griff.) A. Jaeger, Entodon
ovicarpus Dixon, Anomodon minor (Hedw.) Lindb., Thuidium
assimile (Mitt.) A Jaeger, Thuidium kiasense R. S. Williams,
Dicranodontium didymodon (Griff.) Paris, Ditrichum pusillum
(Hedw.) Hampe, Stereophyllum tavoyense (Hook. ex Harv.)
A. Jaeger, Chiloscyphus campanulatus Steph. were recorded
as new reports to South India, while Entodon rubicundus
(Mitt.) A. Jaeger, Anoectangium bicolor Renauld & Cardot.
Fissidens ceylonensis Dozy & Molk, Fissidens bryoides
Hedw.,Sematophyllum humile (Mitt.) Broth., Aerobryidium
filamentosum (Hook.) M. Fleisch., Cryptopapillaria fuscescens
(Hook.) M. Menzel, Campylopus aureus Bosch & Sande Lac.,
Campylopus involutus (Müll. Hall.) A. Jaeger, Leucoloma
taylorii (Schwägr.) Mitt., Entodontopsis nitens (Mitt.) W.R.
Buck & R.R. Ireland, Reboulia hemisphaerica (L.) Raddi,
Lophocolea heterophylla (Schrad.) Dumort., Plagiochila
nepalensis Lindenb. and Jackiella javanica Schiffner were
new records to Eastern Ghats.

Studies on morphogenesis, reproductive biology and ex
situ conservation of selected endangered, threatened and
potential bryophytes

The project has been completed in November, 2016.
In vi tro s tudy on three endangered liverworts  viz .,
Stephensoniel la  brevipedunculata Kash., Anthoceros
macrosporus Steph. and Cryptomitrium himalayense Kash.;
two potential liverworts viz. Marchantia polymorpha L.,
Conocephalum conicum  (L.) Lindenb. and a moss
Rhodobryum roseum (Hedw.) Limpr. has been carried out
and completed. Efforts have also been made to establish
the axenic cultures of endangered and endemic liverwort,
Stephensoniella brevipedunculata using tubers as explants
which started to germinate after 3 days of inoculation in
different media. Green coloured small innovations were
emerged from single tuber after 3 days of inoculation. These
tubers were subsequently developed in to thalli in 30 days.
Plants exhibited best growth in Hoagland’s medium and
Half-strength Knop’s + Vitamins as compared to all other
culture media used. Thus, the study revealed that the plant
population of Stephensoniella brevipedunculata Kashyap can
be successfully grown on Hoagland and Half-strength
Knop’s + Vitamins under controlled laboratory conditions.
Successfully grown plant population in Hoagland media
has been transferred to soilrite in pots. This may lead to
large biomass production of the taxon for conservation
measures. It was for the first time that a considerable
amount of germplasm could be raised from tubers and a
protocol has been standardized to conserve this important
rare liverwort.

Monographic and phylogenetic studies in the Tribe
Delphineae (Ranunculaceae) from India

The s tudy confirmed that in  India  the tribe
Delphineae is represented by 46 species and six
infraspecific taxa distributed in three genera namely
Aconitum, Delphinium and Consolida.

Aconitum L. is represented by 24 species and two
varieties, which are chiefly distributed from temperate to
alpine zones of the Indian Himalayas. One new species
namely Aconitum arunii Agnihotri et al. has been discovered
from Sikkim Himalaya (Fig. 6).

Fig. 6. Aconitum arunii Agnihotri, Husain & Husain: A. Upper Sepal,
B. Lateral Sepal, C. Lower Sepal, D. Petal, E. Petal Lip, F. Stamens,
G. & H. Carpel, I. Bract, J. attachment of bracteoles on pedicel, K.
Bracteole (T. Husain & P. Agnihotri 257637, LWG).

Delphinium L. comprises of 21 species, one subspecies
and three varieties, and Consolida Gray is represented by
three species, namely Consolida ambigua (L.) Ball &
Heywood, C. orientali s (J.Gay) Schrödinger and C.
schlagintweitii (Huth) Munz.

Extensive surveys and collections were made in
Western Himalaya (H.P., Uttarakhand), Eastern Himalaya
(North and East Sikkim) and Western Ghats (Tamil Nadu)
and 32 taxa of the tribe Delphineae were collected.

Few species of Aconitum such as A. hetrophyllum, A.
ferox, and A. deinorrhizum are included in IUCN Red List
and Red Data Book of India. Very small, scattered
populations of two to three individuals of these species
were found in the Himalayas. However, during real time
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assessment of the genus Delphinium in the remote areas of
the known localities and other likely habitats of the genus,
could help locate and collect only a very few taxa in very
small populations in nature, and it was observed that the
taxa of the genus Delphinium are rarer than Aconitum species.

Molecular phylogeny in the tribe was inferred using
both nuclear (ITS1 and ITS2) and chloroplast (rbcL, matK,
atpB, trnH-psbA and trnT-trnL) loci including 5 species of
Delphinium and 8 species of Aconitum. The MP and ML
analysis of various loci, rbcL, matK, atpB, trnH-psbA and
trnT-trnL revealed largely congruent tree topologies. Both
MP & ML analyses of two chloroplast intergenic spacers
trnH-psbA, trnT-trnL and nuclear ITS, segregated Aconitum
and Delphinium in two separate clades with similar
topologies.

Although, the monophyly of Aconitum was strongly
supported in the matk anlysis, the perennial species - A.
laeve (Aconitum subgenus Lycoctonum) did not cluster with
all other species of Aconitum (Aconitum subgenus Aconitum)
in trnH-psbA, trnT-trnL analyses.

Detailed mitotic and meiotic studies have been made
on different populations of Delphinium, Aconitum and
Consolida species to solve these complexes on the basis of
cytotaxonomy. Meiotic studies of Consolida ambigua
showed chromosomal count of 2n=16 in the PMCs at
diakinesis and diplotene stage. Meiotic division was not
normal with stickiness, precocious movement and bridge
in anaphase- I and micronuclei in telophase- I as major
abnormalities. (Fig. 7)

Mitotic Analysis were carried out in four species of
Delphinium i.e., D. vestitum, D. denudatum, D. roylei and D.
viscosum. During the present study it was observed that
mitotic divis ion is  not normal in  a ll  the species .
Chromosome number were found to be same in all the four
species i.e., 2n = 16. Mitotic index shows significant

difference between the D. vestitum (18.16 ± 18.25) and D.
denudatum (23.32 ± 22.17), D. roylei (22.52 ± 22.26), D.
viscosum (21.72 ± 21.15) at p<0.05 (Table-2).

Lectotypification of four aconites, namely Aconitum
hookeri, A. nagarum, A. heterophylloides var. leucanthum, A.
spicatum was done.

Fig. 7: Various stages of meiosis in Consolida ambigua A. Prophase,
B. Diplotene, C-E. Chiasma formation in Diakinensis, F. Precocious
movement in Anaphase, G. Bridge in Anaphase, H. Telophase I with
Micronuclei

Table 2: Chromosomal and Mitotic aberrations in five taxa of Delphinium.

Ch romosomal abe rrations Mitotic aberration s S pecies 

No. of 
met-

aphase 

Frag-
ment 

% Chromo-
somal 

aberration 

No. of 
scored 
cells 

No. of 
dividing 

cell 

C-
me ta-
phase  

Lag-
gard  

Bri-
dge 

Disorie
ntation 

Un-
equal 

separati
on 

Conden
sation 

% Aber-
ra nt 
cells 

Mu l-
tinu -

cleoate 
con di-

tion 

% 
Micro
-nuc- 

lei 

D. vestitum 3 65  1 4 3 .83 1 500  357 05 10 07 21 3 6 93 48.17 3 0 

D. denudatum 3 60  2 4 6 .66 1 500  360 06 08 04 20 4 5 118 55.83 2 1 

D. roylei 3 55  1 8 5 .07 1 500  320 05 11 05 30 2 5 119 60.93 1 0 

D. viscosum var. 
v iscosum 

3 70  1 9 5 .13 1 500  343 04 09 03 10 0 6 68 29.15 0 1 

D. viscosum var. 
g igantobracteum 

3 85  2 9 7 .53 1 500  334 06 18 08 34 3 4 56 46.70 2 0 
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Mapping of floristic diversity and conservation studies
on plant resources of Kishanpur Wildlife Sanctuary

Kishanpur Wildlife Sanctuary (KWS), a magnificent
sanctuary situated at 280 24’01" N and 800 22’01" E in Uttar
Pradesh, was established in the year 1972 for the protection
of an endangered elusive cat, Bengal Tiger (Panthera tigris
tigris L.). KWS covers an area of 227 sq. km. that lies in the
Terai region of Uttar Pradesh.

Being situated in one of the most important
phytogeographic regions of the country, better
understanding of the biodivers ity of the proposed
protected area is needed to design environmental policies
that would promote conservation and sustainable use of
biodiversity in the area. Keeping in view the above
considerations, it was envisaged to undertake the task of
thorough survey, collection and study of plants of KWS,
so as to prepare a complete and up-to-date inventory of its
floristic diversity with all the necessary information that
would be of use in prioritizing conservation of RET,
economically valuable and endemic plant taxa.

Surveys were carried out in KWS for survey and
collection of plant specimens. Voucher specimens were
collected either in fruiting or in flowering stage. A total of
215 plant species have been collected from KWS.

The Herbaria of CAL, BSD, LWG & CDRI have been
consulted for the authentication and assessment of plant
wealth of the area from previous collection.

The identified plant specimens have been deposited
in LWG for future reference. The nomenclature of plant
species has also been updated. To establish identity of the
herbal medicines used, plants were collected with the
associated information that was obtained from medicine
men of the villages in and around KWS.

The ecology of few climbers like, Bauhinia vahlii,
Tiliacora acuminata, Acacia concinna and Millettia extensa,
has also been studied.

Diversity assessment of angiospermic flora  of
Sonbhadra district, Uttar Pradesh

The present study has been initiated to provide a
taxonomic account of angiosperms of Sonbhadra district
in Uttar Pradesh. The district which comes under vindhyan
region of Uttar Pradesh, is one of the richest areas in the
state as far as plant diversity is concerned. It is spread
over about 6788 km² of geographical area which constitutes
about 36% forest cover on highly undulated land. The
extensive survey of the area, critical examination of
previous collections housed in various herbaria and review
of published literature have resulted in a total of 705 species
belonging  to 459 genera under 110 families. Of these, 541
species  (76.73%) under 354 genera (77.12%) and 89

families (80.90%) belong to dicots and 164 species (23.26%)
under 105 genera (23.26%) and 21 families (19.09%) to
monocots. The family Fabaceae (110 spp.) comprises of
maximum number of species, followed by Poaceae (89 spp.),
Asteraceae (38 spp.), Cyperaceae (33 spp.) and Malvaceae
(33 spp.). The ten largest genera in the area are: Cyperus
(14 spp.), Ipomoea (9 spp.), Solanum (9 spp.), Ficus (9 spp.),
Crotalaria (7 spp.), Desmodium (7 spp.),  Bauhinia (6 spp.),
Hibiscus (6 spp.),  Fimbristylis (6 spp.), and Acacia (5 spp. ).
The entire forest is chiefly dominated by trees like Acacia
catechu (L.f.) Willd., Boswellia serrata Roxb. ex Colebr., Butea
monosperma (Lam.) Taub., Hardwickia binata Roxb. and
Shorea robusta Gaertn.

Inventorisation of plant diversity of Nawab Wazid Ali
Shah Zoological Garden, Lucknow (U. P.)

In  order to achieve the basic objective of the
Convention of Biodiversity, it is imperative to know what
component of biodiversity are found in a particular area
or habitat. For the study of diversity preparation of
herbarium specimens as voucher specimens is necessary
to keep the record of biodiversity of any botanically rich
area like Nawab Wazid Ali Shah Zoological Garden,
situated at the heart of the city, Lucknow. It covers an area
of ca. 29 ha. having the rich cover of plant diversity. It will
not only serve as a resource for identification of plants, but
also work as a data bank of plants resources of Zoo in
particular and adjacent area in general. Such base line
data are essential for proper monitoring and to frame out
conservation strategies of the garden.

Frequent surveys were carried out in the Nawab
Wazid Ali Shah Zoologica l Garden for survey and
collection of voucher specimens. A total of 75 tree species
have been collected and identified. The nomenclature of
these species has also been updated. As many as 20 exotic
tree species have been planted by the Zoo authority for
shade, beautification and pleasant environment for
wildlife. Two historically and botanically important trees
namely, Crateva religiosa and Adansonia digitata are also
present in the Zoo.

Plant diversity assessment of Dima Haso District in
Assam

Today when the biodiversity conservation is gaining
worldwide recognition, information on plant species
occurring in any part of the world is highly essential. There
is an urgent need to study the plant diversity of a particular
area  to guide decision on their conservation and
sustainable utilization. In this perspective, Dima Hasao
district of Assam has  been selected for proper
documentation and assessment of diversity of angiosperms
with more emphasis on tree species as the area has not
been explored extensively in the past. The outcome of the
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study will be beneficial for students, botanist, researchers,
NGO’s , natura lists, environmental engineers, forest
managers, conservation biologists, policy makers etc., for
proper management of the forest and conservation of
plants , especially of rare, endemic and threatened
categories.

Dima Hasao is a hilly region of Assam with dense
moist evergreen forest. Two tours have been taken to the
area for habitat study and collection of plant specimens.
About 150 species have been so far collected from the area.

Molecular systematics of the Didymocarpus- Henckelia
generic complex (Gesneriaceae) in India

Compiled preliminary morphotaxonomic data on 26
species of Henckelia and 17 species of Didymocarpus by
consulting 10 Indian (BSHC, BSD, BSI, CAL, CALI, DD,
FRC, LWG, MH, TBGT) and 5 foreign virtual herbaria (E,
G-DC, K, L, P).

Four field surveys were conducted in 18 localities in
Southern Western Ghats (Kerala and Tamil Nadu), West
(Uttarakhand) and East Himalayas (Sikkim). A total of 66
accessions of 12 species of Henckelia and 41 accessions of
5 species of Didymocarpus were collected in their natural
habitats. Fresh leaf tissues of 88 accessions (56 Henckelia +
32 Didymocarpus) were collected for DNA isolation. Habitat
features and Geo- coordinates (latitude/longitude/
altitude) of each specimen were documented. A total of
145 herbarium vouchers were made from the above
collections.

Detailed morphological studies were completed for
5 species of Didymocarpus and 12 species of Henckelia, based
on field collections and herbarium materials.

DNA extraction procedures and PCR amplification
of nrDNA ITS and cpDNA trnL-F regions  were
standardized for the collected samples of Didymocarpus
and Henckelia. A total of 52 samples (20 samples of 5
species of Didymocarpus and 32 samples of 12 species of
Henckelia) were PCR amplified for ITS and trnL-F regions
using the universal primers. Sequencing of the PCR
amplicons is in progress.

In-House Projects
Taxonomic studies and digitization of plant diversity of
India

Taxonomy and assessment of diversity of Algae, Lichens,
Bryophytes, Pteridophytes, wild relative of Cucurbits and
Tree Legumes in the Upper Gangetic Plains (UGP) of
Uttar Pradesh

Algae

A total of seven fresh water algal samples were

collected from Lucknow, which resulted in 12 algal taxa
under 11 genera  and 2 classes. Chlorophyceae is
represented by five genera, namely Cosmarium, Staurastrum,
Mougeotia, Spirogyra and Zygnema, while Cyanophyceae
represented s ix genera namely Scytonema, Lyngbya,
Oscillatoria, Chroococcus, Aphanothece and Phormidium.

Sequence of the SSU of 18S rRNA of seven algal strain
have been submitted to NCBI gene bank, details of which
are as follows, Chlorella  sorokiniana (access ion no.
KY285080), Chlorella thermophila (accession no. KY317933),
Chlorella vulgaris (accession no. KY407756) and Chlorella
sp3. (accession no. KY407757) Scenedesmus quadricauda
(accession no KY654954 .1), Oscil latoria sp. RBD01
(accession no.KT445936.1), Leptolyngbya sp. RBD05
(accession no KT592515.1) and Coelastrella sp (accession
no KY614790.1).

Lichens

The flood zone area along the river Ganga in
Haridwar and Bhimgoda area were surveyed for lichens.
A total of 100 specimens of lichens were collected and
identified which revealed the occurrence of 32 species
belonging to 25 genera and 11 families from the area. The
area is dominated with crustose lichens followed by
squamulose and foliose forms, of which mostly the
toxitolerant members of the lichens dominates the region.

Bryophytes
An investigation on the Bryophytes from Terai region

of Uttar Pradesh has revealed the occurrence of 29 species
of bryophytes: 21 species belonging to 16 genera of 11
Families of Mosses; 6 species belonging to 3 genera of 3
families of Liverworts, and 2 species belonging to 1 genus
of 1 family of Hornworts. This includes several new reports
viz., Dicranella microspora Gangulee, Entodontopsis tavoyense
(Hook. ex Harv.) W.R. Buck & R.R. Ireland, Trachyphyllum
inflexum (Harv.) Gepp., Weissia controversa Hedw., Fissidens
crenulatus Mitt., Fissidens flaccidus Mitt., and Fissidens
zollingeri Mont. from Uttar Pradesh.

A study on diversity and distribution of liverworts
(Marchantiophyta) in various habitats and across the
altitudinal gradients at Pachmarhi Biosphere Reserve
(PBR), central India has been carried out. The liverwort
diversity was assessed in selected habitats at each site
viz., soil, wet rocks, dry rocks, soil covered rocks, stony
walls (terricolous habitats) and epiphytic habitat. Three
altitudinal gradients were considered for distributional
assessment. In all, 41 liverworts belonging to 21 genera
and 15 families were encountered. Among the three
altitudinal zones, 17 taxa were found at lower altitudinal
gradient (400-800 m), whereas 12 liverworts were found
at the higher altitudinal gradient (1001-1400 m). Maximum
number of taxa (33) were present at the middle altitudinal
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zone (801- 1000 m). The sites at middle altitudes provided
suitable conditions for the growth of bryophytes. In
general, rocks, both moist and dry, formed the most ideal
habitat for the liverworts. Evidently, the middle altitudinal
gradient emerged as the zone harbouring maximum
liverworts.

The liverwort, Kurzia trichoclados (K. Müller) Grolle
(Fig. 8) has been reported new to the Indian bryoflora, which
expands its distribution in  South Asia. It belongs to
Lepidoziaceae Limpr., a very diverse and complex family
of liverworts. Kurzia trichoclados is a disjunct liverwort
known from Europe, North America and Southeast Asia.
By the present study its distribution in South Asia has
been expanded to include India.

The following plants were introduced in Moss House
of NBRI Botanic Garden :
1) Bryum coronatum Schwaegr.
2) Funaria hygrometrica  Hedw.
3) Conocephalum conicum (L.) Lindnb.
4) Reboulia hemisphaerica (L.) Raddi
5) Wiesnerella denudata (Mitt.) Steph.
6) Marchantia polymorpha L.
Pteridophytes

Prepared a checklist of Pteridophytes of Uttar
Pradesh. About 151 specimens of old deposits of ferns and
their allies in the NBRI Herbarium (LWG) have been
studied and accessioned.

New introduction to the Fern House of CSIR-NBRI

Live plants of Nephrolepis hirsutula (G.Forst.) C. Presl,
collected from Andaman Islands, was introduced in the
fern house of the CSIR-NBRI (Fig. 9).

FIG. 8. Kurzia trichoclados (K. Müller) Grolle. A. Plant habit, B. plant
portion, magnified, C. Stem T.S., D,E. Main stem leaves, F.Branch
leaf, G . Cells of leaf disc, H. apical and subapical cells, I.  Branch
under leaf, J. Male inflorescence, K,L. Male bracts

A recent study on the mosses of Meghalaya has
revealed the occurrence of six taxa of the genus Entodon
viz., E. concinnus (De Not.) Par. ssp. caliginosus (Mitt.)
Mizushima, E. rubicundus (Mitt.) Jaeg., E. luridus (Griff.)
Jaeg., E. plicatus C. Muell., E. scariosus Ren. & Card. and E.
pulchellus (Griff.) Jaeg., out of which E. concinnus (De Not.)
Par. ssp. caliginosus (Mitt.) Mizushima is a new addition
to eastern Himalaya and E. scariosus is a new record to
Meghalaya.

Fig. 9. Nephrolepis  hirsutula (G.F orst.) C.  Presl in CSIR-NBRI fern
house.

Mass Propagation and Conservation

Mass multiplication of about 1200 individuals of 13
ornamental species, such as Adiantum capillus-veneris, A.
incisum, Colysis elliptica, Diplazium esculantum, Microlepia
strigosa, Microsorum punctatum, M. alternifolium, Nephrolepes
biserrata, N. cordifolia, N. exaltata, N. tuberosa, Pteris vittata,
Tectaria macrodonta and Sanjeevani Booti (Selaginella
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bryopteris) was made for conservation, and experimental
studies.

Molecular systematic studies in cultivated and wild
species of Indian Luffa L. (Cucurbitaceae)

Molecular phylogeny of five taxa of Indian Luffa [L.
aegyptiaca Mill. L. acutangula (L.) Roxb., L. hermaphrodita
Singh and Bhandari, L. echinata Roxb., L. graveolens Roxb.]
was examined through sequence analysis of trnL-F region
of chloroplast DNA. A total of 35 accessions, including
four out-groups, were analyzed. The sequence length of
trnL-F region varied from 863 bp to 895bp, with 33.10% to
34.20% G+C content. The aligned trnL-F sequences formed
a matrix of 971 base positions, of which 780 sites were
conserved, 136 s ites were variables, 47  sites  were
parsimony informative.

The sequence divergence ranged from 0 to 0.11, with
an average of 0.22. The trees generated through Neighbor-
joining (NJ), Maximum Parsimony (MP) and Maximum
Likelihood (ML) methods grouped all the accessions of
Luffa in two major clusters: Cluster-1 compris ing L.
hermaphrodita and L. acutangula, and Cluster-2 with two
sub-clusters-sub-cluster 2a, comprising L. echinata; sub-
cluster 2b, with two groups, 2b (i) with L. graveolens and 2b
(ii) L. aegyptiaca. The trnL-F sequence data revealed a nested
grouping of L. hermaphrodita (hermaphrodite form of ridge
gourd) under L. acutangula, and also confirmed the
inclusion Luffa tuberosa within Momordica.

Systematics and diversity of the genus Ephedra L.
(Ephedraceae) in India

Ephedra foliata, commonly known as ‘Shrubby
Horsetail’, is widely distributed in deserts of Africa, Arabian
Peninsula and India. It is a typical component of arid and
semi-arid regions of north western India and is locally
known as ‘Unthphog’. The assessment of genetic diversity
and population structure in threatened and endangered
species like E. foliata provide important information for
development and implementation of conservation and
management strategies.

Analysis of genetic variability and population genetic
structure was carried out in 11 populations of Ephedra
foliata collected from its distributional range in arid and
semi-arid regions of north western India.

Twenty five (ISSR-15; DAMD-10) markers produced
449 fragments, of which 382 were polymorphic in nature,
revealing 84.59% polymorphism.

ISSR markers revealed higher polymorphism (89.47%)
than DAMD (79.70%). PIC value ranged from 0.11 to 0.34

with a mean of 0.22 per primer.

At population level variance within populations was
much higher than that between populations. The three
clustering approaches viz ., UPGMA, PCoA and
STRUCTURE, grouped all the natural populations into
two clusters revealing two genetic populations and the
patterns of clustering of populations according to their
geographic distribution.

Digitization and organization of CSIR-NBRI Herbarium
(National Facility)

As a part of organization and maintenance activity
of Herbarium, about 836 bryophyte specimens collected
from Odisha, Sikkim, Kumaun, Himachal Pradesh, Govind
Wild Life Sanctuary (western Himalaya) and Darjeeling
(eastern Himalaya) have been deposited to enrich the CSIR-
NBRI Herbarium. Identification and incorporation of about
800 Herbarium specimens  from Govind Wild Life
Sanctuary (Uttarakhand), Eastern Ghats (Tamil Nadu),
and Khasi hills (Meghalaya) has been completed.

Herbarium- A National Facility

Under the National Facility-Herbarium, routine
activities, such as, general up-keep and developmental
activities were carried out, besides rendering technical
assistance to visiting students and researchers from
various Research Institutes/Universities/Colleges, etc.,
particularly for identification of plants. Active link has
been maintained through loan and exchange with other
recognised herbaria of the country and abroad. The
herbarium was enriched by incorporating fresh voucher
specimens from different phytogeographic zones and states
such as Jammu & Kashmir, Himachal Pradesh, Odisha,
Sikkim, Tamil Nadu, Uttarakhand, Uttar Pradesh and West
Bengal.

The new additions included 1,036 specimens of seed
plants, 2311  specimens of cryptogamic plants
(Pteridophytes-280, Bryophytes-836, Algae-45) and 1150
Lichens.

Herbarium Holdings 

Seed plants (Angiosperms and Gymnosperms) 1,02,862 

Pteridophytes 6138 

Bryophytes  17,142 

Lichens 1,51, 500 

Algae 2675 

Carpological collections 16,000 

TOTAL HERBARIUM HOLDINGS 2,96,317 
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Grant-in-Aid Projects

Study of impact on Arsenic contamination in rice using
Ortho Silicic Acid formulation

Arsenic (As), a heavy metalloid, is finding its route to
human food chain through intake of ground water
contaminated with As as well as through the consumption
of food grown on areas with high levels of arsenic. Silicon
(Si) is beneficial to plant growth and helps against abiotic
and biotic stresses . It is  essentia l for susta inable
production of rice, but Si transporters are the major entry
route of As  in rice. In the present s tudy, impact of
commercial formulation of stabilized Ortho Silicic Acid
(OSA), the bioavailable form of silicon (Si), in reducing As
accumulation in rice grains was analyzed.

Application of arsenate (AsV, 10 and 50 mgl-1) and
arsenite (AsIII, 10 and 25 mgl-1) affected plant growth in
dose dependant manner. Results indicated that 25 mgl-1

AsIII and 50 mgl-1AsV significantly decreased the plant

PLANT ECOLOGY AND ENVIRONMENTAL SCIENCES

growth and yield attributes leading to lower yields.
Addition of As to the plants influenced accumulation of
other trace elements too. Grains from plant with As
treatment had significantly lower levels of Zinc (Zn) and
Cobalt (Co),while levels of Copper (Cu), Manganese (Mn)
and Selenium (Se) increased significantly compared to
control (Fig. 1).

Application of Si enhanced the growth and yield of
plants under As stress by stimulating synthesis of thiols
and activities of antioxidant enzymes, and greatly reduced
grain As accumulation. The level of trace elements also
increased in the grains of Si treated plants in presence or
absence of As. Foliar application of Si was found to be
more effective in reducing grain As level than soil-Si (Fig.
2). Results of the present study confirmed that application

Fig.  1: Effect of soil and fol iar Si application on minral nutrient
accumulation in  grains of r ice cv . Sary u-52 during AsV and AsII I

exposure

Fig. 2: Effect on arsenic accumulation in grains of rice cv. Saryu-52
during AsV and AsIII exposure  and Si  application. (A) with soil
application of Si and (B) with foliar application of Si in the form of
Ortho Silicic Acid.



66

ANNUAL REPORT 2016-2017

RESEARCH & DEVELOPMENT

of OSA reduces negative impacts of As, not only in terms
of economic yields but also improves the quality of grains.

Screening of rice (Oryza sativa L.) varieties for tolerance
to arsenic: Investigation of rhizospheric and in planta
chemistry of arsenic and biochemical responses of
tolerant and sensitive rice varieties

Arsenic (As) exists in several chemical forms in
environment. Inorganic arsenate (AsV) and arsenite (AsIII)
and organic methylarsonate (MAV) and dimethylarsinate
(DMAV) are the main species found in soil in varying
amount depending on previous use of soil and microbial
activity. These species differ considerably for their
availability for plant uptake and mobility inside the plant.
Therefore, in planta speciation of As is an important tool
to understand As metabolism. In  the present study,
accumulation, translocation and speciation of inorganic
(AsV) and methylated As (MAV, DMAV) were investigated
in roots and shoots of rice to understand metabolism of
different As species.

Total uptake of As and accumulation in roots was
higher in AsV exposed plants in comparison to methylated
As species like MAV and DMAV. In AsV exposed plants
most of the As was confined to the roots, only around 4%
of total accumulated As was transported to shoots. While
in MAV and DMAV exposed plants, around 15% and 81%
of the accumulated As  was transported to shoots
respectively (Fig. 3A).

Fig. 3: Total accumulation of As in root and shoot of rice exposed to
AsV, MAV or DMAV (A) and contribution of di fferent As species
separated through anion exchange chromatography coupled to ICP-
MS (B). Values are mean ±SD, n=12.

Fig. 4: Chromatogram of As species analyzed through HPLC-ICP-
MS/ESI-MS in fresh root extract of rice exposed to (A) arsenate
(AsV) and (B) methylarsonic acid (MAV).  Values are mean ±SD,
n=12.

Separation through anion exchange chromatography
coupled to ICP-MS detector revealed that in AsV exposed
plants, AsIII was the main species contributing up to 84%
and 75% of the total As in root and shoot, respectively.
While in MAV exposed plants, both in root and shoot, most
of the MAV was reduced to MAIII (84 to 86 % in root and
shoot, respectively) and small quantities of AsV and AsIII

were also present. In DMAV exposed plants most of the
accumulated As remained as DMAV (approx. 85% in root
and 98% in shoot) (Fig. 3B).

Analysis of thiol complexation of AsV, MAV and
DMAV in rice through RP-HPLC-(ICP-MS)-(ESI-MS)
revealed a considerable diversity in As-thiol complexes.
(Fig. 4A). In MAV exposed rice root up to 16 As containing
species were observed, of which 11 were identified as thiol
bound (Fig. 4B).

Presence of MAIII (78%) and AsIII (71%) in shoots,
observed in the present study could be an important factor
inducing straighthead (spikelet sterility disorder) in rice.

Development of bioaugmentation based safe cultivation
practice for remediating arsenic contamination to paddy
crop.

Reconnaissance of highly arsenic contaminated sites in
West Bengal & Soil Characterization w.r.t arsenic



67

CSIR-NATIONAL BOTANICAL RESEARCH INSTITUTE

PLANT ECOLOGY AND ENVIRONMENTAL SCIENCES

Fig. 5: Fig ure  shows schematic diag ram of the SVM modeling
approach

contamination:  A comprehensive survey has been made
in West Bengal (as Phase – I of survey) to explore variability
in the arsenic content of agriculture soils during April-
May 2016. A total of 33 agriculture fields in 10 villages of
9 Blocks under 5 Districts of West Bengal were covered
during the survey and soil samples were collected from
paddy fields. Depending upon the total arsenic contents
on higher range among the 33 field soil samples collected,
a second round of survey (as Phase – II of survey) has been
made during July 2016 in the Gotera and Ghetugachi
villages of Chakdah Block of Nadia district, and Pipli
village of Gaighata Block of North 24 Parganas district of
West Bengal. A total of five paddy fields were visited per
village to collect soil samples for characterizing total
arsenic contents (ranging 6.64 to 31.11 mg As per kg).
Among soil samples of 15 paddy fields of three villages, it
was observed that the bioavailable fraction of soil arsenic
(comprised of the water-soluble, weakly-adsorbed and
specifically-adsorbed fractions) was ranging between 15-
25% of the total arsenic contents in soils. Among the
bioavailable fraction of soil arsenic, the water-soluble,
weakly-adsorbed and specifically-adsorbed fractions
ranges were 3-5%, 5-8% and 7-12%, respectively.

Selection of sites at West Bengal for multilocation trials
under project: Among the 15 paddy fields, three fields have
been selected as one field in each village, viz., Gotera and
Ghetugachhi villages of Chakdah Block of Nadia district,
and Pipli village of Gaighata Block of North 24 Parganas
district of West Bengal for conducting multilocation field
trials in the project. For conducting multilocation trials at
farmer's field of these three villages (Gotera, Ghetugachhi
and Pipli) under the project, a local agency working on the
farm trials for IRRI, AICRP, Directorate of Agriculture Govt.
of West Bengal, namely “Nadia  Zilla  Farmers ’
Development Organization (NZFDO)” has been screened
and identified for logistic support.

Soil fungal strains: Four fungal strains as the lead strains
obtained and studied for their superior performance for
arsenic removal were selected for preparation of the fungal
consortia formulation. The four fungal stains used are
listed below.

1. Westerdykella aurantiaca (FNBR_3, MTCC 10845, NCBI
gb# JN118571),

2. Trichoderma longibraciatum (FNBR_6, MTCC 10846,
NCBI gb# JN102303),

3. Lasiodiplodia sp. (FNBR_13, MTCC 10847, NCBI gb#
JN118572), and

4. Rhizopus delmer (FNBR_19, MTCC 10848, NCBI gb#
JN118573)

A compatibility assay among these fungal strains has
been studied by co-culturing them on PDA plates. No
inhibitory effect of these fungal strains to each other’s
growth was observed showing their compatibil ities
together. Role of different additives and carrier materials
have been studied; in which sucrose and talc, respectively
were found most effective in terms of supporting longevity
of fungal strains.

Modeling the Plant-Environment interaction with
particular reference to chemicals for risk assessment

Understanding the extent of plant uptake of chemicals
is important for evaluating the use of plants as bio-
monitors  of environmenta l contamination and for
phytoremediation efforts. Quantitative structure-activity/
property relationship (QSAR/QSPR) models can be used
as screening tools to assess the effect of a large number of
chemicals on the environment and human health. These
models establish relationships between the molecular
properties and chemical activity (endpoint property) of
these diverse compounds.

A dataset of 63 volatile organic chemicals (VOCs)
Water-Plant Cuticle Partition coefficient (log KMXw) was
collected from literature and considered here for QSPR
based predictive modeling. One and two dimensional
(n=3839) molecular descriptors were calculated for all the
chemicals. The relevant descriptors for QSPR modeling
were selected from the pool of calculated molecular
descriptor using the model-fitting approach. For QSPR
modeling, the data were split into the training and test
subsets using random distribution approach. Structural
diversity of the considered molecules was evaluated using
the Tanimoto similarity index (TSI).

Support vector machine (SVM) based QSPR models
were developed for predicting the plant-chemical
interaction in terms of uptake potential of the chemical for
use in safety assessment process. A conceptual diagram
of SVM method is shown below (Fig. 5).
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SVM based QSPR model was developed for
predicting the plant-chemical interaction in terms of
partition coefficient of the VOCs. The SVM constructed
with four descriptors [sum of first ionization potentials,
(scaled on Carbon atom); Frequency of C - O at topological
distance 1; squared Ghose-Crippen octanol-water partition
coefficient and surface area of acceptor atoms] yielded
correlation coefficient (R2) of 0.992 and 0.983 between the
measured and predicted log KMXw with root mean squared
error (RMSE) of 0.14 and 0.23 in training and test data
arrays (Fig. 6).

The result suggest that developed model show good
predictive and generalization abilities and can be used as
tools for predicting log KMXw of structurally diverse
chemical compounds for regulatory purposes. These
methods involve low-cost and lesser time and efforts to
achieve more accurate results with considerably high
throughput. A prior assessment of risk that can be posed
by new chemicals can only be evaluated using the
predictive models. In long term, in view of the needs and
requirements, predictive modeling holds lot of potential.

In-House Projects

Bioremediation of organic and inorganic pollutants

Selenate mitigates arsenite toxicity in rice (Oryza sativa
L.) by reducing arsenic uptake and ameliorates amino
acid content and thiol metabolism

Arsenic (As) is a toxic element with the potential to
cause health effects in humans. However, rice has become
a source of As for billions of people consuming rice as the
staple food. Selenium (Se) is an essential metalloid, which
can regulate As toxicity by strengthening antioxidant
mechanisms in rice plants. The present study was designed
to investigate the role of SeVI to mitigate the stress effect of
AsIII in rice. The levels of As, thiolic ligands and AAs
were analyzed in rice seedlings after exposure to AsIII/
SeVI alone and AsIII and SeVI treatments . Selenate

Fig. 6: Figure shows generalization and predictive abilities of the
SVM model to predict water-plant cuticle  partition coefficient of
diverse VOCs.

supplementation (AsIII 25 µM and SeVI 25 µM) decreased
total As accumulation in both root and shoot by 179 and
144%, respectively as compared to AsIII alone treatment.
The AsIII and SeVI treatment also induced the levels of
non-protein  thiols  (NPTs), glutathione (GSH) and
phytochelatins (PCs) as compared to AsIII alone treatment
and also modulated the activity of enzymes  of thiol
metabolism. The content of amino acids (AAs) was
s ignificantly a ltered with SeVI supplementation.
Importantly, essential amino acids (EAAs) were enhanced
in AsIII and SeVI treatment as compared to AsIII alone
treatment. In contrast, stress related non-essential amino
acids (NEAAs) like GABA, Glu, Gly, Pro and Cys showed
enhanced levels in AsIII alone treatment. In conclusion,
rice supplemented with SeVI tolerated As toxicity with
reduced As accumulation and increased the nutrition
quality by increasing EAAs.

Changes in biomass allocation to leaves, stems, fruits
and roots under abiotic stress in seed plants

Alteration in metabolic pathways during drought stress
in leaf tissue of Gossypium species

Drought causes a big economic loss due to reduced
yield in Cotton an economically very important fiber
yielding crop. In India, major cultivation of cotton is being
done under rainfed conditions, experiencing frequent
drought cycles. Four varieties of cotton were subjected to
drought stress and the response of metabolites of different
pathways to the stress was studied (Fig. 7). Drought
tolerant varieties JKC-770 and JKC-717 accumulated
comparatively more sugars, while sensitive varieties KC-2
and RAHS-187 did not show changes in sugar levels
under drought condition. Simultaneously, -amino butyric
acid (GABA) and proline also accumulated in tolerant
varieties under water limiting condition. At the same time,
fatty acid content also increased in tolerant varieties

Fig. 7. Venn diagram of the metabolites identified as key metabolites
for the tolerance or sensitivity of the cotton varieties, JKC-770, KC-2,
JKC-717 and RAHS-187.
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(palmitic acid in JKC-717 and propionic acid and decanoic
acid in JKC-770 variety). Increased level of unsaturated
fatty acids in cell membrane helps these varieties to protect
from damages due to reactive oxygen species (ROS)
produced under stress. These results correlated with the
lipid membrane damage in the tolerant varieties and vice
versa in the sensitive variety. Tolerant varieties also
showed increased sitosterol and decreased campesterol
under drought condition. Increased level of auxin and its
precursor tryptophan probably leads to better growth in
the drought tolerant varieties under drought stress. Thus,
tolerant varieties showed enhanced osmo-protection due
to the accumulation of carbohydrates (Fig. 8), sugar
alcohols, and free amino acids (Fig. 9) which are lacking
in the sensitive varieties and leads to the failure of plant
survival under drought stress.

Role of salicylic acid in soybean under drought stress

Drought is a major concern for sustainable yield under
changing environment to meet the global demands.
Soybean, economically important oil and protein crop, is
prone to drought resulting in yield instability. Salicylic
acid (SA), multifaceted growth hormone, modulates the
series of parallel processes to confer drought tolerance
relieving yield limita tions. The present study was

performed in soybean plants treated with SA (0.5 mM)
through seed pretreatment under drought regimes: severe
stress (50% RWC, TS1) and moderate stress (75% RWC,
TS2), and rehydration (TSR). Differential leaf proteome
profiling with morphological, physiologica l and
antioxidative metabolism studies performed at two
developmental stages (vegetative and flowering). This
explained the tolerance attribution to soybean throughout
the development atta ining yield stability. Ascorbate
peroxidase (APX) activity during vegetative and flowering
stages was significantly higher in TS1 than TS2 (Fig. 10).
Glutathione reductase (GR) and Catalase (CAT) activities
were also observed to be significantly higher under SA
pretreatment with maximum activity in TS2 followed by
TS1, TR and Control (TC), subsequently (Fig. 11, 12). SA
showed positive influence on yield in soybean under water
stress (TS1 and TS2) by significantly affecting yield
parameters like seed starch, seed weight per plant, seed
number per plant, thousand seed weight and harvest index
(Fig. 13, 14). The proteins involved in photosynthesis and
carbon metabolism were major proteins upregulated under
SA in stressed plants contributing towards increased
physiology, biomass and carbon (C) partitioning. Amino
acid metabolism related protein abundance directed
towards increased osmoprotectants accumulation like

Fig. 8: Carbohydrate metabolism in leaf tissue of JKC-770, KC-2, JKC-717 and RAHS-187 cotton varieties under watering (dark pink bar) and
drought (cyan bar) treated condition
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Fig. 9: Amino acid metabolism in leaf tissue of cotton varieties, JKC-770, KC-2, JKC-717 and RAHS-187 under watering (dark pink bar) and
drought stress (cyan bar) condition.

Fig. 10. Activity of antioxidative enzyme Ascorbate peroxidase (APX)
under the interactive effect of SA with water stress (75% and 50%)
and rehydration  at a.  Vegetativ e and b.  Flowering stage . Bar
represents mean ± standard deviation (n=3), letters (abc) represents
level of significance through one way ANOVA  post hoc Duncan’s
test (p<0. 05)

Fig. 11. Activity  of antioxidativ e enzyme Glutath ione Reductase
(GR) under the interactive effect of SA with water stress (75% and
50%) and rehydration at a. Vegetative and b. Flowering stage. Bar
represents mean ± standard deviation (n=3), letters (abc) represents
level of significance through one way ANOVA  post hoc Duncan’s
test (p<0. 05)
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Fig. 12. Activity of antioxidative enzyme Catalase (CAT) under the
interactiv e effect of SA with water stress (75% and 50%) and
rehydration at a. Vegetative and b. Flowering stage. Bar represents
mean ± standard deviation (n=3), letters (abc) represents lev el of
significance  throug h one way ANOVA  post hoc D uncan’s test
(p<0.05)

Fig. 13. Yield parameters a. Seed weight per plant; b. Number of
seeds per plant under interaction of drought and rehydration with
SA in soybean. Bar represents mean ± standard deviation (n=3),
letters (abc) represents level of significance through one way ANOVA
post hoc D uncan’s test (p<0.05)

Fig. 14. Yield parameters a. Thousand seed weight; b. Harvest index
(HI) under interaction of drought and rehydration with SA in soybean.
Bar represents mean ± standard dev iation  (n=3),  lette rs (ab c)
represents level of significance through one way ANOVA  post hoc
Duncan’s test (p<0. 05).

a.

b.

proline at initial stage which contributed later towards
nitrogen (N) remobilization to developing sink. Defensive
mechanisms against redox imbalance and protein
misfolding and degradation under stress were enhanced
as depicted by the upregulated proteins involved in redox
balance and protein synthesis, assembly and degradation
at vegetative stage. At later stage, abundance of these
proteins  maintained redox homeostas is  and N
remobilization for improved sink strength. The redox
homeostasis is supported by the increased antioxidative
metabolism in SA treated plants. The downregulation in
proteins at flowering stage also contributed towards N
remobilization. Yield potential  improved by SA
under drought through plant survival and acclimation
with enhanced N and C remobilization to s ink
demonstrated by increased yield parameters like seed
number and weight per plant, thousand seed weight and
harvest index.
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Grant-in-Aid Projects

Exploring transcriptional regulators involved in prickle
formation in Solanum khasianum

Cellular characterization of prickle development in
S. khasianum has been done. We have identified the
structural and developmental stages of prickles of S.
khasianum through SEM (Fig. 1).

We have observed that prickle development of S.
khasianum initiates only from the base of glandular
trichome, although, both the glandular and non-glandular
type of multicellular trichomes were abundantly
distributed on the stem surface of both the strains.

Studies of the transverse section of stem under light
and SEM revealed that prickles are multicellular in
structure and originated from the epidermal cells. Studies
with confocal microscope are in progress.

High quality RNA was isolated from the epidermal
tissues pealed from the stem of prickly and prickleless

GENETICS AND MOLECULAR BIOLOGY

strains  to perform differentia l mRNA-sequencing,
generating a broad survey of the global transcriptional
regulators associated to the prickle development and its
functioning.

Sta tistics  of sequencing and analys is  of the
transcriptome data is given below in the table 1 and Fig 2.
Small RNA sequencing is under progress.

Fig 1. Structural similarity and difference between glandular prickle
and glandular trichomeof S. khasianum. [a] entire prickle, [b] basal
portion of prickle,  [c] tip portion of prick le, [d] entire g landular
trichome, [e] base of trichome, [f] tip of trichome.

Table 1 : Summary of  the de nov o sequence a ssembly a nd
annotation of S. khasianum

Fig. 2 Differential gene expression pattern in epidermis of prickly
and prickleless strains (fold change < -1.5 and > 1.5). (A) Abundance
of differentially expressed genes; (B) Up and down regulated genes;
and C) Distribution of common and uniquely expressed genes

 Prickly Prickleless 

 R1 R2 R1 R2 

No. of Reads 18175222 15851932 17096127 13586099 

No. of HQ 
reads 

17444985 
(95.98%) 

15153863 
(95.60%) 

16429445 
(96.10%) 

12992487 
(95.63%) 

No. of Contigs 150880  142861  

Largest Contig 
(bp) 

59569  46421  

Smallest contig 
(bp) 

201  201  

Average 
Length (bp) 

1126.75  1117.51  

GC% 46.11%  46.70%  

NR Annotated 
transcript 

73189  70970  

No of 
transcripts after 
clustering 

156926    

Largest Contig 59569    

Smallest contig 201    

Average 
Length 

1110.9    

GC% 39.30%    
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Till now the available literature reported that the
prickles are the modification of multicellular trichomes.
However, we have observed that initiation and
development of prickle starts from the base of the selected
few multicellular trichomes and the glandular trichome
remained attached at the tip of the prickles.

Molecular genetics of guar (Cyamopsis tetragonoloba)
using SNP markers

The project has two main objectives – First is
Germplasm enrichment and characterization for major
agronomic traits in guar. The second objective is to do
Genotyping by sequencing of germplasm lines for SNP
discovery and diversity analysis of available germplasm.

In order to enrich the germplasm and their
characterization, a total of 268 accessions were collected/
obtained from various centers. Eighteen diverse and
prominent accessions were obtained from RVSKVV,
Gwalior, Madhya Pradesh. 100 diverse accessions were
obtained from Rajasthan Agricultural Research Institute,
(RARI), Jaipur and Rajasthan. Remaining, 150 accessions
were obtained from NBPGR, Jodhpur Center, through
material transfer agreement (MTA).

Genomic DNA from ~200 accessions was isolated,
quantified and quality checked on 0.8% agarose gel.
Preparation of RAD libraries and SNP discovery
through GBS is under progress.

Tagging Alternaria blight resistance loci and
marker assisted backcrossing (MABC) in linseed
(Linum ussitatisimum L.)

This project was initiated with following
objectives –

 Linkage analysis and mapping of Alternaria
blight resistance loci

 Validation and marker assisted backcrossing
(MABC) of blight resistance loci to elite variety.

In order to meet these objectives, a total of 216
polymorphic SSRs were identified (Out of 2001
primers screened) using DNA of parental lines JRF-
4 and Chambal.

Out of 216, 198 SSRs were found suitable for
linkage mapping. Eighteen SSRs were found to be
distorted. Out of 198 SSRs, 191 SSRs mapped across
15 linkage groups. The 15 linkage groups were
designated as LG1 to LG15 and covered altogether
1802.4 cM. Minimum distance between markers was
0.2 cM and maximum distance between markers
was 45.0 cM. Average marker distance between
adjacent markers in the map was 10.2 cM.  The
number of SSRs per LG ranged from 7 (LG 15) to 20
(LG1).

Analysis of sterol glycosyltransferase (sgt) gene family
of Withania somnifera using artificial miRNA technology
in the glycosylation of secondary metabolite

We have analyzed the functions of SGTL family
members of W. somnifera by suppressing the gene family
using artificial miRNA and Virus Induced gene silencing
(VIGS) method. We have modified the VIGS vector with
amiRNA and developed aMIR-VIGS system against
WsSGTLs gene members.  This aMIR-VIGS system helps to
avoid the off target gene silencing in the plants.

SGT silenced plants lost tolerance against heat stress
indicating their role in maintaining cell homeostasis
during stress conditions. We have elucidated the role of
SGT enzymes under heat stress. SGTs are involved in sterol
modification and participate in metabolic flexibility during
stress. Silencing of WsSGT members, was inimical for
important physiological parameters, such as electron
transport rate, photochemical quantum yield, acceptor side
limitation, non-photochemical quenching, Fv/Fm and net
photosynthetic rate, whereas stomatal conductance,
transpiration ra te and dark respiration rates were
increased (Fig. 3A-B).

Fig. 3. (A) Chlorophyll Imaging Fluorescence (CFI) measurements after
heat stress (B) Important phy siological parameters such as stomatal
conductance,  transpiration  rate , photosy nthesis and respiration rate  of
Wsamisgt silenced lines before and after 3 h of heat stress. Data is presented
as means ± SE and n=5 biological replicates and three technical replicates.
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Heat s tress  resulted in increased H2O2, lipid
peroxidation and nitric oxide production in the SGT gene
silenced lines due to high ROS generation (Fig. 4A-B). The
expression of HSPs in Wsamisgt lines might be involved in
regulation of physiological processes during stress. We
have also observed increased proline accumulation which
might be involved in restricting water loss in the Wsamisgt
lines (Fig 4C).

Observations revealed that SGT enzyme activity of
W. somnifera is required to minimize the internal damages
of the cell against high temperature by maintaining the
sterol versus sterol glycosides ratio in the membrane.

For the functional analysis of members of SGT gene
family, we have used for the firs t time, a successful
combination of artificial mi-RNA (amiRNA) and virus
induced gene silencing (VIGS) technology.

This is the first study in which we have proved the
role of SGT enzymes in the modification of phytosterols
and important withanolides and their striking effect on
heat stress tolerance.

Targeted manipulation of SlERF6 and SlERF8 in tomato:
their role in regulating fruit ripening and productivity

SlERF6 was previously shown to influence several
plant growth processes that included an increase in root
growth (ranging from 1.5–2-fold in root dry weight) in over-
expressing lines (lines 1-4 and 2-4) in tobacco. To identify
the stage when these changes occurred, root growth was
monitored at 1.5, 2.5 and 4.5 months in three seasons. Root
growth did not show any significant change in the first
1.5 months. Thereafter, between 1.5 and 2.5 months, root
fresh weight and dry weight increased considerably in
transgenic lines over that in control in different experiments
with the increase in dry weight varying from 1.34–1.9-fold
in both the lines in three successive years. At 4.5 months
(the end of life cycle) the increase ranged from 1.4–2-fold
in both the lines over the respective controls (Fig. 5).
Interestingly, a decrease in total root dry weight was
observed at 4.5 months compared to that in 2.5 months in
controls and both the transgenic lines. During the same
period, shoot biomass did not undergo a visible differential
change between control and transgenic lines unlike in
roots.

Fig. 4 A-C: (A). Effect of heat stress on the H2O2 and NO production in the Wsamisgt line (B). Total SOD  activi ty, MDA analysis and
accumulation of proline before and after 42 ºC, 3 h heat stress (C) Real-time expression analysis of the important HSPs such as WsHSP24,
WsHSP80, WsHSP83 and WsHSP101of W. somnifera. Data is presented as means ± SE and n=3 biological replicate  and three technical
replicates.
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Further, analysis is in process to carry out the NPR1
role in chromatin remodeling and its  effect on gene
expression.

Development of F1-Hybrid Cotton using Novel
Reversible Male Sterility System

F1 hybrid cotton possesses superior agronomic traits
like better fiber quality over its parents and hence it is of
tremendous global demand. We are in the process of
developing commercially viable F1 hybrid cotton via a
novel protocol called as reversible male sterility system.
The Agrobacterium based plant genetic transformation
protocols  were standardised for achieving cotton
transgenic male sterile (ms) and restorer (rs) lines of Cocker-
312. The transgenic male sterile (ms) lines carried
autophagy related gene BECLIN1 and herbicide resistance
(HR) gene BAR as selection marker. Hundred hypocotyls
segments were used for agro-infection at a time for
transformation with both ms and rs module. Explants were
sub-cultured on callus induction media and followed by
callus proliferation media after co-cultivation. Currently
transformed explants are at callus proliferation and

Role of NPR1 in global nucleosomal remodelling in
Arabidopsis thaliana

Nonexpressor of pathogenesis-related gene (NPR1)
is a transcription coactivator and central regulator in
systemic acquired resistance (SAR). It controls a wide range
of pathogenesis related genes involved in various defense
responses, by sensing SAR signal molecule Salicylic Acid
(SA). Previous studies from our lab show correlation
between global Nucleosome positioning and Salicylic acid-
mediated transcriptional regulation in Arabidopsis thaliana.
Currently, we are trying to unravel the role of NPR1 in the
Nucleosome remodelling in Arabidopsis thaliana.

For this, MNase-seq and transcriptomic sequencing
were done in Arabidopsis thaliana in response to Salicylic
acid in Col-0 (wild type) and mutant (npr1-1) to identify
global changes  in nucleosomal positioning and
modulation in gene expression respectively (Table 2). The
distinct and fuzzy nucleosomes in different samples were
found in the analysis (Table 3).

Here C1, C2 are biological replicates from Control
Arabidopsis plant. CS1, CS2 are biological replicates from
Arabidopsis plant treated with Salicylic acid. N1, N2 are
biological replicates from npr1-1mutant. NS1, NS2 are
biological replicates from npr1-1 mutant treated with
Salicylic acid

Fig. 5. Comparative age dependent effects on root growth in control
and transgenic tobacco lines (Line1-4 and Line 2-4) over-expressing
SlERF6 during their life cycle (n = 5). NtPH - control tobacco (N.
tabacum, Pe tit Hav ana)

Table 2:  Mapping statistics of MNase-seq data from different
samples

Table 3:  Identification of distinct and fuzzy Nucleosomes

Sample Total  
Number 
of Reads  

Reads 
aligned 
concor-
dantly 
exactly 
1 time  

% of Reads 
aligned 
concor-
dantly 
exactly 1 
time  

Reads 
aligned 
concor-
dantly  
> 1 
times  

 % of 
Reads 
aligned 
concor-
dantly >1 
times  

C1 18155496 6776119 37.3226873 10161472 55.96912362 

C2 16944754 6485196 38.27258867 9425727 55.62622508 

CS1 14520427 5655242 38.94680232 7946324 54.72513997 

CS2 14413234 5891945 40.87871605 7461254 51.76668886 

N1 14854342 4967695 33.44271325 8782121 59.12157536 

N2 14695406 4119635 28.03348883 9357026 63.67313703 

NS1 15335319 3707193 24.17421509 10276219 67.01014175 

NS2 16025547 3436310 21.44270021 11229628 70.07328985 

 

Sample 
Name  

Biological 
Replicate 
name  

Number 
of Nucle-
osomes  

Distinct 
nucle-
osomes  

Fuzzy 
nucle-
osome 

Total 
Nucle-
osomes  

C1  230970  
C 

C2  233118  

138750  43351 
 

182101  

CS1  249259  
CS 

CS2  239276  

135702  51051 186753  

N1  250120  
N  

N2  210609  

113853  50008 163861  

NS1  237496  
NS  

NS2  228658  

105503  54525 160028  
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embryogenic stage (Fig 6). Embryos isolated from the ms,
msHR and rs module transformed callus transferred in
magneta boxes. Regenerated plants after well developed
root and shoot were transferred in soil and kept in
hardening chamber (Fig 7).

The Role of Arabidopsis TBP-Associated Factors (TAFS)
in Plants Defence

TAF4b as  a transcription co-activator mediates
defence signaling during plant pathogen interaction as
evident from our previous work (data unpublished).
Protein-DNA and protein-protein interactions are crucial
events in TAFs mediated transcription. The hypothesis of
the present work is to identify a defence related TAF4b
interacting component that regulates immunity in plants.
So, we followed two different approaches i.e. a random
mating approach (SRandom) and binary mating approach
(SBinary) for the identification of the genome wide interacting
proteins against TAF4b using Yeast two hybrid system.
The random mating approach resulted in identification of
42 proteins and the binary mating approach led to the
identification of 41 proteins. Further the cytoscape network
analysis showed significantly enriched pathways. The
major GO terms for enriched pathways include
transcription regulation, plant defence response through
hormone and developmental process. The interaction
strength studies further helped in screening of highly
interacting protein out of 83 proteins. An orphan/novel
protein was selected on the basis of interaction strength
and its relative abundance in library screening.

Fig 6:. Agrobacterium mediated transformed Cotton calli with binary
vector pBI101 and pCAMBIA 1300 containing construct 1370/1374
and 1373 respectively.

Fig.7: Putative transgenic cotton plants regenerated through somatic
embryo expressing  ms,  ms-HR and rs    module  transferred in
greenhouse and in the process of molecular analysis.

Further, TAF4b and unknown protein, hereby named
as TIP1 (TAF4b interacting protein1) sequences were
screened for the domain architecture using NCBI-CDD
tool. The TAF4b protein contains RST domain and TAF4
domain and the TIP1 protein shows presence of two
DUF760 domains at both the termini of protein. In-depth
domain interaction studies show that TAF4b-TIP1
interaction is non-redundant and specific to the RST
domain. It also suggested that the TAF4 domain do not
play any role in  the interaction with  the TIP1 .
Simultaneously, a vector switch experiment also was
performed to further confirm the TAF4b and TIP1
interaction in yeast.

TAF4b-TIP1 interaction was proven in heterologous
yeast genetic system using Y2H but there were false
positives (bottle neck limitation of the technique).
Therefore, we used in-vivo interaction validation using
BiFC assay in plant system. The biolis tic particle
bombardment on onion peal followed by confocal
microscope revealed the full length TAF4b and full length
TIP1 interaction in vivo.

Transcriptome based screening of putative targets and
their functional validation in Phenacoccus solenopsis

The present study is being carried out to identify
putative RNAi target genes in P. solenopsis using high-
throughput screening platforms. This work involved
diet optimization for P. solenopsis. The work was
conducted to enrich the understanding of the external
morphology of cotton mealybug from India  and to
differentiate developmental stages of mealybug, using
compound microscope and scanning electron microscope

F ig  8A:  Ste reoscopic microscope  ob serv ation  of complete
developmental cycle of cotton mealybug (Phenacoccus solenopsis), pre-
moult and moult stages of di fferent Instars on cotton leaves. A-B:
Adult female, C: Adult female with cottony silken cocoons ovisacs,
D: eggs pouch, E: Scattered eggs on cotton leaves, F: First Instar, G:
Honeydew droplets H: Second Instar, I: Third Instar after  final
moulting , J: Third Instar with left over  exuv ia, K: Adult female
colonization.
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(SEM) as shown in Fig. 8A and B. Since in the available
literature, no standard synthetic diet is present for cotton
mealybugs , we made attempts to s tandardize the
components of a synthetic diet based on phloem-sap
analysis done through H1-NMR. The major components
of the diet are sugars, amino acids, and organic acids. The
diet components were optimized through available online
tool “des ign-expert”  based on response surface
methodology principal. De novo transcriptome assembly
was used to screen out putative RNAi target genes in P.
solenopsis. We sequenced four RNA libraries from eggs,

second, third instar and adult female, obtaining an overall
total of around 245 million reads. The assembled P.
solenopsis transcriptome contained 93,781 contigs with an
average size of 871.4 bp, of which 35.69% presented
positive Blast hits. These unigenes sequences were
annotated and classified by performing Gene Ontology
(GO), Acyrthosiphon pisum and Kyoto Encyclopedia of
Genes and Genomes (KEGG) functional classifications.
From the transcriptome, most of the core genes of the RNAi
mechanism of hempiteran were identified indicating the
potential suitability of P. solenopsis for gene silencing. To
better understand the process of metamorphosis, we
pairwise compared four developmental phases and
obtained 29,415 differentially expressed genes. Functional
enrichment analysis of differentially expressed genes
showed a positive correlation with specific physiological
activities of each stage, and these results were confirmed
by qRT-PCR experiments (Fig. 9). Target genes based on
high expression values or FPKM were selected, and dsRNA
was synthesized (Table 4). This study provides a valuable
genomic resource of P. solenopsis  covering all its
developmental stages and will promote future studies on
biological processes at the molecular level.

Fig. 8B: Scanning Electron micrographs of different morphological
structures in P. solenopsis.

Ta ble  4.   L ist  of  potentia l RNAi target s genes a gainst  P.
solenopsis.

FPKM values normalized per 
library 

GENE %  
Identity 

E-value 

Eggs/  
1st stage 

2nd 
stage 

3rd 
stage 

adult 

 Potential Target genes for RNAi  
Rpn7 67.33 1E-156 119.84 110.62 92 77.85 
SNF7 88.11 3E-65 51.75 41.14 34.4 58.23 
Surf4 72.86 2.00E-114 86.6 102.82 108.66 94.51 
Vitellogenin 88.61 3E-124 12.32 17.17 20.79 1.58 
Kruppel 82.88 2E-86 136.12 111.53 107.26 189.49 
NiGTPase 98.12 8E-122 263.15 274.51 224.22 154.25 
Ryanodine 90.54 0 79.03 98.39 132.65 790.14 
Cs 75.98 0 18.7 9.13 12.78 11.23 
Surf4 72.86 2.00E-114 86.6 102.82 108.66 94.51 
 

CSIR Fast Track Translation Project

Anacardic Acid: A potential molecule to increase cotton
fibre yield and quality

Anacardic acid (AA) is an important candidate
molecule for the improvement of yield and fiber quality in
cotton (Fig 10). Anacardic acid was used for field trial to
check its applicability as a plant growth regulator for
cotton under normal agricultural practices. Multi-location

Fig. 9: qRT-PCR validation of differentially expressed genes (DEGs)
result. The height of each bar chart represents the mean average of
sample-specific 2Ct values. “EggI” represents the pooled samples
stage from egg and first instar nymphs, “2nd_I” represents the 2nd
Instar stage, “3rd_I” represents the 3rd instar stage, and “Adult_I”
represents the adult female stage.
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field trials of Anacardic acid were conducted at three
locations  viz ., Bhatinda  (Punjab), Aurangabad
(Maharashtra) and Hyderabad (Telangana). Our
preliminary results confirm an increase in boll weight and
fiber yield, however complete data analysis is in progress.
Our results suggest that more Multi-location field trials
are required for optimizing dosages and concentration of
anacardic acid for spraying. The technology us ing
anacardic acid was demonstrated to UCP chemicals Ltd.,
Chennai and Ankur Seeds Ltd., Nagpur. The molecular
and cellular analysis suggests, anacardic acids functioned
through auxin and ethylene mediated pathways but further
validations are needed.

In-House Projects

Genetic improvement of Canna with gene(s) of
horticultural importance

A procedure for clonal propagation in four cultivars
of Canna x generalis (Canna Lily) was developed from
rhimzome. Explants were cultured on MS medium
supplemented with different combinations of either
6-benzyl-aminopurine (6-BA), thidiazuron (TDZ) or
kinetin along with indole-3-acetic acid (IAA). Trinacria
variegata was the best responding variety, closely followed
by Pink Sunburst, Agnishikha and Raktima respectively.
Notably, 6-BA (2 mgl-1) or TDZ (1.5 mgl-1) along with IAA
(0.1 mgl-1) were the ideal concentrations among all the
combinations tested. Highest regeneration was achieved
in 36.36% explants of Trinacria Variegata cultured on 6-
BA (2 mgl-1) and IAA (0.1 mgl-1), while it was 33.33% in the
same variety cultured on TDZ (1.5 mgl-1) along with IAA
(0 .1  mgl -1). Kinetin fa iled to evoke any response.
Regeneration was enhanced up to three folds by the
supplementation of antioxidant compounds like ascorbic
acid (100 mgl-1) in addition to cytokinin 6-BA (2 mgl-1) or
TDZ (1.5 mgl-1), into the culture medium, while the
incorporation of L-cysteine (100 mgl-1) or dithiothreitol

(DTT,100 mgl-1), significantly inhibited the regeneration
potential. The regenerated shoots developed 3-5 fibrous
roots, upon sub-culturing on MS basal medium
supplemented with indole-3-butyric acid (IBA, 0.5 mgl-1).
The plantlets having a pair of vegetative leaves and roots
were transplanted into pots filled with sterilized potting
mix and acclimatized to ambient conditions before
transferring to glasshouse for further development. There
was 100% survival rate of in vi tro grown plantlets.
Agrobacterium-mediated transformation was performed
using pBI121 and transgene integration in the putative
transformants was confirmed by PCR analysis  and
Southern hybridization.

Insect inducible methanol production in cotton for insect
resistance

In our lab, as a proof of concept, we showed that the
over-expression of Pectin methylesterase (PME) isolated
from Arabidopsis thaliana (AtPME) and Aspergillus niger
(AnPME) under constitutive promoter provides broad
spectrum insect resistance. Continuous over-expression
of transgene sometimes  is  not beneficia l for plant
development. Therefore attempts are being made to develop
transgenic cotton plant over-expressing AnPME under the
control of a wound inducible promoter (In-house
developed). The transgenic plants so developed may
provide insect bite regulated methanol production which
will give resistance towards insect pests. The transgenic
cotton plants , developed via somatic embryogenesis
through Agrobacterium mediated genetic transformation
(Fig.11), are being used for further studies.

We also identified other PME genes with better
enzymatic activity as compared to AtPME or AnPME. For
which, we selected Solanaceae family for further screening
because Solanaceous plants emit high methanol. Our
studies suggest high PME activity in Datura stramonium
(Ds) and Withania somnifera (Ws) as shown in Table 5 and
were selected for PME purification. Of these two selected
PME’s; kinetic parameters of WsPME were better than
DsPME. Natural and modified WsPME is being used for
developing transgenic plants.

Table 5  Kinetic Parameters of  DsPME and WsPME

Present study demonstrated that methanol might
work as an insect resistant molecule. Wspme and Dspme,
purified and characterized in the current study, showed

Enzyme Km (mg/ml) Vmax 
(µmol/min) 

Kcat (sec-1) 

DsPME 0.0087 ± 0.001 16.96 ± 0.46  73.68 ± 4.27 
WsPME 0.0071 ± 0.001 27.66 ± 0.75 93.76 ± 2.64 
 

Fig 10: Boll weig ht and fiber yield was significantly increased in
Anacardic acid treated plants as compared to control plants.

Control

Treated
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Fig. 11a-g: Different stages of transgenic cotton developed via somatic embryogenesis. (a) Hypocotyls as explants. (b) Callus formation from
explants. (c) Embryogenic callus formation bearing g lobular embryos. (d) Bipolar embry o formation. (e-f) Plantlet formation. (g) Putative
transgenic in glass house.

highest PME activity amongst other selected plants of the
same family. Wspme gene expression under inducible
promoter might provide broad spectrum resistance to
insects.

Genetic improvement of plants through the intervention
of molecular and conventional methods

Multiplication of breeder seeds of developed high
thebaine lines (>10%) in isolation plots at CSIR-NBRI
campus is being done for its commercialization. The data
of advanced thebaine lines over six years (2009-10 to 2014-
15) on various yield parameters have been compiled and
presented in Fig. 12. The lines NBIHT-1 and NBIHT-3
showed a  substantia l increase in  opium yield in
subsequent years while thebaine content showed variation
over the years probably due to environmental conditions
as secondary metabolites fluctuate substantially according
to climatic conditions.

Breeders seeds of thebaine rice lines NBIHT-1 and
NBIHT-3 were multiplied and evaluated at two villages in
Chittorgarh district of Rajasthan and Mandsaur district
of Madhya Pradesh in an area of 500M2 (Fig.13). Data is
under compilation.

BC3F1 seeds  and transgressive segregants for
recurrent selection of the crosses between high yielding
varieties (NBRI-5 and NBRI-2) and high thebaine lines
(NBIHT-1 and NBIHT-3) were obtained. BC2F1 plants
further back crossed with recipient parent and the F3
population of selected transgressive segregants of the cross
between high yielding variety (NBRI-5 and NBRI-2) and

papaverine line were grown. The promising plants were
selected for further analysis.

The selected transgressive segregants from the F2
population of the cross between high yielding variety
(NBRI-2) and papaverine line were subjected to further
recurrent selection. Pedigree and recurrent selection
among identified high narcotine lines having up to 15%
narcotine content were done to develop lines with
enhanced content of narcotine and total alkaloid. Plant
progenies of germplasm lines having high morphine in
the husk (more than 1.00%) were evaluated for their
stabilization.

The breeder seeds of developed thebaine rich line(s)
(>10%) of opium poppy (Papaver somniferum L.) was
multiplied in isolation plots at CSIR-NBRI campus for its
commercialization. The data recorded from the field of
villages is under compilation. The data of 15 developed
thebaine lines over six years on various yield parameters
have been compiled. The lines NBIHT-1 and NBIHT-3
showed a  substantia l increase in  opium yield in
subsequent years while thebaine content showed variation
over the years probably due to environmental conditions
as secondary metabolites fluctuate substantially according
to climatic conditions. The backcrossing program is also
under way to transfer thebaine and papaverine trait into a
high yielding variety. In linseed, genetic diversity in 185
lines of linseed based on morphological, biochemical and
fatty acids was carried out statistically. High seed yielding
and rich linolenic acid plant progenies were advanced in
Linseed.
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Fig.13. Performance of Thebaine lines (NBIHT-1 and NBIHT-2) at
various villages of Chittorgarh (Raj.) and Mandsaur (M.P.)

Fig. 12: Thebaine rich line of opium poppy developed by NBRI (a) Comparative HPLC profile of thebaine line and a variety (b) field view of
thebaine line (c) chemical structure of Thebaine

SSR and SNP based genetic diversity analysis in linseed

Genetic diversity of 86 linseed accessions  was
analyzed using large set of SNP markers (10,057 SNPs)
and a set of diverse access ions identified for further
breeding program

161 SSR based linkage map of linseed was developed
and QTL mapping performed. A total of 9 QTLs were
identified: 2 QTLs for plant height, 3 for capsules/plant, 2
for seeds/capsule and 2 for oil content.

In Silico identification of SNP diversity in cultivated and
wild tomato species: insight from molecular simulations

Tomato is an economically and nutritionally
important crop; it is also a model system for studying
various fruit development traits. To improve different
varieties of tomato in the present market, it is important to
develop high yielding and stress tolerant varieties. Single
Nucleotide Polymorphisms (SNPs), an important source
of genetic variations, are often used in crop improvement
programme. The present study represented comprehensive
in silico analysis of nucleotide polymorphisms in the wild
(Solanum habrochai tes) and cultivated (Solanum
lycopersicum) species of tomato to explore the consequence
of substitutions both at sequence and structure level. The
tota l EST and NGS data  of both the species were
downloaded from the public databases and used for the
SNP analysis. A flow chart describing the process is
represented in Fig 14A. A total of 8978 SNPs having Ts/
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Fig 14 A-B: Flow graph represents the step wise procedure of NGS and ESTs SNP prediction and downstream analysis: ESTs and NGS illumina short
reads were  evaluated separately for in-si lico as il lustrated v ia Phase I (Illumina SNPs) and II (ESTs SNPs) stepwise procedure. Resulted
cumulative set of all the SNPs were processed for the annotation via SNPeff and predicted deleterious SNPs via cumulative usage of SIFT
and Panther. Impact of deleterious SNPs analysed at sequence (differential motif binding, KEGG pathways) and structural level (Protein
ligand, Molecular simulations).B: SNPs involved in multiple KEGG pathways consist of differential motif binding event. Consequence of SNPs in
genes regulating the fruit ripening, texture, cold and defense responses depicted via alte ration in Motif binding behaviour and KEGG
pathway s.

mechanism for adaptation beyond the DNA sequence level
variation. Studies on epigenetic changes have recently
gained momentum in relation to plant ecology and
adaptation. Cytosine methylation is a type of epigenetic
modification that is found in diverse eukaryotic organisms,
which provides an additional layer of heritable information
and gene regulation upon the DNA genetic code. It has
been shown to regulate gene expression and transposon
silencing. A number of studies have shown a high
correlation between gene expression and methylation. Role
of DNA methylation has a lso been shown in plant
adaptation to climate, in both model and non-model
species. Recent 1001 epigenome consortium has also
sequenced more than 1000  worldwide accessions of
Arabidopsis thaliana with the single base resolution. In-
spite of several studies throughout the world, none of the
Indian accessions is being considered in such a context.
Through our earlier studies , we predict that these
accessions might be relict populations and hence could
contribute much to the studies on plant adaptation.
Keeping the above facts in mind, we were interested in
deciphering the epigenetic code of Indian populations of
Arabidopsis thaliana. Seven populations were collected

Tv (Transition/Transversion) ratio 1.75 were identified.
Out of these, 1838 SNPs were non-synonymous and
distributed in 988 protein coding genes. Among these, 23
genes containing 96 SNPs were involved in traits markedly
different between the two species. Furthermore, there were
28 deleterious SNPs distributed in 27 genes, and a few of
these genes were involved in plant pathogen interaction
and plant hormone pathways. The results also showed
that allele specific motif binding pattern had a biological
role in various pathways related to fruit ripening (Fig14B).
Molecular docking and simulations of several selected
proteins showed the effect of SNPs regarding compactness,
conformation and interaction ability. Observed SNPs
exhibited various types of motif binding effects due to
nucleotide changes. SNPs that provide the evidence
of differential motif binding and interaction behaviour
could be effectively used for the crop improvement
program.

Variation in DNA methylation pattern in Indian
populations of Arabidopsis thaliana

Epigenetic modifications provide a potential
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along the altitudinal gradient ranging from 700-3500 mt
above mean sea level. These populations are new to the
community of scientists working on A. thaliana. Whole
genome bisulfite sequencing carried out of fourteen
accessions, corresponding to seven populations. Plants
were collected from their native sites, and DNA was
isolated from rosette leaves of the plants at mid- flowering
stage. Whole genome bisulfite library was prepared from
genomic DNA and was subsequently used for paired end
sequencing using a standard protocol of whole genome
bisulfite sequencing. On an average 4-5 GB of raw reads
was obtained after sequencing for each accession. The
reads were trimmed and filtered for high-quality bases and
removing methylation-bias using Trimmomatic. The reads
were mapped onto the respective reference genomes using
Bowtie2 with 10% mismatch. The respective reference
genome of each population was  constructed by
incorporating high confidence SNPs into the Col-0
reference genome. The SNPs were identified from our whole
genome data  sequenced earlier. An average unique
mapping percentage of 41.87% was obtained. The bisulfite
conversion rate was estimated by mapping reads onto the
unmethylated chloroplast genome. The average conversion
rate for all the samples was 98.81% ± 0.93%. The reads
were further processed for methylation state extraction
using Bismark methylation extractor. An average of
217999216 cytosines was analyzed for methylation status.
On an average, 33.9% of cytosines were methylated in CG
context, 14.9% were methylated in CHG context, and 6.6%
were methylated in CHH context in our populations.
Average methylation percentage of the populations in each
cytosine context is shown in Fig. 15. Further the
significantly methylated cytosines in each context (P value
<0.05) were identified taking into consideration the
bisulfite conversion rate. On an average, 1314862 cytosines
were methylated in CG context, 1637764 cytosines were
methylated in CHG context, and 8243725 cytosines were
methylated in CHH context. Further the methylated sites
that were covered by at least ten reads were used to cluster

the samples. This epigenome based correlation clustering
showed that the most of the individuals grouped according
to their populations of origin when CG context was
considered. The mixing of the populations was seen in
clustered on reviewing the methylation state in CHG and
CHH context (Fig.16). On annotating the methylated
regions where average methylation was more by at least
25%, we found that CG methylation was more enriched in
the geneic regions while the CHG and CHH methylation
was enriched in the transposons. On an average, genes
were 18.7% more methylated in CG context than the
transposons, while the transposons showed 27.4% and
25.0% increased methylation in CHG and CHH context
respectively.

Fig.15: Bar diagram showing whole genome average methylation
percentage of populations in each cytosine context.

Fig.16: Clustering of individuals on the basis of methylation state

F ig .17 R edundancy Analy sis with  biocl imate  v ariables and
methylation state in CG and CHG context

To find out the multivariate association of the
methylation state and climate of the native s ites we
performed redundancy analysis taking climate data from
WorldCom database over average methylation in each
context. A significant association of the climatic variable
was found with CG and CHG methylation context (Fig.
17). No significant association of climatic variables with
CHH methylation was found. This analysis showed that
the spatial  gradients in temperature were majorly
associa ted with  epigenomic varia tion across the
populations, specifically in CG and CHG context. Overall
our study revealed that, like the genomic variations, the

epigenomic variations were also found to be population
specific. The association of the epigenetic change with the
climate may predict for the adaptive response of the
populations  towards their growth conditions . A
considerable amount of this epigenetic variation could also
be due to the underlying genetic changes, which need to
be overruled.
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PLANT MICROBE INTERACTIONS

Grant-in-Aid Projects

A study on the  role of miRNA(s) in plant growth
promoting rhizobacteria Pseudomonas putida RAR
mediated drought stress alleviation in chickpea (Cicer
arietinum L.)

A total of 572 target genes
were identified for 290 conserved
miRNAs whereas 1481  target
genes for 73 novel miRNAs were
predicted from chickpea genome.
The deep sequencing data was
also va lidated by expression
analys is  of seven selected
miRNAs (four conserved and
three novel) through qRT PCR
under control, RAR, drought and
drought + RAR treatments. Four
miRNAs (miR156 , miR159 ,
miR396  and novel miR12)
exhibited s imilar express ion
pattern as those obtained from
small RNAseq data.

The expression analyses of
their respective target genes was also carried out. Our
results indicated a good correlation between RNA-seq and
qRT-PCR data (Fig 1A-D) as well as between miRNA and
target gene expression (Fig 2A-D).

The results revealed that RAR treatment resulted in
alteration of expression of both miRNAs and target genes

PLANT MICROBE INTERACTION, PHARMACOGNOSY AND
PHYTOCHEMISTRY

as compared to control. RA-inoculated drought stressed
seedlings showed up-regulation in MYB, target of miR159
and GRF1, target of miR396, while SPL6, target of miR156
was down-regulated, and ABA5, target of novel miR12
showed basal expression. Overall results indicated that
RAR inoculation alters miRNA and target gene expression
for amelioration of drought stress response of chickpea
drought tolerant cultivar

Transcript profiling of major millet crops under drought
stress and cloning-characterization of stress-inducible
transcription factors

Total RNA from leaf tissues of contrasting pearl millet
cultivars namely PRLT2/89-33 and H77/833-2 (parents
of a mapping population) subjected to drought stress via

dry down protocol (NTR> 0.2) were
used for sequencing on Illumina
MiSeq platform. A total of 40880
differentially expressed genes were
obtained. Out of which 17709 were
up-regulated (>+2.0) and 22414
were down-regulated (<-2.0). Gene
ontology (GO) annotation revealed
more number of PRLT2/89-33
genes representing ‘response to
stresses, ‘response to stimulus’ and
those related to ‘developmental
processes ’  and ‘biologica l
regulation’ as compared to H77/
833-2.

Fig 1 (A-D): qRT-PCR confirmation of RNA-seq results examining gene expression in roots from
plants grown under well-watered, RAR, drought and drought + RAR conditions.

Fig 2 (A-D): Expression analysis of target gene in chickpea roots grown under well-watered, RAR,
drought and drought + RAR conditions.
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Single nucleotide polymorphism (SNP) and simple
sequence markers have also been detected in two samples.
PRLT2/89-33 has more number of SNPs and SSRs as
compared to H77/833-2. RNA- Seq value of 10 selected
differtia lly expressed genes (DEGs), which were
overexpressed in tolerant genotype (PRLT2/89-33) as
compared to sensitive (H77/833-2) were validated using
qRT-PCR (Fig 3).

qRT-PCR data of all the selected DEGs were largely
consistent with the expression level obtained through high
throughput RNA- Seq data. A zinc finger protein coding
gene (PgZnF) was also cloned from pearl millet and its
expression was checked under different time points of
drought stress. The gene was found to be up-regulated
under late stress.

In-House Projects

Plant Molecular Virology Studies

Association of Cotton leaf curl Multan virus and its
associated betasatellite with leaf curl disease of Hibiscus
rosa-sinensis in India

Hibiscus  (Hibiscus rosa-sinensis) is a  perennial
ornamental plant grown for its attractive flowers.
Symptoms of severe leaf curling, vein thickening and
enation were observed on 31% (13/42) hibiscus plants
growing in a garden in Lucknow (Fig. 4).

Total DNA was isolated and subjected to PCR using
degenerate begomovirus  primers . All  samples  of
symptomatic leaves yielded a  ~1.2 kb PCR product
indicative of a begomovirus. Full-length genomes were
amplified by the rolling circle amplification method (~2.7
kb) from two samples, and cloned and sequenced
(GenBank Accession Nos. JN880418 and JN807763).
Nucleotide sequence analysis revealed 99% identity
between the two isolates, and 90-93% identity and close
phylogenetic relationships with isolates of Cotton leaf curl
Multan virus (CLCuMV). Hence, two new variants of

Fig 3: qRT-PCR confirmation  of RNA-seq results examining gene
expression in leaves of two contrasting pearl millet genotypes.

Fig. 4: Naturally infected Hibiscus rosa-sinensis twig showing leaf curl
and enation symptoms

CLCuMV were identified. Association with a betasatellite
was tested by PCR with degenerate primers. All 13 samples
of symptomatic leaves produced the expected product of
~1.3 kb. One amplicon was  cloned and sequenced
(KT447040). The sequence had 98% nucleotide identity
and close phylogenetic relationships with Cotton leaf curl
Multan betasatellite (CLCuMB) isolates  and was
concluded to be an isolate of CLCuMB.

Molecular characterization of a begomovirus, -Satellite,
and -Satellite associated with leaf curl disease of
Parthenium hysterophorus in India

Parthenium hysterophorus plants exhibiting severe leaf
curl and stunting symptoms were observed near agriculture
fields in Lucknow, India (Fig. 5). The association of a
begomovirus , -sa tell ite, and -satellite with these
symptoms of a parthenium disease was investigated by
sequence analyses of virus and satellite DNA amplified
by rolling circle amplification and polymerase chain
reaction. The highest sequence identities and closest
phylogenetic relationships for the begomovirus, -satellite,
and -satellite detected in P. hysterophorus plants were to
Tomato leaf curl virus (ToLCV), papaya leaf curl -satellite
(PaLCuB), and Ageratum yellow vein India -satellite
(AYVIA), respectively. These findings identified the virus
and satellites infecting the Parthenium spp. as ToLCV,
PaLCuB, and AYVIA, respectively.
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P. hysterophorus and tomato seedlings infected with
cloned ToLCV, PaLCuB, and AYVIA by agro-inoculation
developed leaf curl symptoms, whereas plants infected
with ToLCV alone or with ToLCV and AYVIA developed
mild yellowing (Fig. 6). The results show that this complex
infects and causes disease in P. hysterophorus and tomato.
P. hysterophorus is an invasive weed commonly found
around agricultural fields and along roadsides. These
results indicate that P. hysterophorus plants infected with
ToLCV and associated satellite DNA act as an alternate
host (reservoir), and that could lead to increased incidence
of tomato leaf curl disease.

Molecular characterization of a begomovirus and
betasatellite infecting wild sunflower (Helianthus spp.)
in India

Wild sunflower (Helianthus sp.) plants exhibiting
begomovirus disease like symptoms: yellow vein net and

leaf curl were observed (Fig. 7) growing on road side in
Jaipur (Rajasthan). The causal virus was successfully

Fig. 5: Naturally infected Parthen ium hysterophorus plant showing
(a) severe leaf curl, shortening and swelling of internodes, and stunting
symptoms as compared to a healthy plant (b).

Fig. 6: Agro-infiltration of infectious cloned DNAs of viral components in host plants.

Par-A Par-A+Par- Par-A+Par- -Par- Par-A+Par- Par- Par-

P. hysterophorus

S. lycop essicum

Fig.  7 Naturally infected wild sunflower (Helian thu s sp.) plants
growing in baron land at Jaipur, Rajasthan (a). A close v iew of a
diseased plant showing symptoms of severe yellow vein net and leaf
curl (b) and a diseased leaf (c) as compared to healthy plant (d).

transmitted on healthy seedlings of Helianthus spp. by
whitefly (Bemisia tabacci) which induced similar symptoms
to those of naturally infected plants that indicated presence
of begomovirus. The association of begomovirus and
betasatellite with these symptoms of Helianthus spp. was
investigated by sequence analyses of viral DNA genome
and satell ite DNAs amplified by roll ing circle
amplification (RCA) and polymerase chain reaction (PCR),
respectively (Fig. 8).

The highest sequence identities  and closest
phylogenetic relationships for the begomovirus and
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betasatellite detected in Helianthus spp. were to Ageratum
enation virus (AEV) and Ageratum leaf curl betasatellite
(ALCB), respectively. These findings identified the virus
and satellite DNAs infecting Helianthus spp. as AEV and
ALCB, respectively. Helianthus spp. and tobacco (Nicotiana
glutinosa) seedlings infected with cloned AEV and ALCB
by Agro-inoculation developed yellow vein net and leaf
curl symptoms, whereas plants infected with AEV alone
or ALCB did not develop any symptom. The results show
that this complex infects and causes disease in Helianthus
spp. and tobacco. Helianthus spp. is an invasive weed
commonly found around agricultural fields and along
roadsides in Rajasthan, India. These results also indicate
that Hel ianthus spp. plants infected with AEV and
associated betasatellite DNA may act as an alternate host

(reservoir) for other economically important plants.

Coexistence of three virus genera (Badnavirus, Potyvirus
and Cucumovirus) in Canna species in India

Canna (Canna spp., family Cannaceae) are perennial
plants grown in tropical and sub-tropical countries
including India. They are largely used in borders of beds
for their colourful foliages and flowers, besides being
grown in lawns, parks, and other public places. Canna
have large shiny foliage and attractive flowers of red,
yellow, orange, pink colour or combinations of these
colours. Canna cultivars (Allegheny, Bengal Tiger, Black
Knight, Eileen Gallo, Encaster, Golden Girl, Golden Yellow
Lucifer, Kanchan, New Delhi Yellow, and Red President)
growing in the canna repository at the institute were
observed to exhibit mild to severe yellow mosaic mottle
and vein streak symptoms (Fig. 9). The disease incidences
from 8.0-74.4% was recorded. Occurrence of single, double,
and triple infections of Canna yellow mottle virus (CaYMV),
Bean yellow mosaic virus (BYMV) and Cucumber mosaic virus
(CMV) were detected in these cultivars by PCR/RT-PCR
using their respective degenerate primers. The coexistence
of CaYMV, BYMV and CMV was confirmed by sequencing
of their cloned PCR products. Further, a high genetic
diversity was observed amongst them and with other
strains of CaYMV, BYMV and CMV in phylogenetic
analysis. The coexistence of CaYMV, BYMV, and CMV in
canna is being reported for the first time from India.

Fig. 8 Detection of begomovirus in naturally infected (5 plants) and
whitefly transmitted (lane 6 and 7) wild sunflower plant, lane P =
Positive control, N = Negative control and M = 1 Kb ladder marker.

Fig. 9 Leaves from ten different Canna cultivars exhibiting streaks, mosaic accompanied with streaks, mottling, and severe mosaic symptoms
gown in Canna repository at CSIR-NBRI. The healthy plant of each cultivar has also been shown as control
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PHARMACOGNOSY

Grant-in-Aid Projects

Production of Phytochemical from elite chemotypes of
some threatened medicinal plants through modified
cultivation and in vitro technologies

A total of seventy four samples of Coleus forskohlii
and 127 samples of Gloriosa superba were collected from
different phyto-geographic zones of the country. Passport
data sheet of each sample was maintained to document its
phyto-geographic information (CSIR-NBRI). Botanical and
physico-chemical standard of collected germplasm were
also documented. No significant variation in microscopical
characters was observed within collected samples of Coleus
and Gloriosa respectively. Quantification of Colchicine (%
dry weight) in G. superba (80 samples), reveals that NBG-
08 from Western Ghats had maximum (3.2 %) and NBG-
20 from Eastern Ghats  had minimum (0 .02%)

36 from Western Ghats (Fig. 10b). Collected samples of
targeted species were maintained in nursery under natural
conditions  and, transferred to field bed for mass
multiplication and phytochemical analysis. In Multi-
location cultivation feasibility studies of potential/
validated elite germplasms, among the collected samples
of G. superba in 57 germplasm showed survival. In C.
forskohlii 33 germplasm have survived, out of which, 19
germplasm exhibited healthy growth, these were
transferred to the field bed for next generation study for
quantification of forskolin.

Chemoprofiling of potential phytoacaricides and their
functional characterization for controlling resistant cattle
ticks

Ninety Six germplasms of Ageratum conyzoides L. were
collected from sixteen states and the variation in marker
compound and anti-tick activity was worked out.

Germplasms with considerable
amount of Precocene I were
reported from Uttar Pradesh, West
Bengal, Sikkim, Tamilnadu and
Uttarakhand. Employing strategic
chromatographic procedures, four
lead compounds (Lead-I, II, III, IV)
from NAC-01 and three compounds
(VP1, VP3 and VP5) from CVP-05
were identified.

The synthes ized lead
molecule II showed more than 90%
anti-larval activity as observed by
in vitro laboratory standardized
and peer reviewed protocol.

The lead-III, IV and VP3
compounds  showed 70-80%
adulticidal activity at 300 to 350

ppm  within 48h of treatment. The same group of tick was
found susceptible to deltamethrin at 34.12 times (i.e.
LC95=1009.8 ppm) of base line concentration (LC95 = 29.6
ppm). The details of the chemical structure and synthesis

protocol are being protected.

Search for e llite  chemotypes of
Centella asiatica and their relationship
with ecogeography

Total 150 accessions of Centella
asiatica were collected from different
phyto-geographica l regions  of the
country. Passport data sheet of all
collected accessions has been prepared
conta ining deta ils of phyto-
geographical zone, altitude, latitude

Fig . 10a: HPTLC quanti fication of colchicine in  G.  superb a samples col lected from different
phytogeographical zones of India and maintenance of live germplasm at Botanical garden.

Fig. 10b: HPTLC quantification of forskolin in C. forskohlli samples collected from different
phvtogeographical  zones of India.

concentration (Fig. 10a). Estimation (% dry weight) of
Forskolin in 65 samples of Coleus forskohlii reveals that
maximum content (1.15%) was found in NBC-46 from
Western coast of Malabar and minimum (0.004%) in NBC-
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and longitude of collection, average rain fall; associated
species are also recorded with  this data. Variable
concentration of targeted metabolite was quantified
through HPTLC viz. CA-15 and CA-45 for asiaticoside
(1.32% and 1.56%), CA-45 and CA-51 for madecassoside
(4.06% and 6.09%) and CA-07 for Asiatic acid (0.44%).
Among all the collected accessions, four elite accessions
(CA-07, CA-15, CA-45 and CA-51) have been observed (Fig.
11).

Nutritional profiling, free radical scavenging and
antioxidant activities of selected small millets

Many nutritional, antioxidant and antimicrobial
properties have been characterized in different medicinal
and dietary plants including Usnea species, small millets,
Thalictrum species, Saraca species, and Terminalia species
etc. Morever, a best solvent system for the extraction of
bioactive substances has also developed and their free
radical scavenging activity is being examined.

Identification and evaluation of some lesser known plants
for malnutrition and development of a low cost herbal
combination thereof

The most potent methanolic extracts of Bauhinia
variegata L. flower, B. variegata L. bud, B. purpurea L. flower
and B. purpurea L. bud along with Oxalis corniculata L. were
evaluated for anticancer activity on PC3 cell-line in a

concentration range from 500µg/ml to 15.6µg/ml. These
plant extract showed anti proliferative effect in  a
concentration dependent manner on cancer cell lines.
Methanol extract of B. variegata flower effectively inhibit
the migration of PC3 cells  a t potent anticancer
concentration. These plant species at this stage of research
are showing a positive lead to develop a nutritional
supplement to combat diseases associated with nutrient
related disorders and oxidative stress.

Phytochemical and pharmacological studies of the
isolated polyphenols from the resurrection plant
Selaginella bryopteris (Sanjeevani)

Selaginella bryopteris (Sanjeevani) is reported to
promote growth and protect against heat shock and
apoptic activities of ultraviolet and oxidative stress. Rats
of either sex (200-250g) were used for forced swim
endurance stress. The biochemical parameters like serum
glucose, triglycerides, cholesterol, BUN, cortisol were
evaluated. The weights of organs such as liver, adrenals,
spleen of the experimental rats were also recorded (Fig.
12). The experimental study showed an increase in swim
duration in rats pretreated with Selaginella bryopteris and
were similar to the changes produced by reference drug
Withania somnifera. During stress, blood glucose level
increases, which is found to be significantly reduced in
Selaginella bryopteris treated rats. Lowering of stress

Fig. 11 Elite accessions of Centella asiatica plants (A). HPTLC quantification of targeted metabolites in Centella asiatica (B) collected from
Western Himalayas (Values are in mean %, n= 3)

B

A
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induced hyperglycemia is an indication of antistress,
adaptogenic activity of plant. In response to stress, ACTH
is released, which acts on the adrenal cortex to stimulate
the synthesis and release of Cortisol. Increased plasma
Cortisol influences the mobilisation of stored fat and
carbohydrate reserves, which in turn increases blood
glucose level. The increased Cortisol levels are reversed by
anti-stress  agents. Selaginella bryopteris significantly
decreased stress induced elevated levels of Cortisol and
blood glucose levels in both swim stress model.

Standardization and validation of lichen species; Usnea
longissima and Cladonia furcata used in peptic ulcer

Lichen produces about 800 secondary metabolites
(also called as lichen substances), most of which are
unique to these organisms and only a few (c. 50-60) occur
in other fungi or higher plants. Lichen metabolites exert a
wide variety of biological actions. ‘Chharilla’ (lichen) is
used in Ayurvedic and Unani systems of medicine.
However, they have been neglected by mycologists and
overlooked by pharmaceutical industry. Keeping the
potential value of the IPR leads from Usnea longissima and
Cladonia furcata (Fig. 13) were subjected to test against
peptic ulcer and oesophagal refluxes in rats. Both the
lichens extracts showed significant activity against gastro-
esophageal reflux disease (GERD) in rats.

Identification of potential bioactive chemical marker
compounds and biological studies of Gloriosa superba
and their geographical variations

The phytochemicals present in plants play a key role
in their efficacy for the prevention or treatment of diseases
and have tremendous impact on the health care system.
Gloriosa superba Linn., is one of the endangered species
among the medicinal plants (Fig. 14). It is one of the seven
upavishas in the Indian medicine, which cure many
ailments  but may prove fa ta l on misuse. The
phytoconstituents colchicines and 3-demethylcolchicine
were identified from G. superba. The detailed investigation
on the bioactives present in the Gloriosa superba is under
investigation.

Fig. 12: Effect of ethanol extract of Selaginella bryopteris on Organs
weight and Swimming time in Forced swimming endurance stress in
rats

Fig. 13: Lichen species; (a) C. furcata and (b) U. longissima

(a) (b)

(a) (b)

Fig. 14: (a) Gloriosa superba and (b) Tuberous roots of G. superba

In-House Projects

Quality evaluation and scientific validation of indigenous
indian medicinal plants having industrial application
(Pharmaceutical, Nutraceutical, Cosmaceutical) and
Development of herbal product(s) based on traditional
knowledge

Comparative Physico-phytochemical analysis of
different parts of medicinally important Terminalia
species

Different parts of medicinally important Terminalia
species viz. T. arjuna Wight & Arn. and T. bellirica (Gaertn.)
Roxb. (Family: Combretaceae) have been undertaken for
physicochemical analysis, total phenolic Content (TPC),
total flavonoid Content (TFC), qualitative as well as
quantitative HPTLC analysis and antioxidant activity. T.
arjuna commonly known as Arjun in Hindi, is traditionally
know to have cardioprotective activity. Comparative
analysis of different parts of T. arjuna indicated TPC in the
order bark >leaf>twig and TFC in  the order bark
>twig>leaf. The HPTLC analysis showed the presence of
lupeol, gallic  acid, ellagic acid in all  three parts,
stigmasterol in bark and twig while -sitosterol, ferulic
acid and ursolic acid in leaf parts only. The quantity of all
the components varies from part to part i.e. ellagic acid
and lupeol were found maximum in the bark, gallic acid
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Fig 15. HPTLC densitometric analysis and comparison of the antioxidant potential in Usnea aciculifera (UA), U. ghattensis (UG), U. longissima
(UL) and U. stigmatoides (US)

and stigmasterol were maximum in twigs. T. bellerica,
commonly known as Bahera in Hindi, possesses an
esteemed status in medicinal plants with diverse biological
potentials. Comparative analysis of different parts of T.
bellerica indicated that the TPC and TFC of the samples
were in the order leaf>fruit>bark. HPTLC analysis also
showed that the phenolics are present in larger quantity
as compared to the triterpenoids. Ellagic acid was the most
predominant constituent and was found to be present in
all the samples of T. bellerica.

HPTLC densitometric method for simultaneous
determination of evernic and usnic acids in four Usnea
species and comparison of their antioxidant potential

A simple, sensitive and precise high-performance
thin-layer chromatography (HPTLC) method with
densitometric scanning was  developed for the
simultaneous determination of evernic (EV) and usnic
acids (USN) in Usnea aciculifera (UA), U. ghattensis (UG), U.
longissima (UL) and U. stigmatoides (US) lichens (Fig. 15).
This method was  also validated according to The
International Council for Harmonisation of Technical
Requirements for Pharmaceuticals for Human Use (ICH)
guidelines.

Usnic acid was estimated in all four Usnea species
but evernic acid was detectable in only two species with
varied quantity. Comparative antioxidant activity revealed

that US is potential free radical scavenger in comparison
to other three Usnea species. Further, these results indicated
that USN and EV are not solely responsible for antioxidant
potential but it may be due to synergistic effect.

Effect of altitude on secondary metabolites, antimicrobial
and antioxidant potential of Thalictrum foliolosum

Thalictrum foliolosum DC. is traditionally being used
as tonic, antiperiodic, diuretic, febrifuge, purgative and
stomachic. It is also considered as a remedy for atonic
dyspepsia, useful in convalescence after acute diseases
and as application for opthalmia. The roots of  T. foliolosum
were collected from four locations at different elevations,
Bhowali (1709m), Sankri (2031m), Taluka (2111m) and
Kedarkantha (3086m) in North India and evaluated for
altitudinal variation in its phytoconstituents, antioxidant
and antimicrobial activities. The ethanolic, 50% aqueous
ethanolic and aqueous  extracts  were prepared for
comparative study. The results revealed that the berberine
content varied inversely with altitude; on the contrary there
was an increase in the phenol and flavonoid content of
the T. foliolosum with increase in altitude. The T. foliolosum
extracts with high berberine content showed relatively
significant anti-lipid peroxidation, -carotene bleaching
and reducing power, while T. foliolosum extracts with
higher phenol and flavonoid content showed better
scavenging of DPPH free radicals. All the T. foliolosum
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extracts showed moderate to high activity against Candida
albicans, Staphy lococcus aureus, Escherich ia col i and
Pseudomonas aeruginosa.  Extracts with high berberine
content were most effective against C. albicans and S. aureus.

Simultaneous-HPLC quantification of phenolic acids in
traditionally used ayurvedic herb, Diplocyclos palmatus
(L.) Jeffrey.

HPLC-quantification of phenolic acid(s) in the aerial
parts  of Diplocyclos palmatus (Cucurbitaceae) and
evaluation of their bioactivity potential through in vitro
antioxidant assay’s was carried out. The HPLC elution
was done using C18 column using gradient (binary
phases) solvent system. Total phenolic and, flavonoid
contents were determined and the antioxidant potential
was es timated by four assay’s  viz DPPH radica l
scavenging assay, ferric reducing power assay, total
antioxidant capacity and 2-deoxy ribose assay. The species
is rich in three phenolic acids, among which chlorogenic
acid (3529 µg/g) is in maximum concentration followed
by gallic acid (1708 µg/g), caeffic acid (437 µg/g) and
protocateuchic acid (338 µg/g). Total phenolic content was
higher (10.5 mg/g) than flavonoid content (3.78 mg/g)
and TAC was found at 0.137 mg/g ASE (ascorbic acid
equivalent). IC50 of D. palmatus extract for scavenging of
hydroxyl radical by 2-deoxy ribose and DPPH was at
concentration of 126 ± 0.83 (µg/ml) and 354 ± 0.66 (µg/ml)
respectively. In vitro antidiabetic potential, via inhibition
of alpha amylase enzyme through starch iodine and 3, 5-
DNS assay reveals the IC50 of extract at 146 ± 0.41 µg/ml
and 286 ± 0.67 µg/ml respectively. The species (aerial part)
was rich in phenolic acid with potential bioactivity,
identified leads  will be useful in further chemical
characterization and pharmacological validation.

Resversed-phase High-Performance Liquid
Chromatography (RP-HPLC) quantification of five
phenolic compounds in Biophytum sensitivum (L.) DC.
(Oxalidaceae) and their biological evaluation

Biophytum sensitivum is a widely used medicinal
plant in traditional medicinal systems across the globe.
The present study deals with the RP-HPLC quantification
of five phenolic acids, along with the in vitro antioxidant
and antidiabetic activity of the aerial parts of the plant as
a scientific investigation of traditional claims of its use as
an antioxidant and antidiabetic agent. Anatomy of the stem
was done to aid in exploring identification parameters for
this plant. Among the five identified phenolic markers,
caffeic acid exhibits the highest concentration (353 µg/
gm), followed by ferulic acid (242 µg/gm), gallic acid (234
µg/gm), chlorogenic acid (192 µg/gm), and rutin (65 µg/
gm). The total phenolic and flavonoid contents in the
methanolic extract were found to be 87.0 ± 0.404 mg/gm
GAE and 14.3 ± 0.055 mg/gm QE, respectively. The IC50

value for the in vitro DPPH method was 0.164 ± 0.411 mg/
ml. In vitro antidiabetic activity was analyzed by the starch-
iodine assay and the 3,5-DNS method which displayed
IC50 values of 0.64 ± 0.05 mg/ml and 1.2 ± 0.04 mg/ml,
respectively. The in vitro study results suggest promising
antioxidant and antidiabetic activity of the plant which
supports its use in the traditional systems of medicine.

Development of Herbal Products:

Hebal Sindoor Stick

The technology for Sindoor Stick was
developed with herbal colours, vegetable oils,
aroma and bees wax as base material. The
product is non-toxic, without any heavy metals
(like red lead oxide) or chemicals. The technology
is ready for commercialization.

Herbal antioxidant formulation

A bio-combination comprising Ayurvedic plant
ingredients was developed for the management of ROS
stress and chemotherapy of cancer patient by quenching
free radicals and by enhancing endogenous antioxidant
system. The selected plant extracts are mixed in different
ratio and formulated to develop an acceptable herbal
formulation.

Herbal hand sanitizer

The hand sanitizer is made
from a combination of essential
oil  emuls ions of medicinal
plants as herbal ingredients.
The formulation keeps  the
hands  supple and soft. The
selected essential oils are mixed
in different ratio in polymer-
based gel and developed
into a  acceptable gel-based
formulation which is useful in
killing germs of hand and skin.

Herbal toothpaste

An herbal toothpaste developed jointly by CSIR-NBRI
and CSIR-CIMAP containing polyherbal formulation from
known Ayurvedic medicinal plants has been developed.
The formulation is useful in preventing tooth decay caused
by Streptococcus mutans, provide natural mouthwash effect
and also exhibits strong antioxidant activity. The product
is fluoride free.
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Fig. 16 A-D: 1. PCA scores plot (A) PC-1 loading plot (B) obtained from the PC analysis of 1H NMR spectra of aqueous extracts and PCA
scores plot (C) PC-1 loading plot (D) obtained from the PC analysis of GC-MS analysis of non-aqueous extracts of leaves from Commiphora
wighti i.

PHYTOCHEMISTRY

Grant-in-Aid Projects

Non-targeted metabolomics approach for monitoring
chemical diversity in distinct chemotypes of Commiphora
wightii using GC-MS and NMR spectroscopy

Commiphora wightii (Arn.) Bhandari, commonly
known as guggul, produces a medicinally important gum-
resin which is used extensively by Ayurvedic physicians
to treat a variety of ailments. Metabolite profiling of three
distinct chemotypes (NBRI-101, NBRI-102 and NBRI-103)
of C. wightii was performed using GC-MS, HPLC and NMR
spectroscopy to study metabolic diversity. One hundred
and thirty-two chemically diverse metabolites were
identified and quantified three different chemotypes of C.
wightii consisted of 25 amino acids, 15 organic acids
(mono-, di-, cyclohexane carboxylic acids), 2 quaternary
amines, 6 sugars and 1 alkaloid, 31 fatty acids, 14 alkanes,
7 pregnane derivatives, 2 keto-steroids, 2 sterols, 18
terpenes (mono-, di-, tri- and sesqui-), 1 vitamin (-
tocopherol) and 1  five-membered lactam (n-

methylpyrrolidone). Statistical analyses on the metabolites
clearly revealed a significant variation in all the three
distinct chemotypes. Multivariate principal component
analysis (PCA) was applied to the 1H NMR spectrum
dataset and quantified data obtained from GC-MS analysis
to evaluate comparative metabolic differences in the three
chemotypes of C. wightii. The PCA score plots of leaves,
stem and latex showed significant metabolic differences
among the chemotypes (Fig. 16A-D). The corresponding
PCA loading plot were used to identify the differentiated
metabolites responsible for the separation among
chemotypes. Results of the study suggest that quinic acid
in leaves may be used as a marker metabolite for identifying
the high guggulsterone yielding elite chemotypes of C.
wightiidue to its negative correlation in the concentration
of guggulsterones. This will avoid unnecessary tapping
of gum-resin for quality control of guggulsterones from
stem of C. wightii which is fatal to the plant. The present
study concluded that the non-targeted metabolomics could
be used to identify desired chemotypes for planting and
conservation of C. wightii for pharmaceutical or healthcare
applications.
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Metabolite profiling of Amaranthus hypochondriacus for
high squalene yielding chemotypes in control of
hypertension.

Hypertension (HTN) or high blood pressure (BP) is a
chronic medical condition in which the BP in the arteries
is elevated, causes risk factors for strokes, heart attacks,
arterial aneurysm, and kidney failure.  Squalene, a potent
healthcare agent has been identified in many plant oils in
different concentrations. Amaranth is an underexploited
plant source of squalene, a compound of high importance
in the food, cosmetic and pharmaceutical industries.

(a) Metabolite profiling of Amaranthus
hypochondriacus.

Eight cultivars/varieties  of Amaranthus
hypochondriacus namely NBRI-A1, NBRI-A2, NBRI-A3,
NBRI-A4, NBRI-A5, PRA-1 , PRA-2 and PRA-3 were
obtained from CSIR-NBRI, Lucknow and V.C.S.G.
Uttarakhand University of Horticulture and Forestry,
Ranichauri, Uttarakhand to investigate variations in their
squalene content and other bioactive metabolites. Ten non-
aqueous metabolites consisting of fatty acids, phenolics,
sterols, -tocopherol and triterpene (squalene) were
identified from non-aqueous extracts of amaranth seeds
using GC-MS. Variations in squalene content among
different cultivars of amaranth was investigated using
analytical reverse phase HPLC. The concentration of
squalene varied significantly among different accessions.
The squalene concentration varied from 6.02 to 54.3 mg/g
seed wt. The lowest being in NBRI-A2 and the highest in
PRA-3 with an average of 31.8 mg/g (Fig. 17).

Evaluation of Medicinal plants for cultivation in sodic
waste land of U.P.

An ultra-high performance liquid chromatography
electrospray ionization tandem mass spectrometry method
has been developed and validated for simultaneous
quantification of six major bioactive compounds in leaf,
stem and root of 5 varieties of Withania somnifera in various
plant parts. The analysis was accomplished on C18
column with linear gradient elution of water/formic acid
(0.1%) and acetonitrile at a flow rate of 0.3 mL min-1 The
proposed method was validated with acceptable  linearity
(r2, 0.9989–0.9998), precision (RSD, 0.16–2.01%), stability
(RSD, 1.04–1.62%) and recovery (RSD = 2.45%), under
optimum conditions. The method was successfully applied
for the s imultaneous determination of s ix marker
compounds  in  twenty-six marketed formulations.
Hierarchical cluster analysis and principal component
analysis were applied to discriminate these twenty-six
batches  based on characteris tics  of the bioactive
compounds. The results indicated that this method is
advanced, rapid, sensitive and suitable to reveal the
quality of W. somnifera and is also capable of performing
quality evaluation of polyherbal formulations having
similar markers/raw herbs.

Development of low cost technology for extraction/
isolation of some lesser know natural gums and value
addition thereof

Villages of five different districts of U.P., which
included Varanasi, Jaunpur, Sonebhaddra, Lakhimpur
and Lucknow; were surveyed for Sesbania sesban as a gum
bioresource plant. Our study revealed three new, cost
effective, and feasible plant gums being used among seven
tribal population namely Tharu, Baiga, Chero, Gond,
Mushar, Kharwar and Koal. These plant gums were lesser
known. Studies were conducted to explore the potential of
these plant gums for/as natural binders and stabilizer of
food, colour, and develop as a natural additive and as
nutritional supplement/food and value addition.

We identified more than 50 medicinal, aromatic,
ornamental and economical useful plants/plant exudates
and also collected more than 15 gum bearing plants and
gums (six targeted and four additional) for extraction/
isolation and value addition. Identified edible gums for
nutrition and health supplements on ethnobotanical
claims/use; two nutritional supplements formulated using
identified plant gum binders ie. Binder food for children;
Binder food for women and identified three plant based
material binders (Sticking material for paper, floral crafts
and bindi).

Trainings and awareness programs to teach
identification, collection, separation/isolation of gums

Fig. 17: Quanitative variations in squalene content among different
cultivars of Amaranthus hypochondri acus.

(b) Development of squalene enriched fraction

A method was standardized to developed squalene
enriched fraction from amaranth grain oil. The antioxidant
activity and analytical data of enriched fraction supports
that it can be used for development of cosmaceutical and
nutraceutical products.
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Total colours and antioxidants were determined and
quantified. Physicochemical characteristics were
evaluated and chemomarkers developed for sustainable
utilization and formulations. Seven plant gums exploited
for extracted colour stabilization and its development.
Standardization and optimisation of protocol/process for
preparation of stable plant colours, (dark red and yellow)
using seed/exudate gums in powder and other acceptable
forms (extracts; film /strip; tablet; capsule etc.) is in process.
Flowers with significant antioxidant activities are also
under exploration for health care products.

Seeds of 3 species of Sesbania viz. S. sesban (Jait), S.
grandiflora (Agast) and S. bisp inosa (Dhaincha) were

and bio-material was carried out in more than nineteen
villages; in three tribal village of Tharu tribal community,
in Dudhwa region (more than 100 people), and more than
sixteen villages including Mushar, OBC and SC
communities in Jaunpur in Varanasi region (more than 50
people) and Baiga, Koal, Chero, Gond and kharwar tribes
of Sonbhadra region (more than 400 people).

In-House Projects

Phytochemical studies of medicinal and Aromatic plants

Extraction, isolation, purification and phytochemical
studies of some medicinal, aromatic and economically
important plants viz. different Cassia, Acacia and Sesbania
species, Trigonella foenumgraaecum, Lepidium sativum,
Moringa oliefera, Boswelia serrata, Acacia nilotica, Cyamopsis
tetragonoloba, Tamarindus indica, Sterculia urens were carried
out for development of economically useful
phytochemicals, natural additives, formulations and
products. Chemical profiling of more than twenty five
separated/isolated plant gums, mucilage, medicinal plant
extracts and modified fi lms was  accomplished for
identification of functional groups, and development of
chemomarkers which were compared with commercial
standards/ drugs. More than ten seed gums are under
study for anti-inflammatory, antioxidant and antimicrobial
activities. Production of more than one kilogram of
endospermic gum (different forms based on purity and
sizes) and seed meal each from six leguminous seeds for
characterization and utilization is under way.

Value addition and modifications in biodegradable
gum/gum films to develop four saponin carrying films
NBRg-11, NBRg-13, NBRg-15, NBRg-17 and NBRg-21) out
of ten explored materials. Preparation of three best
identified and analysed interacted combinants NBRg-13+
SLS, NBRg-13 + sap & NBRg-13 + Ac.co. at 1 & 2%
concentrations a t two different volumes in different
conditions us ing one most potential  gum were
standardized and upscaled for producing them in larger
quantity for its specific detail evaluations, feasibility, cost
range and determination of acceptable forms and dose for
effective delivery as compared to commercially available
synthetic material as SLS. Exploitation of best potential
combinants is in process for its technological prospects as
a plant based detergent and cleansing agent.

Process ing, extraction and phytochemical
investigation of more than twenty flowers from plants
grown in NBRI garden of different colours and textures
were carried out for extraction of colour and antioxidants.

Fig. 18: Percentage of total fat, sugar and phenolic content in different
parts of S. sesban
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Fig. 19: Termite repellency  and mortali ty of Artemisia nilagiri ca
essential oil

investigated for nutraceutical  and pharmaceutical
prospects . Different parts  of the seeds including
endosperm and meal were separated through mechanical
methods of grinding and s ieving in controlled and
standardized conditions. Extraction and isolation of seeds;
endospermic gum and seed oil was done for identification
of constituent sugars and fatty acids in S. sesban (Fig. 18).
Extraction of seeds by cold and hot (successive soxhlet)
methods was accomplished. Total sugar/starch, protein,
phenolics and antioxidants  were quantified and
functional groups were identified in seeds/ isolated
endospermic gum through FTIR.

Chemical composition and termiticidal activity of
Artemisia nilagirica essential oil growing in southern hilly
regions of India

Essential oil isolated from aerial parts of Artemisia
nilagirica was analyzed using gas chromatography–mass
spectroscopy. Chemical constituents were identified by.
Total forty constituents were identified which is 93.55% of
the essential oil. The major constituents of essential oil
were -thujone (33.78%), germacrene-D (9.31%), -thujone

(6.01%), caryophyllene (5.86%), caryophyllene oxide
(6.17%) and borneol (2.16%). The essential oil consist of
41.34% monoterpene hydrocarbon, 30.9% sesquiterpene
hydrocarbon, 10.24% monoterpene alcohol, 8.33%
sesquiterpene oxide along with 2.74% sesquiterpene
alcohol. Antitermite activity of isolated essential oil was
tested in vitro and in vivo. The essential oil exhibited
significant antitermite activity against Microtermes beesoni
termites (Fig. 19). ED50 for termite repellency was found
4.44mg/g and 5.81mg/g for termite mortality as compared
to that of 1.53mg/g of Chlorpyriphos 20%TC used as
control.

Field Trial

Wheat crop is very prone to termite attack. Antitermite
activity of a formulation developed by NBRI was tested
under field condition at Harikansh Garhi village of
Mohanlalganj, Lucknow, in four rows of wheat crop at
tillering stage in December 2016 covering 129 square meter
area (Each plot of size 10 sqm). Two different doses i.e. 5.0
ml/L water and 3.5 ml/L water of NBRI antitermite
formulation and a synthetic pesticide (control) at a dose
3.5 ml/L of water were tested. NBRI formulation showed
significant termite mortality rate as compared to that of
the synthetic pesticide (Fig. 20).

Fig. 20: Field trial results of NBRI formulation in wheat crop field.

Anticancer activity of Streblus asper on human cancer
cell lines

Cytotoxicity studies were carried out on different
fractions SAH (n-Hexane), SAC (Chloroform), SAW
(Water) and SAB (n-Butanol) prepared after fractionation
from methanolic extract of S. asper (SA). These extracts were
tested against Leukemia (K 562), Lung (A-549), Hepatoma
(Hep-G2) and Breast (MCF-7) human cancer cell lines at
different concentrations to determine the IC50 value by SRB
assay. The SRB assay was done in triplicate to evaluate
the cytotoxic activity of this plant.  Adriamycin drug has
been used as a standard in all above human cell lines.
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Fig. 21: Cytotoxic activity of solvent extracts from S. asper  leaf against human cancer cell lines.

Methanolic extract of S. asper and its fractions were
potentially active on all four cancer cell lines. Methanolic
extract and hexane fractions were active against leukemia

cancer cell line. Among the different fractions only
chloroform fraction showed activity against hepatoma
cancer cell line (Fig. 21).
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1. Bioprospection of plant resources and other
natural products (BioprosPR)

Nodal Scientist: DK Upreti
Scientists:

Kanak Sahai, Sudarshan Kumar, Tariq Husain,
AKS Rawat, TS Rana, KN Nair, Anand Prakash, LB
Chaudhary, Alok Lehri, ChV Rao, Sayyada Khatoon,
Mahesh Pal, Sharad Srivastava, Sanjeeva Nayaka, AK
Asthana, SK Ohja,  OP Sidhu, Subha Rastogi, Soumit K
Behra, AP Singh, Manjoosha Srivastava, SK Bag,
Sribash Roy, Baleshwar, Priyanka Agnihotri, BN
Singh, VV Wagh

Technical Staff:
Bhaskar Dutt, Anil Kumar, Abhishek Niranjan,

Sushma Verma, Sandeep K Behera, Vinay Sahu, MM
Pandey, KK Rawat, KK Ingle

2. Genomics of medicinal plants and
agronomically important traits (PlaGen)

Nodal Scientist: PK Trivedi
Scientists:

SA Ranade, Sudhir Shukla, SV Sawant, AP Sane,
VA Sane, PK Singh, CS Mohanty, HK Yadav, Mehar H
Asif, Debasis Chakrabarty, PC Verma, SN Jena, SK Bag

3. Plant Diversity: Studying adaptation biology and
understandin/ exploiting medicinally important
plants for useful bioactives (SIMPLE)

Nodal Scientist: Nandita Singh/Vivek Pandey
Scientists:

SA Ranade, Kanak Sahai, PA Shirke, LB
Chaudhary, OP Sidhu, PK Srivastava, Soumit K Behera,
Sribash Roy

Technical Staff:
Anil Kumar, KK Rawat

4. Introduction, domestication, improvement, and
cultivation of economically important plants
(AGTEC)

Nodal Scientist: RK Roy/SK Tewari
Scientists:

RS Katiyar, TS Rana, PS Chauhan, Poonam C
Singh, Devendra Singh, RC Nainwal

5. Integrated NextGen approaches in health,
disease and environmental toxicity (INDEPTH)

Nodal Scientist: Shekhar Mallick
Scientists:

Nandita  Singh, Debas is  Chakrabarty, PK
Srivastava, Suchi Srivastava, Poonam C Singh

Technical Staff:
Sanjay Dwivedi, Babita Kumari

6. Probing the changing atmosphere and its
impacts in Indo-Gangetic Plains (IGP) and
Himalayan Regions (AIM – IGPHim)

Nodal Scientist: Vivek Pandey
Scientists:

CS Nautiyal, PA Shirke, OP Sidhu, Aradhana
Mishra

7. Plant-microbe and soil interactions (PMSI)
Nodal Scientist: CS Nautiyal/ PS Chauhan
Scientists:

Aradhana Mishra, Manoj Kumar, Charu Lata

8. S&T interventions to combat malnutrition in
women and children

Nodal Scientist: CS Nautiyal & AKS Rawat
Scientists:

SK Tewari, ChV Rao, Sayyada Khatoon, Sharad
Srivastava, SK Ojha, Subha Rastogi

Technical Staff:
MM Pandey

9. Root biology and its correlation to sustainable
plant development and soil fertility (RootSF)

Nodal Scientist: CS Nautiyal/SK Tewari
Scientists:

PA Shirke, Vivek Pandey, SV Sawant, AP Sane,
VA Sane, Alok Lehri, OP Sidhu, Indraneel Sanyal,
Mehar H Asif, Debasis Chakrabarty, Suchi Srivastava,
SK Bag,  Aradhana Mishra, PS Chauhan, Poonam C
Singh, Devendra Singh, RC Nainwal

SUPRA-INSTITUTIONAL NETWORK PROJECTS
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1.  Bioprospection of plant resources and other natural
products (BioprosPR)

Objectives:

 Bioresource mapping, eco-geographic assessment,
development of DNA bank and plant DNA barcode
in selected study sites in the Himalayas and Western
Ghats.

 Metabolic profiling of medicinally important plants
for identification of commercia lly important
chemotypes.

 Development of novel drug combinations using
natural products to increase efficacy of known drugs.

Highlights:

 The Floristic account of Govind wildlife sanctuary,
Uttarkashi district of Uttrakhand was completed with
11 field trips. Along with GPS tagging, a total of 637
species of Angiosperms, 352 lichens, 381 bryophytes,
391 taxa of algae and 88 species of pteridophytes
have been documented. Additionally, a list of 25
ethnobotanically important plants have also been
documented.

 Taxonomic s tudies on various groups such as
Thelotrematoid (121 spp.), Cetrarioid lichens (47
species), Corydalis L., (23 spp.) and Ficus (40 species)
have been completed. Molecular systematics of the
genus Bergenia Moench (Saxifragaceae) in India has
also been completed.

 Propagated and introduced twenty bryophyte species
in moss house of CSIR NBRI.

 Studies related to reproductive biology and in vitro
multiplication of Onychium contiguum, Athyrium
pectinatum and Dryopteris cochleata pteridophytes have
been completed.

 DNA barcode of 30 medicinally important plants
completed, based on three plastid loci (matK, trnH-
psbA, rbcL). The generated data have been successfully
submitted to GenBank and BOLD database for public
references.

SUPRA-INSTITUTIONAL NETWORK PROJECTS

 A rapid and reliable method was developed and
validated for qualitative and quantitative estimation
of betulin and betulinic acid directly from bark tissue
of Batula utilis. Metabolite profiling of different plant
parts of B. utilis showed a substantial quantity of
betulin in thin branches.

 Twenty two compounds have been identified in the
essential oil of Betula utilis bark. The oil showed
antimicrobial activity against human pathogens.

 Twenty nine compounds were identified in the
essential oil of Hedychium spicatum rhizome, collected
from four different geographical regions. Oil samples
evaluated for cytotoxic activities against human
cancer cell lines. Sample of Pangot (Nainital) showed
highest activity against all cancer cell lines due to
presence of -Cadinol. Two compounds isolated from
Hemidesmus ind icus  leaves  showed anti-
hyperglycemic activity.

 Twenty compounds have been identified in the
essential oil of Justicia adhatoda and found to have
antimicrobial activity against human pathogens.

 Three formulations, based on various aromatic oils
and chemicals of Hedychium spictum, were tested for
their anti-ageing potential.

 Quantification of eight specific Polyphenols (Gallic
acid, protocatechuic acid, chlorogenic acid, ferulic
acid, caffeic acid, rutin, quercetin and kaempferol) in
various extracts of Hedychium spicatum has been
carried out along with estimation of total phenolic
content, total flavonoid content and antioxidant
activity.

 Marchantia polymorpha a  bryophyte, has  been
evaluated for in vitro cytotoxic activity against four
cancer cell lines (Breast, Colon, Head & Neck and
normal epithelial cells).

 Antimicrobial BIONANO gel (NBC-099) has been
developed and tested for its wound healing potential
under in-vitro and in-vivo model systems.



106

ANNUAL REPORT 2016-2017

RESEARCH & DEVELOPMENT

2. Genomics of medicinal plants and agronomically
important traits (PlaGen)

Objectives:

 Developing conceptual framework and specific
resources for accelerating progress in the area of
functional genomics related to plant development and
stress response.

 Understanding and elucidate various biological
processes and pathways involved in secondary plant
product biosynthesis as well as proper growth,
development and stress response of the plant.

 Utilisa tion of the information generated for
translational research for human health.

 Commercial utilization for better plant varieties for
improved productivity and stress tolerance.

Highlights

Full-length cDNAs of putative genes involved in
uncharacterized steps of Papaverine biosynthesis were
identified and functionally characterized. Various
constructs have been developed and used for Virus
Induced Gene Silencing (VIGS) to study the modulation of
metabolite content. In Ps3’OMT silenced plants , the
reduction in Ps3’OMT transcript levels was approximately
70% compared with controls. This reduction in transcript
level led to a significant reduction (50%) in the papaverine
content in Ps3’OMT-silenced plants. There was no effect
on content of thebaine and codeine but high levels of
morphine were detected. The expression of biosynthetic
genes catalyzing the early steps in BIA and papaverine
metabolism like 6OMT, 4’OMT and N7OMT were not
affected by the silencing of Ps3’OMT which accredits the
decrease in papaverine level to suppression of Ps3’OMT
and thus confirming the role of Ps3’OMT in papaverine
biosynthesis. In addition, transcriptome datasets of
thebaine-rich (>10% of the latex) poppy lines and its
parents as well as Psoralea corylifolia have been established
and being analysed.

Transcriptome and small RNA sequencing of ripe
and unripe stages of banana completed and detailed
analysis of various gene and miRNA families carried out.
Analysis of small RNA libraries suggested that MaMiRNA-
47, MaMiRNA-62, MaMiRNA-66, and MaMiRNA-67 were
least expressed during ripening of fruit whereas
corresponding target genes encoding GTs, Expansin and
AGO1B showed enhanced expression. Analysis showed
that the expression of MaMiRNA-62 was significantly
down-regulated in all development stages of fruit whereas
the corresponding target Expansin was highly up-
regulated in ripe stage. Expansin plays an important role
in cell wall hydrolysis during the ripening process.

The Dashehari mango is a popular N. Indian variety
famous for its taste, thin stone and reduced fibre. It suffers
from excessive softening near the stone that reduces its
marketability. To obtain insights into the molecular
changes that occur during ripening, an Illumina-based
transcriptome analysis  of inner and outer zones of
Dashehari was carried out. Analysis of expression profiles
from 70 million reads revealed up-regulation of 1447 genes
and down-regulation of 2003 genes (> 2 fold, p-value <
0.05) in midripe stage as compared to unripe stage.
Prominent amongst the genes identified included the
ethylene pathway genes with 6 ACSs, 7ACOs (2 up-
regulated), 3 ETRs (one up-regulated), 2 CTRs, 2 EIN3s
(one up-regulated) and 44  AP2 domain family
transcription factors with 39 of the ERF sub-family. Cell
wall softening, an important feature of ripening, accounted
for several ripening related genes that included 11
expansins (3 up-regulated), 17 XTHs (3 up-regulated), 8
pectate lyases (4 up-regulated), 6 pectin methyl esterases
(3 down), 11 endoglucanases (5 up-regulated) and 26
galactosidases (5 alpha and 21 beta galactosidases). Other
major ripening related pathways that were represented
included the flavor/aroma genes, carotenoid/tocopherol
genes, terpenoids, etc. Besides Dashehari, Banganpalli
mango transcriptome was also analysed. The genes related
to ripening and aroma showed differential expression
pattern in these two varieties.

In rose, the fragrant variety R. bourboniana (Gruss a
Teplitz, known as Desi Gulab in Hindi) is sensitive to
endogenous and exogenous ethylene with petal fall
occurring within hours of exposure to ethylene. In contrast,
the hybrid variety, R. hybrida shows greatly reduced
sensitivity to ethylene and does not abscise in absence of
ethylene. To understand the molecular basis of differences
in ethylene sensitivity, an Illumina based transcriptome
sequencing (coupled with 454 GSFLX sequencing data) of
rose abscission zone (AZ) cDNA was  performed.
Comparative analysis was performed between AZ cDNA
from 0 h and 8 h ethylene treated flowers of Rosa bourboniana,
8 h ethylene treated Rosa hybrida and 8 h ethylene treated
petals of Rosa bourboniana. A total of about 162 million
reads from Rosa bourboniana and about 60 million from
Rosa hybrida were obtained. The analysis revealed a total
of 1278 up-regulated transcripts and 2213 down-regulated
transcripts in 8 h ethylene treated abscission zones of Rosa
bourboniana against 0 h AZ cDNA. A comparison of the 8 h
ethylene treated abscission zones of Rosa bourboniana and
Rosa hybrida revealed up-regulation of 8415 and down-
regulation of 8893  transcripts in  Rosa hybrida . A
comparison of ethylene treated samples of abscission zones
of Rosa bourboniana with ethylene treated petals revealed
up-regulation of a total of 1474 transcripts and down-
regulation of 539 transcripts in petal samples. These
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probably represent petal specific transcripts. Further
analysis is in progress.

To establish involvement of miRNAs in secondary
plant product biosynthesis , a detailed functional
characterization of Arabidopsis miR858a was carried out.
The study established the potential role of miR858a in
flavonoids biosynthes is  and plant growth and
development. As promoter of miR858a contains light-
responsive cis-regulatory elements, experiments were
carried out to study regulation of miR858 by HY5 and/or
PIF in light-dependent manner. WT, hy5-215, cop1, pifq
(mutant for PIF1,3,4,5) were grown in light and dark for 5
days and expression of miR858 was studied in different
genetic background (Fig. 1). Expression analysis of miR858
suggests that light dependent regulation is through HY5
and not through PIF.

In cotton, gene families involved in histone
modifications related to fiber development were identified
and characterized. In addition, transcriptional regulation
of secondary cell wall (SCW) biosynthesis, which is an
important stage of the cotton fiber development, has been
studied in greater detail. For this, Gossypium hirsutum GDSL

(GhGDSL) lipase/hydrolase gene (CotAD_74480), which
is expressed during SCW biosynthesis (19 through to 25
days  postanthes is ; DPA) has  been functionally
characterized. T1-transgenic cotton lines expressing the
-glucuronidase (gus) reporter under the control of a 1026-
bp promoter fragment of GhGDSL (PGhGDSL) showed 19 DPA
stage-specific increase in GUS expression. Fifty two
deletions indicated that the 194-bp fragment between –
788 and –594 relative to the transcription start site was
essential for this stage-specific expression (Fig. 2). Site-
directed mutagenesis of eight transcription factor binding
sites within PGhGDSL demonstrated that the MYB1AT motif
(AAACCA) at –603/–598 was critical for the 19 DPA-
specific reporter gene expressions. Yeast one-hybrid (Y1H)
analysis identified nine proteins, including GhMYB1
(CotAD_64719) interacting with PGhGDSL promoter. This
analys is suggest that GhGDSL and its promoter are
potential tools for the improvement of cotton fiber quality
traits.

Transcriptome of callus culture from different
developmental stages of Indica and Japonica rice was
established and analysed. Dynamic transcriptome
landscape during somatic embryo development suggested
differential stem cell maintenance programming among
japonica and indica rice sub-species. In order to develop
low arsenic accumulating rice varieties, a novel arsenic
methyltransferase gene (WaarsM) of Westerdykel la
aurantiaca was isolated from arsenic contaminated soil and
functionally characterized. The expression of WaarsM
enhanced arsenic resistance in E. coli (ars) and S. cerevisiae
(acr2) strains by biomethylation and required endogenous
reductants, preferably GSH, for methyltransferase activity.
Arsenic tolerance in rice after co-culture with genetically
engineered yeast suggested its potential role in arsenic
bioremediation (Fig. 3).

Detailed characterization of cotton transgenic lines
expressing tma12 (an insecticidal gene isolated from a fern)
and Tma12 protein was carried out. Crystal structure of
insecticidal protein was established, which showed
association of Cu and involvement of two disulfide bonds
in the protein structure. In addition to whitefly resistance,
transgenic lines also show protection against cotton leaf
curl disease. Exploration of possibilities for transfer of
technology to industry is underway.

Chickpea (C. arietinum L.) is the major legume in India
accounting for 40% of the total legumes grown in India.
Unfortunately, several biotic and abiotic stresses reduce
chickpea yields with the pod borer Helicoverpa armigera
being one of the primary insects for its devastation. To
obtain an insight into the earliest plant responses to H.
armigera attack an Illumina-based transcriptomic analysis
of chickpea leaves 20 minutes after simulated herbivory

Fig.  1. The expression o f miR858a is up-regulated by light and
requires HY5. (A) qRT-PCR analysis of miR858a expression in WT
(Col-0), hy5-214 and cop1-4, in dark condition. (B) qRT-PCR analysis
of miR 858a expression in WT (Col-0) and hy5-215 on exposure to
light (150 µmol/m2/s) at the  indicated times. Error bars indicate
±SE (n=3) from three biological replicates.
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Fig. 2. Deletion analysis of GhGDSL promoter.(a) Schematics of PGhGDSL deletions D1, D2, D3, D4 and D5 along with full length promoter. +1
represents TSS. Scale bar represent the length of promoter (-951/+75) from start codon ATG. (b) Histochemical GUS analysis of cotton T1-
transgenic lines carrying deletions construct:  Upper panel shows GUS staining of transgenic cotton fiber with native promoter (PGhGDSL) during
development stages (0-25 DPA).  Middle panel shows GUS staining of transgenic cotton carrying PGhGDSL-594:gusA (D2) construct. In lower panel
staining was not observed in transgenic cotton fiber with PGhGDSL-35:gusA (D5) construct. (c)Fluorometric GUS expression analysis of cotton
transgenic lines carrying deletion (D1-D 5) constructs.

Fig. 3. Detailed model providing insights into the arsenic metabolism by WaarsM and potential approach for its use in bioremediation process.
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Fig. 4. Regulation of various hormone pathways within 20 minutes of simulated herbivory

was performed, using oral secretions  of H. armigera
coupled with mechanical wounding. Expression profiles
revealed up-regulation of 1334 genes and down-regulation
of 501 genes upon wounding (log2-fold change |FC| < -1
and > 1; FDR value < 0.05) together accounting for
differentia l  regulation of 8 .4% of the tota l  leaf
transcriptome. Defense-rela ted genes of the
phenylpropanoid pathway, pathogenesis, oxidases and
CYTP450 were up-regulated along with differential
regulation of kinases, phosphatases and transcription
factors of the WRKY, MYB, ERF, bZIP families. An

interesting feature of the wound response was its rapid
influence on hormonal networks with up-regulation of JA
and ethylene pathways and suppression of growth
associated pathways of GA and auxin within 20 minutes
of wounding (Fig. 4). The activation/suppression of the
respective hormone pathways was observed at the level of
biosynthesis as well as signaling with both negative
and pos itive regulators  being targeted. Differences
were observed in the scale of expression upon treatment
with oral secretions compared to mechanical damage
alone.
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3. Plant Diversity: Studying adaptation biology and
understanding/ exploiting medicinally important plants
for useful bioactives (SIMPLE)

Objectives:

 Understanding the possible role of chemicals
(chemical ecology), genes (ecological genomics),
proteins (ecological proteomics) and functioning
(ecological physiology) in ecosystem.

 Species response to elevated CO2 under FACE and
field conditions in different ecosystem.

Above ground biomass assessment in Indian tropical
deciduous forest

The above ground biomass (AGB) of an ecosystem is
one of the fundamental parameters  describing its
functioning. Measurement of AGB of dominant tree species
in different forest communities is of great importance
because the dominant tree species greatly influence the
magnitude and pattern of energy flow that is stored in
different parts of the plant in the form of various organic
substances . These organic substances  remain in
continuous circulation between biotic and abiotic
components of the ecosystem. Thus, biomass is a useful
measure for assessing changes in forest structure. It is a
useful measure for comparing structural and functional
attributes of forest ecosystems across a wide range of
environmental conditions. AGB is thus of direct applied
importance for estimating ecosystem carbon storage and
fluxes.

Very few studies on the AGB and biomass carbon are
available from Indian tropica l deciduous  fores t
particularly on Terai regions of northern India. The present
study was undertaken at Katerniaghat wildlife sanctuary
(KWLS) of Uttar Pradesh. The AGB of three forest
communities (dry mixed, sal mixed and teak forests) was
measured using tree diameter at breast height (DBH) data
and determined the biomass carbon distribution of trees
in  above three forest types having distinct species
composition, stand density and basal area. The AGB (Mg
ha-1) were 424, 434, 440 and 450 in dry mixed; 429, 438,
445 and 456 in sal mixed; 291, 306, 313 and 326 in teak
forests for the four inventory years, respectively (Fig. 1).
The relationship of fores t community microclimate,
community structural and functional variables with AGB
was then identified by principal component analysis
(PCA). There is a strong positive correlation between
species richness and AGB in all four inventory years. The
relationship of community structural factors such as
species diversity, stem density and basal cover, leaf area
index (LAI) on AGB was investigated for first time for
Indian tropical deciduous forests. A strong positive

correlation between AGB and key functional parameter
i.e., litter fall in all three forest types was observed. PCA
revealed that stand AGB is mainly affected by absolute
humidity (AH) and a ir temperature (AT) as major
microclimatic variables, having maximum PCA
component matrix controlling higher carbon sequestration
and standing biomass.

High altitude population of Arabidopsis thaliana is more
plastic and adaptive under common garden than
controlled condition

Plants as sessile organisms are often exposed to
heterogeneous environmental conditions that influence
evolution of traits. It can favour either local adaptation
(adaptive differentiation/ specialization) or evolution of
plastic genotypes that respond through phenotypic
plasticity (generalization). Both adaptive differentiation
and phenotypic plasticity act as major factors in
generation of inter-individual variation and plant diversity.
In this study, we determined the phenotypic differentiation
and plasticity of three natural populations of Arabidopsis
thaliana originated from different altitudes of West
Himalaya (viz. Dehradun, Deh-700m, Munsyari, Mun-
1800m and Chitkul, Chit-3500m). We compared the level
of plasticity exhibited due to genotypes and compared with
that of environmental plasticity. The populations were
grown under two conditions: CG – common garden in
NBRI field and GH-controlled Arabidopsis culture room.
Morphological measurements in different stages of growth
were recorded.

The three populations grown in CG and GH varied
significantly for almost all the traits (Fig. 2). The post hoc
pair wise comparison indicated that the Deh was more
similar to the Mun than the Chit when grown in GH.
However, in CG the Mun and the Chit were more similar.
The differences in phenotypic trait expression between the
two conditions also varied a t different level (Fig. 3).
Flowering time increased in Chit while that of Deh and
Mun decreased in GH as compared to CG. The fertility

Fig. 1. Total AGB patterns among three tropical deciduous forest
types at Katerniaghat Wildlife Sanctuary, Uttar Pradesh, India. (DM,
dry mixed; SM, sal mixed, TP, teak plantation).
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Fig. 2. Phenotypic variations observed in three populations of Arabidopsis thaliana grown under common garden (CG) and controlled condition
(GH).

Fig. 3. Graphical representation of difference in trait means of three populations in two conditions. Each point represents the least square
mean of each population in common garden (CG) and controlled conditions (GH). Bars above the lines represent the 95% confidence interval
error bars. The results of ANOVA for each independent variable (P= population; E= growth environment) and their interaction (PxE) is also
shown in the graph. * = P<0.05, ** = P<0.01, *** = P<0.001, ns = not significant
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percentage was less in Chit and
higher in Deh and Mun in GH
than in  CG. Chit and Mun
produced more number of fruits
in CG as compared to GH where
as Deh produced less seeds in CG
as compared to GH. Germination
percentage was  s ignificantly
higher in CG produced seeds than
GH in all populations. The overall
plasticity of Chit was significantly
higher than Mun followed by Deh.
Most of the reproductive traits of
Chit were less plastic as compared
to Deh and Mun. On the other
hand Mun exhibited greater plasticity for most of the
reproductive traits as compared to Deh and Chit. In either
condition the populations  had sufficient amount of
phenotypic variations to distinguish the three populations
as indicated by the discriminant analysis (Fig. 4).

Our analysis of phenotypic traits, their plasticity and
selection indicate that common garden plants were more
successful in terms of fitness as compared to the plants
grown under controlled condition. The plant fitness of
these populations was influenced by the light intensity
and the maximum temperature. The high altitude
population exposed to harsh environmental condition
might have evolved to fit well in the heterogeneous
condition thus showing maximum plasticity and fitness
as compared to the lower altitude populations. An
association of phenotype under common growth condition
to its native altitude and climate predicts for an adaptive
genetic differentiation of these populations reducing
chance of being a random processes. These differences are
also expected to indicate the abiotic stress experienced by
the populations in the field conditions.

Seasonal variations in metabolites of Commihora wightii
(Guggul)

Seasonal variations in metabolite profiling of
aqueous  extracts of leaves, stem and latex of three
accessions of C. wightii were examined out using NMR
spectroscopy and multivariate s tatistical analys is
techniques. Based on the therapeutical use of the plant,
the approach has been employed in order to study the
metabolic changes during different seasons . The
multivariate principal component analysis (PCA) applied
on NMR raw data revealed clear distinctions in the
metabolites between two distinct seasons (Fig. 5). The
results clearly show that the leaves of C. wightii harvested
in winter have the highest yield of potential healthcare
agents namely, glycine, myoinositol and quinic acid. This
suggests that the active principles in leaves of C. wightii
that are responsible for its biological activities vary in
quantity during different seasons of the year and reach
the peak during winter.

Fig. 4. Clustering of the three populations on Discriminant function1 and Discriminant function
2 on the basis of: (a) Phenotypic traits; (b) Amount of phenotypic plasticity.

Fig. 5. PCA score plot (A) and its corresponding scattered loading plot (B) obtained from the PC analysis of 1HNMR spectra of aqueous
extracts of leaves samples of NBR I-105, NBRI-106 and NBRI-107 of C. wighti i of winter (filled symbols) and summer (vacant symb ols)
seasons.
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Extraction, isolation, purification and characterization of
biologically active  metabolites from Commiphora
agallocha

A novel therapeutic compound was identified from
Commiphora agallocha, which showed significant anti-
inflammatory and arthritic properties by inhibiting the

mediators responsible for inflammation including, tumor
necrosis factor alpha (TNF-).

2,4 ditertbutyl phenol, a potent antioxidant was
isolated, purified and identified from chloroform extract
of latex of C. agallocha (Fig. 6).

Fig.  6. 1 H NMR spectrum of  puri fied fraction  of 2,4-ditertbutyl phenol along  with  NMR  assignment data: (in CD Cl3)  1 .29(s,9H),
 1. 41(s,9H),  4. 68(s,1H),  6. 60(d,1H,J=7.95Hz),  7. 07(dd,1H),  7. 29 (d,1H,J=2.33Hz).
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4.  Introduction, domestication, improvement, and
cultivation of economically important plants (AGTEC)

Objectives:

 Characterization and development of improved
varieties of Canna, Gladiolus and other bulbous crops.

 Evaluation of Bixa and Curcuma germplasm collection
for plant improvement.

 Evaluation of Damask Rose for the sodic soils.

 Performance and evaluation of elite plant material
and/or cultivars  through multi-locational
coordinated trials.

 Evaluation of performance of biofertilizers and
biopesticides on plants.

Characterization and development of improved varieties
of Canna, Gladiolus and other bulbous crops

Mutants from Canna Varieties

New mutants were created after gamma radiation
treatment of Canna varieties, Golden Girl  and Red
President. The mutants selected and isolated showed
stability with respect to change of flower colour and
combination.

Genetic Characterization of Gladiolus

Development of ISSR and RAPD derived SCAR markers
for identification of Gladiolus germplasm

Sequence-characterized amplified region (SCAR)
markers from the RAPD and ISSR fragments were
developed for the identification and authentication of
Gladiolus germplasm. The SCAR markers viz., ScG12,
ScG34 and ScG36 distinguished Gladiolus from other taxa
of the family Iridaceae, whereas marker ScAm was specific
to ‘Amethyst’ cultivar.

Development of cpSSR markers for analysis of genetic
diversity in Gladiolus cultivars

12 novel microsatellite (cpSSR) markers isolated from
repeat sequences of chloroplast region of Gladiolus were
developed. A total of 1188 nucleotide sequences  of
chloroplast region of Gladiolus were used to search for

simple sequence repeats and 108 sequences were found to
contain 124 SSRs. Dinucleotide repeat SSRs were most
frequent (94.4%) with the AT/AT (59.7%) repeat motif,
followed by TA/TA (31.5%). Assessment of genetic
diversity among 62 commercially important Gladiolus
cultivars was carried out using 12 SSR markers. Out of 12
SSR markers, only six showed polymorphism with allelic
variation ranging from 2 to 8. These six SSR markers
revealed high genetic diversity (84.6%) across different
Gladiolus cultivars. The SCAR and cpSSR markers
developed could be easily employed as valuable tools to
identify newly developed Gladiolus cultivars.

Evaluation of Bixa and Curcuma germplasm collection
for plant improvement.

A new variety of Curcuma longa L., named as “Kesari”
which was released on 8th Feb. 2016 has a specialty of
cold tolerance, with high yield potential (~35 t/ha fresh
weight) even under partially reclaimed sodic soil. The
rhizomes of this new variety were provided to progressive
farmers, having mango orchards, around Lucknow. The
field evaluation of 36 Turmeric accessions under sodic
waste land condition of Indo-Gangetic plains for late
senescing and early sprouting, shade loving, disease free
germplasm was continued in the year 2016-17.

Seventeen accessions of Bixa were conserved and
evaluated for their growth and quality performance under
sodic soil conditions. Out of these, five accessions showing
better yield were selected and are successfully being grown
at CSIR-NEIST and CSIR-IIIM, under multi-location trials.
The pruning experiment was conducted during the year
under report.

One Bixa selection, having high seed yield and Bixin
content has been identified.

Evaluation of performance  of biofertilizers and
biopesticides on plants

Phosphate solubilizing bacteria (PSB) was evaluated
for their plant growth promoting attributes on Gladiolus
at different locations and showed promising results. This
PSB based formulation can be taken up for large scale
bioinoculants preparation for not only Gladiolus but also
other floriculture crops.
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5.  Integrated NextGen approaches in health, disease
and environmental toxicity (INDEPTH)

Objectives

 Phytoextraction of arsenic and strategy for optimizing
low grain arsenic in rice.

 To study potential microbes involved in soil carbon
sequestration through rice straw decomposition.

 To develop a microbe based strategy for faster
degradation of petroleum hydrocarbons.

Phytoextraction of arsenic and strategy for optimizing
low grain arsenic in rice

A  rice variety CN-1794-2-CSIR-NBRI (Muktashree)
exhibiting low grain As accumulation (147 µg kg-1) during
Boro cultivation with higher yield (kharif: 4.17 t h-1 and
rabi: 5.24 t ha-1) was developed under a joint collaboration
between CSIR-NBRI and Rice Research Station, Chuchura,
Govt. of West Bengal. This was further approved by State
Variety Release Committee for West Bengal on Jan. 15, 2016.
The variety is being approved for cultivation in arsenic
affected areas of Bengal following successful multi-
locational field trials.

Lowering of arsenic uptake by cultivating crops with
arsenic accumulators

Three known hyper accumulators viz. Pteris vitata,
Phragmites and Vetiver were planted along with rice and
wheat in the plots in As (50 mg kg-1) contaminated soil.
The soil arsenic was reduced when accumulators were
grown with rice. Reduction of 56 to 63% arsenic level in
the soil was achieved in rice and wheat plants cultivated
with Phragmites respectively.

Potential microbes involved in soil carbon sequestration
through rice straw decomposition

After a wide screening of microbial stra ins, a
microbial formulation consisting of three Trichoderma and
one Bacillus strain was formulated for in situ application
in the fields having remains of rice stubble (~1feet long).
Application of the formulation resulted in  fas ter
degradation of rice straw in the field cultivated with wheat.
Formulation was also found to enhance the productivity
of the subsequent crop, wheat. Analysis of carbon pool in
terms of oxidizable organic carbon (OOC) showed
enhanced sequestration of OOC in the plots treated with
microbial formulation with remains of rice stubble.
Similarly micronutrient analysis through ICP-MS was also
found to be modulated as compared to control (Fig 1).

Fig. 1. Fie ld application of microbial formulation for enhanced productivi ty of wheat (A, D ); faster degrada tion of rice straw (B) and
enhanced nutrient pool of the soil (C, E).
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Development of a microbe based strategy for faster
degradation of petroleum hydrocarbons

Twelve different bacterial strains exhibiting faster
degradation ability for high molecular weight, polycyclic
aromatic hydrocarbons (PAHs) and alkanes were isolated
from oily sludge. A very high concentration (200 ppm) of
fluoranthene was degraded (74% and 61%) by Rhodococcus
sp. NJ2 and Pseudomonas aeruginosa PSA5, respectively in
10 days of incubation in minimal salt medium (MSM). A
consortium of these two bacteria degraded fluoranthene
by 97% under the same condition (Fig. 2)

Corynebacterium sp. PSM10 (84%) and least (78%) was
contributed by Rhodococcus sp. NJ2 (Fig. 4).

In-vitro degradation of hexacosane (C26H54), a HMW
n-alkane, was studied in MSM by two bacterial strains i.e.,
Pseudomonas sp. BP10 and Stenotrophomonas nitritireducens
E9, isolated from petroleum sludge, in isolation and
combination. The result revealed that Pseudomonas sp.
BP10 and Stenotrophomonas nitritireducens E9  could
degrade 83% of hexacosane (50 ppm) in isolation while
98% in combination (Fig. 3).

Fig. 2. Biodegradation of fluoranthene by bacteria in MSM

Biodegradation of aromatic compound, anthracene
has  been investigated by three bacterial  stra ins i .e.
Corynebacterium sp. PSM10, Pseudomonas aeruginosa PSA5
and Rhodococcus sp. NJ2 in vitro conditions in MSM
supplemented with 1000 ppm of anthracene as carbon
source. Highest degradation (94%) was observed in the
presence of Pseudomonas aeruginosa PSA5, followed by

Fig. 4. Degradation of anthracene in presence of different bacterial
strains

A significant induction of four degradative enzymes
i.e. catechol 1,2 dioxygenase, catechol 2,3 dioxygenase,
protocatechuate 3,4 dioxygenase and protocatechuate 4,5
dioxygenase involved in the degradation process of
anthracene. The highest activities of these enzymes were
recorded in the case of Pseudomonas aeruginosa PSA5.

Degradation of Total petroleum hydrocarbons (TPH)
in soil spiked with different concentrations of crude oil in
presence of microbial consortium:

Soil were spiked with different concentration of crude
oil i.e. 20, 30, 40 and 50% (w/w) and were treated with
consortium of bacterial and fungal strains i.e., Psuedomonas
sp. BP10 and Penicil lium oxalicum PS10 . Microbial
consortium degraded maximum 49% of TPH when grown
in 30% crude oil spiked soil after one month of incubation.
Rate of degradation decreased with increas ing the
concentration of crude oil (Fig. 5).

Fig. 3. Deg radation of hexacosane b y Pseu domonas sp.  BP10 and
Stenotrophomonas nitritireducens E9.

Fig.  5. D egradation of Total petroleum hydrocarbons (TPH) by
Microbial Consortium
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Fig. 1. Effect of elevated CO2 and EDU application on total plant biomass of Triticum aestivum cultivars at vegetative and flowering phase

6.  Probing the changing atmosphere and its impacts in
Indo-Gangetic Plains (IGP) and Himalayan Regions (AIM
– IGPHim)

Objectives

 Impact of Green House Gases (CO2 and O3) on crops
of Indo-Gangetic plains.

 Identification of soil microbes related to carbon
sequestration.

Highlights

Response of wheat varieties to elevated carbon dioxide
and EDU treatment

Over the last few decades, human activity has
accelerated atmospheric changes. CO2 emissions have
increased by about 80% between 1970 and 2004. In parallel,
increasing NOx and hydrocarbon emissions have resulted
in higher tropospheric ozone (O3) concentrations. The effect
of rising CO2 on plants can be best studied by using Free
Air CO2 Enrichment (FACE) technology which provides
desired elevated CO2 concentration under natural field
condition. Ethylene diurea (EDU) has been used as an
alternative approach to evaluate the effects of O3 on plants
in open field conditions. EDU is known to specifically
suppress acute and chronic injury due to O3 in a wide
range of plants without appreciable effects on its own.
Interestingly, CO2 and O3 have opposing effects on plants;
elevated O3 typically decreases photosynthesis, growth
and crop yield, whereas elevated CO2 typically stimulates
productivity of plants. Even if emission rates are stabilized
or reduced, a continued increase in atmospheric CO2 is
committed and under current emission scenarios,
background tropospheric O3 is also predicted to increase
in the coming decades. Identifying mechanisms that
improve stress  tolerance tra its against increased

background O3 with the help of antiozonant while enabling
crops to exploit rising CO2 for yield enhancement is a
critical step towards adapting crops to future changing
environments.

Present study was conducted to understand response
of three wheat varieties to elevated carbon dioxide and
EDU treatment. Commonly grown three wheat varieties
PBW343, LOK1 and HD2967 having similar growth
condition, fertilizer requirement and maturation period
were selected for the study. During the study period average
ambient O3 concentration was about 60 ppb. Ambient CO2

level was 406 ppm and that of elevated CO2, was about
480 ppm. Plants were harvested at 3 phases viz, vegetative,
flowering and harvesting. In vegetative phase PBW343
and LOK1 showed decrease in total chlorophyll content
with EDU treatment while HD2967 showed increased
response under ambient CO2 (aCO2). However when plants
were grown in elevated (eCO2 ) with EDU treatment all
three varieties  showed increased amount of total
chlorophyll. At flowering phase all three varieties showed
increased chlorophyll content with EDU treatment in aCO2

as well as in eCO2 condition. In vegetative phase PBW343
and LOK1 accumulated less biomass while HD2967
showed increased biomass with EDU treatment in both
CO2 conditions. At flowering phase, PBW343 with EDU
treatment showed decrease in biomass grown in aCO2.
LOK1 and HD2967 showed increased biomass with EDU
treatment in both aCO2 and eCO2 conditions. Similar results
were observed for PBW343 with EDU treatment in eCO2

condition (Fig. 1).

In vegetative phase PBW343 and LOK1 showed
increased MDA content with EDU treatment while
HD2967 shows decreased response in aCO2. However,
when plants were grown in eCO2 with EDU treatment
opposite results were found. At flowering phase PBW343
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showed decreased MDA content with EDU treatment in
controlled as well as eCO2 condition. LOK1 and HD2967
show decrease in aCO2 condition and increase in eCO2

with EDU treatment.

In vegetative phase, SOD activity increased in
PBW343 and HD2967 and decreased in LOK1 in aCO2

condition with EDU treatment. In eCO2 with  EDU
treatment LOK1 and HD2967 showed increased and
PBW343 showed decreased SOD content. In flowering
phase, SOD level increased in LOK1 and HD2967 and
decreased in PBW343 in aCO2 with EDU treatment. In
eCO2 with EDU treatment PBW343 and LOK1 showed
increased and HD2967 showed decreased SOD activity.

Fig. 2. Effect of elevated CO2 and EDU application on yield parameters in Triticum aestivum cultivars
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In vegetative phase, catalase enzyme levels decreased
in PBW343 and HD2967 when plants were grown either
in aCO2 or eCO2 condition with EDU treatment. For LOK1
its level increased in aCO2 and decreased in eCO2 condition
with EDU treatment. In flowering phase, enzyme level
increased in PBW343 and LOK1 when plants were grown
either in aCO2 or eCO2 condition with EDU treatment.
HD2967 showed decreased enzyme levels with EDU
treatment.

In vegetative phase, Ascorbate peroxidase levels were
decreased in PBW343 and LOK1 and increased in HD2967
with EDU treatment under aCO2. In eCO2 LOK1 and
HD2967  showed increased and PBW343 showed
decreased APX enzyme activity. In flowering phase,
enzyme levels increased in PBW343 and LOK1 and
decreased in HD2967 in  aCO2 condition with EDU
treatment. In eCO2 with EDU treatment all varieties showed
lower enzyme levels.

In vegetative phase, GR decreased in PBW343 and
HD2967 and increased in LOK1 in aCO2 condition with
EDU treatment. In eCO2 with EDU treatment LOK1 and
HD2967  showed increased and PBW343 showed
decreased GR content. In flowering phase, enzyme levels
decreased in PBW343 and LOK1 and increased in HD2967
in aCO2 and eCO2 conditions

Number of spiklets per spike increased for all three
varieties with EDU treatment under both conditions. Spike
length decreased in PBW343 and increased for LOK1 and
HD2967 with EDU treatment under ambient condition. In
elevated condition with EDU treatment LOK1 showed

decreased while PBW343 and HD2967 showed increased
Spike length (Fig. 2). Number of grains per plant was
increased for all varieties with EDU treatment under
ambient condition while in eCO2 LOK1 showed decreased
and PBW343 and HD2967 showed increased number of
grains per plant with EDU treatment. Grain weight per
plant were decreased for PBW343 and increased for LOK1
and HD2967 under ambient condition while in eCO2 LOK1
showed decreased and PBW343 and HD2967 showed
increased grain weight with EDU treatment (Fig. 2). In aCO2

with EDU treatment, thousand Grain weight (TGW)
increased in PBW343 and LOK1 while it decreased in
HD2967. When EDU was applied in eCO2 condition, TGW
was decreased in PBW343 and HD2967 while LOK1
showed increased TGW (Fig. 2).  No significant changes
were observed in Harvest index (HI) of PBW343 in both
growing conditions with EDU treatment. While LOK1
showed decreased HI under ambient and no change in
elevated condition with EDU treatment. Decreased HI was
found for HD2967 in ambient condition with EDU
treatment while increased HI was found in elevated
condition with EDU treatment (Fig. 2).

The present s tudy indicated that ozone
concentrations  in  and around Lucknow city have
increased significantly affecting various physiological and
biochemical characteristics of wheat cultivars. EDU
application protected plants against harmful effects of
ozone. HD2967 among the selected wheat varieties,
performed better in  morphology, physiology and
biochemical response selected for experiments with EDU
treatment in eCO2 condition.
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7.  Plant-microbe and soil interactions (PMSI)

Objectives:

 Isolation of ACC deaminase producing PGPR from
different stressed soils in India

 Expression and characterization of ACC deaminase
genes from PGPR

 Evaluation of ACC deaminase producing PGPR for
plant growth promotion under stressed environments
in controlled conditions and fields

 Characterizing plant interactions with PGPR ad
viruses

Exotic Pseudomonas spp. and Ochrobactrum sp. from
Volcanic Soil Possess Multiple Plant Beneficial Traits
along with Abiotic Stress Tolerance Capabilities

An attempt was made to evaluate soil bacteria from
extreme environments of volcano soils based on plant
growth promoting and abiotic stress  mitigating
characteristics. The screening led to eight bacterial isolates,
(NBRISH4, NBRISH6, NBRISH10, NBRISH11, NBRISH13,
NBRISH14, NBRISH16 and NBRISH26) capable of
withstanding stress, namely temperature (up to 45 °C),
salt (up to 2M NaCl) and drought (up to 60% Poly Ethylene
Glycol 6000) in vitro.

Further, the selected isolates were very promising in
vitro temporal performance with regards to their survival
(in terms of colony count), phosphate solubilization,
biofilm formation, auxins, alginate and exo-polysaccharide
production abilities  under abiotic stresses i.e. 40 °C
temperature; 500 mM NaCl salt and 250 mM LiCl drought
conditions. In vivo seed treatments of individual selected
bacterium to maize plants resulted into significant
enhancement in root and shoot length, root and shoot fresh
and dry weight and no. of leaves per plant (Fig. 1). Overall,

the plant growth promoting and abiotic stress tolerance
ability was prominent for NBRISH6 bacterial isolate which
was identified as Ochromobactrum sp. using 16S rRNA
based phylogenetic analysis (Fig. 2). NBRISH6 having
multiple plant beneficial and abiotic stress tolerance
characteristics can be considered for its application in
agriculture under stress conditions.

Fig.  1. Growth representation of Zea mays plant inoculated with
se lected isolates. A represent Control;  B represent NBRISH4;  C
represent NBRISH6; D represent NBRISH10; E represent NBRISH11;
F  represent NBRISH13;  G  represent NBR ISH14;  H represent
NBRISH16; I represent NBR ISH26

Interaction of Cucumovirus with Gerbera

Maintenance of virus-free Gerbera plants: The
polyhouse grown gerbera (Gerbera jamesonii L.) cultivar
Zingaro plants at CSIR-NBRI, Lucknow were observed to
be infested with the severe yellow mosaic symptoms. The
infection was confirmed by reverse transcription-PCR
detection method to be of Cucumber mosaic virus (CMV).
The gerbera plants were made free from CMV infection
through floral bud culture method coupled with viralzole
chemical at concentration of 30 mg/l. These CMV-free
plants are being propagated using tissue culture method.
Plants have been multiplied from the mother culture and
rooted in Gerbera rooting media (Fig. 3).

Fig. 2 . Phylogenetic re lationship based on the 16S rRNA gene
sequences using neighbor-joining method (MEGA 6). The data of all
genera obtained, are from Genbank database. The numbers above
each node on the tree indicates the percentages of bootstrap sampling
derived from 1,000 replications. Bar infers nucleotide substitutions
per nucleotide.
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pots in soil and maintained in glasshouse for further
experiments. AB-30488 cell suspension was used to drench
pot soil twice at weekly interval. Morphological analysis
showed that B-30488 inoculation of soil significantly
enhanced the plant vigour in terms of shoot length, shoot
thickness , fresh weight and dry weight of plants as
compared to mock (buffer) inoculated plants.

Paenibacillus lentimorbus inoculation enhances tobacco
growth and extenuating the virulence of cucumber
mosaic virus

Previous studies with Paenibacillus lentimorbus B-
30488, a plant growth promoting rhizobacteria (PGPR)
isolated from cow’s milk, revealed its ability to improve
plant quality under normal and stress conditions. Present
study investigates its potential as a biocontrol agent against
an economically important virus, Cucumber mosaic virus
(CMV), in Nicotiana tabacum cv. White Burley plants and
delineates the physical, biophysical, biochemical and
molecular perturbations due to the trilateral interactions
of PGPR host-CMV. Soil inoculation of B-30488 enhanced
the plant vigor while significantly decreased the virulence
and virus RNA accumulation in systemic leaves of CMV
infected tobacco plants as compared to the control ones.

Histology of these leaves revealed improved tissue
health and least aging signs in B-30488 inoculated tobacco
plants, with or without CMV infection, and showed lesser
intercellular spaces between collenchyma cells, reduced
amount of xyloglucans and pectins in connecting primary
cells, and higher polyphenol accumulation in hypodermis
layer extending to collenchyma cells (Fig. 4).

These improvements led tobacco plant to produce
more flowers and seeds with no negative impact on plant
health. The present study may advocate the applicability
of B-30488 for crop yield improvement in virus infested
areas.

Screening of in vitro regenerated gerbera plants for CMV
persistence

The absence of CMV in in vitro raised plants was
confirmed by reverse transcription-PCR (RT-PCR) method
using degenerate primers of CMV which amplifies ~0.7 kb
band in infected plants.

Interaction of Potyvirus with Gladiolus

The tissue culture raised Bean yellow mosaic virus
(BYMV)-free gladiolus plants of cultivars Shagun, Tiger
flame, Decisso, Vink’s glory and Aldebaron are being
maintained under culture room conditions and are also
being multiplied by clonal propagation in experimental
plots.

Assessment of PGPR for induction of growth and disease
(virus)-resistance in gladiolus cultivars

The plant growth promoting rhizobacteria (PGPR),
Paenibacillus lentimorbus B-30488 (referred as B-30488), was
used to assess its impact on induction of growth and
BYMV-resistance in gladiolus cultivars. The gladiolus
cultivars Tiger flame, Vink’s glory and Aldebaronwere
were grown to 3-4 leaves stages in 12 inches (diameter)

Fig. 3. Rooted and accl imatization of gerbera plants in glasshouse
conditions.

Fig. 4 Histological analysis of stem tissue of N. tabacu m plants showing effect of PGPR in presence and absence of CMV. (a) Healthy
collenchyma cells are observed in control, B-30488 and CMV+ B-30488 treatments while CMV infection caused shrinkage of the cells altering
the intercellular  space (shown by the arrows) and thickened cell connecting corners (b) Stem tissue showing polyphenol accumulation in
hypodermis layer (shown by arrows).
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8.  S&T interventions to combat malnutrition in women
and children

Objectives:

 CSIR-NBRI product (Nutri-jam) having high nutrient
value particularly micronutrients, vitamins and
minerals will be taken to the selected Tech-villages
and villages.

 Distribution of the product (Nutri-Jam) in selected
villages among women & children suffering from
malnutrition and monitoring for the improvement in
health.

 Dissemination of knowledge about the use of local/
traditional fruits, vegetables, cerea ls to combat
malnutrition through imparting training, publishing
manuals, leaf lets and posters.

 Preparation, Quality control and scientific evaluation

studies of the CSIR-NBRI products will be continued
to maintain batch to batch consistency of the products
in pilot scale.

The CSIR-NBRI nutritional product, “Nutri-Jam”
(IPR covered vide application no. 2506/DEL/2004) was
provided to undernourished women and children. The
product was distributed to the selected individuals of
Dafedar ka Purva village of Barabanki district, Daun village
of Unnao and Tulsipur village of Amethi district. Several
visits each of Dafedar ka purva, Tulsipur and Daun village
were conducted. Feedback from the selected 60, 58, 169
individuals from Daun, Tulsipur and Dafedar Ka Purva
respectively were taken. Based on BMI of individuals it
was concluded that after consumption of the product the
BMI of the individuals was found to be increased which
indicate positive impact on the health of selected
individuals.
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9.  Root biology and its correlation to sustainable plant
development and soil fertility (RootSF)

Objectives:

 Generation of soil metagenomic map of agricultural
area of the state of Uttar Pradesh for improving soil
productivity under normal and abiotic stressed
conditions.

 Study of developmental changes in root system
architecture (RSA), morphology and physiology of
rice and chickpea roots growing under normal and
stressed (less water for rice and drought for chickpea)
soil conditions.

 Study of the effect of plant growth promoting bacteria
on rice and chickpea root development and its
mechanism of action under normal and stressed
(drought) soil conditions;

 Understanding signaling cross-talk during root
development.

Improvement in Agrobacterium-mediated transfor-
mation of chickpea (Cicer arietinum L.) by the inhibition
of polyphenolics re leased during wounding of
cotyledonary node explants

Agrobacterium-mediated transformation of chickpea
(Cicer arietinum L.) was performed using cotyledonary node
explants (CNs), which release phenolics upon excision

that are detrimental to the viability of Agrobacterium
tumefaciens and result in low transformation frequency.
Twelve low molecular weight phenolic compounds and
salicylic acid were identified in the exudates released upon
excision during the preparation of cotyledonary nodes by
reverse phase high-performance liquid chromatography
(RP-HPLC). Zone inhibition assays performed with the
explant exudates released a t periodic intervals after
excision showed the inhibition of A. tumefaciens.
Agroinoculation of freshly excised cotyledonary nodes of
chickpea showed 98-99 % inhibition of colony forming
units (cfu). Osmium tetraoxide fixation of excised tissues
showed enhanced accumulation of phenolics in the sub-
epidermal regions causing enzymatic browning, affecting
the viability and performance of A. tumefaciens for T-DNA
delivery. The periodic analysis of exudates released from
excised CNs showed enhanced levels of gallic acid,
chlorogenic acid, and quercetin, which were detrimental
to A. tumefaciens. Quantitative assays and the elution profile
showed the maximum leaching of phenolics, flavonoids,
and salicylic acid immediately after the excision of
explants and continued till 4 to 8 h post-excision. Pre-
treatment of excised explants with inhibitors of polyphenol
oxidase like L-cysteine, DTT, and sodium thiosulfate before
co-cultivation showed the recovery of A. tumefaciens, cfu
decreased the accumulation of phenolics, and improved
transformation frequency (Fig. 1). Our results show the
hypersens itive response of excision stress for the

Fig. 1. Histochemical determination of phenol ics in chickpea CN by  osmium tetraoxide post-fixation method. a T.S. of freshly excised
explant. b Overnight pre-incubated explants. c Explants soaked for 1 h in water and then pre-incubated on MS semi-solid medium. d L-
cysteine (100 mg/l). e Sodium thiosulfate (100 mg/l) and f DTT (100 mg/l) treated explants, respectively. Histochemical GUS assay in CN
explants. g Control explant, h freshly excised explant, and i explant treated with L-cysteine
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expression of defense response-related genes and synthesis
of metabolites in grain legume chickpea against pathogen
infestation including Agrobacterium.

Characterization and functional validation of two
scaffold attachment regions (SARs) from Cicer arietinum

A library of SARs has been prepared from chickpea
by Illumina sequencing of DNA fragments that co-isolate
with the nuclear scaffold by lithium diiodosalicylate
treatment. Seven fragments were screened on the basis of
SAR associated motifs and their interactions were tested
with the nuclear scaffold of chickpea by in vitro binding
assay. SAR 1 and SAR 2 bind strongly in comparison to
other SARs to the nuclear scaffold of chickpea and tomato

during in vitro binding assay. To investigate the effect of
SARs on transgene expression and variation among
transformants, NBRI 1.1 (harbouring GUS expression
cassette with single SAR1 fragment), NBRI 2.1 (with single
SAR2 fragment) and NBRI 1.2 (with two SAR1 fragments)
vectors  were prepared for plant transformation and
transgenic tomato plants  were developed, plants
transformed with pBI121 functioned as a control. The
enzymatic activity of GUS increased 9.52 fold in NBRI 2.1,
17.82 fold in NBRI 1.1 and 51.4 fold increase in NBRI 1.2
in comparison to pBI121. Chickpea was transformed with
NBRI 1.2 and pBI121, where GUS enzymatic activity
increased 13.789 fold in NBRI 1.2 in comparison to pBI121
(Fig. 2).

Fig. 2. a PCR amplification of uidA gene of T0 transgenic plants of chickpea transformed with different chimeric constructs. i pBI121 and ii
NBRI 1. 2. GUS histochemical assay . The chickpea leaves of eight randomly selected independent T0 transgenic events developed with
chimeric construct. b pBI121. c NBRI 1.2 showing GUS expression. d Quantitative GUS expression by fluorometric assay of T0 transgenic
chickpea plants developed by different chimeric constructs.
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Elucidation of complex nature of PEG induced drought-
stress response in rice root using comparative proteomics
approach

Along with many adaptive strategies, dynamic
changes in protein abundance seem to be the common
strategy to cope up with abiotic stresses which can be best
explored through proteomics. Understanding of drought
response is the key to decipher regulatory mechanism of
better adaptation. Rice (Oryza sativa L.) proteome represents
a phenomenal source of proteins that govern traits of
agronomic importance, such as drought tolerance. In this
study, a comparison of root cytoplasmic proteome was
done for a drought tolerant rice (Heena) cultivar in PEG
induced drought conditions. A total of 510 protein spots
were observed by PDQuest analysis and 125 differentially
regulated spots were subjected for MALDI-TOF MS-MS
analysis out of which 102 protein spots identified which
further led to identification of 78 proteins with a significant
score (Fig. 3). These 78 differentially expressed proteins
appeared to be involved in different biological pathways.
The largest percentage of identified proteins are involved
in bioenergy and metabolism (29%) and mainly consists
of malate dehydrogenase, succinyl-CoA, putative acetyl-
CoA synthetase, and pyruvate dehydrogenase. This was

followed by proteins related to cell defense and rescue
(22%) such as monodehydroascorbate reductase and
stress-induced protein sti1, followed by protein biogenesis
and storage class (21%) e.g. putative thiamine biosynthesis
protein, putative beta-alanine synthase, and cysteine
synthase. Further, cell signaling (9%) proteins like actin
and prolyl endopeptidase, and proteins  with
miscellaneous function (19%) like Sgt1  and some
hypothetical proteins represent a large contribution
towards drought regulatory mechanism in rice. We
propose that protein biogenesis, cell defense, and superior
homeostasis may render better drought-adaptation. These
findings might expedite the functional determination of
the drought-responsive proteins and their prioritization
as potential molecular targets for perfect adaptation (Fig.
4).

Physiological performance  of two contrasting rice
varieties under water stress

Two rice varieties PR-115 and Super-7 were imposed
to water stress and different physiological traits were
monitored to evaluate the performance of these varieties
under drought. Under water stress condition although the
relative water content, osmotic potential, chlorophyll
content, photosynthesis rate, carbon discrimination and

Fig. 3. 2-DE analysis of root proteome of rice. (A) Rice plant showing different stages of drought. (B) Proteins were extracted from rice root
tissue and equal amounts (250 µg) of proteins were separated by 2-DE as described in Materials and Methods Section. (C) Three replicate
silver-stained gels for each stage were computationally combined using PDQuest software and one representative master standard gel image
was generated.
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Fig. 4. Illustration of role of differentially regulated proteins involved in different pathways in rice for sustaining  during drought stress.
Proteins engaged in carbon breakdown, protein synthesis and ROS pathway are displayed on the corresponding metabolic pathways. Graphs
are the representatives of expression profile of individual protein and number given below in each graph indicates the protein identification
number

biomass decreased in both the varieties, however, the
reduction was more pronounced in Super-7 variety (Fig.
5). Oryzanol a trans-ester of ferulic acid functions as

antioxidant and it increased along with total phenolic and
anthocyanin content in both the varieties under drought
stress. However, gallic acid, 4 hydroxy benzoic acid,

Fig. 5. Net photosynthesis rate (A), stomatal conductance (B), transpiration rate (C), and water use efficiency (D) in leaves of PR-1115 and
Super-7 varieties at 0, 1st ,4th ,7th and 10th day of drought. Data showed as average ± standard deviation of five samples
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syringic acid and chlorogenic acid showed differential
pattern in both of the varieties under water limiting
conditions. Under drought, grain yield was penalized by
17 and 54% in PR-115 and Super-7 varieties, respectively
in comparison to watered plants. Super-7 variety showed
pronounced electrolyte leakage and malondialdehyde
enhancement under water stress condition. High non
photochemical quenching and reduction in non-regulated
energy dissipation and Photochemical quantum yield of
photo system II indicated balanced energy management
in tolerant PR-115 variety. The studies showed that PR-
115 is a drought tolerant variety while Super-7 is drought
sensitive in nature.

Unraveling aspects of Bacillus amyloliquefaciens
mediated enhanced production of rice under biotic stress
of Rhizoctonia solani.

Rhizoctonia solani is a necrotrophic fungi causing
sheath blight in rice leading to substantial loss in yield.
Excessive and persistent use of preventive chemicals raises
human health and environment safety concerns. As an
alternative, use of biocontrol agents  is h ighly

recommended. In the present study, an abiotic stress
tolerant, plant growth promoting rhizobacteria Bacillus
amyloliquefaciens (SN13) is demonstrated to act as a
biocontrol agent and enhance immune response against
R. solani in rice by modulating various physiological,
metabolic, and molecular functions (Fig. 6). A sustained
tolerance by SN13 primed plant over a longer period of
time, post R. solani infection may be attributed to several
unconventional aspects of the plants’ physiological status.
The prolonged stress tolerance observed in presence of
SN13 is characterized by (a) involvement of bacterial
mycolytic enzymes, (b) sustained maintenance of elicitors
to keep the immune system induced involving non-
metabolizable sugars such as turanose besides the known
elicitors, (c) a delicate balance of ROS and ROS scavengers
through production of proline, mannitol, and arabitol and
rare sugars like fructopyranose, -D-glucopyranose and
myoinositol and expression of ferric reductases and
hypoxia induced proteins, (d) production of metabolites
like quinazoline and expression of terpene synthase, and
(e) hormonal cross talk. As the novel aspect of biological
control this s tudy highlights the role of rare sugars,

Fig. 6. (A) Biocontrol efficacy of Bacillus amyloliquefaciens (SN13) against Rhizoctonia solani (R. solani) in dual culture method (I) and broth
conditions (II) (primary axis) SN13 growth, (secondary  axis) R. solani biomass. (B) Effect of SN13 on plant g rowth and b iocontrol of rice
sheath blight (a) 45 dpi (b) close view of lesion development in RS and SN13 + RS at 15 dpi. CON, control; SN13, biocontrol agent; R. solani,
pathogen; dpi, day s post infection.
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maintenance of hypoxic conditions, and sucrose and starch
metabolism in B. amyloliquefaciens (SN13) mediated
sustained biotic stress tolerance in rice.

Physico-chemical condition optimization during
biosynthesis lead to development of improved and
catalytically efficient gold nano particles

Biosynthesis of nanoparticles has gained great
attention in making the process cost-effective and eco-
friendly. In the present study, gold nanoparticles (GNPs)
of various shapes and sizes were obtained by modulating
different physical parameters using Trichoderma viride
filtrate (Fig. 7). The particles were characterized on the
basis of visual observation, dynamic light scattering, UV-
visible spectroscopy, transmission electron microscopy,
fourier transform infrared spectroscopy, and X ray
diffraction. While the size varied from 2–500 nm, the
shapes obtained were nanospheres, nanotriangles,
nanopentagons, nanohexagons, and nanosheets.
Changing the parameters such as pH, temperature, time,
substrate, and culture filtrate concentration influenced the
size and geometry of nanoparticles. Catalytic activity of
the biosynthesized GNP was evaluated by UV-visible
spectroscopy and confirmed by gas chromatography-mass
spectrometric analysis for the conversion of 4-nitrophenol
into 4-aminophenol which was strongly influenced by their
s tructure and dimension. Common practices for
biodegradation are traditional, expensive, require large

amount of raw material, and are time taking. Controlling
shapes and sizes of nanoparticles could revolutionize the
process of biodegradation (Fig. 8).

Fig.  8 . Overall  g raphical  abstract il lustrating  div erse  shapes
biosynthesized GNP and its ability to degrade 4-nitropdhenol into 4-
aminophenol.

Fig. 7. Schematic diagram representing mechanism of formation of gold nanoparticles
of different shapes and sizes under different reaction conditions.

Arsenic tolerant Trichoderma sp. reduces arsenic induced
stress in chickpea (Cicer arietinum)

Toxic metalloids including arsenic (As) can neither
be eliminated nor destroyed from environment; however,
they can be converted from toxic to less/non-toxic forms.
The form of As species and their concentration determines
its  toxicity in  plants. The microbe mediated
biotransformation of As is crucial for its plant uptake and
toxicity. In the present study the role of As tolerant
Trichoderma in modulating As toxicity in chickpea plants
was explored. Chickpea plants grown in arsenate spiked

soil under greenhouse conditions were
inoculated with  two plant growth
promoting Trichoderma strains, M-35 (As
tolerant) and PPLF-28 (As sensitive). Total
As concentration in chickpea tissue was
comparable in  both
the Trichoderma treatments, however,
differences  in levels of organic and
inorganic As (iAs) species were observed.
The shift in iAs to organic As species ratio
in tolerant Trichoderma  treatment
correlated with enhanced plant growth and
nutrient content. Arsenic s tress
amelioration in tolerant Trichoderma
treatment was also evident through
rhizospheric microbial community and
anatomical s tudies  of the stem
morphology. Down regulation of abiotic
stress responsive genes (MIPS, PGIP, CGG)
in tolerant Trichoderma + As treatment as
compared to As alone and sens itive
Trichoderma + As treatment also revealed
that tolerant strain enhanced the plant’s
potential  to cope with  As stress  as
compared to sensitive one. Considering the
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bioremediation and plant growth promotion potential, the
tolerant Trichoderma may appear promising for its
utilization in As affected fields for enhancing agricultural
productivity (Fig. 9).

The functional validation of GheCAMTA and NAC-2
genes in chickpea in response to water stress. Our aim is
to develop drought-tolerant chickpea

Chickpea seeds of variety P-362 were surface
sterilised and allowed to germinate for seven days. The
cotyledonary nodes (CNs) were prepared using 17-19 days
old germinated seedlings. The excised CNs was pre-
conditioned for 24 h in the culture room on MS medium
supplemented with 1 mg/l BAP. After 24 h, the CNs was
co-cultivated with Agrobacterium harbouring the CAMTA
gene for drought tolerance. The shoots were allowed to
develop on shoot elongation medium in the presence of
hygromycin for 15 days. The shoots surviving the antibiotic
selection regime were sub-cultured on medium
supplemented with silver nitrate for further elongation.
The selected shoots were grafted into seedling stocks and
allowed to grow for 15 days in plastic cups in a hardening
chamber. After 15 days, the plants were transferred into a
growth chamber. Later the plantlets were transferred to
pots  fi lled with soil and farmyard manure under

glasshouse conditions for pod development.

Functional Characterization of PGPR induced rice gene
in Arabidopsis

One of abiotic stress related genes, i.e., stress, ripening
gene (OsASR6, LOC_Os01g73250) was found to be up-
regulated (five folds) by PGPR treatment in rice roots. To
examine the potential  role of OsASR6  in  plant
development, heterologous expression in Arabidopsis
thaliana was carried out. 549 bp long OsASR6 orf was cloned
in plant expression vector and then used for Arabidopsis
transformation. Out of seven transgenic lines, progeny test
of three transgenic lines showed segregation ratio of 3:1
(resistance: susceptibility to kanamycin), suggesting a
single copy insertion of the transgene. These lines were
analyzed for OsASR6 transcript through real-time PCR,
and almost equal expression level of OsASR6 was found
in fully expanded leaves of T3 generation plants. OsASR6
expressed constitutively in different plant parts  in
Arabidopsis transgenic lines. Further progenies were
checked for various phenotypic analyses. The transgenic
Arabidopsis plants expressing OsASR6 showed better
plant growth with respect to control. Transgenic plants
were 34.7% taller compared to control plants with an
average height of 32.2±3.2 cm and leaves were longer by

69.1% as  compared to
control leaf. Roots of fully
grown plants were longer in
transgenic plants  with
increased root density than
control plants. Root hairs
also increased in transgenic
roots compared to control
when observed under a
s tereomicroscope. The
transgenic plants showed an
increase in root dry weight
and a 78% increase in dry
shoot weight. The increase
in the root growth and the
root density of transgenic
plants suggests  that the
transgenic plants might be
more capable of searching
for nutrition and water in
the soil  in  deficient
conditions. Further work on
transgenic lines is under
progress.

Fig. 9. Transverse section of chickpea stem, (A) T0,Un-inoculated control (B) T1, sensitive Trichoderma,
(C) T2,  tolerant Trichoderma (D ) T3, As alone (E) T4, sensi tive  Trichoderma + As (F ) T5, tolerant
Trichoderma + As. e - epidermis; c - cortex; sc - sclerenchymatous cells; p - phloem; x - xylem; H - healthy
cells; S - shrunken cells. Magnification: AeC (10X), DeF (20X).
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ma nagement of alveolar ost eit is:  A study.  National
journal of Maxillofacial Surgery, 7(2): 136-147.

174. Srivastava A and Asthana AK (2016) – Genus Entodon
Müll. Hal.  (Bryophyt a ) in Meghala ya . C ryptog am
Biodiversity and Assessment 1(1): 43-51.

175. Srivasta va A,  Kuma r S, Jaid i M a nd Ra j SK (2016 ) -
Associat ion of  Cotton lea f curl Multan virus and it s
associated betasatellite with leaf curl disease of Hibiscus
rosa-sinensis in India. New Disease Reports, 33: 4.

176. Srivastava J, Chandra H, Singh N and Kalra SJ (2016) -
U nders t anding t he develop ment of environmenta l
resistance among microbes: A review. CLEAN–Soil, Air,
Water, 44(7): 901-908.

177. Srivastava M, Sharma S and Misra P (2016) - Elicitation
Based Enhancement of Secondary Metabolites in Rauwolfia
serpentina and Solanum khasianum Hairy Root  Cultures.
 Pharmacognosy magazine, 12(Suppl. 3): S315-320.

178. Srivastava PK, Gupta M, Singh N and Tewari SK (2016) -
Amelioration of sodic soil for whea t cultivation using
bioa ugmented organic  soil a mendment . Land
Degradation & Development, 27(4): 1245-1254.

179. Srivastava S, Bist V, Srivastava S, Singh PC, Trivedi PK,
A sif  MH,  Cha uha n PS a nd Na ut iyal CS (20 1 6 ) -
Unraveling aspects of Bacillus amyloliquefaciens mediated
enhanced p roduct ion of rice under biot ic  st ress  of
Rhizoctonia solani. Frontiers in Plant Science, 7: 587.

180. Srivastava S, Misra A, Mishra P, Shukla P,  Kumar M,
Sundaresan V, Negi KS, Agarwa l PK and Rawat AKS
(20 17 ) –  Molecu la r and chemotypic va ria bility of
forskolin in Coleus forskohlii Briq., a high value industrial
crop collected from West ern Himalayas  (India) . RSC
Advances, 7: 8843–8851.

181. Srivastava S, Singh RK, Pathak G, Goel R, Asif MH, Sane
AP and Sane VA (201 6) - Compara tive transcriptome
analysis of unripe and mid-ripe fruit of Mangifera indica
(var. “Dashehari”) unravels  ripening a ssociated genes.
Scientific reports, 6: 32557.

182. Tiwari S , Pandey S, Chauhan PS, Pandey R (2017 ) –
Biocontrol a gents in co-inoculation manages root knot
nema tode [ Meloid og yne incognit a (Kofoid &  White)
Chitwood] and enhances Essential oil content in Ocimum
basilicum L. Industrial Crops and Products, 97: 292-301.

183. Tiwari V, Meena B, Nair KN, Upreti DK, Tamata S and
Rana TS (2017) – Assessment of genetic divers ity and
population structure of Bergenia stracheyi (Saxifragaceae)
in t he Western Himala ya ( India ).  Biochemical
Systematics and Ecology, 70: 205-210.

184. Toppo K, Mandotra SK, Nayaka S and Suseela MR (2016)
– Algal diversity of high altitude zones in Govind Wild
Life Sanctuary, Utt arakhand, India. Journal of Indian
Botanical Society, 95(3 & 42): 283-287.

185. Tyagi A, Yada v A, Tripathi AM, Roy S. (2016) - High
light int ens it y p la ys a  maj or role in emergence of
population level variation in Arabidopsis thaliana along

an altitudinal gradient. Scientific Reports, 6: 26160.

186. Upadhyay AK, Mandotra SK, Kumar N, Singh NK, Singh
L and Rai U (2016) – Augmentation of arsenic enhances
lip id  yield  a nd defense resp onses  in
alga Nannochloropsis sp. Bioresource technology, 221: 430-
437.

187. Upadhyay RK, Singh VR and Tewari SK (2016) – New
agro-technology to increase productivity of chamomile.
 Industrial Crops and Products, 89: 10-13.

188. Uppadhyay V, Ingle KK, Trivedi S and Upreti DK (2016)
–  D ivers ity a nd dis t ribut ion of  lichens  f rom the
monuments of Gwalior division, Madhya Pradesh with
special reference t o rock p oros it y a nd lichen
growth. Tropical Plant Research, 3(2): 384-389.

189. Usmani MA, Suseela MR, Toppo K and Sheikh S (2016) –
Algal diversity in different habitats from Northern region
of  Idukki d ist rict,  Kerala , India .  Journal of Indian
Botanical Society, 95(1 & 2): 28-36.

190. Usmani MA, Toppo K, Nayaka S, Suseela MR and Sheikh
S (2016) – Observation on fresh water algal flora of Sitapur
district , U ttar Pradesh.  Cryptogam Biodiversity and
Assessment, 1(2): 1-7.

191. Ved A, Gupta A and Rawat AKS (2017) – Antioxidant and
hepat oprotective potentia l of p henol- rich fra ction of
Junip erus comm unis Linn. leaves . Pharmacognosy
magazine, 13(49): 108-113.

192. Ved A, Rawat AK and Gupta A (2016) - Antioxidant and
hepatop rotective potential of phenol-rich fraction from
Pip er sy lvat icum  roxb. root s . C urrent Topics in
Nutraceuticals Research, 14(3): 207.

193. Verma N, Jena SN, Shukla S and Yadav K (2016) – Genetic
diversit y, p opula tion s t ruct ure a nd marker t rait
associations for alkaloid content and licit opium yield in
India-wide collection of poppy (Papaver somniferum L.).
Plant Gene, 7: 26-41.

194. Verma P, Paswan SK, Raj A, Rastogi C, Srivastava S, Rao
ChV (2016) - Hepatoprotective and antioxidant effect of
Dolich ousnea longissim a (Ach. ) a rticus ext ract against
cisplatin induced liver damage in wistar rats. European
Journal of Medicinal Plants, 17(4): 1-8.

195. Verma P, Paswa n SK, Verma  S, Singh SP , Ra o ChV,
Srivastava S a nd  Gupta RK (20 17) –  Assessment  of
hepatoprotective activity of Musa paradisica Linn. whole
p la nt  ext ract agains t  carbon t et ra chloride induced
hepa totoxicity in Wistar rat s. International Journal  of
Pharmaceutical Sciences and Research, 8(1):126-131.

196. Verma PK, Verma S , Meher A K, Pa nde V, Ma llick S,
Bansiwal AK, Dhankher OP, Tripathi RD and Chakrabarty
D (2016) - Overexpression of rice glutaredoxins (OsGrxs)
s ignif ica ntly reduces  arsenit e a ccumulat ion by
ma int a ining glut a t hione p ool a nd modula ting
aquaporins in yeast. Plant Physiology and Biochemistry,
106: 208-217.

197. Verma PK, Verma S, Pande V, Mallick S, Tripathi RD,
Dhankher OP and Chakrabarty D (2016) - Overexpression
of rice glutaredoxin OsGrx_C7 and OsGrx_C2.1 reduces
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intracellular arsenic accumulation and increases tolerance
in Arabidopsis thaliana. Frontiers in Plant Science, 7:740.

198. Verma S, Gupta A, Ramana MV and Rawat AK.(2016) -
High-performa nce thin- layer chromatogra phic ana lysis
for the simultaneous quantification of gallic acid, vanillic
acid, protocatechuic acid, and quercetin in the methanolic
fraction of Limonia acidissima L. fruits . JPC-Journal of
Planar Chromatography-Modern TLC, 29(5): 356-60.

199. Verma  S,  Verma  PK,  Pa nde V,  Tripa t hi RD  a nd
Chakrabarty D (201 6) - Transgenic Arabidopsis thaliana
exp ress ing funga l a rsenic  met hylt ra ns fera se gene
(Wa a rsM)  showed enha nced a rsenic  tolera nce via
volatilization. Environmental and Experimental Botany,
132: 113-120.

200. Wagh VV (2016) - Preliminary study on Ethno-medicinal
plants used for treating malarial fever in Pilibhit Tiger
Reserve,  Uttar Pradesh, India. International Journal of
Bioassays, 5(7): 4672-4675.

201. Wagh VV and Jain AK (2016) - Conservation status of
threatened ethno-medicinal plants in west ern Ma dhya
Pradesh, India. Journal of Biodiversity Management and
Forestry, 5(2).

202. Yadav AK, Mishra PK, Jain PK, Rao ChV, Tiwari S and
Singh V (2016) – Investigation of Calendula officinalis whole
plant as a gastroprotective and antioxidant in peptic ulcer.
British Journal of Medical and Health Research, 3(7): 67-
76.

Review Articles
1. Kuma ri B a nd Singh D P – A review on multifaceted

ap plica tion of Na not echnology in bioremedia tion of
petroleum hydrocarbons. Ecological Engineering, 2016,
97:  98-105.

2. Nayak SK, Ba jpai R, Up reti DK a nd Sa tapa thy KB –
D ivers it y of  lichen f lora  of  Odisha,  India  -  A
review. Studies in Fungi, 2016, 1(1): 114-124.

3. Pal M, Mishra T, Kumar A and Tewari SK – Biological
evaluation of t errestrial and marine p lant originat ed
labda ne dit erpenes (A  Review) . Pharmaceutical
Chemistry Journal, 2016, 50 (8):558-567.

Books
1. Roy RK – Home Garden, II edition. CSIR-NBRI, Lucknow,

2016: pp. 95.

2. Chaudhary LB, Kushwaha AK and Bajpai O – Trees of
Uttar Pradesh Part-1. Bennette, Coleman and Co. Ltd,
Lucknow 2016: pp. 364.

Chapter in Books
1. Nainwal RC, Katiyar RS, Singh D, Sharma SK, Singh S

a nd Tewa ri SK – A grofores t ry a s  a  reservoir for
biodiversity conserva tion,  soil fertility and mit igat ion
of clima tic ha z ards . In :  Holist ic Development  of
Agroforestry (Eds. S Tewari, VK Sah and SK Lavania),
Jaya Publishing House, Delhi, 2016 : 203–211.

2. Dasgupta CN and Nayaka S – Comprehensive screening
of micro and macroalgal species for bioenergy. In: Algal
Biofuels Recent Advances and Future Prospects (Eds. SK

Gup ta ,  A  Ma lik and F Bux) . Spring er Int ernational
Publishing, Switzerland, 2017: 39-56.

3. Bahadur L, Pal M, Yadav RK and Singh SR – Bio-active
compounds of medicinal and aromatic plants cultivated
under salt stress and organic p roduction syst em. In :
‘Innovat ive A pp roa ches and A dva nces  in Orga nic
Agricult ure for Sustainable Crop Production (Eds.  T.
Da modran, VK Mishra and SK Jha ),   CSSRI -  RRS ,
Lucknow, 2016 : 111-121.

4. August o S, Shukla V, Upret i DK, Paoli L, Vannini A,
Lopp i S,  Nerín C,  Domeño C,  Schuhma cher M –
Biomonit oring airborne pers ist ent  organic pollu tants
using lichens. In: Biomonitoring of Air Pollution using
Mosses and Lichens: Passive and Active Approach – State
of  t he A rt and Persp ectives (Eds.  MA Uroševiæ,  G
Vukoviæ and M Tomaševiæ), Nova Science Publishers, New
York, US, 2016 : 137-175.

5. Mohabe S, Anjali DB, Reddy MA, Nayaka S and Shankar
PC –  An appraisal of lichen biota in Chittoor district of
Andhra Pradesh, India. In: Biodiversity in India. Vol. 8
(Eds T Pullaiah and SS Rani), Astral International (P) Ltd.,
New Delhi, 2016: 247-297.

6. Na ya ka S – Sensit iz ing biodivers it y conserva tion at
school-college level: An experiment with workshops of
U tt a r Pra desh St a te B iodivers it y Boa rd.  In :
Mainstreaming Biodiversity: Sustaining People and their
Livelihoods (International Day for Biological Diversity).
Uttar Pradesh State Biodiversity Board, Lucknow, 2016: 56-
60.

7. Srivastava, PK – Fungal bioaugmentation of the rice root-
zone t o reduce arsenic  upt ake by rice from soils.  In :
Arsenic Research and Global Sustainability: Proceedings
of  the Six th Internat iona l Congress on A rsenic in t he
Environment (As2016). CRC Taylor & Francis, UK, 2016,
144: 329-330.

8. Singh M,  Srivas tava PK, Jaiswa l VK, Kharwar RN –
Biot echnologica l a pp lica t ions  of  microbes  for the
remedia t ion of environmenta l pollut ion.  In :
Biotechnology: Trends and Applications. Studium  Press
LLC, USA, 2016: 179-214.

9. Pandey N,  Iqba l Z,  Pa ndey BK a nd Sa wa nt SV –
Phytohormones and drought stress: Plant responses to
t ra nscript iona l regula tion. In :  Mecha nism of Plant
Hormone Signaling under Stress. John Wiley & Sons, Inc.,
Hoboken, NJ, USA 2017: 10.1002/9781118889022.ch34.

10. Misra P, Singh G, Mishra MK, Pandey V and Saema S –
Functional analysis and the role of members of SGT gene
fa mily of Withania  som nifera . In :  Transgenes is  and
Seconda ry Met abolism,  Reference Series in
Phyt ochemis t ry (Ed. S Jha ) . Springer Int ernat ional
Publishing, Switzerland, 2017:1-14.

11. Srivastava V, Chauhan PS, Misra S, Sharma S, Misra A
and Nautiyal CS – Bio-prospecting for improving soil health
and crop  p rod uct iv ity :  Ind ian p at ent land scap e .  In :
Intellectual Prope rty Issues in Biotechnology. CABI
Noswort hy Way Wallingford Oxfordshire, UK, 201 6,
7:58-79.
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foKku ok.kh 2016] vad 22
1- xqIrk vkj  ,oa vLFkkuk ,  ds & gfj rksfn~Hkr i kni  l j a{k.k ,oa

l ao/kZu dk oSKkfud ,oa O; ol kf; d egRo% 1&3A

2- fl ag ,  ds ,oa t kSgj h Mh & vuql a/kku vkSj  fodkl  xfr fof/k; ksa esa
Vsfj M+ksQkbV~l  dh Hkwfedk & Hkfo";  i fj çs{;  ,d ǹf"V esa% 4&8A

3- l j kst  ,y ,e] j kor  i h ,oa i ky ,e & mPp ol h;  vkgkj  çsfj r
eksVki k esa beyh l kj  dk vkS"k/kh;  ewY; kdu% 9&14A

4- j kgh Vh , l ] bj e ,Q] yky ,e ,oa çdk'k ,  & ,yksosj k dh Ål j
Hkwfe esa [ksrh% LokLF;  ykHk] /ku vt Zu o i ; kZoj .k l j a{k.k gsrq ,d
ubZ fdj .k% 15&21A

5- uSuoky vkj  l h] fl ag Mh] dfV; kj  vkj  , l ] ' kekZ , l  ,oa frokj h
, l  ds & i oZrh;  {ks=ksa esa xgr  dh mUur [ksrh% 22&24A

6- nkl  ch] ' kekZ , l ] prqosZnh oh ds] fl ag , l  ,oa frokj h , l  ds &
u{k= okfVdk% 25&28A

7- JhokLro ,  ,oa JhokLro ,e & ?k̀r  dqekj h% vkS"k/kh;  xq.k] egRo
rFkk mi ; ksx% 29&31A

8- VksIi ks ds ,oa mLekuh ,e ,  & t hok'e vkVk% 32&33A

9- ' kqDyk i h ,u] çl kn vkj ] ykaMs , l  ,oa j kukMs , l  ,  & fxyks; %
vusd j ksxksa ds fy,  xq.kdkj h% 34&36A

10- x; kl qíhu & nkyphuh dk ?kj syq mi ; ksx% 37&39A

11- vrqy c=k & rqyl h% ,d vkS"k/kh;  i kS/kk% 40&41A

12- vkfj Q ,e] l kgw vkj  ,oa JhokLro ,e& i kni  ; kSfxdksa }kj k ddZ
j ksxksa dh j ksdFkke% 42&44A

13- fcaæk ,  & uhe ds vkS"k/kh;  xq.k% 45&46A

14- ; kno vkj  & dksD; qyl  fgj l qVl  ,d cgqmi ; ksxh i kS/kk% 47A

15- fl ag i h ,oa fl ag , l  & dSDVl % 48&49A

16- nkl  ch & ouLi fr  okfVdk ds dqN egRoi w.kZ ò{k% 50&52A

17- cksgj k i h] v#.k oh , ] j axukFk ds t h ,oa fl ag i h ds & pdksr j k%
,d vuwBk uhacw % 53&55A

18- [kqj kbZt e t s , l ] fl ag , l ] dqekj  , l  ,oa j kW;  vkj  ds & dSDVl
,oa l SdqysaV dk Hkw&i fj ǹ' ;  esa mi ; ksx% 56&58A

19- t ks'kh ch] nhf{kr  oh ,oa dkSj  vkj  & ; wdsfyfIVl  ds ou l j a{k.k esa
mPp rduhdh i kS/k'kkyk dh ,d egRoi w.kZ Hkwfedk% 59&62A

20- feJk i h] i q#"kksÙke Mh ds ,oa ukSfV; ky l h , l  & osfYofl ; k
fej Sfcfyl  dk mrd l ao/kZu% 63&64A

21- c=k ,  ,oa dfV; kj  vkj  , l  & Hkkj rh;  fdl kuksa ds mRFkku gsrq
egRoiw.kZ Ql y% XysfM; ksyl % 65&68A

22- fl ag , l  ,oa çl kn vkj  & cM+s i kS/kksa dks NksVs : i  esa ?kj  esa mxk; s%
69&71A

Popular Articles
1. Khuraijam JS and Sharma SC – Cycads: The plants of

Jurassic Period. Pushpanjali , Lucknow Nagar Niga m,
Lucknow, 2017: 77-78.

2. Khura ija m JS  a nd Sha rma  SC – Hist ory of  t he
Bougainvillea. Ann. Bougainvillea Journal, 2017, 27: 32-33.

3. Khura ija m JS a nd Roy RK (201 6) – Conservation of
Orchids a t  CSIR-NBRI  Bot a nic  Garden.  Orchid
Conservation News, 2: 3-5.

4. Khura ija m JS  a nd Roy RK (2 01 6 )  –  D end robium
kentrophyllum (Orchidaceae) – A new record for the orchid
flora of Manipur, India. Richardiana, 16: 273-276.

5. Khuraijam JS and Roy RK (2016) – Ex-situ conservation
of Cycads at CSIR-National Botanical Research Institute,
Lucknow. Cycads, 1(1): 26-27.

6. Khuraijam JS and Singh R (2016) – Illegal trade of Cycas
cones in India, Bangladesh and Myanmar. Cycads, 1(1):
20-21.

7. Sharma SC, Katiyar RS and Chaurasia R – Saga of the
Bougainvilleas . Pushp anjali,  Lucknow Nagar N ig am ,
Lucknow, 2017: 75-76.

8. Mohanty CS, Pushpangadan P - Sustainable utilization
of plant-diversity in homestead garden of Uttar Pradesh
for providing nut rit ion security in the household ,
Souvenir-Utt ar Pradesh Biodivers ity Board, Lucknow,
2016: 116-119.

9. Singh AP and Johari D –  Sus taina ble u tilizat ion of
Biodiversity: Role of P teridop hyt es in livelihoods of
tharu tribes  of Utta r Pradesh. Souvenir-Utta r Pradesh
Biodiversity Board, Lucknow, 2016: 116-127.

10. Verma A, Mishra T, Shukla  S, Pal M and Upreti DK -
Effect of yoga in Diabetes, Anusandhan Shodh Patrika, 2017,
l 4(1):

11- mLekuh ,e , ] l q' khyk ,e vkj ] ' ks[k , l  ,oa VksIi ks ds & [kk|
LokLF;  vkSj  i ks"k.k l qj {kk esa ' kSokyh;  t So fofo/krk dh HkwfedkA
gekj  xkao] 2016] 27% 27&29A

12- j kor  ds ds & mHk; ksnfHkn % czk; ksQkbVk l ewg ds fy,  çLrkfor  ,d
uohu fganh ukeA ouLi fr  ok.kh] 2016] 25 % 56A

13- c=k ,  ,oa dfV; kj  vkj  , l  & j t uhxa/kk% ,d euHkkou i q"i A
i q"i kat fy& i q"i  ,oa 'oku çn'kZuh Lekfj dk] y[kuÅ uxj  fuxe]
2017A

14- c=k ,  ,oa dfV; kj  vkj  , l  & j t uhxa/kk% ,d euHkkou o
l qxfU/kr  iq"i A iq"i kat fy & iq"i  ,oa 'oku çn'kZuh Lekfj dk] y[kuÅ
uxj  fuxe] 2017A

15- c=k ,  ,oa dfV; kj  vkj  , l  & l ekt  dh l sok esa l h, l vkbZvkj %
xzkeh.k {ks= ds csj kst xkj ksa gsrq y?kq m| ksxA i q"i  fut Zyhdj .kA foKku
çxfr ] 2016] 8% 64&65A

Bulletins

1- fl ag Mh] uSuoky vkj  l h] dfV; kj  vkj  , l ] ' kekZ , l ] ,oa frokj h
, l  ds & i ku dh vk/kqfud mRi knu rduhdhA l h, l vkbZvkj &
,uchvkj vkbZ] y[kuÅ] 2016A

2- fl ag Mh] uSuoky vkj  l h] ' kekZ , l ] dqekj  i h ,oa frokj h , l  ds
& gYnh dh O; kol kf; d [ksrhA l h, l vkbZvkj &,uchvkj vkbZ] y[kuÅ]
2016A
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23- l R; Hkkek & vkd"kZd xqyeksgj % 72A

24- vkuan çdk'k & Hkkj rh;  ozr ] mi okl ] i oZ] rht ] R; kSgkj  o

vkgkj &fogkj  esa LokLF;  fu; a=d mi ; ksxh i kni % 73&84A

25- ' kekZ , l ] JhokLro , l ] ehuk ch ,y ,oa JhokLro oh ds &

oS-vkS-v-i -&j k"Vªh;  ouLi fr  vuql U/kku l aLFkku }kj k fodfl r

,oa ckt kj  esa mi yC/k çkS| ksfxfd; k¡% 85&87A

26- ehuk ch ,y] JhokLro oh ds] çl kn vkj  ,oa ' kekZ , l  & mÙkj

çns'k HkkSxksfyd l adsr% ,d v/; ; u% 88&91A

27- fl ag i h ,oa fl ag , l  & dSDVl  dh vfHkyk"kk% 92A

28- i ky ,p & ueu dyke% 93&94A

29- mt kyk , l  & i ; kZoj .k çnw"k.k% l eL; k vkSj  l ek/kku% 95&97A

30- dSu ,e ,y & esj k Hkkj r  LoPN cus&vkt  dh ; g vko' ; drk gSa%
98A

31- JhokLro ,y & vkReLo#i  dh i gpku% 99A

32- j kor  ds ds & fn fcx cSax F; ksj h vkWQ l ks'ky HkM+kl % 100&101A

33- JhokLro , l ] ' kekZ , l ] xqIrk vkj  ,u ,oa JhokLro oh ds &
oS-vkS-v-i -&j k"Vªh;  ouLi fr  vuql U/kku l aLFkku esa Hkfo"; ksUeq[kh
'kks/k% 102&104A

34- fl ag ch & og t yrh j gh% 105 A

35- j ke pj u & Jfed dh çkFkZuk% 106A

36- esgj ks=k , l  & vc fcj g dh osnuk dk D; k dj ksxs\% 107A

37- esgj ks=k , l  & xt +y% 108A

38- feJ i h & xt +y% 108A
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PATENTS GRANTED

PATENTS GRANTED / FILED

PATENTS FILED

Sl. 
No. 

Title Inventors Application 
No. 

Country and 
grant date 

Patent No. 

1. A gene for inducing male 
sterility in plants 

Sawant S, Tuli R, Singh 
SP 

2009321261 AU/14/07/2016 2009321261 

2. Allium fistulosum Leaf 
Agglutinin Protein, its Encoding 
Gene, Primer and Process for 
Preparation Thereof 

Singh PK, Rai P, Singh R, 
Upadhyay SK, Sharad S, 
Singh H, Verma PC, 
Chandrashekhar R, Tuli R 

14/368443 US/17/01/2017 9545107 

 

S. 
No. 

Title Inventors Country Filing Date/NF No. 

1. A method for production of 
transgenic cotton plant  

Sawant SV, Tripathi RK 
and Idris A 

US (USA) 
BR (Brazil) 
AU (Australia) 

08/04/2016/0092NF2013/US 
11/04/2016/0092NF2013/BR 
11/04/2015/0092NF2013/AU 

2. Novel reversible expression 
system for transgene 
expression in plants 

Sawant SV, Singh SP WO 18/04/2016/0174NF2014/WO 

3. Herbal Composition for the 
Management of Diabetes 

Nautiyal CS, Rao ChV, 
Ojha SK, Rawat AKS, 
Mani D, Pal A, Kumar D 

LK (Sri Lanka) 
MY (Malaysia)  

08/09/2016/0097NF2014/LK 
08/09/2016/0097NF2014/MY 
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CSIR-NBRI PARTICIPATION IN TRAININGS/EXHIBITIONS/WORKSHOPS/FLOWER SHOWS

HUMAN RESOURCE DEVELOPMENT

INDIVIDUAL TRAINING/WORKSHOP ATTENDED

S. 
No. 

Event Details Venue Date 

1. Bougainvillea Festival IARI, New Delhi April 01-03, 2016 

2. Creating livable planet earth  Dr. APJ Abdul Kalam Memorial 
Youth Conclave, Lucknow 

July 26-27, 2016 

3. Exhibitions in Agri-Tech India 2016 BIEC, Bangalore August 26, 2016 

4. HR Group Meet HRDC, Ghaziabad September 01, 2016 

5. Tech-Exhibition 2016 Vigyan Bhawan, New Delhi September 26, 2016 

6. District level science exhibition and 
competition  

CMS, Gomti Nagar, Lucknow October 22, 2016 

7. Post-Harvest Expo -2016 Integral University, Lucknow November 12, 2016 

8. National Children Science Congress – 2016 Pioneer Montessori School, Eldeco, 
Lucknow 

November 13-14, 2016 

9. CSIR Platinum Jubilee Techno-Fest under 
36th India International Trade Fair 

Pragati Maidan, New Delhi November 14-27, 2016 

10. India International Science Festival – 2016 CSIR-NPL, New Delhi December 06-12, 2016 

11. 104th Indian Science Congress Tirupati, Andhra Pradesh January 3-7, 2017 

12. Innovation Festival 2017 Regional Science City, Lucknow January 23-25, 2017 

13. Kisan Mela CSIR-CIMAP, Lucknow January 31, 2017 

14. State Flower Show 2017 Raj Bhawan Garden, Lucknow February 25-26, 2017 

15. Nagar Nigam Flower Show 2017 E-park Mahanagar, Lucknow March 4-5, 2017 

16. Udyanotsav – 2017 Rashtrapati Bhawan, New Delhi March 10, 2017 

17. Micro, Small and Medium Enterprises 
(MSME) Trade Fair 

Bhubaneswar, Odisha March 5-11, 2017 

 

SI. 
No. 

Name of Person (s) Subject of Training Course Organizer/Place Date/Period 

1. Dr. RN Gupta Managerial effectiveness for 
Technical Officers 

CSIR-HRDC, Ghaziabad September 28-
30, 2016 

2. Dr. PK Srivastava Certificate course for NABL 
Assessor ISO/IEC 17025:2005 

NITTR, Chandigarh October 17-21, 
2016 

3. Dr. Lal Bahadur Agro-Ecotourism - An Emerging 
Enterprise for Agricultural 
Diversification  

ICAR-Central Coastal 
Agricultural Research 
Institute, Ella, Old Goa 

October 30 - 
November 09, 
2016  

4. Mr. SK Sharma and 
Dr. S Singh 

Science and technologies for rural 
societies 

Indian Institute of Public 
Administration, New Delhi 

November 07-
11, 2016 

5. Dr. Charu Lata Work-life balance for women 
scientists and officers 

HRDC, Ghaziabad December 21-23, 
2016 

6. Dr. Lal Bahadur and 
Mr. Y Misra 

Workshop on “Art of Public 
Speaking and Technical Writing” 

CSIR-HRDC, Ghaziabad April 11-13, 2016 

 

HUMAN RESOURCE DEVELOPMENT
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GROUP TRAINING IMPARTED

Student Training Imparted

Fifty Four post-graduate students of different universities/institutes were imparted training on various topics of
their interest, during April 2016 to March 2017. A sum of ̀  8,76,000.00 was realized from them as training fee.

SI. 
No. 

Name of Person (s) Subject of Training Course Organizer/Place Date/Period 

Capacity Building for Technical 
Officers 

CSIR-HRDC, Ghaziabad July 25-29, 2016 7. Dr. GG Sinam 

Uncertainty Measurement as per 
ISO/IEC-17025-2005  

CIPET, Lucknow September 14-
16, 2016 

8. Dr. KK Rawat Managerial Effectiveness for 
Technical Officers 

CSIR-HRDC, Ghaziabad September 28-
30, 2016 

9. Dr. RC Nainwal Soil Safety and Soil Health: Issues 
of Concern for Agriculture, 
Environment and Human Health 

Department of Soil Science & 
Agricultural Chemistry, 
Jawaharlal Nehru Krishi 
Vishwa Vidyalaya, Krishi 
Nagar, Jabalpur (M.P.) 

September 27 – 
October 17, 2016 

10. Dr. L Bahadur, 
Scientist and Dr. GG 
Sinam 

Design and Analysis of 
Experiments 

CSIR-HRDC, Ghaziabad January 18-20, 
2017 

11. Dr. P Mishra Sexual harassment of woman at 
workplace 

CSIR-HRDC, Ghaziabad January 27-28, 
2017 

12. Dr. S  Srivastava and 
Dr. Poonam C Singh 

Science and Technology for Rural 
Societies 

Indian Institute of Public 
Administration, New Delhi 

February 20-24, 
2017 

13. Dr. A Mishra and Dr. 
Charu Lata 

Emerging Trends in Science, 
Technology and Governance 

Indian Institute of Public 
Administration, New Delhi 

February 13-17, 
2017 

 

S. 
No. 

Name of the Organization Subject of training No. of 
participants 

Date/Peroid 

1. Gardeners, High Court, Lucknow Bench Garden Management 09 July 4-18, 2016 
July 18-Aug 4, 2016 

2. General Public (House wives, teachers, 
students and garden lovers) 

Bonsai Technique 12 September 2, 2016 

3. Family Welfare Centre, AMC Centre and 
College, Lucknow 

Dehydrated Floral Crafts 
and Bonsai Technique 

50 September 6-7, 2016 

4. Farmers of Lucknow, Unnao, Sitapur and 
Barabanki districts 

Betelvine Cultivation 40 September 7, 2016 

5. General Public (House wives, teachers, 
students and garden lovers) 

Home gardening 18 September 19, 2016 

6. General Public (House wives, teachers, 
students and garden lovers) 

Bonsai Technique 90 March 21-23, 2017 

7. General Public (House wives, teachers, 
students and garden lovers) 

Dehydrated Floral Crafts 43 March 28-30, 2017 
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Sl. 
No. 

Name of the Person(s) Award(s) 

1. Agnihotri P Prof. Shiv Mangal Singh Smriti Paryavaran Sanrakshan Samman for the year 
2015-2016 by Sri Prabhu Devi Vidya Mandir Pratisthan, Lucknow. 

2. Bajpai R Best Reviewer Certificate by the Journal Ecological Indicators. 
3. Charu Lata  Awarded with Indo-Australia Early & Mid-Career Researchers Fellowship 2016-

17 for duration of three months at the University of Queensland, Brisbane, 
Australia administered by the Indian National Science Academy, New Delhi, 
India and supported by Department of Science & Technology (DST), Government 
of India. 

4. Kannaujia R Rashtriya Gaurav Award for the meritorious services, outstanding performance 
and remarkable role by India International Friendship Society, New Delhi on 
March 25, 2017 in National Seminar on Economic Growth and National 
Integration, New Delhi. 

5. Mishra GK Dr. Dharni Awasthi Award 2016 by International Association for Lichenology, in 
the 8th IAL Symposium held at Helsinki, Finland. 

6. Nainwal RC & Singh D Young Scientist Award for the year 2016 for contribution in the field of Agronomy 
by the Society for Scientific Development in Agriculture and Technology, Meerut 

 

CSIR-NBRI with CSIR-CIMAP SHARED CSIR
TECHNOLOGY AWARD FOR LIFE SCIENCES-2016

CSIR TECHNOLOGY AWARD FOR LIFE SCIENCE
2016 was conferred jointly to CSIR-National Botanical
Research Institute and CSIR-Central Institute of Medicinal
and Aromatic Plants, Lucknow for development of Herbal
Composition (NBRMAP-DB) for the Management of
Diabetes Type II.

HONOURS/AWARDS/DISTINCTIONS

formulation with immune-modulatory properties and
provides relief to people suffering from diabetes through
management of blood glucose level. During a short span
of less than a year, more than one million diabetic patients
have been benefited by this formulation throughout the
country with a sale of approximately Rs. 60 crores. Success
of this formulation has given a thrust to cultivation of
medicinal plants  and thus value addition to the
agricultural sector, towards generating employment and
thereby uplifting the socio-economic status of farmers. This
award inspires researchers engaged in finding innovative
solutions , for a ffordable healthcare through the
amalgamation of modern scientific methods, and India’s
rich traditional knowledge.

The team CSIR-NBRI included former Director Dr.
CS Nautiyal, Dr. AKS Rawat, Dr. ChV Rao and Dr. SK
Ojha and team CSIR-CIMAP included Prof. AK Tripathi
(Director), Dr. DN Mani, Dr. A Pal, and Dr. Dinesh Kumar.
Dr. Harsh Vardhan Hon’ble Union Minister for Science &
Technology & Earth Sciences, Shri Y. S. Chowdary Hon’ble
Minister of State for Ministry of Science & Technology &
Earth Sciences and Dr. Girish Sahni, DG, CSIR felicitated
the R&D teams on the occasion of CSIR-Foundation Day
on September 26, 2016.

CSIR-NBRI won Gold Award in CSIR Platinum
Jubilee Techno-Fest under 36th India International Trade
Fair underAgriculture & Floriculture theme in held during
November 14-27, 2016 at Pragati Maidan, New Delhi.

NBRMAP-DB is  a scientifica lly validated and
standardized herbal formulation developed jointly by
CSIR-NBRI and CSIR-CIMAP, Lucknow. The drug has
been marketed by AIMIL Pharmaceuticals (India) Limited,
New Delhi-the licensee, under the trade name of BGR-34.
NBRMAP-DB is  an anti-diabetic, hypoglycemic

NBRI & CIMAP officials receiving the CSIR Technology Award at the
CSIR Foundation Day ceremony at New Delhi on September 26, 2016

Individual Honours/Awards/Recognitions

HONOURS/AWARDS/DISTINCTIONS
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1.  Asthana AK  Fellow of Indian Botanical Society and Association for Plant Taxonomy 
2.  Chakrabarty D  Member of Plant Tissue Culture Association (India) 2016 

 Evaluator of projects in the executive agency for higher education research, 
development and innovation funding (UEFISCDI), Romania 

3.  Charu Lata   Elected Member of the National Academy of Sciences India (NASI), Allahabad, India 
 Selected as one of the 20 founding Member/Fellow of the India National Young 

Academy of Science (INYAS), New Delhi for a period of five years (April 24, 2015-
December 31, 2019) 

4.  Khatoon S  Appointed as an Expert of a Panel ‘for issuing the License to the Unani Pharma 
companies for manufacturing the Unani products’ from Unani Directorate, UP, 
Lucknow 

 Editor of Asian J. Pl. Sci., Intl. J. Bot., Res. J. Med. Pl., J. bot. Sci., Pharmacog. J. and J. 
Develop. Biol. Tissue 

5.  Ojha SK External Expert for the monitoring of National Programme for Prevention and Control of 
Cancer, Diabetes, Cardiovascular Disease and Stroke (NPCDCS) at District Lakhimpur- 
Kheri: A AYUSH Project under Central Research Institute of Unani Medicine, Ministry of 
Health & Family Welfare. 

6.  Rao ChV  Member, Research Council, Amity University, Lucknow, Jawaharlal Nehru Tropical 
Botanic Garden & Research Institute, Thiruvanathapuram, Integral University, 
Lucknow, Dr. APJ Abdul Kalam Technical University, Lucknow 

 Fellow of National Society of Ethno-pharmacology, Kerela 
7.  Rawat AKS Appointed as an Expert of a Panel ‘for issuing the License to the Ayurvedic Pharma 

companies for manufacturing the Ayurvedic products’ from Ayurveda Directorate, UP, 
Lucknow. 

 

Ph.D. Awarded

1. Mr. Amit K. Dey
Biodiversity assessment of lichens and evaluation of their
role as ecological indicators in Nagaon district of Assam,
North East India
Guides : Prof. J Rout, Department of Ecology &
Environmental Science, Assam University, Silchar and
Dr. DK Upreti, Chief Scientist, CSIR-NBRI, Lucknow
University: Assam University, Silchar

2. Amit Pal Singh

Modulation of Arsenite Induced Toxicity by Nitric Oxide
and Salicylic Acid in Rice (Oryza sativa L.)

Guide:  Dr. RD Tripathi, Retd. Former Chief Scientist,
CSIR-NBRI, Lucknow

University: Academy of Scientific and Innovative Research
(AcSIR), New Delhi.

3. Mr. Anukool Srivastava

Development of Genetic markers (SSRs, SFPs & SNPs) in
Indian Genotypes of Gossypium herbaceum and Gossypium
hirsutum

Guide:  Dr. S N Jena, Senior Scientist, CSIR-NBRI,
Lucknow

University: Academy of Scientific and Innovative Research
(AcSIR), New Delhi.

4. Mr. Gaurav Singh

Functional analysis of sterol glycosyltransferase gene
(SGTs) family members of Withania somnifera using artificial
miRNA technology

Member/Editor, Referee, Expert, Reviewer, Judge, etc. (selected, recognized, enrolled, empanelled, nominated)

Sl. 
No. 

Name of the Person(s) Award(s) 

7. Ojha SK  Aryabhatt Award 2016 for excellence in Ayurvedic Research, by Association of 
Ayurvedic Professionals of North America  (AAPNA) 

8. Rawat AKS Dr. SK Jain Medal for the year 2015-16 by the Society of Ethnobotanists 
9. Singh BN Young Scientist Award of Biotech Research Society of India (BRSI) in recognition 

of his significant contributions in the area of Medical Biotechnology 
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Guides: Dr. P Misra, Principal Scientist, CSIR-NBRI,
Lucknow and Dr. Surendra Singh, BHU, Varanasi

University: Banaras Hindu University (BHU), Varanasi

5. Mr. KN Maurya

Study of components of variance and linkage
disequilibrium in a population subjected to biparental
mating in opium poppy (Papaver somniferum L.).

Guides: Dr. S Shukla, Senior Principal Scientist, CSIR-
NBRI, Lucknow and Dr. Geeta Asthana, Lucknow
University, Lucknow

University: Lucknow University, Lucknow.

6. Ms. Mamta Bhat

Studies  on lichen diversity of Rajouri district with
assessment of impact of air pollution

Guides: Dr. S Verma, Associate Professor, Centre for
Biodivers ity Studies, School of Biosciences  and
Biotechnolgy, BGSB Univers ity, Ra jouri  and
Dr. DK Upreti, Chief Scientist, CSIR-NBRI, Lucknow

University: BGSB University, Rajouri

7. Manisha Mishra

Guide: Dr. P K Singh, Principal Scientist, CSIR-NBRI,
Lucknow

Effective Control of Bemisia tabaci via strategically identified
biomolecules

University: Academy of Scientific and Innovative Research
(AcSIR), New Delhi.

8. Ms. Manvi Singh

Remediation potential of soil fungi to reduce arsenic
contamination from agricultural soils of Uttar Pradesh.

Guides : Dr. RN Kharwar , BHU, Varanas i and
Dr. PK Srivastava, Senior Scientist, CSIR-NBRI, Lucknow

University: Banaras Hindu University (BHU), Varanasi

9. Nidhi Thakur

RNAi Mediated Suppression of Vital Genes in Whitefly
(Bemisia tabaci) and Development of Transgenic Plants for
Resistance to the Pest

Guide: Dr. P K Singh, Principal Scientist, CSIR-NBRI,
Lucknow

University: Academy of Scientific and Innovative Research
(AcSIR), New Delhi.

10. Mrs. Nidhi Verma

Genetic characterization of indigenous germplasm lines
of opium poppy (Papaver somni ferum L.) through

morphological, biochemical and molecular approaches

Guides: Dr. S Shukla, Senior Principal Scientist, CSIR-
NBRI, Lucknow and Dr. K Yadav, Lucknow University,
Lucknow

University: Lucknow University, Lucknow

11. Ms. Monika Dwivedi

Novel combinations of medicinal plants viz. Piper longum,
Piper nigrum and Zingiber officinale with known anticancer
agents curcumin and oleanolic acid: Formulation and
evaluation

Guides: Dr. AKS Rawat, Senior Principal Scientist, CSIR-
NBRI, Lucknow and Dr. S Paliwal, Banasthali University,
Tonk

University: Banasthali University, Tonk

12. Ms. Nishi Srivastava

Variation in secondary metabolites of Bergenia Ciliata
collected from different altitudes of Himalaya and
explorations of biosynthetic biogenesis pathways of
secondary metabolites of Andrographic paniculata,  Artemisia
annua and Birgenia ciliata

Guides: Dr. AKS Rawat, Senior Principal Scientist, CSIR-
NBRI, Lucknow and Prof. AR Khan, Integral University,
Lucknow

University Integral University, Lucknow

13. Ms. Neha Karakoti

Ecophysiological attributes of selected lichen species of
Garhwal Himalayas along an altitudinal gradient

Supervisors: Dr. DK Upreti, Chief Scientist, CSIR-NBRI,
Lucknow and Prof. (Mrs.) Kiran Bargali, Kumaun
University, Nainital

University: Kumaun University, Nainital

14. Ms. Rekha Singh

Genetic variability, diversity and stability analysis in grain
amaranth (Amaranthus hypocondriacus L.)

Guides: : Dr. S Shukla, Senior Principal Scientist, CSIR-
NBRI, Lucknow and Dr. Suresh BG, Sam Higginbottom
University of Agriculture, Technology and Sciences
(SHUATS), Allahabad

University: Sam Higginbottom University of Agriculture,
Technology and Sciences (SHUATS), Allahabad

15. Ms. Saba Irshad

Botanical, Chemical and Molecular Characterization of a
Controversial Drug ‘Shankhpushpi’ and evaluation of its
antioxidant potential

HONOURS/AWARDS/DISTINCTIONS
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Guides: Dr. Sayyada Khatoon, Principal Scientist, CSIR-
NBRI, Lucknow and Prof. PK Mishra , Lucknow
University, Lucknow

University: Lucknow University, Lucknow

16. Mr. SK Mandotra
Screening of potential algal species for biofuel production
and optimization of growth conditions for high lipid
accumulation

Guides: Dr. MR Suseela, Retd. Senior Principal Scientist,
CSIR-NBRI, Lucknow and Prof. PW Ramteke, Sam
Higginbottom University of Agriculture, Technology and
Sciences (SHUATS), Allahabad

University: Sam Higginbottom University of Agriculture,
Technology and Sciences (SHUATS), Allahabad

17. Ms. Shweta Singh
Selection and gamma induced mutation for development
of high yielding superior quality genotypes of Curcuma
longa L.

Guides: Dr. SK Tewari, Senior Principal Scientist, CSIR-
NBRI, Lucknow and Dr. Manjul Dhiman, KLDAV College,
Roorkee.

University : HNB Garhwal University, Srinagar, Garhwal

18. Ms. Syed Saema
Functional characterization of sterol glycosyltransferase
(SGT) L1 gene of Withania somnifera

Guides: Dr. P Misra, Principal Scientist, CSIR-NBRI,
Lucknow and Dr. Iffat Zareen Ahmad , Integra l
University, Lucknow

University: Integral University, Lucknow

Ph.D. Theses Submitted
1. Ms. Aarti Kumari
Molecular detection, characterization of viruses infecting
Canna spp. and development of virus-free Canna plants

Guides: Dr. PS Chauhan, Senior Scientist, CSIR-NBRI,
Lucknow and Dr. SK Raj, Retd. Chief Scientist, CSIR-NBRI,
Lucknow

University: Academy of Scientific and Innovative Research
(AcSIR), New Delhi

2. Ms. Ameena Siddiqui
Diversity analysis, gene interactions and association
among different traits in Linseed (Linum usitatissimum L.)

Guides: Dr. S Shukla, Senior Principal Scientist, CSIR-
NBRI, Lucknow

University: Academy of Scientific and Innovative Research
(AcSIR), New Delhi

3. Asmita Gupta

Functional analysis of SlERF6 during Tomato Plant
Growth and Ripening

Guide:  Dr. A P Sane, Senior Principal Scientist, CSIR-
NBRI, Lucknow

University: Academy of Scientific and Innovative Research
(AcSIR), New Delhi.

4. Ms. Archana Bhardwaj

Design and development of plant specific model based
SNP pipeline

Guides: Dr. SK Bag, Senior Scientist, CSIR-NBRI, Lucknow

University: Academy of Scientific and Innovative Research
(AcSIR), New Delhi

5. Ms. Astha Gupta

Mapping quantitative trait loci for traits related to biomass
in Arabidopsis thaliana

Guides: Dr. HK Yadav, Senior Scientist, CSIR-NBRI,
Lucknow

University: Academy of Scientific and Innovative Research
(AcSIR), New Delhi

6. Ms. Chandrawati

Genetic diversity analysis and QTL mapping in linseed
(Linum usitatissimum L.)

Guides: Dr. HK Yadav, Senior Scientist, CSIR-NBRI,
Lucknow

University: Academy of Scientific and Innovative Research
(AcSIR), New Delhi

7. Ms. Deepali Johari

In-vi tro studies on mating system and colonization
potential of some threatened Pteridophytes

Guides: Prof. LM Tiwari, Kumaun University, Dr. PB
Khare, Retd. Chief Scientist and Dr. AP Singh, Senior
Scientist, CSIR-NBRI, Lucknow

University: Kumaun University, Nainital

8. Ms. Deepika Lakhwani

Integrating bioinformatics approaches to identify gene
expression profile and networks regulating fruit ripening
in Banana

Guides: Dr. MH Asif, Senior Scientist, CSIR-NBRI,
Lucknow

University: Academy of Scientific and Innovative Research
(AcSIR), New Delhi.
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9. Mr. Krishna Mohan Rai

Exploring the role of JMJC domain containing histone
demethylases in epigenetetic regulation of cotton fiber
development

Guides: Dr. Veena Pande, Dr. KK pandey, Department
of Biotechnology, Kumaun University, Nainital and
Dr. SV Sawant, Senior Principal Scientist, CSIR-NBRI,
Lucknow

University: Kumaun University, Nainital

10. Mr. Nayan Sahu

Eco-physiological studies of understory woody species of
tropical moist deciduous forest ecosystem of northern India.

Guides: Prof. SS Bargali, Department of Botany, DSB
Campus, Nainital and Dr. S Nayaka, Principal Scientist,
CSIR-NBRI, Lucknow

University: Kumaun University, Nainital

11. Mr. Niraj Singh

Physiological studies and molecular characterization of
Gladiolus germplasm using molecular markers

Guides: Dr. TS Rana, Senior Principal Scientist, CSIR-
NBRI, Lucknow and Dr. S Tamta, Assistant Professor,
Kumaun University, Nainital

University: Kumaun University, Nainital

12. Mr. Pankaj K Verma

Functional characterization of arsenic-responsive
glutaredoxin genes of rice (Oryza sativa L.)

Guides: Dr. D Chakrbarty, Senior Scientist, CSIR-NBRI,
Lucknow and Dr. Veena Pande, Head, Department of
Biotechnology, Kumaun University, Nainital

University: Kumaun University, Nainital

13. Mr. Rajeev Tripathi

Functional validation of SQUAMOSA promoter binding
like (SPL) transcription factor in cotton fiber development

Guides: Dr. Veena Pande, Dr. KK Pandey, Department
of Biotechnology, Kumaun University, Nainital and
Dr. SV Sawant, Senior Principal Scientist, CSIR-NBRI,
Lucknow

University: Kumaun University, Nainital

14. Ms. Reena Yadav

Potentiating the insecticidal activity of Bt-Cry1Ab toxin in
transgenic tomato by the co-expression of a plant serine
protease inhibitor

Guides: Dr. Veena Pande, Professor, Department of
Biotechnology, Kumaun University, Nainital  and
Dr. I Sanyal, Principal Scientist, CSIR-NBRI, Lucknow

University: Kumaun University, Nainital

15. Ms. Ridhi Goel

Bioinformatics of WRKY gene family: Evolution,
Expression and Neofunctionalization in higher plant

Guides: Dr. MH Asif, Senior Scientist, CSIR-NBRI,
Lucknow

University: Academy of Scientific and Innovative Research
(AcSIR), New Delhi

16. Sameer Dixit

Enhancement of Methanol Production in Tobacco for
Broad Spectrum Insect Resistance

Guide: Dr. Praveen C Verma, Senior Scientist, CSIR-NBRI,
Lucknow

University: Academy of Scientific and Innovative Research
(AcSIR), New Delhi.

17. Ms. Shilpi Singh

Study on Indian bred Bougainvillea  through
morphological and molecular approaches

Guides: Dr. RK Roy, Senior Principal Scientist, CSIR-
NBRI, Lucknow and Dr. S Chandra, Assistant Professor,
Kumaun University, Nainital

University: Kumaun University, Nainital

18. Ms. Shikha Verma

Identification and characterization of a novel arsenic
methyltransferase from Westerdykella aurantiaca isolated
from arsenic contaminated agricultural soil

Guides: Dr. D Chakrbarty, Senior Scientist, CSIR-NBRI,
Lucknow and Dr. Veena Pande, Head, Department of
Biotechnology, Kumaun University, Nainital

University: Kumaun University, Nainital

19. Ms. Smrati Srivastava

Spatial and Temporal Regulation of Ripening in Two
Indian Varieties of Mango (Mangifera indica)

Guide: Dr. Vidhu Sane, Principal Scientist, CSIR-NBRI,
Lucknow

University: Academy of Scientific and Innovative Research
(AcSIR), New Delhi

HONOURS/AWARDS/DISTINCTIONS
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20. Ms Sujata Misra

Taxonomic reappraisal and genetic diversity assessment
in Indian Luffa  Mill . (Cucurbitaceae) through
morphological and PCR-based DNA marker analyses

Guides: Dr. KN Nair, Senior Principal Scientist, CSIR-
NBRI, Lucknow and Prof. SS Bargali,  Kumaun University,
Nainital

University:  Kumaun University, Nainital

21. Mr. Surendra Pratap Singh

Novel strategy for developing male sterile plants and
fertility restoration of F1 hybrid through regulated
expression system

Guides: Dr. RR Singh, Department of Botany, Lucknow
University and Dr. SV Sawant, Senior Principal Scientist,
CSIR-NBRI, Lucknow

University: Lucknow University, Lucknow

22. Tapsi Shukla

Understanding arsenic stress responses using natural
variation in Arabidopsis thaliana

Guide: Dr. Prabodh K Trivedi, Senior Principal Scientist,
CSIR-NBRI, Lucknow

University: Academy of Scientific and Innovative Research
(AcSIR), New Delhi.

23. Ms. Varsha Srivastva

Cytotaxonomic studies on some threatened and
medicinally important plants from Indian Himalayan
Region.

Guides: Prof. Kumkum Mishra, Lucknow University and
Dr. P Agnihotri, Senior Scientist, CSIR-NBRI, Lucknow

University: Lucknow University, Lucknow

24. Mr. Verendra Kumar

To explore the role of histone deacetylases in epigenetic
regulation of fiber development in Gossypium hirsutum

Guides: Dr. Gauri Saxena, Department of Botany,
Lucknow University and Dr. SV Sawant, Senior Principal
Scientist, CSIR-NBRI, Lucknow

University: Lucknow University, Lucknow

25. Mr. Vikash K Yadav

Identification and characterization of long range
chromatin interactions involved in regulation of gene
expression in Arabidopsis thaliana

Guides: Dr. SV Sawant, Senior Principal Scientist, CSIR-
NBRI, Lucknow

University: Academy of Scientific and Innovative Research
(AcSIR), New Delhi





154

ANNUAL REPORT 2016-2017

Information, Publication & Library

Dr. PA Shirke, Dr. KN Nair, Dr. CS Mohanty, Mr. Yogendra Nath, Mr. Yogendra
Mishra, Mr. ML Kain, Mr. RR Rastogi

Planning Monitoring & Evaluation

Dr. AK Gauniyal, Dr. RN Gupta, Mr. VK Gupta

Technology Transfer & Business Development

Dr. AK Gauniyal, Mr. Vivek Srivastava, Mrs. Swati Sharma, Mr. BL Meena

ICT

Dr. Sudarshan Kumar, Mr. Surjit Kumar, Mrs. Leena Wahi Gupta,
Mr. Prashant Srivastava, Mr. Devranjan

Essential and Civil Services

Mr. AA Mallick, Mr. VD Tripathi, Mr. LK Srivastava, Mr. Harendra Pal,
Mr. Somanath Swain
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S & T SUPPORT SERVICES

S & T SUPPORT SERVICES

INFORMATION, PUBLICATION & LIBRARY (IPL)

IPL, one of the core S&T support systems of the
Institute, primarily caters to the information needs of
scientists, researchers, students, industrialists, planners,
administrators, and people from other walks of life on
various aspects of plant sciences and related research
disciplines. With its three constituent functional units, IPL
serves as a gateway for science dissemination and as a
knowledge resource centre for the benefit of a wide user
groups. The main functions of IPL include collection,
collation, publication and effective dissemination of the
S&T information resources generated by the Institute
through different communication tools, including print
and electronic media.

It serves as the principal communication link
between the Institute and its stakeholder groups . It
organizes scientific events, press meets, celebration of
national and international days of scientific, technological
and strategic importance to the Institute and our nation,
besides showcasing the Institute’s publication and other
R& D outputs to the science community and the public
through different media and means.

Its primary function is publication of the research
and development outcomes and outputs of the Institute in
the form of NBRI News Letter (a quarterly in-house
publication), Annual Report, and other science and popular
books, scientific education materials including bulletins
and calendars on different themes of topical interests on
plants, environment, biotechnology, agro-technology,
ornamental horticulture, etc.

Publications: It is one of the major activities of the
division. Following publications were brought out
during 2016-2017:

i) CSIR-NBRI Newsletter, 2016, Vol. 43, Nos. 2-4 and
2017, Vol. 44, No. 1.

ii) Educational Material (Calendar) for the year 2017
was designed and produced, with the theme -
“Bougainvillea-CSIR-NBRI Varieties”.

iii) CSIR-NBRI Annual Report: Annual Report 2015-
2016 was compiled and brought out. It was released
on the occasion of Annual Day of the Institute on
October 25, 2016 by Prof. Pramod Tandon, CEO,
Biotech Park, Lucknow and Padmashree Dr. P
Pushpangadan, DG, AIHBPD, Thiruvananthapuram
and Former Director, CSIR-NBRI, Lucknow.

iv) CSIR Annual Report:  Progress report on important
R&D projects was compiled with respect to CSIR-
NBRI, which covered significant contributions of
CSIR-NBRI in the areas of Science & Technology,
HRD activities, Awards and Distinctions, Patents
Filed & Granted and sent to CSIR HQ for inclusion in
the CSIR Annual Report 2015-2016.

Sale of Publications : ̀  14, 735/-

Parliament Questions: Forty Five parliament questions
received from CSIR HQ and other agencies were answered.

KNOWLEDGE RESOURCE CENTRE (KRC)

The library is the designated Knowledge Resource
Centre of the Institute and provides services and facilities
to meet the S&T knowledge requirement of the R& D Groups
of the Institute, University Students, Research Scholars and
other user groups as well. The KRC operates with the
following objectives:

 To support the learning process of the students
through provision of knowledge/ Information.

 To meet knowledge/information needs of the
scientists and research students to support their
research activities.

 To respond effectively, where poss ible, to the
knowledge/information needs of the Institute’s
clientele.

At present KRC (Library) is using LIBSYS Software
and all operations of KRC are fully automated. OPAC
(Online Public Access Catalogue) is available to the users
on their desks.

PLANNING, MONITORING & EVALUATION

The Planning, Monitoring and Evaluation Division
of the Institute assist the Director and acts as a liaison
between Director and various R&D groups: CSIR HQ and
other organizations. The Division strives to spearhead the
programmes and projects of various divisions of the
institute from the stage of planning to outputs of value to
diverse stakeholders. The activities of the division include
scrutiny, coordination and evaluation of new research
proposals, monitoring the progress of research projects
and maintenance of repository of R&D projects in both
physical documents as well as electronic databases.

During 2016-17, 41 Grant-in-Aid/Consultancy
projects were populated in the R&D module as a part of
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ERP solutions for quick online accessibility and usability
of complete accurate information. Newly joined employees
were mapped for the new projects commenced during the
period under report. The necessary project receipts of the
FY 2016-17 of ongoing projects were processed in the
Centralized Valuable Receipt (CVR).

The major activities carried out during the year
were:

 Prepared CSIR-NBRI Policy and Road Map
Document

 Prepared Document on Performance Appraisal Board
(PAB)

 Mapping of new Contract R&D Projects in R&D
Project Module

 Document for renewal of registration for availing
customs /central excise duty exemption certificate

 Technical manpower planning and human resource
development.

 Coordination between various agencies with respect
to R&D activities

 Project evaluations of new research proposals
(through Project Evaluation Committee).

 The necessary project receipts of the FY 2016-17 of
ongoing projects were processed in the CVR

 Database maintenance for R&D projects (in-house,
sponsored, collaborative, Grant-in-aid, Consultancy,
NMITLI, Plan Projects & Network Projects)

 Organization of 45th and 46th Research Council (RC)
meetings held during April 22, 2016 and March 15,
2017, respectively.

 Interface with auditors: the division interacted and
provided supporting information for submission of
internal and external audit parties of CSIR in the
auditing of R&D projects

 Examination, evaluation and processing of indents

 Public Financial Management System (PFMS): As an
Agency Administrator of PFMS of CSIR-NBRI, details
of all the utilization certificates (UCs) funded by
various funding agencies were checked and approved
in the PFMS portal (https://pfms.nic.in/Users/
LoginDetails/Login.aspx?ReturnUrl=%2f)).

 Processing of foreign deputation cases of researchers
for various R&D purposes.

 The vis it of foreign scientis ts/nationals  was
facilitated through ISTAD, CSIR HQ, New Delhi.

Books & Journals 
1.  Number of books and journals added during 2016-2017 

 

(i)  Books Purchased                                 Nil 

   (ii)  Books received on gratis/ exchange 05 

(iii) FAO’s Books received 
(iv) Bound Journals                          

12 
06 

Total number of books added during 2016-17 23 
2. Number of books and bound journals as on 31.3.2017 60903 

Current Periodicals 
(i)  Print only 
(ii)  Print + Online 
(iii)  Online only  
(iv)  Online received through CSIR consortium (NKRC) on share basis  
(v)  Complimentary/Exchange 
Total number of Periodicals (titles) received during 2016-2017   

 
67 
Nil 
20 

475 
14 

576 
Database received through CSIR Consortium (NKRC) on share basis 
Document Delivery Services 
Reprography Service 
Total number of photocopies of documents and scientific publications provided to the scientists of 
the Institute during 2016-2017 

02 
 

06 
7300 
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Projects Initiated during 2016-17
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S. 
No. 

Project Project title Funding Agency Project Co-
ordinator/ 
Investigator 

Duration 

1. MLP 0007 Thebaine-rich opium poppy lines for suitable 
cultivation through narcotics department 

CSIR Dr. Sudhir Shukla 18 Months w.e.f.  
20-Jul-16 

2. MLP 0008 Development of low grain arsenic rice 
cultivar for arsenic contaminated areas 

CSIR Dr. Shekhar 
Mallick 

18 Months  w.e.f. 
06-Sep-16 

3. MLP 0009 Anacardic Acid: A potential molecule to 
increase cotton fibre yield and quality 

CSIR Dr. Samir V. 
Sawant 

18 Months  w.e.f.  
06-Sep-16 

4. MLP 0022 Development of microbial formulations that 
serve as stress buster and biofertilizer for 
improving crop productivity in stressed 
agriculture 

CSIR Dr. P.S. Chauhan 25 Months w.e.f.  
10-Feb-17 

5. CNP 3042 Consultancy for improvement of alkaline 
land of Rail Coach Factory (RCF), Raebareli 

Rail Coach Factory 
(RCF), Raebareli 

Dr. S.K. Tewari 07 Months w.e.f. 
 11-Apr-16 

6. CNP 3043 Consultancy study for expansion of Obra 
Thermal Power Plan by addition of 2x660 
MW at Obra, Tehsil Robertsganl, District 
Sonebhadra, Uttar Pradesh 
I. Assessment of soil health and 
recommendation of decontamination 
strategies 
II. Mitigation of fly-ash contaminated 
agriculture soil-technology demonstration for 
environmental management. 

Uttar Pradesh 
Rajya Vidyut 
Utpadan Nigam 
Ltd, Lucknow 

Dr. Vivek Pandey 18 Months w.e.f.  
06-Jun-16 

7. GAP 3370 Exploring transcriptional regulators involved 
in prickle formation in Solanum Khasianum 

SERB, New Delhi Dr. Pratibha Mishra 36 Months w.e.f.  
04-Apr-16 

8. GAP 3371 Assessment of population dynamics and 
carbon sequestration potential in conjunction 
with sustainable utilization of some 
medicinally important plant species to 
expedite conservation goals 

SERB, New Delhi Dr. Soumit K. 
Behera/ Dr. N. 
Manika 

24 Months w.e.f.  
08-Apr-16 

9. GAP 3372 Monitoring of organochlorine pesticides 
(OCPs) pollution of River Ganga at Kanpur, 
India 

NASI, Allahabad Dr. Alok Lehri/Dr. 
Vandana Singh 

24 Months w.e.f. 
 01-Apr-16 

10. GAP 3373 Search for elite chemotype(s) of Centella 
asiatica and their relationship with 
ecogeography 

NMPB, Ministry 
of AYUSH, New 
Delhi 

Dr. Sharad 
Srivastava 

36 Months w.e.f.  
17-May-16 

11. GAP 3374 Identification of Potential Bioactive Chemical 
Marker Compounds and Biological Studies of 
Gloriosa superba and their geographical 
variations 

NMPB, Ministry 
of AYUSH, New 
Delhi 

Dr. Ch.V. Rao 36 Months w.e.f.  
17-May-16 

12. GAP 3375 Identification of elite chemotype(s) and 
evaluation of biological properties of essential 
oils from Cyperus rotundus Linn. from 
different phytogeographical zones of India 

SERB, New Delhi Dr. Sharad 
Srivastava/Dr. 
Priyanka Dhar 

18 Months w.e.f.  
01-Jun-16 

13. GAP 3376 Investigation of the biological roles of MYB1 
transcription factor and its regulatory 
microRNAs in secondary cell wall 
biosynthesis in cotton (Gossypium sp.) fibers 

SERB, New Delhi Dr. Samir V. 
Sawant/ Dr. Pravin 
Prakash 

24 Months w.e.f.  
11-Jul-16 

14. GAP 3377 International consortium for renewable and 
advanced fuel technologies (i-CRAFT) 

INDO-US Science 
and Technology 
Forum, New Delhi 

Dr. Sanjeeva 
Nayaka 

36 Months w.e.f.  
25-Jul-16 
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15. GAP 3378 To decipher the histone acetylation dynamics 
regulating the yield and quality of cotton 
fiber 

DST, New Delhi Dr. Samir V. 
Sawant/ Dr. Amita 
Dubey 

36 Months w.e.f.  
08-Aug-16 

16. GAP 3379 Exploration of native endophytic fungi from 
Bacopa monnieri involved in bacoside 
biosynthesis 

SERB, New Delhi Dr. Aradhana 
Mishra/ Dr. Sumit 
Kumar Soni 

24 Months w.e.f.  
08-Aug-16 

17. GAP 3380 Modeling the plant-environment interactions 
with particular reference to chemicals for risk 
assessment 

SERB, New Delhi Dr. Shekhar 
Mallick/ Dr. 
Shikha Gupta 

24 Months w.e.f.  
01-Sep-16 

18. GAP 3381 Enhancement of solasodine content in shoot 
cultures of Solanum khasianum Clarke through 
biotic elicitors and expression analysis of the 
genes associated with solasodine biosynthesis 

SERB, New Delhi Dr. Pratibha 
Mishra/ Dr. 
Archana Prasad 

24 Months w.e.f.  
17-Aug-16 

19. GAP 3382 Development of insect resistant chickpea 
lines expressing the cryIAc (Bt) gene under a 
strong early acting wound inducible 
promoter for improved efficacy of the Bt 
toxin 

SERB, New Delhi Dr. A.P. Sane/ Dr. 
Krishna Kumar 

24 Months w.e.f.  
19-Sep-16 

20. GAP 3383 Investigation of plant diversity of Nawab 
Wazid Ali Shah Zoological Garden, Lucknow 

Nawab Wazid Ali 
Shah Zoological 
Garden, Lucknow 

Dr. Tariq Husain 12 Months w.e.f.  
21-Dec-16 

21. GAP 3384 Microbial roles in yield management of 
scented rice of North-East, India 

DBT, New Delhi Dr. A.K.S. Rawat 36 Months w.e.f.  
27-Oct-16 

22. GAP 3385 Seed multiplication of high thebaine lines of 
Opium Poppy (Papaver somniferum L.) at 
different locations of Rajasthan and Madhya 
Pradesh 

Govt. Opium and 
Alkaloids 
Factories, Deptt. of 
Revenue Ministry  
of Finance, GoI, 
New Delhi 

Dr. Sudhir Shukla 12 Months w.e.f. 
 20-Oct-16 

23. GAP 3386 Chemotyping and molecular profiling of 
bioactive metabolites in Hemidesmus indicus 
and Costus speciosus, adapted to different 
phytogeographical zones and identification of 
candidate genes related to metabolic 
pathways 

NASF, ICAR, New 
Delhi 

Dr. Sharad 
Srivastava 

14 Months w.e.f.  
01-Jan-17 

24. GAP 3387 Studies on role of endophytes in variation of 
acaricidal properties of two acaricide 
producing plant species NBA22/F1 and 
NBA18/D1 from North-Eastern States 

DBT, New Delhi Dr. Sharad Kumar 
Srivastava 

36 Months w.e.f.  
11-Feb-17 

25. GAP 3388 Chemical, structural and functional 
characterization of identified anti-tick lead 
phytochemicals and optimization of delivery 
matrix for effective application of natural 
formulation for control of acaricide resistant 
ticks 

NASF, ICAR, New 
Delhi 

Dr. A.K.S. Rawat 14 Months w.e.f.  
01-Jan-17 

26. GAP 3389 Functional Characterization of rice class I 
Metallothionein (MT) gene family 

SERB, New Delhi Dr. Debasis 
Chakrabarty 

36 Months w.e.f.  
06-Feb-17 

27. GAP 3390 Plant Diversity Assessment of Dima Hasao 
district in Assam 

ASBB, Guwahati, 
Assam 

Dr. L.B. Chaudhary 24 Months w.e.f.  
04-Feb-17 

28. GAP 3391 Assessment of F and Cr in soil, Plants and 
water in and around the Unnao region of 
Uttar Pradesh 

UPCST, Lucknow Dr. Shekhar 
Mallick/ Dr. 
Gayatri Singh 

24 Months w.e.f.  
02-Dec-16 

29. GAP 3392 Role of NPR1 in global nucleosomal 
remodeling in Arabidopsis thaliana 

SERB, New Delhi Dr. Samir V. 
Sawant 

36 Months w.e.f.  
15-Feb-17 
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30. GAP 3393 Metabolomic analysis for isoquinoline 
alkaloids from therapeutically important 
genus Berberis L. 

SERB, New Delhi Dr. Sharad 
Srivastava 

36 Months w.e.f. 
06-Feb-17 

31. GAP 3394 Development of consensus genetic linkage 
map for Gossypium L. spp. with SNP markers 
and QTL analysis for fiber trait 

DBT, New Delhi Dr. Samir V. 
Sawant/ Dr. S.N. 
Jena 

36 Months w.e.f.  
21-Feb-17 

32. GAP 3395 Exploring a novel role of SkMSM1 and 
SkR2R3-Myb315-like transcriptional 
regulators in the development of prickles of 
Solanum khasianum 

DBT, New Delhi Dr. Pratibha Misra 36 Months w.e.f.  
30-Jan-17 

33. GAP 3396 Biofortification of essential metal nutrients 
(Fe, Zn) in Oryza sativa L. through microbes 

SERB, New Delhi Dr. Shekhar 
Mallick 

36 Months w.e.f. 
 03-Mar-17 

34. GAP 3397 Exploration of plant diversity in 
un/underexplored areas of Manipur and 
Nagaland: Inventory, conservation of 
threatened and endemic plants, field 
germplasm bank and bioprospection of 
selected taxa for using as bioresources 

IBSD, Imphal Dr. S.K. Barik (PC) 
/ Dr. Tariq Husain 
(PI) 

24 Months w.e.f.  
21-Mar-17 

35. GAP 3398 Meta-genomic and transcriptomic studies  
on Termitomyces growing fungal combs  
of termites found in Assam for 
bioprospection 

DBT, New Delhi Dr. T.S. Rana 36 Months w.e.f.  
17-Jan-17 

36. GAP 3399 Monographic studies on the genus Geranium 
with special emphasis on the 
phytosociological and conservation status 

SERB, New Delhi Dr. V.V. Wagh 36 Months w.e.f. 
15-Mar-17 

37. GAP 3400 Programme support secondary plant product 
pathway engineering for enhanced 
nutritional quality and yield 

DBT, New Delhi Dr. P.K. Trivedi 60 Months w.e.f. 
24-Mar-17 

38. GAP 3401 Combining Proteomics and Transcriptome 
sequencing to identify putative RNAi targets 
for mealybug (Phenacoccus solenopsis) and 
their functional validation 

SERB, New Delhi Dr. P.C. Verma 48 Months w.e.f. 
20-Mar-17 

39. GAP 3402 Development of plant based synergistic 
natural supplement and its pharmacological 
validation to alleviate gouty arthritic 
conditions 

DST, New Delhi Dr. Sharad 
Srivastava/ Dr. 
Ankita Misra 

36 Months w.e.f.  
22-Mar-17 

40. GAP 3403 Molecular Systematics of the Genus Betula L. 
(Betulaceae) in India 

SERB, New Delhi Dr. T.S. Rana 48 Months w.e.f. 
17-Mar-17 

41. GAP 3405 Studies on microbiome mediated defense 
signaling against Bipolaris sorokiniana  
(spot-blotch) infestation in wheat 

SERB, New Delhi Dr. P.S. Chauhan/ 
Dr. Sudeep Tiwari 

21 Months 13 
days 
w.e.f. 27-Jul-2016 

 

New projects initiated during 2016-17 Projects in operation during 2016-17

S & T SUPPORT SERVICES
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Deputation of NBRI Scientists/Fellows Abroad

TECHNOLOGY TRANSFER & BUSINESS
DEVELOPMENT, PATENT, RTI & TRAINING CELL

Technology Transfer & Business Development
(TTBD) division continued its efforts to increase the
business development opportunities for the Institute. The
major activities of the division are:

 To interact with industries, agencies for increasing
business possibilities for the Institute.

 To make agreements (MoU, MoA, Secrecy Agreement,
Technology Transfer Agreement) for smooth business
activities of the Institute.

 Negotiations with various stakeholders in the R&D
activities of the Institute for exploring business
opportunities.

 Information dissemination about the technologies of
the Institute for publicity and attracting potential
clients.

 Participation in displaying technologies/knowhow
of the Institute through exhibitions.

 Training Cell of the division manages short term (3-6
months) training / project work of PG students of
various Universities from all over the country, so as
to develop trained manpower in research activities
leading to capacity building.

 Patent Cell of the division helps in IP protection by
identifica tion of patentable invention, patent
application filing and prosecution of application of
the Institute, patent analysis, prior art search and co-
ordinates with IPU division, CSIR HQ, New Delhi,
for patent related matters.

MoUs / MoAs/MTAs SIGNED

S.N. Name of 
Scientist 

Country of Visit Visit Duration Purpose of visit 

1. Dr. Alok Lehri Kathamandu, 
Nepal 

June 18-19, 2016 To attend meeting regarding final assessment 
audit of "Instrument Section and Natural 
Product Research Lab, Department of Plant 
Resources" 

2. Dr. Pankaj 
Kumar 
Srivastava 

KTH Royal 
Institute of 
Technology, 
Stockholm, 
Sweden 

June 19-23, 2016 To participate and for oral presentation in 6th 
International Congress Arsenic in the 
Environment - Arsenic Research and Global 
Sustainability (AS2016) 

3. Dr. D.K. Upreti Sunchon National 
University, South 
Korea 

July 20-23, 2016 To attend an International Symposium and 
workshop on "Lichen Biodiversity in Asia and 
Biological Activity of Lichen Bioresources" 

 

S. 
No. 

Details Client Date 

1. MTA for germplasm of guar (Cyamopsis 
teragonoloba) 

ICAR – NBPGR, New Delhi April 04, 2016 

2. Agreement for the project of  development 
of F1 hybrid cotton using novel reversible 
male sterility system 

DBT, New Delhi May 26, 2016 

3. Agreement for the study for expansion of 
Obera Thermal Power Plant 

Uttar Pradesh Rajya Vidyut Utpadan 
Nigam Ltd., Lucknow 

June 06, 2016 

4. MTA for pNIA plasmid for nuclear 
localization 

State University of New York, New 
York, USA 

June 17, 2016 

5. MTA for procurement of germplasm of 
Lepidium spp., Vitex spp., Aegle marmelos 
and Limonia acidissima 

ICAR – NBPGR, New Delhi June 21, 2016 

6. MTA for procurement germplasm of 
tomato varieties 

ICAR – NBPGR, New Delhi June 22, 2016 
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7. MTA for procurement of vectors China Agriculture University and Seoul 
National University, Korea through 
ADDGENE, USA 

August 09, 2016 

8. Agreement for CSIR-NBRI technologies 
marketing  

CSIR-TECH Private Ltd., 100 NCL 
Innovation Park, DR. Homi Bhabha 
Road, Pune   

August 26, 2016 

9. Secrecy Agreement for evaluation of 
product – Herbi Chew 

Vasundhara Green Dehydration Pvt. 
Ltd., Gujrat 

September 20, 2016 

10. Secrecy Agreement for evaluation of 
Anacardic Acid  

UCP Chemicals India Pvt. Ltd., Chennai September 27, 2016 

11. MTA and Commercial Use Agreement 
(CUA) for Whitefly Technology  

Punjab Agriculture University (PAU), 
Ludhiana, Punjab 

October 04, 2016 

12. MTA for procurement of germplasm of 
chickpea  

Indian Institute of Pulses Research, 
Kanpur  

October 25, 2016 

13. MoA for project entitled ‘Genome wide 
epigenetic variations’ 

DBT, New Delhi November 29, 2016 

14. Secrecy Agreement for Hair Dye 
evaluation 

KTC Products, Baddi (HP) December 22, 2016 

15. MTA for procurement of seed material of 
Pearl millet 

ICAR-NBPGR, New Delhi December 26, 2016 

16. Agreement for technical services Assam State Biodiversity Board, Aranya 
Bhawan, Panjabari, Guwahati 

January 06, 2017 

17. MoA for project ‘To decipher protein 
interaction network of TAF4b 

DBT, New Delhi January 19, 2017 

18. Secrecy Agreement for Herbichew  Eximburg International Pvt. Ltd., Gujrat February 07, 2017 
19. MTA for procurement of plasmid  ADDGENE, USA 

From Donald Danforth Plant Science 
Center, USA 

February 15, 2017 

20. MoU for Academics Purposes Dr. SMNR University, Lucknow February 23, 2017 
 

CENTRAL INSTRUMENTATION FACILITY (CIF)

Technical Services Provided and Achievements

Central Instrumentation Facility of the institute,
maintains major sophisticated equipment’s like GCMS,
IRMS, TD-NMR, HPLC-ICP-MS, HPLC, HPTLC, LC/MS,
GLC, AAS, Flash Chromatography, Microwave Digestion
system, Stereo Microscope, Refractometer, Tintometer, and
SCFE, etc. CIF provides analytical services to various
industries/organization/entrepreneurs/individuals
(External samples) and various scientists/staff of the
institute (Internal samples). The details of external and
internal samples analyzed during reporting period is
given below:

Analytical testing services provided (1st April 2016 to 31st

March 2017)
No. of external samples analyzed for : 65
industries/institutes/organization
Total revenue generated : Rs.1, 79,391.00

(training +
testing)

No. of internal samples analyzed : 7888

Participated in International and
National PT/ILC programme- Total : 3

Entrepreneurs/ individuals : 19
benefited

NABL-Accreditation

CSIR-NBRI has been accredited since 2008 as per the
requirements of ISO-IEC-17025, 2005 from NABL (National
Accreditation Board for Calibration and Testing of
Laboratories), Department of Science and Technologies
(DST), Govt. of India, New Delhi.

Reassessment audit has been conducted in July 2016
and the audit report recommended continuation of NABL-
accreditation  of the Institute up to July 2018, with the
Certificate No. T-1381.

Area of Scope of CIF - Herbal drugs, Essential oils,
Vegetable oils & Soil

S & T SUPPORT SERVICES
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Information and Communication Technology

CSIR-NBRI Sub-Distributed Information Centre (DIC)

The CSIR-NBRI Sub-DIC was established during
1999-2000, this Centre facilitates the following activities
related to biodiversity informatics:

 Established a state-of-the-art Ethernet switch based
network in CSIR-NBRI and also the institute’s website
(www.nbri.res.in) for providing global access to all
R & D groups and promote research in bioinformatics
& biotechnology.

 Updated and upgraded database of over 2030 species
of legumes of South Asia covering countries India,
Pakistan, Nepal, Bhutan, Bangladesh, Sri Lanka &
Maldives under the aegis of the International Legume
Database and Information Service (ILDIS), U.K.

 Initiated development of database standards,
software’s, digitization of plant diversity information,
including nomenclature and geo-occurrence.

 Digitized herbarium of CSIR-NBRI (LWG) and the
virtual herbarium was launched by the Honorable
Minisiter of S&T and Earth Sciences, Dr. Harsh
Vardhan on April 20, 2016.

 To develop network and establish linkages with
global networks so as to  bring bioinformatics to many
biotechnologists, traditional botanists and several
Institutions at regional, national and international
level.

EXPOSITION

The Exposition showcases the history and the R&D
activities of the institute in form of posters, models,
photographs and articles. This year the exposition was
visited by several dignitaries and Guests of the institute.
On the special occasions of National Technology Day, CSIR
Foundation Day, National Science Day and during several
Out-Reach Programmes of the institute the institute and
the Exposition was kept open for the common public,
school children, college and university students, teachers,
scientists, researchers and other academicians to inspire
and make aware the visitor with the research activities of
the institute. Several thousands individuals visited the
Exposition on these open days.

ENVIS-Center

The Environmental Information System (ENVIS) at
CSIR-NBRI is focused on Plants and Pollution.

 The ENVIS-NBRI updated its website, databases and
subject area panel and developed new databases. The
Centre organized outreach-cum-tra ining

programmes for general public and students. The
Centre has developed an android mobile application
on plants for air pollution control. The total number
of visits to the website were 1222442. A total number
of 177 queries were obtained and answered.

 ENVIS-NBRI organized the following outreach-cum-
training programmes during this period.

 Orientation-cum-Training Programme on
ENVIS-NBRI by CSIR-National Botanical
Research Institute at National Post Graduate
College (N.P.G.C), Lucknow, on September 14,
2016

 ENVIS-NBRI outreach in India International
Science Festival (IISF-2016) with Vigyan Bharati
at CSIR NBRI on November 11, 2016

S & T SUPPORT
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 ENVIS-NBRI outreach during Flower Show at
CSIR-NBRI on December 10-11, 2016

 ENVIS-NBRI orientation a t Munshi
Raghunandan Prasad Sardar Patel Post
Graduate College, Barabanki on February 11,
2017

 Four Quarterly ENVIS-NBRI Newsletters have been
published during 2016-17, viz., Vol. 12 No. 1: Indoor
Air Pollutants; Vol. 12 No. 2: Biomonitoring; Vol. 12
No. 3: Forest Fire; Vol. 12 No. 4: Carbon Sequestration.

(http://nbrienvis.nic.in/Publication Common.
aspx?LinkId=740)

 Android Mobile App – Green Planner:

An android mobile application “Green Planner”
covering detailed information on air pollution mitigant
plants has been developed and released at Google Play
Store for different stakeholders (https://play.google.com/
store/apps/details?id=com.nbri_csir&hl=en). This Green
Planner App was released by Shri Ajay Narayan Jha,
Secretary, MoEF&CC, Govt. of India in  the National
Evaluation Workshop of ENVIS Scheme organized by
MoEF&CC at Gandhinagar, Gujrat during March 17-18,
2017. The “Green Planner”  is a database to provide
information on different plants for mitigating air pollution.
These plants can be planted on roadside, road-dividers,
in greenbelts, and in indoor premises. The plantation of
such locally suitable and pollutant mitigant plants will
help to ameliorate the deleterious effects of different air
pollutants from industrial emissions, vehicular exhausts,
and indoor premises. The plant list in the Green Planner
will provide the botanical and common names of pollution
tolerant and mitigant plants, their distribution in India
and suitable planting sites along with  economic
and ecological  benefits as  well as  other relevant
information.
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l aLFkku esa o"kZ 2016-2017 ds nkSj ku j kt Hkk"kk dk; kZUo; u l fefr
ds rRok/kku esa fgUnh ds çxkeh ç; ksx l s l EcfU/kr  fuEukafdr  xfr fof/k; k¡
dh x; ha |  l aLFkku esa j kt Hkk"kk foHkkx] x̀gea=ky; ] Hkkj r  l j dkj  }kj k
t kjh fn'kk funsZ'kksa ds vuql kj  fu/kkZfj r  l e;  esa frekgh cSBdksa dk vk; kst u
fd; k x; kA

l aLFkku }kj k fgUnh ç; ksx dks çksRl kfgr  dj us gsrq vf/kdkfj ; ksa o
deZpkfj ; ksa ds fy,  o"kZ esa pkj fgUnh dk;Z'kkykvksa dk vk;kst u fd; k x; kA

l aLFkku l s çdkf' kr gksus okyh j kt Hkk"kk x̀g i f=dk f̂oKkuok.kh* ds
22 osa vad dk l Qy l Ei knu fd; k x; k] ft l esa l aLFkku esa gksus okys
fØ; kdyki ksa l s l Ecaf/kr  oSKkfud] rduhdh rFkk t ufç;  ys[kksa dks
çdkf' kr  fd; k x; kA

j kt Hkk"kk ; wfuV

fganh i [ kokM+s dk vk; kst u

l aLFkku }kj k 1-14 fl rEcj  2016 ds nkSj ku ,d fgUnh i [kokM+s dk
vk; kst u fd; k x; k] ft l esa fofHkUu çfr ; ksfxrkvksa }kj k fgUnh esa n{krk
c<+kus dk ç; kl  fd; k x; k | bl  vol j  i j  l aLFkku ds i qLrdky;  esa
mi yC/k fgUnh i qLrdksa dh ,d çn'kZuh Hkh yxk; h x; h |  bl ds vfr fj ä
xro"kZ dh Hkkafr  fgUnh esa dk; Z dj us okys deZpkfj ; ksa dks çksRl kfgr  dj us
gsrq i qj Ldr̀  fd; k x; kA

i [kokM+s ds l eki u l ekj ksg esa rn~Hko i f=dk ds ç/kku l Ei knd
Jh vf[kys'k t h eq[;  vfr fFk ds : i  esa mi fLFkr j gsA  Jh vf[kys'k t h]
us mä dk; ZØe esa vi uk fgUnh l s l Ecaf/kr  vkst Loh O; k[; ku çLrqr
fd; kA

fganh i [ kokM+sa dh dqN >yfd; k¡

S & T SUPPORT
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EVENTS

S. 
No. 

Date Salient Feature 

1. April 8, 2016 Under the CSIR- Rural Development Programme (CSIR-800), CSIR-NBRI organized a 
Farmers Interaction Programme (Kisan Mela) on April 8, 2016 at its Distant Research 
Centre, Banthra. Seven hundred selected farmers from different villages of Lucknow, 
Barabanki, Mau, Sultanpur, Amethi and Unnao districts participated in the 
programme. 

2. April 20, 2016 Dr. Harsh Vardhan, Union Minister for Science & Technology and Earth Sciences, 
Govt. of India visited the Institute on April 20, 2016. He addressed the scientists and 
staff members and exhorted to think out of box and plan to work towards 
development on innovation driven research. 
In a major event of the day Dr. Harsh Vardhan, launched "CSIR-NBRI Herbarium 
Online" on the CSIR-NBRI website (www.nbri.res.in) and thus making One Hundred 
thousand Herbarium collections accessible worldwide. 
Dr. Harsh Vardhan appreciated the efforts of scaling up of CSIR-NBRI and CSIR-
CIMAP joint product BGR-34 which has got overwhelming response among Diabetes 
Type-II patients throughout India. 
Dr. Harsh Vardhan, specifically directed CSIR-NBRI scientists to take up work on 
scaling up of "Herbi Chew" on a priority basis as a potentially useful product to 
replace the tobacco based Gutka’s currently available in the market, which causes 
cancer and other diseases among the citizens.  
Dr. Harsh Vardhan visited different plant houses of the Botanic Garden and planted a 
sapling of Rakt Chandan. 

3. April 26-28, 2016 CSIR-NBRI organized a training programme on “Bonsai Technique” during April 26-
28, 2016. A total number of 16 candidates including housewives, doctors, students and 
general garden lovers participated in the programme. 

4. May 03-04, 2016 CSIR-NBRI organized a two day training programme on ‘Dehydration of Flower and 
Foliage’ at MR Mahila College, Darbhanga, Bihar, during May 3-4, 2016. Teachers and 
students of the college participated in the training. The students were imparted hands 
on training on dehydration techniques, making artefacts and their maintenance. 

5. May 11, 2016 CSIR-NBRI celebrated National Technology Day on May 11, 2016. The day was 
observed as ‘Open Day’ and large number of students drawn from various local 
schools and colleges visited different facilities, viz., Exposition, Herbarium, Library, 
Botanic Garden and various R&D Laboratories. Prof. Asis Datta, Distinguished 
Scientist and Former Director, National Institute of Plant Genome Research, New 
Delhi, was the Chief Guest and delivered The National Technology Day Lecture on 
‘Dream to bring science to society’. 

6. August 15, 2016 INDEPENDENCE DAY  

7. September 09, 2016 A Cleanliness Drive under Swacch Bharat Abhiyaan was organized on September 09, 
2016 at the Botanic Garden of the institute. All the staff members actively participated 
in the drive. 

8. flracj 1&14] 2016 lh,lvkbZvkj&jk"Vªh; ouLifr vuqla/kku laLFkku] y[kuÅ esa fnukad 1&14 flracj 2016 ds e/; 
fgUnh i[kokM+s dk vk;kstu fd;k x;kA ftlds varxZr laLFkku esa dk;Z djus okys 
vf/kdkfj;ksa@deZpkfj;ksa dks çsj.kk&çksRlkgu o fgUnh ds ç;k sx dks c<+kok nsus ds mís'; ls fofHkUu 
çfr;ksfxrk,a vk;k sftr dh x;hA buesa eq[;r% fgUnh fVIi.k vkys[ku çfr;ksfxrk] fgUnh Kku igsyh] 
fgUnh oxZ igsyh çfr;ksfxrk] deZpkfj;ksa ds cPpksa ds fy, fgUnh fuca/k çfr;ksfxrk] dfo lEesyu 
¼deZpkfj;k sa }kjk½ o iqLrdky; esa fgUnh iqLrdksa dh çn'kZuh lfEefyr FkhA 
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S. 
No. 

Date Salient Feature 

9. September 27 , 2016 CSIR-NBRI, celebrated the 74th Foundation Day of Council of Scientific and Industrial 
Research, New Delhi on September 27, 2016. The Institute observed a “Open Day”, 
over 600 students, researchers and general public visited various laboratories, 
exposition, herbarium and garden on this occasion.  
Dr. Shalendra Rajan, Director, ICAR-Central Institute for Subtropical Horticulture 
(CISH), Lucknow, was the Chief Guest of the function. Dr. Rajan mentioned that 
“CSIR-NBRI is reaching to the common man of the city as well as state through its 
research in the area of floriculture and the flower shows it organizes.” 
Dr. Rajan, distributed certificates and mementoes to two employees who had 
completed 25 years of CSIR service and to 34 employees who retired during 2015-16. 
Dr. DK Upreti, the then Acting Director, distributed prizes and certificates to those 
children of staff who participated and won in the Science Essay competition organized 
on this occasion. 

10. October 25, 2016 CSIR- NBRI celebrated its 63rd Annual Day on October 25, 2016. Padmshree Prof. 
Pramod Tandon, CEO, Biotech Park, Lucknow was the Chief Guest and Padmshree 
Dr. P Pushpangadan. DG, Amity Institute of Herbal and Biotech Product 
Development, Thiruvananthapuram was the Guest of Honour. 
The Institute’s Annual Report was released by the dignitaries. Dr. DK Upreti, the then 
Acting Director, presented the annual progress for 2015-16 and apprised about the 
various activities and achievements of the Institute during the reporting year. 
Dr. PK Singh and his team were felicitated for their outstanding research work on 
Whitefly resistant cotton and publication of the research findings in the prestigious 
journal, Nature Biotechnology. 
The recipients for the CSIR-Technology Award in the area of Life Science for the 
product BGR 34, a herbal formulation for diabetes management were also honoured. 
Scientists and research scholars of the institute who had published their research work 
in journals with high impact factors were also felicitated. 

11. November 03-10, 
2016 

CSIR-NBRI, organized a training course on “Classical and Modern Methods in Plant 
Taxonomy and Biosystematics” during November 03-10, 2016. Dr. GS Rawat, Scientist 
‘G’ and Dean, Faculty of Wildlife Sciences, Wildlife Institute of India, Dehradun was 
the Chief Guest of the Inaugural Function. During his inaugural speech, he 
emphasized the need and importance of plant taxonomy and taxonomists in the 
country for documentation of plant resources. About 32 participants from various 
institutions, colleges, universities, and other departments representing 10 states of 
India participated in the training course. 

12. November 11, 2016 CSIR-NBRI organized a One Day Outreach Programme to celebrate the 2nd India 
International Science Festival (IIFS-2016) on November 11, 2016. A poster exhibition of 
R&D Products of the Institute was displayed in the Institute for students, teachers, 
research scholars and the public. A film on the activities and achievements of CSIR-
NBRI and a documentary film on Vijnana Bharati (VIBHA) were also screened at the 
Institute’s auditorium for the students and visitors. 
In the concluding event, the Chief Guest of the function Prof. Sunil Bajpai, Director, 
Birbal Sahani Institute of Paleosciences, Lucknow, felicitated over 30 science 
innovators (including school children who received recognition at State or National 
level), science teachers, science journalists, senior science scientists, NGOs/ 
Individuals. 

13. November 25, 2016 Her Excellency Prof. Ameenah Gurib-Fakim, President of Mauritius visited CSIR-
NBRI, Lucknow on 25th November, 2016. She planted a Sapling of Sandalwood in the 
garden. Later, she visited the Cycad and Cacti houses at the botanic garden. Her 
Excellency also interacted with the scientists of the institute. 

14. November 26, 2016 CSIR-NBRI, Lucknow celebrated Constitution Day on November 26, 2016. Prof. 
Shashikant Pandey, Associate Professor, BBAU, Lucknow delivered the constitution 
Day Lecture. 
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15. December 10-11, 
2016 

Dr. Girish Sahni, DG, CSIR and Secretary, DSIR, New Delhi during his maiden visit to 
CSIR-NBRI as DG, CSIR, addressed the scientists, research scholars and staff of the 
Institute. Dr. Sahni discussed the vision of the CSIR in development of the nation. He 
stated that CSIR with its tremendous wealth and potential contributed a lot in 
development of the nation. He emphasized on the need for transforming the existing 
CSIR wealth (General Science) to market and industry. Dr. Sahni advised scientists to 
be positive towards young researchers and encourage them for innovative and 
creative research. 
Dr. Girish Sahni and Mrs. Chander Kanta respectively, were the Chief Guest and 
Guest of Honour at the Chrysanthemum and Coleus – 2016 show held during 
December 10-11, 2016 at the Central Lawn, Botanic Garden of CSIR-NBRI. They 
distributed the prizes in a ceremony held on December 10, 2016. 
A total of 81exhibitors participated in the show with a total of 802 exhibits. A total of 
23 Cups and Shield (Running Shields. and Cups) were distributed to the winners of 
the show. 
Dr. Alok Dhawan, Director, CSIR-IITR, Lucknow was the Chief Guest & Mr. CA 
Macfarlane, Principal, La Martiniere College, Lucknow was the Guest of Honour of 
the closing ceremony held on December 11, 2016. 

16. January 06-07, 2017 CSIR-NBRI in collaboration with Indian National Science Academy (INSA), National 
Academy of Science, India (NASI) and Uttar Pradesh Academy of Sciences (UPAS) 
organized a two day Faculty Training, Motivation and Adoption of Schools and 
Colleges Programme during December 06-07, 2016. Padmshree Dr. Nitya Anand, 
former Director, CSIR-CDRI, Lucknow was the Chief Guest at the inaugural function. 
The main objective of the programme was to create interest, excitement and excellence 
in science education at school and undergraduate level to raise the standard of science 
education and capabilities. A total of 31 teachers from 13 colleges of 7 districts of UP 
participated in the training programme. 

17. January 10, 2017 Prof. RK Kohli, Vice Chancellor, Central University of Punjab, Bhatinda, delivered a 
lecture on “Let’s save ourselves from self-inflicted pollution” at the institute on 
January 10, 2017. Prof. Kohli spoke about the several common issues of pollution, its 
causes and remedies. 

18. January 21-22, 2017 A two day Rose and Gladiolus Show was organized during January 21-22, 2017 in the 
central lawn of the Institute. 
Prof. SK Barik, Director, CSIR-NBRI released two late blooming new Chrysanthemum 
varieties: ‘NBRI-CSIR75’ (commemorating the platinum jubilee celebrations of CSIR) 
and ‘NBRI-Asha Kiran’. These varieties were developed by the floriculture group of 
the institute through gamma ray mutation. These varieties can be used as cut-flower 
and potted as well as bed plants. 
The number of entries for the show was 521 by 59 exhibitors from Lucknow and 
outstation. A total of 26 running cups/shields/trophies along with 266 prizes (First - 
92, Second – 81 and Commendation – 93) were given to the winners of the show under 
different sections. 

19. January 26, 2017 REPUBLIC DAY 

20. January 31, 2017 CSIR-NBRI organized Science Popularization Lecture on "Health through Herbs" at 
Maharana Pratap Post Graduate College, Jangal Dhoosad, Gorakhpur on January 31, 
2017 and at Digvijai Nath Post Graduate College, Gorakhpur on February 01, 2017. A 
total number of 300 students and 30 teachers participated in the programme. 
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S. 
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21. Qjojh 02] 2017 jktHkk"kk dk;kZUo;u lfefr }kjk Qjojh 02] 2017 dks ,d fganh dk;Z'kkyk dk vk;kstu fd;k 
x;kA Jh fnus'k dqekj] Hk.Mkj ,oa Ø; vf/kdkjh] lh,lvkbZvkj&,uchvkjvkbZ] y[kuÅ us 
Ø;@foØ; ds fu;eksa ij O;k[;ku çLrqr fd;kA Jh fctsaæ flag] fganh vf/kdkjh us Lokxr Hkk"k.k 
ds lkFk dk;Z'kkyk dk 'kqHkkjEHk fd;kA dk;ZØe dk lekiu Jh latho 'ks[kj] foÙk ,oa ys[kk 
vf/kdkjh ds /kU;okn Kkiu ds lkFk gqvkA 

22. February 11, 2017 CSIR-NBRI organized a lecture programme on “Herbs for Health and Plants for 
Controlling Environmental Pollution” at Munshi Raghunandan Prasad Sardar Patel 
Mahila PG College, Barabanki on February 11, 2017. Approximately 350 
undergraduate and post-graduate students from science and arts streams and 20 
teachers participated in the programme. The programme was followed by Exhibition 
cum training on controlling environmental pollution. 

23. February 15-17, 2017 Bonsai training programme was organized by CSIR-NBRI. 
24. February 28, 2017 CSIR-NBRI celebrated the National Science Day on February 28, 2017. The theme for 

this year’s science day was ‘Science and Technology for specially abled persons'. The 
day was observed as ‘Open Day’ for general public and students. 
In addition to 300 students, specially abled students drawn from local 8 
schools/organizations also visited CSIR-NBRI Botanical Garden which included the 
tactile garden, Jurassic gallery, Cactus House, Fern Hose and Bonsai House. 
On the National Science Day, a MoU was signed with Dr. Shakuntala Mishra National 
Rehabilitation University, Lucknow (DSMNRU) for participation in teaching and 
research programmes in various streams of plant sciences. This MoU will provide an 
opportunity to students for registering in Ph.D. programmes with DSMNRU. 

25. March 06-07, 2017 CSIR-NBRI organized a workshop on “Eco-friendly Technologies for setting up 
Cottage Industry” on March 6-7, 2017 at Amity Institute of Biotechnology, Amity 
University, Lucknow. A total of 115 participants including faculty members and 
students participated in the workshop. The workshop intended to apprise and 
demonstrate the methodology for dehydrating and utilizing fresh flowers for a long 
period of time. 

26. March 4, 2017 The National Safety Day 

27. March 21-23, 2017 Bonsai training programme was organized by CSIR-NBRI. 

28. March 28-30, 2017 CSIR-NBRI organized a three day Training Programme on Preparation of Dehydrated 
Floral Crafts at the Botanic Garden during March 28-30, 2017. A total of 43 persons 
including students, teachers, housewives, etc. participated in the programme. 
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Glimpses of CSIR-NBRI Events

Farmers Interaction Programme - 'Kisan Mela' at Banthra

Dr. Harsh Vardhan, Hon'ble Union Minister for Science & Technology & Earth Sciences,
Govt. of India visits CSIR-NBRI

Training on Floral Dehydrated Crafts

EVENTS
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Glimpses of CSIR-NBRI Events

National Technology Day

CSIR Foundation Day

EVENTS
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Glimpses of CSIR-NBRI Events

Training Course on Classical and Modern Methods in Plant Taxonomy and Biosystematics

CSIR-NBRI Annual Day Celebrations

EVENTS
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Glimpses of CSIR-NBRI Events

Out-Reach Programme Under IISF-2016

Her Excellency Prof. Ameenah Gurib-Fakim, President of Maurititus visited CSIR-NBRI

EVENTS



173

CSIR-NATIONAL BOTANICAL RESEARCH INSTITUTE

Glimpses of CSIR-NBRI Events

Glimpses of the Annual Chrysanthemum and Coleus Flower Show 2016

Constitution Day Lecture Programme

EVENTS
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Glimpses of CSIR-NBRI Events

Faculty Training, Motivation and Adoption of Schools and Colleges Programme

Annual Rose and Gladiolus Show 2017

EVENTS
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Glimpses of CSIR-NBRI Events

Invited Lecture by Prof. RK Kohli

National Science Day Celebrations

EVENTS
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Glimpses of CSIR-NBRI Events

Workshop on Dehydrated Floral Craft

EVENTS
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Coordinator:
Dr. S V Sawant/Debasis Chakrabarty

The Academy of Scientific & Innovative Research
or AcSIR is an Indian institute of national importance,
currently head quartered in CSIR Campus, Taramani, and
Chennai. The Academy was established for the purpose
of granting doctoral and post-graduate degrees, through a
centra lized institution to manage research and
development in CSIR laboratories. It was established in
2010 (Government of India resolution of June 17, 2010)
and formalized by an Act of Parliament (Academy of
Scientific & Innovative Research Act, 2011, notified on
April 3, 2012), as an ‘Institution of National Importance’,
with an aim of furtherance of advancement of learning
and research in the field of Science & Technology and their
interfaces in association with Council of Scientific and
Industrial Research (CSIR), India.

Mission
The mission of the Academy is to create highest

quality personnel with cross- disciplinary knowledge,
aiming to provide leaders in the field of science and

ACADEMY OF SCIENTIFIC AND INNOVATIVE RESEARCH (AcSIR)

technology. The Academy shall  primarily focus  on
research and imparting instructions in such a manner that
the methodology is novel and off the beaten track. Further,
the Academy aims to:

 Nurture a research-propelled, technology-enabled,
industry-linked, socially conscious higher education
platform.

 Achieve a seamless integration of intellectual
strengths with current market needs with a people
centric focus.

 Develop niche capability required to bolster research
efforts in futuristic science. Provide the opportunity
to work on the frontier and contemporaneously
challenging areas for nurturing innovation.

It is one of its kind meta-University in India with
study centers in 37 laboratories and 6 units of CSIR, spread
across 23 cities of India.

At present the Academy has about 2506 full-time
faculty members from CSIR Laboratories and over 4000
students enrolled in various programmes.

Courses offered at AcSIR-NBRI

AcSIR

S. No. Course Name Course 
Number 

1 Biostatistics (Compulsory) 1-001 
2 Computation/bioinformatics(Compulsory) 1-002 
3 Basic Chemistry (Compulsory) 1-003 
4 Research Methodology, Communication/ethics/safety (Compulsory) 1-004 
5 Biotechniques and Instrumentation (Compulsory) 2-001 
6 Biology of Inheritance  2-003 
7 Genomics: Information flow in Biological System 2-005 
8 Plant Microbe Interaction  2-009 
9 Plant Environemnt Interaction  2-010 
10 Cell Signalling 2-012 
11 Developmental Biology-Plants  2-016 
12 Epigenetics and Chromatin Organization 2-017 
13 Homeostasis and feedback in biological systems  2-018 
14 Molecular Breeding of Plants 2-021 
15 Biodiversity 2-025 
16 Plant morphogenesis and regeneration 2-486 
17 Seminar Course (Compulsory) 3-001 
18 Cell and Tissue Engineering  3-003 
19 Climate change and Plants  3-486 
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20 Bioremediation 3-487 
21 Environmental Biochem and Biotech 3-488 
22 Taxonomy and speciation  3-489 
23 Plant conservation and reproductive biology 3-490 
24 Economic Plants and Pharmacology  3-491 
25 Floriculture and Agronomy  3-492 
26 PHYLOGENOMICS – An interdisciplinary course 3-493 
27 Biofuels – An interdisciplinary course 3-494 
28 Knowledgebase Research Management and it's utilization 3-495 
 
Number of students enrolled for Ph.D until 31st March 2017 97 
Ph.Ds awarded during 2016-17 4 
Ph.D theses submitted during 2016-17  12 
 

AcSIR
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RESEARCH COUNCIL (As on 31.03.17)

Prof. SK Sopory 
Former Vice Chancellor, 
Jawaharlal Nehru University, 
584, Sector 14,  
FARIDABAD -121007 

Chairman Dr. Ehrlich Desa 
CSIR Distinguished Scientist, 
CSIR-4 PI, NAL Belur Campus 
BENGALURU-560 037 

DG Nominee 

Prof. R. Uma Shankar 
Professor & Head,  
Dept. of Crop Physiology and School of 
Ecology & Conservation, University of 
Agricultural Sciences, GKVK,  
BENGALURU-560 065 

Member Dr. AK Tripathi 
Director 
CSIR- CIMAP,  
P.O. CIMAP, 
Near Kukrail Picnic Spot 
LUCKNOW – 226 015 

Director, 
Sister 
Laboratory 

Prof.  PK Gupta 
Hon. Emeritus Professor & NASI Senior 
Scientist 
Department of Genetics & Plant Breeding, 
Ch. Charan Singh University,  
MEERUT – 250 004  

Member Dr. RA Vishwakarma 
Director  
CSIR- Indian Institute of Integrated 
Medicine,  
Canal Road,  
JAMMU - 180 001 

Cluster 
Director 

Prof.  JS Singh 
Professor Emeritus,  
Department of Botany, 
Banaras Hindu University, 
VARANASI-221 005 

Member Prof. SK Barik 
Director  
CSIR-National Botanical Research 
Institute,  
Rana Pratap Marg,  
LUCKNOW – 226 001 

Member 

Prof. JP Khurana 
Coordinator (UGC-SAP) 
Department of Plant Molecular Biology, 
University of Delhi, South Campus, Benito 
Juraj Marg, 
NEW DELHI-110021 

Member Dr. Sudeep Kumar 
Head or his Nominee 
Planning & Performance Division, 
CSIR, 
Anusandhan Bhawan, 2, Rafi Marg,  
NEW DELHI – 110001 

Permanent 
Invitee 

Prof.  Sunil Kumar Mukherjee 
NASI-Sr. Scientist, Platinum Jubilee 
Fellow, 
Genetics Department, 
University of Delhi, South Campus, Benito 
Juraj Marg, 
NEW DELHI-110021 

Member Prof. V Verma 
Dean Faculty of Engineering, 
Director, School of Biotechnology, 
Shri Mata Vaishno Devi University,  
JAMMU – 182 320 

Member 

Dr. Paramjit Singh 
Director 
Botanical Survey of India,  
CGO Complex,  
Salt Lake City,  
KOLKATA – 700 064 

Agency Dr. SK Tewari 
Senior Principal Scientist 
CSIR-National Botanical Research 
Institute  
Rana Pratap Marg, 
LUCKNOW – 226 001 

Member-
Secretary 
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MANAGEMENT COUNCIL (As on 31.03.17)

Prof. SK Barik                                 
Director 
CSIR-National Botanical Research Institute 
Lucknow - 226 001 

Chairman 

Prof. Alok Dhawan 
Director 
CSIR-Indian Institute of Toxicology Research  
Lucknow 226001 

Member 

Dr. Sanjay Kumar 
Director 
CSIR-Indian Institute of Himalayan Bioresource Technology 
Palampur- 176062 

DG Nominee 

Dr. SK Tewari 
Senior Principal Scientist  
CSIR-National Botanical Research Institute 
Lucknow - 226 001 

Member 

Dr. AK Gauniyal 
Senior Principal Scientist  
CSIR-National Botanical Research Institute 
Lucknow - 226 001 

Member 

Mr. Y Nath 
Principal Technical Officer  
CSIR-National Botanical Research Institute 
Lucknow - 226 001 

Member 

Dr. Pratibha Mishra  
Principal Scientist  
CSIR-National Botanical Research Institute 
Lucknow - 226 001 

Member 

Dr. PK Singh 
Principal Scientist  
CSIR-National Botanical Research Institute 
Lucknow - 226 001 

 
Member 

Dr. Poonam C Singh 
Scientist  
CSIR-National Botanical Research Institute 
Lucknow - 226 001 

 
Member 

Controller of Finance & Accounts /Finance & Accounts Officer 
CSIR-National Botanical Research Institute 
LUCKNOW - 226 001 

Member 

Controller of Administration 
CSIR-National Botanical Research Institute 
LUCKNOW - 226 001 

Member Secretary 
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EXPENDITURES AND EARNINGS 2016-17 (As on 31.03.17)

I. EXPENDITURE Figure in Lakhs of Rupees 
A. Revenue  
 1. Salary & Sal. Linked Allowances 2531.078 
 2. Other Allowances 
  a. Re-imburs. of Med.Exp./CGHS/Med.charges 61.000 
  b. Overtime Allowance 0.939 
  c. Honorarium 1.007 
  d. Leave Travel Concession 17.500 
  e. T.A. (India)  14.949 
  f. T.A. (Foreign)    
  g. Professional Update Allowance 10.400 
  h. Total Other Allowances (a to g) 105.795 
 3. Total Salaries (1+2h) 2636.873 
 4. P-04 Contingencies 579.000 
 5. P-05 H.R.D.   
 6. P-06 Lab. Maintenance 225.008 
 7. P-701 Staff Qrs. Maintenance 80.174 
 8. P07 Chemical/Consum.& Other Res.Exp. 240.604 
 9. Total Revenue  (3 to 8) 3761.659 
B. Capital 
 a) P-50 Land Cost   
 a) P-50 Land Cost   

230.269  b) (i) P-50 Works & Services/Elec. Installations (Lumpsum) 
 b) (ii) P-50 Works & Services/Elec. Installations (Other)  
 c) P-50 App. & Equip./Computer Equipments 923.852 
 d) P-50 Workshop Machinery  
 e) P-50 Office Equipment 0.709 
 f) P-50 Furniture & Fittings 5.372 
 g) P-50 Library (Books/ Journals/ e-Journal) 50.156 
 h) P-50 Model & Exhibits  
 i) P-50 Vehicles 2.576 
 j) P-50 Tools & Plants   
 k) P-50 Software development/procurement/LAN/WAN   
 l) P-26 -ICT   
 m) (i) P-702 Staff Qrs.(Construction) (Lumpsum) 69.665 
 m) (ii) P-702 Staff Qrs.(Construction) (Other)  
Total Capital (a to m) 1282.599 
Total A+B  5044.258 
C. Special Proj. SIP/NWP/FAC/IAP/RSP/HCP/12th Plan Proj. 
 1. Revenue   
  (i) T. A. (India) 21.864 
  (ii) T.A. (Foreign)  
  (iii) Contingencies 212.740 
 

EXPENDITURES AND EARNINGS
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  (iv) Maintenance 57.650 
  (v) Chemical, Consum.& Other Res.Exp.  1602.857 
Total Rev. (C1) 1895.111 
 2. Capital   
  (i) Work's & Services  30.000 
  (ii) Appartus & Equipment 6.070 
  (iii) Other Capitals  
Total Capital(C2) 36.070 
C. Total allocation SIP/NWP/FAC/IAP/RSP/HCP/12th Plan (C1+C2) 1931.181 
Total National Labs. (A+B+C) 6975.439 
D. CENTRAL ADMINISTRATION 
 P-804 Pension & Other retirement benefits 2064.925 
 P-801 and P-62 ISTADS  
 P-803 PPD/TNBD  
 P-805 HRD  
 P-80508 RAB  
 P-807 Publicity & Exhibition  
 P80804 Grant to other Sci. Organisations  
 P80805 CSIR Guest House (Science Centre)  
 P80806 Celebrations   
 P906- Advance   
 (i) Conveyance/Computer Advance 0.900 
 (ii) House Building Advance   
 (iii) Others   
Total Central Admin. 2065.825 
II. Earnings 
RECEIPTS   
R04 DONATION   
R05 CONTRIBUTION  
R06 MISC RECEIPTS 69.067 
R906 RECOV. OF ADV. 9.579 
TOTAL R06+R906 78.646 
R071 LAB RESERVE  
a) Royality Premia 0.020 
b) Testing & Analytical Charges 1.655 
c) Other Technical Service 6.240 
d) Job Work 10.744 
e) Rest of R 071 heads 24.809 
Total Lab Reserve(R-071) 43.468 
R909 EXTERNAL CASH FLOW  
a) Govt deptt./PSU's 954.709 
b) Private agencies 1.304 
c) Foreign govt/agencies  
TOTAL ECF (a+b+c) 956.013 
Royalty & Premia for distribution (R907) 1.604 
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PERSONNEL (As on 31.03.17)

Director
SK Barik

Chief Scientists
D K Upreti
RS Katiyar

Sr. Principal Scientists
S Kumar
Tariq Husain
A K S Rawat
P A Shirke
S K Tewari
T S Rana
A K Gauniyal
K N Nair
Sudhir Shukla
Anand Prakash
P K Trivedi
L B Chaudhary
Vivek Pandey
S V Sawant
A P Sane

Principal Scientists
Talewar Singh
Pratibha Misra
Vidhu A Sane
Alok Lehri
Ch. V Rao
Sayyada Khatoon
P K Singh
Mahesh Pal
Sharad Srivastava
Sanjeeva Nayaka
A K Asthana
S K Ojha
O P Sidhu
Subha Rastogi
Indraneel Sanyal

Senior Scientists
Arvind Jain
Vivek Srivastava
C S Mohanty
H K Yadav
Mehar H Asif
Debasis Chakrabarty
Shekhar Mallick
P K Srivastava
Soumit K Behera
Suchi Srivastava
P C Verma
S N Jena
A P Singh
Manjoosha Srivastava
S K Bagh
Sribash Roy
Aradhana Mishra
Baleshwar
P S Chauhan
Poonam C Singh

Scientists
Lal Bahadur
Devendra Singh
Priyanka Agnihotri
RC Nainwal
B N Singh
Manoj Kumar
V V Wagh
Charu Lata

Pr. Technical Officers
A A Malick
S S Tripathi
Yogendra Nath
M L Kain

Yogendra Misra
V D Tripathi

Sr. Tech. Officers (3)
A C Little
R K Tripathi
D K Purshottam
Alok Kumar
Shankar Verma

Sr. Tech. Officers (2)
L K Srivastava
Anil Kumar
Daya Shanker
Bhagwan Das
Atul Batra
Sanjay Dwivedi
Abhishek Niranjan

Sr. Tech. Officers (1)
R N Gupta
Sushma Verma
Rajeev Kumar
G Sharma
Harendra Pal
Sandeep K Behera
Vinay Sahu
MK Shukla
Kiran Toppo
MM Pandey

Technical Officers
Surjit Kumar
Swati Sharma
Leena Wahi
SK Sharma
KN Maurya
Babita Kumari
GG Sinam

Sumit Yadav
KK Rawat
DD Toppo
Somanath Swain
Satish Kumar
Prashant Srivastava
Jai Chand

Technical Assistants
Shweta Singh
Rameshwar Prasad
Rekha Kannaujia
S K Mishra
K K Ingle
B L Meena
V K Gupta
RR Rastogi
Devranjan
Vandana Tiwari
M G Prasad

Administration
Mukund Sahai, CoA
Rajhans Gautam, CoF&A
Sanjeev Shekhar, F&AO

Dinesh Kumar, SPO
RS Chowdhary, SPO
Prasoon Misra, SO

Shiva Kant Mishra, SO
Sachin Mehrotra, SO
R K Verma, SO

S K Singh, SO
Prabha Tirkey, SO
Ram Badal, SO

B P Pande, PS
Bijendra Singh, Hindi
Officer

S K Pandey, Security Officer
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