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funs' kd dh dye l s---------

eq>s l h, l vkbZvkj&jk"Vªh; ouLi fr vuql U/kku l aLFkku ds 2015&16
dk okf"kZd çfrosnu çLrqr dj rs gq,  vi kj çl Uurk gks jgh gSA eq>s vR;ar
xoZ gS fd bl  vof/k ds nkSjku l aLFkku us vi us vk/kkjHkwr fo"k;ksa ds l kFk
l kFk çk;ksfxd {ks=ks esa Hkh cgqvk;keh ' kks/k] fodkl ] f' k{kk ,oa foLrkj
xfrfof/k; ksa l s pkSeq[kh çxfr dh gSA

o"kZ 2015&16 ds nkSjku l aLFkku us mPp l aLFkkxr] fufeVyh]
vkrafjd ,oa oká i ksf"kr i fj ; kst ukvksa ds varxZr dqy 98 i fj ; kst ukvksa
i j  vuql U/kku o fodkl  dk;Z fd;k x; kA l aLFkku ds oSKkfudks us dqy
197 'kks/k i = çfrf"Br jk"Vªh;  ,oa varjkZ"Vªh;  ' kks/k i f=dkvksa esa çdkf'kr
fd; s ft ues l s dqy 125 ' kks/k i = SCI i f=dkvksa esa çdf' kr gq, ft udk
çfr oSKkfud vkSl r bEi SDV QSDVj  2.345 jgk rFkk dqy bEi SDV QSDVj
293.389 jgkA orZeku o"kZ esa dqy rhu i sVsaV vuqeksfnr gq, ] Ng i sVsaV
nkf[ ky fd; s x, ] 18 ubZ i fj ; kst uk,a çkjaHk gq;h rFkk 10 l e>kSrk i =ksa
i j  gLrk{kj  fd; s x,A 15 Nk=ksa dks i h,p-Mh mi kf/k çnÙk gq;h rFkk 11
Nk=ksa us vi us vuql U/kku xzUFk mi kf/k gsrq çLrqr fd; sA

çkS| ksfxdh o O;ki kj  fodkl  ds {ks= esa] gekjs l aLFkku ,oa
l h, l vkbZvkj&l heSi  }kjk l a;qä : i  l s fodfl r] e/kqesg fu;a=.k gsrq ,d
gcZy nok dks BGR 34 ds VªsM uke l s ckt kj  esa mrkjk x; k ft l dk
okf.kfT;d mRi knu vkSj  ògn Lrj  i j  O;ki kj&foi .ku esl l Z , sfey
QkekZL;wfVdYl  fyfeVsM] ubZ fnYyh ds }kjk fd; k t k jgk gSA l aLFkku }kjk
fodfl r t So&buksdqysaV dh çkS| ksfxdh] cM+s i Sekus i j  mi ; ksx gsrq mÙkj
çns' k ds df̀"k foHkkx vkSj  fut h m| ksxksa dks LFkkukarfj r djh x;hA di kl
esa , yhy@t hu eSfiax ds dq'ky fo' ys"k.k ds fy, ,sQhesfVªDl  dai uh ds l kFk
feydj  , d csgrj  rduhdh d̂i kl  SNP-CHIP* dks fodfl r fd; k
x;kA bl ds l kFk&l kFk l aLFkku us ,d cgqr cM+h mi yfC/k l Qsn eD[kh
çfrjks/kh i kj t huh di kl  ds {ks= i fj {k.k esa gkfl y dh gS ft l l s t h,e~
Ql yksa dh dbZ rduhdh t kudfj ; ka fey l dsaxhA l aLFkku dks vU;

cgq&vk;keh fo"k;ksa i j  vuql U/kku l s dbZ egRoi w.kZ l qjkx feys gSa ft Ugsa
l aLFkku QkLV VªSd çkS| ksfxdh] vkS| ksfxd] l kekft d vkSj  vkfFkZd ykHk ds
fy,  l rr çkS| ksfxfd;ksa] mRi knksa vkSj  l sokvksa gsrq i fjofrZr djus esa
' kks/kj r gSA

l eh{kk/khu o"kZ esa] l aLFkku ds fo'o fo[; kr ouLi fr m| ku us vius
mís' ; ksa dh çfrc) rk ds varxZr nqyZHk o fnypLi  i kS/kksa fo'ks"kdj  vkWfdZM]
l kbZadsM] QuZ rFkk l t koVh i kS/kksa ds i fjp; ] l ao/kZu] l aj {k.k ,oa çl kj
dks t kjh j [ kk gSaA bl  o"kZ l h, l vkbZvkj&,uchvkjvkbZ us l t koVh
ikS/kksa cksxufofy;k ,oa xqynkmnh dh nks ubZ fdLesa Øe'k% ,̂uchvkjvkbZ&,siht s
vCnqy dyke* rFkk ,̂ uchvkjvkbZ&i hrkHk* t kjh dh gSaA l h, l vkbZvkj&
,uchvkjvkbZ us Hkkj r esa ,dek= LFkkfi r l kbZdsM l aj {k.k dsaæ dks
fodfl r fd; k gS ft l es Hkkj rh;  l kbZdl  dh 7 çt kfr; ksa l fgr dqy 56
çt kfr; ksa dks l aj f{kr fd; k x; k gSaA bl ds vykok nqyZHk ,oa l adVxzLr
i kS/kksa ds fy,  ,d fo' ks"k l aj {k.k x̀g dks Hkh fodfl r fd;k x;k gSA l aj {k.k
f' k{kk ,oa m| ku çsfe;ksa ds fy,  l t koVh i kS/kksa ,oa Qwyksa l s l ql fTt r , d
fd;ksLd dks ouLi fr m| ku esa cuk;k x; k gSA

l aLFkku ds caFkjk nwjLFk vuql aFkku dsæ us l ksfMd o cat j  Hkwfe i j
vkfFkZd : i  l s egRoi w.kZ dbZ i kS/kksa t Sl s gYnh] ,pVh xqykc] i ku] dSuk]
XysfM;ksyl  rFkk vkS"k/kh;  ikS/kksa t Sl s v' oxa/kk] dkyes?k] fcDl k o ,yksosjk
dh l Qy [ ksrh vkSj  muds xq.ku dk dk;Z l Qyrki woZd fd;k gSA bl  o"kZ
l aLFkku us mÙkj  Hkkj r ds eSnkuksa ds vuqdwy gYnh dh ,d ubZ fdLe
d̂sl j h* dks Hkh t kjh fd; k gSA

i kni  fofo/krk] ofxZdh ,oa i kni ky;  l ewg us ns' k ds i kni  rFkk
ykbdsu l al k/kuksa ds O;ofLFkr çys[ku] i wosZ{k.k ,oa fofof/krk v/; ; u esa
fo' ks"k mi yfC/k;ka çkIr dh gSa t ks bl  çdkj gSa% Hkkj rh;  fgeky; esa vYi kbu
i kfj fLFkfrdh ra= dh xfr'khyrk ds v/; ; u gsrq t So&l wpd ykbdsUl  dh
i gpku( fgeky;ksa i j  vf/kd [ kjkc ekSl e dh i woZ t kudkjh gsrq l oZçFke
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Hkkj rh;  l kbZuksykbdsu esa bfeuks ekbZdksLi ksfju t Sl s , feuks , fl M dk
vfHky{k.ku( rhu ' kSokyksa dh l aHkkfor ck;ksMht y QhMLVkWd ds : i  esa
i gpku( ykbZdsu dh nks u;h çt kfr; ksa dh [kkst ( czk;ksQkbV~l  dh nks fdLeksa
,oa 29 çt kfr; ksa ds Hkkj r esa Øe' k% u,  jk"Vªh;  vkSj  {ks=h; vfHkys[k ds
: i  esa fj i ksVZ( jk"Vªh;  LoPN xaxk fe' ku ds varxZr xaxk unh ds fdukjs
i f' pe caxky] fcgkj ] mÙkjk[kaM o mÙkj  çns' k ds 13 LFkkuksa i j  ' kSoky]
czk;ksQkbV~l ] VsfjMksQkbV vkSj  i q"i h i kS/kksa dk ekul wu i woZ vkSj  ekul wu ds
i ' pkr~ l osZ{k.k ,oa i kfj fLFkfrdh;  fuxjkuh( xkaxs; eSnkuksa l s QkbZdl  dh
38 çt kfr; ksa dk i w.kZ v/; ; u( mÙkj çns'k ds yxHkx 150 ò{kksa ds ofxZdh
vkadM+ksa dk l adyu( MsyfQfu;e dh 13 çt kfr; ksa] dksal ksfyMk dh 1 çt kfr
vkSj  , dksfuVe dh 11 çt kfr; ksa dk ofxZdh v/; ; u( Hkkj rh;  ekWl
i ksxksusVe dh 10 çt kfr; ksa dk vkdkfjdh;&oxhZdj .k v/; ; u( Mh,u,
ekdZl Z dh l gk; rk l s nks egRoi woZ vkS"k/kh; i kS/kksa , sQsMªk t hj kj fM; kuk vkSj
ct hZfu; k LVªsdk; h esa Mh,u,  ekdZj  vk/kkfj r vkuqoaf' kd fofo/krk dk
vkdyu( ikfeZfy;sl h dqy dh ykbdsu cukus okyh 13 dod çt kfr;ksa ,oa
11 vkS"k/kh;  ikS/kksa ds Mh,u,  ckjdksM dk fodkl ( oqMQksMhZ; k ÝqVhdksl k
dh çt uu t Sfodh ,oa fodkl  dk v/; ; u( rhu nqyZHk QuZ çt kfr; ksa
¼, sFkhfj ; e i SDVhusVe] Mªk; ksIVsfj l  dksfDy,Vk o vksuhfd;e daVhxqoe½ ds
bu&foVªks cht k.kq l ao/kZu ,oa çt uu t Sfodh dk v/; ; u fd; k x; k rFkk
nks czk;ksQkbV çt kfr; ksa( ,d ns' kt  çt kfr , uFkksl sj ksl  eSØksLi ksj l  ,oa ,d
l adVxzLr çt kfr fØIVksfefVª; e fgeky,Ul s ds bu foVªks çksVksdky dk
fodkl  fd;k x; kA  l h, l vkbZvkj&jk"Vªh;  ouLi fr vuql U/kku l aLFkku ds
i kniky; esa i q"ih;  vkSj  viq"ih; ikS/kksa ds 2298 u,  uewuksa dks l ¡t ks;k x; k
ft l l s orZeku esa bl esa dqy l axzghr uewuksa dh l a[ ; k 2]92]970 rd i gqp
x;h gSA

i kfj fLFkfrdh ,oa i ; kZoj .k foKku l ewg }kjk fd,  t k jgs eq[ ;
' kks/k dk;ksaZ esa xkaxs;  eSnkvksa esa df̀"k ,oa ou i kfj fLFkdh ra=ksa i j  t yok;q
i fjorZu ds çHkkoksa l s l acfU/kr uohu t kudkfj ; ka( dkcZu t Crh] dkcZfud
,oa vdkcZfud çnw"kdksa dk t So&mi pkj ( , oa t Sfod ,oa vt Sfod rukoksa
esa ok;qoh;  ,oa Hkwfexr i kni  vaxksa esa t So&Hkkj  forj .k vkfn jgsA l ewg
}kjk fd,  t k jgs ' kks/k dk;ksaZ us /kku esa As(V) , oa As(III) çsfj r ruko
dks de djus esa XywVkjsMksfDl u ,oa &vehuks C;wVkbfjd vEy dh Hkwfedk
dks l e>k x;kA /kku dh fdLe l j t w 52 esa ,d uohu i F̀kDdhdr̀ fd,
x,  t hok.kq foHksn czsoq.Mheksukl  fMehU; wVk ¼,uchvkjvkbZ 012½ }kjk
l af[ k; k xzg.k dks fLFkj  dj rk gqvk i k;k x;kA /kku ds [ ksrksa esa gfj r 'kSoky
Dyksj sYyk ds ç;ksx dks l af[ k; k fo"kkyqrk dks de djus ds fy,  çHkkoh
j .kuhrh ds : i  esa ns[kk x; kA rkt s ykbZ , s' k <sjksa esa okrkoj .kh;  dkcZu
MkbZvkDl kbM t Crh ds fy,  l SØe Li ksaVsfu; e , oa çksl ksfi l  t qyhyksj k ds
l a?k dks çHkkoh : i  l s mi ;qä i k; k x; kA nks ' khrdkyhu xsgwa dh fdLeksa
¼dqUnu ,oa yksd 1½ esa l Syhfl fyd vEy ruko dh fLFkfr esa ' kq"drk&l fg".kq
y{k.kksa dks i gpkuk x;k ft udk ç;ksx ruko ds nkSjku xsgwa dh mi t  dks
c<+kus esa fd;k t k l drk gSA

vkuqoaf' kdh ,oa vk.kqfod t Sfodh l ewg us i kni  t huksfeDl ]
Vªkal fØIVksfeDl  ,oa çksfV;ksfeDl  ds {ks= esa vi us fofHkUu ' kks/k dk;ZØeksa
dks t kjh j [ kkA bl  o"kZ di kl  dh fdLe d̂ksdj  312* dh i kj t huh uj
ca/;  , oa fjLVksj j  ykbuksa ds fodkl  gsrq i kni  vkuqokaf' kd : i kUrj .k
çksVksdkWy dks ekudhdr̀ fd; k x; kA VekVj  ds Qy ds cDNA l s AP2/

ERF Mksesu ;qä çksVhuksa dk l adsr djus okys nks t huksa SlERF6 , oa
SlERF8 dks i gpkuk x;k ,oa VekVj  esa Qy ds fodkl  , oa i dus esa
mudh Hkwfedk dk v/; ;u fd; k x; kA foFkkfu; k l ksEuhQsj k esa ohFkSuksykbM~l
t So&l a' ys"k.k esa WsSGTL1 t hu dh Hkwfedk dks t kapk x;kA l ksysue
[kfl ; kue esa dk¡Vksa l s l acfU/kr fo' ks"k l aHkkfor dfYi r Vªkal fØI' kuy
fu;a=dksa dks i gpkuk x;kA vyl h esa vYVsusZfj ; k >qyl k çfrjks/k l s
l acfU/kr nks dfYi r  SSR ekdZjksa dks i gpkuk x;kA foFkSukse MkVkcsl  dks
fofHkUu dheksVkbi  ds Vªkal fØIVkse MkVkl sV i j  vfrfjä t kudkjh l s
l aof/kZr fd; k x; k ,oa fo' ks"k ohFkSuksykbM~l  ds fy,  t So&l a' ys"k.k i kFkos
çLrkfor fd,  x,A di kl  esa GhNAC2 ds ,DLçs'ku }kjk i kuh ;qä ,oa
l w[ks dh fLFkfr; ksa esa t M+ksa dh òf)  esa l q/kkj  çnf' kZr fd; k x; k ft l l s
i kS/kksa esa ' kq"drk ruko dh fLFkfr esa ' kq"drk l fg".kqrk mRi Uu djus esa
GhNAC2 dh l aHkkfor Hkwfedk ds l adsr feysA ,xzkscSDVhfj ;e Vî wesQsf'k,Ul
vk/kkfj r : i kUrj .k dk ç; ksx dj rs gq;s dSuk ds : i kUrj .k ds fy,  , d
çHkkoh çksVksdkWy rS;kj  fd; k x; kA nks foi jhr jax okyh dSuk dh fdLeksa
V̂ªksfi dy l ujkbl * , oa ĵsM çsl hMsaV* esa iq"i  cuus] Qsfuy çksi SuksbM ,oa
fi XesaV esVkcksfyd çfØ;kvksa esa ' kkfey miRNAs oa'kksa ds t huksa dks [ kkst k
x;kA Fkhcsu çpqj  vQhe dh rhu ykbuksa dks fofHkUu df̀"k&t yok;q
i fj fLFkfr; ksa esa l okZf/kd LFkk;h ,oa vuqdwfyr ykbuksa ds : i  esa p; fur
fd;k x; kA Hkkj rh;  vyl h dh fdLe esa mPp vksesxk &3& ol h;  vEy
ykbuksa dks i gpkuus ds fy,  10]057 SNPs ds ,d l sV dks fofo/krk
vkadyu ,oa , l ksfl , ' ku eSfi ax gsrq i gpkuk x;kA

i kni  l w{e&t ho l aca/k l ewg us ns' k Hkj  esa fofHkUu Ql yksa dh
mRi kndrk esa l q/kkj  gsrq t So&buksdwysaV ds xq.kkRed mRiknu ,oa çl kj  i j
py jgs vi us ' kks/k dk;ZØeksa ds l kFk&l kFk l aHkkfor l w{e&t Sfod l a?k
vk/kkfj r uohu t So&buksdwysaV] t So&fu;a=.k , t saV~l  ,oa t So&moZjdks dh
[kkst  esa ubZ xfrfof/k; ka çkjaHk dhaA l ewg us VªkbdksMekZ ,Vªksfofj Mh]
VªkbdksMekZ gft Z; kue] VªkbdksMekZ j hfl ; kbZ , oa VªkbdksMekZ okbj sUl  esa 12
cgq: ih SSRs dks igpkuk ft Ugsa VªkbdksMekZ ds fofHkUu çHksnksa esa vkuqokaf' kd
l aca/k LFkkfi r djus esa ç;ksx fd;k t k l drk gSA ckt jk esa O; fäxr ,oa
cgq&vt Sfod rukoksa ds nkSjku çFke ckj  nks l anHkZ t hu EF-1 , oa UBC-
E2 dks çekf.kr fd; k x; kA ,d uohu t So&fu;a=d , t saV csl hyl  çt kfr
¼NBRI-W9½ dks igpkuk x;k ,oa iku ds ,d jksxdkjd dod ¶; wt sfj ; e
çt kfr ¼NBRI-PMSF12½ ds fo#)  çHkkoh i k; k x; kA

Hks"kt  foKku l ewg us ckgqfu;k i j I; wfj ; k , oa ckgqfu;k oSj hxsVk ds
Qwyksa ,oa dfy; ksa esa ,aVh&vkDl hMsaV ,oa ,aVh&dSal j  {kerk, ¡ ns[kha ft l l s
bu i kS/kksa ds ekbØks&U;wVªh,aV dqi ks"k.k ,oa çksLVªsV dSal j  esa [ kk|  vuqi wjdksa
dks cukus esa ç;ksx fd,  t k l dus ds l adsr feysA l at houh ¼fl ySft usyk
czk;ksIVsfj l ½ dh {kerkvksa dks i j [kus ds fy, i kS/ks esa igpkus x, ikni&jl k;uksa
ds t Sfod ,oa Hks"kt  vuqç;ksxksa dks t kapk x;kA  Hkkst u ds çHkkoh forj .k
gsrq LFkk;h eSfVªDl  ds : i  esa ç;ksx gsrq i ks"k.k l s çpqj  rhu xksan budSIl wysaV
dks igpkuk x;k rFkk [ kk|  rsyksa ,oa jat d i nkFkksaZ dks dksj i nkFkZ dh rjg
ç;ksx dj rs gq;s eYVh dksj  budSIl wys' ku gsrq ç; ksx fd;k x; kA mÙkj  çns' k
ds xzkeh.k {ks=ksa esa LokLF;  ,oa ekfl d /keZ LoPNrk l eL;kvksa ds çfr
t kx: drk QSykus ds mís' ;  l s uohu] de ykxr ds l SuhVjh uSi fdu ds
fodkl  dh fn' kk esa çkdf̀rd xksanksa ds ç;ksx i j  , d u;k dk;ZØe çkjEHk
fd;k x; k gSA xqXxqy ¼dehQksj k okbVkb½ ds 9 uewuksa esa xSj&yf{kr
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esVkcksykbV çksQkbfyax l s xqXxqysLVªksu E , oa Z esa l kFkZd ek=kRed ,oa
xq.kkRed varj i rk pysA ykmfu; k çksdacsUl  ds , fFky , l hVsV ÝSD' kuksa dks
l foZDl  ¼HeLa½] Y;wdsfe;k ¼K562½ ,oa Lru ¼MCF&7½ dSal j  l sy
ykbuksa ds çfr fØ;k' khy ns[kk x; kA

l aLFkku us l h, l vkbZvkj&800 , oa vU;  dk;ZØeksa ds varxZr
vusd l kewfgd çf'k{k.k ,oa dk;Z'kkyk,¡ vk;ksft r dhaA fofHkUu fo"k;ksa t Sl s
ofxZdh] ckxckuh] i q"i  df̀"k] df̀"k çkS| ksfxdh] t So&moZjd] ' kq"d i q"i
dyk] iku dh [ ksrh] vkS"k/kh;  ,oa l xa/k i kS/kksa dh [ ksrh vkfn ds fo"k;  esa
fofHkUu fgr/kkjdksa dks çf'k{k.k fn; k x;kA bu dk;ZØeksa l s ykHk ysus okyksa
esa fdl ku] f' k{kd] fo| kFkhZ] m| ksxi fr , oa t So&moZjd bZdkb;ksa ds
vf/kdkjh ' kkfey jgsA fofHkUu fo' o&fo| ky;ksa@l aLFkkvksa ds i jkLukrd
fo| kfFkZ;ksa dks Hkh i kni  foKku ds fofHkUu {ks=ksa t Sl s vk.kqfod t Sfodh]
l w{e&t ho foKku] Hks"kt  foKku ,oa t So&çkS| ksfxdh vkfn ds fo"k;  esa
çf' kf{kr fd; k x; kA

l aLFkku ds çfl )  ' kks/k ; ksxnkuksa dks ns[krs gq;s bl  o"kZ l h, l vkbZvkj
,oa l aLFkku ds oSKkfudksa dks fofHkUu jk"Vªh;  i qjLdkjksa ,oa l Eekuksa l s
l Eekfur fd; k x; kA o"kZ 2015 ds l h, l vkbZvkj&çkS| ksfxdh i qjLdkj
n̂f{k.k ds i Bkjh {ks=ksa ds v) Z ' kq"d bykdksa esa NksVs fdl kuksa ds vkfFkZd
l q/kkj  gsrq vkS"k/kh;  : i  l s egRoi w.kZ i kS/ks v' oxa/kk dh mUur fdLeksa ds
fodkl  , oa çl kj  gsrq* l a;qä : i  l s l h, l vkbZvkj&,uchvkjvkbZ]
l h, l vkbZvkj&l heSi ] l h, l vkbZvkj&l hMhvkjvkbZ ,oa l h, l vkbZvkj&
vkbZvkbZl hch dks fn;k x; kA i ; kZoj .k] ou ,oa t yok;q i fjorZu ea=ky; ]
Hkkj r l jdkj ] }kjk MkW‚ Mh ds mçsrh] eq[ ;  oSKkfud dks ykbZdsu ofxZdh
esa muds mYys[kuh;  dk;Z ds fy,  o"kZ 2015 ds çfrf"Br î kni  ofxZdh
gsrq bZ ds t kudh vEey i qjLdkj* l s l Eekfur fd; k x; kA MkW‚fç;adk
vfXugks=h] oSKkfud dks i kni  foKku ds {ks= esa mYys[kuh;  ; ksxnku gsrq
Hkkj rh;  l kbal  dkaxzsl  , ' kksfl , ' ku }kjk LFkkfi r o"kZ 2015&2016 ds
ç̂ks- ghjk yky pØorhZ eseksfj ; y i qjLdkj* l s l Eekfur fd; k x; kA

MkW‚l ehj  l koar] çeq[k oSKkfud dks us' kuy ,dsMeh vkWQ l kbal  ds }kjk]
bykgkckn }kjk FNASc mi kf/k çnÙk dh xbZ ,oa MkW‚i h ds f=osnh] çeq[k
oSKkfud] dks us'kuy ,dsMeh vkWQ ,xzhdYpjy l kbal sl ] ubZ fnYyh }kjk
FNAAS mi kf/k çnÙk dh xbZA

eSa bl  vol j  i j  l aLFkku ds l qpk# : i  l s l apkyu ,oa vuql a/kku
,oa fodkl  esa fujarj  çxfr ds fy,  fd,  t k jgs xaHkhj  ç; kl ksa ds fy,
vi us l Hkh l g; ksfx; ksa dks c/kkbZ ,oa /kU;okn nsrk gw¡A eSa vi us l Hkh
oSKkfud ,oa ç' kkl fud l g; ksfx; ksa l s vi hy djuk pkgw¡xk fd os gekjs
l Hkh vuql a/kku ,oa fodkl  rFkk l ac)  dk;ZØeksa dh ; kst uk fuekZ.k ,oa
fØ;kUo;u esa vkSj  vf/kd foosdi w.kZ ,oa mRi knd gksa rkfd ge l rr~ df̀"k
fodkl  gsrq l Lrh çkS| ksfxfd;ksa ,oa mRi knksa] LokLF; ] i ; kZoj .k j {kk] t yok;q
i fjorZu l s l qj {kk ,oa ns' k o ns'k ds yksxksa ds l keus vk jgh vU; egRoi w.kZ
l eL;kvksa l s fui Vus ds fy, bfPNr i fj.kkeksa dks çkIr dj l dsaA eSa l aLFkku
ds l Qy oSKkfud ,oa rduhdh çca/ku ds fy,  l e;&l e;  i j ekxZn' kZu]
l ykg o l eFkZu gsrq l h, l vkbZvkj  ds Hkwri woZ ,oa orZeku egkfuns' kdksa
Øe' k% MkW ,e vks xxZ ,oa MkW‚fxjh'k l kguh dk vkHkkj O;ä djuk pkgrk
gw¡A ge l aLFkku ds ' kks/k ,oa fodkl  dk;ZØeksa ds l Qyrki woZd dk;kZUo;u
gsrq vewY;  ekxZn' kZu gsrq ' kks/k ,oa çca/k i fj "kn ds v/; {k
çks- , l  ds l ksi ksjh] , oa l Hkh l Eekfur l nL;ksa ds vkHkkjh gSaA ge gekjh
' kks/k ,oa fodkl  rFkk nwjLFk xfrfof/k; ksa ds l Qyrki woZd l Ei Uu gksus ds
fy,  vi us ofj "B&t uksa] ' kqHk&fpardksa ,oa l eFkZdksa l s çkIr l gk; rkvksa ds
çfr vkHkkjh gSaA  ge gekjs Hkfo";  ds l Hkh fØ;kdyki ksa esa vki ds fujarj
ekxZn' kZu] l ykg ,oa l eFkZu ds vkdka{kh gSaA

¼nyhi  dqekj  mçsrh½
dk;Zokgd funs' kd
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It gives me immense pleasure to present the Annual
Report of CSIR-NBRI for the year 2015-16. I am glad that,
during the period from April 2015 to March 2016, the
Institute made all-round progress in its research,
development, education, extension and outreach activities
in a broad spectrum of disciplines in basic as well as
applied plant sciences.

The Institute during the reporting year carried out 98
R&D projects under in-house, supra-institutional,
network, NMITLI and other externally funded project
categories. A total of 197 research papers were published
by the scientists of the Institute in reputed national and
international journals. Out of these, 125 were in SCI
journals with an impact factor of 2.345 per scientist and
total IF of 293.389. This year, three patents were granted,
six patents were filed, 18 new projects received,  10 MoUs/
Agreements were signed, 15 students were awarded their
Ph.D. degrees and 11 students submitted their research
work for the Ph.D. degree.

In the domain of technology and business
development, the Institute witnessed the launch of an
antidiabetic herbal formulation - ‘BGR-34’ on the occasion
of its 62nd Annual Day on 25th October 2015. This herbal
formulation was jointly developed by CSIR-NBRI and
CSIR-CIMAP as ‘NBRMAP-DB’ during 2013-14. The
formulation has been now commercially produced and
marketed under the trade name ‘BGR-34’ by M/S Aimil
Pharmaceuticals Ltd., New Delhi. The bioinoculant
technologies developed by CSIR-NBRI were transferred to
Uttar Pradesh Agriculture Department and private
industries for widespread application throughout the
country. ‘A Cotton SNP-chip’ was developed in
collaboration with Affymetrix, which proved to be an
efficient tool for genotyping and allele/gene mapping in
cotton. Another major breakthrough achievement in the
reporting year was the contained field trials on ‘whitefly
resistant transgenic cotton lines expressing a fern protein’
that can be deployed in GM crops to control whitefly and
the viruses it carries. Several other significant leads were
also obtained from the transdisciplinary researches that
are now being transformed to fast track translational
projects targeted at sustainable technologies, products and
services for industrial, societal and economic benefits.

The Botanic Garden, the flagship of CSIR-NBRI,
continued with its committed activities on introduction,
enrichment, conservation, propagation and multiplication
of interesting plants, notably orchids, cycads, ornamentals,
ferns, mosses, and rare, endangered and threatened (RET)
species. In this year two novel ornamental plant varieties,

From the Director’s Desk .........
Bougainvillea ‘NBRI-A.P.J. Abdul Kalam’ and
Chrysanthemum ‘NBRI-Peetabh’, were developed and
released. The Cycad Conservation Centre, the only such
centre in India, was enriched with 56 species of cycads
including 7 species of Indian Cycas. A new ‘Propagation
House for RET Species’ and a ‘New Kisok Point’ were
established for conservation, education and aesthetic
purposes. The Distant Research Centres of the Institute at
Banthra successfully worked out various demonstrations
projects on sustainable use of sodic wastelands for
cultivation and multiplication of economically important
plant resources such as Turmeric, Kalmegh,
Ashwagandha, Aloes, Canna, Gladioli, HT Rose, Betel
vine, Bixa, and several high value medicinal and aromatic
plants. A new variety of turmeric named 'Kesari', suitable
for cultivation in North Indian Plains was released this
year.

The Plant Diversity, Systematics and Herbarium
Group excelled in their efforts in conducting systematic
documentation and bioprospecting the plant and lichen
resources of the country. Some of the notable achievements
include: Identification of bio-indicator lichens to monitor
the alpine ecosystem dynamics in the Indian Himalayas,
and the first ever characterization of Imino Mycosporine
like Amino Acids (MAAs) in Indian cyanolichens that can
help predict the extreme weather phenomenon in the
Himalayas; Identification of three fresh water algal strains
as potential biodiesel feedstock; Discovery of two new
species of lichens and new geographic records of nine
lichen species to India and 84 species to six states of India;
Report of 29 species and two varieties of bryophytes  as
new national and regional records to India;  Pre-monsoon
and post-monsoon surveys and ecological monitoring of
algae, lichens, bryophytes, pteridophytes and flowering
plants in 13 sites along Ganga River in West Bengal, Bihar,
Uttar Pradesh and Uttarakhand under the National
Mission for Clean Ganga; Completion of  taxonomic study
on Ficus of the Gangetic Plains with documentation of 38
species; Comprehensive taxonomic data organization of
about 150 tree species of Uttar Pradesh; Systematic studies
on 13 species of Delphinium, 1 species of Consolida and 11
species of Aconitum; Morphotaxonomic studies on 10
Indian species of the moss genus Pogonatum; DNA marker
-based genetic diversity assessment in two important
medicinal plants, Ephedra gerardiana and  Bergenia stracheyi;
Development of DNA barcodes for 13 lichen-forming
fungal species belonging to Parmeliaceae and 11 species
of medicinal plants;  Reproductive biological and
regeneration studies on Woodfordia fruticosa;  In-vitro  spore
culture and reproductive biological studies on three rare
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ferns: Athyrium pectinatum, Dryoperis cochleata, and
Onychium contiguum;  Development of in-vitro propagation
protocols for two bryophyte species: the endemic Anthoceros
macrosporus and the endangered Cryptomitrium himalayense.
The Herbarium of the Institute, which is a National
Repository designated by the National Biodiversity
Authority, was enriched with an addition of 2298
specimens, making up the total specimen holdings to
2,92,970.

Generating new knowledge on the impact of climate
change on agriculture and forest ecosystems in the Indo-
Gangetic Plains, carbon sequestration, bioremediation of
organic and non-organic pollutants, and biomass
partitioning among aerial and subterranean plant parts
under abiotic and biotic stresses were the key themes of
research undertaken by the Ecology and Environmental
Sciences Group. The studies by the Group elucidated the
role of glutaredoxins (OsGRXs) and -amino butyric acid
(GABA) in ameliorating As (V) and As (III)–induced
stresses in rice. A newly isolated bacterial strain,
Brevundimonas diminuta (NBRI012) was shown to stabilize
arsenic uptake in the rice variety- Sarju52. Application of
the green alga, Chlorella was found to be a viable strategy
to decrease Arsenic toxicity in rice fields. Saccharum
spontaneum and Prosopis juliflora association was found
potentially suitable for sequestering atmospheric CO2 in
the fresh Fly Ash deposited sites.  Drought tolerant traits
identified in two winter wheat cultivars (Kundan and Lok1)
under interactive effect of stress and Salicylic Acid, which
could be used for increasing yield potential in wheat under
stress.

The Genetics and Molecular Biology Group
continued with its various research programs in the areas
of plant genomics, transcriptomics and proteomics. During
the year Agrobacterium based plant genetic transformation
protocols were standardized for developing transgenic
male sterile and restorer lines of cotton variety – ‘Coker-
312’. Two genes, SlERF6 and SlERF8, encoding AP2/ERF
domain containing proteins were identified from tomato
fruit cDNA, and their role in development and fruit
ripening in tomato was studied. The role of WsSGTL1 gene
in the withanolide biosynthesis in Withania somnifera was
elucidated. Some prickle specific potential putative
transcriptional regulators were identified in Solanum
khasianum. Two SSR markers putatively linked to Alternaria
blight resistance in linseed were identified. The Withanome
Database was enriched with additional information on
transcriptome datasets of different chemotpyes and
proposed biosynthesis pathways for specific withanolides.
GhNAC2 expression was shown to improve root growth
in cotton (Gossypium herbaceum) both under control and
water stressed conditions, indicating possible role of

GhNAC2 in imparting drought tolerance to plants. An
efficient protocol for canna transformation was developed
using Agrobacterium mediated transformation. miRNAs
families targetting  genes involved in flower development,
phenyl propanoid and pigment metabolic processes were
identified in two  Canna cultivars with contrasting flower
colors, Tropical sunrise and Red president. Three thebaine
rich lines of opium poppy were selected as highly stable
and adaptable to different agro-climatic conditions. A set
of 10,057 SNPs were identified for diversity analysis and
association mapping to identify high omega -3- fatty acid
lines of Indian linseed variety.

Besides its ongoing programs on quality production
and popularization of bioinoculants for enhancing
productivity in a variety of crops across the country, the
Plant Microbe Interaction Group initiated new activities
in search of new bioinoculants, biocontrol agents and
biofertilzers based on potential microbial consortia. The
Group identified 12 polymorphic SSRs in Trichoderma
atroviride, T. harzianum, T. reesei, and T. virens, which will
be utilized for establishing genetic relationships among
different isolates of Trichoderma. Two reference genes,
EF-1 and UBC-E2 were validated for the first time under
individual and multiple abiotic stresses in pearl millet. A
new biocontrol agent, Bacillus sp. (NBRI-W9) was
identified and found effective against the fungal pathogen
Fusarium sp. (NBRI-PMSF12) infecting betel vine.

The Pharmacognosy and Phytochemistry Group
detected antioxidant and anticancer properties of Bauhinia
purpurea and Bauhinia variegata flowers and flower buds,
indicating the utility of these plants as food supplements
in micronutrient malnutrition and prostate cancer. The
biological and pharmaceutical applications of the
phytochemicals identified in sanjeevani, Selaginella
bryopetris were examined to study the adaptogenic
properties of the plant. Three nutraceutically rich gum
encapsulants were identified and subjected to multi core
encapsulation using edible oils and coloring principle/
pigments as core material for utilization as stable matrices
for effective delivery of foods.  A new program was initiated
aimed at utilization of natural gums as low cost material
for development of sanitary napkins and imparting
awareness on health and menstrual hygiene issues in rural
areas of Uttar Pradesh. Non-targeted metabolite profiling
of nine samples of Gugul- Commiphora wightii revealed
significant qualitative as well as quantitative variation in
Guggulsterone E and Z. Ethyl acetate fraction of Launaea
procumbens was reported to be active against cervix (HeLa),
leukemia (K562) and breast (MCF-7) cancer cell lines.

The Institute during the year conducted a number
group trainings and workshops under CSIR-800 and other
projects. Training was imparted to various stakeholders
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on different subjects, including taxonomy, gardening,
floriculture, agrotechniques, biofertilizers, dehydration of
flowers and floral crafts, betel vine cultivation, cultivation
of medicinal and aromatic plants.  The beneficiaries of
these training programs included farmers, teachers,
students, entrepreneurs and officers of Biofertilzers 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.

In recognit ion of the outstanding research
contributions, CSIR-NBRI and scientists of the Institute
were honored with national awards and recognitions
during this year. CSIR-Technology Award-2015 was
conferred jointly to CSIR-NBRI, CSIR-CIMAP, CSIR-CDRI
and CSIR-IICB for ‘Development of improved varieties and
promotion of cultivation of medicinally important
Ashwagandha for improving the economy of small and
marginal farmers in Semi Arid-Tropical (SAT) Regions in
Deccan Plateau’. Dr DK Upreti, Chief Scientist, was
bestowed with the prestigious ‘EK Janaki Ammal National
Award for Plant Taxonomy 2015’ by the Ministry of
Environment, Forest and Climate Change, Government of
India, for his contributions in the field of Lichen taxonomy.
Dr. Priyanka Agnihotri, Scientist, received ‘Prof. Hira Lal
Chakravarty Memorial Award for the year 2015-2016’
instituted by the Indian Science Congress Association for
significant research contributions in the field of plant
sciences. Dr. Samir V Sawant, Principal Scientist, was
conferred FNASc by the National Academy of Sciences
(NASI), Allahabad and Dr. PK Trivedi, Principal Scientist,

was conferred FNAAS by the National Academy of
Agricultural Sciences (NAAS), New Delhi.

I take this opportunity to congratulate and thank all
my colleagues for the sincere efforts they made in steering
the Institute towards steady and sustained progress in the
R& D pursuits. I would also like to appeal my scientific
and administrative colleagues to be far more prudent and
productive in planning and executing our entire R&D and
allied programs, so that we achieve the desired outputs in
terms of affordable technologies and products for
sustainable agriculture, health care, environmental
protection, combating climate change, and other crucial
problems faced by our nation and people. I wish to place
on record my sincere gratitude to Dr. MO Garg and Dr.
Girish Sahni, the Former and Present Director Generals of
CSIR, respectively, for the timely guidance, advice and
support they rendered to us for the successful S&T
management of the Institute. We are grateful to Prof. SK
Sopory, Chairman, Research Council and all the honorable
members of the Research and Management Councils for
their valuable guidance in successful implementation of
the research and development programs of the Institute.
We acknowledge greatly the unstinted help and assistance
received from our peers, well wishers and supporters in
successfully pursuing our R&D and outreach activities.
We look forward to your continued guidance, advice and
support in all our future endeavors.

DK Upreti
Acting Director
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1- i kni  l ai nk , oa vU;  çkdf̀rd l al k/kuksa dk i wosZ{k.k

mÙkjk[kaM ds xksfoan oU;  t ho vHk;kj .;  ¼GWLS½ ds t Sfod
l al k/kuksa ds eki u dk;Z ds varxZr FkSyks=seksbM ykbdsal  ¼121 çt kfr; k¡½
,oa dksfjMsfyl  ¼23 çt kfr; k¡½ ds oxhZdj .k dk v/; ; u fd; k x; kA dqy
637 , fUt vksLi seZ] 315 ykbdsu] 350 czk;ksQkbV~l ] 154 ' kSoky vkSj
85 VsfjMksQkbVl  dh çt kfr; ksa dh l wph rS;kj  dh x;hA

GWLS esa ubZ {ks=h; pkj czk;ksQkbVl  çt kfr; ksa ¼fj fDl ; k csfj fpvuk
gsEis] Vsyksfj ; k  gksUl Zfpph ¼Grev. & Arn.½ Broth., fyacft Z;k dks,Yt h
Williams, , oa czsfdFksfl ; e QYdsrqye Broth-½ dh Hkh igpku dh x;hA
GWLS esa edsaZfl ; k i sysfl ; k Bertol. , oa Iysft vksdsLek , i saMhdqysVe
Lehm- ds fy,  df̀=e i fjosf' k;  çl kj.k fof/k; k¡ fodfl r dh x;h rFkk
QuZ dh rhu çt kfr; ksa ,FkkbZfj ; e i sfDVusre ¼Wall ex. Mett.½] Vh-
ewj ] Mî ksZi Vsfj l  dksfYp; srk ¼Buch.Ham.ex. D.Don½ C.ChrA
, oa vksafd; e dksafVxe Wall.ex Hope dk Li ksj  dYpj  ds ek/;e l s
df̀=e i fjosf' k;  v/; ; u fd; k x; kA

ct hZfu; k L=sdk; h dh mÙkjh fgeky;  dh çt kfr; ksa esa vkuqokaf' kd
fofHkUurk ds v/; ; u ds varxZr ct hZfu; k L=sdk; h dh i f' peh fgeky;
{ks= ¼t Eew o d' ehj  , oa fgekpy çns' k l s½ ,df=r 41 uewuksa esa
vkuqokaf' kd fofHkUurk ds v/; ; u gsrq 10 DAMD , oa 16 ISSR
ekdZjksa dk ç; ksx fd;k x; kA l afpr MkVk ds v/; ; u l s ct hZfu;k L=sdk;h
ds uewuksa esa 87-14% cgq: i rk dk i rk pykA

GWLS ds p; fur vkS"k/kh;  i kS/kksa dh 11 çt kfr; ksa ds 68 uewuksa
dh Mh,u,  ckjdksfMax dk dk;Z fd;k x; kA

xkaxs;  eSnkuksa esa Qkbdl  dk ofxZdh v/; ; u dk;Z i wjk gks pqdk gSA
Qkbdl  dh 38 çt kfr; ksa dks iwohZ jkt LFkku] mÙkj çns' k] fcgkj ] >kj[ kaM
vkSj  i f' pe caxky ds ' kkfey v/; ; u {ks=ks l s l wphc)  fd; k x; kA

ykbdsu l s ?kko Hkjus ds fy,  uSuks ,aVhekbØksfc;y QkeqZysl u dks
,d çkS| ksfxdh ds : i  esa fodfl r djus gsrq v/; ; u vuql U/kku fd;k
x;kA uSuks ,aVhekbØksfc;y QkeqZysl u l s LVªsIVksekbfl u l YQsV vkSj
chVkMkbu dh rjg l dkjkRed fu;a=.k ds cjkcj  çHkkodkfj rk dk i rk
pykA

GWLS l s , df=r l aHkkfor fojks/kh dSal j  i kS/kksa dh esVkcksykbV
fQaxj fçafVax dk;Z ds varZxr Hkkst i = ¼csVwyk mVSfyl ½ l s ck;ks, fDVo
;kSfxdksa dk çFkDdj.k fd; k x; kA ft ues nl  ;kSfxdksa dks Hkkst i = Nky l s
i F̀kd fd;k x; k gS ,oa l kr i gpku dh x;hA nks ; kSfxdksa ¼NBMP &6
vkSj  NBMP&7½ dks igyh ckj  bl  ikS/ks l s [ kkst k x; k rFkk çkIr ; kSfxdksa
dks i kap fofHkUu çdkj  dh dSal j  dksf' kdk ykbuksa esa rqyukRed bu&foVªks
l kbVksVksfDl d xfrfof/k; ksa ds fy,  i jh{k.k fd; k x; kA NBMP&7 esa
dksyksu vkSj  Lru dSal j  dksf' kdk ykbuksa ds f[ kykQ l cl s egRoi w.kZ
l kbVksVksfDl d , fDVfoVh i k;h x;hA

mPp l aLFkkxr usVodZ i fj ; kst uk,a

ekdsaZfl ; k i ksfyeksQkZ l s jkl k; fud va' kksa dk pkj  dSal j  dksf' kdk
ykbuksa ¼Lru] i sV] fl j  o xnZu vkSj  l kekU;  mi dyk dSal j  dksf' kdk
ykbu½ ds fo: )  bu&foVªks l kbVksVksfDl d xfrfof/k; ksa ds fy,  ewY;kafdr
fd;k x; kA ekdsaZfl ; k i ksfyeksQkZ ds dYpj  l s çkIr gsDl su va' k esa Hkh vU;
fu"df"kZr va' kksa dh rqyuk esa Lru] i sV vkSj  fl j  o xnZu ds dSal j dksf' kdk
ykbuksa ds f[ kykQ l kbVksVksfDl d , fDVfoVh i k;h x;hA

l aHkkfor vkS"k/kh;  i kS/kksa ds i kni  j l k; kuksa dh çksQkbfyax dk
v/; ;u dk;Z esa ct hZfu; k l hfy,Vk ds uewuksa dks fofHkUu Åapkb;ksa l s
,df=r dj  muds ct sZfuu va'k dk v/; ; u fd; k x;kA nks gt kj  ukS ehVj
dh ÅapkbZ l s çkIr ct hZfu; k fyxqykVk ds 24 uewuksa esa ct sZfuu va' k l cl s
vf/kd ¼77-25 mg/g½ i k;k x; k t cfd ct hZfu; k L=sdk;h ,oa ct hZfu;k
i i qZj kl sUl  esa ct sZfuu va' k 55-0 mg/g i k; k x; kA

Hkkst i= ¼csVqyk mVSfyl ½ l s mPp çn'kZu rjy ØkseSVksxzkQh ¼,pih,yl h½
vkSj mPp l adYi  eSft d dks.k fLi fuax i jek.kq pqacdh; vuqukn LisDVªksLdksi h
¼,pvkj  ekl  , u,evkj½ }kjk i saVkl kbfDyd VªkbZVj fi al  ds fu/kkZj .k gsrq
,d fo' ol uh;  çksVksdkWy fodfl r fd; k x; k rFkk fgekpy çns' k vkSj
mÙkjk[kaM esa fgeky;  l s 2013 esa vyx vyx ÅapkbZ l s ,df=r Hkkst i =
dh Nky ds uewuksa dks NBRI&1] NBRI&2] NBRI&3] NBRI&7
ds : i  esa fpfàr fd; k x; kA Hkkst i = ds yk;ksaQhykbt M Nky l Sai y dh
HR&MAS NMR Li sDVªksLdksi h Hkh dh x;hA

æks.ki q"i h ¼yqdl  l sQsyksVsl ½ ds t M+ksa] i fÙk;ksa] ruksa vkSj  Qy dk
bFksukWy ds l kFk fu"d"kZ.k gsDl su] , fFky , l hVsV] DyksjksQkWeZ esa fd;k x;kA
l Hkh çkIr Hkkxksa esa bu&foVªks vYQk , feyst  o ,aVh vkWDl hMsaV , fDVfoVh
VsLV fd;k x; kA ,fFky , l hVsV }kjk fu"df"kZr Hkkx esa Ldsosaft ax , fDVfoVh
l cl s T;knk i k;h x;hA

vuarewy ¼gsehMsl ekl  baMhdl ½ dh i fÙk;ksa dk bFksukWy ds l kFk
fu"d"kZ.k gsDl su] , fFky , l hVsV] DyksjksQkWeZ esa fd;k x; kA l Hkh çkIr Hkkxksa
esa bu&foVªks vYQk , feyst  o ,aVh vkWDl hMsaV , fDVfoVh VsLV fd;k x; kA
,Fksuksfyd Hkkx l s ekud nok ,dkcksZt  dh rqyuk esa l cl s vPNk i fj .kke
çkIr gqvkA , fFky , l hVsV }kjk fu"df"kZr Hkkx esa Ldsosaft ax , fDVfoVh
l cl s T;knk i k;h x;hA

t fLVfl ; k ,<sVksMk l s çkIr rsy esa çeq[k ?kVd QkbZVksy ¼57-8%½
dks fu"df"kZr fd; k x;k gSa t ks fd ,d MkbZVj fial  o vR;f/kd t Sfod : i
l s l fØ;  ; kSfxd gSA çkIr rsy dks çfrjks/kh esFkhfl fy;e vkSj  l aosnu' khy
ruko ds f[kykQ t hok.kqjks/kh xfrfof/k; ksa ds fy,  ewY;kafdr fd;k x; kA rsy
ds ?kVdksa us mYysf[ kr l w{et hoksa ds f[ kykQ vf/kd jksxk.kqjks/kh xfrfof/k
çnf' kZr dhA

2- vkS"k/kh;  i kS/kksa , oa df̀"k ǹf"V l s mÙke vo; oksa dk
t huksfed v/; ; u

fof' k"V ,YdsyksbM ds t So l a'ys"k.k ds vJs.khc)  pj .kksa esa ' kkfey
t huks ds cDNA dks Dyksu fd;k x; kA ok; j l  i ksf"kr t hu l kbysafl ax

mPp l aLFkkxr  usVodZ i fj ; kst uk,a
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}kjk esVkcksykbZVl  ds : i karj .k dk v/; ; u fd; k x; k ft l l s i kFkos esa
,YdsyksbM ds mRi knu gsrq ' kkfey t hUl  ds l a' ys"k.k esa vkbZ deh dk i rk
pykA bl ds l kFk l kFk i si osfju l a' ys"k.k esa ' kkfey ,d t hu feFkkby
Vªkal Qsj st  dh Hkwfedk v/; ;u LFkkfi r djus gsrq bZ- dksykbZ- cSDVhfj ; k esa
,Dl çsl  djk; k x; kA

AtMYB12 ,DLçsfLl ax VekVj  ykbuksa ds Qy ,oa i fÙk;ksa esa
oSf' od t hu vfHkO; fä fo' ys"k.k }kjk fofHkUu Årdksa esa AtMYB12
l s varj  ekWMqyu dk v/; ; u fd;k x; kA f} rh;d i kS/k mRikn t Sol a' ys"k.k
esa miRNAs dh Hkkxhnkjh LFkkfi r djus ds fy,] , j schMksfIl l  miR858a
ds dk;kZRed y{k.k dk o.kZu fd;k x; kA , j schMksfIl l  miR858a ds
vf/kd vfHkO; fä l s dbZ MYB Vªkal fØI' ku QSDVl Z ¼t Sl s ¶ysoksuksbM
t Sol a' ys"k.k esa ' kkfey dkjd½ çHkkfor gq,A ft l l s i kS/k fodkl  , oa
¶ysoksuksbM t Sol a' ys"k.k esa dbZ fofu; ferkvksa dk i rk pykA

Vªkal  fØIVkse vuqØe.k }kjk dsys ds i fj i Do vkSj  vi fj i Do gksus
dh pj .k&fØ;k esa ' kkfey t hu i fjokjksa ds l nL;ksa dh i gpku ds fy,
fo' ys"k.k fd; k x; kA AP2 / ERF, HDZIV vkSj  WRKY t hu
i fjokjksa l fgr fofHkUu t hu i fjokjksa ds foLrr̀ fo' ys"k.k dk v/; ; u fd; k
x;kA vke dh n' ksgjh o csxkui kyh fdLeks esa ckgjh ,oa Hkhrjh Qydks
ds RNA dh bYyqfeuk vk/kkfj r vuqØe.k Hkh fd;k x; kA

RNA dh bYyqfeuk vk/kkfj r vuqØe.k }kjk bZFkhyhu çHkkfor
j kst k ckscksZfu; kuk o j kst k gkbZczhM+k ds foyxu {ks=ks l s bZFkhyhu t Sol a'ys"k.k
esa ' kkfey t hUl  dk v/; ; u fd; k x; kA

di kl  ds t huksfed MkVk esa dikl  ds js' kksa dh xq.koÙkk ds fu;a=dksa
dks igpkuus ,oa vfHky{k.k gsrq NBRI&l esfdr di kl  t huksfed MkVkcsl
fodfl r fd; k x; k ,oa Vªkal fØI' ku QSDVjksa rFkk , fi t sfud ekWMqyu l s
l acfU/kr t hal  dh i gpku dh xbZA di kl  ds js' kksa ds fodkl  esa , fi t sfud
eksMhQk; l Z ds çHkko dk i rk yxkus gsrq ç; ksx' kkyk esa vaMk.kq l ao/kZu }kjk
fgLVksu : i kUrj .k ds çHkkoksa dk v/; ; u fd; k x; kA

/kku dh t siksfudk ,oa bafMdk fdLeksa esa Hksnd l ksesfVd Hkzw.k fodkl
dks fu;af=r djus okys vkuqokaf' kd i fjorZuksa dks l e>us ds fy,  /kku ds
dSyl  dh fofHkUu voLFkkvksa ,oa i quqZRi knu dh t hukse Lrj  i j  vfHkO; fä
dk fo' ys"k.k fd; k x; kA

,d f} fyaxh vkS"k/kh;  i kS/ks VhuksLi ksj k dkMhZQksfy; k esa fyax Hksn ds
vk.kqfod vk/kkj  ds v/; ; u ds fy,  i kS/ks dks ns' k ds fofHkUu LFkkuksa l s
,df=r fd; k x; k rFkk Vªkal  fØIVkse MsVkcsl  dks LFkkfi r fd; k x; kA

vt Sfod ruko t Sl s Hkkjh /kkrq ruko l fg".kqrk ,oa ,d=hdj .k gsrq
cgqr l s t hal  , oa çkseksVl Z dh Hkkxhnkjh ds fy,  fØ;kRed vfHky{k.ku
fd;k x; kA

l Qsn eD[ kh çfr j ks/kh t h, e di kl  dk fodkl

l Qsn eD[kh nqfu;k Hkj  esa di kl  l fgr dbZ Ql yksa ds fy,  , d
vkØked dhV gSA Ql yksa dh mPp rki eku] vknZzrk] ?kus Ql y vkSj
i kWyhgkml sl  esa [ ksrh l Qsn eD[kh ds QSyus dks c<+krs gSaA l Qsn eD[kh
i kS/kksa l s j l  pwl  dj  dod l aØe.k dj rh gSa rFkk Ql yksa esa ok; j l  dks
çl kfjr dj rh gSaA l h, l vkbZvkj&,uchvkjvkbZ us ,d [kk|  QuZ esa ,d

l Qsn eD[kh çfrjks/kh çksVhu dh igpku dh gSA bl  çksVhu l s l Qsn eD[kh
dh çt uu ç.kkyh esa gLr{ksi  gks t krk gSa vkSj  bl  rjg l s bl dh vkcknh
dks c<+us l s jksdk t k l drk gSaA bl dk çHkkoh t hu di kl  esa Dyksu fd;k
x;k gSA Vªkal t sfud di kl  ds dbZ i hf<+;ksa ds l ao/kZu ds ek/;e l s  l Qsn
eD[kh dh vkcknh i j  fu;a=.k djuk l aHko gks i k; k gSaA l Qsn eD[kh
çfrjks/kh çksVhu dk l zksr ,d t krh;&okuLi frd [ kk|  QuZ gS ft l dk
ck;ksl s¶Vh v/; ; u l s ;g i rk yxk;k x; k gS fd ;g çksVhu Lru/kkfj ; ksa
ds fy,  l qj f{kr gSA

3- i kni  fofo/krk% mi ; ksxh ck; ks, fDVo gsrq vkS"k/kh;  : i
l s egÙoi w.kZ i kS/kksa dks l e>us@nksgu djus gsrq vuqdwyu
foKku dk v/; ; u

, d i kjai fjd vkS"k/kh;  i kS/ks ¼NBRI-CHT1½ dh çt kfr; ksa dh
t hl h ,e, l  }kjk esVkcksykbZV çksQkbfyax l s çkIr DyksjksQkWeZ Hkkx l s
t eZØksau dks ,d çeq[k ; kSfxd ds : i  esa fu"df"kZr fd; k x; kA i kjai fjd
fpfdRl k esa t eZØksau dh dSal j  jks/kh vkSj fojks/kh Vîwej  xq.k esa çnf'kZr gq,
gSaA

Åaps LFkkuksa esa vuqdwyu ds v/; ;u dk;Z esa , jschMksfIl l  FkSfy; kuk
ds i kS/kksa dks mÙkjh fgeky;  esa l eqæ ry l s 700 eh- l s ysdj  3400
eh- dh fofHkUu ÅapkbZ;ksa Øe' k% nsgjknwu ¼700 eh-½] equL;kjh ¼1829
eh-½ ,oa fNrdqy ¼3453 eh-½ l s ,d= fd;k x; kA bu l Hkh ,df=r
uewuksa esa ,dy U;wdyksVkbM cgq: i rk dk v/; ; u LFkkuh;  ,oa oSf' od
Lrj  i j  fd; k x; kA

' kq"d {ks= esa l k; eksfIl l  VsVªkxksuksykscsVk ¼Xokj½ dk ' kjhj&fØ;kRed
çfrfØ;k v/; ;u gsrq  Xokj  dh rhu fdLeksa ¼RGC&1002] RGC&1066
vkSj  RGC&936½ dks xzksFk pkSEcj  esa mxk;k x; kA pkyhl  fnu i qjkus
Xokj  ds ikS/kksa dks ' kq"d ruko fn;k x; kA fofHkUu fi xesaV ds l kFk&l kFk i Ùkh
ds vkWfIVdy xq.kksa dk Hkh fo' ys"k.k fd; k x; kA i fÙk;ksa ds vkWfIVdy xq.kksa
esa ' kq"d ruko dh voLFkk esa  Li sDVªk ds foft cy vkSj vojä {ks= esa cM+s
cnyko fn[kkbZ fn,A xehZ ds : i  esa çdk' k Åt kZ ds vi O; ;  dks
RGC&1002 fdLe us l cl s T;knk çnf' kZr fd;k  ft l l s i rk pyk fd
RGC&1002 l w[ks ds çfr l okZf/kd l w[kk l gu' khy gSA Xokj  ds
çksfVvksfeDl  v/; ; u ' kks/k dk;Z gsrq mPp CO2 dh voLFkk esa Xokj  dh
RGC 1066 fdLe esa 50 fofHkUu O;ä çksVhuksa esa l s 23 v i jsxqysVsM
,oa 27 Mkmu jsxqysVsM  i k, x, ft ues l s 30 çksVhuksa dh ekl  LisDVªksesVªh
¼MALDI-TOF-TOF½ ds ek/;e l s i gpku dh xbZA t cfd Xokj  dh
RGC 1002 fdLe esa 32 fofHkUu O;ä çksVhuksa esa 19 vi jsxqysVsM ,oa
13 Mkmu jsxqysVsM i k,  x,A

i Ùkh {ks= l wpdkad dk v/; ; u LAI&2000 fl LVe dh l gk; rk
l s ekul wu ds ckn drfuZ;k?kkV oU; t ho vHk;kj .;  esa rhu fofHkUu rjg
ds ò{kksa ¼MªkbZ fel ysuh;l ] l ky fefJr o Vhd½ i j  fd; k x;kA xzkmaM i Ùkh
{ks= l wpdkad bu rhu ò{kksa esa Øe' k% 2-38&6-88] 1-47&7-32 o
1800 æf"Vdks.k ds l kFk 2-02&5-49 i k; k x; kA

QuadPOL alos Palsar MsVk dk mi ; ksx dj  ' kksfj ; k j kscLVk
, oa VsDVksuk ds t axyksa esa t hfor ck;ksekl  rFkk dkcZu , fLVesV~l  dk
v/; ;u fd; k x; kA

vuql a/kku ,oa fodkl
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drfuZ;k?kkV oU; t ho vHk;kj .;  esa fofHku i ; kZoj .k fups {ks=ks esa
esyksVl  fQfyi safl l  ds çt uu t ho foKku dk v/; ; u fd; k x; kA uj
vkSj  eknk i kS/kksa ds mRFkku dh {kerk] mi t  , oa çt uu dh fLFkfr dk
ewY;kdu fd;k x;kA Qwy vkSj  xSj  Qwy i kS/kksa dh vf/kdre l a[ ; k Øe' k%
MªkbZ fel ysuh; l  , oa l kxkSu ò{kksa ds l eqnk;ksa esa i k;h xbZA

4- vkfFkZd : i  l s egRoi w.kZ i kS/kksa dh LFkki uk] l q/kkj  , oa
[ ksrh

dSuk] XysfM;ksyl  vkSj  vU;  cYcl  i kS/kksa dk p;u ,oa fofof/krk
v/; ; u ds varxZr ubZ fdLeks ds fodkl  gsrq dSuk dh xksYMu xyZ vkSj
jsM çsfl MsaV fdLeks i j  xkek fofdj .k ds l kFk fofHkUu Lrjksa i j ç; ksx fd;s
x,A pqus x,  E;qVsaV ikS/ks dks vkxs ds y{k.k v/; ; u ds fy,  l a/kkfj r fd; k
x;kA XysfM;ksyl  ds 86 uewuksa esa vk.kfod y{k.k o.kZu ds v/; ; u gsrq
DyksjksIykLV ds Li sl j  {ks= dh PsbA-trnH baVj t sfud U;qfDy;ksVkbM
fofo/krk dk vkadyu fd;k x; kA t eZIykTe l ao/kZu ds varxZr XysfM;ksyl
dh cSaxyksj  C;wVh o i at kc , ysxal  fdLeks dks ouLi fr m| ku ds l axzg esa
t ksM+k x;kA

i kni  l q/kkj  , oa t eZIykTe l axzg dk vkadyu mís' ;  gsrq fcDl k ,oa
dj dqek dh fdLeks dk v/; ; u fd; k x; kA fcDl k ds 17 uewuksa dks
fofHkUu t So&HkkSxksfyd {ks=ksa l s ,d= djds nwjLFk vuql U/kku dsaæ] caFkjk
esa fodkl ] mi t  , oa xq.koÙkk ¼fcfDl u½ ds fy,  ewY;kafdr fd; k x; kA
nekLd jkst st  ¼jkst k Msesfl uk½ dh 6 uewuksa ¼NBRD&1] NBRD&2]
NBRD&3] NBRD&4] NBRD&5 vkSj  NBRC&1½ dk l ksfMd
feVVh esa fodkl  , oa xq.koÙkk gsrq vkadyu fd;k x; kA

p; fur i kS/kksa ds cgq LFkkuh;  {ks= i fj {k.k gsrq l h, l vkbZvkj&
,uchvkjvkbZ }kjk XysfM;ksyl ] dSuk ,oa fcDl k dh i kS/k l kexzh
l h, l vkbZvkj  dh fl LVj  ç; ksx' kky;ksa ¼l h, l vkbZvkj&vkbZvkbZvkbZ,e]
t Eew  ,oa l h, l vkbZvkj&vkbZ,pchVh] i kyei qj½ dks Hkh nh x;h ft ues
XysfM;ksyl  dh ûhfyek*] ĵ ks' kuh*] m̂"kk* o vesfFkLV fdLe rFkk dSuk
dh ĵfäek* o v̂fXuf'k[kk* fdLe 'kkfey gSA bl ds vykok l h, l vkbZvkj&
vkbZ,pchVh] i kyei qj  us XysfM;ksyl  dh 6 fdLes ¼i kyei qj  çkbM]
î kyei qj  fMykbZV*] î kyei qj  Dohu] r̂q"kkj  ekSyh*] l̂ saV* vkSj  f̂l ysD' ku
ua 30*½ l h, l vkbZvkj&,uchvkjvkbZ dks çnku dh gSaA

5- LokLF; ] i ; kZoj .k , oa i ; kZoj .kh;  fo"kkyqrk gsrq vxyh
i h<+h dh l efUor i fj ; kst uk, a

t hok.kq }kjk mPp vk.kfod Hkkj  okyh ,Ydsuks t Sl s ,u& VsVªkdksl su
ds t Sfod vi ?kVu ds v/; ; u esa rhu i sVªksfy;e vi ?kVu djus okyh
t hok.kq çt kfr; ksa i h- , #ft uksl k] ØksukscDVj  , oa j ksM+ksdksdl  ds l kFk
fofHkUu fLFkfr; ksa esa ç;ksx fd;s x,A VsVªkdksl su dk i h- , #ft uksl k }kjk
91%] ØksukscDVj  }kjk 88% rFkk j ksM+ksdksdl  }kjk 85% v i ?kVu
gqvkA

de vkl sZfud okyh /kku dh çt kfr fodfl r djus ds fy, l YQj
vkSj  l sysfu;e ds l kFk l kFk vuqi wj.k }kjk fofHkUu ç;ksx fd;s x,A l YQj
i kS/ks dh t M+ksa esa mi fLFkr vkl sZfud ds l kFk t qM+dj  fFkvksy fpysl u cuk
nsrk gSa ft l l s vkl sZfud dk çokg i kS/ks ds ruksa rd de gks t krk gSaA l YQj
vkSj  l sysfu;e dk ,d l kFk dh i wjdrk] i kS/kksa esa vkl sZfud yksM dks de
djus ds fy,  , d çHkkoh j .kuhfr gks l drh gSA

/kku dh Hkwl h ds vi ?kVu ds }kjk Hkwfe esa dkcZu t Crh gsrq
ekbØksfc;y dod vkSj  cSDVhfj ; k dk ,d l a; kst u fodfl r fd; k x; k
gSA fo?kfVr Hkwl s dks xeyksa esa mxk;s gq,  eDds ds i kS/kksa ds l kFk feyk dj
i kS/k òf)  dk i fj {k.k fd; k x; k rFkk QhYM i fj {k.k esa bl  QkWeqZys' ku l s
xsgwa dh csgrj  i Snkokj  dk fu"d"kZ feyk gSaA

6- fgeky; h {ks= , oa Hkkj rh;  xkaxs;  eSnkuksa esa cnyrs
i ; kZoj .k , oa bl ds çHkkoksa dk fo' ys"k.k

Hkkj r esa eDdk pkoy vkSj  xsgwa ds ckn rhl jh l cl s egRoi w.kZ [kk|
Ql y gSA eDdk dh nks fdLes ¼PEHM2 o SMH 3031½ t ks l eku
fodkl  , oa òf)  voLFkk çnf' kZr dj rh gS] dks mPp CO2 ds fy,
çfrfØ;k v/; ; u gsrq p; fur fd; k x; kA v/; ; u ds fy,  6 fjax
FACE l qfo/kk ds 3 fjax dkcZu MkbvkWDl kbM ¼400 ihi h,e½ rFkk vU;
rhu dks ml ds l ao/kZu gsrq ¼460 i hi h,e½ bLrseky fd;k x; kA  p; fur
dh x;h fdLeks us mPp CO2 dh voLFkk esa QksVksfl aFksfl l  esa  òf)  , oa
de jsl fi jsl u] de ja/kz pkydrk o de Vªkal fi jsl u dks çnf' kZr fd; kA
nksuksa fdLeks us mPp CO2 dh voLFkk esa vf/kd ck;ksekl  çnf' kZr fd; k
t cfd de fyfi M i sjksDl hMsl u fl QZ SMH 3031 esa çkIr gqvkA
PEHM 2 esa dqy XywVsfFkvksu~ esa deh çkIr gq;h gS t ks fdLe SMH
3031 esa òf)  esa FkhA l qi jvkWDl kbM fMl E;qVst  ds Lrj  esa òf)  fl QZ
PEHM 2 esa çkIr gq;hA dsVkyst  vkSj  , i h,Dl  ds Lrjksa esa deh nksuksa
fdLeks esa çkIr gq;h A

7- i kni  l w{e t ho , oa ènk l aca/k

i suhcsfl yl  ysar hekscZl  B 3048 } kj k mRi kfnr
1&, feuksl kbdyksçksi su& 1& dkcksZfDl ysV ¼,l hl h½ Mh, feust  }kjk VekVj
esa yxus okys l kmFkuZ CykbV jksx ¼bLDysj ksfl ; e j kWYQl kbZa ½ dh jksdFkke
dk v/; ; u fd; k x; kA VekVj  dh [ ksrh esa feêh t fur jksxksa dh
vR; f/kd l aHkkouk jgrh gS vkSj  bl  jksxksa i j  jkl k; fud doduk' kh Hkh
vf/kd çHkkfodrk l s dk;Z ugha dj  i krsa gSaA ,sl s esa jkbt kscSDVhfj ; k
i suhcsfl yl  ysarhekscZl  B 3048 , d i ; kZoj .k vuqdwy fodYi  l kfcr
gks l drk gSaA bl  cSDVhfj; k l s çkIr , at kbe , l hl h Mh,feust  dk bu&foVªks
vkSj  bu&fooks i fj fLFkfr; ksa esa dod ds fo: )  i fj {k.k ds l dkjkRed
urht sa çkIr gq,  gSaA

i suhcsfl yl  ysarhekscZl  B 30488 dk ,d t So&buksdqysaV ds : i
esa ç;ksx dbZ egRoi w.kZ ok; j l  t Sl s dqdqEcj  ekst sd ok; j l  ds f[ kykQ
fd;k t k l drk gSaA feVVh ds l kFk B 30488 dk t So&buksdqysaV çHkkoh
: i  l s rEckdw esa dqdqEcj  ekst sd ok; j l  dks QSyus l s jksdus esa dkjxj
l kfcr gqvk gSaA bl  t So&buksdqysaV us i kS/ks esa ok; j l  ds çokg dks 91%
rd de dj fn; kA ç;ksx esa yk,  ikS/ks dh i fÙk;ksa ds Ård foKku l s LoLFk
Årdksa ; k fuEu ok; j l  l aØe.k dh i qf"V dh x;h gSaA

8- efgykvksa , oa cPpksa esa dqi ks"k.k l s eqdkcyk djus ds
fy,  oSKkfud , oa rduhdh gLr{ksi

l h, l vkbZvkj&,uchvkjvkbZ }kjk fodfl r mRi kn U;wVªh&t Se ds
l kFk oSKkfud ,oa rduhdh ds ek/;e l s gLr{ksi  }kjk dqi ks"k.k dk
eqdkcyk djus gsrq djus ds fy,  nks xk¡oksa nkÅ ¼mUuko½ ,oa nQsnkj  dk
i qjok ¼ckjkcadh½ dks pquk x;kA xzkeh.k t urk esa LokLF;  ds çfr t kx: drk

mPp l aLFkkxr  usVodZ i fj ; kst uk,a
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QSykus gsrq l fCt ; ksa] Qyksa] vukt ksa ,oa vkS"k/kh;  i kS/kksa vkfn ds egÙo l s
l acfU/kr fofHkUu i gyqvksa i j  vk/kkfj r i ksLVj  rS;kj  fd,  x,  rFkk nkÅ
xk¡o ds çkFkfed fo| ky;  ds d{kksa esa çnf'kZr fd,  x,A Ldwy ds cPpksa dks
l fCt ; ksa] Qyksa vkfn dh i ks"kdrk rFkk egÙo ,oa vkS"k/kh;  i kS/kksa vkSj  muds
ç;ksx ds ckjs esa f' kf{kr fd; k x; kA

bl  o"kZ ds nkSjku xkoksa esa vk;ksft r pkj  l s i kap LokLF;  f' kfojksa
esa mRi knksa vkSj  i ksLVj  dks çnf' kZr fd; k x; kA l h, l vkbZvkj&l heSi  ds
MkWDVjksa ds l kFk fey dj ] ; qok yM+fd;ksa] efgykvksa vkSj  i q#"kksa dh dqi ks"k.k
fLFkfr dk MsVk ,df=r fd; k x; kA  bl ds l kFk l kFk p;fur yksxks dqi ks"k.k
l s fui Vus ds fy,  dks i ks"k.k l aca/kh mRi knksa dks forfj r fd; k x; kA

9- t M+ t Sfodh , oa bl dk l rr i kni  fodkl  , oa ènk
moZj rk l s l g&l aca/k

i kS/k òf)  dks c<+kok nsus okys jkbt kscSDVhfj ; k L; wMkseksukl  i qfVMk
NBRIRA vkSj  csfl yl  , ekbZyksfyD; hQsfl ; al  NBRISN13 ds
l gfØ;k' khyrk ds çHkko l s pus esa l w[ks ruko ds çfr l gu' khyrk dk

v/; ;u fd; k x; kA nksuksa cSDVhfj ;k i kS/ks esa ,at kbe , l hl h Mh,feust  dh
xfrfof/k] [ kfut  ?kqyu] vt Sfod ruko dks l gu djus dh {kerk] gkeksZu]
l kbZaMjksQksj  dh xfrfof/k dks c<+krs gSaA vr% bu nksuksa cSDVhfj ; k ds feJ.k
dks l kFk l kFk mi ; ksx l s pus ds i kS/ks dks csgrj  fodkl  rFkk vR; f/kd
ruko ds çfr l gu' khy cuk;k t k l drk gSaA

L;wMkseksukl  i qfVMk ds t So&buksdqysaV ds : i  esa ç;ksx l s dkcqyh pus
esa l w[ks ruko dh voLFkk esa i kS/ks dh t So jkl k; fud vkSj  vk.kfod
çfrfØ;kvksa dks fu;af=r fd; k t k l drk gSA

osfVoj  ¼Ø; hl ksi kxksa ft t sfuvksMl ½ dh nks eksQksZVkbIl  ¼mÙkjh
Hkkj r ,oa nf{k.kh Hkkj r l s çkIr½ dh Vªkal fØIVkse ,ukfyfl l  l s muds rsy
,oa t M+ dh xq.koÙkk i j [ kus ds fy,  djh x;hA

Vªkal fØIVkse ,ukfyfl l  l s /kku dh nks fojks/kkLi n fdLeks ¼l w[kk
ruko l gu'khy o l w[kk ruko l aosnu' khy½ dk rqyukRed v/; ; u fd; k
x;kA ft l l s 22 vR; f/kd fofo/k O;ä t hUl  dks p; fur dj  muds
vki sf{kd xfrfof/k; ksa dk fu/kkZj .k fd; k t k jgk gSaA

vuql a/kku ,oa fodkl
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mÙkj  çns' k esa gYnh ¼dqdqZek yksaxk½ dk ekudhdj .k , oa
vksxSZfud cht  mRi knu dk çl kj

fo' o esa vksxsZfud i nkFkksaZ dh c<+rh ekax ds pyrs fdl kuksa ds fy,
equkQk ;qä vksxsZfud [ ksrh ds rjhds dh vko' ;drk Hkh i M+sxhA vr% bl
fn' kk esa gYnh ds okf.kfT;d mRi knu i j  ç; ksxkRed v/; ; u fd, x,A çkIr
urht ksa l s i rk pyk fd fofHkUu t So&fu;a=dksa ds ç;ksx l s gYnh dh Ql y
esa i .kZ /kCcksa dks NksMdj  vU;  chekfj; ksa ds çfr çfrjks/kdrk esa c<+r ns[kus
dks feyhA l kekU;  fLFkfr; ksa esa chekjh gksus dh ?kVuk, ¡ 11-54% , oa
VªkbdksMekZ fojMh mi pkfj r cht ksa esa 2-17% ns[kus dks feyhaA vU;
rqyukRed i jh{k.kksa esa Hkh , sl s gh urht s ns[ks x,A

fo' ks"k Dyksuksa rFkk vkS"k/kh;  , oa l xa/k i kS/kksa dh ubZ fdLeksa
ds Rofj r xq.ku gsrq NksVh ul Zjh dh LFkki uk

j k"Vªh;  ouLi fr vuql a/kku l aLFkku t eZIykTe ,d=hdj .k] l aj {k.k]
[ ksrh ,oa i kS/kksa ds mxkus ds rjhdksa ds ekudhdj .k rFkk vkS"k/kh; ] l xa/k]
jat d mRi knd i kS/kksa ds ,df=r t eZIykTe ds vkadyu ds {ks= esa dk;Zj r
gSA bl  fn' kk esa vkS"k/kh;  rFkk l xa/k i kS/kksa ds mRi knu gsrq ,d ubZ
l qfo/kk dh LFkki uk dh xbZ gSA geus xzkeh.k fodkl  dks y{;  dj rs gq;s
l aLFkku dh fofHkUu çkS| ksfxfd;ksa ds fy,  fdl kuksa l s l ai dZ fd;k gS] ft l ds
rgr fdl kuksa us l aLFkku }kjk vk;ksft r fofHkUu fdl ku esyksa esa Hkkx fy; k
,oa fofHkUu i kS/kksa dks mxkus l s l acfU/kr t kudkjh esa #fp çnf' kZr dhA
l h, l vkbZvkj  ds xzkeh.k fodkl  dk;ZØe ds rgr fdl kuksa dks gYnh]
l rkoj  vkfn i kS/kksa dks mxkus l s l acfU/kr rduhdksa dh t kudkjh nh xbZ
,oa l kFk gh cht ksa ,oa i kS/kksa dk forj .k Hkh fd;k x; kA

mÙkj  çns' k dh l ksfMd cat j  Hkwfe esa mxkus gsrq vkS"k/kh;
i kS/kksa dk vkadyu

v' oxa/kk ¼foFkkfu; k l ksEuhQsjk½ ,oa dkyes?k ¼,aMªksxzkfQl  i SuhdqysVk½
i j  l ksMhfl Vh vkadyu fd,  x,  , oa Hkfo";  esa ' kks/k gsrq v' oxa/kk dh 7
fdLeksa ,oa uewuksa dks O;oLFkkfi r fd; k x;kA ;g i k;k x; k fd fcuk Ql y
dh xq.koÙkk ,oa mi t  dks uqdl ku igqapk, v ' oxa/kk dks 25ESP rd ,oa
dkyes?k dks 16ESP rd mxk;k t k l drk gSA bl  rjhds dks l ksfMd ènk
ds fodkl  gsrq ekudhdr̀ fd; k x; kA

dkyes?k dh xq.koÙkk , oa t So&Hkkj  mi t  i j  dkcZfud i nkFkZ
ds fofHkUu l zksrksa , oa Lrj ksa ds çHkkoksa dk v/; ; u

xr o"kZ FYM ¼0&30 t ha-1½] çsl eM ¼0&15 t ha-1½ ,oa oehZ&
dEi ksLV ¼0&15 t ha-1½ dk ç;ksx fd;k x; k ,oa bl  o"kZ Mkyh xbZ
dkcZfud [kkn dh vo'ks"kh çfrfØ;kvksa dk dkyes?k dh òf)  ,oa mi t  i j
v/; ; u fd; k x; kA l okZf/kd çfrfØ;k FYM ds l kFk oehZ&dEi ksLV esa
U;wure vo' ks"kh çfrfØ;k ns[kh xbZA i kS/kksa dh vkSl r mi t  , oa xq.koÙkk
ds vkadyu gsrq fofHkUu vksxZfud dkcZu Lrjksa ds fodkl  ds fy,  bl
i ) fr dk ekudhdj .k fd; k x; kA

okuLi frd m| ku ,oa nwjLFk vuql a/kku dsaæ

l aj {k.k] f' k{kk , oa t Sfod&l qanj rk gsrq fofHkUu i kni  l ewgksa
, oa pqfuank l t koVh Ql yksa ds t eZIykTe ds l axzg dk fodkl
, oa O; oLFkk

okuLi frd m| ku l aLFkku dh ,d jk"Vªh;  l qfo/kk dh Hkkafr dk;Z
djrk gSA l aLFkku dh ouLi fr okfVdk ,oa fofHkUu i kS/k x̀gksa esa yxHkx i k¡p
gt kj  i kS/kksa ds t eZIykTe dks ,Dl &l hVw : i  esa l aj f{kr fd;k x; k gSA ;g
t hfor t eZIykTe uewus ySaMLdsfi ax esa ç;ksx fd,  t kus ds l kFk l kFk
okuLi frd v/; ; uksa ,oa ' kks/kksa ds fy,  , d egRoi w.kZ l zksr gSaA okuLi frd
m| ku vi us ògn vkuqokaf' kd l zksrksa ds dkj .k fo| kfFkZ;ksa] ' kks/kkfFkZ;ksa ,oa
vke t u ds fy,  , d egRoi w.kZ Kku ,oa f' k{kk dk dsaæ gSA

t eZIykTe l èf)

t eZIykTe l èf) dj .k dk;ZØe ds rgr i kS/kksa dks ,d= djus ds
fy,  fofHkUu ; k=k,a dh xbZa ,oa fuEu i kS/kksa dks m| ku esa l ekfgr] xqf.kr
,oa çpkfj r fd; k x; k

vkfdZM~l

vkfdZM~l  dh yxHkx 30 çt kfr; ksa dks 6 jkT;ksa] vl e] fcgkj ]
>kj [ kaM] es?kky; ] ef.ki qj , oa mM+hl k l s ,d= fd;k x; k ,oa l aLFkku ds
vkfdZM x̀g dks i qut hZfor fd; k x; kA dqN çeq[k çt kfr; k¡ gSa% , dSEi s
çheksl kZ] v#afMuk xzSehuhQksfy;k] cYcksfQYye ØSl hi l ] l hyksxkbu fØl VkVk]
fl achMh;e çt kfr ] MsaMªksfc; e ,QhYye] MsaMªksfc; e gjcsfl ; e] MsaMªksfc; e
eksl dsVe] xSLVªksdkbyl  badUl si hdq; l ] ywfl ; k bafMdk] vkscsjksfu; k çt kfr]
i sykVSUFksfj ; k bUl sDVhQsj k] fj adksLVkbfyl  j sVî wl k] oSaMk l h: fy; k] oSaMk
VsLl sykVk vkfnA MsaMªksfc; e ,QhYye ,oa oSaMk VsLl sykVk l adVxzLr gksus ds
dkj .k vkbZ;wl h,u dh jsM fyLV esa Hkh ' kkfey gSaA t cfd oSaMk l h: fy; k
oU; t hou l aj {k.k vf/kfu;e 1972 ds varxZr ,d l aj f{kr i kni  gSA

l kbdsM~l

mM+hl k l s gky gh esa of.kZr dh xbZ l kbdl  vksfj Dl safl l  , oa
l kbdl  uk; xj safl l  dks muds o.kZu ds LFkku l s ,d= dj  okuLi frd
m| ku esa l aj f{kr fd; k x; kA vaxqy ,oa uk;x<+ ft yksa l s ;qok i kS/kksa ,oa
cht ksa dks ,d= fd;k x; kA l k;dsM x̀g ,oa l aj {k.k' kkyk esa t kfe; k
yksM+hxs' kkbZ ds 1000 l s vf/kd ,oa t kfe; k i wfeyk ds 40 cht ksa dks df̀=e
i jkx.k ds }kjk fodfl r fd; k x; kA

ò{k

Økbl ksQhYye fl fuVks , oa ySczksek ckt ksj h dks Hkkj rh;  okuLi frd
vuql a/kku] gkoM+k ds okuLi frd m| ku l s ,oa czkmfu; k dksdl hfu; k]
xqLrkfo; k vaxLVk , oa eSXuksfy; k xzSaMsyksj k dks df̀"k&ckxokuh l ksl kbVh]
dksydkrk l s ,d= fd;k x; kA

okuLi frd m| ku ,oa nwj LFk vuql a/kku dsaæ
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QuZ

df̀=e : i  l s ç; ksx'kkyk esa mxk;s x,  MkbZIySft ; e ,LdwysaVe dks
l Qyrki woZd QuZ x̀g esa LFkkukarfj r , oa LFkkfi r fd; k x; kA

ek¡l  , oa yhojoVZ

l aLFkku ds ek¡l  x̀g esa 9 çt fr; ksa IySft ; ksdkTek baVj ehfM; e]
IySft ; ksdkTek dkMsZVe] czk;e dksj ksusVe] ;wusfj ; k gkbxzksesVªhdk] dksuksl sQSye
dksfude] fjcksfy; k gsehLQsfj dk] fol usjsYyk MsuwMsVk] ekdsZfU'k; k i ksyheksQkZ]
Vkt hZvksfu; k gkbi ksfQYyk dks LFkkfi r fd; k x; kA

l aj {k.k , oa l kewfgd mRi knu

l t koVh QuZ dh 12 çt kfr; ksa dk l kewfgd mRi knu ¼yxHkx 950
i kS/ks½ fd;k x; k ft uesa  fl ySft usyk czk; ksIVsfj l  ¼l at houh½ ,oa Mksfj ; ksIVsfj l
ywMsUl  ¼,d l adVxzLr i kS/kk½ ' kkfey gSaA

nqyZHk l kbdsMksa dk xq.ku

l aLFkku ds okuLi frd m| ku esa l kbdsMksa ds l aj{k.k gsrq rhu xsag:
l kbdsM x̀g] t qjkfl d xSysjh ,oa l aj {k.k' kkyk LFkkfi r gSa vkSj  bl  çdkj
dk Hkkj r esa ;g ,dek= dsaæ gSA bl  dsaæ esa l kbdsM~l  dh 56 çt kfr; k¡
ekSt wn gSa ft uesa 7 Hkkj rh;  çt kfr; k¡ gSaA orZeku esa t kfe; k dh 3 , oa
l kbdl  dh 4 Hkkj rh;  çt kfr; ksa ds xq.ku ,oa mRi knu i j  dk;Z fd;k t k
jgk gSA

ubZ fdLeksa dk fodkl  , oa foekspu

cksxsufofy; k

cksxsufofy; k ds ,d ubZ fdLe ,̂ uchvkjvkbZ & , i ht s vCnqy
dyke *

fo' ks"krk

rhu jaxksa ¼gjk] i hyk ,oa /kwl fj r i hyk½ ds l a; kst u l s mRi Uu
pDdrksa ds dkj .k cgqr gh vkd"kZd i fÙk;k¡;  cM+h] eqM+h] czSDV~l  ,oa
' khr&i q"iuA

mRi knd% MkW- vkj - ds- jk;

xqynkmnh

xqynkmnh dh , d ubZ fdLe ,̂ uchvkj vkbZ & i hrkHk*

fo' ks"krk

Qwy vkl keuh : i  l s cM+k] v/kZ&di  ds vkdkj  dk rFkk
v/kZ&fDoYM] cM+h Vîwc ;qä ia[ kqfM+;k¡ l kFk gh  i a[ kqfM+;ksa i j  dsaæ esa cSaxuh
/kkfj ; k¡ , oa fdukjksa i j  gYds cSaxuh jax dk l a; kst uA ;g fdLe l t koVh
ç;ksx gsrq xeyksa esa yxkus yk;d gSA

l adVxzLr çt kfr; ksa ds fy,  mRi knu x̀g

l adVxzLr çt kfr; ksa dk l aj {k.k ,oa mRi knu okuLi frd m| ku dh

egRoi w.kZ xfrfof/k; ksa esa l s ,d gSaA l adVxzLr çt kfr; ksa dh t ul a[ ; k c<+kus
ds fy,  muds l aj {k.k ,oa fofue;  gsrq ,d fo' ks"k mRi knu x̀g dk fuekZ.k
fd;k x; k gSA bl  l e;  fuEu çt kfr; k¡ mxkbZ t k jgh gSa% l kbdl  csMkseh]
l kbdl  i sDVhukVk] l kbdl  fj oksY; wVk] l kbdl  LQsfj dk] Mk; ksLi kbj ksl
fMLdyj ] gks; k okbVkbZ] yqbfl ; k bafMdk] usi saFkhl  [ kkfl ; kuk] l SaVsye
vYce] l j kdk vl ksdk] l hD; ksMsaMªksu t kbxSaVh; e] t kfe; k Qj ; wfl ; k]
t kfe;k yksMhxs'kkbZ , oa t kfe; k i wfeykA

uohu fd; ksLd LFky

okuLi frd m| ku ds l q/kkj dk;ZØe ds varxZr dSuk ,oa XySfMvksyl
m| ku ds l ehi  , d u,  LFky dk fodkl  fd; k x; kA ;gk¡ i j  l qUnj
Hkw&ǹ' ;  fufeZr djus ds mís' ;  ds fy,  bl s fofHkUu l t koVh ikS/kksa l s l t k; k
x;k gSA bl  LFky dks vkxarqdksa ds fy,  l sYQh IokbaV ds : i  esa fodfl r
fd; k x; k gSA

nwjLFk ' kks/k dsaæ ¼caFkjk ' kks/k LVs' ku½

; g l aLFkku dk l ksfMd Hkwfe i j  cuk ,d çk;ksfxd dsaæ gSA bl esa
i k¡p QhYM bdkb;ka ¼caFkjk] t So&Hkkj ] xsag: ] vkSjkoka] jkuhi qj½ gSa ft Ugsa
Hkwfe ds fofHkUu ç;ksx&ra=ksa t Sl s] i q"i df̀"k] ckxokuh] ' kkd df̀"k] Åt kZ
ò{kkjksi .k] QhYM t hu cSad] vkfn ds }kjk i qul Z~Fkkfi r fd; k x; k gSA

mÙkj  Hkkj r ds fy,  gYnh ds uewuksa dk vkadyu , oa l q/kkj

gYnh ds 34 uewuksa dks ns' k ds fofHkUu {ks=ksa l s ,d= dj  caFkjk
' kks/k dsaæ esa l aj f{kr fd; k x; k gSA mÙkj  Hkkj r ds eSnkuksa ds fy,  mi ;qä
,d gYnh dh ,d uohu fdLe d̂sl j h* dks 7 Qjojh 2016 dks t kjh
fd;k x; kA

vkaf' kd : i  l s l q/kkfj r l ksfMd ènk ds fy,  ddqZek çt kfr
dk vkadyu

ddqZek dh pkj  çt kfr; ksa dks mudh mi t  ds fy,  t kapk x;k ,oa
t So&jkl k; fud çkbZ{k.k Hkh fd,  x,A ddqZek yksaxk dks NksMdj  l Hkh esa dqy
ddqZeksuksbM~l  ux.;  ek=k esa i k, x,A GCMS v/; ;u us l Hkh çt kfr; ksa
ds i Ùkh ,oa dan ds vko' ;d rsyksa esa eq[ ; ; kSfxdksa esa fHkUurk çnf' kZr dhA
ddqZek yksaxk ¼52-03%½ ,oa ddqZek l sfl ; k ¼21-03%½ ds i Ùkh ds rsyksa
esa eq[ ;  ; kSfxd i h&l kbehu jgk t cfd ddqZek vekMk ¼32-91%½ ,oa
ddqZek T; ksMsvksfj ; k ¼29-55%½ esa di wj  jgkA  dan ds vko' ;d rsyksa esa
ddqZek yksaxk esa &VihZuhu ¼443%½ ,oa ddqZek l sfl ; k esa &germacrone
¼30-45%½ i k;k x; kA

l ksfMd ènk esa fcDl k dk vkadyu

fofHkUu {ks=ksa l s ,d= fd,  x,  fcDl k ds 17 uewuksa dks caFkjk dsaæ
ds l ksfMd ènk ¼pH 8-7 l s 9-2½ i j mudh òf) ] mi t  , oa xq.koÙkk ds
fy,  i j [ kk t k jgk gSA i kS/kksa us vkdkjdh;  y{k.kksa ¼i Ùkh vkdkj ] i q"i
vkdkj ] dSIl wy vkdkj ] uki  , oa jax vkfn½] mi t  ¼çfr i kS/kk dSIl wy
l a[ ; k] çfr dSIl wy cht ksa dh l a[ ; k ,oa ot u½ ,oa xq.koÙkk ¼fcfDl u dh
ek=k½ esa fHkUurk çnf' kZr dh gSA fHkUurkvksa ds vk/kkj  i j i wjs l axzg dks 7
l ewgksa esa foHkä fd;k x; k gSA

vuql a/kku ,oa fodkl
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vk/kqfud i ku mRi knu ra=

i ku mRi knu dh vk/kqfud rduhd ds rgr vk/kqfud çdkj  ds
ĉjst k* dk fodkl  fd; k x; k ,oa fofHkUu çf' k{k.k dk;ZØeksa esa fofHkUu
LFkkuksa i j  i ku ds xq.kkRed mRiknu ds fy, fdl kuksa ds l e{k bl dk çn' kZu
fd;k x; kA ;g i ku dks xehZ esa vR; f/kd xehZ ,oa l nhZ esa i kys l s cpkrk
gSA

/kku dh fdLeksa esa l w[ kk çfr j ks/kdrk dh NaVuh

/kku dh nks fdLeksa f̂guk* ,oa f̂dj .k* i j  ç; ksx fd,  x,  ft uesa
,d esa fcuk fl apkbZ ds] ,d ç; ksx esa ckyh curs l e;  vf/kdre ,d
fl apkbZ] ,d ç; ksx esa ckyh curs ,oa i q"i u ds l e;  vf/kdre 2 fl apkbZ]
,oa ,d ç; ksx esa gj  4&5 fnu i j  fl apkbZ dh xbZA f̂guk* us fofHkUu
i jh{k.kksa esa i kuh dh deh esa csgrj  çn' kZu dj rs gq;s l w[ks ds çfr vf/kd
çfrjks/kdrk çnf' kZr dhA

l w[ ks l s ruko ds mUewyu esa PGPR dh çfrfØ; k

pus dh nks fdLeksa i wl k 362 ¼ns' kh½ ,oa i wl k 1003 ¼dkcqyh½ dks
[ksrksa esa i kuh dh fHkUu dfe;ksa ds chp mxk;k x; k ft uesa fouk fl apkbZ]
vf/kdre òf)  ds nkSjku ,d fl apkbZ ,oa fofHkUu òf)  voLFkkvksa ds
e/; fl apkbZ ' kkfey gSaA bu fdLeksa dks fHkUu ikni  òf)  fu; ked , t saV ds
l kFk mi pkfj r fd; k x; kA i wl k 1003 ¼dkcqyh½ us fofHkUu ç;ksxksa esa
csgrj  çn'kZu fd;kA

fofHkUu , yks çt kfr; ksa dk l axzg] vuqdwyu] xq.ku] i gpku
, oa l ksfMd ènk esa t eZIykTe cSad dh LFkki uk

bl  ' kks/k dk mís' ;  vuqdwyu esa l {ke vkS| ksfxd egRo ds i kS/kksa ds
}kjk csdkj l ksfMd Hkwfe dk l q/kkj , oa ç;ksx gSA bl  l aca/k esa ,yks çt kfr;k¡
dkQh l {ke gksrh gSa vr% , yks dh 15 çt kfr; ksa dks ,d=] vuwdwfyr]
xqf.kr] fpfUgr dj  caFkjk ' kks/k dsaæ esa LFkkfi r fd; k x; k gSA dkWLesfVDl
,oa i ks"k.k egRo ds mRi knksa ds vkS| ksfxd mRi knu dks /; ku esa j [ krs
gq,   dqN çt kfr; ksa dh l ksfMfl Vh l gu {kerk dk vadyu fd;k t k jgk
gSA

fofHkUu l ksfMd Lrj  i j  , yks çt kfr; ksa dh òf)  , oa t sy
mRi kndrk dk vkadyu

bl  l aca/k esa ,yks dh rhu çt kfr; ksa] , yks osjk ¼l kekU; dM+ok½] ,yks
Qksj sDl  ¼cgqr dM+ok½ ,oa , yks eSdqysVk ¼dM+ok ugha½ dks t sy ds Lokn

ds vk/kkj  i j  p; fur dj  fofHkUu l ksfMd Lrjks i j  muds òf)  , oa t sy
dh mRi kndrk dk vkadyu fd;k x; kA l okZf/kd i kni  òf)  , oa t sy
mRi kndrk , yks osj k esa ns[kh xbZ t cfd , yks eSdqysVk nwl js LFkku i j  jghA

l ksfMd ènk esa fofHkUu , yks çt kfr; ksa dk i q"i u

bl  l aca/k esa , yks ds 14 çt kfr; ksa dh i q"i u xfrfof/k; ksa dk v/; ; u
fd;k t k jgk gSA

fofHkUu , yks çt kfr; ksa esa Qyh fuekZ.k] cht  fuekZ.k , oa
i fj i Dork

, yks dh pkj  çt kfr;ksa , yks VsU; wj ] , yks fxz;FksM+kbZ] ,yks Qsj ksDl  ,oa
, yks eSdqysVk esa Qyh fuekZ.k] cht  fuekZ.k ,oa i fj iDork dk v/; ;u fd; k
x;kA

, yks osj k ds {kfrxzLr i kS/kksa esa t M+ fuekZ.k

, yks osj k dod ,oa t hok.kq t fur jksxksa] i kuh dh vf/kdrk]
vf/kd ,oa U;wu rki eku fLFkfr; ksa ds çfr l aosnu' khy gSA ,sl s esa t hok.kq
t fur jksx l s xzLr 6 i kS/kksa dks l w[ks ?kkl  ds <sj  esa [ kqyh gok esa fcuk Hkwfe

ds l ai dZ ds 30 fnu Nkao esa j [ kk x; kA ,d ekg ds i ' pkr l Hkh i kS/kksa
ds {kfrxzLr fgLl ksa l s t M+ksa dk fodkl  ns[kk x; kA

, yks osj k ds cht ksa l s mRi Uu i kS/kksa esa çkdf̀rd mRi fj orZu

HkwLrkfj ; ksa l s , yks ds i kS/kksa ds mRi knu esa vkus okyh vM+puksa dks
ns[krs gq, ] , yks osj k ds ikS/kksa dks cht  l s mRi knu djkus ds fn' kk esa ç;ksx
fd,  x,  ,oa cht ksa dks oehZ&dai ksLV ;qä D;kfj ; ksa es cks;k x; kA 15 fnuksa

ds i ' pkr cht ksa esa l Qyrki woZd vadqj .k ns[kk x; kA

okuLi frd m| ku ,oa nwj LFk vuql a/kku dsaæ
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LoPN xaxk gsrq j k"Vªh;  fe' ku ds varxZr xkseq[ k l s gqxyh rd
xaxk t y dh xq.koÙkk dh fuxj kuh

i fj ; kst uk ds varxZr mÙkjk[kaM] mÙkj  çns' k] fcgkj  , oa i f' pe
caxky ds fofHkUu LFkkuksa l s i kS/kksa ds uewus ,d= fd,  x,A  bu uewuksa esa
' kSokyksa dh 37 çt kfr; ksa dh i gpku dh xbZA ' kSokyksa dh vf/kdre
fofo/krk Øe' k% dUukSt ] ujkSjk] dkui qj  , oa gqxyh esa ns[kh xbZA ujksjk esa
' kSd fofHkUurk i j ml ds i kl  fLFkr i jek.kq fct yh?kj  ds l aHkkfor çHkko
fn[kkbZ fn;s ogha QjDdk ds uewuksa l s i rk yxk fd ;gk¡ l w{e t yok;q
i fj fLFkfr; k¡ ' kSdksa] fo' ks"kdj  Qksfyvksl  , oa ÝwVhdksl  ' kSdksa dh òf)  ds
fy, mi ;qä ugha gSaA l kFk gh ekul wu i woZ ,oa ckn esa fofHkUu {ks=ksa esa fd,
x,  l osZ{k.kksa esa czk;ksQkbV~l  dh 19 çt kfr; ksa dh mi fLFkrh dk i rk pykA
buesa l s vkdhZysT; wfu; k ekbU; wVhyksck dks i gyh ckj  xkaxs; eSnku esa ns[kk
x;kA bl h çdkj  VsfjMksQkbV~l  ds 215 uewuksa esa 9 oa' kksa ds 12 dqyksa dh
17 çt kfr; k¡ ns[kh xbZaA

' kSokyh Cywe] buds fu: i .k , oa cuus dks çHkkfor djus okys
dkjdksa dk v/; ; u

çkdf̀rd : i  l s mRi Uu gksus okys ' kSoky Cywe] t So bZa/ku mRiknu gsrq
,d l Lrk l zksr gSaA ,sl s rhu ' kSoky Øe' k% fu; ksDyksfj l  ¼NBRI 081½]
uSuksDyksj ksfIl l  ¼NBRI 082½ ,oa Dyksj sYyk ¼NBRI 070½ çt kfr; ksa ds
' kSokyksa dks [ kqys ,oa can ra=ksa esa ògn ek=k esa mxkus ds fy,  pquk x;kA
NBRI 082 esa l okZf/kd rst  òf)  , oa t So Hkkj  çkIr fd; k x; kA v/; ; u
esa ;g Hkh i k; k x; k fd l Hkh rhuksa 'kSoky vkfFkZd : i  l s t So bZa/ku mRi knu
gsrq l {ke gSa rFkk t SoMht y fuekZ.k ,oa vU;  vkS| ksfxd ç;ksxksa ds fy,
mi ; ksx gks l drs gSaA

l w{Et hoksa l s vkuqoaf' kdh l q/kkj  , oa çfØ; k vuqdwyu ds
ek/; e l s t So&gkbMªkst u mRi knu esa l q/kkj  gsrq v/; ; u

vkuqokaf' kd : i  l s i fj "dr̀ ' kSoky fofHkUu çdkj  dh t So&Åt kZvksa
ds mRi knu dks c<+k l drs gSaA bl  v/; ; u gsrq l suMsLel  dh çt kfr
NBRI&012 dk vkuqokaf' kd l q/kkj  gsrq p;u fd;k x; k D;ksafd bl esa vU;
v/; ; u fd,  x,  16 ' kSokyksa dh rqyuk esa l okZf/kd t So&Hkkj  , oa
t So&gkbMªkst u mRiUu djus dh {kerk ns[kh xbZA l suMsLel  çt kfr NBRI&012
ds t SoHkkj&vo' ks"kksa esa çkIr ol h;  vEyksa dh xq.koÙkk varj jk"Vªh;  ekudksa
¼IS 15607, ANP255, EN14214 ,oa ASTM D6751½ ds vuq: i  i kbZ
xbZA

t So&bZa/ku mRi knu gsrq l {ke ' kSoky çt kfr; ksa dh i gpku

t So&bZa/ku mRi knu gsrq l {ke 16 ' kSoky çHksnksa i j  v/; ; u fd; k
x;kA l suMsLel  vcaMal ] l suMsLel  DokMªhdkMk] DySekbMkseksukl  , axqyksl k
, oa l sysuSLVªe ekbU; wVe esa l okZf/kd òf)  ns[kh xbZA buesa l okZf/kd rhoz
xfr l s t So&Hkkj  f}xq.ku ¼3 fnu½ Hkh ns[kk x;k t cfd vU;  esa ;g 6 l s
7 fnu i k; k x; kA bl h çdkj  l suMsLel  vcaMal  esa fyfi M dh l okZf/kd
ek=k Hkh ns[kh xbZ t ks bl s t So&bZa/ku ds fy,  , d mi ; ksxh ' kSoky fl )
dj rh gSA

l aHkkouk ; qä l w{et Sfod çHksnksa dk i F̀kDdhdj .k] p; u , oa
U; wVªh, aV çksQkbfyax

pkj 'kSokyksa Øe' k% DyksjsYyk oYxsfj l ] Øksdksdl  ekbZuj ] gesVksdkdl
Iyqfo, fyl ] LQsj ksfl fLVl  JksVsj kbZ ds ' kq)  l ao/kZuksa dks òf) ] t So&Hkkj
mRi kndrk ,oa iks"kdrk v/; ;uksa gsrq 3 l ao/kZu ek/;eksa ¼BBM] BG&11
, oa TAP Media½ esa l ao/kZu gsrq pquk x;kA ;g i k; k x; k dh ; s pkjksa
' kSoky TAP ek/;e esa vU;  nks ek/;eksa dh rqyuk esa vf/kd t So&Hkkj
mRi kndrk çnf' kZr dj rs gSaA bu l Hkh esa Dyksj sYyk oYxsfj l  us l okZf/kd
t So&Hkkj mRi kndrk çnf' kZr dhA l okZf/kd çksVhu ek=k Dyksj sYyk oYxsfj l
esa t cfd l okZf/kd fyfi M ek=k gesVksdkdl  Iyqfo, fyl  esa ns[kh xbZA
l okZf/kd DyksjksfQy gesVksdkdl  Iyqfo, fyl  esa i k; k x; k t cfd mPp
Åt kZ ;qä t So&Hkkj  Dyksj sYyk oYxsfj l  esa i k; k x; kA

dkyhu m| ksx vi f' k"V l s çkIr l w{e ' kSokyksa dk l w{et ho
çfrj ks/kdrk , oa t So&bZa/ku gsrq vfHky{k.ku

Hknksgh ft ys ds dkyhu m| ksxksa ds vi f' k"V l s çkIr ' kSokyksa dks i F̀kd
dj  ' kksf/kr fd; k x; kA bu l ao/kZuksa dks BG11+ rjy l ao/kZu ek/;e ,oa
BG11+ vxj LykaV i j  cuk,  j [ kk x; k gSA l ao/kZuksa dk mi ;ksx t huksfed
Mh,u,  çkIr djus ds fy,  fd; k x; k gSA vkl hysVksfj ; k] QksehZfM; e]
uksLVksd , oa , ukchuk dh çt kfr; ksa ds 16S rRNA ds dat oZ~M+ l hdsosal  dks
t cfd Dyksj sYyk] uSuksDyksj ksfIl l  , oa DySekbMkseksukl  ds 18S rRNA
l hDosal  dks i hl hvkj  rduhd ds t fj ; s c<+k;k x; kA

Hkkj rh;  fgeky;  esa vYi kbZu i kfj fLFkfrd xfrdh , oa t yok; q
i fj orZu çHkko dk v/; ; u

v#.kkpy çns'k ds rokax ft ys dh i k¡p egRoi w.kZ t xgksa l s ' kSdksa ds
47 dqyksa dh 22 çt kfr; k¡ of.kZr dh xbZaA v/; ; u ds nkSjku l Hkh mPpre
f' k[ kj  fcUnqvksa i j  t wuhi sj l  , oa j ksM+ksMsaMªksu dh >kfM+;ksa dh cgqyrk ns[kh
xbZ t ks ' kSdksa dh òf)  gsrq l eqfpr okrkoj .k çnku dj rh gSaA i kesZfy, l h
oa' k 25 çt kfr;ksa ds l kFk bl  {ks= esa l okZf/kd O;kIr ns[kk x; kA bl  {ks=
esa cM+s ' kSdksa dh mi fLFkfr ; g crkrh gS fd ;g {ks= vçHkkfor {ks= gS ,oa
;gk¡ ekSt wn ' kSdksa ds l eqnk;  ,oa çt kfr; k¡ vkus okys Hkfo";  esa i ; kZoj .k
fuxjkuh l acaf/kr v/; ; uksa esa egRoi w.kZ Hkwfedk fuHkk l drh gSaA fofHkUu
mPpre f' k[ kj fcUnqvksa i j  ' kSdksa dh çt kfr; ksa esa fHkUurk ns[kus dks feyhA
;gk¡ ;g egRoi w.kZ gS fd ' kSd çt kfr; k¡] ou l ajpuk ,oa l axBu i j i M+us
okys t yok;qoh;  çHkkoksa l s vçR; {k : i  l s çHkkfor gksrh gSaA i ; kZoj .kh;
çHkkoksa ds pyrs vkus okys l e;  esa mPp f' k[ kjksa dh vksj  ouksa ds QSyko
ds pyrs ouksa i j  fuHkZj  ' kSd çt kfr; k¡ ogk¡ Hkh i kbZ t k l drh gSa t gka og
vHkh ugha i kbZ t krh gSaA

' kSd çt kfr; k¡ i ; kZoj .kh; i fjorZuksa ds çfr vR;ar l aosnu'khy gksrh
gSaA bl  dkj .k budk ç;ksx l wpd ds : i  esa fd;k t k l drk gSA ;s çt kfr;k¡
bu i fjorZuksa ds çfr rhu çdkj  l s çfrfØ;k çnf' kZr dj rh gSa & foLFkki u]
l ek;kst u ,oa vuqdwyuA orZeku v/; ; u esa fofHkUu mPpre f' k[ kj

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

vuql a/kku ,oa fodkl
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fcUnqvksa i j  i k; s x,  cM+h ' kSd çt kfr; ksa dks l wpd ds : i  esa ç;qä fd;k
t k l drk gS rkfd muds foLFkki u dk v/; ; u dj  Hkfo";  esa t yok;q
i fjorZuksa dh l eh{kk fd;k t k l dsA

mÙkj  çns' k ds l aj f{kr {ks=ksa esa ' kSdksa dk v/; ; u , oa
t ul kekU;  esa l aj {k.k dh Hkkouk dk çl kj

i f'peh mÙkj  çns' k ds 35 ft yksa dk l osZ{k.k dj  yxHkx 500 'kSd
uewus ,d= fd,  x,  ft uesa 48 çt kfr; ksa dh i gpku dh xbZA buesa
l okZf/kd 31 ØLVkst  ' kSd i k; s x,A mÙkj  çns' k l s 8 u, ' kSd of.kZr fd,
x,A

mÙkj  çns' k ds fofHkUu {ks=ksa esa 10 ^̂t So&fofo/krk t kx: drk
l Irkg** vk;ksft r fd,  x,A buesa d{kk 9 l s ysdj  i jkLukrd rd ds
fo| kfFkZ;ksa dks t So&fofo/krk ds l aca/k esa t kx: d fd; k x; kA bu dk;Z'kkykvksa
esa 19 fo' ks"kK i jke' kZnkrkvks us Hkh Hkkx fy; kA

' kSdksa i j  j k"Vªh;  usVodZ dk; ZØe & f} rh; d ; kSfxdksa dk
t So&vfHky{k.ku , oa l ao/kZuksa rFkk l axzgksa dh LFkki uk

' kSdksa l s ; kSfxdksa ds fu"d"kZ.k gsrq çksVksdky dk ekudhdj .k fd; k
x;k rkfd f}rh;d ; kSfxdksa ,oa fØ;kRed l ewgksa dh i gpku vkfn ds fy,
yf{kr dh xbZ mPpre mRi kndrk okys ' kSdksa dh i gpku dh t k l dsA nks
fo'ks"k ' kSd uewuksa ¼NBRI-LS8 & NBRI-LS9½ dk 5 fofHkUu i ksyj  ,oa
uku&iksyj  foyk;dksa ds ek/;eksa l s fu"d"kZ.k fd; k x; kA f} rh;d ekdZjksa
dh TLC çksQkbfyax ds ek/;e l s i gpku dh xbZA

ykbZdsu NBRI-LS6, NBRI-LS7 , oa NBRI-LS9 esa P-TLC , oa
dkWye ØkseSVksxzkQh ds }kjk 6 ykbZdsu vEyksa dk ' kks/ku fd;k x;kA budh
i gpku ,oa vfHky{k.ku dk dk;Z py jgk gSA

foyk;d fof'k"V vdksaZ dh i gpku ds fy,  ; kSfxdksa dk fo[kaMu ,oa
' kks/ku fd;k x; kA NBRI-LS9 ds , l hVksu vdZ l s 28 va' kksa ,oa 50%
,Fksuksy vdZ l s 10 va' kksa dks ' kksf/kr fd; k x; kA bl h çdkj  NBRI-LS8
l s dkWye ØkseSVksxzkQh ds }kjk 15 va' kksa dks vyx fd;k x; k ft uds
vfHky{k.ku dk dk;Z py jgk gSA

PTLC , oa dkWye ds }kjk vyx fd, x, 5 'kq)  ; kSfxdksa dk LC-
MS ds }kjk vfHky{k.ku fd;k x; kA

pkj  ykbZdsu vEy ; kSfxdksa ds l kFk l kFk dksMsM vdksaZ ¼NBRI/L10/
ae1 and MSSRF/L2ae2½ esa l s ; kSfxdksa dk fo[kaMu] i F̀kDdj .k ,oa
' kks/ku fd;k x; k ft udk UV, IR , oa MS ek/;e l s vfHky{k.ku fd;k t k
jgk gSA

' kSdksa ds ek/; e l s Hkkj r esa t yok; q i fj orZu fuxj kuh ra=
dk fodkl

i f' pe caxky ds nkt hZfyax ft ys esa t yok;qoh;  i fj fLFkfr; ksa esa
i fjorZu ds vkadyu gsrq jk"Vªh;  ouLi fr vuql a/kku l aLFkku ds i kni ky;
esa ekSt wn nkft Zfyax ft ys ds ik¡p n' kd i qjkus ' kSd uewuksa dk ' kSd ouLi fr]
/kkrqvksa ,oa PAH ds l kUæ.k] dkcZu vkbl ksVksi  l axBu esa cnyko gsrq
uohu 'kSd uewuksa l s rqyukRed v/; ; u fd; k x; kA ;g ns[kk x; k fd o"kZ

1966 l s 2015 ds chp {ks= dk ek/;  rki eku 12 l s c<+dj  18oC
¼vf/kdre½ ,oa &2 l s 8oC ¼U;wure½ gks x;k gS l kFk gh ek/;  l ki sf{kd
vknZrk 84% l s c<+dj  95% gks xbZ gSA bl ds foi jhr ek/;  o"kkZ 2500
l s 1800 , e,e gks xbZ gSA bl ds l kFk l kFk {ks= esa ekuoh;  xfrfof/k; ka
Hkh fi Nys 5 n' kd esa cgqr c<+h gSA bu l Hkh l fEefyr çHkkoksa ds pyrs
{ks= esa i k;s t kus okys ' kSdksa dh fofo/krk i j  Li "V çHkko i fjyf{kr gq;s gSaA
vfLuvksbM l eqnk;  esa Li "V fxjkoV t cfd fQl dksbM l eqnk;  esa Li "V
c<+r ns[kh xbZA ykbdhfuvksbM ,oa dSYl hvksbM l eqnk;  bl  {ks= l s i wjh
rjg l s l ekIr gks x,  gSa t cfd ykscsfj ; u l eqnk;  dk gky gh esa bl  {ks=
esa ços' k i fjyf{kr gqvk gSA

t yok; q i fj orZuksa ds dkj .k c<+rs rki eku , oa i j kcSaxuh
fofdj .k ds çfr ' kSdksa dk O; ogkj

x<+oky fgeky; ds dksV}kj  ,oa ySaM~l Mkmu {ks=ksa esa 400 l s 1800
eh- dh ÅapkbZ ds chp 24 fofHkUu t xgksa l s 58 ' kSd uewus ,d= fd,
x,A fgeky;  esa LFkk;h dkcZfud çnw"kdksa ds l axzg.k i j  t yok;qoh;
i fj fLFkfr; ksa ,oa LFkykdf̀r ds çHkko dks ns[kus ds fy,  v/; ; u fd,  x,
ft ul s fgeky;  ra= esa LFkk;h dkcZfud çnw"kdksa ds yach nwjh rd çdh.kZu
dk çHkko fn[kkbZ i M+kA

Hkkj r  ds i f' peh ?kkV dh uhyfxj h i gkfM+; ksa ds
m".kdfVca/kh;  o"kkZ ouksa esa i ; kZoj .kh;  l rrrk gsrq ' kSdksa dk
v/; ; u

uhyfxjh ck;ksLQh; j  fj t oZ ,oa l kbysaV oSyh jk"Vªh;  m| ku esa ' kSdksa
ds v/; ;u l s i rk pyk fd uhyfxjh ds vU;  LFkkuksa dh rqyuk esa l kbysaV
oSyh jk"Vªh;  m| ku esa ' kSd fofo/krk fcydqy vyx gS D;ksafd ;gk¡ ouksa dh
l ?kurk ds pyrs l w;Z dh fdj .ksa uhps de i gq¡p i krh gSa t ks fd ' kSdksa dh
òf)  ds fy,  vR;ar vko' ;d gSA bl h dkj .ko' k uhyfxjh esa l kbysaV oSyh
dh rqyuk esa xzSfQMsl h oa' k dkQh fofo/krk esa O;kIr ns[kk x; kA

fgeky;  ds ' kSdksa dh ckjdksfMax % ' kSdksa dh t So&fofo/krk ds
v/; ; u gsrq vk/kqfudre rj hdksa dk ç; ksx , oa Hkkj r esa
' kSd&l aj {k.k uhfr; ksa dh LFkki uk

' kSd oa' k i kesZfy, l h dh 13 ' kSd cukus okyh dod çt kfr; ksa dh
U;wfDy; j  jkbcksl ksey ITS , oa ekud ckj  dksM ds ek/;e l s eksuksQk;yh
,oa vkuqokaf' kd nwjh dk vkadyu fd;k x; kA v/; ; uksa esa i k; k x; k fd
Hkkj r esa i k;h t kus okyh vfLu;k dh l Hkh çt kfr; ksa dks U;wfDy; j
jkbcksl ksey ITS ds v/; ; u ds }kjk l Qyrki woZd foHksfnr fd; k t k
l drk gSA

t So&çkS| ksfxdh;  mís' ; ksa gsrq Vhyksfl LVsl h ¼, LdksekbdksVk½ ds
nf{k.k Hkkj rh;  ' kSdksa dk oa' kkoyh l ewghdj .k

;wØsu ds ' kSd fo' ks"kKksa ds l kfu/;  esa vkdkfjdh] vkarfjd l ajpuk
,oa j l k; fudh ds vk/kkj  i j ' kSd dqy t SUFkksfj; k dk l a' kks/kukRed v/; ; u
çkjEHk fd;k x; kA l kFk gh ofxZdh ds vkadM+ksa ds l eFkZu gsrq vk.kqfod
vkadM+s ,d= fd,  t kus dk dk;Z Hkh py jgk gSA

i kni  fofo/krk] ofxZdh ,oa i kni ky;
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i wohZ ?kkVksa esa czk; ksQkbV fofHkUurk dk v/; ; u

i wohZ ?kkV esa vka/kz çns' k ds d"̀.kk] çdk' ke] dqjuwy ,oa fo'kk[kkiÙkue
ft ys ds fofHkUu LFkkuksa l s czk;ksQkbV~l  ds 254 uewus ,d= fd,  x,  ft uesa
eksl  dh 54 çt kfr; ksa ,oa yhojoVZ~l  dh 16 çt kfr; ksa dh i qf"V dh xbZA
vkdhZfM; e ,dkbUFkksfQYye ,oa ysT; wfu;k ekbU; wVhyksck oj- gsVsj ksxkbuk
dks Hkkjr esa l oZçFke [ kkst k x;kA l kr çt kfr; k¡ nf{k.k Hkkj r l s i gyh ckj
[ kkst h xbZa t cfd 10 çt kfr; k¡ i wohZ ?kkV esa i gyh ckj  ns[kh xbZA

pqfuank l adVxzLr , oa l aHkkfor czk; ksQkbV~l  esa vkdkfj dh; ]
çt uu t Sfodh , oa l aj {k.k v/; ; u

nks ns' kt ] vl kekU;  ,oa l adVxzLr ikS/kksa , aFkksl sj ksl  eSØksLi ksj l  ,oa
fØIVksehfVª;e fgeky,al s dks ç;ksx' kkyk esa df̀=e : i  l s mxk;k x; k ft l l s
bu i j  çt uu t Sfodh ,oa vkdkfjdh;  v/; ; u fd,  t k l dsa rFkk bUgsa
df̀=e : i  l s mxkus dh fof/k dk ekudhdju fd;k t k l dsA bu v/; ; uksa
l s Kkr gqvk fd , aFkksl sj ksl  eSØksLi ksj l  dh òf)  ds fy,  gkQ uksIl  ehfM;e
t cfd fØIVksehfVª;e fgeky,al s ds fy,  gkQ uksIl  ehfM;e ,oa gksxySaM
ehfM;e mi ;qä gSaA

Hkkj r esa j suudqysl h oa' k dh MsYQhuh Vªkbc esa ' kks/k çca/kh;
, oa oa' kkoyh v/; ; u

i wohZ ,oa i f' peh fgeky;  ds fofHkUu {ks=ksa l s i kS/kksa dks ,d= fd;k
x;kA ,dksfuVe dqy dh 19 çt kfr; k¡ , d= dh xbZaA l kFk gh fofHkUu
jk"Vªh;  ,oa varj jk"Vªh;  i kni ky;ksa l s Hkh v/; ; u gsrq uewus eaxk,  x,A
bl h l aca/k esa fgeky;  esa l adVxzLr , dksfuVe çt kfr; ksa ds dqN uewuksa dks
Hkh <wa<k x;kA ;g Hkh ns[kk x; k fd MsYQhfu;e dqy ds i kS/ks ,dksfuVe l s
Hkh vf/kd nqyZHk gksrs t k jgs gSaA gkykafd , dksfuVe Qsj ksDl ] t ks i gys ek=
i f' peh fgeky;  l s Kkr Fkh vc i wohZ fgeky;  esa Hkh i kbZ xbZA

Hkkjr esa i kbZ t kus okyh , dksfuVe] dksal ksfyMk , oa MsYQhfu; e dh
yxHkx 50 çt kfr; ksa esa l s MsYQhfu; e dh 13] dksal ksfyMk dh 1 , oa
, dksfuVe dh 11 çt kfr; ksa dk foLrr̀ ofxZdh v/; ; u i w.kZ fd;k x; kA
bl ds vfrfjä MsYQhfu; e dh 7 , oa , dksfuVe dh 8 çt kfr; ksa dk
vk.kqfod oa' kkuqØe v/; ; u Hkh fd;k x; kA , dksfuVe dh ,d ubZ çt kfr
, dksfuVe v#.kkbZ dks fl fDde l s [ kkst k x; kA

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

bl  {ks= l s i kS/kksa dh 150 çt kfr; k¡ , d= dh xbZa ft uds foLrr̀
v/; ; u l s i rk pyk fd buesa l s 63 çt kfr; ksa dks LFkkuh;  fuokfl ;ksa }kjk
vkS"k/kh] el kyksa] gLrdyk ,oa js' kksa ds fy,  mi ; ksx esa yk;k t k jgk gSA
nks vR; f/kd nksfgr i kS/kksa dqj dqyhxks vkdhZvksbfMl  , oa gsYeSUFkksLVkbfdl
t sySuhdk ds l aj{k.k Lrj  dk Hkh v/; ; u fd; k x; kA bu l c ds vfrfjä
oU;  t ho vHk;kj .;  esa fofHkUu LFkkuksa i j 20×20 ehVj ds IykV Mkydj
i kfj fLFkfrd v/; ; u Hkh fd,  x,A

mÙkj  çns' k ds ò{kksa dk ofxZdh v/; ; u

mÙkj  çns' k ds 150 ò{kksa dk ofxZdh v/; ; u fd; k x; k ,oa l gh
uke] eq[ ;  i ; kZ;okph] forj.k ,oa mi ; ksx l s l acfU/kr vkadM+s ,d= fd,
x,A

Hkkj r ds xkaxs;  eSnkuksa esa Qkbdl  ¼eksj sl h½ dk v/; ; u

Hkkj r ds xkaxs; eSnkuksa esa Qkbdl  ds ofxZdh v/; ;u dks i w.kZ fd;k
x;kA bl  {ks=] ft l esa jkt LFkku] mÙkj  çns' k] fcgkj ] >kj [ kaM ,oa i f' pe
caxky l fEefyr gSa] esa Qkbdl  dh 38 çt kfr;ksa ds forj .k dks ns[kk x; kA
xkaxs;  eSnkuh {ks= esa bl  i kS/ks i j  ; g gky ds l e;  esa ;g vdsyk dk;Z gSA

mÙkj  çns' k ds xkaxs;  eSnkuksa esa nks nyguh Ql yksa esa ènk
dkcZu t Crh esa l w{e&t yok; q dh Hkwfedk

dkcqyh pus dh 10 fdLeksa dks mudh òf)  , oa dkf;Zdh çn' kZu gsrq
l aLFkku ds caFkjk t So&Hkkj  ' kks/k dsaæ i j  i j [ kk x; kA l Hkh fdLeksa dh
fofHkUu òf)  voLFkkvksa esa vkdkfjdh;  ,oa dkf;Zdh y{k.kksa dk foLrr̀
rqyukRed v/; ; u fd; k x; kA l Hkh 10 fdLeksa esa l s m̂Tt oy* fdLe
}kjk l oZJs"B çn' kZu ns[kk x; kA

Hkkj r dh okuLi frd fofo/krk v/; ; u , oa fMft Vyhdj .k

j k"Vªh;  l qfo/kk ds : i  esa [ ; kr l aLFkku ds i kni ky;  esa mPp i kS/kksa
ds 762 uewus ,oa fuEu ikS/kksa ds 1536 uewus l axzghr fd, x,A Hkkj r ds
fofHkUu {ks=ksa l s ' kSdksa ds 100 uewus ,d= fd,  x,  ft uesa ' kSdksa dh 25
çt kfr; ksa dks i gpkuk x;k ft uesa Øl Vkst  ' kSdksa dh cgqrk; r jghA bl h
çdkj  czk;ksQkbVk l ewg ds i ksxksusVe dqy dh 10 çt kfr; ksa i j  v/; ; u
fd;k x; k l kFk gh fl fDde l s ,d nqyZHk czk;ksQkbV i kS/ks gksfj dkok,Yyk
l c,D; wVk dh [ kkst  dh xbZA i pe<+h ck;ksLQh; j  fj t oZ esa g‚uZoVZ
fofo/krk i j  v/; ; u ds nkSjku bl  {ks= l s 5 çt kfr; ksaZ dh i gpku dh xbZA
2 eksl  i kS/kksa LIysdue LQsfj de , oa ; wusfj ; k gkbxzksesfVªdk dks ç;ksx' kkyk
esa df̀=e : i  l s mxkus esa l Qyrk çkIr dh xbZA l aLFkku esa cus ekl  x̀g
esa 9 çt kfr; ksa dks l fEefyr fd; k x; kA

VsfjMksQkbV ds 251 uewus i kni ky;  esa t ek fd,  x,A ç;ksx' kkyk
esa df̀=e : i  l s mxk;s x,  MkbIyst h; e ,LdwysaVe dks QuZ x̀g esa
l Qyrki woZd LFkkukarfj r fd; k x; kA l t koVh QuZ dh 12 çt kfr; ksa ds
i kS/kksa dks cM+s Lrj  i j  ¼yxHkx 950 i kS/ks½ mRi knu fd;k x; kA i f' peh
fgeky;  esa bQsMjk ft j kfMZ; kuk dh 5 çkdf̀rd vkckfn;ksa l s 55 uewuksa dks
,d= dj  vkuqokaf' kd fofo/krk ,oa vkckfn;ksa dh vkuqoaf' kd l ajpuk dk
DAMD , oa ISSR fof/k ds }kjk vkadyu fd;k x; kA

,d vkS"k/kh;  : i  l s egRoi w.kZ ,oa jat d mRi knd l adVxzLr i kS/ks
oqM~QksfMZ; k ÝwVhdksl k ds uewuksa i j  çt uu t Sfodh v/; ; uksa l s el wjh]
mÙkjk[kaM ds uewuksa esa l okZf/kd fu"ksprk t cfd drfuZ;?kkV oU;  t ho
vHk;kj .; ] mÙkj  çns' k ds uewuksa esa mPpre i jkx ca/; rk ns[kh xbZA l kFk
gh i jkxdks"k ds Hkhrj  gh i jkxd.kksa dk vadqj .k ns[kk x; k t ks vHkh rd
bl  i kS/ks esa Kkr ugha FkkA ;g fLFkfr l cl s vf/kd mÙkjk[kaM ds uewus esa
ns[kh xbZA

l h, l vkbZvkj&jk"Vªh;  ouLi fr vuql a/kku l aLFkku ds i kni ky;
dk xBu , oa fMt hVyhdj .k

ns' k ds fofHkUu {ks=ksa l s czk;ksQkbV~l  ds 492 uewus i kni ky;  esa t ek
fd,  x,  t cfd 700 uewuksa dks i gpkuus ,oa l ekfgr djus dk dk;Z
l Ei Uu fd;k x; kA

vuql a/kku ,oa fodkl
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mÙkj  çns' k ds xkaxs;  eSnkuksa esa df̀"k , oa ou i kfj fLFkfrd ra=
i j  t yok; q i fj orZu çHkko gsrq j .kuhfrd Kku

csdkj  Hkwfe ds i quZLFkki uk gsrq m".k dfVca/kh;  ' kq"d ouksa ds
dwM+s dh çHkko' khyrk dk v/; ; u

vEyh;  ènk dh i quZLFkki uk gsrq çt kfr; ksa dh t Sfod {kerk dks
fu/kkZfj r djus gsrq dwM+s ds mRiknu] vLFkk;h cnyko] vi ?kVu dh nj  , oa
i ks"kd rRoksa ds fudyus dks vkaduk vko' ;d gSA  bl  v/; ; u esa geus
Hkkj r ds foa/;  {ks= ds m".k dfVca/kh;  ' kq"d ouksa esa p; fur cgqi ; ksxh ò{kksa
t Sl s ' kksfj ; k j kscLVk] C; wfV; k eksuksLi ekZ] VsDVksuk xzSafMl ] gfMZ~ofd; k
fcUukVk vkfn esa dwM+s ds fxjus dh nj ] xq.koÙkk] ,oa vi?kVu nj  i SVuksaZ
dks t kapkA  bl  v/; ; u l s Kkr gqvk fd ènk ds t Sfod i quZLFkki uk gsrq
fefJr i kS/kjksi .k l cl s mi ;qä gSA ogha gfMZ~ofd; k fcUukVk , oa C; wfV; k
eksuksLi ekZ us O; fäxr : i  l s csdkj  Hkwfe ds ' kh?kz l q/kkj  esa l oZJs"B urht s
çnf' kZr fd,  D;wafd VsDVksuk xzSafMl  , oa ' kksfj ; k jkscLVk dh rqyuk esa buds
dwM+s ds vi ?kVu dh nj  dkQh rst  gSA gkykafd VsDVksuk xzSafMl  , oa ' kksfj ; k
j kscLVk vi s{kkdr̀ vf/kd dwM+k mRi Uu dj rs gSa fdUrq bl l s ènk esa i ks"kd
rRoksa ds fudyus dh nj dkQh /kheh gksrh gSA rst  vi ?kVu l s ènk esa i ks"kd
rRoksa ds fudyus dh nj  Hkh rst  gks t krh gS vkSj  bl  çdkj  ;g dkcZfud
i nkFkZ dh ek=k dks c<+krs gq;s i ks"kd rRoksa ds pØ dks Hkh c<+krk gSA

Hkkj r ds xkaxs;  eSnkuksa esa XykseSyhu , oa ènk esa dkcZfud
dkcZu ds ÝSD'kal  i j  yach vof/k ds Hkw mi ; ksxksa dk çHkko

bl  v/; ; u esa 50 o"kZ i qjkus vckf/kr ¼MsaMªksdSysel  dSyksLVSfdl ]
eSaxhQsj k bafMdk , oa l Sdsj e eqat k½ ,oa ckf/kr ¼vksj kbt k l SVkbok [ ksr½
eksuksdYpj  l s fNNyh feêh ,d= dh xbZA gekjs urht ksa l s i rk pyk
ckf/kr ènk esa vckf/kr ènk dh rqyuk esa SOC, i fVZdqysV OC ¼POC½]
uku&i fVZdqysV OC ¼NPOC½] GRSP, vkl kuh l s fu"df"kZr gksus okys
GRSP ¼EE-GRSP½ ,oa dfBukbZ l s fu"df"kZr gksus okys GRSP
¼DE-GRSP½ rst h l s u"V gksrs gSA v/; ; u {ks= dh ckf/kr df̀"k ènk
esa GRSP , oa SOC ds ek=k esa c<+r dkcZu t Crh ,oa l rr ènk LokLF;
ds fy,  rRdky vko' ;drk gSA ;g ' kks/k Hkw&i fjǹ' ;  fofo/krk dks mckjus
dh fn' kk esa csdkj  Hkwfe ds fy,  çca/ku ; kst ukvksa dks çksRl kfgr djsxkA

vksj kbt k l SVkbok esa vkl sZfud fo"kgj .k esa XywVkjsMkfDl u
dh Hkwfedk dk v/; ; u

vkl sZfud ,d rh{.k t gj  , oa Dykl  1 dSal jdkjd gS t ks LokLF;
ds fy,  xaHkhj  [krjk mRiUu dj  l drk gSA eq[ ;  Ql ysa t Sl s /kku ¼pkoy½]
ekuo Hkkst u esa vkl sZfud l anw"k.k dk çeq[k l zksr gSaA vkl sZfud l anwf"kr {ks=ksa
esa mxk;s t kus okys /kku ds [ kkus ; ksX;  fgLl ksa esa vkl sZfud ,d= gksrk gSA
XywVkjsMkfDl u ¼GRXs½ NksVh cgqdk;kZRed çksVhuksa dk ,d oa' k gS t ks
fofHkUu dksf' kdh;  dk;ksaZ] ft uesa jhMksDl  fu;a=.k ,oa vksDl hMsfVo ruko

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

esa cpko ' kkfey gSa] esa l fEefyr gksrh gSaA i kS/kksa ds t hukse esa GRX t huksa
dh vf/kd l a[ ;k ¼/kku esa 48 GRX t hu½ ds ckn Hkh] buds t Sfod dk;Z
,oa ' kkjhfjd Hkwfedk,a] fo' ks"kdj  vkl sZfud ruko ds çfr] i wjh rjg l s
Kkr ugha gSaA

bl  v/; ;u esa As ¼III½ ,oa As ¼V½ ds fo#)  GSH çpqj ,oa
GSH eqä i fjfLFkfr;ksa esa vksjkbt k l SVkbok dh vkl sZfud l aosnh ¼Ål j&3½
,oa l fg".kq fdLeksa ¼i ar /kku 11½ esa fo"kgj .k ra=ksa esa GRX , oa l acaf/kr
,aVhvksDl hMsaV ,at kbeksa dh Hkwfedk dk v/; ; u fd; k x; kA As¼III½ ,oa
As¼V½ ds fofHkUu mi pkjksa ds fo#)  l aosnh fdLeksa esa dqy feykdj  òf)
, oa ' kkjhfjd ekud l fg".kq fdLeksa l s fuEu FksA As ¼III½ ,oa As ¼V½
dh mi fLFkfr esa l fg".kq fdLeksa dh rqyuk esa l aosnh fdLeksa esa vkl sZfud
l axzg.k fuEu jgkA

i kS/kksa esa vkl sZfud ruko dh Hkwfedk dks l e>us ds fy,  i kj t huh
i kS/ks , j fcMksfIl l  FkSfy;kuk esa /kku dh nks vkl sZfud&vuqfØ;k' khy GRX
oa' k dh çksVhuksa] OsGRX_C7 , oa OsGRX_C2 dk vfHky{k.ku
fd;k x; kA ft l l s vkl sZfud l fg".kqrk dks vadqj .k nj ] t M+ òf)  , l s , oa
l ai w.kZ i kni  òf)  ds l aca/k esa fu/kkZfj r fd; k x; kA

nksuksa OsGRX t huksa dks Dyksu dj  ds b' psfj f' k; k dksykb , oa
l Sdsj ksekbfl l  Øsosl h E;wVsaV çHksnksa esa çnf' kZr fd; k x; kA ' kks/k l s Li "V
l adsr feys fd As¼III½ ,oa As¼V½ nksuksa gh rukoksa ds nkSjku dksf' kdk
ds jhMksDl  Lrj  , oa varjkdks' kh;  GSH i wy esa OsGRX , d egRoi w.kZ
Hkwfedk fuHkkrs gSa ,oa l aHkor% varjkdks'kh;  As¼III½ ds Lrjksa dks fu;af=r
djus esa ' kkfey gksrs gSaA

mÙkj  çns' k ds xkaxs;  eSnkuksa esa rks nyguksa esa ènk dkcZu
t Crh esa l w{e&t yok; q dh Hkwfedk

nygkuh Ql yksa esa ènk dkcZu t Crh i ; kZoj .kh;  , oa t Sfod dkjdksa
l s çHkkfor gksrh gSA  bl  l aca/k esa mÙkj  çns' k ds xkaxs;  eSnkuksa dh nyguh
Ql yksa esa òf)  , oa ' kkjhfjd çn' kZuksa esa l w{e&t yok;q dh Hkwfedk i j  cgqr
de t kudkjh mi yC/k gSA vr% p; fur Ql yksa ¼dkcqyh puk l hl j
, jhfVue½ i j  ' kks/k fd,  x,A

 dkcqyh pus dh 10 fdLeksa dks mudh òf)  , oa ' kkjhfjd çn' kZuksa ds
fy,  l aLFkku ds caFkjk t So&Hkkj  ' kks/k dsaæ i j  t kapk x;kA

 fdLe HK&94&134 esa i kS/ks dh l okZf/kd ÅapkbZ ns[kh xbZ t cfd
i kS/ks ds rus dk O;kl  l okZf/kd ' kqHkzk fdLe esa ns[kk x; kA l Hkh 10
fdLeksa esa l okZf/kd t So&Hkkj  ¼52-13±6-39 xzk-½ mTt oy fdLe
esa ns[kk x; kA

 l okZf/kd çdk' k&l a' ys"k.k JG&11 , oa mTt oy fdLeksa o U;wure
PUSA-362 esa ns[kk x; kA dqy feykdj  mTt oy fdLe us l Hkh
10 fdLeksa esa l oZJs"B çn' kZu fd;kA

i kni  i kfj fLFkfrdh ,oa i ; kZoj .k foKku
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dkcZfud , oa vdkcZfud çnw"kdksa dk t So&mi pkj

ykbZ&, s' k ds <sj ksa esa dkcZu t Crh% rhu i kni  l a?kksa esa
rqyukRed v/; ; u

bl  ' kks/k dk mís' ;  vkVksesVsM CO2 yDl  ra= ds ç; ksx l s dkcZu
t Crh ds fy,  l {ke i kni  çt kfr; ksa dh i gpku ds fy,  ykbZ , ' k <sjksa dh
çkdf̀rd : i  l s i kni kPNkfnr ,oa xSj  i kni kPNkfnr t xgksa l s CO2 yDl
dks eki uk FkkA ;g CO2 yDl ] vf/kd t M+ ?kuRo ,oa ' ol u ds dkj .k
xSj  i kni kPNkfnr t xgksa dh rqyuk esa ikni kPNkfnr t xgksa i j vf/kd i k; k
x;kA çkdf̀rd : i  l s i kni kPNkfnr t xgksa i j  CO2 yDl  nj  VwQk
ySVhQksfy;k l a?k dh rqyuk esa l Sdsj e Li ksaVsfu; e , oa çksl ksfi l  t qfyyksj k
l a?kksa esa l cl s de FkkA bl  çdkj ; g i k;k x;k fd l Sdsje Li ksaVsfu;e ,oa
çksl ksfi l  t qfyyksj k l a?k rkt s ykbZ , ' k t eko dh t xgksa i j  okrkoj .kh;
CO2 t Crh ds fy,  l okZf/kd l {ke gSaA

vksj kbt k l SVkbok esa czsoqaMheksul  fMfeU; wVk dh e/; LFkrk l s
vkl sZfud fo"kkyqrk dk mUewyu , oa i kni  òf)  dks c<+kok

pkoy ¼vksjkbt k l SVkbok½ dh fdLe l j t w esa vkl sZfud dh nks fHkUu
l kUærkvksa esa ,d uohu çHksn czsoqaMheksul  fMfeU; wVk ¼NBRI012½ ds
ç;ksx ds ek/;e l s vkl sZfud ds i kni &fLFkjhdj.k esa l q/kkj dh l aHkkoukvksa
dks vk¡dk x; kA bl  ' kks/k us /kku ds i kS/ks esa [ kkus ; ksX;  fgLl ksa esa ruko
l fg".kqrk esa e/;LFkrk ,oa vkl sZfud LFkkukarj .k fu;eu esa czsoqaMheksul
fMfeU; wVk dh fofo/k Hkwfedkvksa i j  çdk' k MkykA

vkl sZfud ruko esa /kku ds i kS/kksa ds GABA ' kaV i kFkos esa
t hu fu; a=.k dk v/; ; u

vehuks vEy] &vehuks C;wVkbfjd vEy ¼GABA½ dks vt Sfod
ruko esa ikS/kksa esa çsfj r ruko ds çfr çfrfØ;k ,oa ruko eksMsjsVj  ds : i
esa t kuk t krk gSA vr% cká GABA dk ç; ksx i kS/kksa esa ruko çHkkoksa dk
mUewyu fd;k t k l drk gSA bl  i fjdYi uk ds l anHkZ esa /kku ds i kS/kksa esa
GABA ' kaV i kFkos esa fyIr , at kbeksa ds t huksa ds fu;a=.k dks l e>us ds
fy,  ç; ksx fd,  x,A ;g i k; k x; k fd As ¼III½ ds l kFk ; k fl QZ
GABA ds cká vuqç;ksx l s /kku ds i kS/kksa esa GABA ' kaV i kFkos ds
t huksa dk fu;a=.k gksrk gSA ;g Hkh fu/kkZfjr gqvk fd As¼III½ çsfjr ruko
ds l q/kkj  esa GABA egRoi w.kZ Hkwfedk fuHkkrs gSaA

' kSoky ¼Dyksj sYyk½ ds l g&ç; ksx l s /kku dh fdLeksa esa
vkl sZfud fo"kkyqrk esa deh

fuEu l ewg ds t ho] t hok.kq] dod ,oa l w{e&' kSoky vdkcZfud

fo"kkä /kkrqvksa vkfn dks esFkhys' ku ds }kjk dkcZfud : i  esa cnyus dh
{kerk j [ krs gSaA bl  vk/kkj  i j  /kku dh fdLe ¼l j t w&52½ esa ' kSoky
DyksjsYyk ds l g&ç;ksx ds }kjk vkl sZfud l acfU/kr fo"kkyqrk esa deh
dks t k¡pus gsrq ç; ksx fd, x,A Dyksj sYyk ds ç; ksx l s vkl sZfud l kUæ.k esa
deh ns[kh xbZ ft l l s ; g çnf' kZr gqvk fd /kku dh t M+ksa ds vkl
i kl  DyksjsYyk dh mi fLFkfr l s ikS/kksa esa vkl sZfud fo"kkyqrk de gks l drh
gSA

cht  ; qä i kS/kksa esa vt Sfod ruko ds varxZr i fÙk; ksa] ruksa]
Qyksa , oa t M+ksa ds t So&Hkkj  forj .k esa i fj orZu

di kl  ¼xkl hfi ; e½ dh nks çt kfr; ksa dh pkj  fHkUu fdLeksa esa
' kkjhfjd çn' kZu ,oa t M+ Årdksa esa l w[kk l fg".kqrk l s l acfU/kr t huksa dh
varj  vfHkO; fä dh : i js[ kk

l Ei w.kZ fo' o esa i kS/kksa dh òf)  , oa Ql y mRi kndrk ds fy,  l w[ks
dks ,d l hfer dkjd ekuk t krk gSA l w[kk ruko ds varxZr Ql y
mRi kndrk dks cuk,  j [ kus ds fy,  t M+ksa dh òf)  ds egRo dks l e>k t k
jgk gS ,oa t ks ' kks/kdrkZvksa dks vkdf"kZr dj  jgk gSA l w[kh ènk esa t M+ksa dh
òf)  vusdksa dkjdksa l s çHkkfor gksrh gSA ,sl s esa bl  fo"k;  i j  ' kks/k gsrq
di kl  dh pkj  fdLeksa dks l w[ks dh i fj fLFkfr; k¡ nsdj  t M+ ds Årdksa dh
vkdkfjdh] ' kkjhfjdh] esVkcksykbV dh ek=k ,oa t huksa ds çn' kZu vkfn dk
v/; ;u fd; k x; kA

l w[ ks l s xzLr xsgwa ¼VªhfVde , fLVoe½ i j  l Syhfl fyd vEy
dk çHkko

l w[ks l s xzfl r xsgwa dh fdLeksa ¼dqUnu ,oa yksd 1½ dh vkdkfjdh]
' kkjhfjd] , oa t So&jkl k; fud Lrjksa ds l kFk l kFk i fÙk;ksa ds çksfV;kse i SVuZ
i j  l Syhfl fyd vEy dk çHkko ns[kk x; k rkfd l Syhfl fyd vEy çsfj r
l w[kk l fg".kqrk ds vk.kqfod ra= dks vkxs l e>k t k l dsA çHkkoksa dks nks
fHkUu fodkl  voLFkkvksa% dkf;d ,oa i q"i h;  voLFkkvksa esa i kuh ;qä ,oa
l w[ks dh fLFkfr; ksa esa t kapk x;kA vkdkfjdh Lrj  i j  l Syhfl fyd vEy
}kjk yksd 1 fdLe esa nksuksa fodkl  voLFkkvksa esa t M+ ,oa ' kk[kkvksa ds
vuqi kr esa c<+ksÙkjh ns[kh xbZA bl h ds l kFk l kFk l Syhfl fyd vEy
}kjk çdk' k l a' ys"k.k nj ] ja/kz l aokgdrk] t y mi ; ksx {kerk ,oa PSII
dh vf/kdre {kerk esa c<+ksÙkjh ns[kh xbZA dqUnu fdLe esa ;g çHkko
vf/kd çnf' kZr gq,A dqy feykdj  dqUnu fdLe }kjk vkdkfjd]
' kkjhfjd ,oa t So&jkl k; fud Lrjksa i j  vf/kd l fg".kqrk çnf' kZr dh
xbZA

vuql a/kku ,oa fodkl
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i kni  l w{e&t ho l eUo; u

Ql y mRi kndrk c<+kus ds fy,  t So&buksdwysaV~l  dk xq.koÙkki w.kZ
mRi knu , oa çpkj

Ql y mRi kndrk ènk esa mi yC/k i ks"kd rRoksa dh ek=k i j  fuHkZj
gksrh gSA bu i ks"kd rRoksa dk ,d egRoi w.kZ fgLl k ènk l w{e t hoksa ds t So
Hkkj  ds : i kUrj.k l s çkIr gksrk gSA i kjai fjd [ ksrh dh rqyuk esa vkxsZfud
[ksrh esa Ql y pØksa] df̀=e i ks"kd rRoksa ds de ç;ksx ,oa dhVuk' kdksa dh
vuqi fLFkrh ds pyrs vf/kd l w{et ho xfrfof/k; ksa ds dkj .k ènk dh
xq.koÙkk esa dkQh l q/kkj  gksrk gSA i ks"k.k çca/ku ,oa ènk mRikndrk ds fy,
Ql y vo' ks"k] i 'kq fo"Bk] ou i .kZ vo' ks"k] gìh dk pwjk] dl kbZ[kkus ds
vo' ks"k ,oa gfj r [ kkn vkfn egRoiw.kZ dkcZfud l zksr gSaA bu l Hkh dkcZfud
l zksrksa dks mfpr çHkko ds fy,  vPNh rjg l s [ kkn esa cnyuk gksrk gSA ènk
mRi kndrk dks c<+kus ,oa jkl k; fud moZjdksa ds ç; ksx dks de djus ds
fy,  t So&buksdwysaV~l  t Sl s t So&moZjd] t So&ihM+duk'kh ,oa vU;  l w{et Sfod
bui qV ¼vkWxSZfud [ kkn] oehZ&dEi ksLV] vkfn½ rFkk i hM+duk' kh vkfn us
dkQh /; ku vkdf"kZr fd; k gSA bl  Kku dks mÙkj  çns' k ds fofHkUu xk¡oksa
ds fdl kuksa esa çpkfj r , oa çl kfj r fd; k x; kA

mÙkj  çns' k ds fdl kuksa ds ykHk rFkk bl  rduhd dks ògn Lrj  i j
QSykus gsrq ç; ksx' kkyk l s [ ksrksa rd i fjdYi uk ds rgr okf.kfT;d mRiknu
,oa ògn Lrj  i j  rduhd ds mi ; ksx ds fy,  df̀"k foHkkx] mÙkj  çns' k
l jdkj  ds l kFk ,d l g; ksxkRed dk;Z dh i fjdYi uk dh xbZA bl ds
vfrfjä ns' k esa O;ki d mi ; ksx gsrq bl  rduhd dks fut h m| ksxksa dks Hkh
LFkkukarfj r fd; k x; kA

mPphdr̀ dkcZu MkbZ vkDl kbM Lrj  ds çfr i kS/kksa dh
çfrfØ; k , oa t M+&ènk&l w{et ho fØ; k&çfrfØ; k i j  bl ds
çHkko

VªkbdksMekZ dqy ds l nL;  dodi jt hork ds fy, fo' o&fo[ ; kr gSaA
buds t hukse ds l axBu ,oa fodkl  ds ckjs esa vf/kd t kudkjh gsrq
VªkbdksMekZ ,Vªksfofj Mh] Vªk- gkft Z;kue] Vªk- jhfl ; kbZ , oa Vªk- okbj sUl  esa
SSR dh mi fLFkrh] l ki sf{kd cgqyrk ,oa ?kuRo ds rqyukRed v/; ; u dk
l gkjk fy; k x; kA bl  v/; ; u l s Kkr gqvk fd v/; ; u fd,  x,  pkj
t hukse l hdsosUl ksa esa mi fLFkrh] l ki sf{kd cgqyrk ,oa ekbØksl SVsykbV dh
cgqyrk fHkUu gksrh gS ,oa t hukse ds vkdkj  l s çHkkfor ugha gksrhA bl
v/; ; u esa çkIr 12 cgq: ih ekdZjksa us VªkbdksMekZ ds fofHkUu fu"d"kZ.kksa esa
vkuqokaf' kd l aca/kksa dks LFkkfi r djus esa uohu fodfl r  SSR ekdZjksa dh
mi ;ksfxrk dks çnf' kZr fd; k

dkcqyh pus ¼l kbl j  , j kbZVhue½ esa i kni  òf)  dks c<+kok
nsus okys j kbt kscSDVhfj ; k dh e/; LFkrk l s l w[ ks ds ruko
' keu esa miRNA dh Hkwfedk dk v/; ; u

l w[ks ds çfr i kni  vuqdwyu ,d t fVy çfØ;k gS ft l esa dkf;Zd]
t So&jkl k; fud ,oa vk.kqfod Lrjksa i j  i fjorZuksa dh ,d Jà[ kyk fufgr

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

gksrh gSA gky gh esa i ksLV&VªkafLØI' kuy t hu fu;a=.k esa miRNA , d
egRoi w.kZ ?kVd ds : i  esa mHkj  dj  vk,  gSaA dkcqyh puk oSf' od Lrj i j
nwl jh l cl s egRoi w.kZ nyguh Ql y gSA ;g ns[kk x; k fd L; wMkseksukl
i qfVMk PGPR l w[ks ds ruko ds ' keu esa l gk;d gSA vr% geus dkcqyh
pus esa PGPR&e/;LFk l w[ks ds ruko ds çfr çfrfØ;k' khy ra= dks l e>us
dk y{;  fd; k gSA ;g nyguksa esa ruko ds çfr l fg".kqrk dks l q/kkjus gsrq
csgrj  ; kst uk, ¡ cukus esa l gk;d gksxkA

Ql y mRi kndrk dks c<+kus ds fy,  i kni  òf)  fu; ked
j kbt kscSDVhfj ; k dh e/; LFkrk l s l w[ ks ds ruko dk çca/ku

csfl yl  çt kfr NBRI-W9 ds } kj k i ku esa j ksxdkjh
; wl sfj ; e çt kfr dk t Sfod fu; a=.k

i ku ds [ ksrksa esa vkæ i fj fLFkfr; ksa ds ekSt wn jgus ds pyrs ; wl sfj ; e
çt kfr }kjk i Snk fd,  t kus okys vusdksa dod jksxksa t Sl s i .kZ /kCcs] QqV
,oa : V jksV vkfn ds çfr dkQh l aosnu'khy gSA i ku dh [ ksrh ds fy,  , d
çHkkoh t So&fu;a=.k ; kst uk çnku djus ds fy,  fofHkUu i ku fdLeksa l s
fu"df"kZr fd,  uewuksa dh foLrr̀ t kap ,oa NaVuh ds i ' pkr ,d çHkkoh
cSDVhfj ; y ,aMksQkbV ,oa fo"kkyq dod jksxt ud dk p;u fd; k x; kA
16S rRNA l hDosafl ax dk ç;ksx dj rs gq;s ,d csfl yl  çt kfr ¼NBRI-
W9½ dks i gpkuk x;kA ç;ksx' kkyk ,oa [ ksr dh i fj fLFk;ksa esa NBRI-W9
t M+ksa ds ' kh?kz çLQqVu] i kni  òf)  dks c<+kok nsus] i fÙk;ksa ds vkdkj  , oa
mi t  ¼i fÙk;ksa dh l a[; k½ dks c<+kus esa ,oa ; wl sfj ; e çt kfr l aØe.k ds çfr
t So&fu;a=.k çnku djus esa l Qy jgkA

l w[ ks ds ruko esa eq[ ;  feysV Ql yksa dh VªkafLØIV çksQkbfyax
, oa ruko&mRçsfj r Vªkal fØI' ku QSDVl Z dk Dyksfuax&vfHky{k.ku

ckt jk ,d cM+s Lrj  i j ç;ksx dh t kus okyh vukt  ,oa pkjk Ql y
gS t ks ,d ; k vf/kd vt Sfod rukoksa l s xzLr {ks=ksa esa mxkbZ t krh gS rFkk
mPp l w[kk ,oa Å"ek çfrjks/kdrk ;qä gksus ds dkj .k l fg".kqrk v/; ; uksa
esa ekWMy Ql y ds : i  esa ns[kh t krh gSA yf{kr l w[kk&çfrfØ;k' khy t hu
ds i fjeki u gsrq ek=kRed fj ; y&Vkbe PCR ds ek/;e l s mi ;qä l anHkZ
t huksa dk p;u] mUur l w[kk&l fg".kqrk ds vk.kqfod ra= dh O;k[ ; k ds fy,
egRoiw.kZ gSA ckt jk esa fofHkUu fodkl kRed Årdksa esa ,oa fofHkUu O; fäxr
vt Sfod rukoksa ,oa muds l a; kst uksa ds rgr 10 p; fur l anHkZ t huksa dks
t kapk x;kA gekjs i fj.kkeksa l s i rk pyk fd l Hkh uewuksa esa l s EF-1 ,oa
UBC-E2 l oZJs"B l anHkZ t hu jgsA ; s v/; ; u Hkfo";  esa bl  egRoi w.kZ
ruko&l fg".kq Ql y esa ruko&l fg".kq t huksa dh [ kkst  esa l gk;d gksxkA

Hks"kt  foKku

dqN l adVxzLr vkS"k/kh;  i kS/kksa dh l oksZÙke dheksVkbIl  ds
eksM+hQkbM dYVhos' ku , oa bu&foVªks mRi knu rduhdksa }kj k
i kni &j l k; uksa dk mRi knu

Xyksj h; ksl k l qi ckZ ds dqy 80 uewuksa ,oa dksfy; l  Qksl Z~[kksykbZ ds

i kni  l w{e&t ho l eUo; u] Hks"kt  foKku ,oa i kni  j l k; u
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65 uewuksa dks Hkkj r ds fofHkUu {ks=ksa l s ,d= fd;k x; kA bu çt kfr; ksa

ds çkdf̀rd forj .k ds i wjh rjg l s eki u gsrq ,d= fd,  x,  uewuksa dk
i kniky;  MsVkcsl  , oa i kl i ksVZ MsVk' khV rS;kj  fd; k x; kA bl ds vfrfjä
xq.koÙkk fu;a=.k gsrq okuLi frd ,oa fQft ; ks&dsfedy fMfLØIVj  Hkh

LFkkfi r fd,  x,A

eosf' k; ksa esa çfr j ks/kh dSfVyfVDl  ds fu; a=.k gsrq l {ke
QkbVks, dsj hl kbM dh dheksçksQkbfyax , oa fØ; kRed
vfHky{k.ku

i k¡p jkT;ksa e/;  çns' k] mÙkjk[kaM] egkjk"Vª] fl fDde rFkk t Eew ,oa
d' ehj  ds 23 LFkkuksa l s p; fur çt kfr , t sj sVe dksusTok, fMl  ds uewus
,d= fd,  x,A çR;sd uewus ds fy,  v{kka' k] ns' kkarj ] ÅapkbZ] vkfn

l wpukvksa l s ;qä i kl i ksVZ MsVk' khV dks rS;kj  fd; k x; k ,oa fofHkUu
HkkSfrd&jkl k; fud i SjkehVj  dk Hkh vkadyu fd;k x; kA

dqi ks"k.k ds fy,  dqN de Kkr i kS/kksa dh i gpku , oa ewY; kadu
rFkk , d de ykxr okys gcZy l a; kst u dk fodkl

ckgqfu; k i j I; wfj ; k] ck- oSj hxsVk] ck- vD; wfeusVk] vkDl syhl
dksfuZdqysVk , oa yQk fl fyafMªdk dh QkbVksdsfedy] fQft ; ks&dsfedy]
,aVhvkDl hMsaV fØ;kvksa dk vkadyu fd;k x; kA bu l Hkh i kS/kksa ds fgLl ksa

esa ICP-MS dk ç; ksx dj rs gq;s rkfRod vkadyu ,oa l kFk gh ,aVhdSal j
fØ;k dk Hkh vkadyu fd;k x; kA ckgqfu; k i j I; wfj ; k , oa ckgqfu; k

oSj hxsVk us vkDl hMsfVo LVªsl  l acfU/kr chekfj ;ksa dks jksdus esa {kerk çnf' kZr
dh ,oa dSal j  , oa l w{e&rRo dqi ks"k.k ds fy,  [ kk|  l IyhesaV ds : i  esa
ç;ksx fd,  t k l drs gSaA

fl ySft usyk czk; ksIVsfj l  ¼l at houh½ l s fudkys x,  i kfyQhukWy
dk i kni &j kl k; fud , oa Hks"kt  v/; ; u

fl ySft usyk czk; ksIVsfj l  ¼l at houh½ Hkkj r ds feFkdksa esa l okZf/kd
jgL;e;  , oa l okZf/kd pfpZr i kS/kk gSA bl ds i qut hZou çnku djus dh

dfFkr {kerk ds egRo l s t qM+s feFkdksa ds çfr vogsyuk ds ckn Hkh
' krkfCn;ksa l s ;g i kS/kk xaHkhj  ppkZvksa dk fo"k;  jgk gSA vr% bl  i kS/ks esa
i gpkus x,  QkbVksdsfedYl  ds t Sfod ,oa Hks"kt  mi ; ksxksa ds v/; ; u ds

fy,  çk;ksfxd ruko fLFkrh;ksa dk v/; ; u ; k x; kA

i sfIVd vYl j  esa ç; ksx dh t kus okyh ' kSd çt kfr ; ksa%
vfLu; k yksaxhl hek , oa DySMksfu; k QjdsVk dk ekudhdj .k
, oa i qf"Vdj .k

' kSd] dod ,oa ' kSoky ds l g; kst h l a; kst u l s cus t fVy t ho gSaA
;g fo' ks"k l a; kst u l aca/k bUgsa fo' ks"k t Sfod y{k.k çnku dj rk gS t ks bUgsa
vU; l kekU;  dod ;k ' kSoky l s vyx dj rs gSA 'kSdksa esa vkWl sZfud vEy]

ykbdsLVsfj fud vEy o vU;  i nkFkZ gksrs gSa ft uesa foy{k.k ,aVhl sfIVd ,oa
t hok.kqjks/kh {kerk, ¡ gksrh gSaA E;wdksl y fMQsafl o QSDVj  ds çfr , aVh&vYl j
fØ;k dh {kerk dks Hkh t kapk x;kA

vkS| ksfxd egRo ds Hkkj rh;  vkS"k/kh;  i kS/kksa dk xq.koÙkk
ewY; kadu , oa oSKkfud : i  l s i qf"V , oa i kj ai fj d Kku
vk/kkfj r gcZy mRi knksa dk fodkl

HPTLC ds ç; ksx ds }kj k '̂ ka[ ki q"i h* ds okf.kfT; d uewuksa
dk çek.ku

' ka[kiq"ih esa 'ka[k ds vkdkj ds i q"i  gksrs gSaA ;g es/k j l k;u dh ,d
cgqpfpZr vk;qosZfnd vkS"kf/k gS rFkk bl esa vusdksa vkS"k/kh;  xq.k t Sl s fd
raf=dk ra= Årdksa dk t h.kksZ) kj ] vkokt  ds çfr ykHkçn] ;knnk' r] jax]
Åt kZ] ,oa {kq/kk o/kZd vkfnA fnYyh] y[ kuÅ] okjk.kl h] fgl kj] t kya/kj ]
nsgjknwu] eqacbZ ,oa t ; i qj  ds ckt kjksa l s çkIr uewuksa dks HPTLC
fQaxj fçafVax }kjk çt kfr Lrj  rd çekf.kr fd; k x; kA

csVqyk ; wfVfyl  , oa csVqyk vyuksbfMl  dh rqyukRed
dheksçksQkbfyax

Hkkj r esa i k;s t kus okys csVqyk ; wfVfyl  , oa csVqyk vyuksbfMl  dks
Øe' k% Hkqt Z ,oa Hkkst i = ds uke l s t kuk t krk gS ,oa i kjai fjd vkS"kf/k; ksa
esa ç;ksx fd;k t krk gSA bu ò{kksa dh Nky dks vk;qosZfnd ,oe ;wukuh
i ) fr; ksa esa fofHkUu chekfj ;ksa t Sl s dh ?kko Hkjus ds fy, ] peZ fol aØe.k]
[ kkal h] dks<+] jä fodkjksa vkfn ds fy,  ç; ksx fd;k t krk gSA bu ò{kksa dh
Nky esa csVqfyu] &l hVksl sjksy] Y;wfi ; ksy ,oa vksysuksfyd vEy vkfn ds
vkadyu ds fy,  çksVksdky fodfl r fd,  x,A

Ql y dVkbZ ds l oksZÙke l e;  dks t kuus ds fy,  VsÝksfl ; k
i j I; wfj ; k ¼l i qaZ[ kk½ esa ekSl eh fofof/krk dk v/; ; u

; dr̀] frYyh ,oa xqnsZ ds fodkjksa ,oa  vojks/kksa vkfn ds bykt  ds
fy,  i kjai fjd vkS"kf/k ds : i  esa VsÝksfl ; k i j I; wfj ; k ,d çpfyr i kS/kk gSA
HPLC vkadyu l s bl ds vdZ esa Dosl ZVhu&3&O&: Vhuksl kbZM] ck;ksdsfuu
A&7&O&jSeuksXywdksl kbM ,oa dEQsjksy&3&O&: Vhuksl kbZM i k,  x,A
i kS/kksa dks rhu fHkUu ekSl eksa esa ,d= fd;k x; k% xzh"e ¼vçSy; 400C±2½]
o"kkZ ¼vxLr( 360C±2½ ,oa ' khr ¼fnl acj ( 200C±2½- bu ysoksukbZM
Xykbdksl kbM i j ekSl eh çHkkoksa dks fu/kkZfjr djus ds l kFk l kFk budh ,aVh
vkDl hMsaV fØ;k dks fu/kkZfj r fd; k x; kA buds l axBu ,oa ek=k i j  Li "V
ekSl eh cnyko fn[kkbZ fn;sA

i kni  j l k; u

fofHkUu [ kk|  eSfVªDl  esa çHkkoh U; wVªkL; wfVdYl  ds forj .k
gsrq fu"d"kZ.k , oa ekbØksdSIl wys' ku

i k¡p U;wVªkL;wfVdsyh çpqj  xe ,adSIl wysaV i j  okLrfod ?kuRo] VSIM
?kuRo] dSj  baMsDl  vkfn t Sl s eSdsfudy v/; ; u fd,  x,  , oa okf.kfT;d
v/kZ&df̀=e ,adSIl wysaV l s rqyuk dh xbZA  ,adSIl wysaV~l  l s cus LFkk;h eSfVªDl
dh fØ;kRed l ewg i gpku dh xbZA fofHkUu l kUærkvksa esa i k¡p ,adSIl wysaV~l
ds l kFk fofHkUu dksj inkFkksaZ t Sl s dqjdqehu] fcDl hu] &dSjksVhu] vko' ;d
rsy ,oa ol h;  rsyksa l s ekbØks dSIl wy QkewZysV fd,  x,A dSIl wys' ku dh

vuql a/kku ,oa fodkl
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çfØ;k dks l q/kkjus ds fy,  , d dSIl wys' ku i ) fr dks l q/kkjk x; kA [ kk|
dh çHkkoh forj .k gsrq LFkk;h eSfVªDl  dks cukus ds fy,  mi ; ksx gsrq [ kk|
rsyksa ,oa jat d inkFkksaZ dks dksj  i nkFkZ dh Hkkafr ç; ksx dj rs gw,  eYVh&dksj
dSIl wys' ku fd;k x; kA

' kSdksa i j  j k"Vªh;  dk; ZØe% f} rh; d ; kSfxdksa dk t So&i wosZ{k.k
rFkk dYpjksa dh LFkki uk , oa l axzg.k

HPLC ds ek/;e l s ' kSd vEyksa dh igpku gsrq 50% ,Fksuksy ,oa
, l hVksu esa fu"df"kZr fd,  x,  ' kSd vdksaZ ds fofHkUu dkye ÝSD' kuksa dks
çkIr djus ds fy,  rhu ' kSd çt kfr; ksa dk fu"d"kZ.k] çFkDdhdj .k ,oa
fo[kaMu fd;k x; kA ck;ks&,DVhfoVh dks t k¡pus] l axzg.k ,oa cM+h ek=k esa
dYpj  ds fy,  rhu ' kSd çt kfr;ksa l s pkj ' kq)  f} rh;d ;kSfxd vyx fd,
x,A

dqN vYi  Kkr çkdf̀rd xksan ds çFkDdj .k fu"d"kZ.k gsrq de
ykxr rduhd dk fodkl

fofHkUu QksewZys' kUl  ds fuekZ.k gsrq mÙkj  çns' k ds l ksuHkæ ft ys ds
p; fur t ut krh;  xzkeksa l s ,d= fd,  x,  i kS/kksa t Sl s vdsfl ; k eSaft ; e]
eSafxQsj k bafMdk] cqdukfu; k] C; wfV; k eksuksLi sj ek] fpjkSat h ,oa egqvk i j
i kni &j l k; fud v/; ; u fd,  x,A

l susVjh uSi fdu ds fodkl  gsrq de ykxr okys i nkFkksaZ ds : i
esa çkdf̀rd xksanksa dk mi ; ksx , oa xzkeh.k {ks=ksa esa L=h LokLF;
l s l acfU/kr t kx: drk dk çl kj

LoPNrk ds mís' ;  l s ç; ksx fd,  t kus okys inkFkksaZ ds ekdsZV l osZ ,oa
l anHkksaZ ds vk/kkj  i j  xksanksa dk p;u fd; k x; kA i k¡p çpqj  ek=k esa ,oa
vkl kuh l s feyus okys xksanksa dks ,df=r@gkfl y fd; k x; k rFkk mi ;qä
t Soi nkFkZ ds : i  okf.kfT;d l ewuksa ds l kFk v/; ; u fd; k x; kA LokLF;
,oa LoPNrk gsrq uohu de ykxr ds mRi knksa ds fodkl  gsrq buds t Yn
l w[kus] Qwyus ,oa ?kqyus dh {kerk dk v/; ; u fd; k t k jgk gSA

dSehQksjk ohVkbZ ¼xqXxqy½ esa xqxqYLVsjksu mRi knu dks c<+kok

xzh"e dky esa ' kq"d {ks=ksa ¼ckM+esj ] t Sl yej½] v/kZ&' kq"d {ks=ksa
¼dk;ykuk] t ks/ki qj½ ,oa mi ks".k dfVca/kh;  ¼y[kuÅ½ {ks=ksa l s xqXxqy dh
i fÙk;ksa] ruksa ,oa ysVsDl  dks ,d= fd;k x; k ,oa muds t yh;  ,oa
xSj&t yh;  esVkcksykbV~l  gsrq HPLC ,oa GC-MS }kjk t kapk x;kA Hkh"k.k
xeZ ekSl e esa ' kq"d ,oa v/kZ&' kq"d {ks=ksa l s ,d= fd,  x, dehQksjk okbVkb
ds fofHkUu uewuksa dh HPLC ,oa GC-MS ds }kjk xSj&yf{kr esVkcksykbV
çksQkbfyax dh xbZ ,oa 59 jkl k; fud : i  l s fHkUu esVkcksykbV~l  t Sl s
vehuks vEy] vkWxSZfud vEy] ' kdZjk, ¡] ol h; vEy] Qsuksy] LVsjksbM~l ]
LVsjksYl ] Vi sZuksbM~l  vkfn igpkus x,  t ks çkFkfed ,oa }hrh;d esVkcksykbV
i kFkos dks çnf' kZr dj rs gSaA xqXxqy ds fofHkUu uewuksa esa t yh;  ,oa
xSj&t yh;  esVkcksykbV~l  Li "V ek=kRed ,oa xq.kkRed fHkUurk ns[kh xbZA

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

ykmfu; k çksdacsUl  dh t M+ksa , oa i fÙk; ksa esa ol h;  vEyksa dh
i gpku , oa vdZ fo"kkärk ds l kFk&l kFk ; kSfxdksa dk fu"d"kZ.k
, oa i gpku

ykmfu;k çksdacsUl  l s 15 ; kSfxd vyx fd,  x,  , oa igpkus x,%
1&H&i kbjkt ksy] 1&H&bfeMkt ksy ] vkbuksfl Vksy] fLVXekLVsjksy] &,esfju]
&,esfju] ywi&20¼29½&,u&3&vkWy] t kbfyVksyl ] fjfcVksy] D&Xywdkst ]
çksyhu] vjkchVksy] eSuhVksy] ÝDVksl ] Vªsgyksl ] xSysfDVuksy ,oa
3&&eSuksc;kst - fofHkUu ÝSD'kuksa LPH ¼n&gsDl su½] LPE ¼, fFky , l hVsV½]
LPW ¼t y½ and LPB ¼n&C;wVsuksy½ dh dks' kk fo"kkärk v/; ; u fd,
x,A bu vdksaZ dks fofHkUu l kUærkvksa esa SRB , l s ds }kjk IC50 oSY;w
fu/kkZfj r djus ds fy,  ekuo dSal j  dksf' kdkvksa dh l sy ykbal  t Sl s
Y;wdsfe;k ¼K 562½] l foZDl  ¼HeLa½] vXuk' k;h  ¼MIA-Pa-Ca-2½ ,oa
Lru ¼MCF&7½ ds fo#)  t kapk x;kA , fFky , l hVsV ÝSD'ku dks  l foZDl
¼HeLa½] Y;wdsfe;k ¼K 562½] ,oa Lru ¼MCF&7½ dSal j  l sy ykbal  ds
fo#)  42] 56-70] , oa 64 ekbØksxzk-@feyh IC50 oSY;w ds l kFk çHkkoh
i k;k x; kA

i kni  l w{e&t ho l eUo; u] Hks"kt  foKku ,oa i kni  j l k; u
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1.  Bioprospection of plant resources and other natural
products (BioprosPR)

Nodal Scientist: DK Upreti

Scientists: P Agnihotri, AK Asthana, S Bag, Baleshwar,
Soumit K Behera, LB Chaudhary, T Husain, PB Khare,
S Khatoon, S Kumar, A Lehri, KN Nair, S Nayaka, SK Ohja,
M Pal, A Prakash, TS Rana, ChV Rao, S Rastogi, AKS Rawat,
S Roy, K Sahai, AP Singh, BN Singh, OP Sidhu,
M Srivastava, SK Srivastava, VV Wagh

Technical Staff: Sandeep K Behera, B Datt, KK Ingle,
A Kumar, A Niranjan, MM Pandey, KK Rawat, V Sahu,
S Verma

Objectives:

 Bioresource mapping, eco-geo-
graphic 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 commercially  important
chemotypes

 Development of novel drug combi-
nations using natural products to
increase efficacy of known drugs.

Highlights:

Bioresource  mapping of Govind
Wildlife Sanctuary (GWLS)

Bioresource mapping in GWLS was
further continued. Taxonomic studies on
Thelotremoid lichens (121 spp.) and
Corydalis (23 spp.) were carried out. An
inventory of 637 species of angiosperms,
315 lichens, 350 bryophytes, 154 algae
and 85 species of pteridophytes recorded
so far from GWLS has been prepared.

The occurrence of four bryophyte
species in GWLS, viz. Riccia beyrichiana
Hampe, Tayloria hornschuchii (Grev. &
Arn.) Broth., Linbergia koelzii Williams,
and Brachythecium falcatulum (Broth.) Par.,
constituted new regional records for
Uttarakhand (Fig. 1).

SUPRA-INSTITUTIONAL NETWORK PROJECTS

In -vitro propagation protocols have been developed
for Marchantia paleacea Bertol., and Plagiochasma
appendiculatum Lehm. et Lindenb. from freshly collected
plants from GWLS. Axenic cultures have been established
using spores as explants. A good population of plants has
been acclimatized on soil for propagation and
multiplication of germplasm.

Reproductive biology of three species of ferns,
Athyrium pectinatum (Wall ex Mett.) T. Moore, Dryoperis
cochleata (Buch.- Ham. ex D.Don) C.Chr. and Onychium
contiguum Wall.ex Hope, has been studied in vitro through
spore culture. Fully cordate gametophytes were obtained
from the spores cultured in P&T media on the 50th, 56th

and 64th day of sowing in Onychium contiguum, Athyrium

Fig. 1. Tetralophozia filiformis (Steph.) Urmi; A, B. Plants (a portion). C. Cross section of
Stem. D, E Leaves. F. Under-leaf. G. Apical cells of Leaf. H. Basal cells of leaf.
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pectinatum and Dryoperis cochleata, respectively. The
gametangia development in all the three species showed a
dioecious tendency with the male gametangia appearing
first and the female gametangia later at a gap of 5 to 14
days interval on separate gametophytes. Sporophytes
resulting from intergametangia fusion were started
developing on 117th day in Onychium contiguum, 135th day
in Dryoperis cochleata and on 160 th day in Athyrium
pectinatum. The dioecious sex expression, often with
protrandry, seems to be one of the reasons for the poor
colonization ability and population decline of these rare
ferns. In- vitro spore culture is a viable method for
multiplication and propagation of gametophytes/
sporophytes of such rare and threatened ferns and also
for understanding their reproductive bottlenecks (Figs. 2
and 3).

Genetic diversity assessment in West Himalyan
populations of Bergenia stracheyi

Genetic diversity and population genetic structure
of 41 accessions of Bergenia stracheyi, representing three
populations from Jammu & Kashmir (J&K) and Himachal
Pradesh (KULLU and JP) in the West Himalyas, was
estimated using 10 DAMD and 16 ISSR markers. The
cumulative data (DAMD+ISSR) analysis carried out
showed 87.14% polymorphism across all accessions of B.
stracheyi. The intra-population genetic diversity analysis
revealed the highest value of Nei’s genetic diversity (0.26),
Shannon information index (0.38) and polymorphic loci
(78.7%) in KULLU population and least value of Nei’s
genetic diversity (0.2), Shannon information index (0.3)
and polymorphic loci (50%) in JP population. The
maximum inter-population average genetic distance were
in between J&K and JP population and minimum average
genetic distance were in between KULLU and JP
population. The hierarchical analysis of molecular
variance (AMOVA) revealed maximum percentage of
variation among individuals of populations (72%)
followed by 16% among populations and 12% of variation
among the regions. This study helped identify diverse
accessions and populations of Bergenia stracheyi for further
utilization and conservation in the Himalayan regions.

DNA barcoding of selected medicinal plants of GWLS

DNA barcoding of 11 species of medicinal plants
comprising of 68 accessions has been completed.

Ficus L. ( Moraceae) of the Gangetic Plains in India

The taxonomy of Ficus of the Gangetic Plain has been
completed. The genus consists of 38 species from the study
area which includes Eastern Rajasthan, Uttar Pradesh,
Bihar, Jharkhand and W. Bengal. In addition to taxonomy,

the detailed morphological diversity   study has also been
carried out on many variable species to define the species
correctly. About 1600 herbarium specimens housed at
various Indian herbaria such as BSA, BSD, CAL, DD, LWG
and MH were studied to draw taxonomic conclusion.
Several new information regarding status, distribution,
identification and variation pattern of species have been
generated in this study. This is the first study on the genus
in the recent time from the Gangetic Plain.

Nanoformulation from Lichens

The lead available on nano-antimicribials for in-vivo
wound healing is under development as a technology. The
nano-antimicrobial material exhibits efficacy at par with
positive control like Streptomycin sulphate and betadine.

Metabolite fingerprinting of potential anti-cancerous
plants of GWLS

Isolation of bioactive compounds from Betula utilis

Ten compounds have been isolated from Betula utilis
bark and seven of these have been identified. Two
compounds, NBMP-6 and NBMP-7, were reported for the
first time from  this plant. Isolated compounds were tested
for in-vitro cytotoxic activity against five different cancer
cell lines (Fig. 4), where NBMP-7 found to have most
significant cytotoxic activity against colon and breast
cancer cell lines comparable to the standard drug-
Doxorubicin. IC50 value is 4.68 µM/mL. Moreover it was
found to be selective for breast cancer cells over non-
tumorigenic breast epithelial cells (MCF 10A).

Anti-proliferative effect of NBMP-7 was determined.
It was mediated by the generation of reactive oxygen
species (ROS), the ROS level in MCF-7 cells was measured
using DCFH-DA using fluorescent microscope (Fig. 5).
Thus intracellular ROS generation and mitochondrial
membrane potential disruptions are the major factors for
the anticancer potential of NBMP-7. It also inhibits breast
cancer cell migration.

Cytotoxic activity of Marchantia polymorpha fractions

The chemical fractions from Marchantia polymorpha
have been evaluated for in vitro cytotoxic activity against
four cancer cell lines, viz., Breast (MCF-7), Colon (DLD-1,
SW-620), Head & Neck (FaDu) and normal epithelial
cancer cell line. Hexane exract of wild plants has shown
significant cell growth inhibition percentage against Colon
(DLD-1, SW-620), Head & Neck (FaDu) and normal
epithelial cancer cell line. In comparison to other extracts,
the hexane extract of cultured M. polymorpha was also
found to have significant cell growth inhibition against
Breast (MCF-7), Colon (DLD-1) and Head & Neck (FaDu)
cancer cell lines.
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Fig. 2. Developmental stages of Athyrium pectinatum, a. Spores, b-d. Germinating spore with rhizoid and 4-5 celled filamentous gametophyte,
e-f. Filamentous and spathulate gametophyte, g. Cordate gametophyte, h. Antheridia, i. Archegonia, j-k. Sporophyte and dichotomy, l. Hairs
on sporophyte, m-n. In-vitro multiplication of sporophytes.

Fig. 3. Developmental stages of Dryopteris cochleata, a. Spores, b-c. Filamentous gametophyte, d-e. Spathulate gametophyte, f. Semi-cordate
gametophyte, g. Hairs on gametophyte, h. Cordate gametophyte, i-j. Hairs on the margin of gametophyte, k. Antheridia, l. Archegonia, m.
Sporophyte, n. Hairs on sporophyte.



30

ANNUAL REPORT 2015-2016

RESEARCH & DEVELOPMENT

Phytochemical profiling of potential medicinal plants

Bergenia ciliata

The berginin content in different populations of
Bergenia species at varied altitudinal gradients was
estimated.  Bergenia ligulata comprising of 24 accessions at

Fig. 4. Compounds isolated from Betula utilis bark were tested for
in-vitro cytotoxic activity against five different cancer cell lines

Fig. 5. Anti-proliferative effect of NBMP-7 mediated by the generation of reactive oxygen species (ROS), in MCF-7 cells measured using
fluorescent microscopy

an altitude of 2009 meters have the maximum berginin
content of 77.25 mg/g, followed by B. stracheyi (16
accessions) and B. purpurascens (7 accessions) with 55.0
mg/g berginin each. B. ciliata population in Sikkim at an
elevation of 1645 meters has the maximum berginin
between 8.28 to 72.10 mg/g, followed by Kullu with 22.4-
39.50 mg/g at an altitude of 2086 m.

Betula utilis

A rapid and reliable method was developed for
determination of Pentacyclic Triterpenes from Betula utilis
by High Performance Liquid Chromatography (HPLC) and
High Resolution Magic Angle Spinning Nuclear Magnetic
Resonance Spectroscopy (HR MAS NMR).

Bark samples of B. utilis were collected from five
locations during May 2013 from mature trees growing at
different altitudes of Himalayas in Himachal Pradesh and
Uttarakhand and the samples were labelled as NBRI-1,
NBRI-2, NBRI-3, NBRI-7 and NBRI-8.

HPLC Analysis

Five grams of lyophilized powder of bark tissue from
each accession was extracted with chloroform using a
tissue homogenizer (Kinematica Polytron Homogenizer
PT 6100) and the concentrated chloroform extracts were
analyzed using HPLC. The peaks were confirmed and
quantified against external standards of betulin and
betulinic acid and the concentrations were expressed in
µg/mg of dry weight basis of bark samples.

HR-MAS NMR spectroscopy

Lyophilized bark tissue samples were macerated to
a fine powder in liquid nitrogen using a pestle and mortar
for analysis. The powdered samples were analysed using
HR-MAS NMR spectroscopy. The HR-MAS NMR spectra
were recorded on Bruker Avance 400 MHz spectrometer
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(Bruker Biospin AG, Fallendan, Switzerland) equipped
with a 4 mm HR-MAS 1H-13C dual probehead with magic
angle gradient. The HR-MAS NMR experiments were
performed at 28 °C. Lyophilized powder of bark tissue (25
mg) was packed in a 50 µL capacity ZrO2 rotor for
quantification of metabolites. About 10 µL of CDCl3

containing 0.03% TMS as a chemical shift reference was
filled in the rotor with the powdered sample for locking
the spectrometer frequency, and to adjust the local field
homogeneity. The HR-MAS NMR experiments were
performed at magic angle spinning frequency of 4.0 kHz
to expel the signals arising from rotation sidebands. One
dimensional Carr–Purcell–Meiboom–Gill (CPMG) pulse
sequence with water suppression (echo time of 40 ms) and
relaxation delay of 3.99 s was performed to remove short
T2 components arising due to the presence of lipids as
well as to obtain a good baseline for the quantitation as
well as for multivariate analysis. The spectral width of
8,250.8 Hz and 128 transients were acquired with a total
recording time of about 9 minutes.

HR-MAS NMR spectroscopy of lyophilized bark
tissue of B. utilis distinguished the
resonances of betulin and
betulinic acid (Fig. 6). There was
a wide variation in the betulin
and betulinic acid content
amongst the five accessions of B.
utilis collected from various
locations. Betulin content ranged
from 0.34±0.05 to 3.9±0.42 µg/mg,
the lowest being in NBRI-7 and
the highest in NBRI-8. The range
of betulinic acid was 0.29 to 1.98
µg/mg with an average of 1.09
µg/mg. The clusters observed in
the principal component analysis
(PCA) score plots of NMR and
HPLC analysis classified
individuals with very high as
well as very low betulin and
betulinic acid apart from a third
group of accessions with
moderate concentration of
metabolites (Fig. 7). HR-MAS
NMR protocol methods a lso
minimize the drawbacks
associated with the extraction of
betulin and betulinic acid using
different solvents.

UHPLC-MS

A simple, rapid, sensitive method was developed by
UHPLC-MS and validated for simultaneous determination
of triterpenoids, phenolics and flavonoids in stem bark of
Betula utilis (24 accessions). The content of betulinic acid
and oleanolic acid were detected higher among selected
analytes in the sample collected from Himachal Pradesh
(Fig. 8).

Leucas cephalotes

Leucas cephalotes (roots, leaves, stems and fruits)
extracted with ethanol and further fractionated in hexane,
ethyl acetate, chloroform and water. In-vitro á-amylase
activity of all plant parts has been done in which ethanolic
extract of fruits and leaves showed the highest á-amylase
inhibition in comparison to standard drug. Anti-oxidant
activity of all plant parts has been done and ethyl-acetate
extract of leaves showed the highest scavenging activity.

Hemidesmus indicus

Hemidesmus indicus leaves extracted with ethanol and
ethanolic extract was further subjected to fractionation

Fig. 6. Stack-plot of HR-MAS 1H NMR single pulse spectra (0.6-1.8 ppm and 2.70–5.60 ppm) of
bark of Betula utilis (A) Betulin, (B) Betulinic acid, (C) NBRI-1, (D) NBRI-2, (E) NBRI-3, (F) NBRI-
7 and (G) NBRI-8. B= Betulin; BA= Betulinic acid; FA= Fatty acid. All the five representative
spectra were plotted on the same intensity.
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with hexane, ethylacetate, chloroform and water. In-vitro
á-amylase activity and anti-oxidant activity of all the
fractions of plants has been done. Ethanolic and water
extract shown the best result in comparison with standard
drug acarbose.  Anti-oxidant activity of all plant parts has
been done and ethyl-acetate extract of leaves showed the
highest scavenging activity

Justicia adhatoda

The major constituent in the essential oil of Justicia
adhatoda was Phytol (57.8%) (Fig. 9) which is a diterpene
and highly biological active compound. Essential oil was
evaluated for antibacterial activity against Methicillian
Resistant and Sensitive Strain along with their Clinical
Isolates. It showed a strong antimicrobial activity against
the tested microorganisms (MIC: 62.5-250 µg/ml).

Caenorhabditis elegans

Chemical analysis of selected oils, chemicals and
extracts were carried out for purity and composition.TPC,
TFC, and antioxidant activities of various oils and aroma
chemicals were carried out. Anti-aging effect of different
oils on Caenorhabditis elegans using end point parameters
like toxicity assay, life span assay, pharyngeal pumping,
oxidative stress, thermal stress and reactive oxygen species
assay are under progress.

Fig. 7. PCA scores plot obtained from the PC analysis of HR-MAS
1H NMR spectra of Betula utilis bark.

Fig. 8. PCA scores plot obtained from the PC analysis of quantified
data of betulin and betulinic acid obtained from HPLC.

Fig. 9. Essential oil constituents in Justicia adhatoda
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2. Genomics of medicinal plants and agronomically
important traits (PlaGen)

Nodal Scientist : PK Trivedi

Scientists : MH Asif, Sumit Bag, D Chakrabarty, SN Jena,
CS Mohanty, SA Ranade, AP  Sane, VA Sane, SV Sawant,
S Shukla, PK Singh, PC Verma, HK Yadav

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 elucidating various biological
processes and pathways involved in secondary plant
product biosynthesis as well as proper growth,
development and stress response of the plant.

 Utilisation 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 specific a lkoloid
biosynthesis have been cloned. Various constructs
have been developed and used for Virus Induced
Gene Silencing (VIGS) to study the modulation of
metabolite content. Transcript and alkaloid analysis
suggest reduced metabolite content due to VIGS
of the pathway genes. In addition, one methyl
transferase has been expressed in E.col i to
establish its role in papaverine biosynthesis.
Transcriptome datasets of thebaine-rich (>10% of the
latex) poppy lines and their parents as well as Psoralea
corylifolia have been established and are being
analysed.

 Global gene expression analysis in leaf and fruit of
AtMYB12 expressing tomato lines suggests
differential modulation of several processes by
AtMYB12 in different tissues. Impact of enhanced
flavonol content on animal health has been studied
in collaboration with CSIR-CDRI. Pre-pubertal ovary
intact BALB/c mice were orally administrated
ethanolic extract of wild type (WT-TOM) and
transgenic AtMYB12-tomato (MYB12-TOM) fruits for
six weeks. MYB12-TOM extract significantly
increased tibial and femoral growth and
subsequently improved the bone length as compared
to vehicle and WT-TOM. This study concluded that
metabolic reprogramming of tomato by AtMYB12 has
the potential to improve longitudinal bone growth
thus helping in achievement of greater peak bone

mass during adolescence.

 To establish involvement of miRNAs in secondary
plant product b iosynthesis, functional
characterization of Arabidopsis miR858a was
carried out . Over-expression of miR858a  in
Arabidopsis led to down-regulation of several MYB
transcription factors regulating flavonoid
biosynthesis. In contrast to the robust growth and
early flowering of miR858OX plants, reduction of
plant growth and delayed flowering was observed
in Arabidopsis transgenic lines expressing artificial
miRNA target mimic (MIM858) (Fig. 1). Genome-wide
expression and metabolite analysis using transgenic
lines suggested that miR858a targets a number of
regulatory factors which modulate expression of
down-stream genes involved in plant development
as well as modulated flavonoid biosynthesis (Fig. 2).
Further, higher expression of MYBs in MIM858 lines
leads to the redirection of the metabolic flux towards
the synthesis of flavonoids at the cost of lignin
synthesis. This study also established the potential
role of HY5-dependent light-regulated miR858a in
flavonoids biosynthesis and plant growth and
development.

 Transcriptome sequencing of ripe and unripe stages
of banana was completed and analysed for the
identification of members of genes families putatively
involved in fruit ripening. Detailed analysis of
various gene families including AP2/ERF, HDZIV
and WRKY gene families has been carried out.
Illumina based sequencing of RNA from inner and
outer zones of Dashehari and Baganpalli varieties of
mango was completed and analysed. A comparative
analysis of the inner and outer zones of unripe and
mid ripening stage of these varieties identified
differentially expressing genes.

 An Illumina based sequencing of RNA from 0h and
8 h ethylene treated abscission zones of Rosa
bourboniana (highly ethylene sensitive) and 8h
ethylene treated Rosa hybrida (which shows reduced
ethylene sensitivity) was carried out. A number of
genes involved in ethylene biosynthesis, perception
and other signaling processes showed differential
expression in Rosa bourboniana and Rosa hybrida.

 In cotton, gene families involved in histone
modifications related to fiber development were
identified and characterized in detail. Transcriptome
and ChIP- sequencing of the epigenetic modifiers
treated ovule cultures suggest epigenetic regulation
of fiber development. Role of Histone Acetylation in
cotton fibre development has been demonstrated (Fig.
3).
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Fig. 1. Alteration of morphology in the miR858a transgenic lines. (A) The seedling phenotype of WT, miR858OX (L1) and MIM858 (MIM1)
transgenic lines grown on ½ MS media for 10 days. (B) Root length of the seedlings of WT, miR858OX (L1) and MIM858 (MIM1) after growth
of 10 days on ½ MS media. (C) Seedling fresh weight (mg) of the WT, miR858OX (L1) and MIM858 (MIM1) after growth of 10 days on ½ MS
media. (D) Rosette phenotypes of WT, miR858OX and MIM858 transgenic lines. (E) Leaf sizes and pattern of each rosette leaf beginning from
the oldest one of WT, miR858OX and MIM858 transgenic plants. (F) Number of rosette leaves (black bars) and days at bolting (gray bars) of
WT and transgenic lines of the miR858OX and MIM858 grown under LD conditions (16 hr light-8 hr dark cycles). (G) Rosette diameter of
transgenic lines and WT. Plants were grown for 3 weeks under 16 hr light-8 hr dark photoperiod before photograph. Error bars represent +SE
of 8-10 individual plants. The level of significance was evaluated by One-way ANOVA (Newman-Keuls used as post hoc test). ***Significantly
different from WT (P < 0.0001). White line indicates the scale bar (1 cm). L1, L2 and L3 are miR858OX transgenic lines whereas MIM1, MIM2
and MIM3 represent MIM858 transgenic lines.
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Fig. 2. Metabolic profiling of miR858OX and MIM858 transgenic lines. Schematic diagram of the phenylpropanoid pathway. Heat maps
indicate log2 transformed values of the concentrations of metabolites in rosette tissue of WT, miR858OX and MIM858 transgenic lines. LC-
MS-MS analysis was performed with the methanolic extracts of dried rosette tissues. Arrows indicate the order of steps in the pathway;
dashed arrows represent multiple enzymatic steps. The main enzymes included PAL, phenylalanine ammonia lyase; C4H cinnamate 4-
hydroxylase; 4CL, 4-coumaroyl CoA ligase; CHS, chalcone synthase; CHI, chalcone isomerase; F3H, flavanone 3-hydroxylase; F3’H, flavonoid
3’ hydroxylase; FLS, flavonol synthase; DFR, dihydro flavonol 4-reductase; LDOX, Leucoanthocyanidin dioxygenase; LAR, leucoanthocyanidin
reductase; UGT78D1, flavonol 3-O-rhamnosyltransferase; UGT78D2, flavonoid 3-O-glucosyltransferase; 3GRT, flavonol-3-O-glucoside L-
rhamnosyltransferase; HCT, p-hydroxycinnamoyl-CoA:quinate shikimate p–hydroxycinnamoyltransferase; C3H, p-coumaroyl ester 3-
hydroxylase; COMT I, caffeic acid O-methyltransferase of class I; CAD, cinnamyl alcohol dehydrogenase; CCoAOMT, caffeoyl-CoA O-
methyltransferase; CCR, cinnamoyl-CoA reductase; F5H, ferulic acid 5-hydroxylase. MYB transcription factors are shown in green and red
colours (Green for activation and red for inhibition). Likewise green arrow is for activation and red arrow for inhibition.
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 Transcriptome of callus culture from different
developmental stages of Indica and Japonica rice
established and analysed. Dynamic transcriptome
landscape during somatic embryo development
suggested differential stem cell maintenance
programming among japonica and indica rice sub-
species.

 To understand molecular basis of gender distinction
in a dioecious medicinal plant, Tinospora cordifolia
plants from different parts of the country have been
collected, grown in the institute. Transcriptome
datasets of male and female were established and
being analysed.

 Several genes and promoters have been functionally
characterized for their involvement in abiotic stress
response including heavy metal stress tolerance and
accumulation. The early wound responsive behavior
of several promoters has been demonstrated in
various plant systems and during insect infection.

Development of whitefly resistant GM cotton

Whitefly is an invasive insect pest of several crops
including cotton across the world. High temperature,

humidity, dense cropping and cultivation in polyhouses
promote the outbreak of whitefly. The insect damages the
crops by sucking sap from the host plant, causing fungal
infection and spreading plant viruses. The most severely
affected crops are cotton, eggplant, tomato, cassava causing
a huge financial loss. GM technology for the control of
whitefly is not yet available.

A novel anti-whitefly protein was identified in an
edible fern. This protein interferes in the reproductive
system of whitefly and thus restricts its population. The
gene has been cloned and introduced in cotton. The
transgenic cotton shows remarkable control of whitefly
population through several generations (Fig. 4). The
transgenic cotton also shows protection against whitely
vectored viral diseases. A patent has been filed on this
gene in 8 countries, based on potential market prospects
for the technology.

The source of the anti-whitefly-protein is an edible
fern of ethno-botanical importance. Critical biosaftey
studies were made and established that the protein is safe
to mammals. It is digested easily in the stomach and do
not harm the tested animals. It does not contain any
allergenic property. It is also non-toxic to beneficial insects.

Fig. 3. Genome-wide H3K9Ac landscape in cultured cotton ovules. (A) Immuno-blotting of histone protein from control, AA, and TSA
treated ovules at 6 DPA using anti-H3, anti-H3K9Ac, and anti-H3K14Ac antibodies reflects the decrease in H3K9Ac in AA treated ovules
and increased in TSA treated ovules . Lane M represents pre-stained marker. (B) Distribution of H3K9Ac peak positions with reference to G.
hirsutum genome. (C) Genome-wide H3K9Ac peak pattern (green) and corresponding gene expression (blue; log10 FPKM) in control ovules.
Red peaks represent gene density per Mb genome. Inset shows enlarged view of H3K9Ac peaks, corresponding gene expression, and gene
density at chromosome A9. (D) Genome-wide correlation between gene density, transcriptome, and H3K9Ac peaks in Gossypium hirsutum (r
represents Pearson’s correlation coefficient).



37

CSIR-NATIONAL BOTANICAL RESEARCH INSTITUTE

SUPRA-INSTITUTIONAL NETWORK PROJECTS

Fig. 4. Schematic presentation of development of whitefly resistant GM cotton
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3. Plant Diversity: Studying adaptation biology and
understanding/ exploiting medicinally important plants
for useful bioactives (SIMPLE)

Nodal Scientist: N Singh

Scientists: Soumit K Behera, LB Choudhary, V Pandey, SA
Ranade, S Roy, K Sahai, PA Shirke, OP Sidhu, PK
Srivastava

Technical Staff: S Jamil, Anil Kumar, KK Rawat

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.

Highlights

A traditional medicinal plant - rich source of germacrone

Metabolite profiling of a traditional medicinal plant
species (NBRI-CHT1) through GC-MS resulted in
identifying germacrone as one of the major metabolites of
chloroform extract. The anti-cancer and anti-tumor
properties of germacrone are reported in traditional

medicine. The percent peak area of germacrone in the
chloroform extract was 23% of the total crude extract.
Germacrone was isolated and purified from plant using
column chromatography. Purified fraction of germacrone
was analysed by GC-MS and analytical HPLC (Figs. 1 &
2). Structure determination and characterization of
germacrone by NMR spectroscopy is under progress.

Fig. 1. GC-MS Chromatogram of purified fraction of Germacrone

Fig. 2. HPLC Chromatogram of purified fraction of Germacrone

Ten different accessions of NBRI-CHT plants were
investigated for variability in their germacrone content.
The  germacrone content varied from 44 µg g-1 to 186 µg g-
1 dried latex, the lowest being  in NBRI-CHT173 and
highest in NBRI-CHT113 (Fig 3). HPLC analysis of
germacrone content of 10 more accessions  is under
progress.
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Altitudinal adaptation in Arabidopsis thaliana

Identified genome-wide patterns of nucleotide
variations in the coding regions of four natural Arabidopsis
thaliana populations (Deh, Mun, San, Chi). These
populations originated from 700 m to 3400 m a.m.s.l. in
the Western Himalaya. Local and global level population-
specific SNPs were identified. The biological functions of
the SNP-containing genes were primarily related to the
high light intensity prevalent at high-altitude regions. A
total of  340258 SNPs were identified in the four
populations. 11.21% of these were of synonymous, and
7.38% were non-synonymous amino acid variants. The
various patterns of SNPs were consistent in each
population. There was a significant decrease in the SNP
density in populations with the increase in altitude
(Pearson’s r = 0.82, p<0.001). The Transition/ Transversion
ratio (1.37) was consistent among all the four populations.
In all the populations a large proportion (83%) of the amino
acid changes was of the non-deleterious type and only
14.7-15.7% were of the deleterious type. The rest of amino
acid changes did not fall in either of the categories. In the

non-deleterious category, the percentage of known
changes varied from 83.6% (Mun) to 95% in (Chi) whereas,
in the deleterious category, the known changes varied from
59.8% (Mun) to 83.5% (Chi). It was notable that in all the
populations, the percentage of the known changes was
higher in the non-deleterious category as compared to that
of the deleterious category (Fig. 4).

There were 8188, 8237, 8245 and 6271 genes
containing non-deleterious but non-synonymous SNPs in
Deh, Mun, San and Chi populations, respectively. Amongst
these, 5016 genes were common in all the four populations.
There was no difference in the enriched GO-terms
(biological processes) among the four populations. Deh,
Mun, San and Chi had 300, 558, 219 and 212 local-level
population-specific SNP-containing genes, respectively.
The GO-term enrichment analysis with local population-
specific SNP-containing genes resulted in a variety of GO-
terms (biological process) enriched in the four populations
(Fig.5). The Mun and Chi populations showed a significant
enrichment of genes related to stress responses. In Mun 85
genes (15.2%) were abiotic stress responsive, out of which
50 (58.8%) were light/radiation responsive. In Chi
‘pigment metabolic process’ (14 genes) and ‘glucosinolate
metabolic process’ (9 genes) were found to be significantly
enriched GO-terms that could be related to the known
abiotic stresses prevailing at high altitudes. Deh showed
no GO-term enrichment and San showed no stress
responsive GO-term. In San ‘catabolic process’ was the
only significantly enriched GO-term, which included two
genes related to protection against high light intensity
stress viz. FAR-RED ELONGATED HYPOCOTYLS 3
(FHY3) and ULTRAVIOLET HYPERSENSITIVE 1 (UVH1).
The local-level population-specific SNP-containing genes
of the combined dataset of San and Chi did not show any
significant enrichment in abiotic stress related categories.

Different accessions of NBRI-CHT plants
Fig. 3. Variations in germacrone content among different accessions
of NBRI-CHT plants

Fig. 4. Percentage of the non-deleterious and deleterious SNPs
(including known and novel) in the four populations. NA indicates
the SNPs which did not fall in either of the two categories.

Fig. 5. The GO-term enrichment analysis with local population-
specific SNP-containing genes resulted in a variety of GO-terms
(biological process) enriched in the four populations.
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Physiological Performance in Cyamopsis tetragonoloba
(Guar) Under Drought Stress

Three varieties (RGC-1002, RGC-1066 and RGC-936)
of Cyamopsis tetragonoloba were grown in pots in growth
chamber. The temperature variation was maintained
between 25-32 °C and relative humidity was in the range
of 40-60%. The light intensity i.e. photosynthetic photon
flux density increased gradually from 6:00 to 12:00 h which
ranged from (50–1300 ìmol m”2 s”1) and then decreased till
6:00 pm to maintain light and dark cycle for the plants.
Forty days old plants were subjected to drought by
withdrawal of water. The drought continued for eight days
and then were re-watered. The leaf optical properties along
with different pigments were studied. The reflectance in
the control and drought stressed leaves was monitored
with Spectroradiometer (400-1100 nm). Leaf optical
properties showed major changes in visible and near
infrared region of the spectra under drought stress.
Reflectance and absorbance increased in the visible range
of spectra under drought in all three guar varieties (Fig. 6).
Normalized Difference Vegetation Index (NDVI), NDVI705,
which is an estimate of the photosynthetically absorbed
radiation over the leaf surface, while mNDVI705 is the
Modified Red Edge Normalized Difference Vegetation
Index. All varieties showed increase in NDVI705 and
mNDVI705 under drought stress. Reflectance at 696, 727,
731 and 770 nm reflects the pigmentation of the leaf (Fig.
7). All these indices decreased in all three guar varieties
under water stress condition. Carotenoid Reflectance Index
(CRI) is sensitive to carotenoid pigments of plant foliage
(Fig. 8). Higher CRI values mean greater caratenoid
concentration relative to chlorophyll. CRI decreased in all

three varieties under drought. Anthocyanin Reflectance
Index (ARI) is a reflectance measurement that is sensitive
to anthocynanins in plant foliage (Fig. 9). Increase in ARI
indicates canopy changes in foliage. ARI increased in all
three varieties under drought. RGC-1002 was most drought
tolerant variety. Although reduction in photochemical
quantum yield was maximum but enhancement in non
photochemical quenching was also higher. Thus
dissipation of light energy in the form of heat is highest in
RGC-1002 variety and this phenomenon also protects the
leaf from the photo inhibition under drought stress
condition.

Proteomics Study of Guar

Out of 50 differentially expressed proteins, 23 were
upregulated and 27 downregulated in Guar RGC 1066
variety under elevated CO2 and 30 were identified through
Mass Spectrometry (Maldi-TOF-TOF). In RGC 1002 variety,
out of 32 differentially expressed proteins, 19 were
upregulated and 13 downregulated under elevated CO2.
The functional categorization revealed that the positive
influence on electron transport and energy metabolism was
more pronounced in Guar 1066 than Guar 1002 (Fig. 10).

Fig. 6. The optical properties of Reflectance, Transmittance and
Absorbance in the leaves of three varieties (RGC-1002, RGC-1066
and RGC-936) of Cyamopsis tetragonoloba under control and drought
conditions.

Fig. 9. Anthocyanin pigment content and the Anthocyanin Reflectance
Index (CRI) 1 and 2 in the leaves of three varieties (RGC-1002, RGC-
1066 and RGC-936) of Cyamopsis tetragonoloba under control and
drought conditions.

Fig. 8. Carotenoid pigment content and the Carotenoid Reflectance
Index (CRI) 1 and 2 in the leaves of three varieties (RGC-1002, RGC-
1066 and RGC-936) of Cyamopsis tetragonoloba under control and
drought conditions.

Fig. 7. The leaf Pigment Indices calculated from the values of
reflectance at 696, 727, 731 and 770 nm in the leaves of three varieties
(RGC-1002, RGC-1066 and RGC-936) of Cyamopsis tetragonoloba
under control and drought conditions.
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The increased carbon gain and energy production can be
predicted to increase polysaccharide galactomannan (guar
gum) in endosperm through increased availability of
carbon skeleton and energy. The shift of carbon pool was
also correlated to the decreased amino acid metabolism
and flavonoid biosynthesis. Guar 1066 shifted the cell

metabolism and energy more towards carbon gain for gum
production.

LAI measurement at Katerniaghat Wildlife Sanctuary,
Uttar Pradesh

LAI with LAI-2000 PCA in post monsoon season in
three plant functional types (PFTs) (dry miscellaneous, sal
mixed and teak plantations) at Katerniaghat WLS were
measured during October 2015. Ground LAI values
ranged between 2.38 - 6.88, 1.47 - 7.32 and 2.02 - 5.49 with
1800 view angles in dry miscellaneous, sal mixed forests
and teak plantations during post monsoon season,
respectively. Dry miscellaneous PFT showed lower LAImax
values compared to Sal PFT stands in post monsoon stage
due to canopy gaps in the top storey layer. Although, dry
miscellaneous forests show high tree density, but the top
storey does not form a continuous canopy. One way
ANOVA analysis among PFTs showed significant
difference (P<0.0001) among LAI value in 2015 for post
monsoon seasons. This clearly indicates that all 3 PFTs
are having distinct LAI representations based on different
tree species composition, stem density and different vertical
stratification and canopy structure (Fig. 11).

Fig. 10. Functional categorization of proteins in two varieties of
Guar.

Fig. 11. Scatter analysis  between the Indirect LAI against the litter fall,  species richness,  tree basal cover,  tree density and  AGB among the
three PFTs.
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Above-ground biomass and carbon estimates of Shorea
robusta and Tectona grandis forests using QuadPOL
ALOS PALSAR data

The above ground biomass (AGB) of two major forest
types, i.e., S. robusta (Sal forest) and T. grandis (Teak
plantations) were calculated based on ground inventory,
and further estimated using SAR-imagery derived
information through water cloud model. We investigated
the potential use of a one time, QuadPOL ALOS PALSAR
L-band 25 m data to estimate above-ground biomass (AGB)
using a water cloud model (WCM) in Katerniaghat WLS.
A significant correlation was obtained between the SAR-
derived backscatter coefficient (r) and the field measured
AGB, with the maximum coefficient of determination for
cross-polarized (HV) for Sal, and the weakest correlation
was observed with co-polarized (HH) for Teak forests (Fig.
12). Field-measured biomass of Sal and Teak forests were
estimated to 444.7 ± 170.4 Mg/ha and 451 ± 179.4 Mg/ha,
respectively. The mean biomass values estimated using
the WCM varied between 562 and 660 Mg/ha for S. robusta;

Fig. 13. Insect-fruit predators on Mallotus philippensis (A). Physopelta
schlanbuschii (B)Physopelta gutta(C) and Cantao ocellatus (D)

Fig. 12. Correlations with PALSAR co-polarised and cross-polarized
backscatter co-efficient vs AGB for (a)Shorea robusta (b)Tectona grandis.

between 590 and 710 Mg/ha for T. grandis using various
polarized data. Our results highlighted the efficacy of one
time, fully polarized PALSAR data for biomass and carbon
estimate in a dense forest. The regression analysis revealed
a very significant positive polynomial correlation between
all forms of polarized backscatter and the biomass values
of S. robusta and T. grandis. HH polarized backscatter was
much less correlated with the biomass of T. grandis.

Reproductive biology of Mallotus philippensis in different
niche environments

Reproductive status of male and female plants,
regeneration potential and biotic threat to yield of Mallotus
philippensis was assessed in different forest communities
of Katerniaghat Wildlife Sanctuary. Maximum number of
flowering and non-flowering (vegetative) plants were
screened out from Dry miscellaneous and Teak plantation,
respectively. Though all the three forest communities are
male plant dominated, highest number (4 ♂  : 1 ♀ ) of male
plants were observed in Dry Miscellaneous Forest.
Maximum male and female flowering units / inflorescence
were recorded from Dry Miscellaneous Forest and Sal
forest, respectively. Highest and lowest fruit set /
inflorescence were recorded from Dry Miscellaneous Forest
and Teak plantation, respectively. Mallotus phillipensis had
a very short seed viability duration i.e. up to 2 months
(from seed harvesting) at room temperature (28±2oC –
40±2oC). However, seed storage at 4oC had increased
viability duration up to 4 to 5 months with gradual decline
in the viability potential. Seed germination potential of
Mallotus phillipensis was very poor even within seed
viability duration. It was due to seed coat imposed
dormancy and high microbial infections as seeds are very
prone to various types of such infections. Field
observations on different forest types of KWLS showed a
strong reliability of Mallotus phillipensis towards vegetative
regeneration as the plant was found an efficient ramet
producer through root suckers.

Mallotus philippensis is observed as the host plant of
three main insect predators identified as Physopelta
schlanbuschii, Physopelta gutta and Cantao ocellatus (Fig. 13).
The life cycle of predators synchronized with fruiting
period and caused quantitative and qualitative damage to
fruits and seeds.
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4.  Introduction, domestication, improvement, and
cultivation of economically important plants (AGTEC)

Nodal Scientist: R.K. Roy

Scientists: PS Chauhan, RS Katiyar, RC Nainwal, TS Rana,
D Singh, PC Singh, SK Tewari

Objectives:

 Characterization and development of improved
varieties of Canna, Gladiolus and other bulbous crops.

 Evaluation of Bixa & Curcuma germplasm collection
for plant improvement.

 Evaluation of Damask Rose for the sodic soils.

 Performance and evaluation of elite plant material
and/or cult ivars through multi- locational
coordinated trials.

 Evaluation of performance of biofertilizers and
biopesticides on plants.

Selection and characterization of diversity within
mandate plants: Canna, Gladiolus  and other bulbous
crops.

Experiments on Canna Varieties

To develop new varieties of Canna, the rhizomes of
Golden Girl and Red President varieties were treated with
gamma radiation (10, 15 , 20 Gy) and planted in the field.
Out of the treated plants of the two varieties, new mutants
were detected and isolated (Fig. 1). The mutant showed
stability with respect to change of flower colour and
combination. The morphological characters were
documented and the description is given below:

New Mutant -1:

Vegetative characteristics:

Plant height 120-130 cm, stem colour green (Yellow-
green 146 C, Fan 3), leaf size 51.6 x 20.3 cm, non-variegated,
leaf colour Green group 137-B, Fan 3.

Floral characteristics:

Length of inflorescence 55-65 cm, 10-15 no. of flower
per inflorescence, flower size 13.9 x 10.5 cm, staminode
Yellow (Yellow group 7-A Fan-1), have a blotches with
red (Red 40 B Fan-1); staminode shape ovate, staminode
size 9.3 x 7.1.

New Mutant -2:

Vegetative  characteristics:

Plant height 120-135 cm, stem colour green (Yellow-
green 144 A, Fan 3), leaf size 47.1 x 18.0 cm, non variegated,
leaf colour Green group 137-B, Fan 3.

Floral characteristics:

Length of inflorescence 59-65 cm, 15-20 no. of flower
per inflorescence, flower size 11.5 x 13.4 cm, staminode in
two colours i.e. Yellow (Yellow group 5-A Fan-1) and red
(Orange-red 34 A, Fan-1), blotches with red (Orange-red
34 A Fan-1); staminode shape ovate, staminode size 9.3 x
7.1.

Molecular Characterization of Gladiolus

Nucleotide diversity of PsbA-trnH Intergenic spacer
region of chloroplast

The chloroplast sequences of 86 accessions were
aligned using Clustal W program in MEGA6 software.
The aligned cpDNA sequences of psbA-trnH region within
Gladiolus cultivar varied from 556 bp to 583 bp with an
average length of 579 bp. The average frequencies of
Adenine (A) and thymine (T) were 30.3% and 33.4%,
respectively, showing 63.7% mean A+T contents. Similarly,
the average frequencies of Guanine (G) and Cytosine (C)
were 18.3% and 17.9%, respectively, showing 36.2% mean
G+C contents throughout the entire psbA-trnH sequences.
The nucleotide pair frequencies like identical pairs (ii),
transitional pairs (si), transversional pairs (sv) of psbA-
trnH sequences were also calculated among the Gladiolus
cultivars (Table 1). The average base substitutions recorded
in Gladiolus cultivars was 8 (i.e., si=3, sv=5). The basic
statistics such as conserved sites, variable sites, parsimony
informative sites and singleton sites were calculated after
the complete deletion of the missing/gap sites from all the
sequences. The aligned psbA-trnH sequences (including
psbA gene and psbA-trnH intergenic spacer) formed a
matrix of 583 nucleotide sites (after the deletion of missing/
gap sites), of which 525 sites were conserved, 58 sites were
variables, 37 sites were parsimony informative  and 21sites
were singleton in Gladiolus cultivars. High level of

Fig. 1. Two new Canna mutant varieties developed by gamma
radiation from Golden Girl and Red President
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nucleotide diversity was found in Gladiolus cultivars with
an estimated haplotype diversity (Hd) level of 0.65, and
nucleotide diversity of 4.2 × 10"3 ().

Nucleotide diversity of trnL-trnF Intergenic spacer region
of chloroplast

The aligned cpDNA sequences of trnL-trnF region
within 86 accessions ranged from 671bp to 678 bp with an
average length of 672 bp. The average frequencies of
Adenine (A) and Thymine (T) were 36.2% and 29.1%
respectively, which showed 65.3% mean A+T contents in
672 bases average length of trnL-trnF sequences. Similarly,
the average frequencies of Guanine (G) and Cytosine (C)
were 18.5% and 16.2%, respectively, showing 34.7% mean
G+C contents throughout the entire trnL-trnF sequences.
The average base substitutions recorded in Gladiolus
cultivars was 1 (i.e., si = 1, sv = 0).The aligned trnL-trnF
sequences (including trnL gene and trnL-trnF intergenic
spacer) formed a matrix of 680 nucleotide sites, of which
669 sites were conserved, 6 sites were variables, 5 sites
were parsimony informative  and 1 singleton site in
Gladiolus cultivars. The estimated haplotype diversity (Hd)
in Gladiolus cultivars was 0.77, and the nucleotide diversity
was estimated as 1.78 × 10"3 ().

food, two field trials were conducted. The crop identified
for this purpose was Colocasia esculenta. In the first
experiment, Colocasia tubers were treated with gamma
radiation (0, 1.0, 1.5, 2.0 Gy) and planted in beds. In second
experiment, higher dose of gamma rays (2.5, 3.0, 3.5, 4.0 &
4.5) were applied to the tubers.

As no somatic mutation yielded, the above
experiments were repeated. However, no somatic mutation
occurred and no changes in morphological characters in
terms of plant height, growth habit  and rhizome
production was observed.

Another bulbous plant (Hemerocallis sp.) was treated
with gamma radiation (10, 15, 20 Gy.) for creating somatic
mutation as well as change of flower colour. Rhizomes (25
nos.) were treated and planted in the bed for growth and
flowering. The treated plant showed some germination
initially up to 30 days but subsequently died. The
experiments will be repeated.

Experiment on Gladiolus varieties

To develop new varieties in Gladiolus, the cormlets
were treated with Gamma radiation (0, 3.0, 5.0, 7.0 Gy)
and planted in beds.

Very poor performance was observed of the formation
of daughter corms from cormlets. The doses of radiation
was detrimental to the growth and development of the
cormlets into corms.

New Collection

Two new varieties of Gladiolus added in the
germplasm collection (Fig. 2).

‘Bangalore Beauty’
Vegetative Characteristics:

Plant height 60-70 cm, leaf size 63 x 2.2 cm, leaf colour
Yellow-green 146 A, Fan 3.

Floral Characteristics:

Spike length 72 cm long, 14 florets per spike, flower
size 10.7 x 10.5 cm, flower colour creamy (Red 36 C, Fan 1)
and red blotches (Red group 38 B, Fan 1 ).

‘Punjab Elegance’

Vegetative Characteristics:

Plant height 50-60 cm, leaf size 48 x 3.1, leaf colour
Yellow-green 146 B, Fan 3.

Floral Characteristics:

 Spike length 45 cm long, 10 florets per spike, flower
size 9.8 x 9.5 cm, flower colour yellowish-orange
(Yellow-orange 18 C, Fan-1) and red (Red group 37
B, Fan 1).

Table 1. Showing the nucleotide diversity as revealed by
intergenic spacers (psbA-trnH and trnL-trnF) regions of
cpDNA.

Experiment on other Bulbous Plants

For developing variability with regard to leaf
variegation and improving starch content for high value

S. 
No. 

Parameters psbA-
trnH 

trnL-trnF 

1. Total length (bp) 583 678 
2. Length range (bp) 556 - 583 671-678 
3. Haplotype (H) 17 10 
4. Haplotype gene diversity (Hd) 0.65 0.77 
5. Nucleotide diversity {π (10–3)}  4.2 1.78 
6. Nucleotide frequencies of 

Adenine (%) 
30.3 36.2 

7. Nucleotide frequencies of 
Thymine (%) 

33.4 29.1 

8. Nucleotide frequencies of 
Cytosine (%) 

17.9 16.2 

9. Nucleotide frequencies of 
Guanine (%) 

18.3 18.5 

10. No. of conserved sites (%)  90.1 98.4 
11. No. of variable sites (%)  9.9 0.9 
12. No. of Informative sites (%)  6.3 0.7 
13. No of Singleton sites (%) 3.6 0.1 
14. Identical pairs (ii) 566 670 
15. Transitionsal pairs (si) 3 1 
16 Transversional pairs (sv) 5 0 
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Evaluation of Bixa and Curcuma germplasm collection
for plant improvement.

Turmeric (Curcuma longa L.)

The field evaluation of 34 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
2015-16. The accessions are yet to be
harvested for the repeat yield estimates and
quality evaluations.

Response of PSB (Phosphorus
Solubilising Bacteria ) for facilitating
phosphorus uptake of turmeric under
partially reclaimed sodic soil condition with
normal (8-9  months) and prolonged
harvesting (18-20 months) cycles is being
studied. One set harvested at 9th month,
showed positive response to phosphorus
applica tion and PSB treatment. For
standardization of protocols for organic seed
production of turmeric in Uttar Pradesh, two
field experiments have been initiated in the
current season.

Domestication of an introduced cultivar
NBH-22 from north east part of India, through
diverse agro techniques under various
growing conditions was tried (Fig. 3). The
collection failed to grow satisfactorily in
sodic soil conditions.

Fig. 2. Two new varieties of Gladiolus added to the germplasm
collection of CSIR-NBRI

 Bangalore Beauty                    Punjab Elegance

Turmeric productivity enhancement demonstrations in
Meghalaya

Fig. 3. Turmeric productivity enhancement demonstrations in Meghalaya using
Phosphorus Solubilising Bacteria (PSB)

Experiment 
Site 

Laitmynsaw 
BRDC farm 

Altitude 1714 m  

Latitude  25º32’28.67” N Longitude 91º49’19.12”E 
The application of PSB as seed treatment enhanced the 
germination rate of the crop as well as increased the 
rhizome yield by 54 %.   
Experiment 
Site 

Ri Kanaan 
West Jaintia Hills 
District, 
Meghalaya 

Altitude 963 m 

Latitude  25032’721” N Longitude 92032’086” E 
Three varieties of turmeric Lakadong, Ladaw and Lashein 
were grown. The fastest rate of emergence was observed in 
Lashein + NADEP + PSB treated plots. Increase in plant 
height was observed in treated plots when compared to 
control which may be due to high absorption of nutrients in 
PSB treated plots (Fig. 4). 
The PSB treated plant showed healthy and vigorous health 
whereas leaf spot, a major disease of turmeric was seen in 
the control plots only. 
Yields of all three varieties were significantly higher in PSB 
treated plots in comparison to other treatments. The average 
yield of treated plots (28.34 t/ha) was much higher than 
control plots (16.27 t/ha). 
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Three turmeric varieties, Lakadong, Lashein and
Ladaw were obtained from Meghalaya. These are high
quality accessions with poor rhizome yield. The materials
are being tested for pathogenecity, quality and
multiplication.

Development and Release of Turmeric Variety

A new variety of Curcuma
longa L., named as Kesari (Fig.
5) was released on 8th Feb. 2016
by HE Sri Ram Naik, Governor
of U.P. This variety is having
specialty of cold tolerance,
remains green up to the last
week of January with high yield
potential (~35 t/ha  fresh
weight) even under partially
reclaimed sodic soil. The variety
is tolerant to foliar diseases and
has shade tolerance, showing
good prospects as inter-crop in
orchards. Following are the
details of new variety:

Late senescence: Tolerance to low temperature

Growing period: 230-240 days against approx. 200 days
of other varieties

 High yield potential (>35 t/ha fresh rhizomes)

 Optimum quality - 1.16% Total curcuminoids

Quality of Rhizomes

Fig. 4. Three varieties of turmeric, Lakadong, Ladaw and Lashein in control plots (a-c): treated with, Lashein + NADEP + PSB (d-f).

Fig. 5. New variety of
turmeric “Kesari”

Leaf essential oil (0.61%)

Sixteen compounds identified. á-phellandrene
(34.04%), p-cymene (17.31%) and p-Mentha-1,4(8) diene
(17.26%) are major compounds (Fig. 6).

Total carotenoid (mg g-1 FW) 0.41±0.04 

Rhizome Moisture % 82.74±0.26 

AOA (IC50 mg mL-1) 0.12 

EC50 (mg/mg DPPH) 5.32 

TPC (mg g-1) 14.62 ± 0.30 
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Fig. 6. GCMS chromatogram of leaf essential oil from the new
turmeric variety, “Kesari”

Rhizome essential oil (1.92%)

Twentyone compounds identified. ar-tumerone
(26.43%), â-tumerone (21.98%) and curlone (15.97%) are
major constituents (Fig. 7).

Evaluation of Bixa in sodic soils

Seventeen accessions of Bixa collected from different
bio-geographical regions (Fig. 8) are being evaluated for
growth, yield and quality at Banthra, having pH ranging
from 8.7 to 9.2. The plants have shown variations in
morphological characters (leaf shape, flower colour,
capsule shape, size and colour etc.) yield (number of
capsule per plant, number and weight of seeds per
capsule) and quality (Bixin content). Based on
morphological characterization, total collection has been
arranged into seven groups.

Genetic diversity assessment in Curcuma using SSR
markers

Analyzed genetic variability in 29 accessions of
Curcuma germplasm using SSR markers. A total of 13 SSR
markers were considered which resulted into 70 DNA
fragments, of which 68 (97.14%) were polymorphic in
nature. The average polymorphic information content (PIC)
was 0.42 and resolving power (RP) was in the range of
2.62-10.34. Average genetic distance was 0.86 across the
29 turmeric genotypes analyzed.

Number of effective alleles (Ne) were found maximum
(1.94) in Cu02 and minimum value (1.64) in Cu08 with an
average value of 1.79. Unbiased hetrozygosity (µHe) were
higher (0.49 in Cu02; Cu07; Cu14) whereas Cu08 resulted
in to a lower heterozygosity value, 0.35. The average
heterogygosity value was, 0.42 across the different
genotypes of Curcuma analyzed in the present study.

Fig. 7. GCMS chromatogram of rhizome essential oil from the new
turmeric variety, “Kesari”

Evaluation of Damask Rose in Sodic Soils.

Damask Rose (R. damascena):  Screening of the best
suited variety in terms of growth and flowering among the
collected varieties of Damask Rose (Rosa damascena and
Rosa centifolia) in sodic soils was continued. Six accessions/
varieties of Damask Rose (NBRD-1, NBRD-2, NBRD-3,
NBRD-4, NBRD-5 and NBRC-1) are being evaluated for
growth, yield and quality at Gehru Research Centre of
CSIR-NBRI, having high pH range (  9.5).

An experiment is going on to find out the best suited
variety out of 12 selected, for sodic soil along with integrated
nutrient management  approach including FYM and
biofertilizers (PSB and Trichoderma).

Fig. 8. Accessions of Bixa  orellana  collected from different bio-
geographical regions of India.
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Performance and evaluation of elite plant material and/
or cultivars through multi-locational coordinated trials.

Corms of four Gladiolus cvs. - ‘Neelima’, ‘Roshani’,
‘Usha’ and ‘Amethyst’ and rhizomes of Canna cultivars-
‘Raktima’ and ‘Agnishikha’ along with guidelines for
Gladiolus and Canna cultivation were provided to CSIR-
IHBT, Palampur and CSIR-IIIM, Jammu. Seeds of five
accessions of Bixa orellana with experimental plan for their
performance evaluation were also provided from NBRI.

CSIR-IHBT, Palampur has provided corms of six cvs
(Palampur Pride, ‘Palampur Delight’, ‘Palampur Queen’,
‘Tushar Mouli’, ‘The Saint’ and ‘Selection No. 30’) of
Gladiolus. The performance of ‘Palampur Delight’ is best
followed by ‘Tushar Mouli’ and ‘Selection No. 30’

Seeds of best five Bixa accessions, along with the
technical details has been provided to CSIR-CIMAP, CSIR-
IHBT and CSIR-NEIST for their multi-location trials.

Research work on Gladiolus under sodic soil

To utilize the sodic soil, an experiment is going on at
Gehru research centre of CSIR-NBRI Lucknow, comprising
three different nutritional management practices as main
factor and twelve gladiolus varieties as sub factor for
evaluating the growth and performance and screening of
most promising gladiolus variety to cultivate under such
type of degraded sodic land. During the investigation, it
was observed that the field provided well rotten organic
manure supplemented with treated corms of gladiolus with
phosphorus solublizing bacteria (PSB) and Trichoderma
showed significantly higher growth and flowering with
more number of spikes bearing florets per plant. Among
the varieties,  Tiger flame and Big time supreme showed
significantly better growth performance in terms of plant
height at 90 DAS, spike lentgh and florets/spike, which is
most desirable trait for economic point of view. However,
significantly higher corm yield/plant was obtained from
Big time supreme, due to significantly higher corm weight
and corm per plant, indicating the ultimately better
peroformance of Big time supreme, among the all varieties
evaluated under sodic land condition.

Training Programs

To increase awareness and promote the use of
biofertilizers, training  programs and Kisan melas were
organized and farmers were provided free samples of PSB
and Trichoderma along with extension manual and
technical guidance.

Multilocational Trials

CSIR-NBRI developed PSB/Trichoderma culture were
provided to Bio Resources Development Centre, Shillong
(Meghalaya) for testing and evaluation in Meghalaya on
various crops

Field Trails and Demonstrations on CSIR-NBRI Bio-
inoculants in Meghalaya

WJH=West Jaintia Hills; EJH=East Jaintia Hills; SWKH=South West
Khasi Hills; EKH= East Khasi Hills

S.  
No. 

District Village Block Crops 

1 North 
Garo 
Hills 

Balgito Resubelpara Chillies, Pumpkins, 
Beans, Tomatoes, 
Mustard, Cabbage. 

2 Amlarem Amlarem 
3 Laskein Laskein 
4 

WJH 

Thadlaskein Thadlaskein 

Potatoes, Chillies, 
Pumpkins, Beans, 
Tomatoes, Maize, 
Mustard, Cabbage, 
Rice. 

5 Jirang Jirang 
6 Umsning Umsning 
7 

Ri-Bhoi 

Umling Umling 

Ginger, Tomatoes, 
Chillies, Mustard, 
Maize, Beans, Rice, 
Pineapples. 

8 Mutong Khliehriat 
9 Saipung Khliehriat 
10 

EJH 

Narwan Khliehriat 

Beans, Tomatoes, 
Maize, Mustard, 
Cabbage, Potatoes, 
Chillies, Pumpkins, 
Turmeric. 

11 SWKH Mawkyrwat Mawkyrwat Rice 
12 Nongjrong Mawkynrew Orange 
13 Mawklot Mylliem 
14 Laitmynsaw Mylliem 

Cabbage, 
Cauliflower, 
Mustard, Peas, 
Radish, Carrot, 
Lettuce, Chillies, 
Beans, Turnip. 

15 

EKH 

Nongkwai Pynursla Orange 
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5.  Integrated NextGen approaches in health, disease
and environmental toxicity (INDEPTH)

Nodal Scientist: RD Tripathi/ S Mallick

Scientists : D Chakrabarty, UN Rai, N Singh, PC Singh,
PK Srivastava, Suchi Srivastava

Technical Staff : S Dwivedi, B Kumari

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.

Biodegradation of hydrocarbon (n-tetracosane) using
identified bacteria

An experimental study was undertaken under the
INDEPTH project to evaluate the degradation of high
molecular weight alkane i.e. tetracosane using three
petroleum hydrocarbon degrading bacterial strains.
During biodegradation study of tetracosane (500 ppm) in
minimal salt media in presence of the three bacterial strains
i.e. P. aeruginosa (PSA5), Cronobacter sp. (PSM10) and
Rhodococcus sp. (NJ2), it was observed that, 91% of the
tetracosane was degraded by P. aeruginosa PSA5, 88% by
Cronobacter sp. PSM10 and the least (85%) was recorded
by Rhodococcus sp. NJ2, in comparison to only 6%
degradation in the control i.e. linked to abiotic factors (Fig.
1). The results of degradation pattern clearly depicted that
all the bacterial strains were potential degraders of
tetracosane. The specific degradation rate calculated was
found to be 9.19 day -1 for P. aeruginosa PSA5, 8.93 day-1 for
Cronobacter sp. PSM10 and 8.6 day-1 for Rhodococcus sp.
NJ2, in a decreasing order. The least specific degradation
rate was observed in control (0.6 day-1) due to absence of
bacterial strains.

degradation of n-tetracosane metabolism. The specific
activity of alkane hydroxylase was observed to be
maximum in Pseudomonas aeruginosa (PSA5) and minimum
in Rhodococcus sp. (NJ2). In case of Pseudomonas aeruginosa
PSA5, the peak induction of alkane hydroxylase activity
was recorded as high as 2539 µmol mg-1 protein, while in
Cronobacter sp. (PSM10) and Rhodococcus sp. (NJ2), the
maximum activity of this enzyme was recorded as 1838
and 1278 µmol mg-1 protein, respectively, after 8 days of
incubation (Fig. 2a).Alcohol dehydrogenase activity was
found invariably higher than alkane hydroxylase in all
three bacterial strains Pseudomonas aeruginosa (PSA5),
Cronobacter sp. (PSM10) and Rhodococcus sp. (NJ2), during
tetracosane degradation. A maximum activity of alcohol
dehydrogenase was attained by Pseudomonas aeruginosa
PSA5 (4993µmol mg-1 protein), followed by Cronobacter sp.
PSM10 (2730µmol mg-1 protein) and minimum was
recorded in Rhodococcus sp. NJ2 (1515 µmol mg-1 protein)
after 8 days of incubation period (Fig. 2b). Induction of
aldehyde dehydrogenase was also observed in all the three
bacteria during the tetracosane degradation. Among three
degradative enzymes, aldehyde dehydrogenase was
induced higher than alkane hydroxylase and alcohol
dehydrogenase in these microbes. The maximum activities
of aldehyde dehydrogenase i.e. 12922, 10161 and 5015
µmol mg-1 protein were recorded in Pseudomonas aeruginosa
PSA5, Cronobacter sp. PSM10 and Rhodococcus sp. NJ2,
respectively, after 8 days of incubation (Fig. 2c). During
degradation of tetracosane, the highest lipase activity was
observed in all three bacterial strains Pseudomonas
aeruginosa, Cronobacter sp. and Rhodococcus sp. after 8 days
of incubation and then declined. The maximum activity
was attained by Pseudomonas aeruginosa (4684 µmol mg-1

The activities of four degradative enzymes, i.e., alkane
hydroxylase, a lcohol dehydrogenase, aldehyde
dehydrogenase and lipase were monitored during the

Fig. 2. Specific activities of alkane hydroxylase (a), alcohol
dehydrogenase (b), aldehyde dehydrogenase (c) and lipase (d) during
n-tetracosane metabolism by bacteria.

Fig. 1. Biodegradation of n-tetracosane by bacteria in MSM
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protein), followed by Cronobacter sp. PSM10 (3744 µmol
mg-1 protein) and minimum activity (3615 µmol mg-1

protein) was found in Rhodococcus sp NJ2 (Fig. 2d).

Achieving low arsenic in grain rice by supplementing
with sulphur and selenium

Arsenic (As) contamination in rice presents
significant risk for the humans through dietary exposure.
Sulphur (S) supplementation would lead to more chelation
of As in roots through thiols, resulting in lesser As transport
in shoot. Supplementation of S and Selenium (Se) may be
an effective strategy for As tolerance and reducing As load
in plants. Therefore, identification of biochemical and
molecular mechanism for As tolerance during S and Se

Fig. 3. Effect of formulation on the growth of wheat plant under field conditions where rice straw was amended in field.

interaction would provide useful information leading to
an improved understanding of As tolerance in plants.

Microbes for soil carbon sequestration through rice straw
decomposition

Microbial formulation comprising of a combination
of fungi and bacteria has been developed for faster
decomposition of rice straw. The formulation has the ability
to promote the plant growth of maize under pot trial
conditions while the decomposed straw was mixed with
soil. Experiments performed under field conditions
exhibited better yield of wheat when the formulation was
applied directly to the field where rice straw was amended
(Fig. 3).

  Soil control          Straw control                    Urea control        Formulation control
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6.   Probing the changing atmosphere and its impacts in
Indo-Gangetic Plains (IGP) and Himalayan Regions (AIM
– IGPHim)

Nodal Scientist: V Pandey

Scientists : A Mishra, CS Nautiyal, PA Shirke, OP Sidhu

Objectives:
 Impact of Green House Gases (CO2 & O3) on crops of

Indo-Gangetic plains.
 Identification of soil microbes related to carbon

sequestration.

In India, maize is the third most important food crop
after rice and wheat. The response of maize, a C4 crop, to
elevated CO2 was studied. Two commonly grown maize
varieties, PEHM 2 and SMH 3031 having similar growth
condition, fertilizer requirement and maturation period
were selected for the study. Among 6 FACE rings, 3 were
used for ambient carbon dioxide (ca 400 ppm) and other 3

for carbon dioxide enrichment (ca 460 ppm). Each
individual ring was divided in six subplots of 4.5m-2 areas.
In randomize way each maize variety was sown in two
plots per ring.

Both the selected varieties showed increased
photosynthetic rate, decreased levels of stomatal
conductance, respiration and transpiration under eCO2
condition. Total plant biomass was found increased in
both varieties in eCO2 condition. SMH 3031 also showed
less lipid peroxidation. Total glutathione content was found
decreased in PEHM 2 while it was increased in SMH 3031
under eCO2 condition. PEHM 2 showed increased while
SMH 3031 showed decreased level of superoxide
dismutase (SOD) in elevated carbon dioxide condition.
Levels of catalase and APX were found to be decreased for
both cultivars in elevated condition. Weight of 1000 grains
was found increased in PEHM 2 and decreased SMH 3031
in elevated condition (Fig. 1). In eCO2 condition harvest
index for PEHM 2 was found decreased while it was
increased for SMH 3031 cultivar (Fig. 1).

Fig. 1. Effect of elevated level of carbon dioxide on different parameters in two varieties of maize.  Bars represents mean ± standard deviation
(n = 5).
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7.  Plant-microbe and soil interactions (PMSI)

Nodal Scientist: CS Nautiyal

Scientists: PS Chauhan, M Kumar, Charu Lata, A Mishra,
SK Raj

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 control and field conditions.

 Characterizing plant interactions with PGPR and
viruses.

Highlights

Southern blight disease of tomato control by 1-
aminocyclopropane-1-carboxylate (ACC) deaminase
producing Paenibacillus lentimorbus B-3048

Tomato cultivation is highly susceptible for soil born
diseases and among them southern blight disease caused
by Scelerotium rolfsii is very common. For its management
use of chemical fungicides is not very successful as their
spores are able to survive for many years in the soil. As an
alternative eco-friendly approach to control the disease
antagonistic microbes are being characterized. Among
them plant growth promoting rhizobacteria Paenibacillus
lentimorbus B-30488 (B-30488) with antagonist ic
properties, multiple PGP attributes stress tolerance and
ACC deaminase enzyme activity is characterized to
decipher its mode of action against S. rolfsii under in vitro
and in vivo conditions. In vitro results obtained from this
study clearly demonstrate that B-30488 has ability to show
antagonistic properties under different abiotic stresses
against S. rolfsii. Similar results were also obtained from
in-vivo experiments where B-30488 inoculation efficiently
controlled the disease caused by S. rolfsii and improve the
plant growth. Deleterious effect of enhanced ethylene levels
in S. rolfsii infected plants was also ameliorated by
inoculation of ACC deaminase producing B-30488
(Fig. 1). The ACC accumulation, ACO and ACS activities
were also modulated in S. rolfsii infected plants. Results
from defense enzymes and other biochemical attributes
were also support the role of B-30488 inoculation in

ameliorating the biotic stress caused by S. rolfsii in tomato
plants. These results were further validated by pathogen
related gene expression analysis by real time PCR. From
the results of this study it may be concluded that ACC
deaminase producing B-30488 has ability to control the
southern blight disease caused by S. rolfsii and a
commercial bioinoculant package may be developed.

Paenibacillus lentimorbus inoculation enhances tobacco
growth and extenuates the virulence of Cucumber mosaic
virus

This study investigated potential of B-30488 as a
biocontrol agent against an economically important virus,
Cucumber mosaic virus (CMV), in Nicotiana tabacum cv.
White Burley. The study delineates the physical,
biophysical, biochemical and molecular perturbations due
to the trilateral interaction of PGPR-host-CMV. Soil
inoculation of B-30488 enhanced the plant vigour and
significantly decreased the CMV virulence and virus RNA
accumulation by ~12 fold (91%) in systemic leaves of CMV
infected tobacco plants as compared to the control ones.
Histology of these leaves revealed improved  healthy
tissues and least aging signs in B-30488 inoculated tobacco
plants, with or without CMV infection. B-30488 reduced
intercellular spaces between collenchyma cells, reduced
amount of xyloglucans and pectins in connecting primary
cells, and increased polyphenol accumulation in
hypodermis layer extending to collenchyma cells. B-30488
inoculation favourably manoeuvred the essential
biophysical (ion leakage and photosynthetic efficiency)
and biochemical (sugar, proline, chlorophyll,
malondialdehyde, acid phosphatase and alkaline
phosphatase) attributes of tobacco plants to positively
regulate and release the virus stress. Moreover, activities
of defense related enzymes (ascorbate peroxidase, guaiacol
peroxidase, superoxide dismutase and catalase) induced
due to CMV-infection were ameliorated with inoculation
of B-30488, suggesting systemic induced resistance
mediated protection against CMV in tobacco. The
quantitative RT-PCR analyses of the genes related to
normal plant development, stress and pathogenesis also
corroborate well with the biochemical data and revealed
the regulation (either up or down) of these genes in favor
of plant to combat the CMV mediated stress (Fig. 2). These
improvements led tobacco plant to produce more flowers
and seeds with no negative impact on plant health.
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Fig. 2. PGPR promoted the tobacco health and reduced virus load. (a) N. tabacum cv. White Burley plants showing induced growth at 28 dpi
in B-30488 treated plant with or without CMV infection as compared to healthy (control) and disease (CMV) plants. (b) A close view of 3rd
tobacco leaf from top showing disease severity and chlorophyll differences. (c) Ethidium bromide stained agarose gel image showing high
virus accumulation in leaf of CMV infected plant (CMV) as compared to B-30488 protected plant (B-30488+CMV). (d) Graphical representation
of viral RNA load suggesting high CMV accumulation in infected tobacco (CMV) plant as compared to B-30488 protected plant (B-
30488+CMV). Concentration of viral RNA was quantified by semi-quantitative PCR using CMV-coat protein (CP) gene specific internal
primers and tobacco elongation factor 1alpha (EF1á) gene was used as an internal plant control. (e) Enzyme linked immunosorbent assay
(ELISA) of upper leaves showing virus accumulation levels at 28 dpi. Plants were challenged with inoculum diluted ten times prepared from
the leaves of tobacco infected with Cucumber mosaic virus (CMV)-A. Bar lines on each histogram indicate the standard error.

Fig. 1. Paenibacillus lentimorbus B-30488 inoculation enhances tomato growth promotion and biological control against Sclerotium rolfsii.
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8.  S&T interventions to combat malnutrition in women
and children

Nodal Scientist : CS Nautiyal and AKS Rawat

Scientists : S Khatoon, SK Ojha, CV Rao, S Rastogi,
S Srivastava, SK Tewari

Technical Staff : MM Pandey

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, cereals 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.

Highlights

Three Tech-villages – Dua (Unnao), Dafedar Ka Purva
(Barabanki) and Tulsipur (Amethi) have been selected and
targeted for intervention through S&T to combat
malnutrition with the developed product Nutri-Jam.
Surveyed all the villages several time for collection of data,
nutritional status, food and drinking water status of the
individuals. Posters on various aspects related to the
importance of vegetables, fruits, cereals and medicinal
plants etc were prepared and displayed in the class rooms
of Primary School of Daun village for creating health
awareness among the rural masses. During this year, 4-5
visits were organized to these villages, during the Health
camp the products and posters were exhibited and
scientists interacted with the participants. Dr. Sanjeev Ojha
along with the doctors of CSIR-CIMAP collected the data
regarding malnutrition status of children, young girls,
women and men. Blood samples were also collected from
selected people for the selection of personals to which the
nutritional products will be distributed to combat the
malnutrition.

A View of a the health camp at Tulsipur (Amethi) village
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9.  Root biology and its correlation to sustainable plant
development and soil fertility (RootSF)

Nodal Scientist: CS Nautiyal

Scientists: MH Asif, S Bag, D Chakrabarty, PS Chauhan,
A Lehri, A Mishra, RC Nainwal, V Pandey, AP Sane, VA
Sane, I Sanyal, SV Sawant, PA Shirke, OP Sidhu, D Singh,
PC Singh, Suchi Srivastava, SK Tewari, RD Tripathi

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.

Highlights

Synergistic effect of Pseudomonas putida and Bacillus
amyloliquefaciens ameliorates drought stress in chickpea
(Cicer arietinum L.)

Two plant growth promoting rhizobacteria (PGPR)
Pseudomonas putida NBRIRA and Bacillus amyloliquefaciens
NBRISN13 with ability to tolerate abiotic stress along with
multiple PGP traits like ACC deaminase activity, minerals
solubilisation, hormones production, biofilm formation,
siderophore activity were evaluated for their synergistic
effect to alleviate drought stress in chickpea. This study
explores in detail the possibilities and benefits of utilizing
these two PGPRs in consortium for improving the
chickpea growth under control and drought stressed
condition. In-vitro results clearly demonstrate that both
the PGPR strains are compatible to each other and exhibit
synergistic effects enhancing the PGP attributes.
Greenhouse experiments were conducted to evaluate the
effect of inoculation of both strains individually and in
consortia under drought tolerant and sensitive cultivars
(BG362 and P1003). The growth parameters were observed
to be significantly higher in consortium as compared to
individual PGPR (Table 1). Colonization of both the PGPRs
in chickpea rhizosphere has been visualized by using gfp
labeling (Fig. 1). Apart from plant growth parameters,
defense enzymes, soil enzymes and microbial diversity
were significantly modulated individually in consortia by
the PGPRs. Negative effects of drought stress were relieved
and was apparent by higher biomass and reversal of stress
indicators in chickpea cultivars treated with PGPR
individually or in consortia. It is concluded that synergistic
application of the two PGPRs has better potential to
improve plant growth promotion under drought stress
conditions.

Fig. 1. Visualization of gfp tagged Pseudomonas putida RA and Bacillus amyloliquefaciens SN13 on chickpea roots. Panel A shows root adherence
of gfp transformed in Pseudomonas putida (a), (c) and (d) showing gfp adherence on root whereas (b) and (e) are control without gfp label
bacteria. Panel B shows Bacillus amyloliquefaciens (a), (d) showing gfp adherence on root whereas (b) and (e) are control without gfp label
bacteria.
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Pseudomonas putida attunes morphophysiological,
biochemical and molecular responses in Cicer arietinum
L. during drought stress and recovery

Role of Pseudomonas putida MTCC5279 (RA) in
ameliorating drought stress on cv. BG-362 (desi) and cv.
BG-1003 (kabuli) chickpea cultivars under in-vitro and
greenhouse conditions was studied. Polyethylene glycol-
(PEG 6000) induced drought stress severely affecting seed
germination in both cultivars which was considerably
improved on RA-inoculation. Drought stress significantly
affected various growth parameters, water status,
membrane integrity, osmolyte accumulation, ROS
scavenging ability and stress-responsive gene expressions,
which were positively modulated upon application of RA
in both the chickpea cultivars. Quantitative real-time (qRT)-
PCR analysis showed differential expression of genes
involved in transcription activation (DREB1A and NAC1),
stress response (LEA and DHN), ROS scavenging (CAT,
APX, GST), ethylene biosynthesis (ACO and ACS), salicylic
acid (PR1) and jasmonate (MYC2) signalling in both
chickpea cultivars exposed to drought stress and recovery
in the presence or absence of RA. The observations imply
that RA confers drought tolerance in chickpea by altering
various physical, physiological and biochemical

parameters, as well as by modulating differential
expression of at least 11 stress-responsive genes (Figs. 2
and 3).

Fig. 2. Differential expression of genes in chickpea cultivars cv. BG-
362 (A) and cv. BG-1003 (B) exposed to drought stress at 0, 1, 3 and
7 days and recovery in the presence or absence of RA. The heat map
has been generated based on the fold-change values in the treated
sample when compared with its unstressed control sample. The
colour scale for fold-change values is shown at the top.

Fig. 3. A model of the physiological, biochemical, and molecular
basis of drought stress tolerance operating in chickpea is created
based on the differential response of both contrasting desi and kabuli
cultivars. The enzyme assays and physiological parameters estimated
in this study are indicated in normal font and well-known concepts
reported in model species are shown in italics.

De novo assembly and characterization of root
transcriptome in two distinct morphotypes of vetiver,
Chrysopogon zizaniodes (L) Roberty

Vetiver, a perennial C4 grass, has long been known
for its multifarious uses in perfumery, medicine and
environmental protection. Two distinct vetiver
morphotypes have been identified in India, i.e., A. North
Indian type characterized by thick and smooth fast growing
roots that produce superior quality of laevorotatory oil;
and B. South Indian type with more number of thin and
hairy roots that produce inferior quality of dextrorotatory
oil (Fig. 4). The two morphotypes were targeted for
transcriptome analysis to understand the contribution of

Fig. 4. Morphology of whole plants, root architecture and anatomy
of two vetiver morphotypes, South Indian Type (A) and North Indian
Type (B).



57

CSIR-NATIONAL BOTANICAL RESEARCH INSTITUTE

SUPRA-INSTITUTIONAL NETWORK PROJECTS

Table 1. Plant growth promotion in chickpea cultivars treated with Pseudomonas putida RA and Bacillus amyloliquefaciens SN13
individually and consortium under control and drought stress conditions.

*values of root and shoot length taken 30 DAS, dry weight after drying at 45°C for 3 days.
RA (P. putida); SN13 (B. amyloliquefaciens); RS (consortia of RA and SN13).
“±: Standard errors (n=6)”. Different letters within column represents significant difference at (P=0.05) by using DMRT.

Fig. 5. Expression analysis of putative enzymes involved in terpene
biosynthesis: A) Putative pathway for sesquiterpene biosynthesis in
vetiver. All the enzymes found in this study related to different
steps are shown between the reactions catalyzed. Expression of
different transcripts related to these enzymes in sample A and
Sample B is shown by heatmap. B) Names and expression value
(FPKM) of enzymes related to terpene biosynthesis.

genetic background on oil quality and root morphology.
Sample A showed enhanced activity of flavonoid and
terpenoid biosynthesis related genes, i.e. ERF, MYB, bHLH,
bZIP and WRKY (Fig. 5). Interestingly, expression analysis
revealed that the genes involved in sesquiterpene
biosynthesis pathway were up regulated in Sample A.
Moreover, some of the genes involved in mevalonate

pathway of sesquiterpene biosynthesis were unique to
Sample A. Our results also demonstrated several
transcripts involved in root development and hormonal
regulation being up regulated in Sample A (Fig. 6). To

Fig. 6. Expression analysis of transcripts involved in regulation and
root development. A) MapMan visualization showing the observed
differential expression patterns of transcripts involve in hormonal
regulation and development, based on the Log2 FCs of transcript
levels, in Sample B (South Indian Ecotype) compare to Sample A
(North Indian Ecotype). In the display, each BIN or sub BIN is
represented as a block where each transcript is displayed as a square.
Red color indicate down regulation while blue colors showing up
regulation in Sample B compare to Sample A. B) Heat map showing
FPKM based expression of different transcripts involve in root
development and regulation. Red and Green colors showing lower
and higher expression of related transcripts, respectively.

Treat-
ments  

Root 
length 
(cm) 

Shoot 
length 
(cm) 

Fresh weight 
root (mg) 

Fresh weight 
shoot (mg) 

Dry weight 
root (mg) 

Dry weight 
shoot (mg) 

No. of Root 
nodules 

R/S DW 
ratio 

BC 16.7±1.3de 12.3±0.7def 321.66±19.56abcd 808.00±31.05a 90.00±12.60d 80.00±5.10a 44.67±3.05ef 1.13 
BC+D 13.3±1.3cd 11.8±1.0d 270.66±26.65abc 707.34±74.45a 27.57±2.24a 75.13±8.64a 40.67±3.79e 0.37 
BRA 20.1±3.4ef 13.8±0.3fg 595.33±64.39de 899.67±64.01ab 110.90±13.28e 110.00±10.13bc 42.00±5.29e 1.01 
BRA+D 18.7±3.1e 12.2±0.9de 537.00±41.60cde 818.67±84.28a 40.60±4.68ab 88.54±11.01ab 35.00±5.00d 0.46 
BSN 24.1±3.8gh 14.6±1.1gh 457.66±91.15bcde 809.34±51.98a 130.40±6.42f 100.34±8.90ab 48.00±3.60fg 1.30 
BSN+D 22.4±3.4fg 12.6±0.4ef 440.66±93.30bcde 793.34±43.31a 31.63±6.66a 79.81±3.99a 44.34±4.93ef 0.40 
BRS 26.5±1.8h 16.3±0.7i 573.00±48.53de 962.34±18.47ab 180.90±14.35g 129.69±13.20cd 50.34±1.52g 1.39 
BRS+D 26.3±1.1h 16.0±0.8hi 560.33±60.45cde 934.34±61.58ab 46.63±6.76b 128.34±12.74cd 48.34±1.53fg 0.36 
PC 8.2±1.6ab 6.1±1.2a 174.33±37.07ab 1270.00±101.48abc 48.33±9.07b 99.60±6.35ab 18.67±3.05b 0.49 
PC+D 4.9±0.5a 4.8±1.1a 83.67±5.50a 610.00±85.44a 27.33±6.42a 90.00±9.64ab 11.34±1.52a 0.30 
PRA 11.6±0.4bc 9.0±0.4bc 206.67±15.27ab 1893.34±120.5cde 63.33±4.72c 139.00±5.29b 31.34±1.52d 0.46 
PRA+D 9.9±1.1bc 7.8±0.9b 180.00±12.12ab 1653.34±177.85bcd 47.00±2.64b 224.00±42.55e 24.00±1.00c 0.21 
PSN 10.1±0.5bc 9.5±1.1c 550.00±30.00cde 2346.67±395.13de 110.00±3.78e 148.67±9.16b 30.00±2.00d 0.74 
PSN+D 8.6±0.5bc 7.9±0.5bc 445.33±63.90bcde 2176.67±70.23de 87.67±5.13d 140.67±18.02d 21.67±1.52bc 0.62 
PRS 12.2±1.8bc 11.5±0.8de 661.33±81.39e 2540.00±210.00e 180.67±3.00g 150.33±5.56d 34.67±1.52d 1.20 
PRS+D 11.3±2.1bc 10.9±0.8d 321.66±19.56e 808.00±31.05de 117.50±11.60ef 84.87±4.58d 44.67±3.05d 1.30 
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validate gene expression results of RNA-seq data, 20
transcripts were validated by qRT-PCR experiment. This
study provided an important start point for further
discovery of genes related to root oil quality in different
ecotypes of vetiver.

Comparative analysis of two contrasting rice cultivars
for their drought tolerance, using transcriptome
sequencing

Two contrasting rice varieties, one drought resistant
and another drought sensitive, were selected. Seeds of both
the varieties were germinated and grown on Hewitt media
containing 20% Poly Ethylene Glycol (PEG 6000) at 16 hrs
light and 8 hrs, dark photoperiod at 25 ±2oC. Roots were
harvested after 24 hrs, 3 days and 7 days of PEG 6000
treatment and stored at -80oC. Total RNA was extracted
from treated rice roots and transcriptome sequencing of 12
samples was done.

Based on sequencing results comparative expression
analysis was done by using different sets and parameters.
22 highly differentially expressed genes were selected

based on comparative analysis. Primers have been
designed for further validation by quantitative real time
PCR.

Four genes based on relative expression pattern and
bioinformatics analysis were selected, WRKY, heat shock
protein, and dehydrin. Full-length cDNAs have been
cloned and confirmed in Arabidopsis expression vector
pBI121. Transformation was performed for all the five
genes. The selection of transformed T0 generation plants
was made on 1/2 MS kanamycin plate. The overexpressing
plants of above mentioned genes are in T2 stage.

Out of the four genes, dehydrin, OsIAA10 and express
protein which have been transformed in rice for functional
characterization showed phenotypic variation as
compared to control. There is clear variation in root
morphology (root length and number of lateral roots) of
transgenic lines compared to control in all the cases. Plants
overexpressing dehydrin and express protein are in T2
Stage and OsIAA10 in T3 generation. Further experiments
are underway to test their role in drought stress.

Fig. 7. A- Surface sterilization of seeds, B- Inoculation of seeds on BAP supplemented medium, C- Induction of multiple shoots from seeds,
D- Preparation of cotyledonary node explants, E- Explants co-cultivated in the presence of Agrobacterium, F- Co-cultivated explants after
15 days of culture, G- Explants cultured on shoot induction medium, H- Individual shoots subjected to antibiotic selection, I- Shoots
cultured on media supplemented with silver nitrate for elongation, J- Acclimatization of in vitro regenerated shoots grafted on seedling
stocks, K- Successful hardening of transgenic shoots, L- Transfer of plantlet to pot under glasshouse conditions.



59

CSIR-NATIONAL BOTANICAL RESEARCH INSTITUTE

SUPRA-INSTITUTIONAL NETWORK PROJECTS

Soil metagenomics

Sixteen parameters namely pH, Electrical
Conductivity (EC), Total organic carbon (TOC), Microbial
Biomass Carbon, (MBC), Water Holding Capacity (WHC),
Bulk Density (BD), Porosity, Particle Density(PD), Available
P, Total P, Available K, Total K, Extractable sulphate, Soil
Texture , Available N and metal analysis for quality
assessment of 225 soil samples collected from 75 districts
of UP have been completed.

Functional validation of CAMTA gene in chickpea in
response to water stress

The aim was to develop drought tolerance in

chickpea, by expression of CAMTA transcription factor in
chickpea for drought tolerance. The following progress
was made:

 Development of T0 transgenic events of chickpea
(Fig. 7).

 Characterization of transgene in the putative
transgenic events.

 Establishment of these events under controlled
environmental conditions.

 Collection of seeds of T1 generation for genetic
analysis.
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Scientists: L Bahadur, AK Dwivedi, A Jain, RS Katiyar,
RC Nainwal, TS Rahi, RK Roy, D Singh, SK Tewari

Technical Staff: A Batra, B Das, A Kumar, R Kumar,
S Kumar, G Sharma, SK Sharma, S Singh, RK Tripathi,
SS Tripathi, Shankar Verma, Saurabh Verma, MG Prasad

Grant-in-Aid Projects

Standardization and promotion of organic seed
production of Turmeric (Curcuma longa L.) in Uttar
Pradesh

The increasing demand world over for organic
material will require organic cultivation protocols for its
profitable cultivation by the farmers. The project activities
continued this year to study the production economics of
turmeric.

Two experiments were conducted in randomized
block design with three replications. The experiment-1
(Standardization of integrated organic farming approach
to achieve optimum yield and quality), consisted of 11
treatments: T1 - 100 % RDF (NPK+ Zink), T2 - Vermicompost
20 tonnes/ha, T3 - Coir compost (@ 5 t/ha), T4- 75 % Coir
compost + 25 % Vermicompost, T5- 75 % Vermicompost +

25% coir compost, T6 - 50% Coir compost + 50 %
Vermicompost, T7 - 100 % Vermicompost + PSB, T8- 100 %
Coir compost + PSB, T9 - 75 % Coir compost + 25 %
Vermicompost + PSB, T10   - 75 % Vermicompost + 25%
Coir compost + PSB, T11   - 50% Coir compost + Azospirillum
+ PSB. The experiment-2 (Organic inputs for disease
control and standardization of the proper remediation for
disease and insect management), consisted of  nine
treatments: T1 – Control, T2 - Mancozeb seed treatment, T3
- Neem cake soil treatment, T4 - Trichoderma viride seed
treatment, T5 - Pochonia chlamydosporia Bioagents, T6 -
Bordeaux mixture 1% spray, T7 - Neem oil (0.5%) spray, T8
- Bacillus subtilis seed treatment, T9 - Neemgold (0.5%) spray.

In the first experiment different trea tments
significantly affected the growth attributing characters in
comparison to the control. The maximum plant height,
leaf length and leaf width per plant were recorded in the
treatment T7 which was significantly higher than all the
other treatments. The number of leaves per plant was found
non-significant. The treatments T1 and T10 were found at
par with T2, in all the growth characteristics. Minimum
plant height, number of leaves, leaf length and leaf width
was recorded in treatment T3 (Fig 1a).

Fig. 1a. Field view of organic nutrient management in turmeric
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In the second experiment, all the treatments of organic
input significantly affected the growth attributing
characteristics of turmeric. However, seed treatment with
Trichoderma viride (T4) was found more effective in
comparison to all other treatments, followed by seed
treatment with Mancozeb (T2). Seed treatment with
Trichoderma viride significantly affected the growth
characteristics of the plant, like height, leaf length and leaf
width per plant showing the value of 104.45 cm, 48.13 cm
and 13.75 cm, respectively. Change in number of leaves
per plant was found non-significant in all the treatments
(Fig 1b).

The results indicated that application of different bio
control treatments showed significant resistance against
the disease infestation, except leaf spot disease in the
turmeric crop. The disease incidence score (%) was showed
up to 11.54 % in the control and minimum (2.17%) in the
Trichoderma viride seed treatment.

Establishment of small nursery for fast multiplication of
elite clones and new varieties of medicinal and aromatic
plants

NBRI has been working in the area of germplasm
collection, conservation, standardization of propagation
and cultivation protocol, evaluation of collected
germplasm for qualitative aspects of the crop plants from
medicinal, aromatic, gum and dye yielding categories.
During several years of such studies, the Institute now
has elite germplasm of these categories of plants,
domesticated in the edapho-climatic conditions with
superior quality parameters. A few selected medicinal

plant varieties released by CIMAP have
also been procured and grown in the
herbal garden, located at distant research
centers, Banthara.

A new facility has been established
and ready for use now for the
propagation of medicinal and aromatic
plants (MAPs) (Fig. 2). The farmers  have
been registered for various NBRI
Technologies, a iming at  rural
development. The farmers visited the
station on the occasion of Farmers Fair
(Farmer-interaction programme) and
showed interest in propagation of MAPs
under protected conditions. The
plantation of MAPs viz., Haldi, Shatawar
was promoted as  intercrops.  The
seedlings and planting material of above
plants were distributed to the farmers.

Fig.  1b. Field view of organic disease management in turmeric

Evaluation of medicinal plants for cultivation in sodic
wasteland of Uttar Pradesh

Sodicity evaluations have been done on
Ashwagandha (Withania somnifera) and Kalmegh
(Andrographis paniculata) and maintained seven varieties
and accessions of Ashwagandha (NMITLI-101, NMITLI-
108, NMITLI-118, NMITLI-135, Poshita, WB-134 (DMAPR)
and Gujarat Ashwagandha-1) for future research
(Figs. 3 & 4 ).

It was found that Ashwagandha up to 25 ESP and
Kalmegh up to 16 ESP can be cultivated without
deteriorating the yield and quality of the crops.The method
has been standardized for development of sodic soil and
organic carbon for evaluation of optimum yields and
quality of the plants. Residual response of sodicity was
observed on Kalmegh. Above 8.7 pH the plant could not
provide the desired economic yield.

Fig. 2. Propagation unit for multiplication of elite clones of MAPs
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Study on the effect of different sources and levels of
organic matter on biomass yield and quality of Kalmegh

The FYM (0-30 t ha-1), Pressmud (0-15 t ha-1) and
Vermi-compost (0-15 t ha-1) applied during last year and
the residual responses of added organic manures (FYM,

Pressmud and Vermi-compost) were observed on growth
and yield of Kalmegh during this year. Maximum residual
response was observed with FYM followed by Pressmud
and Vermi-compost. Vermi-compost showed minimum
response in case of yield and quality at maturity stage of
Kalmegh.

Fig. 3. Sodicity evaluation in seven varieties of Ashwagandha

Fig. 4. Field view of the ongoing experiments on Kalmegh at DRC, Banthra
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FYM-15 t ha-1, Pressmud - 10 t ha-1 and Vermi-compost
- 10 t ha-1 were standardized for economic yield of Kalmegh
under organic farming system (Fig. 5).

Enrichment of germplasms

As part of enrichment of germplasm collection in the
Botanic Garden the following plant species were
introduced, multiplied and popularized:

Orchids

Around 30 species of orchids were collected during
plant collection tours for the enrichment of germplasm and
revival of Orchidarium of the Botanic Garden. The orchids
were collected from natural habitats of six states viz.,
Assam, Bihar, Jharkhand, Meghalaya, Manipur and
Odisha. Some of the species are Acampe praemorsa, Arundina
graminifolia,  Bulbophyllum crassipes, Coelogyne cristata,
Cymbidium sp., Dendrobium aphyllum, D. herbaceum, D.
moschatum, Gastrochilus inconspicuous, Luisia indica, Oberonia
sp., Pelatantheria insectifera, Rhynchostylis retusa, Vanda
coerulea, V. tessellata, etc. Dendrobium aphyllum and Vanda
tessellata are threatened in wild and included in the IUCN
Redlist. Vanda coerulea, the Blue Vanda is protected under
Schedule 2 (Appendix 2) of the Wildlife Protection Act,
1972 (Fig. 6A-D).

Cycads

Recently described Cycas species from Odisha, Cycas
orixensis and C. nayagarhensis were collected from their type
localities for ex-situ conservation at the Botanic Garden.
Young plants and mature seeds were collected from Angul
and Nayagarh districts.  More than 1000 viable seeds of
Zamia loddigesii and 40 seeds of Zamia pumila were

The residual response of FYM and Pressmud was
found similar, while, vermi-compost showed the least effect
on residual effect under organic farming. The method has
been standardized for development of different organic
carbon levels for evaluation of optimum yields and quality
of the plants.

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
the Institute. A wide range of germplasm comprising of
five thousand taxa are conserved ex-situ in the arboretum
as well as plant houses. These live germplasm collections
are an important resource for botanical study and research
besides their use in landscaping for recreation purposes.
The botanic garden with their vast genetic resource is an
out of school education centre for the students, researchers
and the public.

Fig.5 A-C. Residual Effects of different sources and organic matter
on Kalmegh; A-FYM (4.8-8.4 g kg-1); B-Pressmud (3.9-7.5 g kg-1);
C-Vermi-compost (4.1-5.8 g kg-1)

Fig. 6A-D. Orchids introduced to NBRI Botanic Garden. A- Acampe
praemorsa . B-Bulbophyllum crassipes ; C-Dendrobium polyanthum;
D-Vanda tessellata
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developed through hand pollination techniques in the
Cycad House and Conservatory. Development of seed
propagation techniques of the species are going on at RET
Propagation House.

Trees

Chrysophyllum cinito, Labroma bajori collected from
Indian Botanic Garden, BSI, Howrah, and  Brownea coccinea,
Gustavia augusta, Magnol ia grandif lora from Agri-
Horticultural Society, Kolkata.

Ferns

In-vitro raised Diplazium esculentum (Fig. 7) plantlets
have been successfully transferred and introduced to
enrich the fern house of the Botanic Garden.

botanic gardens played an important role in conservation
of threatened cycad species. Some of the botanic gardens
which maintain representative collections of cycads are
Fairy Lake Botanical Garden (China), Montgomery
Botanical Garden (United States), Nong Nooch Tropical
Garden (Thailand), Lowveld National Botanic Garden
(South Africa), Royal Botanic Gardens, Kew (United
Kingdom) and Royal Botanic Gardens, Sydney (Australia).
In India, only few botanic gardens carry out ex-situ
conservation of cycads. Cycad Conservation Centre at
CSIR-NBRI Botanic Garden, which comprises of three plant
houses namely Cycad House, Jurassic Gallery and
Conservatory, is the only such centre in India. The centre
houses 56 species of cycads including 7 species of Indian
Cycas.

At present, three species of Zamia and four Indian
species of Cycas (C. beddomei, C. pectinata, C. sphaerica and
C. zeylanica) are being propagated and multiplied in the
Cycad Centre (Fig 9A-B). Through hand pollination around
700 viable seeds were developed and about 500 healthy
seedlings of Zamia loddigesii were raised. Specialized seed
germination technique was utilized to propagate. Hand
pollination and seed setting of another species Zamia
pumila is under study. The Conservation Centre aims to
propagate all the nine species of Indian Cycas in next one
year for ex-situ conservation purpose as well as exchange.

Release of New Varieties

Bougainvillea

A new variety of Bougainvillea ‘NBRI-A.P.J. Abdul
Kalam’ was released in the Annual Day Function held on
25.10.2015.

Parent: Bougainvillea ‘Fantasy’

Description:

A bud sport (natural mutant); growth habit drooping;
leaves variegated; medium-ovate; leaf size 6.0-7.5 × 4.5-6.0

Mosses and Liverworts

The following nine species of mosses and liverworts
were introduced to the Moss House in the Botanic Garden:
Plagiochasma intermedium, P. cordatum, Bryum coronatum,
Funaria hygrometrica, Conocephalum conicum, Reboulia
hemisphaerica, Wiesnerella denudata, Marchantia polymorpha,
Targionia hypophylla.

Conservation and Mass Propagation

Mass propagation (approximately 950 replicates) of
12 ornamental fern species viz. Adiantum capillus-veneris,
Colysis elliptica, Microsorum punctatum, M. alternifolium,
Nephrolepes biserrata, N. cordifolia, N. exaltata, N. tuberosa,
Pteris vittata, Tectaria macrodonta, Selaginella bryopteris
(Sanjeevani Booti) and Doryopteris ludens (a threatened
fern, Fig.8 ) was made for conservation, sale and
experimental studies.

Multiplication of Rare Cycads

Cycads are the oldest living seed plants and have
survived three mass extinctions. They are known as living
fossils and are the most threatened group of organisms on
earth with almost 64% of cycads at the risk of extinction.
Ex-situ conservation of cycads through a network of

Fig. 7. In-vitro raised Diplazium esculentum introduced to enrich the
fern house of CSIR-NBRI.

Fig. 8. Multiplication of Doryopteris ludens to enrich the fern house of
CSIR-NBRI.
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cm; thorns slightly curved; 0.6-1.0 cm long; 17 nos. of thorns
in 30 cm length of shoot; floral bract size 2.5-3.0 × 1.8-2.3
cm; bract colour - young red (Red group 53-D, Fan-1);
mature red-purple (Red purple 63-B, Fan-2); bract shape
medium ovate; slightly twisted;  star creamy colour (Green-
yellow 1-C, Fan-1); 0.5-0.7 cm in diameter; flowering habit
all along the branches (Fig. 10A&B).

Speciality:

Leaves are very attractive having variegation
combining three colours- green, lemon yellow and ashy-
yellow, bracts large, twisted, winter blooming.

Chrysanthemum

A new variety of Chrysanthemum ‘NBRI-Peetabh’
was released during the Chrysanthemum and Coleus
Flower Show held on December 12-13, 2015.

Parents: A natural hybridization and seedling
selection of Fairy x Unknown

Description:

Plant bushy, semi-upright, 50-55 cm in height; leaves
with shallow depth of sinus, leaf size 7.0-10.0 x 5.5-6.5 cm;

flower - single korean type (semi-quilled), flower head
large, flower size 7-8 cm in dia.; ray florets - anemone, 70-
75 nos. per flower, 1.5-2.5 cm long with extra long basal
tube, spatulate, upper surface having purple stripes (Red-
purple group 72-B, Fan-2) at the centre, margins light-
purple (Purple group 76-D, Fan-2); lower surface light-
purple (Purple group 76-D, Fan-2); disc - 1.5-2.0 cm in dia.,
small head, convex, yellow (Yellow-orange group 14-B,
Fan-1) (Fig. 11A&B).

Speciality: Flower head unusual large in semi-cup
shape having unique semi-quilled ray florets with extra
long basal tube. Attractive structural set-up and colour
combination with purple stripes at the centre and light
purple margins of the ray florets. The variety is suitable as
decorative pot plant.

Propagation House for RET Species:

Conservation and propagation of Rare, Endangered
& Threatened (RET) plant species are important activities
of this Botanic Garden. In order to increase the number of
population of the RET species for their ex-situ conservation
and exchange, a propagation house for RET species has
been created (Fig. 12 A & B).

The following RET species are under propagation:
Cycas beddomei, C. pectinata, C. revoluta, C. sphaerica,
Diospyros discolor, Hoya wightii, Luisia indica, Nepenthese

Fig. 9A-B. Cycad propagation. A-Seed germination and development
of seedlings in Cycas beddomei; B-Young seedlings of Zamia loddigesii

Fig.10A-B. New Bougainvillea variety ‘NBRI Dr. A.P.J. Abdul Kalam’
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khasiana (Fig . 12C), Santalum album, Saraca asoca,
Sequoiadendron giganteum, Zamia furfuacea, Z. loddigesii, and
Z. pumilla

New Kisok Point

As part of the ongoing improvement work in the
Botanic Garden, a new area has been developed near Canna
and Gladiolus gardens. This new garden has an exotic
tree (Tabebuia palmeri), a Kiosk underneath connected with
crazy path together with hanging baskets and potted
flowering plants. As a whole, the area has now been
converted into a selfie point for the visitors (Fig. 13). This
was opened for the public during the Chrysanthemum &
Coleus Flower Show held on Dec 12-13, 2015. This new
addition has made the botanic garden more attractive and
purposeful.

Distant Research Centre (Banthra Research Station)

The Distant Research Centre (Banthra Research
Station) is an experimental center of the institute, developed
on sodic land.  The centre has five field units (Banthra,
Biomass, Gehru, Aurawan, Ranipur) rehabilitated under
diverse land use systems viz. Floriculture, Herbiculture,
Moriculture, Energy plantations, Field Gene Bank,
Populatum, Bambusetum and a semi-natural forest. The
centre is also working on conservation of economically
important species in which exotic and indigenous poplar
clones, varieties of Chrysanthemum, HT rose, Canna and
~200 species of medicinal and aromatic plants are being

Fig. 11A-B : Chrysanthemum ‘Peetabh’

Fig.12 A-C : The RET propagation house –outer and interior views,
with Nepenthes khasiana seedlings being propagated in the house.
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conserved. R&D experiments are carried out for
standardization of agro-technology on degraded sites,
with greater emphasis on non-traditional crop plants,
including floriculture and medicinal and aromatic plants.

Evaluation and improvement of turmeric accessions for
north India

Thirty four accessions of Curcuma longa, collected from
various biogeographical regions are being conserved at
Banthra Research Station. Biochemical analysis (total
curcuminoids, total phenolic contents, Antioxidant
activity) and molecular study of 29 accessions has been
done. Among all the accessions three accessions (NBH-
10, NBH-12 and NBH-18 ) were found to be best yielding
and are cultivated for commercial purpose at Aurawan
centre. Of these, “Kesari”, a promising variety for shade
conditions in northern plains was released on 7th February
2016.

Evaluation of Curcuma species for partially reclaimed
sodic soil

Four species of Curcuma viz. C. longa. C. caesia, C.
zeodoaria and C. amada were evaluated for their yield.
Biochemical analysis (total curcuminoids, total phenolic
contents, Antioxidant activity) was also done. Total
curcuminoids was found in negligible amount in  all the
four species, except C. longa. GCMS study reveals variation
in major constituents of leaf and rhizome essential oil in
different species.  The major constituent of leaf essential
oil was p-cymene in C. longa  (52.03%) and C. caesia

(21.03%) and camphor in C. amada (32.91%)  and C.
zeodoaria (29.55%). The major constituents in rhizome
essential oil were -terpinene (443%) in C. longa, -myrcene
(76.09%) in C. amada, camphor (18.30%) in C. zeodoaria
and germacrone (30.45%) in C. caesia.

Evaluation of Bixa in sodic soils

Seventeen accessions of Bixa collected from different
bio-geographical regions  are being evaluated for growth,
yield and quality at Banthra, with the soil pH ranging
from 8.7 to 9.2. The plants have shown variations in
morphological characters (leaf shape, flower colour,
capsule shape, size  colour, etc.) yield (number of capsule
per plant, number and weight of seeds per capsule) and
quality (Bixin content). Based on morphological
characterization, total collection has been arranged into
seven groups.

Model Betelvine Production System

The advanced technique of cultivating betelvine in
modern type of ‘bareja’ has been developed and is being
demonstrated for the quality production of betelvine,
saving the crop from excess heat during summer and low
temperature and frost during winter. The model has been
demonstrated and explained to farmers during various
training programmes at the centre and other locations as
well. Morphological characterization of Betelvine has been
done for adventitious root production, first root initiation,
vine diameter, orthotropic shoot internodal length (cm),
orthotropic leaf length (cm), depth of lobe (cm), leaf lobe
width (cm),  orthotropic leaf L/B ratio, orthotropic leaf
apex angle, shoot base colour (between 3-4 node) stripe
colour and orthtropic leaf lamina.

Screening of drought tolerance in rice varieties

Field experiments were conducted with two rice
varieties. Heena and Kiran, grown with no irrigation
(control), one irrigation at maximum tillering stage (I0), two
irrigations at maximum tillering stage and flowering stage
(I1), irrigations at interval of 4-5 days to maintain the field
at saturation level (I2). During the investigation, Heena
performed well during different water stress levels. Higher
number of tillers per plant and spike length were obtained
from Heena in irrigated condition. Among different water
levels, combined treatment of Trichoderma and SN13,
responded very well. In both the genotypes Heena and
Kiran, moisture stress reduced the 100 seed weight, but
the degree of reduction in 100 seed weight was different in
different genotypes. Kiran was more influenced by
moisture scarcity. Both of the genotypes produced higher
biomass and grain yield in irrigated condition. Combined
treatment with Trichoderma and SN13, in different water
levels performed better among other treatments to obtain
grain and biomass yield.

Fig. 13. The new kiosk point developed in the NBRI Botanic Garden
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Response of PGPRs for alleviating water stress

Two varieties of chickpea, Pusa 362 (desi) and Pusa
1003 (Kabuli) were sown in field at different water stress
levels including no irrigation (I0), one irrigation at
maximum growth stage (I1), and irrigations at different
growth stages (I2). Theses chickpea varieties were treated
with different PGPRs viz., Trichoderma, PSB and their
combination, to find out the performance of these PGPRs
for growth and yield of chickpea, under water stress levels.
During the investigation, Pusa 1003 (Kabuli) performed
well during different water stress levels. At 90 DAS stage,
the highest plant height and branches per plant of Pusa
1003 variety was obtained when grown in irrigated
condition. Among the different water levels, combined
treatment with Trichoderma and PSB, responded very well.

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

Amelioration and utilization of degraded sodic
wastelands with adaptable plants of industrial importance

is the target of this research. Aloe species are potentially
viable to ameliorate degraded sodic wastelands. About 15
species of  Aloe have been collected, acclimatized,
multiplied, identified and established as germplasm bank
at DRC Banthra (Fig. 14). These include Aloe gracilis, A.
tenuior, A. ortholopha, A. ammophila, A. saponaria, A.
aageodonta,  A. ferox,  A. maculata,  A. greatheadii , A. ambigens
and A.vera accession (to be identified). The screening for
sodicity tolerance of some selected species is in progress.

Assessment of Aloe species growth and gel yield
performance at various levels of sodicity

There highly demanded Aloe spp. as per taste of gel,
Aloe vera (normally bitter), A. ferox (extremely bitter), and
A. maculata (non bitter) were examined for their growth
parameters and gel yield production at four levels of
naturally existing soil pH as 8.5 (control), 9.0, 9.20, 9.5,
and 9.70 at DRC Banthra.

The plant growth of all three Aloe species increased
significantly with increasing pH levels up to pH 9.2 and
decreased at pH 9. 50 and 9.70. But overall growth of all

Aloe species were high   upto pH 9.70 than
that of control soil pH (8.50). The plant
growth was considerably greatest in A.
vera followed by A. maculata and
comparatively slow growth occurred in
A. ferox in control to highest sodic soil
pH (9.70) level. The gel yield followed the
same trend as in case of growth pattern
of all three species (Fig. 15).

Flowering behaviour of different Aloe
species in sodic soil conditions

Phenological study was continued
with observations on flowering behavior
in 14  species viz. Aloe ferox, A. greatheadii,
A. harlana, A. ortholopha, A. spicata, A.
ammophila, A.saponaria, A. maculata, A. vera
Accession No. IC281122, A. tenuior, A.
ambigens, A. vera and two unknown Aloe
species (Fig. 16).

Seed pod formation, seed setting and
maturity in different Aloe

Formation of seed pod, seed setting
and their maturity were investigated in
four species, viz. Aloe tenuior, A.
greatheadii, A.ferox and A. maculata (Fig.
17).

Seed pod formation generally starts
in winter season from 2nd week of
January in all the four species. The seed

Fig.14 A-F. Field performance of different Aloe species at DRC Banthra: A. Aloe vera Accession
No. IC281122 in field; B. A. spicata; C. A. ambigens; D. A. gracilis; E. A. saponaria f. A. harlana
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pods attain proper growth and seed setting takes place in
about one and half month period. The mature seeds pods
become dry and crack and the seeds get scattered, if dry
pods are not plucked timely. Size of seeds and their number
in pods differ in each species. Aloe greatheadii produces
more number of seeds of very small size while A. tenuior
and A. ferox produce bigger pods with 4 to 6 seeds per pod.
With big seed pod size A. maculata produces medium sized
and more number of seeds per pod.

Root formation in damaged plants of Aloe vera

Aloe vera is very much sensitive to fungal, bacterial,
water logging and extreme low and high temperature
conditions. Sometimes whole planted area gets affected
and no single plant survives. An experiment was
conducted by collecting such damaged plants which had
survived for raising the nursery of fresh suckers. Six plants

Fig. 15.  Effect of sodicity on growth performance of three species of
Aloe grown at various sodicity levels at DRC Banthra

Fig. 16 A-F. Blooming in different species of Aloe  A- Aloe ammophila ; B- A.saponaria ; C- Aloe vera Accession No. IC281122;
D- Aloe tenuior; E- Aloe ambigens; F- An unidentified species of Aloe.



70

ANNUAL REPORT 2015-2016

RESEARCH & DEVELOPMENT

Fig.17 A-C : Seed pod formation in Aloes.  a. Aloe tenuior; b. Aloe greatheadii; c. Aloe ferox

Fig. 18 A-B : Root initiation in damaged Aloe vera plants

damaged with bacterial disease were kept under tree shade
on dried grass heap in open air environment without
contact with soil for 30 days in the month of January 2016.

After a fter one month of open a ir incubation,
root initiation was observed in all six damaged plants
(Fig. 18).
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Studies on algal blooms, their characterization and the
factors influencing bloom formation

The naturally occurring algal blooms are cost
effective feed for biodiesel production. Three common
bloom forming algal strains namely, Neochloris sp. (NBRI
081), Nannochloropsis sp. (NBRI 082) and Chlorella sp. (NBRI
070) were selected for mass culturing in close and open
pond systems. In open pond culturing was carried out by
adding urea and single superphosphate (SSP) as nutrient
sources. The cultures were sedimented due to the process
of auto-flocculation upon the consumption of nutrients,
therefore, no external flocculating agent was required for
harvesting the biomass. Nannochloropsis sp. (NBRI 082)
was found to be the fastest growing and with the highest
biomass content of 435 mg/L, followed by Neochloris sp.
(359 mg/L) and Chlorella sp. (326 mg/L) during the
stationary phase in open pond (Fig.1).

economic biomass production that can be available as
biodiesel feedstock and other industrial applications.

Amelioration of bio-hydrogen generation by genetic
modification and process optimization from
microorganisms

The agrobacterium based transformation, RNAi
silencing of competitive pathways and overexpression of
energy producing enzymes have been studied for
metabolic divergence of energy producing pathways in
Scenedesmus sp. (NBRI012) to ameliorate  hydrogen. Gene
sequences of Hydrogenase (Hyd), Alcohol dehydrogenase
(Adh) and PEP carboxylase (PEPC) of related organisms
such as Chlamydomonas reinhardtii (AJ620190.1 and
XM_001703533.1), Volvox  carteri f.  nagariensis
(XM_002958307.1), Chlorella variabilis (XM_005845555.1
and XM_005850201.1) and Polytomella sp. (AJ495765.2)
were aligned through CLUSTAL-W and MultAlin
programme. Conserved sequence motifs were chosen and
primer has been designed. Amplied PCR product of ~2.3Kb
and ~1.1Kb in size, expected to be Adh and Hyd
respectively were purified from the gel and cloned into
pBlueScript_II_SK(+)-cloning vector (Invitrogen). Vector
was transformed in Escherichia coli DH5 and screened by
blue-white selection. Plasmids were extracted and cloning
was confirmed by restriction digestion. Sequencing of the
plasmid clones is in progress.

Screening of potential algal species for bio fuel
production

Algal biofuel, due to its renewable and ecofriendly
nature, has gained huge popularity in the recent years. It
is believed that, due to its huge diversity, it can completely
replace the need of fossil fuels. In the present study a total
of 16 unialgal strains were screened for their biofuel
potential. The growth rate, doubling time and lipid
concentration of algae are given in Table 1.

Higher growth rate was observed in Scenedesmus
abundans, S. quadricauda, Chlamydomonas angulosa and
Selenastrum minutum, whereas lowest growth rate was
recorded in Anabaena sphaerica, Phormidium tenue,
Pediastrum duplex and Spirogyra plena. Time required to
double the biomass content is called as the doubling time
of the algae. The doubling time of S. abundans, C. angulosa,
S. minutum and S. quadricauda was approximately 3 days,
whereas the doubling time of A. sphaerica, P. tenue, P. duplex
and S. plena was 6 to 7 days.

Fig.1. Growth curve of mass culture of algae in open pond

Many important fuel properties of biodiesel are highly
influenced by the Fatty acid (FA) profile of the algae. FA
profile showed the abundance of FA with carbon chain
length of C16 and C18. Fatty acid profile of NBRI 081,
NBRI 082 and NBRI 070 grown in photo-bioreactor (closed
system) showed palmitic acid (16:0), palmitoleic acid (16:1)
and oleic acid (18:1) as the dominant FAs. The study
indicates that all the three algal strains were capable of
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Biomass and lipid content of different algae are given
in Figure 2. Highest biomass content was found in green
alga S. abundans followed by C. angulosa, whereas the lowest
biomass content was recorded in A. sphaerica. As far as
lipid content was concerned, like the biomass content,
highest lipid content was found in S. abundans. As a result
it was concluded that, due to its high growth rate, biomass
and lipid content, fresh water microalga S. abundans can
serve as a potential feedstock for biofuel production.

Isolation, screening and nutritional profiling of promising
microalgal strains

Four pure cultures of algae i.e. Chlorella vulgaris
Beyerinck (Beijerinck), Chroococcus minor (Kutzing) Nageli,
Haematococcus pluvialis Flotow and Sphaerocystis schroeteri
Chodat were selected for the growth, biomass productivity
and nutritional studies in three different media (BBM, BG-
11 and TAP Media) (Fig. 3). It was found that all the four
algal strains showed better biomass productivity in TAP
media in comparison to the BG-11 and BBM, and C. vulgaris
showed highest biomass productivity (0.80 mg/L). The
protein content was highest in C. vulgaris (19.37 %) and
lowest in C. minor (12.15%). Lipid content was found to be
highest in H. pluvialis (8.42%), followed by C. minor (6.92%).
The better results of the pigment content were found with
the DMSO method as compared to the Acetone method.
The highest chlorophyll content was found in H. pluvialis
(1.86±0.023mg/g) and lowest in C. vulgaris (1.49±0.021mg/
g).The high energy content of the biomass was found in C.
vulgaris and H. pluvialis with 297.65 kJ per 100 gm and
295.02 kJ per 100 gm, respectively.

Table. 1.Growth rate, doubling time and lipid concentration
of the algae

Fig. 2. Biomass and lipid content of the algae

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

Algal strains were isolated and purified from carpet
effluent of Bhadohi district. They were identified based on
microphotographs and standard manuals. The cultures
were maintained in BG11+ liquid growth medium and
BG11+ agar slants. The axenic algal cultures were used for
genomic DNA isolation. PCR amplification of 16S rRNA
gene in cyanobacteria (Oscillatoria sp., Phormidium sp.,

Fig.3. Algal taxa utilized for growth and nutritional study A- Chlorella
vulgaris; B-Chroococcus minor ; C-Haematococcus pluvialis  and
D-Sphaerocystis schroeteri.

Name of the algae K 
(day-1) 

Td (d) Lipid 
concentration 

(mg/L) 
Scenedesmus 
abundans 

0.206 3.364 222.08 ± 8.1 

Scenedesmus 
quadricauda 

0.175 3.953 91.14 ± 2.4 

Scenedesmus 
dimorphus 

0.172 4.035 127.74 ± 6.0 

Nannochloropsis 
oculata 

0.157 4.404 95.77 ± 1.7 

Monoraphidium 
pusillum 

0.139 4.993 73.53 ± 3.8 

Golenkinia radiata 0.116 5.998 33.74 ± 0.9 
Chlamydomonas 
angulosa 

0.199 3.476 78.33 ± 2.2 

Merismopedia 
punctata 

0.127 5.444 19.68 ± 0.4 

Phormidium tenue 0.095 7.273 15.62 ± 0.9 
Selenastrum 
minutum 

0.189 3.663 70.80 ± 1.9 

Ankistrodesmus 
falcatus 

0.135 5.134 76.0 ± 3.1 

Chlorella vulgaris 0.150 4.619 70.37 ± 4.0 
Pediastrum duplex 0.099 6.972 14.97 ± 0.6 
Coelastrum 
proboscideum 

0.154 4.508 20.52 ± 0.4 

Spirogyra plena 0.104 6.697 25.52 ± 1.0 
Anabaena sphaerica 0.095 7.273 14.25 ± 1.1 
K, growth rate; Td, doubling time 
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Nostoc sp. and Anabaena sp.) and 18S rRNA region in green
algae (Chlorella sp., Nannocloropsis sp. and Chlamydomonas
sp.) was carried out.

Alpine ecosystem dynamics and impact of climate
change in Indian Himalaya

One hundred and twenty two species of lichens
belonging to 47 genera and 24 families at five major sites
of Tawang district of Arunanchal Pradesh were
enumerated. Among the five localities Tawang exhibited
maximum diversity of lichens, represented by 48 species
followed by  Highest Summit Point (HSP) 3, HSP 1, 2 with
48, 41 and 28 species, respectively. Most of the HSP sites
exhibited dominance of Juniperous and Rhododendron
shrubs which provided suitable habitat for different taxa
of lichens. The species of lichens genus Cladonia exhibited
maximum diversity in HSP 3 and HSP 2. Species of Usnea
and Bryoria were common in HSP 3 together with crustose
lichen species of the family Graphidiaceae. Parmeliaceae
was the dominant lichen family in the study area,
represented by 51 species, followed by Cladoniaceae and
Lecanoraceae with 16 and 7 species, respectively. Each
HSP site exhibited specific composition of different and
individual lichen taxa and were grouped into 18 lichen
bioindicator communities. The HSP 2 and 3 dominated
with maximum number of lichen communities in
comparison to HSP 1 whereas HSP 2 was represented only
by Graphidioid, Pyrenulioid, Peltuliod and Physcioid
lichen communities. The dominance of macro lichens
present in the study area clearly indicates Tawang as an
undisturbed site and the present records of communities
as well as individual species will help as bioindicators for
monitoring efforts in near future.

The lichen communities are indirectly affected by
climate through its effects on forest composition and
disturbance regimes. Expansion of forest extent would
allow epiphytic macrolichens to expand into habitat that
currently lacks suitable substrates. While climate appeared
to be the strongest driver of community composition and
individual species modelled, several species of Ramalina,
Parmotrema and Heterodermia were favoured by hardwood
substrates. The hardwoods were more abundant in the
lower foothill area with luxuriant growth of such species.

The exceptionally diverse, abundant epiphytic lichen
communities in the area comprised about 92 macrolichen
and 30 microlichen taxa. The dominance of Parmeliaceae
and Cladoniaceae in all the HSPs clearly indicates the
undisturbed soil ecosystem and thinned out forest area.
The crustose growth form of Lecanorioid lichens indicates
well illuminated environmental conditions of the habitat.
The communities rich in cyanolichens, Alectorioid and
Usnioid forms often considered to air quality and forest
continuity.

Lichen exploration in protected areas of Uttar Pradesh
and sensitizing stakeholders for conservation

Nine field surveys were conducted in 35 districts of
western Uttar Pradesh for documentation of lichen
diversity. About 500 lichens samples were collected which
were identified as belonging to 48 species in 25 genera
and 16 families. The crustose lichens dominated the lichen
biota with 31 species while foliose lichens were represented
by only six species. A total of eight taxa (Arthonia
polymorpha, Arthothelium chiodectoides, Diorygma soozanum,
Graphis pyrrhocheiloides, Opegrapha microspore, Porina
internigrans, Pyrenula leucotrypa, Pyxine reticulata) were
reported for the first time from Uttar Pradesh.

A total of 10 ‘Biodiversity Awareness Workshops’
were conducted in different parts of Uttar Pradesh, namely
- 1. Forest Training Centre, Hastinapur, Meerut; 2. Bareilly
College, Bareilly; 3. Shri Gandhi Mahavidhyalaya,
Sidhauli, Sitapur; 4. Dudhwa Tiger Reserve, Dudhwa; 5.
Mewalal Ram Dulari Vidhya Mandir Inter College,
Majhagain, Kheri; 6. Department of Botany, University of
Allahabad, Allahabad; 7. Shri Shakti Degree College,
Shankhahari, Ghatampur, Kanpur; 8. Department of
Botany, Bappa Sri Narain Vocational P.G. College (KKV),
Charbagh, Lucknow; 9. Sree Nagar Jee Vidhyalay Inter
College, Krishna Nagar, Kanpur; 10. Sacred Heart Degree
College, Sitapur. A total of 851 students from class IX to
Post Graduate levels participated in these workshops.

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

Extraction of lichen natural thallus (NBRI-LS8 &
NBRI-LS9) by cold and hot successive soxhlet methods
was accomplished with five different non-polar to polar
solvents. Percentage yield of each solvent extracts in these
two species was calculated i.e. 19.96% in acetone and
16.66% in 50% EtOH for NBRI-LS8 and 10.22% in acetone
and 14.92% in 50% EtOH for NBRI-LS9,  respectively.
Standardization of the protocol of extracting compounds
was done to  select the lichen specie having maximum
solvent specific yields which was characterized for
qualitative and quantitative assays/ detection of
secondary compounds and functional groups.
Development of compound specific solvent systems,
fractionations of non-polar to polar compounds and their
isolation was carried out. Secondary markers viz. fatty
acids, flavanoid, sugar, cartetenoids, terpenoids, alkaloid
and anthraquinones depsones, depsides and lichen acids/
were identified through TLC profiling. Six  known lichen
acids were purified and  isolated using P-TLC & column
chromatrography in  lichens NBRI-LS6,  NBRI-LS7, NBRI-
LS9.
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Twenty eight fractions from acetone extracts and 10
fractions from 50% ethanol extracts of NBRI-LS9 and 15
fractions of NBRI-LS8 through column chromatography
were isolated. HPLC analysis of these fractions is in
progress.

Five pure compounds isolated through PTLC and
column chromatography were characterized through LC-
MS. Chemical profiling  of purified compounds i.e.
fumarprotocetraric acid, usnic acid, diffractic acid
alectoronic acid and collatronic acid  through FTIR has
been carried out in four lichen species. In addition chemical
profiles of column fractionated and purified compounds
of five lichen species extracts (NBRI/L10/ae1-CoFr_L6F3,
L1CFp, L1-ECp, L1-LRp, L1FCp) were also obtained by
FTIR.

Fractionation, isolation and purificat ion of
compounds in coded extracts (NBRI/L10/ae1 and
MSSRF/L2ae2) along with four pure lichen acid
compounds has been accomplished and compounds
obtained are under characterization  through  UV, IR and
MS. Specific codes are given specific to  species, solvent,
extracts, solvent systems,  compounds at different
purification level/fractions and analytical methods, to
maintain the compound standards, comparison with
commercial standards available, if any, and generate
library of lichen compounds.

Develop a system to monitor climate change with lichens
in India

During the reporting period, five decade old lichen
specimens preserved in the herbarium from Darjeeling
district were compared with recent collection with respect
to change in lichen flora, metals and PAHs accumulation
and carbon isotope composition (13C) to explore the
changes in climatic conditions of the area. The temperature
profile of the study area showed a continuous rise with
temperature maxima having registered more increase over
the years as compared to the temperature minima,
indicating the mean temperature increase from 12 to 18oC
(max.) and -2 to 8oC (min.) together with increase in mean
relative humidity from 84% to 95%. In contrast, the mean
precipitation decreased from 2500 to 1800 mm between
the time periods 1966-2015 (data from IMD, Pune).

The observation of meteorological data indicated
significant change in climatic condition in the study area
over a period of nearly half a century. The study clearly
demonstrates an increase in anthropogenic pollution and
its impact on lichen communities that have changed
significantly during the past five decades. Usnioid, a
pollution sensitive community, drastically decreased,
while Physcioid community increased significantly.
Lichinioid and Calcioid communities were wipedout

completely  from the study area while Lobarian community
got introduced in the recent past.

The carbon isotope composition (13C) of lichens
showed that the 13C  has increased in the recent collections,
which is in contrast to the assumption that anthropogenic
emission leads to 13C depletion in air and increased carbon
discrimination in flora. Thus, post-industrial revolution,
the abrupt changes in the environment have influenced
CO2 diffusion and/ C fixation of (lower) plants either as
an adaptation strategy, such as resistance to water stress,
or due to toxicity of pollutants.

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

A total of 58 lichen species were recorded from 24
locations in and around Kotdwar and Lansdowne area in
Garhwal Himalayas at different altitudes ranging from
400 to 1850 m. Influence of climatic condition and
topography on the uptake of Persistent Organic Pollutants
(POP) in the Himalaya has been studied, which showed
influence of long range transport of POPs in the Himalayan
ecosystem.

Primary metabolites and the plausible environmental
significance have been studied in some selected lichen
species. Depending on the environmental condition, lichen
species display different metabolite patterns, which appear
to be an important contributing factor determining the
ubiquity of the species.

Characterization of UV protecting compounds in
Indian lichens has been carried out. Imino Mycosporine
like Amino Acids (MAAs) has been characterized for the
first time in Indian cyanolichens. Lichen biomonitoring
data has been used as valuable proxy for predicting the
reasons for increase in extreme weather phenomenon in
the Himalayas.

The influence of aspect and altitudinal gradient on
the quantitative profile of lichen metabolites-atranorin and
salazinic acid in the three lichen species belonging to
Parmeliaceae family collected from high altitude area was
carried out using LC-MS/MS technique. Results indicated
influence of incident radiation showing significant
variation in the chemical content with the increasing
altitude.

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

Ecological studies on lichens of Nilgiri Biosphere
Reserve (NBR) and Silent Valley National Park (SVNP)
were carried out and compared. The dense canopy of the
forests in SVNP restricts the entrance of direct sunlight,
which is an essential factor for lichen growth. Therefore,
the observed pattern in the distribution of lichens in forests
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patches of SVNP is totally different as compared with
localities within NBR. Only a few species were found
growing in totally undisturbed areas. Acanthothecis,
Ocellularia, Porina, Hemithecium, Graphis, Stirtonia,
Cryptothecia, Phyllopsora and few members of the family
Pyrenulaceae were the common micro-lichen genera,
showing their dominance in the forests. In macro-lichens
only Heterodermia and Leptogium were the two genera
commonly distributed in both the areas of the valley.

A comparative evaluation of lichens in SVNP and
NBR revealed that NBR was rich in lichen diversity. The
Graphidaceae flourish well and offer a remarkable diversity
in NBR when compared with SVNP. Despite the variations
in macro-habitat, tree species, trunk girth, bark texture,
and other microclimate variables, it is noteworthy that
thelotremoid and graphidioid group of taxa exhibit a
uniform pattern of association with other lichens on
different trees of tropical rain forests in the NBR. Taxa in
their groups show ecological similarities and share
habitats over a broad (300–2100 m) altitudinal range. Some
members of thelotremoid group mostly inhabit the wide
tree trunks and associate with other group of lichens in
comparatively dry but shaded undisturbed to semi-
disturbed mature secondary lowland forests. Considering
the distribution and growth pattern of other indicator
lichens, member of the family Graphidaceae is given
particularly more emphasis due to its high species richness,
broad distribution pattern and mostly corticolous (bark or
tree inhabiting) habitat.

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

Monophyly and genetic distances in 13 lichen-
forming fungal species belonging to Parmeliaceae were
assessed through sequence analysis of the nuclear
ribosomal internal transcribed spacer region (ITS). All
Usnea species in India were successfully discriminated
using the ITS sequence analysis. All phenotypically
circumscribed species were recovered as well-supported,
monophyletic clades. Furthermore, the data support a
barcode gap among congeners (i.e., Cornicularia, Usnea, and
the Cetrarioid clade) for all Usnea species investigated.
However, high intraspecific genetic distances suggest the
potential for previously unrecognized species lineages in
at least five species: Cornicularia normoerica, Usnea
longissima, U. baileyi, U. subfloridana and U. himalayana.

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

The revisionary studies on species of lichen genus
Xanthoria sensu lato has been initiated in collaboration with

Ukrainian Lichenologists. The study will examine
segregation of different genera and species of Xanthoria
sensu lato using morphological, anatomical, chemical and
molecular studies.

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

In order to collect primary data on floristic diversity
along river Ganga four collection trips were made during
the pre-monsoon and post-monsoon period in the year
2015. Explorations in various habitats enabled to record
368 species of angiosperms, 17 species of pteridophytes,
19 species of bryophytes, 33 species of lichens and 37 taxa
of algae from West Bengal (Kolkata, Hooghly, Gangasagar,
Farakka, South 24 Parganas), Bihar (Patna, Bhagalpur),
and Uttar Pradesh (Allahabad, Banaras, Kanpur, Kannauj
and Narora) and Haridwar (Uttarakhand).

The algal samples collected from all these sites in
West Bengal, Bihar and Uttar Pradesh represented 37 taxa
belonging to 24  genera of f ive classes, namely
Cyanophyceae, Chlorophyceae, Bacillariophyceae,
Euglenophyceae and Rhodophyceae. The maximum
diversity of algae was recorded from Kannauj and Narora
sites followed by Kanpur and Hoogly.

Lichens specimens collected from the Narora and
Kannauj sites revealed the occurrence of 12 species
belonging to 11 genera and 9 families. The existing lichen
diversity in Narora indicates eutrophic conditions. As the
site is near to nuclear power plant, influence of radioactive
compounds cannot be discarded, which may be
influencing lichen diversity along with other microclimatic
factors. The overall lichen diversity in Farakka region was
represented by 10 families, 13 genera and 17 species. More
than 100 lichen samples were collected from 12 localities
along the riverside area of Kolkata, Hooghly and South 24
Parganas districts. The lichen diversity of the area was
dominated with crustose lichens belonging to the genera
Graphis, Bacidia, Pertusaria, Lichenographa, Pyrenula,
Opegrapha and Buellia. Only two foliose lichens (Pyxine
and Dirinaria) were recorded in this area. The most
common lichens found in the area were Graphis,
Lecanographa and Pyxine. Approximately 100 specimens
were collected from Bhimgoda barrage, Haridwar. The
lichen diversity of the area was dominated with crustose
lichens genera, viz. Bacidia, Lecanora, Buellia, Graphis and
Opegrapha. Few foliose lichens belonging to the genera
Dirinaria, Hyperphyscia, Physcia and Pyxine were also
recorded.

A total of 19 species of bryophytes (16 species in 13
genera of 9 families of Mosses and 3 species belonging to 3
genera of 3 families of Liverworts) were recorded from the
Ganga river side. The survey and study revealed occurrence
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of Archilejeunea minutilobula Udar et U. S. Awasthi (Fig. 4),
as a new addition to the bryoflora of Gangetic Plains.

In all, 17 species of pteridophytes belonging to 12
genera under 9 families were recorded from all the study
sites in West Bengal, Bihar and Uttarakhand during the
pre and post monsoon period. This included 9 species
belonging to 8 genera under 7 families from Gangasagar,
Diamond Harbour, Srirampore and Hooghly; 11 species
in 9 genera and 8 families from Farakka region; 11 species
in 8 genera and 7 families from Haridwar region.  The
following five species were common in all the three sites:
Ampelopteris prolifera (Retz.) Copel., Christella dentata
(Forssk.) Brownsey & Jermy, Diplazium esculentum (Retz.)
Sw., Marsilea minuta L., and Pteris vittata L. Among the
species of Adiantum, A. capillus-veneris L. was recorded from
the first and third sites, A. philippense L. from the first and
second sites, and Adiantum incisum Forssk. from
the second and third sites.  Drynaria quercifolia
(L.) J. Sm. was present in the first and third
study sites. Eight species were found their
occurrence only in any one of the three sites:
Phymatopteris evenipes (Hook.) Pich. Ser. in the
first, Asplenium nidus L., Christella parasitica (L.)
Lev., Pyrrosia mannii (Gies.) Ching. in the
second, and  Azolla pinnata, Christella sp.,
Christella appendiculata, Equisetum
ramosissimum in the third site.

Study of Bryophyte diversity in the Eastern
Ghats

Explorations were made in Kondapali
fort (Krishna), Bhairavkona, Nemaligunda
Ranganayaka Swamigundam, Rajiv Gandhi
Reserve Forest, Nagarjuna Sagar, Srisailam
Tiger Reserve (Prakasam), Nallamalas  Forest
Reserve (Kurnool), Tribal museum,
Sunkarmetta, Galikonda, Balluguda, Borra
caves, Anantagiri, Katki Waterfall (Araku
Valley, Vishakhapatnam) of Eastern Ghats in
Andhra Pradesh. About 264 specimens were
collected. A critical investigation and
identification of the taxa of Eastern Ghats
revealed the occurrence of 57 taxa of mosses
belonging to families viz., Archidiaceae,
Bartramiaceae, Brachythe-ciaceae, Bryaceae,
Erpodiaceae, Fabroniaceae, Fissidentaceae
Funariaceae, Hypnaceae, Meteoriaceae,
Neckeraceae, Orthotrichaceae, Plagiothe-
ciaceae Pottiaceae, Pterobryaceae,
Racopilaceae, Sematophyllaceae, etc. and 16
taxa of liverworts belonging to families viz.,
Aytoniaceae Frullaniaceae, Geocalycaceae,
Lejeuneaceae, Ricciaceae, Targioniaceae, etc.

were identified. The morphotaxonomic details and
illustrations of the taxa were prepared.

The study revealed Archidium acanthophyllum Snider
as a new record to India. Brachymenium sikkimense Renauld
& Cardot, Frullania udarii Nath et Singh, Lejeunea minutiloba
A. Evans, Fissidens taxifolius Hedw., Taxiphyllum maniae
(Renauld & Paris) M. Fleisch., Frullania larjiana Sushil K.
Singh & D.K Singh and Brotherella harveyana (Mitt.) Dix.
were new addition to south Indian bryoflora, while
Plagiochasma rupestre (G. Forst.) Stephani, Lophocolea
heterophylla (Schrad.) Dumort., Meteoriopsis  reclinata (Müll.
Hal.) M. Fleisch., Homaliadelphus targionianus (Mitt.) Dixon
& P. de la Varde, Lopholejeunea  nilgiriensis U.S. Awasthi,
S.C. Srivast. & D. Sharma, Erpodium mangiferae Müll.
Hal.,Pterobryopsis tumida (Dicks. Ex Hook.) Dixon,

Fig.4A-K : Archilejeunea minutilobula Udar et U. S. Awasthi. A. Plant; B. A plant
portion in Ventral view; C-D. Leaf lobes with lobule; E. Cross section of Stem; F. Leaf
lobule; G-H. Amphigastria; I. Marginal cells of Leaf; J. Median cells of leaf; K. Basal
cells of leaf.
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Isopterygium albescens var. smallii (Sull. & Lesq.) Z. Iwats.,
Barbula dharwarensis Dixon and Aulacopilum beccarii (Müll.
Hal.)  Mitt. were new additions to Eastern Ghats.

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

In vitro propagation of two endemic and endangered
bryophyte taxa viz., Anthoceros macrosporus Steph. and
Cryptomitrium himalayense Kash., respectively, was carried
out  to study the morphogenesis and reproductive biology
of these plants and also to standardize the protocol  for
propagation.

In case of hornwort Anthoceros macrosporus, spores
were inoculated in Hoagland, KNOP’s and Murashige and
Skoog media. The spores germinated only in Half strength
KNOP’S macronutrient medium. After 15 days of
inoculation, spore coat dehisced along the triradiate mark
and germ tubes were emerged (in Anthoceros, exosporous
germination occurs). The germ tubes were enlarged slightly
and divided vertically. Subsequently multicellular globose
sporelings were directly developed by repeated transverse
and longitudinal division. Smooth rhizoids were
developed from cells of the sporeling. The spore coat
remained intact and adherent at the base. Apical cells of
the sporeling were dark green and contained dense
cytoplasm and activated meristamatically to form young
green thalli. These young thalli were further developed
into mature thalli. The germination percentage remained
very poor in case of this species.

Axenic culture of liverwort Cryptomirium himalayense
was established from spores and propagated in vitro under
a variety of culture media viz., half strength Knop’s
macronutrients as well as in Hoagland medium, MS, half
strength Knop’s macronutrients + Nitsch’s trace elements,
Gamborg B-5  medium without and with 1% sucrose under
controlled physical conditions to determine the optimum
conditions for the onset of sexual phase. Spores of C.
himalayense germinated readily after 3-4 days of inoculation
in half strength Knop’s macronutrients medium and
produced well differentiated fan shaped thalli in 70 days.
When the thalli acclimatized on soil kept under long day
regime with colder night (receiving 1200-2000 lux for 16
hours at 21ºC and dark period of 8 hours at 15ºC), induction
of gametangiophore and gametangial disc took place. In
about 20-25 days well developed umbrella shaped
archegoniophores were developed in which archegonia
and subsequently sporophyte formation took place.

Half Knop’s macronutient medium was found best
suited for the culture of Anthoceros macrosporus while half
strength Knop’s macronutrients and Hoagland medium
were found the most suitable for Cryptomitrium himalayense.

Taxonomic study of tree flora of Uttar Pradesh

The purpose of the project was to provide a
comprehensive taxonomy of all tree species, both in wild
and cultivation, growing in Uttar Pradesh.  During the
reporting period, the detailed taxonomic information
including correct name, important synonyms, local name,
botanical characters, flowering and fruiting period,
diagnostic features for identification, distribution and
significant uses of about 150 tree species has been
documented.  Taxonomic data on each species has also
been supplemented with colour photographs of habit, bark,
blaze, leaves, inflorescence, flowers and fruits.

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

Systematic studies on Aconitum, Consolida and
Delphinium of the tribe Delphineae were continued to
comprehend the morphological and molecular evolution
in these genera with respect to the Indian species.

Field surveys in Western Himalayas (Himachal
Pradesh, Uttarakhand) and Eastern Himalayas (Sikkim)
were undertaken and 19 species of the genus Aconitum
were collected from natural habitat. Specimens of the target
species housed in different national (CAL, DD, BSD) and
international herbaria (BM, TH, K, E, NY and F) were also
studied critically. Out of ca. 50 Indian species of the genera
Delphinium, Consolida and Aconitum, critical studies on  13
species of Delphinium, 1 species of Consolida and 11 species
of Aconitum have been completed with detailed taxonomic
description of each species with their nomenclatural
updates. Remarks on taxonomic affinities, phenotypic
variability, and important notes were also documented
along with live images and illustrations.

Cytologica l studies carried out in Aconitum
heterophyllum and A. violacium showed irregular course of
meiosis mainly  in the pairing or segregation of
chromosomes during cytokinesis. At diakinesis
eight bivalents were discernible; three of these were with
two chiasmata in each and five with a single chiasma.
Such disturbances may be environmental, physiological,
genetical or cytological. Irregular meiosis as observed in
the two aconites may have a bearing on their genetic
makeup and reproductive behavior.

Molecular phylogeny in seven species of Delphinium
and eight species of Aconitum was examined using trnL-F
sequence analysis. An MP tree generated from trnL-F
sequence data segregated Aconitum and Delphinium in two
distinct clades. In the Aconitum clade A. leave, A. spicatum,
A. palmatum, A. hookeri, A. heterophyllum, A. naviculare and
A. laciniatum formed a separate group distinct from A.
violaceum. In case of Delphinium the trnL-F did not resolve
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clear phylogenetic positions for the seven Indian species
analyzed. The work is in progress with a combined
analysis of ITS and trnL-F sequences of all target species of
Aconitum, Consolida and Delphinium in India.

Mapping of floristic diversity and conservation studies
on plant resources of Kishanpur Wildlife Sanctuary

Established in the year 1972, the Kishanpur Wildlife
Sanctuary (KWS) is located at 280 24’01" N and 800 22’01"
E in Uttar Pradesh. This project study aims at 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.

Extensive surveys carried out in KWS resulted in
collection and identification of 150 plant species.
Nomenclature has been updated for the identified plant
species and specimens have been deposited in LWG.
Ethnobotanical surveys revealed that a total of 63 plant
species are used by local inhabitants for various uses like
medicine, spices, condiments, handicraft and fibers.
Conservation status has been assessed for two
overexploited medicinal plant species, namely Curculigo
orchioides and Helminthostachys zeylanica. Ecological studies
were also conducted in the sanctuary at random by laying
quadrates of 20 x 20 m.

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

Initiated in February 2016, this three year project
envisages studying the systematics and molecular
phylogeny of the Indian species of Didymocarpus (ca. 22
spp.) and Henckelia (ca. 32 spp.) using morphological as
well as nuclear and chloroplast DNA sequence data. The
main objectives of the project are: (i) Systematic revision of
Didymocarpus and Henckelia in India, (ii) Molecular
phylogenetic assessment of Indian Didymocarpus and
Henckelia using nrDNA ITS and trnL-F spacer sequence
data, and (iii) Elucidation of morphological character
evolution in Indian species of Didymocarpus and Henckelia.

In-House Projects

Taxonomic studies and digitization of plant diversity of
India
Taxonomy and assessment of diversity of Algae, Lichens,
Bryophytes, Pteridophytes, wild relatives of Cucurbits
and Tree Legumes in the Upper Gangetic Plains (UGP)
of Uttar Pradesh
Algae

A total of 126 fresh water algal samples were collected
from five districts of Uttar Pradesh Gangetic Plains, viz.

Etawah, Sitapur, Fatehpur, Unnao and Lucknow. The
algal samples were identified as 44 algal taxa under 33
genera and 6 classes. Class Cyanophyceae showed
maximum diversity in the area with 16 taxa under 10
genera, followed by Chlorophyceae with 15 taxa (13
genera) and Bacillariophyceaewith 10 taxa (7 genera). The
classes Xanthophyceae, Euglenophyceae and
Chrysophyceae were poorly represented in the study area
with only one taxon each.

Lichens

The flood zone areas along the river Ganga in
Haridwar and Bhimgoda area were surveyed for collection
of lichens. A total of 100 specimens of lichens were
collected, which revealed the occurrence of 25 species of
lichens with dominance of crustose lichens.

Bryophytes

Morphotaxonomic study on Pogonatum in India has
been carried out with detailed account on 10 taxa viz.,
Pogonatum cirratum (Sw.) Brid. P. contortum (Brid.) Lesq. P.
microstomum (Schwaegr.) Brid., P. neesii (Müll. Hal.) Dozy.,
P. patulum (Harv.) Mitt., P. perichaetiale (Mont.) A. Jaeger.,
P. perichaetiale subsp thomsonii (Mitt.) Hyvönen, P.
proliferum (Griff.) Mitt., P. subtortile (Müll. Hal.) A. Jaeger,
P. urnigerum (Hedw.) P. Beauv from different parts of India
(Eastern Himalayas – Arunachal Pradesh, Darjeeling,
Sikkim; NE- India: Western Himalaya – Uttarakhand,
Meghalaya, Manipur, Kashmir, Himachal Pradesh) and
South India (Eastern Ghats, Western Ghats).

Horikawaella subacuta (Herzog) S. Hatt. & Amakawa
(Fig. 5), a rare and endemic taxon of Indian bryoflora was
recollected from Sikkim after a gap of about of 44 years
since its original report in 1971. A complete morpho-
taxonomic account of this species including fertile
structures has been prepared and published.

A study on the hornwort diversity of Pachmarhi
Biosphere Reserve has been undertaken and five taxa viz.,
Anthoceros bharadwajii Udar et Asthana, Phaeoceros
carolinianus (Michx.) Prosk., P. kashyapii Asthana et Sriv.,
P. laevis (L.) Prosk. and P. udarii Asthana et Nath have
been identified from this area.

In vitro propagation of the moss Splachnum sphaericum
Hedw. and Funaria hygrometrica Hedw. was done.

Pteridophytes

Taxonomic study on 103 specimens Pteridophytes
from Lakhimpur Kheri and Bahraich district revealed the
occurrence of 23 species. Taxonomic studies on 204
herbarium specimens of Pteridophytes in LWG helped
identify them at generic as well as species level. A checklist
of Pteridophytes of Uttar Pradesh has been prepared.
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Systematics and genetic diversity analysis in wild
relatives of cucurbits

A revisit to the taxonomy and nomenclature of the
Trichosanthes tricuspidata- bracteata complex in India has
been made through herbarium and field studies. The study
suggests that T. tricuspidata and T. bracteata are two distinct
species and that T. tricuspidata does not occur in India. All
the mainland Indian materials previously identified and
reported as T. tricuspidata or T. palmata  Roxb., belong to T.
bracteata, and earlier reports of T. tricuspidata in the
Andaman & Nicobar Islands
represent T. quinquangulata A. Gray.

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

Ephedra gerardiana is  an
important medicinal plant known as
‘soma’ or ‘somalata’ in indigenous
systems of medicine in India. Genetic
diversity and population genetic
structure in 55 accessions of E.
gerardiana representing five
populations from Western Himalyan
region was analysed using DAMD
and ISSR markers. Cumulative
analysis of 25 markers (10 DAMD and
15  ISSR) revea led 90.34%
polymorphism in E. gerardiana. The
pair-wise genetic distances estimated
among 55 individuals using Jaccard’s
coefficient ranged from 0.03 to 0.57.
Mantel Z-statistics test between ISSR,
DAMD and cumulative marker data
matrices revealed best correlation
coefficient (r) between cumulative v/s
ISSR (0.83). The assignment of the
assumed geographic populations
revealed a strong population genetic
structure. In the present  study
UPGMA, PCoA and Bayesian
analyses revealed a  strong
geographical a ffiliat ion of the
populations of E. gerardiana. AMOVA
revealed that majority of the variations
was restricted within populations
(70%), whereas 30% variance was
partitioned among populations and
these values were highly significant
(p <0.001). This pattern was further
confirmed by genetic differentiation
coefficient (Gst = 0.27) and the rate of
gene flow (Nm =  1.35) among

populations. The overall results indicate that the natural
populations studied represented a single large population
with high genetic diversity and moderate genetic
differentiation.

Reproductive biology and regeneration potential of
Woodfordia fruticosa

Highest pollen fertility (99.37%) was reported from
plants growing near Yamuna Bridge, Mussoorie
(Uttarakhand) while highest pollen sterility was recorded

Fig. 5A-K : Horikawaella subacuta (Herzog.) Grolle. A. Plant habit. B. Plant portion, with female
bracts and young perianth. C. Cross section of stem. D-E. Leaves. F. Apical cells of leaf.
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from plants in Katerniaghat WLS (Uttar Pradesh). The
percentage of unusual process of in-situ pollen
germination (7.31%) was reported in Woodfordia fruticosa
for the first time from Lansdown, Pauri Garhwal
(Uttarakhand). The flowers from Katerniaghat WLS
retained their stigma receptivity for a longest period even
after the loss of pollen viability that can promote chances
of cross pollination.

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

A total of 2298 specimens of algae, pteridophytes,
bryophytes, lichens, gymnosperms and flowering plants
collected from various parts of India have been processed
and deposited in LWG to enrich the CSIR-NBRI
Herbarium.

Herbarium- A National Facility

Under the National Facility-Herbarium, regular
curatorial activities, such as general up-keep and
maintenance were carried out, besides rendering technical
assistance to visiting students and researchers from
various R&D Institutes/Universities/Colleges, etc.,

particularly in 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 Andhra Pradesh, Bihar, Jammu & Kashmir,
Himachal Pradesh, Madhya Pradesh, Sikkim,
Uttarakhand, Uttar Pradesh and West Bengal.

The new additions included 762 specimens of seed
plants and 1536 specimens of cryptogams (Pteridophytes-
251, Bryophytes-492, Lichens-700, and Algae-93).

Herbarium Holdings 
Seed plants (Angiosperms & 
Gymnosperms) 

1,01,826 

Pteridophytes 5858 
Bryophytes  16,306 
Lichens 1,50, 350 
Algae 2630 
Carpological collections 16,000 
TOTAL HERBARIUM HOLDINGS                  2,92,970 
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Grant-in-Aid Projects

Strategic knowledge for climate change on agriculture
and forest ecosystem in Indo-Gangetic plains (IGP) of
UP

Understanding the effectiveness of litter from tropical
dry forests for the restoration of degraded lands

In order to determine the biological potential of
species to aid soil restoration, it is necessary to evaluate
litter production, its temporal variation, their rate of
decomposition and nutrient release. This study examined
patterns of litter fall production, quality of litter, and

PLANT ECOLOGY AND ENVIRONMENTAL SCIENCES

decomposition pattern of selected multipurpose tree
species, viz., Shorea robusta, Tectona grandis, Hardwickia
binata, Butea monosperma and dry mix trees in the dry
tropical deciduous forest of Vindhyan highland, India.
Average litter fall was 4.76 ± 1.21 Mg ha-1yr-1and varied
significantly among species as follows: dry mix > S. robusta
> T. grandis > B. monosperma > H. binnata. In the litter bag
experiment, mass loss and mineralization rate were
significantly different among the species and were
assumed to be effected by the initial chemical composition
of the litter. Annual relative mass loss was evidently higher
in the dry mix trees, H. binata and B. monosperma followed
by T. grandis and S. robusta. Nitrogen percentage increased
significantly as decomposition progressed for all the
species and a decrease was observed at the later stages of
decomposit ion. The carbon percentage during
decomposition showed a significant decrease throughout

the study. Species with higher init ial
concentration of nitrogen and comparatively
lower initial lignin decomposed at faster rate
than the other selected species, viz., (dry mix >
H. binata > B. monosperma > T. grandis > S.robusta).
Mass loss showed significant positive
correlation with N mineralization rate. Carbon,
lignin, lignin:N and C:N showed significant
negative correlations with decay rate (Fig. 1).
The study recommended that for biological
restoration of soil, mixed plantation would be
most appropriate. While H. binata and B.
monosperma individually shows the better
results for the rapid recovery of degraded lands
as their rate of litter decomposition is relatively
faster than T. grandis and S. robusta. Although,
T. grandis and S.robusta show higher litter
production, their release of nutrient is slow into
the soil. The faster the decomposition more is
the release of nutrient in to the soil, thus
increasing the rate of organic matter turnover
and enhancing the nutrient cycling.

Effect of long term land use systems on
fractions of glomalin and soil organic carbon
in the Indo-Gangetic plain

In this study, shallow soils were collected
from 50-year-old monoculture treatments of
undisturbed (Dendrocalamus calostachyus,
Mangifera indica and Saccharum munja) and
disturbed (Oryza sativa cultivated field) land
use. Our results showed that compared to

Fig.1. Litter dynamics of decomposing leaf litter in the tropical dry forests of
India, Sonebhadra. Annual litter fall (Mg ha-1yr-1) [A] C:N [B] lignin:N [C] mass
remaining [D]carbon (C) remaining percentage [E] nitrogen (N) remaining
percentage [F]. Different lowercase letters indicate the significant differences between
the different species.
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undisturbed soils, soils under the disturbed use were
dramatically depleted in soil organic carbon (SOC),
particulate OC (POC), non-particulate OC (NPOC), GRSP,
easily extractable GRSP (EE-GRSP) and difficult to extract
GRSP (DE-GRSP) (Fig 2). The depletion in labile POC was
found to be little higher than physically protected NPOC,
and were almost similar among the fractions of GRSP
(each decreased by 50%). Further, a linear correlation was
found among the fractions of GRSP and SOC, and in turn
resulted in the similar relationship with soils bulk density,
porosity, pH, available phosphorus, total phosphorus,
organic nitrogen, cations (calcium and potassium),
arbuscular mycorrhizal (AM) abundance, and microbial
activity (Fig 3). These results indicate that the factors
involved in SOC accumulation simultaneously encourage
AM proliferation and in turn GRSP enrichment. Apart
from this, the higher contribution of GRSP-C in NPOC (13
to 17%), tended to increase with decreasing soil
disturbance, suggesting the role of GRSP in accumulation
and stabilization of SOC in this zone. A two component
factor structure showed component 1 considerably
occupied by fractions of GRSP, SOC and those other
variables favouring GRSP and SOC, primarily scored by
undisturbed (M. Indica and D. calostachyus treatments) soils.
The second component which has fewer influence over
soil variables, considerably occupied by microbial activity,
electrical conductivity, cations and nutrients (available
nitrogen, phosphorus), was also exemplified by
undisturbed soils (except D. calostachyus treatment). Thus,
improving GRSP and SOC stock in disturbed agricultural
soil in studied area is of urgent requirement for the long-
term goal of C sequestration and sustainable soil health.
This finding should stimulate management plans for

degraded lands aimed at recovering the landscape
heterogeneity.

Study of the role of glutaredoxin in the arsenic
detoxification in Oryza sativa L.

Arsenic (As) is an acute poison and class I carcinogen,
can cause a serious health risk. Staple crops like rice are
the primary source of As contamination in human food.
Rice grown on As contaminated areas accumulates higher
As in their edible parts. Glutaredoxins (GRXs) are a family
of small multifunctional proteins involved in various
cellular functions, including redox regulation and
protection under oxidative stress. Despite the high number
of GRX genes in plant genomes (48 GRXs in rice), their
biological functions and physiological roles, particularly
towards As stress, remain largely unknown.

The study investigated the role of GRX and
associated antioxidant enzymes in the detoxification
mechanism between arsenic (As) sensitive (Usar-3) and
tolerant cultivar (Pant Dhan 11) of Oryza sativa against
As(III) and As(V), under glutathione (GSH) enriched, and
GSH deprived conditions. The overall growth and
physiological parameters in sensitive cultivar were lower
than the tolerant cultivar, against various treatments of
As(III) and As(V). The As accumulation in sensitive cultivar
was lower than in tolerant cultivar in presence of As(III)
and As(V). However, the As translocation against As(V)
was lower (35% and 64%, resp.) than that of As(III), in
both the cultivars. In sensitive cultivar translocation of Zn
and Cu was influenced by both As(V) and As(III) whereas,
in tolerant one the translocation of Cu, Mn and Zn was
influenced only by As(III). Translocation of Fe was
negatively influenced by translocation of As in sensitive
cultivar and positively in tolerant cultivar. Strong
correlation between H2O2, SOD, GRX, GR, GST and GSH/
GSSG in sensitive cultivar and between DHAR, APX,
MDHAR and AsA in tolerant cultivar demonstrated the
underlying preference of GSH as electron donor for
detoxification of H2O2 in sensitive cultivar and AsA in
tolerant cultivar. Higher expression of the four GRX and
two GST genes in the sensitive cultivar than in tolerantFig.2. Fractions of glomalin related soil protein (GRSP) in studied

Land-use System.

Fig. 3. Microbial activity in studied Land-use System
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cult ivar, suggests that  under As stress, GRX are
synthesized more in the sensitive cv than tolerant cv. Also,
the expression of four GRX genes were observed to be
higher against As(V) than As(III) . The higher As
accumulation in the tolerant cv is attributed to lower GST
expression, due to the absence of thiolat ion and
sequestration of As in roots, the translocation of As to
shoots is higher.

Secondly, to understand the role of GRX against As
stress in plants, functional characterization of the two
arsenic-responsive rice GRX family proteins, OsGRX_C7
and OsGRX_C2.1 was carried out in transgenic Arabidopsis
thaliana. Over-expression of OsGRX_C7 and OsGRX_C2.1
in transgenic Arabidopsis thaliana conferred arsenic (As)
tolerance as quantified in terms of increase in germination
rate, root growth assay, and whole plant growth. Also, the
transgenic expression of OsGRXs displayed significantly
reduced As accumulation in A. thaliana seeds and shoot
tissues compared to WT plants during both AsIII and AsV
stress. Thus, it is concluded that OsGRX_C7 and
OsGRX_C2.1 seem to be an important determinant of As-
stress response in plants. OsGRX_C7 and OsGRX_C2.1
transgenic showed to maintain intracellular GSH pool and
involved in lowering AsIII accumulation either by
extrusion or reducing uptake by altering the transcript of
A. thaliana AtNIPs. Overall, OsGRX_C7 and OsGRX_C2.1
may represent a GRX family protein involved in As stress
response and may allow a better understanding of the As
induced stress pathways and the design of strategies for
the improvement of stress tolerance as well as decreased
As content in crops.

To understand the role of GRX to function as efflux
proteins in order to avoid arsenic stress, functional
characterization of the two arsenic-responsive rice GRX
family proteins, i.e. GRX (OsGRX_C7and OsGRX_C2.1)
were studied which were involved in the regulation of
intracellular arsenite (AsIII) in Saccharomyces cerevisiae and
Escherichia coli Both the OsGRXs genes were cloned and
expressed in E coli. (Dars) and S. cerevisiae mutant strains
(Dycf1, Dacr3). The expression of OsGRXs increased As
tolerance in E. coli (Dars) mutant strain (up to 4 mM AsV
and up to 0.6 mM AsIII). During AsIII exposure, S. cerevisiae
(Dacr3) harboring OsGRX_C7and OsGRX_C2.1 have
lower intracellular AsIII accumulation (up to 30.43% and
24.90%, respectively), compared to vector control. Arsenic
accumulation in As-sensitive S. cerevisiae mutant (Dycf1)
also reduced significantly on exposure to inorganic As.
The expression of OsGRXs in yeast maintained
intracellular GSH pool and increased extracellular GSH
concentration. Purified OsGRXs displays in vitro GSH-
disulfide oxidoreductase, glutathione reductase and

arsenate reductase activities. Also, both OsGRXs are
involved in AsIII extrusion by altering the Fps1 transcripts
in yeast and protect the cell by maintaining cellular GSH
pool. Thus, the results strongly suggest that OsGRXs play
a crucial role in the maintenance of the intracellular GSH
pool and redox status of the cell during both AsV and
AsIII stress and might be involved in regulating
intracellular AsIII levels by modulation of aquaporin
expression and functions.

Role of micro-climate in soil Carbon sequestration in two
pulses in Indo-Gangetic plains of Uttar Pradesh.

Soil carbon sequestration in pulse crops is influenced
by environmental factors (e.g. soil temperature, soil
moisture, etc.) and biological factors (e.g. soil organic matter
content, above-ground canopy size and growth, etc.). There
is little information available on the role of microclimate
in growth and physiological performance in pluses in
special reference to Indo-Gangetic Plains (IGP) of Uttar
Pradesh. Therefore, the present study was carried out to
assess the growth and physiological performance under
experimental field trials in targeted pulse (Chickpea, Cicer
arietinum).

Ten varieties of Chickpeas (HK94-134, JG-11,
PANTG-186, JG-16, PUSA-362, Uday (KPG-59), Anubhav,
Shubhra, Ujjawal, DCP-92-3) were tested for their growth
and physiological performance at Biomass Research
Centre, Banthra of CSIR-NBRI. All the varieties of
Chickpeas were studied for their morphological
characterization for plant height, stem diameter, number
of branches, number of flowers and number of pods at
different crop phenological stages. Leaf area index (LAI)
was measured with LICOR-2000 Plant Canopy Analyzer
in different vegetative, flowering, fruiting and senescence
stage of the Chickpeas. Plants were harvested at full
maturity stage, and aboveground biomass, belowground
biomass, pod weight and total plant biomass were
estimated. Different physiological parameters like
photosynthesis rate, stomatal conductance, transpiration,
water use efficiency (WUE) and vapor pressure deficit
(VPD) were studied in detail for the above 10 targeted
varieties.

Plant height was maximum in HK-94-134 followed
by JG-11. Stem diameter was maximum in Shubhra
followed by Ujjwal. Ujjwal variety observed maximum total
biomass of 52.13±6.39 g among all 10 varieties followed
by DCP-92-3 (29.6±4.86 g) and JG-11 (27.30±3.12 g).
Maximum photosynthesis rate was observed in JG-11 and
Ujjwal. Lowest photosynthesis rate was observed in PUSA-
362, which also showed lowest total plant biomass. Overall
Ujjwal performed best morphologically among 10
varieties.
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Fig. 4. Multiple linear regressions of FA CO2 efflux against different parameters in three different plant species association

In-House Projects

Bioremediation of organic and inorganic pollutants

Carbon sequestration in fly ash dumps: Comparative
assessment of three plant association

The aim of the present study was to measure in-situ
fly ash (FA) CO2 flux from naturally vegetated and non-
vegetated sites of FA dumps for identifying potential plant
species for carbon sequestration by using an automated
CO2 flux system. The FA CO2 flux was found to be higher
in vegetated site than non-vegetated site due to higher root
density and respiration. The presence of organic carbon,
microbial activity and root biomass is important indicators
for sequestration of atmospheric CO2 in naturally vegetated
site of FA dumps because of the fresh FA dumps are
supposed to be initially free of organic carbon. Furthermore,
in the naturally vegetated site, the FA CO2 efflux rates were
least in Saccharum spontaneum (lower by 84.29% and
Prosopis juliflora (lower by 92.09%) association as compared
to Typha latifolia association (Fig.4). Thus, the field results
proved that S. spontaneum and P. juliflora association is
potentially suitable for sequestering atmospheric CO2 in
the fresh FA deposited sites.

Brevundimonas diminuta mediated alleviation of arsenic
toxicity and plant growth promotion in Oryza sativa L.

The present study, examined the possibility of
improving phytostabliza tion of arsenic through
application of new isolated strain Brevundimonas diminuta
(NBRI012) in rice plant [Oryza sativa (L.) Var.Sarju52] at
two different concentrations 10ppm (low toxic) and 50ppm
(high toxic)] of As. The plant growth promoting traits of
bacterial strains revealed the inheritability of siderophores,
phosphate solubilisation, indole acetic acid (IAA), 1-amino
cyclopropane-1-carboxylic acid (ACC) demines production
which may be associated with increased biomass,
chlorophyll and MDA content of rice and thereby
promoting plant growth (Fig. 5). The study also revealed
the As accumulation property of NBRI012 strain which
could play an important role in As removal from
contaminated soil. Furthermore, NBRI012 inoculation
significantly restored the hampered root epidermal and
cortical cell growth of rice plant and root hair elimination.
Altogether the study highlights the multifarious role of B.
diminuta in mediating stress tolerance and modulating
translocation of As in edible part of rice plant.
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Fig.5. Distribution of arsenic in rice plant parts as a response of As amended soil (10 and 50 mg kg_1) and bacterial inoculants (NBRI012). As
concentration in root, shoot, husk and grain(A); (root to shoot) (B);effect of As on MDA content (C) and protein content (D)

Study of the regulation of genes in the GABA shunt
pathway of rice seedlings exposed to arsenite stress

The amino acid -amino butyric acid (GABA) is
known to be induced in plants under abiotic stress as a
stress response and also as stress modarator. Hence
application of exogenous GABA can alleviate the stress
effect in plants. With this hypothesis an experiment was
conducted to investigate the regulation of genes of vital
enzymes involved in GABA shunt pathway in rice
seedlings exposed to GABA (i.e. 50 and 100 µM,
abbreviated as GABA(L) and GABA(H), respectively and
also in rice seedlings exposed to both 2 µg ml-1 of As(III)
and GABA along with their respective controls. The
treatment consisting of 2 µg ml-1 of As(III) supplimented
with 50 and 100 µM GABA, which were abbreviated as
As(III)+GABA(L) and As(III)+GABA(H), respectively. All
the treatments were carried out in 4 replicates. Seedlings
were harvested for analysis after 7d of treatments.

Glutamate decarboxylase (GAD), Glutamine
synthetase (GS), Succinate dehydrogenase (SDH) and

succinic semialdehyde dehydrogenase (SSADH) are the
main enzymes of the GABA shunting pathway, which
replenish the inhibited synthesis of succinate of the energy
producing TCA cycle under abiotic stress condition. In
the study, the results showed enhanced expression of the
shoot GAD1 by 12.5 fold in plants receiving only GABA.
On the contrary the expression of the gene in rice seedlings
treated with As(III)+GABA(L) [2 µg ml-1 As(III)+50µM
GABA], increased 7 fold, as compared to the control. In
roots, the expression GAD1 decreased by 0.8 fold in
GABA(H), as compared to the control. However, in the
plant receiving only As(III), the expression of GAD1
increased by 1.5 fold, compared to the control. Similar to
the regulation of GAD1, the expression of GAD2 increased
in shoot of all the treatments receiving only GABA in a
dose dependent manner, whereas, the expressions of GAD2
in shoots was down-regulated in all the treatments
involving As(III). Whereas in roots, the expression
increased by 2.5 and 1.8 fold in both the treatments of
GABA(L) i.e. without As(III) and with As(III), respectively.
On the other hand, the expression of GAD2 was down-
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regulated in the roots of plants exposed to higher level of
GABA. The maximum down-regulation (0.5 fold) was
observed in As+GABA(H), in comparison to the control.
The expression of shoot and root GS was also highly
upregulated in plants receiving only GABA [GABA(L) and
GABA(H)]. The expression of GS in shoot of plant receiving
higher GABA [GABA(H)] up-regulated by 3.7 folds,
whereas, in the root of lower GABA [GABA(L)] the
expression was up-regulated by 2.5 fold. As compared to
the As(III), the expression of root GS was upregulated by
2.5 fold in As+GABA(L).

The function of SDH is conversion of succinate to the
fumarate in TCA cycle. The expression SDH in shoots was
down-regulated in all the treatments involving As(III),
As(III)+GABA and GABA, compared to the control, except
in GABA(H), where it increased. In contrary to the up-
regulation of SDH in shoot SDH, exogenous application
of GABA decreased the expression in the root SDH
involving both the treatments with or without As(III), as
compared to the control and A(III), except in root SDH
where it was down-regulated by 0.85 fold in
As(III)+GABA(H). Similar to the other gene expressions,
shoot and root SSADH was also up-regulated with
exogenous GABA treatments, and was down-regulated in
As(III) treated rice seedlings, as compared to the control.
However, the down-regulation of the expression of SSADH
in shoot and root was recovered with the application of
GABA and As(III) to the plants. The maximum increase
was observed in shoot and root by 2.5 and 0.2 fold with
the As(III)+GABA(L), in comparison to As(III) alone.

Overall the study concludes that the exogenous
application of the GABA along or without As(III) treatment
regulates gene expression of GABA shunt pathway
enzymes in rice seedlings. The recovery of these gene
expressions with the application of GABA against As(III)
demonstrate that GABA plays a crucial role in the
amelioration of As(III) induced stress.

Reduction of arsenic toxicity in rice cultivar through co-
application of algae (Chlorella)

Lower group of organisms i.e. bacteria, fungi and
microalgae has the property of conversion of inorganic
toxic metals/metalloids to organic forms by methylation.
While meta ls like Cd and Hg become toxic a fter
methylation, organic arsenic or methylated arsenic
becomes less toxic. An experiment was conducted to study
the decrease in Arsenic (AsIII) related toxicity in a rice
cultivar (Saryu-52) by the co-culture with alga Chlorella
sp. Arsenic was applied as As(III) (30 µM) and As(V) (30
µM). In As(III) 30µM treated plants, the level of lipid
peroxidation measured as thio-barbituric reactive
substance (TBARS) content was observed to increase by

14.5%, as compared to the control. Similarly, TBARS
content also increased (19%) in As(V) 30µM treated plants,
as compared to the control (Fig 6). However, the TBARS
content in seedlings grown with Chlorella [As(III)
30µM+Chl] decreased by 14.3%, as compared to the plants
receiving only As(III) 30µM. Similarly, the content of
TBARS also decreased in plants treated with As(V) 30µM
and co-cultured with Chlorella by (15%), compared to the
plants receiving only As(V). Application of Chlorella with
As has also shown to decrease the As accumulation. Thus
the preliminary results show that presence of alga
(Chlorella) in the rhizosphere can decrease the As related
toxicity in rice plants.

Changes in Biomass Allocation to Leaves, Stems, Fruits
and Roots Under Abiotic Stress in Seed Plants

Physiological performance and differential expression
profiling of genes associated with drought tolerance in
root tissue of four contrasting varieties of two Gossypium
species

Drought is considered as one of the limiting factors
for plant growth and crop productivity around the world.
The importance of root growth for maintaining crop yield
under drought stress is becoming recognized and of
increasing interest to plant researchers. The root elongation
in parched soil is generally limited by a combination of
mechanical impedance and water stress. The major
function of root tissue is water and nutrient uptake so it
imparts an important role in plant growth and stress
management.

Four cotton varieties, JKC-770, drought tolerant and
KC-2, drought sensitive [Gossypium hirsutum] and JKC-717,
drought tolerant and RAHS-187, drought sensitive
[Gossypium herbaceum] were imposed to drought stress and
studied the changes in root tissue morphology (Fig. 7),
physiology, metabolite content (Fig. 8) and differential/
comparable genes expression (Fig. 9) which are responsible
for tolerance or sensitivity of cotton varieties.

Fig. 6. TBARS (µM g-1 FW) of MDA in shoots of cv. Saryoo-52.
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Cellulose synthase (CesA), pyrroline-5-carboxylase
synthase (1P5CS), glutamate decarboxylase (GAD),
xyloglucan:xyloglucosyl transferase (TCH4), squalene
epoxidase (SqE), Ser/Thr PPase, Aux Res Ps, glutathione
S-transferases (GST-8), heat-shock proteins (HSPs) and
glycosyl hydrolases (GH) genes were selected to study their
expression analysis under watering and water stress
conditions in root tissues of cotton plants. To further define
the physiological state of the plants that were subjected to
expression profiling, the accumulation of two stress-

inducible metabolites, proline and malondialdehyde
(MDA) were monitored (Fig. 10). Proline works as osmolyte
and MDA is known for oxidative damage of cell membrane.
GST-8 is another gene which translates GST enzyme, used
for scavenging the electophilic molecules produced during
cell lipid peroxidation. High proline content under stress
condition especially in root tissue helps plant having low
water potential to facilitate water uptake from soil. Some
triterpenoids, sterols and ã-amino butyric acid (GABA)
were also estimated to observe the function of crucial genes
CesA and GAD.

Fig. 8 Images of control (upper panel) and drought (lower panel)
treated roots of four cotton varieties JKC-770 (a, b), KC-2 (c, d),
JKC-717 (e, f) and RAHS-187 (g, h).

Fig. 8. Changes in sterols, -amino butyric acid (GABA) and squalene
content in root tissues of drought treated cotton varieties with
reference to root tissue of control plants.

Fig. 9. Comparative expression profiling of genes associated with
drought stress in, root tissue of four varieties of cotton plants.

Fig. 10. Cellular content of proline (a), superoxide dismutase, SOD
content (b) , Lipid peroxidation expressed in the terms of
malondialdehyde, MDA concentration (c) and cellular level of
glutathione-S-transferase, GST activity (d), in root tissue of four
contrasting cotton varieties under irrigated and drought treated
condition.

JKC-770 and JKC-717 the drought tolerant varieties
showed a comparatively high glutathione-S-transferase
(GST), superoxide dismutase (SOD), proline along with
their gene expression and low malondialdehyde (MDA)
content indicating low membrane damage and better
antioxidative defense under drought condition. The
expression levels of cellulose synthase (CesA),
xyloglucan:xyloglucosyl transferase (TCH4) and glycosyl
hydrolases (GH) suggests modulation in cell wall structure
and partitioning of sugars towards osmoprotectants
instead of cell wall biosynthesis in tolerant varieties. Heat
shock proteins (HSPs) and serine/threonine protein
phosphotases (Ser/Thr PPase) show up-regulation under
drought condition, which are responsible for temperature
tolerance and protein phosphorylation respectively. These
effects many metabolic processes and may be playing a
key role in drought tolerance and adaptability of JKC-770
towards drought tolerance.

In the present study the root growth, root length,
biomass of roots, % C and % N under watered and drought
conditions was also studied (Fig. 12). Typically, well
watered plants have a high Ci/Ca and are depleted in 13C,
whereas droughty plants have a low Ci/Ca and are
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enriched in 13C, reflecting the relationship between
photosynthesis and transpiration or the water use
efficiency and therefore the stable isotope carbon
discrimination has been used as a tool for screening
drought tolerant vs drought sensitive varieties. The long
term water use efficiency (WUE) estimated in terms of
carbon isotope discrimination (13C) in the root tissues
showed maximum depletion in the 13C values in JKC-770
variety, while minimum in RAHS-187 under drought stress
with reference to their respective control, suggesting a high
WUE in JKC-770 variety (Fig. 11).

and glutathione reductase with antioxidants like ascorbate
and glutathione showed positive regulation under SA.
Osmolytes like proline and total soluble sugars levels
increased significantly under SA treatment. The tolerance
was conferred to Kundan by these morphological,
physiological and biochemical attributes which were
further enhanced by SA treatment. Yield parameters,
negatively impacted by water stress, like seed weight and
number of seeds per plant, harvest index and seed starch
were positively influenced in plants exposed to water
deficit under SA treatment (Fig. 12).

The molecular mechanism underlying SA induced
drought tolerance was studied through total leaf
proteomics of plants under control, stress and rehydration.
Proteomics revealed differential regulation of proteins
related to metabolism, photosynthesis, defence, signal
transduction and redox signaling (Fig 13). During early
exposure to stress (vegetative stage) proteins related to
carbon metabolism like fructose bisphosphate aldolase,
phosphoglycerate kinase, glyceraldehyde dehydrogenase,
malate dehydrogenase, etc. were upregulated in both
cultivars but more significantly in Kundan. Carbon

Fig. 11. Root carbon isotope discrimination, 13C (a), % carbon content
(b), % nitrogen content (c), and C/N ratio (d), in root tissue of
watered and drought treated cotton plants.

Impact of salicylic acid (SA) on drought stressed wheat
(Triticum aestivum L.)

Impact of salicylic acid (SA) on drought stressed
wheat (Triticum aestivum) cultivars (Kundan and Lok1)
was investigated at the morphological, physiological and
biochemical levels along with changes in leaf proteome
pattern to further explore the molecular mechanisms
underlying SA-induced drought tolerance. The impact was
studied at two different developmental stages: vegetative
and flowering under well watered, water stressed (severe
stress RWC 50% and moderate stress RWC 75%) and
rehydration condition with their respective control. At the
morphological level SA caused increase in root to shoot
ratio in Lok1 under stress during both stages. The tolerant
Kundan had highly developed root system, so biomass
accumulation under stress and SA was more towards
shoot. SA caused increase in rate of photosynthesis,
stomatal conductance, water use efficiency and maximal
efficiency of PSII in wheat cultivars with pronounced effect
in Kundan than in Lok1. SA positively a ffected
antioxidative metabolism in both cultivars under water
deficit condition by enhancing the tolerant traits of Kundan
and inducing tolerance in Lok1. Antioxidative enzymes
like superoxide dismutase, catalase, ascorbate peroxidase

Fig. 12. Yield parameters A. Number of seeds per plant; B. Seed
weight per plant; C. Harvest index (HI) under interaction of drought
with SA in Kundan and Lok1. Bar represents mean ± standard
deviation (n=3), letters (ABC) and (abc) represents level of significance
for Lok1 and Kundan, respectively through one way ANOVA post
hoc Duncan’s test (pd”0.05).
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metabolism in Lok1 was more diverted towards sucrose
synthesis as observed by upregulation in UTP glucose-1-
phosphate uridyl transferase and triose phosphate
isomerase. Kundan showed shift of carbon metabolism
towards starch accumulation due to negative regulation
of transketolase. At later stage i.e., flowering stage, carbon
metabolism proteins showed downregulation to provide
building blocks for grain storage reserves and more of
sucrose synthesis to be transported towards developing
grain. The increased rate of photosynthesis under SA was
supported by upregulation of RuBisCO, RuBisCO activase,
carbonic anhydrase, ferredoxin NADP reductase and
electron transport chloroplast membrane proteins at
vegetative stage. During flowering, senescence caused
downregulation in photosynthesis related proteins in Lok1
but in Kundan, plants strive to maintain rate with
upregulated RuBisCO and RuBisCO activase. The
recovered plants from stress maintained upregulation of
these photosynthetic proteins at both stages to alleviate
negative effect of water stress. The energy metabolism
enhanced under SA clearly as observed through
upregulation of ATP synthase which was diverted towards
metabolism in Kundan and defence in Lok1 at vegetative
stage. The energy metabolism during anthesis was diverted
towards increase sink potential in both cultivars. Amino
acid metabolism was positively regulated by SA and
showed increase in glutamine synthase for accumulation
of osmolytes like proline under stress for osmotic
adjustment on early exposure in Kundan and Lok1.

Cysteine synthase and methionine synthase
upregulation supported the increase in glutathione level
in stressed leaves under SA. At anthesis, increase in sink
potential by increased amino acid metabolism under SA
to provide building blocks for seed storage proteins. Protein
metabolism was under positive regulation by SA in both
cultivars but more pronounced in Kundan. Defence
proteins in Lok1 were more upregulated as compared to
Kundan at vegetative stage observed through upregulation
in ascorbate peroxidase, superoxide dismutase, germin like
proteins, late embryogenesis protein etc. Redox signalling
in Kundan was more affected than Lok1 by SA under stress
through increased expression of thioredoxins and cys
peredoxins. Redox signalling functions in redox activation
of carbon metabolism enzyms like sedoheptulose 1,6
bisphosphatase, phosphoribulokinase, ATPase etc
supporting the shift of metabolism more towards carbon
gain in Kundan. The sensitivity of Lok1 towards water
stress was higher causing the increase in defence, energy
production and protective responses against stress under
SA. This explains the SA induced drought tolerance in
Lok1 by enhancing the protective responses and increased

energy production to cope up with stress.

The ameliorating effect of SA under water stress was
found to be higher in Kundan as compared to Lok1. SA
conferred tolerance in Kundan even under severe stress
but in Lok1 SA induced tolerance level was higher in
moderate stress. In tolerant cultivar SA positively
influenced metabolism and stress signaling to regulate
drought tolerant responses which in sensitive cultivar
shifted towards defense, energy production and protection
against stress. Yield limitation by water stress was relieved
by SA with increased yield parameters like grain number
and weight per plant and starch. At anthesis, major
influence of SA was in increasing sink potential with stress
acclimation. The drought tolerant traits were identified
for the two winter wheat cultivars under interactive effect
of stress and SA which could be used in future for major
goal of increasing yield potential under stress.

Fig. 13. Functional characterization of identified differentially
expressed proteins under SA treatment A. Kundan, tolerant cultivar;
B. Lok1, sensitive cultivar during both developmental stages
(vegetative and flowering).
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Development of F1-hybrid cotton using novel reversible
male sterility system

F1 hybrid cotton possesses superior agronomic traits
including superior fibre quality, and hence has been of
tremendous global demand. A commercially viable F1
hybrid cotton via invention of a novel protocol “reversible
male sterility system” is being developed at this Institute.
The Agrobacterium based plant genetic transformation
protocols were standardised for achieving cotton
transgenic male sterile (ms) and restorer (rs) lines of Coker-
312 (Fig. 1). The transgenic male sterile (ms) lines carried
autophagy related gene BECLIN1 and selectable marker

GENETICS AND MOLECULAR BIOLOGY

as herbicide resistance (HR) gene BAR (35Sde:BAR:ocspA)
assembled in binary vector pPZP200. Another binary
vector pBI101 finally carried construct ms-HR for
transformation (Fig. 2). Transgenic cotton lines exhibiting
the male-sterility character will be propagated by crossing
with their wild-type parent followed by the progeny
selection after herbicide spray.

Role of Arabidopsis TBP-Associated Factors (TAFS) in
plants defense

The TATA binding protein (TBP) associated factors
(TAFs) are part of transcription complex TFIID and
contribute in regulation of transcription. However, there
is little knowledge about genome wide protein-protein
interaction profile of TAF4b. The bait construct for Taf4b
gene was prepared by cloning in pGBKT7 vector. The yeast
two hybrid screening was done using the Clontech mate
and plate library and 44 interacting proteins were
identified. Further, based on interaction strength, TAF4b
interacting Proteins (TIP) were selected for further study.
The vector switch experiment confirmed the TIP selections.
The domain interaction studies demonstrated the
non-redundant, sequence specific interaction of TIP protein
with RST domain. The Reverse yeast two hybrid was done
against TIP and additional 120 interacting proteins were
identified. The TAF4b and TIP interaction was validated
in planta using bimolecular florescence complementation
technique. The possible roles of Arabidopsis Taf4b gene in
conjunction with Cpr5 gene (constitutive expressor of PR5)
in transcriptional regulation of plant innate immunity
were also studied. Based on genetic mutant lines of Cpr5
and taf4b, it was observed that in taf4b genetic mutant
Arabidopsis lines, the transcripts of Cpr5 regulated salicylic
acid biosynthesis genes like Isochorismate synthase and
Phenylalanine ammonia lyase by down regulating. This
suggests that TAF4b interacts with CPR5 and positively
regulates genes involved in innate immunity.

Development of saturated genetic linkage map for
Gossypium hirsutum L. using SSR and SNP markers

Developing HMPR libraries for both parents, EL 958 and
UPA 57-17, pyrosequencing the libraries and indentifying
at least 1000 polymorphic SNPs between two parents

Hypo-methylated restriction libraries were prepared
from genomic DNA of both parents of G. hirsutum using
ClaI restriction endonucleases individually. DNA
fragments ranging from 300 bp to 5 Kb DNA were excised
and gel-eluted (Fig. 3).

Fig. 2. PCR based screening and confirmation of construct ms-HR .
The herbicide resistance gene BAR was amplified and sequenced by
gene specific internal primers (a), and gene HFR1 was amplified and
sequenced by gene specific internal primers (b).

Fig. 1. Seedling explants were transferred to co-cultivation meidia
along with Agrobacterium culture carrying pBI01 with constructs
I370 or I373 at suceessive stages of callus formation and growth
after co-cultivation are shown.
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Sequencing library preparation and 454 sequencing
was done using Roche GS-FLX Titanium sequencing kit.
Signals were processed using gsRunBrowser v2.5.3, while
the assemblies were made using parameter 40 bp overlap
with minimum 95 percent identity and “large and complex
genome” option. The sequencing results of the two parents
and identification of SNPs from the data, where allelic
SNPs were considered as true SNPs and non-allelic SNPs
were discarded.

Cotton SNP Chip Development

The cotton SNP-chip was developed in
collaboration with Affymetrix on the Axiom platform. A
total of 110,095 SNPs (77,350 developed in-house and
32,745 from the public domain) were screened for different

quality parameters and design score as recommended by
Affymetrix. After screening, a total of 42,377 SNPs (34,985
in-house, 7392 from NCBI dbSNP) with 51,347 probes were
finally selected. Out of total 42,377 SNPs selected for tiling
on the chip, 5286 SNPs were identified from an interspecific
(G. hirsutum x G.barbadense), while rest 37,091 SNPs were
intra- G. hirsutum (Fig. 4).

Fig. 3. Agarose gel image of digested DNA of both parents by ClaI

Fig. 4. Details of 42,377 SNPs present on SNP-chip, comprising
SNPs taken from NCBI SNP database and others generated In-
house. All the public domain SNPs were genomic SNPs, while In-
house SNPs were selected from genomic HMPR data and
transcriptome data of cotton fiber at 25 DPA.

Fig. 5. Distribution and Characterization of Chip-SNPs through mapping on G. raimondii  D–genome. (a) Distribution of 37,824 SNPs
mapped on the 13 chromosomes of D-genome; (b) Distribution of mapped SNPs all along the chromosomes showing uniform coverage
required for SNP chip. (c) Characterization of mapped SNPs in genic (5’, CDS, 3’ and Intron) and inter-genic (Promoter, 1000-5000 and >5000
bp) region.
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The newly developed SNP chip (42,377 SNPs) was
used for mapping on D-genome of G. raimondii (JGI version:
ftp://.jgi-psf .org/pub/compgen/phytozome/v9.0/
Graimondii/) using BLASTn programme. A total of 37,824
SNPs were mapped, which were found to be randomly
distributed all along the 13 chromosomes of G. raimondii
(Fig. 5a-c), indicating uniform coverage by the selected
SNPs robustness of SNP-chip and genotyping.

Utilization of Cotton SNP Chip for genotyping of 192 RILs
of (EL 959 X UPA57-17)

The new SNP-chip developed at NBRI was used for
genotyping  190 RILs along with their parents, EL 95J9
and UPA 57-17 (total 192 lines). Fishers Linear
Discriminant (FLD) was used for identifying high quality
SNP clusters and all SNPs with an FLD value <3.6 were
removed from downstream analysis. Similarly,
Heterozygous cluster strength Offset (HetS0) with a
threshold of <0.1 was used to minimize the incorrect calls.
All the SNPs/ probe sets were further classified into six
categories according to the SNP QC matrix (Fig.6a-f). The
genotyping data  represents three main clusters
corresponding to AA homozygote, AB heterozygote and
BB homozygote for each SNP. Out of the 42,377 SNPs, on

cotton SNPs (5.6%) resulted into two clusters with no
examples of homozygous for minor allele. A total of 23
SNPs (0.1%) were further confirmed to be off-target variants.
Excluding outlier SNPs, a total of 39,101 SNPs showed
clear clustering with our 172 RILs along with parental
lines (total 174 lines) demonstrating a success rate of 92.3%
for the Affymetrix Cotton SNP chip.

Development of genetic map in Gossypium hirsutum
using SNPs

A total of 168 RILs and 2952 polymorphic markers
were finalized for linkage group analysis G. hirsutum
using NBRI developed cotton SNP chip. Out of 2952
polymorphic markers, 1867 were uniquely mapped on
linkage groups, while 742 and 122 markers were mapped
at duplicate and triplicate loci, respectively. Identical or
co-segregating markers were also identified and shown in
the linkage map. Thus, the linkage map contains 2731
markers placed in 29 linkage groups.

Targeted manipulation of SlERF6 and SlERF8 in tomato:
their role in regulating fruit ripening and productivity

SlERF6 and SlERF8 were identified as two genes
encoding AP2/ERF domain containing proteins from

Fig. 6. SNP Genotyping (a-f) with six categories of Probesets according to SNP QC metrices.
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tomato fruit cDNA. Their role in development
and fruit ripening in tomato is being studied.
To functionally characterize SlERF6,
transgenic tobacco expressing SlERF6 under
the CaMV35S promoter were developed, and
showed delayed flowering and senescence
and an increase of 20 days in life cycle. Seeds
of independent lines showed early
germination both in absence and presence of
2 and 5µM ABA suggesting that SlERF6
reduced sensitivity to ABA (Figs. 7, 8). The
reduction in sensitivity was not restricted to
seed germination but also seen in other stages
of plant development. Root growth was
profoundly affected with transgenic lines
showing higher root biomass in several
independent experiments with most of the
increase being due to increased lateral roots (Fig. 9). Leaf
discs of transgenic lines showed delayed senescence in
response to ABA. Stomatal closure was affected with
transgenic lines showing 30-50% higher photosynthetic
rates, and even higher conductance and transpiration both
in absence and after ABA treatment (Fig. 10). A consequence
of the reduced sensitivity to ABA and increased
transpiration was increased sensitivity to water stress
leading to rapid wilting of transgenic plants upon water
stress (Fig. 11). However, under well watered conditions,
transgenic plants produced larger number of capsules and
greater number of seeds (Fig. 12). The increase in yield
ranged from 18-35% in different experiments in years from
2011 to 2015. The gene has tremendous potential to increase

Fig. 8. Reduced sensitivity of seeds of transgenic SlERF6 lines (1-4 and 2-4) to ABA

Fig. 9. Differences in root biomass and architecture in transgenic
SlERF6 over-expressing tobacco plants

Fig.7. Early germination of transgenic tobacco seeds (Lines 1-4 and
2-4) expressing SlERF6 on ½ strength MS medium.

Fig. 10. Higher photosynthesis, conductance and transpiration rates in transgenic SlERF6 over-expressing tobacco lines (1-4 and 2-4) before
and after ABA (10ìM) treatment

yields by at least 18-30% in microirrigated conditions over
the controls.

Expression of SlERF6 expression appears to reduce
sensitivity to ABA in several different ABA governed
processes in different tissues and in different stages of plant
growth and may encode a negative regulator that functions
in the general ABA pathway.
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A comprehensive  systematic analysis of stress
responsive DHN gene family members in 11 Oryza
cultivars: Is it lost or retained during course of
domestication of rice?

Abiotic stresses adversely affect cellular homeostasis
which ultimately impairs overall growth and development
of the plant. These initial stress signals activate
downstream signaling processes which in turn modulates
stress-responsive mechanisms to re-establish homeostasis.
One such mechanism is offered by Dehydrins (DHNs,)
these are the key components of dehydration tolerance.
Rice (Oryza sativa L.) being a paddy crop is mainly
susceptible to drought-induced stress. As the rice crop
survival might be a trait with strong evolutionary selection
pressure, the functional role of DHNs in the light of
domestication during the course of evolution was
examined. Sixty five DHNs were identified by genome wide
survey of 11 different rice germplasm, including wild
relatives and cultivated varieties and 3 DHNs were found
highly conserved during the course of domestication on
the basis of their amino acid (aa) length, chromosomal
localization and domain architecture. The correlation of
conserved pattern of DHNs with domestication of wild to
cultivated rice was validated by synonymous substitution
rates, indicating that Oryza rufipogon and Oryza sativa ssp.
japonica follow adaptive evolutionary pattern whereas
Oryza nivara and Oryza sativa ssp. indica demonstrate
conserved evolutionary pattern. A comprehensive analysis

of tissue specific expressions of DHN genes in japonica,
and their expression profiles in normal and different
degree of drought conditions exhibited spatio-temporal
expression pattern. This study offers identification and
analysis of DHNs in 11 rice germplasm including wild
type, domesticated, perennial, annual, upland, and
lowland variety. The results obtained strongly indicated
the importance of DHNs, as they are found to be conserved
during the course of domestication and evolution.

Analysis of sterol glycosyltransferase (SGT) gene family
of Withania somnifera using artificial miRNA technology
in the glycosylation of secondary metabolite and using
homologous expression system

The functions of SGTLs gene family members
(WsSGTL1, WsSGTL2 and WsSGTL4) of Withania somnifera
were analyzed by developing transgenics of W.somnifera
overexpressing WsSGTL1 using Agrobacterium tumefaciens-
mediated transformation and suppressing by the
combination of artificial miRNA and Virus Induced gene
silencing method. Later the VIGS vector with amiRNA was
modified and developed amiRNA, based on virus induced
gene silencing (aMIR-VIGS) system against WsSGTLs gene
members.  This aMIR-VIGS system helps  avoid the off
target gene silencing in plants. After silencing of WsSGTLs
members biotic experiments were performed.

Silencing of the WsSGTL affected the leaf area and
height of the plants. The ratio of free sitosterols and
stigmasterol vs its glycosylated forms was measured by
acid hydrolysis . The ra tio of free phytosterol vs
glycosylated phytosterols was higher in silenced lines
than control plants (Fig. 13).

The infection of Alternaria alternata causes significant
increase in salicylic acid, callose deposition, superoxide
dismutase and H2O2 in silenced lines as compared to
control plants.

Down-regulation of the WsSGTL gene family
diminishes the plants tolerance against the Alternaria
alternata. It was already reported that conversion of

Fig. 11. Increased wilting in transgenic SlERF6 over-expressing tobacco lines (1-4 and 2-4) after 8 days of withholding water

Fig. 12. Improved capsule number (A) and seed yield per plant (B)
in transgenic tobacco over-expressing SlERF6

A                            B
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Fig. 13 (a-d) Down-regulation of WsSGTL1, L2 and L4 of W. somnifera significantly affects the height and leaf area of the plants. (e and f) ratio
of free phytosterol to their respective glycoside.

Fig. 14 (a) Aniline blue staining in the leaf of W. somnifera after the infection of A. alternata at 7 dpi at 20X magnifications on confocal
microscope. Bars = 100 µm. (b and c) Hydrogen peroxide accumulation in leaves of W. somnifera were analysed after 48 h of infection by DAB
staining, under light microscopy at 40 X magnification and spectroscopic analysis. (d)Total SOD has been measured after 48 h infection of
A. alternata in control and silenced lines of W. somnifera. (e) Stigmasterol/sitosterol ratio in control and silenced lines before and after 7 days
A. alternata infection.
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sitosterol to stigmasterol increased after the biotic stress.
We have checked the ratio of stigmasterol vs sitosterol after
fungal stress. This ratio was higher in the silenced line
than control plants (Fig. 14).

The expression of biotic stress related genes, namely,
WsPR1, WsDFS, WsSPI and WsPR10 were also enhanced
in silenced lines in time dependent manner. Our
observations revealed that a positive feedback regulation
of withanolide biosynthesis occurred by silencing of SGTLs
which resulted in reduced biotic tolerance (Fig. 15).

To understand the functional significance and
potential of WsSGTL1 gene, transgenics of W.somnifera
overexpressing WsSGTL1  were generated using
Agrobacterium tumefaciens mediated transformation. Stable
integration and overexpression of WsSGTL1 gene was
confirmed by southern blot analysis followed by
quantitative real time PCR.

withanoside V) and campesterol, stigmasterol and
sitosterol in glycosylated forms with reduced accumulation
of withanolides (withaferin A, withanolide A and
withanone) in transgenic lines (Fig. 17). This resulted in
tolerance towards biotic stress (100% mortality of
Spodoptera litura), improved survival capacity under cold
temperature stress (Fig. 18).

Fig. 15 (a and b) Expression level of different defense genes such as (A), WsPR1 (B), WsDFS (C), WsSPI have significantly increased while (D),
WsPR10 showed delayed over-expression in silenced lines after 48 h and 72 h of fungal infection as compared to Mock, taken as control.

Transgenic Withania  plants overexpressing
WsSGTL1 displayed number of alterations at phenotypic
and metabolic level in comparison to wild type plants,
which include early and enhanced growth with leaf
expansion (Fig. 16) and increase in number of stomata.

Increased production of glycowithanolide (majorly

Fig. 16. Morphological characterization of T1 transgenics of
W.somnifera. A 8-weeks-old seedlings growing in the pot. B 4-months-
old plants in the pot. C Morphological difference in the leaf size (L to
R) of the transgenic lines and WT.



97

CSIR-NATIONAL BOTANICAL RESEARCH INSTITUTE

GENETICS AND MOLECULAR BIOLOGY

Fig. 17. Quantitative estimation of withanolides in WT and transgenic plants (L1, L2 and L3) illustrating enhanced glycosylation of
withanolides  A-D From samples of leaf extract. E-H From samples of root extract. I-L HPLC chromatogram.

Fig. 18. Evaluation of transgenic plants against neonate larvae of Spodoptera litura. A Detached leaves of W.somnifera. B Percent mortality of
S.litura. Asterisks indicate that mean values are significantly different between WT and transgenic plants (*, P < 0.05; **, P < 0.01; ***, P
<0.001).
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Further, the role of WsSGTL1 was validated through
RNAi silencing of WsSGTL1 gene. For this RNAi construct
(pFGC1008-WsSGTL1) was made and the genetic
transformation was done by Agrobacterium tumefaciens.
HPLC analysis depicts the reduction of withanoside V (the
glycowithanolide of W.somnifera) and a large increase of
withanolides (majorly withaferin A) content. Also, a
significant decrease in the level of glycosylated sterols has
been observed.

Hence, the obtained data provides an insight into
the biological function of WsSGTL1 gene in W.somnifera.
From the present study, it was observed that WsSGTL1 is a
key enzyme of withanolide biosynthetic pathway and is
regulating the withanolide biosynthesis in W. somnifera
predominantly by glycosylation of withanolides and
sterols which in turn has a regulatory role in the growth
and development and provides tolerance against biotic
and abiotic stresses.

Enhancement of secondary metabolites with the use of
biotic and abiotic elicitors in hairy root cultures of
Rauwolfia serpentina, Glycyrrhiza glabra and Solanum
khasianum

Glycyrrhiza glabra L. contains large amount of
glycyrrhizin and saponins. Glycyrrhizin played important
defensive role to protect the erythrocytes against the
hemolysis. It has lots of medicinal values including its
role in severe acute respiratory syndrome (SARS)-
associated virus and effective remedial agent for acquired
immunodeficiency syndrome (AIDS) and chronic
hepatitis. Hairy root culture is an alternative method to
save the biomass of the plant and enhancement of its
alkaloids through elicitors is beneficial for humankind.

Hairy root cultures of G. glabra were subjected to biotic
elicitation (Cellulase from Aspergillus niger) and (Mannan
from Saccharomyces cerevisiae) as well as abiotic elicitation
(Drought and heavy metal stress) to enhance the
concentration of glycyrrhizin.

At 1% PEG concentration (drought stress), 5.4 fold
enhancements in glycyrrhizin content was observed after
24 h of elicitation but treatment of heavy metal in the form
CdCl2 did not cause any significant enhancement in yield
of glycyrrhizin. Mannan at 10 mg/l concentration and
cellulase a t 200µg/ml concentra tion, enhanced
glycyrrhizin content upto 7.8 fold and 8.6 fold after 10 d
and 7 d of stress respectively.

Proteomics changes were also reported in hairy root

cultures in comparison to normal root cultures after 2-D
electrophoresis. Eighty four protein spots were
significantly differentially expressed, of which 64 spots
were identified by MALDI-TOF/TOF analysis. The
identified protein spots represented different categories
such as Amino Acid Metabolism, Carbon Metabolism,
Defense, Energy Metabolism, Flavonoid Biosynthesis,
Protein Synthesis Assembly Degradation proteins and
some Unknown proteins are categorised as unknown (Fig.
19).

Cellular characterization and transcriptome analysis of
Solanum khasianum  to  identify the potential
transcriptional regulators involved in prickle
development

Prickles are very simple structures and can provide
an ideal system for developmental studies like cellular
differentiation, communication and growth. These can be
defined as an outcropping of proliferated epidermal tissue,
and very little is known about the molecular events in their
development. We have prickly (WT) and prickleless (MT)
strains of S. khasianum with the advantage of very close
genetic similarity. This allows us to compare the
mechanisms involved in prickle formation at the molecular
level.

Morphological investigations of the stem of both the
strain using scanning electron microscopy revealed that
the prickle and trichomes of S. khasianum are structurally
similar. Prickle development initiated only from the base
of glandular trichome. Examination of the transverse
section of stem of the prickly strain under light microscopy
revealed that prickles of S. khasianum epidermal in origin
but also contains hypodermal cells (Fig. 20).

Fig. 19 - Functional categorisation of proteins identified through
MALDI-TOF/TOF



99

CSIR-NATIONAL BOTANICAL RESEARCH INSTITUTE

GENETICS AND MOLECULAR BIOLOGY

In order to screen out the global transcriptional
regulators involved in prickle development of S. khasianum,
we have performed RNA-seq of the epidermal tissues of
the stem of both strains. A total of 1,090 significantly
differentially expressed unigenes were found. Pathways
analysis of these unigenes indicated that secondary
metabolite, stresses and development associated genes
were differentially expressed. We have selected some
prickle specific potential putative transcriptional
regulators that are under investigation.

Tagging Alternaria blight resistance loci and marker
assisted backcrossing (MABC) in linseed (Linum
ussitatisimum L.)

Linseed is an important oil seed crop having >65%
omega-3- fatty acid (highest among the plants) and ~20%
omega-6-fatty acid. This crop is prone to various biotic
stresses such as rust, wilt, mildew and blight. The latter
causing major losses. No systematic efforts have been made
till date to develop blight resistant high yielding linseed
varieties. Therefore, the project started to tag blight resistant
loci using SSR markers and transferring QTLs from
resistance source to high yielding linseed variety through
marker assisted breeding.

A new set of 40 SSRs polymorphic among parental
lines (JRF4 and Chambal) have been identified.

Genotyping of 140 F2 mapping population
segregating for Alternaria blight trait with 40 polymorphic

SSRs have been carried out. Further genotyping is in
progress to generate data for linkage/QTL mapping.

Bulk segregation analysis (BSA) was performed to
identify the SSR associated with Alternaria blight in linseed,
using 10 plants each from two extremes in F2 population
i.e. 10 highly susceptible plants and 10 highly resistant
plants. Twenty five previously identified polymorphic
SSRs were then used to differentiate the two bulk DNA.
Out of 25, 2 SSRs i.e. LuSc_464_2_24 and LuSc_898_3_12
were able to differentiate the the resistant (BR) and
susceptible bulks (BS). These 2 SSRs then used to amplify
the individual DNA of each bulk and which successfully
differentiated the susceptible and resistant plants and thus
the markers LuSc_464_2_24 and LuSc_898_3_12 found
to be putative linked markers for Alternaria blight
resistancein linseed.

NMITLI Project

Genomics of Withania somnifera

Withania somnifera is one of the most valuable
medicinal plants synthesizing secondary metabolites
known as withanolides. Despite pharmaceutical
importance, limited information is available about the
biosynthesis of withanolides. Chemo-profiling of leaf and
root tissues of Withania suggest differences in the content
and/or nature of withanolides in different chemotypes.
To identify genes involved in chemotype and/or tissue-
specific withanolide biosynthesis, CSIR-NBRI established
transcriptomes of leaf and root tissues of distinct
chemotypes (NMITLI-101, NMITLI-118 and NMITLI-135).
Genes encoding enzymes for intermediate steps of
terpenoid backbone biosynthesis with their alternatively
spliced forms and paralogues have been identified.
Analysis suggests differential expression of large number
of genes among leaf and root tissues of different
chemotypes. Study also identified differentially expressing
transcripts encoding cytochrome P450s,
glycosyltransferases, methyltransferases and transcription
factors which might be involved in chemodiversity in
Withania. Virus induced gene silencing of the sterol “7-
reductase (WsDWF5) involved in the synthesis of 24-
methylene cholesterol, withanolide backbone, suggests role
of this enzyme in biosynthesis of withanolides (Fig. 21).
Information generated, provides a rich resource for
functional analysis of withanolide-specific genes to
elucidate chemotype- as well as t issue-specific
withanolide biosynthesis. This genomic resource will also
help in development of new tools for functional genomics
and breeding in Withania. The information generated has
been compiled in the form of database (Withanome). This
database has comprehensive information about Withania
in terms of medicinal properties, withanolides, different

Fig. 20. Morphological difference in prickly and prickless S. Khasianum
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chemotypes, transcriptome datasets and proposed
pathway for biosynthesis of specific withanolides.

In-House Projects

Functional analysis of GhNAC2 from Gossypium
herbaceum, and its role in root growth and drought
tolerance in transgenic cotton

GhNAC2 was previously identified as a drought
responsive NAC transcription factor from cotton. Its
expression improved root growth in transgenic
Arabidopsis and imparted drought tolerance. To study its
role in cotton, transgenic lines expressing GhNAC2 under
the CaMV35S promoter were generated in cotton “Coker
310”. A marked increase in root length (as seen in
transgenic Arabidopsis lines) was also seen in all

transgenic GhNAC2 expressing cotton plants both under
well watered and water stressed conditions. Under
unstressed conditions, plants of transgenic lines of L-24
and L-30 showed a 2.5-2.75 fold increase in root length
over control roots while under water stressed conditions
plants of transgenic lines of L-24 and L-30 showed a 1.5-
1.7 folds over control roots (Fig. 22).

Leaf abscission and wilting, which are common
drought symptoms in cotton, were found to be reduced in
transgenic plants subjected to 15 days water stress. While
leaves of control cotton plants showed an average of 35%
leaf abscission post 15 day water stress, the average leaf
fall in plants of transgenic lines L-24 and L-30 was only
11.8% and 7.4% respectively. Of the leaves that remained,
there was a greater degree of wilting in water stressed

Figure 21: Virus induced gene silencing of WsPDS and WsDWF5a in Withania. (a) Phenotype of wild type (WT), TRV1 and TRV2 infected
empty vector control (EV), TRV1 and TRV2:WsPDS infected (TRV:WsPDS) plants and reduced level of transcripts of WsPDS in PDS silenced
plants. (b) Phenotype of EV and TRV1 and TRV2:WsDWF5a infected (TRV:WsDWF5a) plants, significantly decreased level of transcripts of
WsDWF5a and increase in plant height in DWF5a silenced plants. (c) Reduced level of major withanolide in leaf (withaferin A) in DWF5a
silenced plants as compared to EV.
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control plants compared to transgenic lines. Leaf drooping
measured as the angle between the leaf laminal plane and
the petiole was 90.25o±8.2 in control leaves compared to
120-137o  for lines L-24 and L-30 a fter 15 days of
withholding water, indicating reduced wilting in
transgenic plants (Fig. 23, 24).

Canna Biology : Regeneration and genetic transformation
of Canna spp.

Canna (Canna indica L.) is an ornamental landscape
plant and was selected for genetic improvement. A
foolproof tissue culture protocol is required for genetic
transformation and for any genetic improvement. There is
no report available in the literature. The reasons may be
that it is a monocot, slow growing in culture, difficult to
establish as bacterial contamination is carried through the
soil-grown rhizome, hard seed coat etc.

The objective was to develop an efficient protocol for
canna transformation using Agrobacterium mediated
transformation by optimizing the concentration of the
strain (GV3101), phenolic compound (acetosyringone),
polyamine (Spermidine), inducer of somatic embryos from
callus (PEG) and the duration of Agrobacterium incubation
and infection time.

Fig. 22. Comparative root growths of control and transgenic cotton
plants expressing GhNAC2 under the CaMV35S promoter in well-
watered (upper panel) and water-stressed (lower panel) conditions.

Fig. 23. Comparative plant growth phenotypes of control and
transgenic GhNAC2 expressing cotton plants described in Fig 1 under
water-stressed (upper panel) and well-watered conditions (lower
panel).

Fig. 24. A, Graphical representation of percent abscission of leaves
in control and progeny of transgenic GhNAC2 expressing cotton
plants (Lines L-24 and L-30) after water stress (n=6). B, Graphical
representation of leaf angle of leaves remaining in control and progeny
of various transgenic GhNAC2 expressing cotton plants (Lines L-24
and L-30) after water stress (n=6).

Notable conclusion: GhNAC2 expression improves
root growth in cotton both under unstressed and water
stressed conditions and imparts drought tolerance to
plants.
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At lowest GV3101 concentration (OD600 = 0.2) it was
observed that a high rate of untransformed callus was
screened out at  1 st cycle of kanamycin selection
regenerating medium. Each cycle consists of 20 days. At
higher GV3101 concentration (OD600 = 0.8) the callus
experienced stress condition leading to cell death. At OD600
= 0.6, the callus showed growth in biomass in kanamycin
selection medium and in selection free regeneration
medium.

Transformation was best  seen at  200  µM
acetosyringone concentration compared to 100 µM and
150 µM. The best results were observed with 45 minutes
incubation and 30 minutes infection time.

The transformed callus was screened till  3 rd

kanamycin selection cycle then transferred to selection-
free regenerating medium. The callus divided and
increased slightly in biomass. It did not show any
development of somatic embryos or formation of plantlets.
However few callus showed white hairy like outgrowth
but it failed to differentiate in regeneration medium.
Multiple shoots of three cultivars of canna are being
maintained in optimized medium in liquid medium on
glass beads. Transformed callus were checked by PCR
analysis and showed positive lines.

miRNA analysis of two contrasting flower color Canna
cultivars

miRNAs are endogenous small
RNA (sRNA) and play critical roles
in plant development processes. Total
flavonoids as well as anthocyanin
and carotenoids were estimated from
the two contrasting flower color
cultivars, of Canna, Tropical sunrise
(TS) and Red president (RP). The total
flaovonoids and anthocyanin content
were much higher in RP than TS,
where as carotenoids and
xanthophyll contents were very less
as compared to the total flavonoids
and anhocyanin (Fig. 25). The small
RNA sequencing was carried out
from the flower tissues of these two
cultivars. A total of 313 known
miRNAs belonging to 78 miRNA
families were identified from both the
cultivars. Thirty one miRNAs (17
miRNA families) were specific to
Tropical sunrise and 43 miRNAs (10
miRNA families) were specific to Red
president. Thirty two and 18 putative
new miRNAs were identified from

Tropical sunrise and Red president, respectively (Fig. 26).
109 miRNAs were differentially expressed in two cultivars
targeting 1343 genes. Amongst these, 16 miRNAs families
targetting 60 genes were involved in flower development
related traits and five miRNA families targetting five genes
involved in phenyl propanoid and pigment metabolic
processes. We further validated expression of a few miRNA
and their target genes by qRT-PCR. Target validation of a
few randomly selected miRNAs by RLM-RACE was
performed but was sucessful with only miRNA162. In
RLM-RACE experiment, we got only the target which was
not perfcet complementary to the miRNA (Fig. 27). This

Fig. 25: Flavonoids, Carotenoids, Xanthophyll and Anthocyanin
content of TS and RP.

Fig. 26: Venn diagrams of conserved and unique miRNAs between TS and RP. (A) Total
conserved and unique miRNAs between TS and RP, (B)  Conserved and unique miRNA families
between TS and RP, (C) Total conserved and unique miRNA*  between TS and RP, (D) Conserved
and unique miRNA* families between TS and RP.
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type of miRNA target site is not very common for most of
the validated plant miRNA targets but has been observed
in some other cases. The differentially  expressed and the
putative novel miRNAs may provide insight into the
molecular mechanisms of flower color as well as other
development processes in Canna.

Genetic improvement of plants through the intervention
of molecular and conventional methods

Introgression of high papaverine and thebaine content in
Opium poppy (Papaver somniferum)

The introgression of high papaverine and thebaine
content in high yielding varieties was continued to develop
lines which are rich in these alkaloids along with the high
opium yield. The thebaine and papaverine have high
global demand for pharmaceutica l purposes.
Simultaneously, the global demand for codeine and
narcotine alkaloids is also increasing due to use of codeine
in cough syrups and narcotine in the treatments of cancers.
The work for the development of high codeine and
narcotine rich lines was undertaken.

The selected high narcotine and total alkaloid
containing lines were further subjected for recurrent and
pedigree selection.

The seeds of BC3F1 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 and F3
population for further back crossing and selection of
transgressive segregants from the cross between high
yielding variety (NBRI-5 and NBRI-2) and papaverine line
were grown and seeds were obtained.

The recurrent selection was carried out from the
population of the selected transgressive segregants of the
cross between high yielding variety (NBRI-2) and
papaverine line.

A study was conducted to find out the stable thebaine
rich line out of the seven advanced breeding high thebaine
lines which have been developed for the first time through
rigrous selection from advance generations of interspecific
population derived from cross between Papaver somniferum
and Papaver setigerum based on the estimate of genotype ×
environment interaction (GEI). The overall stability
analysis following different stability models (including
regression and graphical models) concluded that the lines
NBIHT-1, NBIHT-3 and NBIHT-4 were highly stable and
adaptable for seed, opium and thebaine content in different
agro-climatic conditions. The lines NBIHT-5 and NBIHT-
6 can perform well in specific climatic conditions to obtain
maximum gain. The study concluded that the GGE Biplot
model proposed by Yan and Hunt is best suited for stability
analysis than other different stability models due to ease
in visualization of stable genotypes from the graphical
representation.

Backcrossing programme in Linseed (Linum
usitatissimum)

Linseed an important industrial oilseed crop can also
be a substitute for edible oilseed crop. However, high level
of linolenic acid in the oil makes it unsuitable for edible
purposes. In this direction, the conversion of linseed oil
from industrial to edible purposes can be a significant
achievement to fulfill the demand of edible oil. An attempt
was made to introgress low linolenic acid trait from the
variety ‘Linola’ (a low linolenic acid <5% line) to high

Fig. 27. Detection of cleavage site through RLM-RACE. 5' RLM RACE was used to map the cleavage sites. The partial mRNA sequence from
the target genes were aligned with the miRNA. The arrow indicates the cleavage site, and the number above the arrow denotes the frequency
of the sequenced clones.
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yielding varieties through backcrossing programme.
Simultaneously, characterization of linseed germplasm
was completed on the basis of fatty acids profiling so as to
facilitate proper utilization of available germplasm.

In linseed, the BC5F2 population of the crosses between
Ajgan, Shweta and Surabhi with Linola (low linolenic acid)
were grown and selection of the desired plants types was
carried out.

The recurrent selections were initiated in the selected
transgressive segregants of the crosses between high
yielding varieties rich in linolenic acid (EC-110288, EC-
112689, Mukta, A-993 and Ex-3-3). The gene actions for
low linolenic acid and other fatty acids were also worked
out in linseed through six parameter model.

The relationship among 12 phenotypic and five
quality traits in a set of 151indigenous and exotic
accessions of linseed (Linum usitatissimum L.) was worked
out. Capsules per plant, harvest index and plant weight
played a major role directly as well as indirectly towards
seed yield. High heritability coupled with high genetic
advance for plant weight, secondary branches per plant,
capsules per plant and seed yield per plant. Based on per
se performance, the accessions Shweta (5.41g), Gaurav
(5.07g) and EX-3-3 (4.77g) for seed yield and Shubhra
(45.09%) followed by Mukta (44.94%) and Laxmi-27
(45.06%) and Shweta (44.25%) for oil content were
recommended for commercial cultivation. The chemo
profiling of fatty acids in a large number of accessions
was accomplished which can provide a platform to the
researchers for selection of precise accession for the genetic
improvement of linseed as a designer crop.

Marker assisted breeding to develop high omega -3- fatty
acid Indian linseed variety

A project was initiated to tag QTLs (quantitative trait
loci) for linolenic acid (omega-3-fatty acid) by using SSR
makers and their application for marker assisted breeding

to develop high omega -3- fatty acid Indian linseed variety.
A set of new 25 SSRs polymorphic among parental lines
(Neelum x Linola) have been identified. Till now, 193 SSRs
polymorphic among parental lines (Neelum x Linola) have
been identified.

Fifty highly polymorphic SSRs were deployed over
168 linseed accessions to explore the level of genetic
diversity, population structure and also performed
association mapping to identify markers for various
quantitative traits. A total of 337 alleles were amplified by
50 SSRs ranging from 2 to 13 with an average of 6.74±2.8
alleles per loci. Neighbour-joining (NJ) analysis, model-
based population structure and principal coordinate
analysis (PCoA) were used to understand the genetic
diversity among the 168 accessions of linseed. The NJ based
clustering grouped all the accession into three major
clusters which were also confirmed by scatter plot of PCoA.
However, popula tion structure determined four
subpopulations. Further, AMOVA analysis showed that
maximum variation (79%) was found within the
population. The association mapping done for 9
quantitative traits showed that the only one marker
(Lu_3043) was found to be linked with days to 50%
flowering through both GLM and MLM analysis.

In order to enrich the marker data for linseed
molecular breeding, genotyping by sequencing (GBS)
approach was followed to develop SNP markers in a
diverse set of 95 accessions of linseed. GBS of 95 accessions
of linseed was carriedout and data analyzed for SNP
identification. The GBS data resulted in identification of
22,985 SNPs in linseed. Out of 95, 9 accessions have SNP
frequency less than 40% and thus removed from further
analysis. In this way a total of 17,059 SNPs among 86
genotypes were found to be useful. Further, more stringent
criteria were used and finally 10,057 SNPs were selected
for further studies such as diversity analysis, AMOVA and
association mapping.
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PLANT MICROBE INTERACTIONS

Grant-in-Aid Projects

Quality production and popularization of bioinoculants
for enhancing crop productivity

Crop productivity greatly depends upon the amount
of available nutrients in the soil. A significant portion of
the available nutrients is derived from transformations of
soil microbial biomass. Thus the growth and activity of
microorganisms are functions of soil properties, such as
nutrition, texture, pH, temperature, water content, which
are also sensitive indicators of changes in soil properties.
Several researchers have demonstrated that organic
farming leads to improved soil quality with higher
microbiological activity than in conventional farming, due
to crop rotations, reduced application of synthetic
nutrients, and the absence of pesticides. Supporting the
choice of organic farming with credible science can be vital
for improving the overall productivity, food security, food
sovereignty and environmental impact of agriculture in
the country. For conversion of a conventional field to
organic field, first step is to build up the lost fertility of the
soil. This can be achieved by complete restriction on the
use of synthetic inputs and increased use of organic and
biological inputs. For nutrient management and soil
fertility build up crop residue, animal dung, forest leaf
litter, bone meal, slaughter house waste, blood meal and
green manures are important organic sources. All such
organic material needs to be composted properly for
appropriate impact. Nutrient value of the raw material
and composting methodology determines the quality of
produce. Bioinoculants such as biofertilizers, biopesticides
and other microbiological inputs (organic manure, vermin-
compost, etc.) to improve the soil fertility and reducing the
use of chemical fertilizers and pesticides have also
attracted lot of attention and are being promoted for
popularization among farmers (Figs. 1 and 2).

PLANT MICROBE INTERACTION, PHARMACOGNOSY AND
PHYTOCHEMISTRY

Uttar Pradesh, which is India’s fifth largest state, with
a total 243,286 km2 area and 1,66,800 km2 agricultural area.
The U.P. state is divided in to 9 agro-climatic zones, and
18 divisions (Agra, Aligarh, Allahabad, Azamgarh,
Bareilly, Basti, Chitrakoot, Gonda, Faizabad, Gorakhpur,
Jhansi, Kanpur, Lucknow, Meerut, Mirzapur, Moradabad,
Saharanpur and Varanasi). To ensure the dissemination
of technology at massive scale for the benefit of farmers of
U.P. a collaborative venture with the Dept. of Agriculture,
Govt. of Uttar Pradesh was planned. This collaboration
has ensured commercial production and wide spread
application of the technology under Lab to Land concept.
Besides the expansion through UP Agric Dept., the bio-
inoculant technology has also been transferred to private
industries for widespread application throughout the
country.

Fig. 1: Training program on popularization of biofertilizer use at
Pali, Gorakhpur.

Fig. 2 : Training program on popularization of biofertilizer use at
Dafedar ka Purwa, Barabanki.
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Describing plant responses to elevated carbon dioxide
and its implication for Root-Soil-Microbe Interactions

A comprehensive characterization of simple sequence
repeats in the sequenced Trichoderma genomes to provide
valuable resource for marker development

Members of genus Trichoderma are known worldwide
for mycoparasitism. To gain a better insight into the
organization and evolution of their genomes, we used an
in silico approach to compare the occurrence, relative
abundance and density of SSRs in Trichoderma atroviride,
T. harzianum, T. reesei, and T. virens. Our analysis revealed
that in all the four genome sequences studied, the
occurrence, relative abundance, and density  of
microsatellites varied and was not influenced by genome
sizes. The relative abundance and density of SSRs
positively correlated with the G + C content of their
genomes. The maximum frequency of SSRs was observed
in the smallest genome of T. reesei whereas it was least in
second smallest genome of T. atroviride. Among different

classes of repeats, the tri-nucleotide repeats were abundant
in all the genomes and accounts for ~38%, whereas hexa-
nuceotide repeats were the least (~10.2%). Further
evaluation of the conservation of motifs in the transcript
sequences shows a 49.5% conservation among all the
motifs. In order to study polymorphism in Trichoderma
isolates, 12 polymorphic SSR markers were developed (Fig.
3). Of the 12 markers, 6 markers are from T. atroviride and
remaining 6 belong to T. harzianum. SSR markers were
found to be more polymorphic from T. atroviride with an
average polymorphism information content value of 0.745
in comparison with T. harzianum (0.615). Twelve
polymorphic markers obtained in this study clearly
demonstrate the utility of newly developed SSR markers
in establishing genetic relationships among different
isolates of Trichoderma.

A study on the role of miRNA(s) in plant growth
promoting rhizobacteria mediated drought stress
alleviation in chickpea (Cicer arietinum L.)

Plant adaptation to drought is a complex process that
involves an array of changes at physiological, biochemical
and molecular levels. Recently microRNAs (miRNAs) have
emerged as key players in post transcriptional gene
regulation. Chickpea is the second most important legume
crop globally. It offers a unique advantage in
understanding plant response(s) to drought stress owing
to its hardiness. Further from our lab it has been shown
that Pseudomonas putida PGPR (RAR) help in drought stress
amelioration. Therefore, we aimed to understand the role
of miRNAs in PGPR-mediated drought responsive
mechanisms in chickpea. This will also help in designing
better strategies aimed at improving stress tolerance of
legumes. Out of 73 novel miRNAs, 2 and 24 miRNAs were
up- and down- regulated (e> 2 or <-2), respectively in RAR
as compared to control. Twenty miRNAs were up- and 20
miRNAs were down- regulated in drought as compared
to control whereas 4 and 23 miRNAs were up- and down-
regulated, in drought + RAR as compared to control,
respectively. Identification of conserved and novel
chickpea miRNAs and their target genes from this study
will help to assess their role in drought stress alleviation
and/or tolerance mediated by PGPR.

Transcript profiling of major millet crops under drought
stress and cloning-characterization of stress-inducible
transcription factors

Pearl millet [Pennisetum glaucum (L.) R. Br.] a widely
used grain and forage crop, is grown in areas frequented
with one or more abiotic stresses, has superior drought
and heat tolerance and considered a model crop for stress
tolerance studies. Selection of suitable reference genes for
quantification of target stress-responsive gene expression

Fig. 3. (A) Dendrogram showing genetic relationship among the
Trichoderma isolates based on 12 microsatellite markers. Scale indicates
Jaccard’s coefficient of similarity. A and B indicates main clusters.
1A, 2A, 1B, and 2B indicate sub-clusters within main cluster A and
B. (B) Map of India showing the geographical location of different
isolates used for diversity analysis in this study.
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through quantitative real-time (qRT)-PCR is important for
elucidating the molecular mechanisms of improved stress
tolerance. For precise normalization of gene expression
data in pearl millet, ten candidate reference genes were
examined in various developmental tissues as well as
under different individual abiotic stresses and their
combinations at 1 h (early) and 24  h (late) of stress using
geNorm, NormFinder and RefFinder algorithms. Our
results revealed EF-1 and UBC-E2 as the best reference

genes across all samples, the specificity of which was
confirmed by assessing the relative expression of a PgAP2
like-ERF gene that suggested use of these two reference
genes is sufficient for accurate transcript normalization
under different stress conditions. To our knowledge this
is the first report on validation of reference genes under
different individual and multiple abiotic stresses in pearl
millet (Figs. 4 and 5). The study can further facilitate
fastidious discovery of stress-tolerance genes in this
important stress-tolerant crop.

Fig. 5. Pairwise variation (V) to determine the optimal number of control genes for accurate transcript normalization in all the four
experimental sets (I). geNorm calculates pairwise variation (Vn/Vn+1) for the normalization factors NFn and NFn+1 to determine (V<0.15)
the optimal number of reference genes. Relative expression of PgAP2 like-ERF using selected reference genes including the most and the least
stable reference genes for transcript normalization (II) following (A) individual and (B) multiple stress treatments after 0, 1 and 24 h. Bars
indicate the standard error (±SE) evaluated from the three independent experiments.

Fig. 4. Ct values of candidate reference genes across all samples (I). Line across the box depict the median value and inside the box show the
Ct values. The top and bottom whiskers are determine by the 5th and 95th percentiles, respectively.  Expression stability and ranking of 10
candidate reference genes as calculated by geNorm (II) in the individual stress samples set (A), multiple stress samples set (B), developmental
tissue samples set (C) and all samples set (D). A lower value of average expression stability (M) indicates most stable expression.
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In-House Projects
Plant growth promoting rhizobacteria mediated stress
management for increasing crop productivity
Biological control of Fusarium sp. pathogenic to cultivated
betelvine by Bacillus sp NBRI-W9

Betelvine is prone to several fungal diseases
including leaf spots, foot and root rot caused by Fusarium
spp. due to humid conditions prevailing in fields. A potent
antagonistic bacterial endophyte and a virulent fungal
pathogen were selected after rigours screening of isolates
from different betelvine varieties to provide an efficient
biocontrol strategy in cultivation of betelvine. Wild varieties
of crops are a rich source of untapped endophytes. Of the
four betelvine varieties used for isolations and screening,
the wild variety was most rich in endophytic population.
Using 16S rRNA sequencing the selected antagonist was
identified as Bacillus sp. (NBRI-W9). Pathogen, virulent
against cultivated varieties was identified as Fusarium sp.
(NBRI-PMSF12) using ITS 1 and 4 region sequencing.
Under in vitro and field conditions NBRI-W9 was able to
induce early rooting, provide plant growth promotion,
increase leaf size and yield (leaf number) and provide
biocontrol against the Fusarium sp. infection. NBRI-W9
treatments showed bacterial colonization on leaf surface
preferably in the vicinity of pearl glands and the
collenchyma region in scanning electron microscope
studies. NBRI-W9 was observed to directly enter the leaf
by degrading cell walls and colonize the sub cellular layers.
SEM analysis showed direct confrontation of NBRI-W9
with Fusarium on leaf surface and in collenchyma region
as one of the probable mode of biocontrol (Fig. 6).

PHARMACOGNOSY

Grant-in-Aid Projects

Production of Phytochemical from elite chemotypes of
some threatened medicinal plants through modified
cultivation and in vitro technologies

In total 80 samples of Gloriosa superba and 65 of Coleus
forskholii had been collected from varied phytogeography
of India. A herbarium database and passport datasheet of
collected samples of targeted species were documented
for complete mapping of their natural occurrence. In
addition, botanica l (macro-microscopic) and
physicochemical descriptors has also been established for
quality regulation. A new method for quantification of
colchicine through OPLC had been developed. HPTLC
method developed for quantification of major marker
colchicine and forskolin in Gloriosa superba and Coleus
forskholii respectively was also validated and the content
was analysed in samples.

Forty live germplasms of G. superba and 19 germplasms
of C. forskohlii had been maintained under natural
conditions for multi location trials. A set of maintained
germplasms of Coleus and Gloriosa were harvested in
selected seasons and re-analysed for quantification of
forskolin and colchicine respectively to document the cause
of chemotaxonomic variation i.e. genetic or due to
geography. Effect of soil profile on variation of forskolin
content in natural population was also documented. The
study was further extended to collect the germplasms from
remaining phytogeography of India and to establish the
morpho-chemotypic correlation with eco-geographical
factors.

Chemoprofiling of potential phytoacaricides and their
functional characterization for controlling resistant cattle
ticks

The germplasm of the targeted species i.e., Ageratum
conyzoides were collected from 23 locations covering five
states namely, Madhya Pradesh, Uttarakhand,
Maharashtra, Sikkim and Jammu and Kashmir. A passport
data sheet of each collection was prepared depicting
information about the altitude, latitude, longitude, phyto-
geographical zones etc. Physicochemical parameters viz.,
water soluble extractive, alcohol soluble extractive, total
ash and acid insoluble ash were evaluated.

The plant material was dried in shade, powdered
and methanolic extract was prepared for HPTLC profiling
to quantify the bioactive marker compounds Precocene I
and Precocene II. The solvent system used for simultaneous
estimation of both markers was Toluene: Ethyl Acetate (9.8
: 0.2). Quantification data suggests that there are variations

Fig. 6. Biological control of fungal pathogen on betelvine using
endophytes. Green arrows show surface interactions; yellow arrows
show intracellular interactions.
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in the concentration of marker compound in germplasms
of different geographical conditions. On an average
Precocene II was found to be present in higher
concentrations in comparison to Precocene I. However,
the maximum amount of Precocene I (0.083%) was found
in NAC-82 (Bhowali, Uttarakhand) while for Precocene II,
maximum content (0.277%) was found in NAC-85
(Mahichak, J&K). Further, each collected sample was
subjected to bulk 95% ethanolic extraction repeatedly up
to complete extraction. The filtrate obtained was pooled,
concentrated, lyophilized and sent to Indian Veterinary
Research Institute, Bareilly for in vitro and in vivo activity
tests.

Identification and evaluation of some lesser known plants
for malnutrition and development of a low cost herbal
combination thereof

Physico-chemical, phytochemical, antioxidant
activity (DPPH Assay, Reducing Power Assay, Beta-
Carotene linoleic acid Assay) was evaluated for Bauhinia
purpurea, B. variegata, B. acuminata, Oxalis corniculata, and
Luffa cylindrica. Elemental analysis was also performed by
using ICP-MS for all the above plant parts. Anticancer
activity was evaluated by Cell Migration Assay, Scratch
Assay and Measurement of Reactive Oxygen Species by
the 2,7-dichlorodihydrofluorescein diacetate (DCF-DA)
assay. HPTLC analysis was also performed on all the plant
parts for the identification and quantification of Phenolic
compounds.

The methanolic extract of B. purpurea floral buds
(BPBM) showed comparatively better antioxidant activity
in terms of total phenolic content (104.24 µg GAE/mg),
flavonoid content (28.52 µg QE/mg), DPPH scavenging
activities (0.13 mg/mL), beta-carotene assay (82.38 µg /
ml) and significant reducing power activity in a
concentration dependent manner by  ferrous reducing
power assay among different extracts. The methanolic
extract of B. purpurea L. floral buds (BPBM) showed the
highest antiproliferative activity on PC3 cells (IC50 = 104.0
± 2.4 µg/mL) by MTT assay, prevented PC3 cell migration
by scratch assay and measurement of ROS by DCF-DA
assay suggesting its potential in cancer prevention and
inhibition of metastasis. B.  purpurea buds can be a good
candidate for fighting micronutrient malnutrition as it
contains good amount of iron (512.16±6.2 ppb) and zinc
(43.51±1.6 ppb). Kaempferol was quantified by HPTLC
analysis in methanolic extract of both varieties which can
be the reason of its antioxidant and anticancer properties.
The plants show potential in preventing oxidative stress-
related diseases and would be useful as food supplements
in micronutrient malnutrition and cancer.

Phytochemical and pharmacological studies of the
isolated polyphenols from the resurrection plant
Selaginella bryopteris (Sanjeevani)

Selaginella bryopteris (Sanjeevani) is among the most
mysterious and most sought-after herbs in Indian
mythology. While the miracle associated with this herb is
due to its alleged potentiality for ‘resurrecting’ life, despite
its evasiveness, the herb has been a subject of serious
discussions for over centuries. Of late, there is a renewed
interest in searching for its identity owing to the emerging
realization that biological resources are the untapped
capital of any country. Stress tolerance is a phenomenon
that manifests itself in our bodies in many different ways.
Some of the more common symptoms of stress include,
sleeping disturbance, depression, anxiety, irritability,
fatigue and lethargy. Perhaps the single most important
property of an adoptogenic plan is the proven ability to
combat stress in all forms. Herbal drugs has gained
importance in recent years because of their efficacy and
cost effectiveness. Drugs from Ayurvedic literature have
been used as remedies for various alignments in the folk
and indigenous system of medicines. However adaptogens
are pharmacological agents that induce a state of non-
specific increase of resistance of the organism (SNIR) to
aversive stimuli which threatens to perturb internal
homeostasis. Stress induced by diverse stressors is
indistinguishable; therefore, a host of experimental stress
situations were investigated to study the biological and
pharmaceutical applicat ions of the identified
phytochemicals of sanjeevani.

Standardization and validation of Lichen species: Usnea
longissima and Cladonia furcata used in peptic ulcer

Lichens are composite organisms formed by the
symbiotic association of fungi and algae. This unique
mutualistic symbiotic relationship endows lichens with
novel biological characteristics that are different from those
of regular fungi and algae. Lichens contain large amounts
of usnic acid, lichesterinic acid, and other substances that
possess potent antiseptic and antibacterial activities. Usnea
longissima refers to species in the genus Usnea, the family
Parmel iaceae. Usnea longissima is  a conspicuous
circumboreal “beard lichen” draping tree canopies in
moist coastal and mountainous forests.  Among the
medicinal lichens, Usnea longissima lichen is edible and is
utilised in the preparation of traditional foods and
medicines in both Eastern and Western countries. Usnea
longissima is a conspicuous circumboreal “beard lichen”
draping tree canopies in moist coastal and mountainous
forests. It is extirpated in many European and North-
American localities, presumably due to industrial forestry
and air pollution, but still has a stronghold in parts of
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Scandinavia and U.S. and Canadian Pacific Northwest.
Cladonia furcata used in this study had a stronger
antibacterial than antifungal activity. This observation is
in accordance with other studies focused on the
antimicrobial activity which have demonstrated that
bacteria are more sensitive to the antimicrobial activity
than the fungi due to differences in the composition and
permeability of the cell wall. However, the different
fractions of the Usnea longissima lichen contains rhizonyl
alcohol, pulmonarianin, vesuvianic acid, ergosterol-5,8-
peroxide, usnic acid etc. The potency of the antiulcer
activity against mucosal defensive factors needs detailed
investigation.

In-House Projects

Quality Evaluation and Scientific Validation of
Indigenous Indian Medicinal Plants Having Industrial
Application (Pharmaceutical, Nutraceutica l,
Cosmaceutical) and Development of Herbal Product(s)
Based on Traditional Knowledge

Authentica tion of Commercial samples of
‘Shankhpushpi’ using HPTLC

‘Shankhpushpi’ has the Conch or ‘Shankha’ shaped
flowers. It is a well known Ayurvedic drug of Medhya
Rasayana and has several medicinal properties such as
rejuvenator to nervous tissue, beneficial for the voice,
aphrodisiac; bestows memory, complexion, energy and
appetite. Convolvulus pluricaulis Choisy (Fam.,

Convolvulaceae) is official drug as per API but Evolvulus
alsinoides L. (Fam., Convolvulaceae), Clitoria ternatea L. and
Tephrosia perpurea (L.) Pers. (Fam., Fabaceae) are reported
and being sold as Shankhpushpi in different regions of
India.

The commercial samples procured from Lucknow,
Delhi, Varanasi, Hisar, Jalandhar, Dehradun, Mumbai and
Jaipur markets of India were authenticated up to the species
level using HPTLC fingerprinting (Fig. 7). Caffiec acid,
ferulic acid, lupeol and -sitosterol were also identified as
chemical markers for the quality evaluation of
Shankhpushpi and authentication of aforesa id
commercial samples. The results indicated that Delhi,
Jaipur and Hisar market samples consisted of Convolvulus
pluricaulis only. However, Lucknow and Varanasi samples
were the mixture of C. pluricaulis and Evolvulus alsinoides.
Sample procured from Jalandhar seems to be the mixture
of Convolvulus pluricaulis and Tephrosia purpurea while
Dehradun sample resembled to Evolvulus alsinoides and
Tephrosia purpurea in mixed form.

Comparative chemoprofiling of Betula utilis D.Don and
B. alnoides Buch.-Ham. ex D.Don

Betula utilis (Fam. Betulaceae), commonly known as
Bhurjah or Bhojpatra in tradition systems of medicine and
found throughout the main Himalayan range ascending
to an altitude of 4200 m. Another species B. alnoides found
in India is also known as Bhojpatra. The bark of Betula is
widely used in Ayurveda and Unani system of medicine,

Fig. 7. Collected samples: Convolvulus pluricaulis (1), Cltoria ternatea (2), Evolvulus alsinoides (3), Tephrosia purpurea (4); Standard markers:
ferulic acid (R1), caffeic acid (R2), -sitosterol (R3), lupeol (R4); Commercial samples: Lucknow (5), Delhi (6), Varanasi (7), Hisar (8),
Jalandhar (9), Dehradun (10), Mumbai (11) and Jaipur (12).
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in the treatment of various ailments and diseases such as
wound healing, skin disinfectant, bronchitis, convulsions,
leprosy and diseases of the blood and the ear. HPTLC
protocols were developed for simultaneous estimation of
betulin, -sitosterol, lupeol and oleanolic acid in the stem
bark of B.utilis and B. alnoides (Fig. 8).

along with their antioxidant activity. Significant seasonal
alterations in their composition and content were observed.
The DPPH radical scavenging activities and the total
antioxidant capacity were strongly correlated with total
phenolic content of these extracts. The most abundant
flavonoid glycoside was quercetin-3-O-rhamnoglucoside

HPTLC analysis of Leucas species

Leucas species are well known as ‘Dronpushpi’, in
Ayurveda, used in treatment of various ailments. HPTLC
method was developed for the comparison and estimation
of caffeic, ferulic and gallic acids in nine Leucas species
viz. L. aspera (Willd.) Link; L. biflora (Vahl) R.Br.; L. cephalotes
(Koen. ex Roth) Spreng.; L. clarkei Hook.f.; L. decemdentata
(Willd.) R. Br. ex Sm.; L. lanata Wall. ex Benth.; L.
lavandulaefolia Sm.; L. stricta Wall. ex Benth; L. urticifolia
(Vahl) Sm.) (Fig. 9). Caffeic, ferulic and gallic acids were
estimated in all aforesaid nine Leucas species but quantity
varied from species to species.

Seasonal studies on Tephrosia purpurea (Sarapunkha) to
identify best time for harvesting

Tephrosia purpurea is widely used in traditional
medicine to treat liver disorders, febrile attacks,
enlargement and obstruction of liver, spleen, and kidney.
HPLC analysis confirmed the presence of quercetin-3-O-
rutinoside, biochanin A-7-O-rhamnoglucoside and
kaempferol-3-O-rutinoside in its extracts. Plant was
collected in three different seasons: summer (April, 40 0C),
rainy (August; 36 0C) and winter (December; 20 0C).
Seasonal impact on the content of these flavonoid
glycosides was determined using HPLC/PDA analysis

Fig. 8. Comparative analysis of Betula utilis and B. alnoides stem bark. 1, B. utilis; 2, B. alnoides; R1, Betulin; R2, -sitosterol; R3, Lupeol; R4,
Oleanolic acid

in all the seasons (Fig. 10A). The content of all flavonoids
was the highest in the 95% ethanolic extract of the August
sample (TP-3), which also happened to be the flowering
season. The 50% hydro alcoholic extract of the December
sample (TP-6) showed the lowest amount of flavonoids
and antioxidant activity (Fig. 10B).

PHYTOCHEMISTRY
Grant-in-Aid Projects

Extraction and microencapsulation of nutraceuticals for
effective delivery into different food matrices

Mechanical studies such as true density, tapped
density, angle of repose, carr’s index was done on five
characterized nutraceutically rich gum encapsulants
(NBRE-13, 15, 16, 22, 23,) and compared with commercial
semi-synthetic encapsulants. Functional group
identifications of stable matrix formed from encapsulants
NBRE-13 and NBRE-15 was carried out. Microcapsules
were formulated with different core materials viz.
curcumin, bixin (colouring pigments), -carotene, essential
oil and fatty oils (6/-3 fatty acids) with five encapsulants
in different concentrations using five different methods
(solvent evaporation- emulsification, lyophilization,
pancoating method, ionotropicgelation method,
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Fig. 9. TLC densitometer scan profiles of nine Leucas species at 300 nm.  (Abbreviations: CA- caffeic acid; FA- ferulic acid; GA- gallic acid;
L1- L. aspera; L2- L. cephalotes; L3- L. biflora; L4- L. lavandulaefolia; L5- L. lanata; L6- L. decemdentata; L7- L. clarkei; L8- L. stricata; L9- L. urticifolia).

Fig. 10. HPLC profile (A) and UV absorption spectra (B) of flavonoid glycosides in T. purpurea. 1. Quercetin-3-O-rhamnoglucoside (rutin);
2. Biochanin A-7-O-rhamnoglucoside; 3. Kaempferol-3-O-rhamnoglucoside
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concervation phase separation (non- solvent addition) and
compared with standards. An encapsulation method
(sodium alginate-calcium chloride complexation) was
modified for improving encapsulation process. Multi core
encapsulation was carried out using edible oils and
coloring principle/ pigments as core material and NBRE-
15, 12, and16 as gum encapsulants for its utilization in
formation of stable matrices for effective deliveries of foods
(Fig. 11).

Development of low cost technology for extraction/
isolation of some lesser know natural gums and value
addition thereof

Phytochemical investigation of Acacia mangium,
Mangifera indica, Buchanania, Butea monosperma, Chironji
and Mahua from identified villages of tribal areas in
Sonbhadra district of Uttar Pradesh was carried out for
isolation and  preparation of formulations. Survey of some
villages and tribal areas of Lucknow, Sultanpur, Varanasi,
Mirzapur was done for training/ awareness programmes
and identifying groups of beneficiaries specifically
women’s/tribals for value addition and income generation
prospects  using gums/gum technologies. Pilot scaling of
lab scale  scientific leads as for  gums as colour stabilizer,
binders for food and other common needs, careers of foods
and phytochemicals as biodegradable products in villages
and tribals is initiated to dissipate local need based

Fig. 11. Multi core encapsulation of nutraceuticals

technology for rural people for income generation and
societal upliftment.

Utilization of natural gums as low cost material for
development of sanitary napkins and awareness on
health and menstrual hygiene issues in rural area

Gums were selected on the basis of literature reviewed
and market survey of materials used for sanitation
purposes. Five abundant and easily available, gums were
collected/ procured and studied for as suitable biomaterial
along with commercial samples. Gums are neutral
heterogeneous vegetable polysaccharides which show the
unique property of holding and retaining water molecules.
Their ability to dehydrate, swell and solubilize are under
study to explore for development of novel cost effective
alternate sanitary products of health and hygiene.

Prospects of Gum rich plant for technological
intervention and societal benefits

A survey was carried out in Sonebhadra and
Mirzapur region (UP) with some adjoining villages of
Tribes where Indian gum rich plants are locally identified.
Collection, authentication and separation of gums was
carried out  to prepare gum binder food and disease
resistant gums. A base line data of targeted area is also
collected from tribal communities about different gums and
their usage which are traditionally used. Two such gums
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Fig. 13. Antitermite Activity against Odontotermes obesus (Rambur)
termites

are under identification for their binding and medicinal
behaviour for nutritional and health indicators of tribal.
Motivational trainings and awareness for using gum and
its product for exploration of technological intervention is
initiated for their income generation source and future
prospects.

Promoting gugulsterone production in Commiphora
wightii: Metabolite profiling of contrasting chemotypes
and identifying precursors of guggulsterones

Leaf, stem, and latex of Commiphora wightii were
collected from arid (Barmer and Jaisalmer, Rajasthan),
semi-arid (Kayalana, Jodhpur) and subtropical climate
(Lucknow) during summer and analyzed for their
aqueous and non-aqueous metabolites using HPLC and
GC-MS.

Non-targeted metabolite profiling of various different
accessions of Commiphora  wightii namely NBRI-101, NBRI-
102, NBRI-103, NBRI-104, NBRI-105, NBRI-106, NBRI-107,
NBRI-108 and NBRI-109 collected during extreme summer
season from arid and semi-arid regions was carried out
using HPLC and GC-MS and identified 59 chemically
diverse metabolites including amino acids, organic acids,
sugars,  sugar alcohol,  fatty acids, phenolics, steroids,
sterols and terpenoids representing primary and
secondary metabolic pathways. A significant qualitative
as well as quantitative variation was observed in both the
aqueous and non-aqueous metabolites among different
accessions of C. wightii. Guggulsterone E and Z analysed
using HPLC showed significant quantitative variations
among different accessions (Fig. 12).

Odontotermes obesus (Rambur) termites in the field trial.
Results showed that NBEG, NBEH, NBHS and NBCI
having 5%, 3%, 2% and 1% infestation, which were at par
of chlorpyriphos 20%, EC (2%). Untreated wood were
completely destructed (100%) (Fig. 13).

Identification of fatty acid in roots and leaves of Launaea
procumbens

The major fatty acids in roots and leaves were palmitic
(30.80 and 43.78%), myristic (5.52% and 6.47%), margaric
(1.52 and 3.22%), oleic acid (12.68 and 8.33%), linoleic acid
(14.84 and 11.12%), linolenic (2.47 and 4. 26%) behenic
(6.38 and 1.41%), cerotic (1.20 and 1.31%), montanic (3.69%
and 2.14%) respectively (Fig. 12). The minor fatty acids
were caprylic, pelargonic, capric, lauric, pentadecanoic,
palmitoleic, arachidic, henicosanoic, tricosanoic, and
pentacosanoic acid. The proportions of saturated fatty acid
(55.76% – 63.84%) were higher than unsaturated fatty acid
(32.82%-24.82%) in roots and leaves, respectively.

Fig. 12. Shows variations in guggulsterone E and Z among different
accessions of C. wightii collected during extreme summer from arid
and semi-arid regions.

In-House Projects

Phytochemical studies of medicinal and Aromatic plant

Antitermite Activity

Four plant extracts NBHS, NBCI, NBEG and NBEH
along with Chlorpyriphos 20% EC were tested against

Fig. 14. Major fatty acids composition (%) in root and leaves of
Launaea procumbens.

Isolation and Identification of compounds along with the
Cytotoxicity of the extracts in Launaea procumbens

Fifteen compounds have been isolated and  identified
from the Launaea procumbens as 1-H- pyrazole, 1-H -
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Imidazole, Inositol, Stigmasterol, -amyrin, -amyrin, Lup-
20(29)-en-3-ol, Xylitol, Ribitol, D-glucose, proline, arabitol,
mannitol, fractose, trehalose, galactinol, 3--mannobiose.
The cytotoxicity study was carried out for different
fractions LPH (n-Hexane), LPE (Ethyl acetate), LPW
(Water) and LPB (n-Butanol). These extracts were tested
against human cancer cell lines as leukemia (K 562), cervix
(HeLa), pancreatic (MIA-Pa-Ca-2) and breast (MCF-7) at
different concentrations to determine the IC50 value by SRB
assay. Ethyl acetate fraction was found active against
cervix (HeLa), leukemia (K562) and breast (MCF-7) cancer
cell lines with IC50 value of 42, 56.70 and 64 µg/ ml
respectively (Fig. 15).

Extraction, isolation purification and phytochemical
studies of some medicinal and aromatic plants viz. Ficus,

Cassia. fistula, Moringa, Sterculia, Sesbania and Mucona
species., were carried out for development of economically
useful phytochemicals, natural additives, formulations
and products. Chemical profiling of more than 20
seperated plant gums was accomplished for identification
of functional groups, properties and development of
chemomarkers which was compared with commercial
standards, D-Glactose, D- mannose, arabinose and
galactomannan. Utilization of two identified potential
plant gum binders for food and health was carried out.
Preparation of formulations was done in solid and
semisolid forms using NBRBf-26, NBRBf-27, NBRBf-8) as
binders in concentration ranges of 0.25-2% for value
addition and development of nutritional foods.

Modification of more than 10 gums/ gum films was
undertaken for improved functional properties and to
develop biodegradable polythenic / plastic films. Value
added biodegradable films (NBRg-11, NBRg-13, NBRg-
15, NBRg-17 and NBRg-21) were prepared, standardized
and investigated. Three interacted components NBRg-13+
SLS, NBRg-13 + sap and NBRg-13 + Ac.co. at 1 and 2%
concentrations were analyzed for functional properties.
NBRg-13 + sap showed best properties as compared to
commercially  available synthetic materia l (SLS).
Exploitation of potential combatants is in process for
preparation of plant based detergents and cleansing agent.

Phytochemical investigation of different flowers from
CSIR-NBRI garden was carried out for extraction of colour
from them. Five plant gums were exploited for extracted
colour stabilization and its development. Standardization
and optimisation of protocol/process for preparation of
stable plant colours, (dark red and yellow colors) using
seed/exudate gums in powder and other acceptable forms
(extracts; film /strip; tablet; capsule etc.) are in process for
sustainable utilization.

Fig. 15. Compounds along with the Cytotoxicity of the extracts in
Launaea procumbens
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INFORMATION, PUBLICATION & LIBRARY (IPL)

IPL functions as one of the core S&T support systems
of the Institute. It 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, 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 2015-2016 :

i) CSIR-NBRI Newsletter, 2015, Vol. 42, Nos. 2-4 and
2016, Vol. 43, No. 1.

ii) Educational Material (Calendar) for the year 2016
was designed and produced, depicting coloured
photographs.

iii) CSIR-NBRI Annual Report : Annual Report 2014-
2015 was compiled and brought out. It was released
on the occasion of Annual Day of the Institute on
October 25, 2015 by  Prof. JP Khurana, Delhi
University, South Campus, New Delhi and Dr. VP

Kamboj, former Director, CSIR-CDRI, 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 2014-2015.

Sale of Publications : ̀  15, 510/-

Parliament Questions : Thirty one parliament questions
received from CSIR HQ 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 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 possible, to the
knowledge/information needs of the Institute’s
clientele.

The KRC repository at NBRI includes: Books (29351);
Periodicals – Bound Volumes (31529), Currently
subscribed periodicals (Indian + Foreign) - including print
only (87), Print + online (16), Online only subscribed
through NBRI (KRC) (20), Online periodicals subscribed
through CSIR-Consortium (475), Complimentary
periodicals (22); Online/CD- ROM Databases; OPAC
(Online Public Access Catalogue); Biological Abstracts on
CD-ROM from 1995 to 2005; ASTM standards on CD-ROM;
ISI WEB OF KNOWLDEGE (Web of Science); QPAT patent
database.

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.

S & T SUPPORT SERVICES

S & T SUPPORT SERVICES
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 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 2015-16 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 44th and Special Research Council
(RC) meetings held during September 19, 2015 and
January 2, 2016, 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

 Facilitating distribution of money realized from
license fee/royalty/consultancy

 Processing foreign deputation cases of researchers
for various R&D purposes

The Planning, Monitoring and Evaluation Division
of the Institute assist 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 2015-16, 18 Grant-in-Aid/Consultancy
projects were populated in the R&D module as a part of
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 2015-16 of ongoing projects were processed in the
Centralized Valuable Receipt (CVR).

The major activities carried out during the year were:

 Preparation of CSIR-NBRI Policy and Road Map
Document

 Mapping new Contract R&D Projects in R&D Project
Module

LIBRARY HOLDINGS (As on 31.3.2016)

Books & Journals 
1.  Number of books and journals added during 2015-2016 

 

(i)  Books Purchased                                 118 
   (ii) Books received on gratis/ exchange 09 

 (iii) FAO’s Books received 
 (iv) Bound Journals                          

38 
NIL 

Total number of books added during 2015-16 165 
2. Number of books and bound journals as on 31.3.2016 60880 
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 2015-2016 

 
87 
16 
20 

475 
22 

620 
Document Delivery Services 
Reprography Service 
Total number of photocopies of documents and scientific publications provided to the scientists of 
the Institute during 2015-2016 

05 
7800 

 
PLANNING, MONITORING AND EVALUATION
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S. 
No. 

Project Project title Funding Agency Project Co-ordinator/ 
Investigator 

Duration 

1. RSP 4025 CSIR-NBRI initiatives for rural 
development through "Green 
Technologies" under CSIR 800 Rural 
Development Programme 

CSIR Dr. SK Tewari 12 months w.e.f.  
April 1, 2015 

2. RSP 4001 Field demonstration of region specific 
medicinal & aromatic plants 
genotypes of CSIR for socio-economic 
upliftment of masses in J&K regions 
(J&K Aroma Arogya Gram-JAAG) 

CSIR Dr. S Kumar 21 months w.e.f.  
June 12, 2015 

3. GAP 3355 Establishment of small nursery for fast 
multiplication of elite clones and new 
varieties of medicinal and aromatic 
plants 

Directorate of 
Horticulture and 
Food Processing 
UP 

Dr. RC Nainwal 12 months w.e.f.  
April 22, 2015 

4. GAP 3356 Water quality monitoring of Ganga 
river from Gomukh to Hooghly, 
under National Mission for Clean 
Ganga (NMCG) 

NEERI, Nagpur 
through Ministry 
of Water 
Resources, Govt. of 
India, New Delhi 

Dr. DK Upreti 14 months w.e.f.  
May 13, 2015 

5. GAP 3357 Metabolite profiling of Amaranth for 
high squalene yielding chemotypes in 
control of hypertension 

ICMR, New Delhi Dr. OP Sidhu 12 months w.e.f.  
June 23, 2015 

6. GAP 3358 Phytochemical and pharmacological 
studies of the isolated polyphenols 
from the resurrection plant Selaginella 
bryopteris (Sanjeevani) 

ICMR, New Delhi Dr. ChV Rao 12 months w.e.f.  
June 23, 2015 

7. GAP 3359 Deciphering the beneficial microbes 
mediated signaling cross-talk for 
enhanced crop productivity under 
stressed conditions (JC Bose 
Fellowship) 

SERB, New Delhi Dr. CS Nautiyal 60 months w.e.f.  
June 22, 2015 

8. GAP 3360 Mapping of floristic diversity and 
conservation studies on plant 
resources of Kishanpur Wild Life 
Sanctuary 

UPCST, Lucknow Dr. P Agnihotri 36 months w.e.f.  
June 16, 2015 

9. GAP 3361 To decipher protein interaction 
network of TAF4b (TBP associated 
factor 4b) involved in plant defense 

DBT, New Delhi Dr. SV Sawant 36 months w.e.f.  
July 15, 2015 

10. GAP 3362 Phylogentic grouping South Asian 
Lichen of the Teloschestaceae 
(Ascomycota) for biotechnological 
purposes 

DST, New Delhi Dr. DK Upreti 36 months w.e.f.  
August 27, 2015 

11. GAP 3363 Assessment of bryophyte diversity, 
species richness and composition in 
Darjeeling Hills with special reference 
to climate change and its conservation 
strategies 

SERB, New Delhi Dr. AK Asthana/ 
Dr. R Gupta 

36 months w.e.f.  
January 4, 2016 

12. GAP 3364 Studies on genome wide epigentic 
variations in natural populations of 
west Himalayan Arabidopsis thaliana 
along altitudinal gradient 

DBT, New Delhi Dr. S Roy  36 months w.e.f. 1 
December 4, 2015 

 

Projects Initiated during 2015-16

S & T SUPPORT SERVICES
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S. 
No. 

Name of Scientist Country of Visit Visit  
Duration 

Purpose of visit 

1. Dr. PK Trivedi Singapore July 13-15, 2015 To attend Plant and Animal Genome (PAG) ASIA 
conference as speaker and deliver a talk at Plant 
Genomics Workshop on "Comparative transcriptome 
analysis of different chemotypes of Withania 
somnifera to elucidate biosynthetic pathway for 
specific withanolides" 

2. Dr. S Roy University of Guelph, 
Canada 

August 17-22, 2015 To attend  the Sixth International Barcode of Life 
Conference and present the paper entitled ‘Plant 
DNA barcoding of a wildlife sanctuary across a wide 
climatic zone in Uttarakhand, India’ 

 

New projects initiated during 2015-16 Projects in operation during 2015-16

DEPUTATION OF NBRI SCIENTISTS/FELLOWS ABROAD

S. 
No. 

Project Project title Funding Agency Project Co-ordinator/ 
Investigator 

Duration 

13. GAP 3365 Investigation of arsenic toxicity and 
tolerance mechanism by studying 
proteomic and gene expression 
response during dimethylarsenic acid 
and silicon interaction in rice (Oryza 
sativa L.) 

SERB, New Delhi Dr. RD Tripathi &  
Dr. S Dwivedi/Dr. P 
Tripathi 

36 months w.e.f.  
January 15, 2016 

14. GAP 3366 Development of bio-augmentation 
based safe cultivation practice for 
remediating arsenic contamination to 
paddy crop 

DBT, New Delhi Dr. P Srivastava 36 months w.e.f.  
December 31, 2015 

15. GAP 3367 Agrotechnological development of 
Aloe species for popularization and 
training among farmers for cultivation 
on sodic degraded lands of U.P. 

UPCST, Lucknow Shri TS Rahi 24 months w.e.f.  
February 01, 2016 

16. GAP 3368 Molecular genetics of guar (Cyamopsis 
tetragonoloba) using SNP markers 

DBT, New Delhi Dr. H Yadav 36 months w.e.f.  
February 8, 2016 

17. GAP 3369 Molecular systematics of the 
Didymocarpus-Henckelia generic 
complex (Gesneriaceae) in India 

SERB, New Delhi Dr. KN Nair 36 months w.e.f.  
February 25, 2016 

18. CNP 3041 Consultancy for advanced molecular 
biology at JISL 

Jain Irrigation 
Systems Limited, 
Jalgaon 

Dr. AP Sane 36 months w.e.f.  
June 1, 2015 
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Sl.  
No. 

           Details                 Client Date 

1. Secrecy Agreement for Natural Colours Roha Dyechem Pvt. Ltd., Mumbai 15.04.2015 
2. MoU for Consultancy Services  Jain Irrigation Systems Ltd., Jalgaon 01.06.2015 
3. Secrecy Agreement for Herbal Lip Balm Wipro Enterprises Ltd., Bangalore 06.06.2015 
4. MTA for germplasm of Lepidium species and Vitex species ICAR-National Bureau of Plant Genetic 

Resources, New Delhi 
24.06.2015 

5. MoU to work together for discovery of new gene linked to 
cotton 

Nuziveedu Seeds Limited, Ranga Reddy 
District, Telangana  

27.07.2015 

 

TECHNOLOGY TRANSFER AND BUSINESS
DEVELOPMENT, PATENT, RTI AND 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 : 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 : IP protection by identification 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 & T SUPPORT SERVICES

S. 
No. 

Name of Scientist Country of Visit Visit  
Duration 

Purpose of visit 

3. Dr. OP Sidhu University Darul 
Ta'zim, Malyasia 

September 27 to 
October 13, 2015 

To participate in the Natural Products Chemistry 
Training and Development Programme 

4. Dr. VA Sane Darwin, Australia September 28, 2015 
to October 2, 2015 

To attend the XIth International Mango Symposium 
for oral presentation of paper entitled ‘Spatio-
temporal regulation of ripening related genes in two 
differently ripening varieties of mango’ 

5. Dr. S Kumar NPFC, Nantong, P.R. 
China 

October 26-30, 2015 To participate in the workshop on "Production and 
Application of Bio-botanical Pesticide Formulations" 
and to attend Tripartite Review/Project Manage-
ment Committee (TPR/PMC) Meeting 

6. Dr. AKS Rawat Dhaka, Bangladesh November 6-9, 2015 To deliver an invited lecture under theme Herbal 
Medicine for Health care in 21th Century, at 20th 
IUPAC Conference on “Chemical Research Applied 
to World Needs (CHEMRAWN XX)” 

7. Dr. PK Trivedi University of Cologne, 
Germany 

November 23, 2015 
to December 01, 
2015 

To discuss progress and further planning on the 
project entitled "Light dependent flavonol 
biosynthesis by MYB transcriptions factors : 
identification of interaction factors" under CSIR-
BMBF Cooperative Science Programme (2015-2017) 

8. Drs. PS Chauhan 
and   
D Chakraborty 
 

International Rice 
Research Institute 
(IRRI), Philippines 

February 08-14, 2016                                                                                                                    To discuss potential collaboration on drought 
response in rice and to become familiar with the 
ongoing research and available genetic resources at 
IRRI 
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EXPOSITION

The maintenance and developmental works of the
exposition were regularly undertaken. More than 1000
dignitaries from various scientific and non-scientific
organizations including common public, school children,
college and university students, teachers, scientists,
researchers and other academicians of the country and
abroad have visited the institute’s exposition. On the ‘Open
Days’ of the institute the exposition was also kept open for
the public and common people. The visitors got acquainted
with the research activities and other programmes carried
out by the the institute through displays at the exposition.
To inspire and influence the visitors, day-to-day thoughts
and inspiring phrases were regularly displayed by the
group.

CENTRAL INSTRUMENTATION FACILITY (CIF)

Technical Services Provided and Achievement

Central Instrumentation Facility of the institute,
maintaining all the equipments (GCMS-IRMS, TD-
NMRHPLC, HPTLC, LC/MS, GLC, AAS, Flash
Chromatography, Microwave Digestion system, Stereo

Microscope, Refractometer, Tintometer, and SCFE etc.) has
provided 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 are given below :

Analytical testing services provided (1st April 2015 to 31st

March 2016) 

No. of external samples analyzed : 63

Total revenue generated : Rs. 245, 107.00

No. of internal samples analyzed : 10,195

Participation in International and
National PT/ILC programme : 4

Entrepreneurs/ individuals benefited : 27

NABL-Accreditation

CSIR-NBRI has been NABL accredited since
February 2008. Desktop audit has been conducted in July
2015 and after audit, recommended for continuation of
NABL-accreditation up to September 2016.

Sl.  
No. 

           Details                 Client Date 

6. MTA for germplasm of Oryza sativa  ICAR-National Bureau of Plant Genetic 
Resources, New Delhi 

14.01.2016 

7. Agreement for  project titled “Development of 
Bioaugmentation based Safe Cultivation Practice for 
Remediating Arsenic Contamination to Paddy Crop” 

DBT, New Delhi 01.02.2016 

8. Agreement for project “Tomato Ripening Network” DBT, New Delhi 03.02.2016 
9. Agreement for “Consultancy Project” Rail Coach Factory (RCF), Raebareli, UP 03.02.2016 
10. Agreement for “Collaborative, Academic and R&D 

Programs of Mutual Benefit in the Area of Plant Molecular 
Biology and Germplasm/Mutual Population Trials of 
Cotton” 

Mahtma Gandhi Mission, Aurungabad 08.02.2016 
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PUBLICATIONS

Research Papers
1. Agarwal P., Pathak S., Lakhwani D., Gupta P., Asif M. H.

and Trivedi P. K. (2016). Comparative analysis of
tra nscr ipti on factor gene famil ies from Papav er
somniferum: identification of regulatory factors involved
in benz ylisoqui noli ne a lkal oid biosynthesis . 
Protoplasma, 253(3): 857-871.

2. Agnihotri P., Husain D. and Husain T. (2015). An
assessment of diversity, endemism and distribution of
the genus Aconitum L. (Ranunculaceae) from India.
Pleione, 9(1): 95-102.

3. Agnihotri P., Husai n D.  and  Husain T. (2015 ).
Lectotypification of the name Aconitum naviculare
(Ranunculaceae). Phytotaxa, 218(2): 195-196.

4. Agnihotri P., Husain D., Singh H. and Husain T. (2016).
Revisiti ng the Delphin ium viscosum Hook. f.  &
Thoms.(Ranunculaceae) complex in the Himalaya. 
Taiwania, 61(1): 16-20.

5. Alam A., Rawat K. K., Verma P. K., Sharma V. and Gupta
D. S. (2015). Moss flora of Central India. Plant Science
Today, 2(4): 159-171.

6. Anjali A. B., Mohabe S., Reddy M. A. and Nayaka S. (2015).
Efficacy of a potential lichen Parmotrema andinum (Müll.
Arg.) Hale against pathogenic microorganisms. Journal
on New Biological Reports, 4(2): 149-156.

7. Anjali A. B., Mohabe S., Reddy A. M. and Nayaka S. (2015).
Antimicrobial activities of 2-Propanol crude extract from
lichen Parmotrema tinctorum (Despr. ex. Nyl.) Hale,
collected from Eastern Ghats, India. Current Research in
Environmental & Applied Mycology, 5(3): 160-168.

8. Asthana A. K. and Gupta R. (2015). Hornwort diversity
at Pachmarhi Biosphere Reserve (Madhya Pradesh),
India. Plant Science Today, 2(4): 145-150.

9. Asthana A. K. and Sahu V. (2015). Archilejeunea minutilobula
Udar et US Awasthi (Lejeuneaceae-Marchantiophyta) new
to Gangetic plains of India. Plant Science Today, 2(4): 132-
134.

10. Asthana A. K. and Sahu V. (2016). Lejeunea aquatica Horik.:
A new addition to indian bryoflora. National Academy
Science Letters, 39(4): 287-290.

11. Asthana A. K. and Sahu V. 2015. Two new records of
Plagiothecium from India. Acta Botanica Hungarica, 57(1-2):
1-6.

12. Asthana A. K. and Srivastava A. (2015). A study on genus
Fissidens Hedw. in Meghalaya (North-Eastern Hills),
India. Taiwania, 60(3): 137-142.

13. Asthana A. K. and Srivastava A. (2015). New national
and regional bryophyte records: Fissidens griffithii
Gangulee & Fissidens robinsonii Broth. Journal of Bryology,
37(2): 133-134.

14. Asthana A. K. and V Sahu. (2015). Occurrence of
Tetralophozia filiformis (Steph.) Urmi in Uttarakhand, India.
Geophytology, 45(1): 81-85.

15. Asthana A. K., Omar I. and Srivastava P. (2015). Lejeunea
minutiloba A. Evans, new to bryoflora of South India with
a note on its interesting morphoform. Indian Journal of
Forestry, 38(3):245-248.

16. Asthana A. K., Sahu V. and Srivastava A. (2015). In-vitro
propagation of three species of Bryum Hedw.: A
comparative study. Geophytology, 45(2): 215-220.

17. Azeez A. and Sane A. P. (2015). Photoperiodic growth
control  in perennia l tr ees.  Plant S ignaling  &
Behavior, 10(12), p.e1087631.

18. Azmi L., Shukla I., Gupta S. S., Bagga P. and Rao Ch. V.
(20 16).  A strai ghtforwa rd a nd r eceptive UV
spectrophotometric method for the determination of
ibandronate sodium in pharmaceutical formulations and
bulk drugs. Journal of Advances in Medical and Pharmaceutical
Sciences, 6(3): 2394-1111.

19. Azmi L., Shukla I., Gupta S. S., Parashar R., Kant P. and
Rao Ch. V. (2016). Plant Derived Drugs and Use in Cancer
Treatment. Elixir Applied Botany, 92: 39047-39050.

20. Bajpai O., Kumar A., Srivastava A. K., Kushwaha A. K.,
Pandey J. and Chaudhary L. B. (2015). Tree species of the
Himalayan Terai region of Uttar Pradesh, India: A
checklist. Check List, 11(4): 1718.

21. Bajpai O., Kushwaha A. K., Srivastava A. K., Pandey J.
and Chaudhary L. B. (2015). Phytosociological status of a
monotypic genus Indopiptadenia: A near threatened tree
from the Terai-Bhabar region of central Himalaya.
Research Journal of Forestry, 9(2): 35-47.

22. Bajpai O., Pandey J. and Chaudhary L. B. (2015).
Consequences of western disturbance-triggered cooling
on the flowering of tree species in the Himalayan Terai
region. Current Science, 109(10): 1781-1782.

23. Bajpai R., Shukla P. and Upreti D. K. (2015). New records
to Indian lichen flora. Geophytology, 45(2): 269-272.

24. Batra A. (2015). To study the behaviour of colour change
in some dehydrated ornamental flowers. International
Journal of Latest Research in Science and Technology, 4(4):
141-144.

25. Behera M. D., Tripathi P., Mishra B., Kumar S., Chitale V.
S. and Behera S. K. (2016). Above-ground biomass and
carbon estimates of Shorea robusta and Tectona grandis
forests using QuadPOL ALOS PALSAR data. Advances in
Space Research, 57(2): 552-561.

26. Behera S. K., Behera M. D. and Tuli R. (2015). An indirect
method of estimating leaf area index in a tropical
deciduous forest of India. Ecological Indicators, 58: 356-364.

27. Bharti N., Barnawal D., Shukla S., Tewari S. K., Katiyar R.
S. and Kalra A. (2016). Integrated application of

PUBLICATIONS
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Exiguobacterium oxidotolerans, Glomus fasciculatum, and
vermicompost improves growth, yield and quality of
Mentha arvensis in salt-stressed soils. Industrial Crops and
Products, 83:717-728.

28. Chakrabarty D., Chauhan P. S., Chauhan A. S., Indoliya
Y., Lavania U. C. and Nautiyal C. S. (2015). De novo
assembly and characterization of root transcriptome in
two distinct morphotypes of vetiver, Chrysopogon
zizaniodes (L.) Roberty. Scientific Reports, 5: 18630
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medicinal and aromatic plants: Good agricultural and
collection practices (GAP & GCP). In:  Medicinal and
Aromatic Plants of the World, Vol. 1 (Ed. Mathe Akos),
Springer, Hungry, Budapest, 2015 : 273-303.

11. Roy RK and Kumar S – Other Bulbous plants. In  :
Ornamental Plants and Garden Design in Tropics and
Subtropics. Astral International (P) Ltd, New Delhi, 2015 :
pp 319-345.

12. Shukla  D, Trivedi PK, Nath P and Tuteja N –
Metallothioneins and  phytochela tins :  Role and
perspectives in heavy metal(loid)s stress tolerance in crop
plants. In : Abiotic Stress Response in Plants (Eds N Tuteja
and SS Gill). Wiley-VCH Verlag GmbH & Co., KGaA,
Weinheim, Germany, 2016 : 233-260.

13. Shukla P, Upreti DK and Tiwari L – Ecological role and
conservational aspect of Lichenized Ascomycetes Usnea
sensu in Uttrakhand, India. In : Proceeding of UP State
Biodiversity Conference, UP Biodiversity Board,
Lucknow, 2015 : pp. 113-115.

14. Singh H, Husain T and Agnihotri P – Uttarakhand : Haat

Kali Scared Grove. In  : Sacred Groves of India – A
Compendium, (Eds.  N Krishna and M Amirthalingam),
C.P.R. Environmental Education Centre, Chennai, 2015 : pp.
437-439

15. Upreti DK, Bajpai R and Nayaka S – Lichenology : Current
research in India. In : Plant Biology and Biotechnology :
Vol. 1, Plant Diversity, Organization, Function and
Improvement (Eds. B Bahdur, MV Rajam, L Sahijram and
KV Krishnamurthy). Springer India, New Delhi, 2015 :
pp. 263-280.

16. Usmani MA, Toppo K, Nayaka S, Suseela MR and Sheikh
S – Role of algae in sustainable Food, Health and
Nutritional Security : An Overview. In : Biodiversity for
Sustainable Development on International Day for
Biological Diversity (Ed. RJ Srivastava). Shivam Arts,
Lucknow, 2015 : pp. 83-87

17. Verma N and Shukla S – Prospects of plant biotechnology
for  crop impr ovement in moder n era . In  :  New
Approaches for Fast Forward Agricultural Production
(Eds. CP Malik, H Bhati–Kushwaha and R Kaur). Agrobios,
Jodhpur, 2015 : 1-24.

Popular Articles
1. Roy RK and Singh S – Germplasm collection and

development of new varieties of chrysanthemum in
CSIR-NBRI. Souvenir 67th Chrysanthemum Show YWCA,
2015 : 36-37.

2. Roy RK, Singh S and Rastogi RR – Splash colour in the
gardens by winter annuals. Floriculture Today, 2015, 22
(6): 28-32.

3- ml ekuh ,e , ] l q' khyk ,e vkj ] VksIi ks ds ,oa ' ks[k , l  ' kSoky
vkgkj  Hkh gSaA i ; kZoj .k psruk] 2015, 22(1) : 24-25-

4- dqekj  , l ] fl ag , l  , oa jkW;  vkj  ds & i kyh gkml  esa >jcsjk dk
mRi knu mÙkj  çns' k ds m| fe;ksa ds fy,  ,d l Qy ç;kl A Lekfjdk%
çknsf' kd Qy] 'kkdHkkt h ,oa i q"i  çn' kZuh] jkt Hkou] 2016 : 1-3.

5- frokjh , l  ds] pkSgku i h , l ] fl ag Mh ,oa fl ag , l  & fQj
ykSVuk gksxk i kjai fjd [ ksrh dh vksjA foKku çxfr] 2016,
64-65(1)% 8-16-

6- c=k ,  & j t uhxa/kk fd ykHkçn [ ksrhA foKku xaxk] 2015]
9: 76-79-

7- c=k ,  & l qxa/k o /ku dk Hk.Mkj  % t SfLeu d"̀kd Jà[ kyk] 2015]
9: 44-45-

8- c=k ,  , oa f}osnh ,  ds & i q"i  fut Zyhdj .k ,oa i q"i dyk d"̀kd
Jà[ kyk] 2015] 5: 29-30-

9- c=k ,  , oa f}osnh ,  ds & l qxa/k l s l jkcksj  i q"i  j t uhxa/kkA foKku
çxfr] 2015] 63(6): 35-39-

10- ckt i s;h vkj  & l k;ukscSDVhfj ; k i ; kZoj .k ds fy; s u;k [ krjkA
i ; kZoj .k psruk] 2015] 22¼2½% 16-

11- feJk Vh] ' kqDyk , l ] oekZ , ] fl ag oh ,oa i ky ,e & dSal j  jksfx;ksa
esa ; ksx dh Hkwfedk & ,d v/; ; uA vuql U/kku ¼foKku ' kks/k
i f=dk½] 2015] 3¼1½% 73-76-
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12- JhokLro ,u] l q' khyk ,e vkj  , oa VksIi ks ds & l kSUn;Z çl k/ku ds
: i  esa ' kSokyA i ; kZoj .k psruk] 2015% 22¼7½% 38-39-

13- fl ag , l ] ' ks[k , l ] uh# ckyk ,oa ml ekuh ,e ,  & Hkkj r esa 53%
cPps dqi ks"k.k ds f' kdkjA i ; kZoj .k psruk] 2015, 21(12) : 40-

14- fl ag Mh] uSuoky vkj l h ,oa frokjh , l  ds & x̀gokfVdk esa ekSl eh
Qwy mxk;sA l sok l Uns' k] 2016: 57-60-

15- fl ag i h ds] fl ag Mh] vks>k , l  ds] uSuoky vkj  l h ,oa frokjh
, l  ds & vkaoyk&LokLF;  ykHk ds fy,  dk;kZRed Hkkst u ds : i  esa
vk;qoSZfnd vkS"kf/kA foKku 'kks/k i f=dk] 2015] 3¼1½% 108-112.

foKkuok.kh 2015] vad 21
1- dfV;kj  vkj - , l -] fl ag i h- ds-] f=i kBh , l - , u- , oa frokjh

, l - ds- & ckxokuh i kS/kksa dk l ao/kZu % 20&25-

2- dqekj  vkj - , oa oekZ , l - & x̀g l Tt k ds i kS/ks o mudk j [kj [ kko%
7&11-

3- dqekj  vkj - , oa oekZ , l - & i ; kZoj .k çnw"k.k] ekuo LokLF;  ,oa
ouLi fr; ksa }kjk funku % 66&68

4- dqekj  , l - , oa jkW;  vkj - ds- & i q"i  çn' kZuh & i q"i  t kx: drk
gsrq iq"i  çsfe;ksa] mRi kndksa] ' kks/kdrkZvksa] foØsrkvksa vkSj  [kjhnkjksa gsrq
l k>k eap % 69&70-

5- [ kqjkbZt e t s- , l -] dqekj  , l -] fl ag , l - , oa jkW;  vkj - ds- &
jk"Vªh;  ouLi fr vuql U/kku l aLFkku esa l kbdsM l aj {k.k % 43&45-

6- pkS/kjh vkj - ds- ,oa oekZ , l - & okuLi frd ckM+ dh mi ; ksfxrk%
12&14-

7- t Su , - , oa c=k , - & ' kksHkkdkjh i q"i  xqynkmnh % t uuæO;

fofof/krk ,oa fodkl  esa l h, l vkbZvkj&jk"Vªh; ouLi fr vuql U/kku
l aLFkku dh Hkwfedk % 50&59-

8- fu"kkn vkj - l h-] oekZ , l -] n; k' kadj - , oa jkW;  vkj - ds- &
pkbuk ,LVj  & ,d okf"kZd ' kksHkkdkjh i q"i h;  i kS/kk % 63&65-

9- c=k , - , oa t Su , - & m| ku dh ' kksHkk & ekSl eh i q"i  % 4&6-

10- jLrksxh vkj - vkj -] fl ag , l -] dqekj  , l - , oa jkW;  vkj - ds- &
cksxufofy; k % 60&62-

11- jkW;  vkj - ds-] fl ag , l -] jLrksxh vkj - vkj - , oa dqekj  , l - &
Hkkj r ds çeq[k , sfrgkfl d ouLi fr m| ku % 1&3-

12- oekZ , l - , oa dqekj  vkj - & x̀g okfVdk esa ekSl eh Qwy % 15&19-

13- oekZ , l - , oa dqekj  vkj - & cksUl kbZ % 29&32-

14- oekZ , l - , oa dqekj  vkj - & jkWd xkMZu ¼pêkuksa i j  m| ku½ %
37&39-

15- oekZ , l -] pkS/kjh vkj - ds- ,oa jkW;  vkj - ds- & oVhZdy m| ku
% x̀g l Tt k dh ubZ rduhdh % 33&36-

16- ' kekZ t h-] n; k' kadj - ,oa jkW;  vkj - ds- & ykWu cukus dh oSKkfud
rduhdh % 26&28-

17- fl ag , l -] dqekj  , l - , oa jkW;  vkj -ds- & jk"Vªh;  ouLi fr
vuql U/kku l aLFkku dh ò{k l Ei nk % 46&49-

18- fl ag , l -] fl ag i h- , oa jkW;  vkj - ds- & dSDVl % 40&42-

19- fl ag Mh-] uSuoky vkj - l h-] dqekj  , - , oa frokjh , l - ds- &
m| ku esa vko' ;d i ks"kd rRoksa dk çca/ku % 71&76-

20- fl ag i h- ds-] fl ag Mh-] uSuoky vkj - l h-] dqekj  , - , oa frokjh
, l - ds- & çl Uurk vkSj  l Ei Uurk ds fy,  i q"i  mxk;sa % 77& 82-

PUBLICATIONS
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PATENTS GRANTED / FILED

PATENTS GRANTED

PATENTS FILED

Sl. 
No 

Title Inventors Complete 
Filing date 

Country & 
Grant date 

Patent No. 

1. Synergistic composition 
useful as microbiological 
growth medium for rapid 
screening of phosphate 
accumulating 
microorganisms 

Nautiyal CS and 
Chaudhry V 

20/07/2011 US/16/06/2015 
 

9057091 

2. A novel recombinant strain 
of Trichoderma useful for 
enhancing nutritional value 
and growth of plants 

Mishra A and  
Nautiyal CS 

05/09/2013 
30/07/2013 
12/08/2015 
12/08/2015 
12/08/2015 

US/30/06/2015 
EP/12/08/2015 
GB/12/08/2015 
DE/12/08/2015 
FR/12/08/2015 

9068189 
2658961 
2658961 
2658961 
2658961 

3. A process for preparation 
of a Novel insecticidal 
chitinase toxic against 
whiteflies, it’s encoding 
nucleotides and application 
thereof 

Singh PK, Singh R, 
Krishnappa C, Rai P, 
Saurabh S, Upadhyay SK, 
Singh H, Mishra M,  
Singh AP, Verma PC, 
Nair KN and Tuli R 

24/06/2014 ZA/30/09/2015 2014/04656 

 

Sl. 
No. 

Title Inventors Country Filing Date/NF No. 

1. Novel reversible 
expression system for 
transgene expression in 
plants 

Sawant SV and Singh SP India 16/04/2015/0174NF2014 

2. A wound inducible 
expression construct and a 
method of its preparation 

Sane AP,  Pandey SP and 
Singh AP 

WO 29/04/2015/0061NF2014 

3. Herbal composition for the 
management of diabetes 

Nautiyal CS, Rao ChV,  
Ojha SK, Rawat AKS,  
Mani D, Pal A and Kumar D 

WO 11/06/2015/0097NF2014 

4. A novel insecticidal protein 
toxic to whiteflies and 
lepidopteran caterpillars, 
toxin encoding gene and its 
application thereof 

Singh PK, Singh R, 
Krishnappa C, Rai P,  
Saurabh S, Upadhyay SK, 
Singh H, Mishra M,  
Singh AP, Verma PC,  
Nair KN, Tuli R 

WO 12/11/2015/ 
PCT/IN2015/050165 

LK (SRI LANKA) 22/12/2015/18546 
 

5. A novel formulation for 
polyherbal masticatory 
product useful for tobacco 
de-addiction and health 
rejuvenation 

Nautiyal CS, Kumar D, 
Rawat AKS, Agarwal S,  
Mani D, Ojha SK, Pal A,  
Rao CV, Darokar MP and 
Kalra A 

MY (MALASIYA) 30/12/2015/PI2015704828 

6. A novel formulation for 
improving the yield and 
quality of fiber in cotton 
plants 

Sawant SV, Singh SK,  
Singh B and  Bhattacharya P 

WO 28/01/2016/ 
PCT/IN2016/050027 
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TRAININGS/WORKSHOPS/EXHIBITIONS ATTENDED

HUMAN RESOURCE DEVELOPMENT

TRAINING IMPARTED

a) Group Trainings/Workshops

b) Individual Trainings

1. Mr. Yogesh Mahajan, Technical Assistant, CSIR-NCL, Pune, was imparted ten days training on “Garden
Management” during June 8-10, 2015.

2. Sixty six post-graduate students of different universities/institutes were imparted training on various topics of
their interest, during April 2015 to March 2016.  A sum of  ̀  10,44,000.00 was realized from them as training fee.

HUMAN RESOURCE DEVELOPMENT

Sl. 
No. 

Name of the organization Subject of training Course No. of the 
participants 

Date/Period 

Farmers of Piprauli, Gorakhpur  280 
260 

April 13, 2015 
April 14, 2015 

Farmers of Raibareli 350 July 25, 2015 
Farmers of Basti 380 January 16, 2016 
CSIR-CIMAP Kisan Mela 600 January 31, 2016 

1. 

Farmers of Dafedar ka Purwa, 
Barabanki 

Popularization of Biofertilizer use 

300 February 23, 2016 

2. Ashiyana Jan Kalyan Samiti, Ashiyana, 
Lucknow 

Kitchen Gardening 25 May 06, 2015 

3. Soil Testing Laboratory, Uttar Pradesh. Soil Testing and Atomic 
Absorption Spectroscopy 

40 October 26 -28, 2015 and 
December 15-19, 2015 

4. Gardeners of CMS, Lucknow Garden Management 20 December 14-19, 2015 
5. Gardeners of the High Court, Lucknow 

Bench 
Garden Management 10 January 01-15, 2016 and 

February 01-13, 2016 
6. Farmers form Gorakhpur and  

Army Personals of AMC, Lucknow 
Vermicompost Preparation 06 March 09 and 16, 2016 

 

Sl. 
No. 

Name of person (s) Subject Place/Organizers Date/Peroid 

1. Dr. TS Rahi i) Workshop on Ethics and Values in 
Public Governance 

ii) Climate Change vulnerabilities and 
adaptation strategies 

HRDC Ghaziabad, U.P. 
 
ICFRE, Dehradun, Uttarakhand 

May 20-22, 2015 
 
February, 08-12, 2016 

2. Dr. Lal Bahadur Advances in Medicinal and Aromatic 
Plants Research 

Directorate of Medicinal and 
Aromatic Plants Research, 
Anand, Gujrat 

July 14 to August 3, 
2015 

3. Dr. S Rastogi Work-Life Balance for Women Scientists 
and Officers 

HRDC Ghaziabad, U.P. August 19-21, 2015 

4. Dr. M Srivastava The Art of Public Speaking and 
Technical Writing 

CSIR-HRDC, Ghaziabad November 18- 20, 
2015 

5. Drs. KK Rawat and 
V Sahu 

Capacity Building Programme for 
Technical Officers 

CSIR-HRDC, Ghaziabad January 5-9, 2016 

6. Dr. Charu Lata Induction Training Programme  HRDC Ghaziabad, U.P. February 01-10, 2016 
7. Dr. D Singh Revitalizing Soil and Crop Productivity 

for Secured Agriculture 
Dept. of Agromomy, GBPUAT, 
Pantnagar, Uttarakhand  

February 03-23, 2016 

Good Governance and Transparency February 18-20, 2016 8. Mr. V Srivastava 
New Models of Partnership and 
Technology Transfer 

HRDC, Ghaziabad 
March 09-11, 2016 
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1. Asthana AK Reviewer of Natl Acad. Sci. Lettr, Taiwania, J. Threatened Taxa and Pl. Sci. Today 
2. Chakraborty D Editor of J. Envir. Biol., PLOS One and Scient. Rep. 
3. Husain T Life member of Indian Science Congress Association 
4. Khatoon S Editor of Asian J. Pl. Sci., Int. J. Bot., Res. J. Med. Pl., J. bot. Sci., Pharmacog. J. and J. Develop. Biol. Tissue 

Engin. 
5. Khuraijam  JS  Member of the IUCN/SSC Cycad Specialist Group, Switzerland  
6. Ojha SK  i) Fellow of the Society of Ethnobotanist (FES) by the Society of Ethnobotanists. 

ii) Nominated as External Expert Member of the Committee for Performance Review of Centre for 
National Facility for Tribal and Herbal Medicine (NFTHM), BHU, Varanasi. 

7. Pal M Ph.D. Guide of Mangalayatan University, Aligarh; Jawahar Lal Nehru University, New Delhi and 
Amity University, Noida, UP 

8. Rahi TS  Life member of Indian Society of Soil Science 
9. Rao ChV Member, Research Council, Amity University, Lucknow and Jawaharlal Nehru Tropical Botanic Garden 

& Research Institute, Palode, Thiruvanathapuram; Ph.D. Guide of Revenshaw University, Cuttack 
10. Rawat  KK  Life member of the Indian Botanical Society, India 
11. Roy  RK  Fellow of the Indian Society of Ornamental Horticulture (ISOH), IARI, New Delhi 
12. Sahai  K  Fellow of the Association for Plant Taxonomy (FAPT), Dehradun, India 
13. Sawant  SV  Fellow of The National Academy of Sciences (NASI), India, 2015 
14. Singh AP Member of The Indian Lichenological Society, 2015 
15. Srivastava  M Reviewer of the Am. Chem. Sci. J. and  J. Adv. Fd Sci. & Technol. 
16. Srivastava  S  Member of The Royal Society of Chemistry, UK (MRSC) 
17. Trivedi PK Fellow of National Academy of Agriculture Sciences, India (FNAAS)-2016 and Member, Editorial Board 

of PLoS One, Sci. Rep. Physiol. Mol. Biol. Pl. and Int. J. Pl. Envir. 
 

Honours/Awards/Recognitions
CSIR-Technology Award-2015 conferred jointly to

CSRI-NBRI, CSIR-CIMAP, CSIR-CDRI and CSIR-IICB for
“Development of improved varieties and promotion of
cultivation of medicinally important Ashwagandha for
improving the economy of small and marginal farmers
in Semi Arid-Tropical (SAT) Regions in Deccan Plateau”.

Dr DK Upreti, Chief Scientist : ‘E.K. Janaki Ammal
National Award for Plant Taxonomy 2015’

Dr DK Upreti, has been conferred the prestigious ‘EK
Janaki Ammal National Award for Plant Taxonomy 2015’
by the Ministry of Environment, Forest and Climate
Change, New Delhi, for his contributions in the field of
Lichen taxonomy. Instituted in the name of Late Prof. Dr
EK Janaki Ammal, an eminent scientist and botanist of
international repute, this award is given to encourage work

HONOURS/AWARDS/DISTINCTIONS

of excellence in plant, animal and microbial taxonomy.

Dr. DK Upreti’s consistent and remarkable work
during the last three decades has led to the discovery of
more than 100 new species and more than 200 species as
new records to the lichen flora of India. He pioneered
lichenometric studies in Indian Himalayan region to record
the glacial retreat caused as the result of global warming.
The bio-monitoring and bio-prospection studies
conducted by him on Indian lichens and his work on the
Antarctica lichens and their response to environmental
pollutants are widely recognized.

The award was given by Shri Prakash Javadekar,
Honorable Minister, Environment, Forest and Climate
Change, Government of India, on 5th June, 2015, the World
Environment Day. The award carries a cash prize of
Rupees One Lakh, medallion and a citation.

Member/Editor, Referee, Expert, Reviewer, Judge, etc. (selected, recognized, enrolled, empanelled, nominated)

Sl. 
No. 

Scientist(s) Award(s) 

1. Singh D Outstanding Performance Award in Agronomy, Swadeshi Vigyan Sansthanam U.P. Chapter-III of 
Vijnana Bharti 

2. Agnihotri P Prof. Hira Lal Chakravarty Memorial Award for the year 2015-2016 for significant research 
contributions in the field of plant sciences by the Indian Science Congress Association 

3. Sahu V Dr. S. K. Jain Best Paper Award by Association of Plant Taxonomy, Dehradun under the category of 
lower group of plants 

4. Singh BN Young Scientist Award by Sai Shiksha Samiti, Allahabad for outstanding research work on 
Bioprospecting medicinal plants for biomedical application 
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Ph.D. Awarded
1.  Mr. Anil Bhatia

Metabolomics of medicinally important plants using GC-
MS, HPLC and NMR spectroscopy

Guides : Dr. OP Sidhu, Principal Scientist, CSIR-NBRI,
Lucknow and Prof. A Mishra, Gautam Budha University
(GBTU), Greater Noida

University : GBTU, Greater Noida

2.  Ms. Aparna Misra

Identification and characterization of wound inducible
promoters in crops

Guides : Dr. VA Sane, Principal Scientist, CSIR-NBRI,
Lucknow

University : UPTU, Lucknow

3.  Mr. Arvind Kumar

Induction of somatic mutation in Chrysanthemum
morifolium through induced mutagenesis and
characterization of mutants

Guides : Dr. S Shukla, Senior Principal Scientist, CSIR-
NBRI, Lucknow and Prof.  M Singh, Lucknow University,
Lucknow

University : Lucknow University, Lucknow

4.  Mr. Brij Kishore Mishra

Genetic diversity and combining ability in relation to
heterosis in Opium Poppy (Papaver somniferum L.)

Guides: Dr. S Shukla, Senior Principal Scientist, CSIR-
NBRI, Lucknow and Prof. NC Sharma, Barkatullah
University, Bhopal

University: Barkatullah University, Bhopal

5.  Ms. Deepika Sharma

Functional characterization of miR858 in Arabidopsis
thaliana

Guide : Dr. PK Trivedi, Principal Scientist, CSIR-NBRI,
Lucknow

University : Academy of Scientific and Innovative Research
(AcSIR), New Delhi

6.  Ms. Preeti Shukla

Revisionary studies on lichen genus Usnea Dill. ex Adans.
from India with special reference to Uttarakhand.

Guides : Dr. DK Upreti, Chief Scientist, CSIR-NBRI,
Lucknow and Prof. LM Tewari, Kumaun University,
Nainital

University : Kumaun University, Nainital

7.  Ms. Priya Gupta

Genetic diversity analysis of Jatropha curcas L. using Single
Nucleotide Polymorphism (SNP)

Guides : Dr. CS Mohanty, Senior Scientist and Dr. SV
Sawant, Principal Scientist, CSIR-NBRI, Lucknow

University : Academy of Scientific and Innovative Research
(AcSIR), New Delhi

8.  Ms. Priya Srivastava

Screening of antimicrobial properties of some Indian
Lichens against human pathogens

Guide : Dr. DK Upreti, Chief Scientist, CSIR-NBRI,
Lucknow

University : Dr. R.M.L. Avadh University, Faizabad

9.  Ms. Rajluxmi

Role of SIN3, a global transcriptional regulator, in plant
growth and development

Guide : Dr. AP Sane, Principal Scientist, CSIR-NBRI,
Lucknow

University : Academy of Scientific and Innovative Research
(AcSIR), New Delhi

10.  Ms. Rani Singh

Characterization of Scaffold Attachment Regions (SARs)
from chickpea (Cicer arietinum L.) genome for enhancement
of transgene expression

Guide : Dr. I Sanyal, Principal Scientist, CSIR-NBRI,
Lucknow

University : Academy of Scientific and Innovative Research
(AcSIR), Delhi

11.  Ms. Reesa Gupta

Assessment of bryodiversity of Pachmarhi Biosphere
Reserve

Guides: Dr. V Nath, Chief Scientist (Retd.), CSIR-NBRI,
Lucknow and Prof. N  Pande , Kumaun University,
Nainital.

University: Kumaun University, Nainital

12.  Ms. Ruchi Singh

An integrative approach for analyzing drought tolerance
in Cotton (Gossypium sp.)

Guides : Dr. PA Shirke Senior Principal Scientist, CSIR-
NBRI, Lucknow and Dr. J Naskar, Sam Higginbottom
Institute of Agriculture, Technology & Sciences (SHIATS),
Allahabad

University: SHIATS, Allahabad

HONOURS/AWARDS/DISTINCTIONS
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13.  Ms. Samatha Gunapati

Isolation and characterization of drought related
NAC transcription factor from cotton roots (Gossypium
herbaceum) 

Guides : Dr. VA Sane, Principal Scientist, CSIR-NBRI,
Lucknow and Dr. Rekha Gadre , Devi Ahilya
Vishwavidyalaya, Indore

University : Devi Ahilya Vishwavidyalaya, Indore

14.  Mr. Saurabh Prakash Pandey

Identification and characterization of wound inducible
promoters in crops

Guide : Dr. AP Sane, Principal Scientist, CSIR-NBRI,
Lucknow

University : Academy of Scientific and Innovative Research
(AcSIR), New Delhi

15.  Ms. Veena Dixit

Screening and evaluation of antimicrobial potential of the
genus Leucas R. Br. (Lamiaceae)

Guides : Dr. T Husain, Senior Principal Scientist, CSIR-
NBRI, Lucknow and Dr. AK Paliwal, Kumaun University,
Nainital

University : Kumaun University, Nainital

Ph.D. Theses Submitted

1.  Ms. Ila Trivedi

Study of the role of chromatin and chromatin modifying
machinery in the genome regulation of cotton plant during
water stress condition

Guides:  Dr. SV Sawant, Principal Scientist, CSIR-NBRI,
Lucknow and Dr. YK Sharma, Lucknow University,
Lucknow

University: Lucknow University, Lucknow

2.  Ms. Mala Singh

Role of histone acetyl transferases in epigenetic regulation
of PR-1 gene expression in Arabidopsis thaliana

Guides : Dr. SV Sawant, Principal Scientist, CSIR-NBRI,
Lucknow and Dr. YK Sharma, Lucknow University,
Lucknow

University : Lucknow University, Lucknow

3.  Ms. Mrinalini Srivastava

Enhancement of secondary metabolites with the use of
biotic and abiotic elicitors in hairy root cultures of Rauwolfia
serpentina L., Glycyrrhiza glabra L., and Solanum khasianum
C. B. Clark.

Guides : Dr. P Misra, Principal Scientist, CSIR-NBRI,
Lucknow and Dr. Swati Sharma, Integral University,
Lucknow

University : Integral University, Lucknow

4.  Ms. Neha Karakoti

Ecophysiological attributes of selected lichen species of
Garhwal Himalayas along altitudinal gradient

Guides : Dr. DK Upreti, Chief Scientist, CSIR-NBRI,
Lucknow and  Prof. (Mrs.) Kiran Bargali, Kumaun
University, Nainital

University : Kumaun University, Nainital.

5.  Mrs. Nidhi Verma

Genetic characterization of indigenous germplasm lines
of opium poppy (Papaver somniferum 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

6.  Ms. Nishi Srivastava

Variation in secondary metabolites of Bergenia ciliata
(Haw.) collected from different altitudes of Himalaya and
exploration of biosynthetic/biogenesis pathways of
secondary metabolites of Andrographis paniculata, Artemisia
annua and Bergenia ciliata

Guides : Dr. AKS Rawat, Senior Principal Scientist, CSIR-
NBRI, Lucknow and Prof. AR Khan, Integral University,
Lucknow

University : Integral University, Lucknow

7.  Ms. Rinkey Tiwari

Diversity assessment and taxonomic revision of the genus
Ficus L. (Moraceae) of the Gangetic Plain in India

Guides : Dr. LB Chaudhary, Principal Scientist, CSIR-
NBRI, Lucknow and Dr. A Durgapal, Kumaun University,
Nainital

University : Kumaun University, Nainital

8.  Ms. Saba Irshad

Botanical, Chemical and Molecular Characterization of a
Controversial Drug ‘Shankhpushpi’ and evaluation of its
antioxidant potential

Guides: Dr. Sayyada Khatoon, Principal Scientist, CSIR-
NBRI, Lucknow and Prof. PK Mishra , Lucknow
University, Lucknow

University: Lucknow University, Lucknow
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9.  Ms. Shweta Singh

Selection and gamma induced mutation for development
of high yielding superior quality genotypes of Curcuma
longa L.

Guides : Dr. SK Tewari, Sr. Principal Scientist, CSIR-NBRI,
Lucknow and Dr. Manjul Dhiman, KLDAV College,
Roorkee

University : HNB Garhwal University, Srinagar, Garhwal

10.  Mr. Sunil Kumar Singh

The role of histone modifier in cotton fiber development
and their target

Guides:  Dr. SV Sawant, Principal Scientist, CSIR-NBRI,
Lucknow and Prof. Kumkum Mishra , Lucknow
University, Lucknow

University: Lucknow University, Lucknow

11.  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, Integral
University, Lucknow

University : Integral University, Lucknow

HONOURS/AWARDS/DISTINCTIONS
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DATELINE

Sl. 
No. 

Date Salient Feature 

1. April 21-23, 2015 A training programme on “Bonsai Technique” was organized at CSIR-NBRI Botanic Garden 
during April 21-23, 2015 for the garden lovers, hobbyists, housewives and unemployed persons. 
Altogether 20 trainees took part in the programme.  

2. April 24, 2015 CSIR-NBRI and Meghalaya Basin Development Authority (MBDA), Meghalaya are working in 
collaboration through Bio-resources Development Centre (BRDC) to ensure inclusive and 
sustainable growth of NE Region in general and Meghalaya, in particular. Dehydrated floral crafts 
(DFC) of CSIR-NBRI is identified for promoting income generating activity and women 
empowerment tool. 
On April 24, 2015, a programme was organized under the Integrated Basin Development & 
Livelihood Promotion Programme at Shillong for providing green energy solution to rural women 
entrepreneurs engaged in enterprise, adopting green technology. On this occasion, women 
entrepreneurs of 36 DFC clusters were present along with officials of Meghalaya government, 
BRDC and CSIR-NBRI. An exhibition of DFC products, made by these groups was arranged on 
this occasion. Solar dryers were gifted to all the 36 DFC clusters. 

3. May 11, 2015 The National Technology Day was celebrated on May 11, 2015. Padma Shri & Padma Bhushan 
(Prof.) G. Padmanaban, INSA Senior Scientist/ Hon. Professor, Indian Institute of Science, 
Bangalore & Senior Science and Innovation Advisor, BIRAC, DBT, New Delhi, was the Chief 
Guest of the function. Prof. Padmanaban delivered the National Technology Day lecture on 
“Relevance of Biotechnology to Indian Agriculture”. Dr. P.V. Sane, Former Director of CSIR- 
National Botanical Research Institute was the Guest of Honour.  

4. May 19, 2015 A one day Workshop on “Bonsai Techniques” was organized on May 19, 2015 at Army Public 
School, Lucknow for teachers and students.  

5. May 30, 2015 A one day Workshop on “Urban Gardening & Vermicomposting” was organized in the Botanic 
Garden on May 30, 2015 jointly with Times of India & CSIR-NBRI under the theme, “Live Green 
Campaign” launched by Times of India. The main purpose was to make people aware about the 
different Urban Gardening techniques suitable for multi-storeyed buildings. Altogether 50 selected 
Lucknowites participated in this programme. 

6. June 29, 2015 A workshop was organized on June 29, 2015 for entrepreneurship development in Dehydrated 
Floral Crafts at CSIR-NBRI. The programme was attended by members of SRCP India, a MSME 
organization, promoting DFC in manufacturing section and Shashwat Jigyasa, an NGO, engaged 
in making DFC products through physically challenged children.  

7. July 01-31, 2015 CSIR-NBRI organized a one month Certificate Course on “Garden Management” during July 01-
31, 2015 for the benefit of unemployed persons and garden enthusiasts. Altogether 25 candidates 
attended the course.  

8. August 15, 2015 INDEPENDENCE DAY 
9. August 21, 2015 CSIR-NBRI organized a workshop on dehydrated floral crafts on August 21, 2015 at Mahila 

Vidyalaya P.G. College, Lucknow. About 42 selected B.Sc. students participated in the workshop. 
All the students were given training in preparation of greeting cards using dehydrates flower and 
plant parts.   

10. August 31, 2015 A Biodiversity Awareness Workshop was organized at Shri Shakti Degree College, Ghatampur, 
Kanpur Nagar on August 31, 2015. A total of 58 students participated in the workshop. The 
programme was sponsored by the Uttar Pradesh State Biodiversity Board, Lucknow. 

11. flracj 1&14] 2015 lh,lvkbZvkj&jk"Vªh; ouLifr vuqla/kku laLFkku] y[kuÅ esa fnukad 1&14 flracj 2015 dks fgUnh i[kokM+k dk 
vk;kstu fd;k x;kA ftlds varxZr laLFkku esa dk;Z djus okys vf/kdkfj;ksa deZpkfj;ksa dks çsj.kk&çksRlkgu] 
mRlkg o fgUnh ds ç;ksx dks c<+kok nsus ds mís'; ls fy, fofHkUu dk;ZØe vk;ksftr fd, x,A buesa eq[;r% 
fgUnh fVIi.k vkys[ku çfr;ksfxrk] fgUnh Kku igsyh] fgUnh oxZ igsyh çfr;ksfxrk] fgUnh fuca/k çfr;ksfxrk 
deZpkfj;ksa ds cPpksa ds fy,] dfo lEesyu ¼deZpkfj;ksa }kjk½] fgUnh O;k[;ku% Jh gjsUæ iky }kjk dk;Z dq'kyrk 
gsrq çca/ku fo"k; ij] fgUnh iqLrdksa dh çn'kZuh ¼iqLrdky; esa½] fgUnh fnol lekjksg dk vk;kstu lfEefyr gSA 

12. September 21, 2015 A training programme on betelvine cultivation was organized on September 21, 2015 at Distant 
Research Centres, Banthra, Lucknow for 40 farmers of Lucknow, Unnao, Raibareilly and Sitapur 
districts. 
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13. September 26, 2015 The CSIR-National Botanical Research Institute, Lucknow, observed “Open Day” on September 
26, 2015 to commemorate the 73rd Foundation Day of Council of Scientific & Industrial Research, 
New Delhi. Dr. P.K. Seth, CEO, Biotech Park, Lucknow, was the Chief Guest of the function. Dr. 
Seth, while addressing the audience appreciated the research carried out at CSIR-NBRI. He further 
said that CSIR-NBRI is reaching to the common man of the city as well as the state. “The research 
in the area of soil nutrients by CSIR-NBRI is commendable. The Institute should do more work 
toward societal benefit”, he added. 
Dr. P.K. Seth, distributed certificates and mementoes to 14 employees who have completed 25 
years of CSIR service and to 27 employees who retired during 2014-15. Dr. CS Nautiyal, Director, 
distributed prizes and certificates to those children of staff, who participated and won in the 
Science Essay competition organized on this occasion. 

14. September 28-29,  
2015 

A two day ‘National Conference on Cryptogam Research in India: Progress and Prospects’ was 
organized jointly by the Indian Lichenological Association, Lucknow and CSIR-NBRI during 28 – 
29th September 2015 at NBRI Lucknow. A total of 270 delegates and guests from all over India 
participated in the conference. The conference was inaugurated by the Chief Guest, Dr. Paramjit 
Singh, Director, Botanical Survey of India, Kolkata. Dr. S.K. Jain, INSA Honorary Scientist, 
Lucknow was the Guest of Honour. At the inaugural function 12 retired eminent scientists and 
professors were felicitated for their outstanding contributions to cryptogam research. 

15. October 15, 2015 A one day training cum motivation programme on on Medicinal plants and their usage organized 
at CSIR-NBRI, Lucknow on October 15, 2015. Students and teachers from the City Montessori 
School, Asharfabad campus Lucknow, participated in the programme. Medicinal plant saplings 
were also distributed to the participants. 

16. October 25, 2015 CSIR-NBRI, Lucknow celebrated its 62nd Annual Day on October 25, 2015. Prof. JP Khurana, 
Delhi University South Campus, New Delhi was the Chief Guest. Dr. VP Kamboj, Former Director, 
CSIR- Central Drug Research Institute, Lucknow, was the Guest of Honour.   
Dr. CS Nautiyal, Director, CSIR-NBRI welcomed the guest and presented the annual report of the 
Institute for the period 2014-15 and informed about the various activities and achievements of the 
Institute during the year. 
On this occasion Annual Report 2014-15, Annual Hindi Magazine (Vigyanvani) and a book on 
Bougainvillea were also released by the Dignitaries.  
A new variety of Bouaginvillea, named “APJ Abdul Kalam”, developed by CSIR-NBRI, was 
released.  
The occasion was also marked by the launching of a herbal product ‘BGR-34’ for diabetes 
management, developed jointly by CSIR-NBRI and CSIR-CIMAP, for commercial manufacturing 
and marketing by M/s Aimil Pharamaceuticals Pvt Ltd, New Delhi.  
Scientists and students of the Institute, who had published their research work in journals with 
high impact factors, were felicitated on this occasion.  

17. October 29 to 
November 4, 2015 

CSIR-NBRI organized a seven day training course on “Classical and Modern Methods in Plant 
Taxonomy and Biosystematics” from October 29 to November 4, 2015. Dr. Rakesh Shah, 
Additional Principal Chief Conservator of Forests and Chairman, Uttarakhand Biodiversity Board 
was the Chief Guest of the Inaugural Function on October 29, 2015. The Director of CSIR-NBRI, 
Dr. C. S. Nautiyal encouraged the participants to utilize the opportunity of the training course to 
sharpen their skills in plant taxonomy. About 40 participants from various institutions, colleges, 
universities, and other departments participated in the training course. 

18. November 18-20, 
2015 

A National Conference on “Indian Botanic Gardens (NCIBG 2015)” was organized at CSIR-NBRI 
from 18 to 20 November 2015. Shri Hem Pande, Spl. Secy. MoEF & CC, Govt. of India and Dr. 
Paramjit Singh, Director, Botanical Survey of India (BSI) were the Chief Guest and the Guest of 
Honour respectively. Dr. P. Pushpangadan, former CSIR-NBRI Director, and presently DG & Sr. 
Vice President of Ritnand Balved Education Foundation (RBEF) gave the presidential address. 

19. November 27-28, 
2015 

A two day training cum motivation programme was organized at CSIR-NBRI during November 
27-28, 2015, in which 21 science teachers/lecturers from 12 schools and colleges participated. Dr. 
PK Srivastava, internationally renowned Scientoonist and former Chief Scientist, CSIR-CDRI, 
Lucknow, was the Chief Guest.. Dr. Srivastava delivered a lecture on “Biodiversity & climate 
change: Challenges ahead”. Dr. CS Nautiyal, Director highlighted the importance of such 
programmes, especially for scientific updates to the faculties who are the important chain towards 
knowledge dissemination. Dr. SK Tewari briefed about the genesis and curriculum of the 
programme. The training programme covered thematic lectures on various subjects/aspects of 
botany and allied areas by NBRI Scientists. Participants also visited laboratories/ botanic 
gardens/exposition and herbarium, Distance Research Centre, Banthra. Dr. CS Nautiyal Lucknow 
distributed certificates to the participants. 
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20. December 02, 2015 A one day training cum motivation programme on ‘erbs for Health organized at SN Sen Balika PG 
College, Kanpur on 2nd December, 2015. A total of 120 participants including students and 
teachers of various colleges participated in the programme. All the participants were trained to 
study medicinal plant specimens.  

21. December 12-13, 
2015 

A two-day Chrysanthemum & Coleus – 2015 show was organized during December 12-13, 2015, at 
the Central Lawn of CSIR-National Botanical Research Institute, Lucknow.  The main idea to 
organize the flower show is to promote floriculture industry and to develop awareness about the 
floriculture. This show provides an opportunity for the public to enjoy and gather knowledge on 
Chrysanthemum and Coleus. This is a rare occasion where people can see the entire diversity of 
flower colors, types, shapes and also their cultivation practices. 
The prize distribution function was organized at the open-air theater of the Institute, on 13th 
December, 2015. Shri Amit Mohan Prasad, IAS, Principal Secretary (Agriculture), Govt. of UP was 
the Chief Guest and Dr. Mukesh Gautam, Director, Rajya Krishi Prabandh Sansthan, U.P. was the 
Guest of Honour. Mrs. Manju Nautiyal, Principal, CMS, Lucknow, also graced the occasion. 

22. tuojh 13] 2016 ,d fnolh; fganh dk;Z'kkyk dk vk;kstu fnukad tuojh 13] 2016 dks laLFkku ds ds ,u d‚y Cykd ds 
lHkkxkj esa fd;k x;kA dk;Z'kkyk dh v/;{krk] M‚- Mh ds mçsrh] eq[; oSKkfud us dhA bl volj ij M‚- ds 
ds jkor] rd- vf/k- us ^fganh ys[ku* ij O;k[;ku fn;kA vius O;k[;ku esa M‚- jkor us yksxks esa fnu çfrfnu 
de gksrh fganh ys[ku {kerk dk mYys[k djrs gq, blds dkj.kksa dh leh{kk dhA eap dk lapkyu lfpo] jk- 
dk- l- M‚- latho vks>k us djrs gq, funs'kd egksn; dk vkHkkj O;ä fd;kA M‚- , ds ,l jkor] mik/;{k] jk- 
dk- l- us /kU;okn çLrko fn;kA bl dk;Z'kkyk esa laLFkku ds yxHkx 90 ls vf/kd vf/kdkfj;ksa ,oa deZpkfj;ksa 
us Hkkx fy;kA  

23. January 26, 2016 REPUBLIC DAY 
24. February 6-7, 2016 The Rose & Gladiolus Flower Show was organized on February 6-7, 2016 in the central lawn of the 

Botanic Garden. The show attracted a total of 601 entries belonging to 56 exhibitors from Lucknow 
and outstation. This year, A total number of 26 running cups/shields/trophies along with 252 
prizes (First - 87, Second – 73 and Commendation – 92) were given to the winners. Shri Ram Naik, 
Hon’ble Governor, U.P was the Chief Guest at the prize distribution ceremony. 

25. February 25-27, 
2016 

A three day National Symposium on 'Plant Biotechnology for Crop Improvement' & 37th Annual 
Meeting of Plant Tissue Culture Association, India was organized at CSIR-NBRI during February 
25-27, 2016. Over 350 delegates from different universities and Institutes participated in the 
symposium. Prof. HY Mohan Ram, INSA Fellow, India and Chief Guest of the event, inaugurated 
the symposium. Prof. Mohan Ram in his brief inaugural address, discussed the latest information 
on various fields of science and emphasized the need to extend scientific information to common 
people for the development of the country. Prof. Akhilesh Tyagi, Director, NIPGR, New Delhi was 
the Keynote Speaker and delivered the lecture on the low yield of rice under water deficit stress 
conditions. 

26. February 29, 2016. The National Science Day was celebrated by the CSIR-National Botanical Research Institute on 
February 29, 2016. The day was observed as ‘Open Day’ when its various laboratories, viz., 
Exposition, Herbarium, Library, Botanic Garden, various R&D Laboratories were visited by large 
number of students drawn from various local schools and colleges. On this occasion, Dr. VP 
Kamboj, Former Director, CSIR-CDRI, Lucknow, was the Chief Guest and Dr. BN Dhawan, 
Former Director, CSIR-CDRI, Lucknow, was the Guest of Honour. 

27. March 4, 2016 The National Safety Day 
28. ekpZ 15] 2016 jk- dk- l- }kjk ^jktHkk"kk uhfr vf/kfu;e rFkk ruko çca/ku fo"k;d* ij fganh dk;Z'kkyk dk vk;kstu fnukad 

ekpZ 15] 2016 dks fd;k x;kA dk;ZØe dh v/;{krk M‚- Mh ds mçsrh] eq[; oSKkfud us dhA dk;Z'kkyk esa lh 
,l vkbZ vkj & lh Mh vkj vkbZ] y[kuÅ ds M‚- fot; ukjk;.k frokjh] ofj"B fganh vf/kdkjh us viuk 
O;k[;ku çLrqr fd;kA vius O;k[;ku esa] M‚- frokjh us nSfud thou esa ruko çca/ku dk egRo crkrs gq, 
bldh vko';drk ,oa vuqikyu dh ppkZ dhA eap dk lapkyu M‚- latho vks>k] lfpo] jk- dk- l- us djrs 
gq, funs'kd egksn; dk vkHkkj O;ä fd;k rFkk var esa /kU;okn Kkiu çLrqr fd;kA bl dk;Z'kkyk esa laLFkku 
ds yxHkx 120 ls vf/kd vf/kdkfj;ksa ,oa deZpkfj;ksa us Hkkx fy;kA  

29. March 15, 2016 CSIR-NBRI, Lucknow organized one day training programme on ‘Betelvine Farming and 
Protected Cultivation of Vegetables’, on 15 March, 2016 at Distant Research Centre, in which 26 
farmers participated. The participants were explained about the traditional and modern 
techniques of Betelvine cultivation and the protected cultivation of vegetables. The participants 
also visited the paan model bareja at Banthra and vegetable poly house at Gehru Farm. Planting 
materials were also distributed to the farmers. 
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Glimpses of CSIR-NBRI Events

CSIR-NBRI'S dehydrated floral crafts technology in Meghalaya

Workshop on Vertical Gardening and Vermicomposting

GLIMPSES OF CSIR-NBRI EVENTS
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Glimpses of CSIR-NBRI Events

Discussions at workshop on entrepreneurship development in Dehydrated Floral Crafts

National Technology Day

Workshop on Dehydrated Floral Craft held at Mahila Vidyalaya PG College Lucknow
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Glimpses of CSIR-NBRI Events

Training programme on Betelvine cultivation in Progress

fgUnh fnol  l ekj ksg dh >yfd; k¡

CSIR Foundation Day

GLIMPSES OF CSIR-NBRI EVENTS
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Glimpses of CSIR-NBRI Events

National Conference on Cryptogam Research in India

Faculty training, motivation & adoption of school and colleges programme

National Conference on Indian Botanic Gardens
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Glimpses of CSIR-NBRI Events

CSIR-NBRI Annual Day Celebration

Annaul Chrysanthemum and Coleus Show

GLIMPSES OF CSIR-NBRI EVENTS
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Glimpses of CSIR-NBRI Events

National Science Day

Annual Rose & Gladiolus Show
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Glimpses of CSIR-NBRI Events

GLIMPSES OF CSIR-NBRI EVENTS

National Symposium on 'Plant Biotechnology for Crop Improvement' & 37th Annual Meeting Of Plant Tissue
Culture Association

fgUnh dk; Z' kkyk dk vk; kst u
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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 
 

ACADEMY OF SCIENTIFIC AND INNOVATIVE RESEARCH (ACSIR)

The Academy of Scientific and Innovative Research or AcSIR is an Indian institute of national importance,
currently head quartered in CSIR Campus, Taramani, Chennai. The Academy was established for the purpose of granting
doctoral and post-doctoral degrees, through  a centralized institution to manage research and development in CSIR
laboratories. It was established in 2010 (Government of India resolution of June 17, 2010 and the Academy of Scientific
and 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 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 2200 full-time faculty members from CSIR Laboratories, over 2000 students
enrolled in various programmes and 7 non-academic staff members

National Research Professor Prof. RA Mashelkar took charge as the first Chairperson of AcSIR, from Prof. SK
Brahmachari (former Acting Chairperson of interim AcSIR) and Director General, CSIR. The Academy has received
recognition from Department of Scientific and Industrial Research (DSIR), Ministry of Science & Technology, as a
Scientific and Industrial Research Organization (SIRO).

ACSIR Course work option for CSIR-NBRI students
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S. No. Course Name Course Number 
19 Climate change and Plants  3-486 
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 
 

j kt Hkk"kk ; wfuV

l aLFkku esa jkt Hkk"kk dk;kZUo;u l fefr ds rRok/kku esa fgUnh ds
i zxkeh i z; ksx l s l acaf/kr fuEukafdr xfrfof/k; k¡ 2015&2016 esa dh x;hA

1- l aLFkku esa jkt Hkk"kk foHkkx] x̀gea=ky; ] Hkkj r l jdkj  }kjk t kjh
fn' kkfunsZ' kksa ds vuql kj  l e;  esa frekgh cSBdksa dk vk;kst u fd; k
x;kA

2- l aLFkku dsa vf/kdkfj ; ksa rFkk deZpkfj ; ksa ds fy,  fgUnh ds i zxkeh
i z; ksx esa vkSj  Hkh vf/kd òf)  ykus gsrq l aLFkku ds funs' kd egksn;
}kjk O; fDr' k% vkns' k t kjh fd; s x; sA

3- l e;&l e;  i j  dk;kZy;  Kki u o l wpuk;sa t kjh dh x;h ft l l s
l aLFkku ds vf/kdkfj ;ksa oa deZpkfj ; ksa }kjk dk;kZy;h dk;Z fgUnh esa
djus esa òf)  gqbZA

4- l aLFkku ds fgUnh ds izxkeh i z; ksx l EcU/kh =Sekfl d o Nekgh fj i ksVZ
rS;kj  dj l h, l vkbZvkj eq[; ky; ] ubZ fnYyh rFkk l fpo] ujkdkl ]
, p, , y] y[ kuÅ dks l e;  l s i zsf"kr dh x;h ft Ugsa eq[ ; ky;  o

ujkdkl  }kjk i z' kal uh;  dgk x;kA

5- l aLFkku esa fgUnh ds i z; ksx esa vkSj  Hkh vf/kd òf)  ykus gsrq l aLFkku
l s jkt Hkk"kk i f=dk f̂oKkuok.kh* dk izdk' ku fd;k x; k ft l s fi Nys
dbZ o"kksZ l s y[ kuÅ esa fLFkr 169 dsanzh;  l jdkj  ds dk;kZy;  esa
i zdkf' kr i f=dkvksa esa l s i zFke LFkku i zkIr gksrk jgk gS t ks l aLFkku
ds fy,  cgqr cM+h mi yfC/k jgh gSA bl  o"kZ f̂oKkuok.kh* ds 22osa
vad dk i zdk' ku fd;k x; k gS ft l esa l aLFkku dh mi yfC/k;ksa dks
n' kkZus okys ys[kksa dk l ekos' k gS t ks ' kh?kz gh i zdkf' kr gks t k, xkA

6- l aLFkku esa fgUnh ds i z; ksx djus gsrq jkt Hkk"kk foHkkx] x̀g ea=ky;
}kjk t kjh fn' kk&funsZ' kksa ds vuql kj  l aLFkku ds vf/kdkfj ; ksa o
deZpkfj ; ksa ds fy,  o"kZ esa pkj  fgUnh dk;Z' kkykvksa dk vk;kst u
fd;k x; kA

fgUnh i [ kokM+sa dk vk; kst u

bl ds vfrfjDr 1&14 fl Ecj  2015 ds chp fgUnh i [ kokM+k dk
vk;kst u fd; k x; k ft l esa fofHkUu i zfr; ksfxrkvksa }kjk fgUnh esa n{krk
c<+kusa dk i z; kl  fd; k x; kA bl ds vfrfjDr fgUnh esa dk;Z djus okys
deZpkfj ; ksa dks i zksRl kgu gsrq i qjLdr̀ Hkh fd;k x; kA



154

ANNUAL REPORT 2015-2016

S & T SUPPORT

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 Dr. CS Nautiyal 
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 

 

RESEARCH COUNCIL



155

CSIR-NATIONAL BOTANICAL RESEARCH INSTITUTE

Dr. CS Nautiyal                                  
Director 
CSIR-National Botanical Research Institute 
LUCKNOW - 226 001 

Chairman 

Dr. Ram Rajsekharan 
Director 
CSIR-Central Food Technological  Research Institute  
mysore 

Member 

Dr. DK Upreti 
Chief 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 

Dr. ChV Rao 
Principal  Scientist  
CSIR-National Botanical Research Institute 
Lucknow - 226 001 

Member 

Mr. Vivek Srivastava  
Senior Scientist  
CSIR-National Botanical Research Institute 
Lucknow - 226 001 

Member 

Dr. P Agnihotri 
Scientist  
CSIR-National Botanical Research Institute 
Lucknow - 226 001 

 
Member 

Shri AA Malick 
Senior S E 
CSIR-National Botanical Research Institute 
LUCKNOW - 226 001 

Member 

Mr. Sanjeev Shekhar 
Finanace & Accounts Officer 
CSIR-National Botanical Research Institute 
LUCKNOW - 226 001 

Member 

Mr. BJ Deuri 
Administrative Officer 
CSIR-National Botanical Research Institute 
LUCKNOW - 226 001 

Member Secretary 

 

MANAGEMENT COUNCIL



156

ANNUAL REPORT 2015-2016

S & T SUPPORT

I. EXPENDITURE Figure in Lakhs of Rupees 
A. Revenue  
 1. Salary & Sal. Linked Allowances 2712.074  
 2. Other Allowances 
  a. Re-imburs. of Med.Exp./CGHS/Med.charges 65.014  
  b. Overtime Allowance 2.000  
  c. Honorarium 1.000  
  d. Leave Travel Concession 16.709  
  e. T.A. (India)  9.886  
  f. T.A. (Foreign)    
  g. Professional Update Allowance 11.600  
  h. Total Other Allowances (a to g) 106.209  
3. Total Salaries (1+2h) 2818.283  
4. P-04 Contingencies 345.012  
5. P-05 H.R.D.    
6. P-06 Lab. Maintenance 226.562  
7. P-701 Staff Qrs. Maintenance 73.349  
8. P07 Chemical/Consum.& Other Res.Exp. 575.346  
9. Total Revenue  (3 to 8) 4038.552  
B. Capital 
a) P-50 Land Cost   
a) P-50 Land Cost   

129.461  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 769.948  
d) P-50 Workshop Machinery   
e) P-50 Office Equipments 3.500 
f) P-50 Furniture & Fittings 6.346 
g) P-50 Library (Books/ Journals/ e-Journal) 74.999 
h) P-50 Model & Exhibits   
i) P-50 Vehicles 4.227  
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) 121.456  
m) (ii) P-702 Staff Qrs.(Construction) (Other)   
Total Capital (a to m) 1109.937  
Total A+B  5148.489  
C. Special Proj. SIP/NWP/FAC/IAP/RSP/HCP/12th Plan Proj. 
1. Revenue   
 (i) T. A. (India) 20.897 
 (ii) T.A. (Foreign)  6.255 
 (iii) Contingencies 240.786  
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 (iv) Maintenance 68.650  
 (v) Chemical, Consum.& Other Res.Exp.  1712.889  
Total Rev.(C1) 2049.477  
2. Capital    
 (i) Work's & Services  44.974  
 (ii) Appartus & Equipment 141.000  
 (iii) Other Capitals   
Total Capital(C2) 185.974  
C. Total allocation SIP/NWP/FAC/IAP/RSP/HCP/12th Plan (C1+C2) 2235.451  
Total National Labs. (A+B+C) 7383.940  
D. Central Administration 
 P-804 Pension & Other retirement benefits 1776.852  
 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 3.000  
 (ii) House Building Advance   
 (iii) Others   
 Total Central Admin. 1779.852  

II. EARNINGS 
 RECEIPTS   
 R04 DONATION   
 R05 CONTRIBUTION  63.813 
 R06 MISC RECEIPTS  
 R906 RECOV. OF ADV. 10.018  
 TOTAL R06+R906 73.831  
 R071 LAB RESERVE   
 a) Royality Premia   
 b) Testing & Analytical Charges 1.119  
 c) Other Technical Service   
 d) Job Work 16.347  
 e) Rest of R 071 heads 50.339  
 Total Lab Reserve(R-071) 67.805  
 R909 EXTERNAL CASH FLOW   
 a) Govt deptt./PSU's 523.658 
 b) Private agencies 4.391 
 c) Foreign govt/agencies  
 TOTAL ECF (a+b+c) 528.049 
 Royalty & Premia for distribution (R907) 1.485 
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Anil Kumar
MK Shukla
Kiran Toppo
MM Pandey

Technical Officers
Surjit Kumar
Swati Sharma
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Leena Wahi

SK Sharma
KN Maurya
Babita Kumari
GG Sinam
Sumit Yadav
KK Rawat
DD Toppo
Somanath Swain

Technical Assistants
Satish Kumar
Prashant Srivastava
Jai Chand
Shweta Singh
Rameshwar Prasad
Rekha Kannaujia
Shashank K Mishra
Komal K Ingle
Bharat Lal Meena
Vivek Kumar Gupta
RR Rastogi
Devranjan
Vandana Tiwari
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Administration
BJ Deuri, AO
Rajhans Gautam, CoF&A
Sanjeev Shekhar, F&AO
Kaushal Kishore, SPO
Dinesh Kumar, SPO
KK Singh, SPO
Prasoon Misra, SO
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