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dGtJo
g]kfn ljljw xfjfkfgL / ef}uf]lns ljljwtfn] el/k'0f{ ePsf] b]z xf] . oxfF pi0f, 
pkf]i0f, ;dzLtf]i0fb]vL zLtf]i0f xfjfkfgL kfO{G5 / o:tf] xfjfkfgLdf x'g] ljljw 
vfnsf s[lifafnLx? pTkfbg ug{ ;lsG5 . s[lifsf] pTkfbg / pTkfbsTj a[l4sf] 
cyfx ;Defjgfx? x'Fbfx'Fb} klg k/Dk/fut v]tL k2lt, u'0f:t/Lo >f]t jLp la?jfsf] 
cefj, /f]usL/fx?sf] k|sf]k cflbsf sf/0f s[lif If]qaf6 cfzftLt kmfO{bf 
lng ;ls/x]sf 5}gf}+ . xfn ljZjdf eO{/x]sf s[lif k|ljlwx? plrt k|of]u;Fu;Fu} 
ljslzt tyf sltko ljsfzf]Gd'v b]zx?n] s[lifdf cfw'lgs k|ljlwx?sf] 
cjnDjg u/L k|lts"n xfjfkfgLdf klg sd hgzlQmx?sf] kl/rfng u/L s[lif 
pTkfbg / pTkfbsTj j9fP/ dgUo cfDbfgL ul//x]sf 5g\ . xfd|f] b]zsf] nflu la?jf tGt' k|hgg\ k|ljlw 
Ps gofF k|ljlw xf] . o;sf ljleGg k|ljlwx?sf] 1fg s[lif k|fljlws tyf s[ifsx?df cToGt Go'g 5 . 
o:tf] kl/k|]Ifdf xfdLn] ef}uf]lns lx;fjn] clns ljs6 dflgg] d':tfË lhNnfdf klg lj= ;= @)&* 
;fndf tGt' k|hgg\ k|of]uzfnf -Plant Tissue Culture Lab_ sf] :yfkgf u/L zLtf]i0f kmnkm"nx? 
-h:t}M :ofp, cf]v/, sfuhL jbfd, l:j6 r]/L, cflb_ tyf t/sf/L -cfn'sf k"j{ d'n jLp_ x?sf] :j:y 
la?jf tyf jLp pTkfbgsf ljljw sfdx? ;'rf? ?kn] cufl8 a9fO{/x]sf 5f}+ . o; gljg k|ljlw ;Fu;Fu} 
oxfF l;s]sf, cWoog cg';Gwfg u/]sf tyf ef]u]sf ;d:ofx?nfO{ ;d]6]/ æla?jf pTkfbgsf] nflu tGt' 
k|hgg\ k|ljlw -Plant Tissue Culture Technology_Æ gfds k|fljlws k':ts zLtf]i0f afujfgL 
ljsf; s]G› dfkmf{af6 k|sfzg x'g nfu]sf] s'/f hfgsf/L u/fpg rfxG5' . g]kfndf la?jfsf] tGt' k|hgg\ 
To;df klg afujfgL If]q;Fu ;DjlGwt cWoog, cg';Gwfg / ljsf;sf sfo{x? gu0o eP tfklg o; 
k':tssf n]vs tyf o; s]G›sf h}ljs k|ljlw k|fljlws clws[t >L czf]s lnDa'sf] cys k|of;af6 
of] k':tsnfO{ clGtd ?k lbg ;Ifd x'g' ePsf]df ljz]iftM pxfFnfO{ xflb{s wGojfb lbg rfxG5' .

of] k':ts g]kfnsf] t/fO{b]vL lxdfnL If]q;Dd s[lifdf ljz]ifu/L afujfgL If]qdf sfd ug]{ ;Dk'0f{ 
s[ifsju{x?, cg';Gwfg÷lzIf0f÷k|;f/df sfd ug]{ s[lifsdL{x? nufot cGo ;/sf/L tyf u}x| ;/sf/L 
;+:yfx?df cfj4 dxfg'efjx?nfO{ cToGt pkof]uL x'g]5 eGg] ck]Iff lnPsf] 5' . cGTodf of] k':ts 
k|sfzgsf j|mddf k|ToIf ck|ToIf ?kdf ;xof]u ug{'x'g] ;Dk'0f{ lbJohgx?df xflb{s cfef/ k|s6 ug{ 
rfxG5' . c:t' . 

kßgfy cfq]o
s]Gb| k|d'v 

ldltM @)*! k'; z'ed .
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d]/f] egfO
k|ljlwsf] ljsf;;Fu} ljslzt b]zx?n] k|lts"n xfjfkfgL tyf sd hgzlQm 
;+nUgtfsf] afjh'b klg cfw'lgs k|ljlwsf] k|of]u / j}1flgs k2ltsf] cEof;åf/f 
s[lif If]qsf] pTkfbg tyf pTkfbsTj a9fpg ;kmn eO /x]sf 5g . g]kfndf eg] 
s[lif If]qsf] w]/} /fd|f] ;Defjgf ePtf klg ;f]r] h:tf] kmfObf lng ;s]sf 5}gf}+ . 
k/Dk/fut v]tL k2lt, u'0f:t/Lo la?jf tyf aLp pknAw gx'g', pko'Qm k|ljlwsf] 
cefj x'g', ljleGg kmnkm"n Pjd\ cGo gub]afnL v]tLx?df /f]u km}lnFb} hfg' 
cflb sf/0fx?n] ubf{ s[lif If]qdf ljslzt b]zx?sf] t'ngfdf w]/} sd pTkfbg 
tyf pTkfbsTj /x]sf] 5 .

;/sf/L tyf lghL tj/af6 g]kfnsf] s[lif If]qnfO{ ;'wf/ ug{ s]xL k|of;x? eg] b]lvG5g\ . s[lif If]qnfO{ 
;'wf/ ug{ ljleGg ;/sf/L kmfd{ s]Gb|x? tyf lghL :t/af6 u'0f:t/Lo la?jfx? pTkfbg ug{ cfw'lgs 
pboLdfg k|ljlwsf] ?kdf tGt' k|hgg\ k|of]uzfnfx?sf] :yfkgf u/L ;+rfng sfo{ eO /x]sf 5g\ . o; 
k|ljlwaf6 la?jfsf] s'g} klg jfg:klts efunfO{ k|of]u u/L b|'t ultdf Ps} gf;sf la?jfx? w]/} ;+Vofdf 
pTkfbg ug{ ;lsg] / la?jfaf6 efO/; /f]u pGd"ng u/L lg/f]uL la?jf pTkfbg ug{ of] k|ljlwnfO{ pQd 
dflgG5 . o:tf :yfkgf ePsf tGt' k|hgg\ k|of]uzfnfx? k"0f{ ?kdf ;+rfng tyf u'0f:t/Lo la?jf pTkfbg 
ug{ o; ;DalGw ljz]if 1fg / l;ksf] cfjZostf x'g' kb{5 . t;y{ ;/sf/L tyf lghL :t/af6 ;+rfngdf 
/x]sf tGt' k|hgg\ k|of]uzfnx?df Ps?ktf sfod /fVg' / o; k|ljlwnfO{ k|efjsf/L ?kdf k|of]u ug{ 
cfjZos k|fljlws kIfnfO{ dWogh/ /fVb} of] k':ts tof/ kfl/Psf] 5 . jt{dfg cj:yfdf g]kfndf o; 
pboLdfg k|ljlwsf] af/]df s[lif ;DalGwt ;/f]sf/ /fVg' x'g] ;Dk"0f{ dfem k'¥ofpg klg cfjZos /x]sf] 5 . 

o; k':ts ljleGg cWoog cg';Gwfg ;+:yfx?af6 k|sflzt n]vx?, lstfax?, tGt' k|hgg\ k|ljlwdf 
;+nUg lj1x? tyf cfˆgf] cg'ejnfO{ ;d]t ;d]6]/ k|sflzt ul/Psf] 5 . of] k':ts ljz]if u/L tGt' k|hgg\ 
k|of]uzfnfdf ;+nUg k|fljlws, cg';Gwfgstf{, ljBfyL{, Joj;foL / s[ifsx? tyf o; ;DalGwt ;Dk"0f{ 
;/f]sf/jfnfx?nfO{ pkof]uL x'g] ljZjf; lnPsf] 5' . o; k':tsdf ePsf q'6L Pjd\ sdL sdhf]l/x?nfO{ 
;sf/fTds ?kdf cf}NofO{ lbg' ePsf] v08df oxfFx? k|lt cfef/L x'g]5' .

o; k':ts n]vg sfo{df lg/Gt/ k|]/0ff, cd'No ;'emfj / ;xof]u ug{' x'g] k|f= 8f= w'j{ k|;fb uf}rg ;fy} 
jl/i7 afujfgL lj1 >L kßgfy cfq]o tyf zLtf]i0f afujfgL s]Gb|sf ;Dk"0f{ sd{rf/Lx?sf ;fy;fy} 
k|ToIf ck|ToIf ?kdf ;xof]u ug{' x'g] ;Dk"0f{ k|lt xflb{s cfef/ k|s6 ug{ rfxG5' .
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!=!= k[i7e"ld

jg:klto h}ljs k|ljlw ÚPlant BiotechnologyÚ cGtu{t Pp6f cleGg c+usf] ?kdf tGt' 
k|hgg\ k|ljlwnfO{ lnPsf] kfOG5 . tGt' k|hgg\ -Plant tissue culture_ jf dfOj|mf] k|f]kfu];g 
-Micropropagation_ eg]sf] Plss[t k|ljlw xf], h;df aLp tyf cGo jfg:klts efux?sf] sf]if jf 
tGt' gd"gfx? h:t}Ù kft, 6'Kkf], h/f, cfFVnf, sf08 k/fusf]if, uef{;o, d]l/:6]d cflbnfO{ lgolGqt s[ltd 
jftfj/0fdf ;'Id hLjx¿sf] ;+j|md0f gx'g] u/L ›'t ultdf j[l4 / ljsf; u/fOG5 . la?jf k|;f/sf] nflu w]/} 
ljlwx? dWo] of] k|ljlw j}1flgs ?kn] k|dfl0ft dxTjk"0f{ cfw'lgs k|ljlw xf] . jt{dfg cj:yfdf la?jf 
k|hgGsf] If]qdf tGt' k|hgg\ k|ljlwåf/f cfg'j+lzs ?kdf 7Ls dfpaf]6 ;/xsf la?jfx? pTkfbg ug{sf] 
nflu Ps pQd / Jofks ?kdf kl/lrt x'b} uO/x]sf] k|ljlw xf] . ljz]ifu/L Joj;flos s[lif, jg lj1fg, 
cf}iflw lgdf{0f / cg';Gwfg If]qdf la?jfsf] tLj| k|;f/, :j:Yo / u'0f:t/Lo, /f]u k|lt/f]wL la?jf, pGgt 
hftsf afnLx?, ;]sG8/L d]6faf]nfO6\; cflb pTkfbg ug{sf nflu of] k|ljlwsf] pkof]lutf pNn]vgLo 
?kn] a9L /x]sf] 5 . 

g]kfndf s[lif If]qn] nueu @# k|ltzt /fli6«o s'n u|fx{:Yo pTkfbg -GDP_ df of]ubfg k'¥ofO /x]sf]n] 
o; If]qnfO{ b]zsf] cy{tGqdf dxTjk"0f{ dflgG5 . d'n'sdf sl/a #) nfv (! x]S6/ v]ltof]Uo hUuf 
/x]sf] / /fli6«o cfo tyf /f]huf/Ldf s[lif If]qdf klg afujfgL pkIf]q cu|klª\tdf /x]sf] 5 . ;g\ @)@# 
sf] tYofª\s cg';f/ ljut Ps bzs otf g]kfndf kmnkm"n afnLsf] s'n v]tL If]qkmn !,#&,&%* 
x]S6/af6 a9]/ !,*@,^$* x]S6/;Dd k'u]sf] 5 . kmnkm"n afnLsf] s'n v]tL, pTkfbgsf] If]qkmn / 
pTkfbsTj j[l4 eP tfklg cf};t pTkfbsTj ljut b; jif{df (=@% 6g k|lt x]S6/ af6 !)=($ 6g 
k|lt x]S6/;Dd dfq j[l4 ePsf] 5 h'g ljslzt b]zx?sf] t'ngfdf w]/} sd xf] . pQm kmnkm"n tyf cGo 
s[lif afnLx?sf] pTkfbsTj ;f]r] h:tf] j[l4 gx'g'sf] d'Vo sf/0fx? dWo] cfjZostf cg';f/ u'0f:t/Lo 
la?jfx? pknAw gx'g', k/Dk/fut v]tL k2lt / pko'Qm k|ljlwsf] cefj tyf k|efjsf/L ?kdf cjnDag 
ug{ g;Sg' /x]sf 5g\ . To;}u/L ljleGg kmnkm"n tyf cGo gub] afnL v]tLx?df w]/} /f]u km}ln+b} hfFbf pQm 
afnLx?sf] pTkfbsTjdf x|f; x'b} uO /x]sf 5g\ . jt{dfg cj:yfdf 5f]6f] ;dodf pRr pTkfbg lbg] gofF 
vfnsf Joj;flos v]tL k|0ffnLx? z'? x'Fb} hfg', s[ifsx?df v]tLk|lt ;hs / rf;f] a9\b} hfg' cflb 
sf/0fx?n] u'0f:t/Lo kmnkm"n la?jfx?sf] dfu klg j|mlds ?kdf a9L /x]sf] 5 . g]kfndf kmnkm"nsf 
la?jf d'VotofM :ofp, cf]v/, s]/f cf}krfl/s ?kdf O6nL, rLg, ef/t, 6sL{ tyf cGo b]zx?af6 cfoft 
eO/x]sf] 5 . o;}u/L ˆnf]l/sNr/ Pzf]l;P;g g]kfn -FAN_ sf] tYofªs cg';f/ kmnkm"n;Fu} k'ikhGo 
la?jfx?sf] cfoftdf klg lg/Gt/ j[l4 eO/x]sf] 5 . To;}n] a9\bf] vfBfGg, u'0f:t/Lo kmnkm"n / cGo 

la?jf pTkfbgsf nflu tGt' k|hgg\ k|ljlwsf] k[i7e"ld / ;+lIfKt Oltxf;
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gub] afnL la?jfx?sf] cfjZos dfu k'/f ug{ k/Dk/fut v]tL tyf la?jf k|;f/0f k2ltnfO{ kl/is[t ug{ 
j}1flgs s[lif k|ljlwnfO{ c+ufNg} kg]{ b]lvG5 . t;y{ jt{dfg cj:yfdf g]kfnsf] s[lif If]qdf j}1flgs 
k|ljlwsf] ?kdf tGt' k|hgg\ k|ljlwsf] k|of]u u/L yk s[lif If]qnfO{ dha't agfO dxTjk"0f{ of]Ubfg k'¥ofpg 
;lsG5 . of] k|ljlw k/Dk/fut k|hgg\ ljlwx? eGbf w]/} kmfObfhgs / k|efjsf/L ePsf] kfOG5 . 

u'0f:t/Lo la?jfsf] pTkfbg xf]; jf h]g]l6s O{lGhlgol/ª\ / dlnSo'n/ afof]nf]lhåf/f ljZjsf] ljsl;t 
b]zx?df gofF k|hfltsf la?jfx?sf] ljsf; klg tGt' k|hgg\ k|ljlw ljsf;s} s/0fn] dfq ;Dej ePsf] 
xf] . tGt' k|hgg\ k|ljlw ;+rfng sfo{sf] nflu w]/} vr{ / s'zn k|fljlws cfjZostf kb{5 tyflk o;af6 
s[lif cg';Gwfg tyf s[lif Joj;flos/0f dfkm{t 7"n} kmfObf lng ;lsG5 . To;}n] o; k|ljlwsf] k|of]u u/L 
vfBfGg / u'0f:t/Lo la?jfx?sf] a9\b} uO/x]sf] dfunfO{ k'tL{ ug{ yk 6]jf k'¥ofpg'sf ;fy} s[lif If]qdf 
cWoog / cg';Gwfgsf ;fy;fy} cfw'lglss/0f, oflGqs/0f Pjd\ Joj;flos/0fdf pNn]vlgo of]ubfg 
k'¥ofpg ;lsG5 .

!=@= ;+lIfKt Oltxf;

ljZjdf tGt' k|hgg\ k|ljlwsf] k|f/De eg] !* cf}+ ztfAbLsf] cGTolt/ ePsf] kfOG5 tyflk k|ljlw 
ljsf;sf] o'u eg] !($) b]lv !(^) O{= ;= aLr ePsf] lyof] . Mathias Schleiden / Theodor 
Schwann n] ;g\ !*#* df lbPsf Úsf]if l;2fGtÚ sf] cjwf/0ffnfO{ hd{g jg:klt zf:qL x}a]/nf+6 
-Gottlieb Haberlandt_ n] k|dfl0ft u/L !()@ O{ =;= df tGt' k|hgg\sf] ;}4flGts cfwf/ hd{g 
Ps]8]dL ckm ;fOG;df ;Daf]wg u/]sf lyP / pgsf] yk cu|ufdL k|of]ux?sf cfwf/df pgnfO{ tGt' 
k|hgg\sf hgs dflgG5g\ . ;g\ !()$ df Henning n] klxnf] k6s ;kmntfk"j{s e|"0f sNr/ u/]sf lyP 
eg] !(@@ df sf]6] / /f]laG;n] la?jfsf] h/f / 8fF6sf] tGt'nfO{ sNr/ u/]sf lyP . ;g\ !(#( ;Dddf 
R= Gautheret, P= Nobecourt / P=R= White n] Sofn; sNr/sf] ljsf; u/] . G= Morel / C= 
Martin n] ;g\ !(%) df d]l/:6]d sNr/åf/f 8fxlnofaf6 efO/; d'Qm u/]sf lyP / kl5 ;g\ !(^# lt/ 
cls{8 k|;f/sf] nflu d]l/:6]d sNr/ u/]sf lyP . tf]l;of] d'/fl;u] / kmf]ns] s]= :s'un] ;g\ !(^@ O{=; df 
;a} eGbf a9L k|of]u ul/g] tGt' k|hgg\ ldl8of d'/fl;u]–:s'u -MS_ sf] ljsf; u/] otf ljleGg k|hfltsf 
la?jfx?sf] tGt' k|hgg\ k|f]6f]snx? ljsf; ug{ dxTjk"0f{ of]Ubfg k'¥ofPsf] 5 . !(^) sf] bzs / !(&) 
sf] k|f/lDes bzsdf tGt' k|hgg\ k|ljlwsf] Joj;flos pkof]lutfsf] yfngL ePsf] kfOG5 . tGt' k|hgg\ 
k|ljlwsf] lj:tf/ ;g\ !(&) bzs otf ;+o'Qm /fHo cd]l/sf, o'/f]k, c:6«]lnof / Pl;ofdf Joj;flos 
g;{/L k|of]uzfnfx?df k|of]u / yk ljsf; x'b} cfO/x]sf] 5 . jt{dfg @! cf}+ ztfAbL lt/ cfOk'Ubf l5d]sL 
/fi6«x? rLg / ef/tn] ;lj|mo ?kdf tGt' k|hgg\ k|ljlwsf] k|of]u Joj;flos la?jf pTkfbg / cg';Gwfg 
If]qdf ul//x]sf 5g\ . xfn xhf/f}+ ljleGg k|hfltsf la?jfx?sf] Og le6«f] k|f]6f]snx? ljsf; ul/Psf 5g\ 
h'g ljz]ifu/L Joj;flos k|;f/0fsf] nflu k|of]u eO/x]sf 5g\ .
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!=#= g]kfndf tGt' k|hgg\ k|ljlwsf] Oltxf;

g]kfnsf] ;Gbe{df ;g\ !(&^ df ;k{uGwf -Rauvolfia serpentina_ jg:kltsf] k|hgg\ /fli6«o xj]{l/od 
tyf jg:klt k|of]uzfnf -KATH, DPR_ af6 tGt' k|hgg\ k|ljlwsf] ;'?jft ePsf] lyof] . To;kl5 
afF;, aLh / d]l/:6]daf6 cls{8 cflb jg:kltx?df Og le6«f] sNr/sf] k|of; ePsf] kfOG5 . ;g\ 
!(*(÷() df cfn'sf] k"j{ d'n aLp /fli6«o cfn'afnL cg';Gwfg sfo{j|md -NPRP_ af6 pTkfbg z'? 
ePsf] lyof] . lxpFb] kmnkm"n tyf ;'Gtnfhft kmnkm"nsf] ljsf;sf] nflu hfkfg ;/sf/sf] ;xof]udf 
jfujfgL ljsf; cfof]hfg -HDP_ cGtu{t ;g\ !(*% b]lv !((& sf] cGt/fndf tTsflng s]lGb|o 
afujfgL s]Gb| / xfnsf] ;dzLtf]i0f afujfgL s]Gb|, sLlt{k'/df tGt' k|hgg\ k|of]uzfnfsf] :yfkgf ePsf] 
lyof] tyflk pQm sfo{ nfdf] ;do;Dd ;+rfngdf cfpg ;s]g . kl5 ;g\ @)!( af6 k'g ;+rfng sfo{ 
x'b} cfO/x]sf] 5 . ;g\ @)!) kl5 ljleGg lghL If]qx?af6 tGt' k|hgg\ k|ljlwsf] k|of]u Joj;flos la?jf 
pTkfbg / cg';Gwfgsf] nflu sfdx? eO/x]sf 5g\ . jt{dfg cj:yfdf g]kfndf ;/sf/L :jfldTjdf /x]sf 
ljleGg kmfd{ s]Gb|x?df klg tGt' k|hgg\ k|of]uzfnf ljleGg k|of]hgsf nflu :yfkgf eP ;Fu} sfo{ ;+rfng 
eO/x]sf 5g\ . lj=;= @)*! ;Dddf tGt' k|hgg\ k|of]uzfnf :yfkgf ul/Psf ljleGg ;/sf/L kmfd{ s]Gb|x? 
o; k|sf/ 5g\Ù 

 � ;dzLtf]i0f afujfgL s]Gb|, sLlt{k'/, sf7df08f}

 � cfn'afnL ljsf; s]Gb|, lgufn], l;Gw'kfNrf]s

 � zLtf]i0f afujfgL ljsf; s]Gb|, dfkmf{, d':tfË

 � cn}+rL ljsf; s]Gb|, lkmSsn, O{nfd

 � pi0f k|b]lzo afujfgL ljsf; s]Gb|, gjnk'/, ;nf{xL

 � ;'Gtnfhft kmnkm"n ljsf; s]Gb|, tfg;]g, kfNkf

 � k'ik ljsf; s]Gb|, uf]bfj/L, nlntk'/,

yk cg';"rL ! sf] tflnsf ( df tGt' k|hgg\ k|of]uzfnf ePsf ljleGg ;/sf/L s]Gb|x?sf] ljj/0f 
lbOPsf] 5 .

!=$= zLtf]i0f afujfgL ljsf; s]Gb|df tGt' k|hgg\ k|ljlwsf] cj:yf

zLtf]i0f afujfgL ljsf; s]Gb| dfkmf{ d':tfËdf lj=;= @)&* ;fnaf6 tGt' k|hgg\ k|of]uzfnf ljz]if u/L 
k|ljlwsf] k|rf/;Fu} zLtf]i0f kmnkm"nhGo la?jfx?sf] ;+/If0f, ;+j4{g Pjd\ u'0f:t/Lo la?jfx? pTkfbgsf] 
nflu :yfkgf ePsf] 5 . o; s]Gb|df tGt' k|hgg\ k|of]uzfnf :yfkgf eP;Fu} zLtf]i0f kmnkm"nx?sf] la?jf 
h:t}Ù pRr 3gTj :ofpsf ?6:6s, cf]v/, sfuhL abfd cflbsf] pTkfbg :jb]zdf g} u/L xfnsf] pRr 
cfoft cj:yfnfO{ sd ug{]5 / u'0f:t/Lo la?jfx?sf] lbuf] pTkfbg / cfTdlge{/tf tkm{ 7"nf] 6]jf k'Ug]5 . 
;fy} d':tfËdf /fd|f] pTkfbg x'g] / k/Dk/fut ?kdf v]tL ub}{ cfO{/x]sf] afnLx? dWo] Ps cfn' klg xf] . 
t;y{ cfn' v]tLsf] ljsf; Pjd\ lj:tf/ ug{sf nflu cfn'sf] k"j{ d"n aLp pTkfbg ug{' klg o;sf] Ps 
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p2]Zo /x]sf] 5 . o; s]Gb|df tGt' k|hgg\ k|of]uzfnf :yfkgf ePsf] kfFr jif{leq o; k|ljlwaf6 pTkfbg 
ul/Psf] la?jfx? Joj;flos kmnkm"n v]tL ug]{ s[ifsdfem k'¥ofpg] nIo o; s]Gb|sf] /x]sf] 5 . :yfkgf 
sfnsf] k|f/De cj:yfdf /x]sf] o; tGt' k|hgg\ k|of]uzfnfdf xfn ljleGg zLtf]i0f kmnkm"nx?sf] la?jf 
pTkfbgsf] nflu cg';Gwfg / k/LIf0fsf sfo{x? eO/x]sf 5g\ .

!=$=!= xfn;Dd ePsf] / eO/x]sf s]xL ultljlwx?M

 � tGt' k|of]uzfnfdf pRr 3gTj :ofp ?6:6s -M9, MM111 / G16_ / gf;kftLsf] ?6:6s 
don -Himalayan wild pear_ sf] ;kmntfk"j{s Og le6«f] -in vitro_ dfpaf]6 :yfkgf ePsf 
5g\ .

 � pRr 3gTj :ofp ?6:6s -M9, MM111 / G16_ sf] dfpaf]6af6 k|;f/0f sfo{ eO/x]sf] 5 .

 � M9 :ofp ?6:6ssf] k|fOd/L / ;]s]G8/L xf8{lgË sfo{x? ;kmntfk"j{s ePsf tyf cGo :ofp 
?6:6s h:t}Ù MM111 / G16 sf] k/LIf0f eO/x]sf 5g\ .

 � M9 :ofp ?6:6ssf] ;kmntfk"j{s lkmN8 6«fOn ul/Psf] tyf yk k/LIf0f eO/x]sf] 5 .

 � ;kmntfk"j{s d':tfËsf] :yflgo cfn'sf] d]l/:6]d sNr/af6 Og le6«f] -in vitro_ dfpaf]6 
:yfkgf ul/Psf] / o;af6 Pre-basic seed -PBS_ pTkfbg klg ul/Psf] 5 .

lrq !M zLtf]i0f afujfgL ljsf; s]Gb| dfkmf{df tGt' k|hgg\ k|ljlwaf6 Og le6«f] la?jfx? :yfkgf ul/Psf] -s_ M9 
:ofpsf] ?6:6s -v_ MM111 :ofpsf] ?6:6s -u_ G16 :ofpsf] ?6:6s -3_ don gf;kftLsf] ?6:6s -ª_ 

d':tf·sf] :yflgo cfn'

yk zLtf]i0f afujfgL ljsf; s]Gb|df /x]sf] tGt' k|hgg\ k|of]uzfnf tyf ljleGg sfo{x? eO{ /x]sf s]xL 
emnsx? cg';"rL $ df lbOPsf] 5 .
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@=!= tGt' k|hgg\ k|ljlwsf] l;4fGt

tGt' k|hgGsf] cfwf/e"t cjwf/0ff eg]sf] ›'t ultsf;fy w]/} ;+Vofdf cfg'j+lzs ?kdf 7Ls dfpaf]6df 
ePsf u'0fx?g} ePsf /f]usL/f d'Qm u'0f:t/Lo la?jfx? pTkfbg ug{' xf] . of] p2]Zosf] nflu s'g} klg 
jfg:klts efux?sf] sf]if jf ;fgf] tGt' gd"gf -Explant_ sf] k|of]u ul/G5 / o;nfO{ lgolGqt 
s[ltd cjf:yfdf ;'Id hLjx¿sf] ;+j|md0f gx'g] u/L j[l4 / ljsf; u/fOG5 . of] k|ljlw k"0f{ ;Qmtf 
-Totipotency_ / knfl:6l;6L -Plasticity_ l;4fGtdf cfwfl/t /x]sf] x'G5 . k"0f{ ;Qmtf cyf{t 
k|To]s sf]lifsfn] x's{g] kl/j]z kfPdf k'gM la?jf pTkGg ug{ ;Sg] Ifdtf /x]sf] x'G5 . k|To]s ;f]dfl6s 
sf]if -Somatic cell_ sf] cfg'j+lzs agfj6 -DNA cg'j|md_ 7Ls e|"0fdf eP h;/L ;dfg /x]sf] x'G5, 
t;y{ o;df hLj pTkGg ug]{ ;Dk"0f{ u'0fx? x'G5 . To:t} knfl:6l;6L eGgfn] la?jfx?sf] Ifdtf xf] h'g 
ltgLx?n] pko'Qm jftfj/0fdf j[l4, d]6faf]lnHd, / ljsf;nfO{ kl/jt{g ug{ ;S5g\ .

o; k|ljlwdf la?jfsf] k|;f/ ug{sf nflu rflxg] cfjZos s[ltd cj:yfx? h:t}Ù kf]ifs tTj, tfkj|md, 
k|sfz, ;fk]lIft cfb|tf / xfjfsf] ;Gt'ng sfod ul/Psf] x'G5 . Psn sf]if, sf]ifleQf x6fOPsf] 
sf]if -k|f]6f]knfi6_, kftsf 6'j|mfx?, sf08 jf h/f O{Toflbx?nfO{ tGt' k|hgg\ ldl8ofdf gofF la?jf 
pTkGg ug{ k|of]u ul/G5 . o; k|ljlwdf jfg:klts gd"gf tGt'sf] j[l4 / ljsf;sf] nflu rflxg] kf]ifs 
tTjx? 7f]; ldl8of -Solid media_ jf cw{–7f]; ldl8of -Semi–solid media_ jf t/n ldl8of 
-Liquid media_ dfWodaf6 k|bfg ul/G5 . o; ldl8ofdf laleGg tTjx? h:t}Ù d'Vo kf]ifs tTjx? 
-Macronutrients_, ;'Id kf]ifs tTjx? -Micronutrients_, ch}ljs -Inorganic_ >f]tx?, Go'g 
dfqfdf h}ljs of}lusx?, le6fldgx?, xdf]{gx? / h]lNn+u Ph]G6x?sf] -Gelling agents_ ;Gt'ng 
sfod ul/Psf] x'G5 . Psn sf]if lgoGq0f ug{ Jojxfl/s ?kdf sl7g x'gfn] ;fdfGotof Pp6f ;fgf] 
tGt' Pjd\ c+usf] gd"gf k|of]u u/L tGt' k|hgg\ sNr/sf] sfo{ z'? ul/G5 . tGt' k|hgg\ k|ljlwnfO{ la?jf 
sf]if jf tGt' jf c+u k|hgg\ k|ljlw klg elgg] ul/G5 . o; k|ljlwaf6 pTkflbt la/jfx?nfO{ tGt' k|hgg\ 
-Tissue cultured raised plants_ la?jfx? elgG5 .

@=@= tGt' k|hgg\ k|ljlwsf kmfObfx?

 tGt' k|hgg\ k|ljlwsf kmfObfx? o; k|sf/ 5g\Ù

 � ck]Iffs[t ?kdf sd ;do / 7fpFdf dfp la?jfsf] s]jn Pp6f ;fgf] PS;KnfG6sf] k|of]u u/L Ps} 
gfzsf la?jfx? cfjZos ;+Vofdf lagf df};d cj/f]w pTkfbg ug{ ;lsg] .

 � la?jfaf6 efO/; tyf cGo hLjf0f' /f]u pGd"ng u/L :j:y tyf lg/f]uL la?jfx? pTkfbg ug{ 

tGt' k|hgg\ k|ljlwsf] l;4fGt, kmfObf / a]kmfObfx?
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;lsg] .

 � u'0f:t/Lo, /fd|f] km"n, pRr kmn lbg] cyjf cfFkm"nfO{ rflxPsf] u'0f ePsf] la?jfsf] 7Ls p:t} 
la?jfx? pTkfbg ug{ ;lsg] .

 � la?jf k|hgg\ sfo{j|md cGtu{t ;do'UdhL -Homozygous_ la?jf ljsf; ug{ k/Dk/fut 
cEof;af6 w]/} ;do nfUg] t/ o; k|ljlwsf] k|of]uaf6 5f]6f] ;dodf g} ljsf; ug{ ;lsg] . 

 � c+s'/0f ;xh ?kdf gx'g] aLhsf] c+s'/0f ug{ ;lsg] .

 � la?jfsf] ljsf;nfO{ rflxg] cfjZos kf]ifs tTjx?, tfkj|md, k|sfz / cGo sf/sx?sf] lgoGq0f 
ug{ cGo k/Dk/fut cEof;x? eGbf clws k|efjsf/L x'g] .

 � b'n{e / nf]k x'g nfu]sf la?jfx?sf k|hfltsf] ;+/If0f Pjd\ ;+j4{g ug{ ;lsg] .

 � h}ljs cg';Gwfg If]q h:t}Ù cf0fljs k|hgg\ -Molecular breeding_ df of] k|ljlwsf] 
k|of]uaf6 cfg'j+z ?kfGt/0f u/L pGgt hftsf /f]u tyf cGo k|fs[lts k|sf]k k|lt/f]wL la?jfx? 
pTkfbg ug{ ;lsg] .

 � s[lif, jg lj1fg Pjd\ cg';Gwfg If]qdf o; k|ljlwsf] dfWodaf6 la?jfx?sf] h}ljs /;fog 
cWoog ug{ ;lsg] .

 � o; k|ljlwsf] dfWodaf6 Secondary metabolites pTkfbg u/L cf}iflw lgdf{0f If]qdf of]ubfg 
klg k'¥ofpg ;lsg] .

@=#= tGt' k|hgg\ k|ljlwsf a]kmfObfx?

tGt' k|hgg\ k|ljlwsf a]kmfObfx? o; k|sf/ 5g\Ù

 � ;~rfng sfo{sf] nflu pRr vr{ / s'zn hgzlQmsf] cfjZostf kb{5 . olb l;ldt dfqfdf 
la?jf pTkfbg u/] Joj;flos ?kdf kmfObf lng ;Dej x'b}g .

 � k|of]zfnfdf h}ljs ;'/Iffsf lgodx? kfngf ug{'kg]{ x'G5 cGoyf k|;f/ ul/Psf sNr/x?df ;'Id 
hLjx?sf] ;+j|md0fn] dg]{ x'G5 h;af6 7"nf] cfly{s gf]S;fgL a]xf]g{' kg]{ x'g ;S5 .

 � o; k|lj|mofdf la?jfx? pTkfbgsf nflu ljz]if k|hflt cg';f/ k|f]6f]snsf] cfjZostf kb{5 . 
olb k|f]6f]sn gePdf k|f]6f]sn cg's"ng -Protocol optimization_ ug{'kg]{ x'G5 / of] k|lj|mof 
slxn] sfFxL nfdf] ;do klg nfUg] ub{5 .

 � o; k|lj|mofaf6 k|;f/ ul/Psf la?jfx?df ;do j|md cg';f/ j|mf]df]hf]d c;fdfGotf x'g] ;Defjgf 
klg x'G5 . o;nfO{ ;f]dfSnf]gn leGgtf -Somaclonal variation_ klg elgG5 . o; cj:yfdf 
cgfjZos u'0f÷u'0fx? k|;f/ ul/Psf la?jfx?df b]lvG5g\ .

 � dfp af]6sf] :j:y, hflto z'4tf / cGo u'0fx? k|;f/ ug{' cufl8 /fd|f];Fu hfFRg' kb{5 cGoyf 
k|;f/ ul/Psf la?jfx? Go"g u'0f:t/ x'g] ;Defjgf x'G5 .
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tGt' k|hgg\ k|ljlwnfO{ ckgfpg'sf] nflu ljleGg cfjZostfx? kb{5g\ . tklzn adf]lhd cfwf/e"t 
cfjZostfx? h:t}Ù

 � tGt' k|hgg\ k|of]uzfnf / pks/0fx?

 � ldl8ofsf cjojx?

 � jfg:klts gd"gf 

 � cg's"ng ug]{ If]q -k|fOd/L xf8{lgª / ;]s]08/L xf8{lgª ;]S;g_ 

 � u'0f:t/ lgoGq0f tyf k|df0fLs/0f

 � :jR5tf sfod clg cEof;

#=!= tGt' k|hgg\ k|of]uzfnf lgdf{0f ubf{ Wofg lbg'kg]{ d'Vo s'/fx?

tGt' k|hgg\ k|of]uzfnf lgdf{0f ug{' cl3 ljz]if Wofg lbg' kb{5 cGoyf k|fljlws q'l6 eO{ la?jf pTkfbgdf 
k|lts'n c;/ kg{ ;S5 . To;}n] tGt' k|hgg\ k|f]uzfnf lgdf{0f ubf{ lgDglnlvt d'Vo s'/fx?df Wofg 
k'¥ofpg' kb{5Ù

 � lgdf{0f ul/g] :yfg /fd|f] 3fd nfUg] t/ w]/} cf]l;nf] gePsf] x'g' kb{5 . o:tf] 5gf}6 ul/Psf] :yfg 
glhs}sf] jftfj/0fdf w'nf] tyf s'g} klg k|sf/sf] k|b'if0f x'g' x'b}g . ;fy} k|of]uzfnf glhs} 
la?jf …cg's"ngÚ ug{] If]q x'g'kb{5 .

 � 7fFpsf] ef}uf]lns cj:yf cg';f/ k|of]uzfnfsf] ;+/rgf s+lj|m6, lk|sf:6, lk|km]a cflbaf6 lgdf{0f 
ug{ ;lsG5 .

 � k|of]uzfnf lgdf{0f ul/Psf] :yfgdf kfgL ghDg] lsl;dn] 9n agpg' kb{5 . 

 � 9';LhGo k|sf]kaf6 arfpg leQf tyf l;lnË km]la|s jf afn'jf tyf lu6Lsf] k|of]u ug{ ;lsG5 . 
afn'jf tyf lu6Lsf] k|of]u ubf{ leQf tyf l;lnËsf] ;txnfO{ lrNnf] agfO 9';L k|lt/f]wL /+u 
nufpg' kb{5 .

 � e'O{ s+lj|m6af6 ag]sf] lrNnf] cyjf 6fO{n tyf dfa{nsf] x'g'kb{5 .

 � k|of]uzfnfsf] 9f]sfx? tyf akm/ hf]g km/flsnf] jf slDtdf klg !=% dL6/ rf}8f ePsf] x'g' 
kb{5 .

 � k|of]uzfnfdf k|of]u x'g] 9f]sf Pjd\ ‰ofnx? cfb|tf g;f]:g] / lvof gnfUg] k|s[ltsf] h:t}Ù 
cfNdf]lgod, l;;f, l:6n cflbaf6 ag]sf] /fVg' kb{5 .

 � k|of]uzfnfdf k|of]u x'g] cf}hf/, pks/0f, /;fog cflb /fVg] pko'Qm :yfg agfpg' kb{5 .

tGt' k|hgg\ k|ljlwsf nflu cfjZos k"jf{wf/x?
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 � k|ToIf ?kdf w'nf] tyf cGo ;'Id k|b"ifsx?sf] cfjthfjt /f]Sg l;;fsf] ‰ofnx? l;n ul/Psf] 
x'g' kb{5 eg] k|of]uzfnf leq :jR5 xfjf sfod ug{ Po/ k|];/ d8\o'n l;:6d h8fg ug{'kb{5 .

 � kfgL / lah'nLsf] w]/} cfjoZstf kb{5 To;}n] kfgL / ljh'nLsf] /fd|f] k|aGw ldnfpg' kb{5 . 
UV-filter system hl8t kfgLsf] Joj:yf x'g' kb{5 eg] ljh'nL ly| km]h nfO{g hl8t / cly{Ë 
ul/Psf] x'g' kb{5 .

 � k|fo la?jfx? tyf cfjZos ;fdu|Lx?sf] 9'jfgL ug{'kg]{ x'bf glhs} ;8s ;'ljwf ePsf] /fd|f] 
x'G5 .

 � k|of]uzfnf ;DalGwt dfkb08x? cWoog ug]{ tyf ;DalGwt k|fljlws lj1;Fu k/fdz{ lng' 
kb{5 .

 

lrq @M l;;f 3/ lgdf{0f ul/b}F

#=@= tGt' k|hgg\ k|of]uzfnfsf] cfwf/e"t ;+/rgf, pks/0fx?, ;'ljwfx? tyf sfo{x?

tGt' k|hgg\ k|of]uzfnfsf] If]qkmn / ;+/rgf s:tf] / sqf] tyf s] s:tf ;'ljwfx? x'g'k5{ eGg] lgwf{/0f 
slt kl/is[t agfpg], slt Ifdtfdf la?jf pTkfbg ug]{ / slt nfutdf agfpg] s'/fx?df e/ kb{5 . k|fo 
;a} h;f] tGt' k|hgg\ k|of]uzfnfsf] cfwf/e"t ;+/rgf cGtu{t slDtdf klg tLgj6f sf]7f ePsf] x'g' kb{5 
t/ clkm;÷l/;]K;g sf]7f ;lxt cGo rf/j6f cnu–cnu sf]7fx?Ù efF8f w'g] sf]7f, ldl8of agfpg] 
sf]7f, sNr/ ug]{ sf]7f / la?jfnfO{ x'sf{pg] sf]7f ePsf] /fd|f] dflgG5 . o;sf ;fy} k|of]uzfnfdf tof/ 
ePsf la?jfx?nfO{ ?kfGt/0f ug{nfO{ k|fOd/L xf8{lgª / ;]s]08/L xf8{lgª ;]S;g 5'§} k|of]uzfnf glhs} 
x'g'kb{5 .

tGt' k|hgg\ k|of]uzfnfsf] yk cfwfe"t ;+/rgf, pks/0fx?, ;'ljwfx?sf] tyf ul/g] sfo{x?sf] la:t[t 
hfgsf/L o; k|sf/ 5g\Ù
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lrq #M tGt' k|hgg\ k|of]uzfnfsf] cfwf/e"t ;+/rgf

#=@=!= clkm;÷l/;]K;g sf]7f

clkm;÷l/;]K;g sf]7f ljz]if u/L tGt' k|hgg\ k|of]uzfnfsf] ;DalGwt of]hgf tyf ;+rfngsf] lglDt 
o;df sfd ug]{ sd{rf/Lx?n] a;]/ 5nkmn ug]{, k|of]uzfnfdf ul/Psf sfdx?sf] /]s8{ /fVg], OG6/g]6sf] 
k|of]u u/L k|sfzLt s[lt, b:tfa]h tyf sfuhftx?sf] ;ldIff ug{ k|of]u x'G5 . yk o; sf]7fdf cfuGt's 
kfpgfx?;Fu cGt/lj|mof ug]{ tyf lghL ;fdfgx? /fVgsf] nflu klg k|of]u ug{ ;lsG5 . 6]an, s';L{, 
sDKo'6/, lk|G6/, b/fh, /lh:6/, kmfO{n cflb o; sf]7fdf x'g' kb{5 . of] sf]7fsf] If]qkmn cfjZostf 
cg';f/ lgwf{/0f ug{ ;lsG5 .

 

#=@=@= efF8f ;kmf ug]{ sf]7f

k|of]uzfnfdf b}lgs k|of]u ul/g] tyf k|of]u ul/Psf kmf]xf]/ l;;fsf efF8f tyf cGo ;fdfgx?nfO{ lgoldt 
;kmfO{ ug{sf nflu Pp6f cnu} efF8f ;kmf ug]{ sf]7fsf] cfjZostf kb{5 h;df tftf] Pjd\ lr;f] kfgL 
cfpg] Joj:yf ug{' kb{5 . l;;fsf efF8f tyf cGo ;fdfgx? w'gsf] nflu slDtdf klg @ j6f jf6/ l;Gs 
-water sink_, Pp6f c6f]Sn]e, Pp6f sk8f w'gL ldl;g -washing machine_ tyf cGo ;kmfO{ ug]{ 
j:t'x? h:t}Ù l86/h]G6, emf]n o'Qm ;fa'g, lkmgf]n cflb x'g'kb{5 . cGo ;fdfgx? h:t}M knfl:6s 6«], 
as]6, du cflb cfjZostf cg';f/ /fVg ;lsG5 . ;fdfg e08f/0fsf] nflu lvof / 9';L gnfUg] ¥ofs 
tyf o:t} k|s[ltsf] j:t' /fVg ;lsG5 . efF8f ;kmf ug]{ sf]7fsf] If]qkmn k|of]uzfnfsf] Ifdtfdf e/ kb{5 
tyf cfjZostf cg';f/ agfpg ;lsG5 . ;fdfGotof o; sf]7fsf] If]qkmn #) b]lv %) ju{ dL6/ x'g' 
/fd|f] dflgG5 .
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#=@=#= ldl8of agfpg] sf]7f

o; sf]7fdf la?jfnfO{ x's{g / ljsf;sf] nflu rflxg] cfjZos kf]ifs tTjx?sf] ;Gt'lnt ldl8ofx? 
tof/ ul/G5 . ;fy} o; sf]7fdf ldl8of agfpgsf nflu k|of]u x'g] ljleGg kf]ifs kbfy{, /;fog, le6fldg, 
xdf]{g, h]lNn+u Ph]G6 cflbsf] Joj:yf ul/Psf] x'G5 / e08f/0f ug{sf] nflu lvof tyf 9';L gnfUg] 
s]ljg]6, b/fh jf ¥ofsx?sf] k|of]u ug{ ;lsG5 . o; sf]7fsf] If]qkmn km/flsnf] ePsf] /fd|f] jf slDtdf 
@) ju{ dL6/ cyjf dfkb08 tf]s] cg';f/ agfpg' kb{5 . ldl8of /fVgsf] nflu ;L;fsf] jf knfl:6ssf] 
sNr/ hf/, sNr/ 6\o"a, k]6«L 8L; cflb ;fdfgx? o;} sf]7fdf e08f/0f ug{'kb{5 . ldl8ofnfO{ sL6f0f' 
lgd{lns/0f ug{sf] nflu slDtdf Pp6f c6f]Sn]e -Autoclave_ x'g' kb{5 . cGo cfjZos pks/0fx? 
h:t}Ù l8lh6n tf}n d]l;g, kLPr dL6/, lk|mh, r'DasLo pQ]hs -Magnetic stirrer_, lkk]6, 
dfOj|mf]j]a cf]eg, Uof; jf ljw'lto r'nf cflb klg o;} sf]7fdf x'g' kb{5 . ldl8of agfpg jf l;;fsf 
efF8f kvfNgsf nflu l8– cfof]gfOh kfgL jf l8l:6n kfgLsf] cfjZostf kg]{ x'bf o; sf]7fdf Pp6f 
8an l8l:6n];g PsfO -Double Distillation Unit_ klg x'g'kb{5 . yk o; sf]7fdf l8l:6n kfgL 
agfpgsf] nflu tyf l;;fsf efF8fx? kvfNgsf] nflu kfgLsf] cfjZostf kgf{n] 8an 6\ofk l;:6dsf] 
wf/f hl8t x'g' kb{5 . To;}u/L kvfnL ;s]sf l;;fsf efF8f tyf cGo ;fdfgx?nfO{ ;'Vvf / sL6f0f' 
lgd{lns/0f ug{ slDtdf Pp6f x6 Po/ cf]egsf] klg Joj:yf x'g' kb{5 .

a

b

c d

e

f

h i j k l

g

lrq $M -a_ ldl8of agfpg] sf]7f / o; sf]7fdf k|of]u ul/g] pks/0fx?Ù -b_ x6 Po/ cf]eg, -c_ 8an l8l:6n];g 
PsfO, -d_ l8lh6n tf}n ldl;g, -e_ kLPr dL6/, -f_ ljw'lto r'nf, -g_ / -k_ c6f]Sn]e, -h_ r'DasLo pQ]hs, -i_ 

lkk]6, -j_ dfOqmf]j]a cf]eg, -l_ a]l;g

ldl8of agfpg] sf]7fdf x'g' kg]{ cfjZos pks/0f / /;fogx?sf] ljj/0f lgDgfg';f/ 5g\Ù

 � Hot air oven
 � Digital weighing machine
 � Double distillation unit
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 � pH meter
 � Electric oven
 � Autoclave
 � Magnetic stirrer
 � Micopipette / tips
 � Vortex mixture
 � Microwave oven
 � Glasswares (measuring cylinder, conical flask, beaker, volumetric flask, 

culture jars, reagent bottles, petriplates) 
 � Air pressure module system 
 � Chemicals -tflnsf % df lbP cg';f/_

#=@=$= sNr/ ug]{ sf]7f

sNr/ ug]{ sf]7f ljz]if u/L sL6f0f' lgd{lns/0f ul/Psf la?jf gd"gfnfO{ Og le6«f] :yfkgf ug{ tyf Og 
le6«f] la?jfx?nfO{ gofF ldl8ofdf sNr/ -culture_ tyf ;a–sNr/ -subculture_ ug{sf] nflu k|of]u 
ul/G5 . o; sf]7fdf ldl8of e08f/0f klg ug{ ;lsG5 / ;f] e08f/0fsf] nflu cfjZos ;+Vofdf lvof / 
9';L gnfUg] b/fh jf ¥ofsx?sf] k|of]u ug{ ;lsG5 . of] sf]7fdf cltg} ;+j]bgzLn sfo{ x'g] ePsf]n] ljz]if 
;ts{tf ckgfpg' kb{5 . o; sf]7fdf s'g} klg k|sf/sf] 9';L tyf ;'Id hLjf0f'x?sf] k|ToIf ?kdf ;+j|md0f 
gx'g] jftfj/0f sfod /fVg'k5{ . ;fy} of] sf]7f w]/} cf]l;nf] x'g' x'b}g . o; sf]7fsf] If]qkmn slDtdf @) 
ju{ dL6/ jf cfjZostf jf dfk b08 tf]s] cg';f/ agfpg' kb{5 . nfdf] ;do;Dd sfo{ ug{'kg]{ x'gfn] o; 
sf]7fdf :jR5 xfjf sfod ug{ Po/ k|];/ d8\o'n l;:6d h8fg ug{'kb{5 . tfkj|md tyf cfb|tf lgoGq0f ug{ 
cGo pks/0fx? h:t}M AC, dehumidifier cflb cfjZostf cg';f/ h8fg ug{ ;lsG5 .

a b c

d

lrq %M sNr/ ug]{ sf]7fsf] ;'ljwf tyf pks/0fx?Ù -a_ AC, -b ljR5]bg dfOqmf]:sf]k_, -c_ Po/ k|];/ d8\o'n 

l;:6d / -d_ Laminar air flow hood
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s'g} klg k|sf/sf] sNr/ ubf{ ;'Id hLjx?sf] ;+j|md0f /f]syfd ug{sf] nflu o; sf]7fdf d'Vo pks/0fsf] 
?kdf PstkmL{ v'Nnf ePsf] Nofldg/ Po/ km\nf] x'8 -LAF_ k|of]u ul/G5 . o; x'8df 8jn lkmN6/ dfkm{t 
w'nf]sf] s0f /lxt xfjf HEPA -High–Efficiency Particulate Air_ lkmN6/x? dfkm{t eO{ ;'Id 
hLjx? tyf ltgLx?sf] :kf];{x?nfO{ /f]sL k|ToIf ?kdf ;+j|md0f gx'g] jftfj/0f sfod /fVb5 . HEPA 
lkmN6/x?sf] clt g} ;fgf] l5b|sf] cfsf/ -)=#µm_ ePsf] x'Fbf o;sf] nueu ((=(& b]lv ((=(( 
k|ltzt bIftfsf ;fy sfo{ ub{5 . xfjf k|jfxsf] cfwf/df Vertical jf Horizontal k|sf/sf] LAF k|of]u 
ug{ ;lsG5 . o; LAF df cGo pks/0fx? h:t}Ù ljR5]bg dfOj|mf]:sf]k, ag{/, Glass bead sterilizer, 
:6]gn]; kmf];]{k, s}+rL cflbsf] k|of]u ul/G5 . sNr/ sfo{ ug{' cl3 LAF nfO{ &)Ü O{yfgf]nn] ;kmf u/L 
UV nfO{6 slDtdf #) ldg]6;Dd afn]/ 5f]8\g' kb{5 h;n] ubf{ x'8 leq sNr/ ul/g] 7fFp / k|of]u ul/g] 
pks/0fx?df /x]sf] hLjf0f'x?nfO{ dfg]{ sfd ub{5 . UV k|sfz vf]n]sf] cj:yfdf k|ToIf ;Dks{df cfpg' 
x'b}g lsg eg] UV k|sfzsf] ;Dks{df cfpFbf bL3{sfnLg ?kdf cfFvf Pjd\ z/L/nfO{ k|lts"n c;/ 
k'¥ofpb5 . ldl8ofdf aNr/ ul/Psf] gd"gfnfO{ /fVg tyf cf];f/–k;f/ ug{ 6«] / moving trolley x? 
klg o; sf]7fdf x'g' kb{5 .

sNr/ ug]{ sf]7fdf x'g'kg]{ cfjZos pks/0f tyf cGo ;fdfgx?sf] ljj/0f lgDgfg';f/ 5g\Ù

 � Laminar air flow hood (LAF)
 � Dissecting microscope
 � Glass bead sterilizer or incinerator
 � Dissecting equipments (forceps, scissors, Scalpel)
 � Moving trolley
 � Burner
 � AC 
 � Air pressure module system

#=@=%= la?jf x'sf{pg] sf]7f

o; la?jf x'sf{pg] sf]7fdf sNr/ ul/Psf gd"gfx?nfO{ j[l4 / ljsf;sf] nflu rflxg] s[ltd cj:yfx? 
h:t}Ù k|sfz h;df kmf]6f]kLl/o8 -Photoperiod_ / k|sfz ljls/0f -Light irradiance_, tfkj|md / 
;fk]If cfb|tf lgoGq0f ug{ ;lsg] Joj:yf ul/Psf] x'G5 . o; sf]7fnfO{ u|f]y ?d klg elgG5 . la?jfx?sf] 
k|s[lt tyf hft cg';f/ cnu–cnu u|f]y ?dx? agfpg ;lsG5 . u|f]y ?dsf] If]qkmn jflif{s ?kdf slt 
dfqfdf la?jf pTkfbg ug]{ nIodf e/ kb{5 h:t}Ù jflif{s ?kdf %),))) ;Ddsf] la?jf pTkfbg nIo 
/x]sf] k|of]uzfnfdf slDtdf @) ju{ dL6/ x'g'kb{5 . of] sf]7f klg clt g} ;+j]bgzLn x'g] ePsf]n] 9';L 
tyf ;'Id hLjf0f'x?sf] k|ToIf ?kdf ;+j|md0f gx'g] jftfj/0f sfod /fVg'k5{ tyf OG;'n]zg l;:6d /fVbf 
aflx/sf] tfkj|mdn] o; sf]7fsf] tfkj|mdnfO{ c;/ gk'¥ofpg] x'g'kb{5 . 9';LhGo k|sf]kaf6 arfpg o; 
sf]7fsf] leQf tyf l;lnËsf] ;txnfO{ lrNnf] agfO 9';L k|lt/f]wL /+u nufpg' kb{5 .
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a d

c

b

lrq ^M la?jf x'sf{pg] sf]7fsf] ;'ljwf tyf pks/0fx?Ù -a_ la?jx? /fVg] nfO{6 l;:6d hl8t sNr/ of{sx? -b_ 
AC, -c_ nS; dL6/ / -d_ dehumidifier

o; sf]7fdf la?jfx?nfO{ /fVgsf nflu lvof tyf 9';L gnfUg] nfO{6 l;:6d hl8t sNr/ ¥ofsx? x'g' 
kb{5 . ;fdfGotof kmf]6f]kLl/o8 !^ 306f k|sfz / * 306f cWof/f] lgoGq0f ug{ c6f]d]l6s 6fO{d/ l;:6d 
h8fg ug{' kb{5 . la?jfsf] k|s[lt cg';f/ nueu !))) b]lv !),))) Lux ;Dd k|sfz ljls/0fsf] 
cfjZostf kb{5 / o;nfO{ dfkg ug{ nS; dL6/sf] k|of]u ul/G5 . o; sf]7fdf nueu @! b]lv @&°C 
tfkj|md la?jfsf] k|sf/ x]/L lgoGq0f ug{ Po/ s+8Lzg/ h8fg ul/Psf] x'G5 . To:t} ;fk]Ifcf›tf @) b]lv 
&)Ü x'g'kb{5 olb sfod geP ldl:6ª jf dehumidifier sf] k|of]u ug{'kb{5 . o; sf]7fsf] tfkj|md / 
;fk]If cf›tf dfkg ug]{ pks/0f digital temperature & RH meter reader klg /fVg'kb{5 . ;fy} 
Liquid culture PsfOsf] nflu /f]ln+u 8«d Pjd\ ;]s{/ dLl;g klg /flvPsf] x'G5 . xfjf z'l4s/0f ug{sf] 
nflu xfjf z'l4s/0f dLl;g klg /fVg ;lsG5 .

la?jf x'sf{pg] sf]7fdf x'g'kg]{ cfjZos pks/0f / /;fogx?sf] ljj/0f lgDgfg';f/ 5g\Ù

 � AC
 � Light fitted racks
 � Lux meter
 � Digital temperature & RH meter reader
 � Shaking Incubator
 � Dehumidifier
 � Air purifier
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tflnsf !M cfwf/e"t tGt' k|hgg\ k|of]uzfnfdf x'g' kg]{ d'Vo pks/0fx?, /;fogx? / cGo ;fdfgx?

j|m= 
;=

pks/0fx?sf] gfd
kl/df0f 
-slDtdf_

s}lkmot

! Hot magnetic stirrer ! cfjZostf cg';f/ ;+Vof a9fpg ;lsg]

@
Autoclave (minimum 75 liter) !
Autoclave (minimum 25 liter) @

# Digital weighing machine-4 digits !

$ pH meter !
% Vortex mixer !
^ Laboratory Refrigerator !

&
Microwave Oven or Electric stove or LPG 
burner ! pknAb eP cg';f/ k|of]u ug]{

* Double distillation unit !
( Hot air oven !
!) Laminar air flow hood !
!! Dissecting stereo-microscope !
!@ Glass bead sterilizer !
!#  Light fitted racks !
!$ Micropipette set (0.1 - 5 ml.) ! k|lt
!% Air conditioner (1.5 - 2 ton) @ cfjZostf cg';f/ h8fg ug{ ;lsG5
!^ Laboratory orbital shaking incubator ! ljsNksf] ?kdf /fVg ;lsg]
!& Air purifier @
!* Digital temperature & RH meter reader $
!( Growth incubator chamber ! ljsNksf] ?kdf /fVg ;lsg]
@) Lab moving trolley @
@! Digital temperature & RH reader meter @
@@ Water sink ! cfjZostf cg';f/
@# Generator (20KVa) ! j}slNks phf{sf] nflu
@$ Voltage stabiliser (5KVa) #
@% Glasswares 

Measuring cylinder (50-2000 ml) $
Conical Flasks (50-2000 ml) $
Beaker (50-2000 ml) $
Volumetric flasks (50-2000 ml) $
Reagent bottles (50-1000 ml) ^
Petriplates (150 mm * 15 mm) %)
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Petriplates(100 mm * 15 mm) %)
Culture Jars %))) cfjZostf cg';f/

@^ Stainless steel dissecting equipment 
Forceps !@
Scissors ^
Scalpel !@
Blade (100 pcs pack) !@

@& Chemicals
Ammonium nitrate*, 500 gm @
Potassium nitrate, 500 gm @
Potassium dihydrogen phosphate, 500 mg @
Magnesium sulphate heptahydrate or 
Magnesium sulphate, 500 mg @

Calcium Chloride or Calcium chloride 
dehydrate, 500 mg @

Boric acid, 500 gm @
Manganese sulphate monohydrate or 
Manganese sulphate tetrahydrate, 500 mg @

Zinc sulphate heptahydrate, 500 mg @
Potassium iodide, 500 mg @
Cobalt chloride hexahydrate, 500 mg @
Copper sulphate pentahydrate, 500 mg @
Sodium molybdate dihydrate, 100 mg @
Disodium ethyenediaminetetraacetic acid, 
500mg @

Iron sulphate heptahydrate, 500 mg @
Glycine, 500 mg @
Thaimine HCL, 25 mg @
Pyridoxine HCL, 25 mg @
Nicotinic acid, 25 mg @
Gibberellic acid (GA3), 25 gm @
Myo-inositol, 25 gm @
Benzyl amino purine (BAP), 25 gm @
Napthalene acetic acid (NAA), 25 gm @
Kinetin, 25 gm @
Indole 3- butyric acid (IBA), 25 gm @
Indole 3-acetic acid (IAA), 25 gm @
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2,4-Dichlorophenoxyacetic acid, 25 gm @
Citric Acid, 500 mg @
HCl, 500 ml @
NaOH, 500 ml @
Mercuric Chloride, 100 mg @
Sodium hypochlorite, 5 liter @
Twin 20, 500 ml @
Sucrose, 500 mg !)
Agar-agar, 500 mg @
Ethanol, 5 liter @
Spirit, 5 liter @

@* Other cfjZostf cg';f/ 
Falcon tube, 50 ml @%
Cotton roll, 500 gm ^
Aluminium foil, 1kg ^

Ammonium nitrate* g]kfndf o; /;fogsf] cfoftdf k|ltaGw ul/Psf] 5 / o;sf] ljsNkdf cGo 
k"j{ ldl>t d'Vo kf]ifs tTjx?sf] k|of]u ug{ ;lsG5 .

#=@=^= xf8{lg· ;]S;g

u|f]y ?ddf sf08 tyf h/fx?sf] k"0f{ ?kdf ljsf; ePsf Og le6«f] la?jfx?nfO{ aflx/L k|fs[lts 
jftfj/0fdf ;kmntfk"j{s cg's"lnt u/fpg] k|s[ofnfO{ xf8{lgË elgG5 . la?jfx?nfO{ ;kmntfk"j{s 
cg's"lnt ug{sf nflu xf8{lgË ;]S;g clt g} dxTjk"0f{ x'G5 . xf8{lgË ;]S;gn] k|of]uzfnf / k|fs[lts 
jftfj/0fsf] dWojtL{ jftfj/0f pknAw u/fpFb5 . ;fdfGotof k|fOd/L / ;]s]G8/L xf8{lgË u/L b'O{ r/0fdf 
xf8{lgË ul/G5 . k|fOd/L xf8{lgË ug{nfO{ k|fOd/L xf8{lgË ;]S;g / ;]s]G8/L xf8{lgË ug{nfO{ ;]s]G8/L 
xf8{lgË ;]S;gsf] cfjZostf kb{5 .

#=@=^=!= k|fOd/L xf8{lg· ;]S;g

k|fOd/L xf8{lgË ;]S;g cGtu{t u|f]y ?ddf sf08 tyf h/fx?sf] k"0f{ ?kdf ljsf; ePsf Og le6«f] 
la?jfx?nfO{ klxnf] r/0fsf] ?kdf cg's"lnt u/fpg] cj:yfx? k|bfg ul/Psf] x'G5 . la?jfsf] k|s[lt 
cg';f/ k|fOd/L xf8{lgË ;]S;gsf] ?kdf l:j|mg xfp; jf Unf; xfp;sf] k|of]u ug{ ;lsG5 . o; ;]S;gdf 
tfkj|md, k|sfz / cfb|tfnfO{ lgoGq0f ug{ ;lsg] pks/0fx? h8fg ul/Psf] x'g' kb{5 . k|fOd/L xf8{lgË 
;]S;gsf] If]qkmn jflif{s ?kdf slt dfqfdf la?jf pTkfbg ug]{ nIodf e/ kb{5 h:t}Ù jflif{s ?kdf 
%),))) ;Ddsf] la?jf pTkfbg nIo /x]sf] k|of]uzfnfdf slDtdf $%) ju{ dL6/sf] l:j|mg xfp; jf 
Unf; xfp; x'g'kb{5 .
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k|fOd/L xf8{lg· ;]S;g agfpbf Wofg lbg'kg]{ cfwf/e"t cfjZostf tyf cGo s'/fx? 

 � k|fOd/L xf8{lgË ;]S;g tGt' k|hgg\ k|of]uzfnf glhs} x'g'kb{5 .

 � o; ;]S;gsf] ;+/rgf lgdf{0f ul/g] :yfg /fd|f] 3fd nfUg] / glhs}sf] jftfj/0fdf w'nf] tyf s'g} 
klg k|sf/sf] k|b'if0f x'g'x'b}g . ;fy} o; ;]S;g leq jf jl/k/Lsf] :yfgx?df kfgL ghDg] lsl;dn] 
9n agfpg' kb{5 . 

 � o; k|fOd/L xf8{lgË ;]S;gsf] 5t UV protective glass÷plastic jf Fiber glass n] ag]sf] 
x'g' kb{5 . o;} ;]S;gsf] 5t eGbf d'lg shade net sf] k|of]u u/L cfjZostf cg';f/ k|sfzsf] 
dfqfnfO{ lgoGq0f ug]{ Pjd\ yk lj1sf] ;'emfj cg';f/ h8fg ug{'kb{5 .

 � cfn'ldlgod tyf lvof gnfUg] j:t'af6 ag]sf] e/;s :nfO{l8Ë 8an 8f]/ l;:6d ePsf] akm/ 
hf]g x'g'kb{5 . 

 � xf8{lgË ug{nfO{ o; ;]S;gsf] e'O{df Pjd\ ;txaf6 slDtdf cfwf dL6/ hlt dfly p7]sf] a]8 
jf kmnfdsf] /8n] ag]sf] ¥ofsx?df klg ug{ ;lsG5 jf la?jfsf] k|s[lt cg';f/ dfkb08df 
tf]lsPsf] cg';f/ x'g'kb{5 .

 � ef}uf]lns cj:yf cg';f/ tfkj|md / cfb|tfnfO{ lgoGq0f ug{ ;lsg] pks/0fx? h:t}Ù s'n/, 
humidifier, ldl:6Ë l;:6d cflb h8fg ul/Psf] x'g'kb{5 .

 � l;+rfO{sf] nflu /fd|f] Joj:yf tyf o;df UV filter water system h8fg x'g'kb{5 .

a

b

c d

lrq &M k|fOd/L xf8{lg· ;]S;gdf x'g'kg]{ k"jf{wf/ tyf sfdx? -a_ l:j|mg 3/, -b_ / -d_ l:j|mg 3/ leq ;]8 g]6 tyf 

kf]lnlyg sj/ / -c_ la?jf /f]Kg] a]8
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#=@=^=@= ;]s]G8/L xf8{lg· ;]S;g

k|fOd/L xf8{lgË ;]S;gdf ;kmn ePsf la?jfx?nfO{ k|fs[lt jftfj/0fdf :yfgfGt/0f ug{' k"j{ yk 
la?jfx?nfO{ cg's"lnt u/fpg] cj:yfx? o; ;]s]G8/L xf8{lgË ;]S;gdf k|bfg ul/Psf] x'G5 . la?jfsf] 
k|s[lt cg';f/ ;]s]G8/L xf8{lgË ;]S;gsf] ?kdf l:j|mg xfp; jf Unf; xfp; jf g]6 xfp;sf] k|of]u ug{ 
;lsG5 . o; ;]S;gdf klg tfkj|md, k|sfz / cfb|tfnfO{ lgoGq0f ug{ ;lsg] pks/0fx? h8fg ul/Psf] 
x'g'kb{5 . ;]s]G8/L xf8{lgË ;]S;g k|fO{d/L xf8{lgË ;]S;gsf] glhs} x'g'kb{5 . ;]s]G8/L xf8{lgË ;]S;gsf] 
If]qkmn klg jflif{s ?kdf slt dfqfdf la?jf pTkfbg ug]{ nIodf e/ kb{5 h:t}Ù jflif{s ?kdf %),))) 
;Ddsf] la?jf pTkfbg nIo /x]sf] k|of]uzfnfdf slDtdf %)) ju{ dL6/sf] l:j|mg xfp; jf Unf; jf g]6 
xfp; x'g'kb{5 . ;]s]G8/L xf8{lgË ;]S;g agfpFbf afFsL cfwf/e"t cfjZostfx? dfly k|fOd/L xf8{lgËdf 
eP cg';f/ Pjd\ lj1sf] ;'emfj cg';f/ h8fg ug{'kb{5 .

lrq *M ;]s]G8/L xf8{lg· ;]S;g -a_ l;;f 3/ / -b_ hfnL 3/
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tGt' k|hgg\ k|of]uzfnfdf k|of]u ul/g] pks/0fx?, jfg:klts efux?, cGo j:t'x? tyf sfo{ ug]{ 7fFpdf 
/x]sf sL6f0f'x? Pjd\ aLhf0f'x? h:t}Ù AofS6]l/on, AofS6]l/on aLhf0f', efO/;, km+u; cflbnfO{ k"0f{ 
?kdf gi6 ug]{ k|lj|mofnfO{ sL6f0f' lgd{lns/0f elgG5 . sL6f0f'x?sf] hLjg rj|m 5f]6f] x'g] ePsf]n] 
ldl8ofsf] ;Dks{df la?jfx? eGbf logLx? ltj| ultdf j[l4 eO{ la?jfsf] tGt'nfO{ dfl/lbg] x'G5 . 
sL6f0f'x? ljleGg dfWodx? h:t}M Unf;j]o/, kf]if0f tTj, pks/0f, tGt' gd"gfsf] k|of]u, sfo{ ug]{ 7fFp, 
sfo{z}nL cflbaf6 ldl8ofsf] ;Dks{df cfpg] ePsf]n] sL6f0f' lgd{lns/0f ug{ clt g} dxTjk"0f{ x'G5 .

$=!= sL6f0f' lgd{lns/0f ul/g] ef}lts / /;folgs ljlwx?

$=!=!= ef}lts ljlwx? (Physical Methods)

$=!=!=!= ;'Svf tfk (Dry Heat)M ljR5]bg pks/0fx? h:t}M :6]gn]; kmf];]{k, s}+rL, :Kofr'nf, :s]nk]n, 
Unf; / cGo knfl:6s hGo j:t'x?sf] ;'Svf tfk ljlwaf6 sL6f0f' lgd{lns/0f ul/G5 . o; ljlwaf6 
sL6f0f' tyf aLhf0f'sf] k|f]l6g ljs[lt -Protein denaturation_, cf]lS;8]l6e Iflt -Oxidative 
damage_ / On]S6«f]nfO6\;sf] pRr :t/sf] ljiffQm k|efjx?åf/f sfo{ ug]{ d'Vo ;+oGq xf] .

 » HjnGt (Flaming) M o; ljlwdf pks/0fx?nfO{ aG;]gsf] -bunsen_ Hjfnfdf Ifl0fs ?kdf 
ttfO{G5 t/ /ftf] tfltg] u/L ttfOb}g . pks/0fx? h:t}M kmf];]{k, s}+rL, :s]nk]n, sNr/ 6\o"jsf] d'v, 
9SsgL j:t' cflbx?nfO{ HjnGt ul/G5 . wft'sf pks/0fx?nfO{ &)–(%Ü Oy]gndf 8'afO HjnGt 
ugf{n] sL6f0f' lgd{lns/0f ug{ yk k|efjsf/L x'G5 . 

lrq (M kmf];]{k / k]6«L Kn]6nfO{ HjnGt u/L sL6f0f' lgd{lns/0f ul/Fb}

tGt' k|hgg\ k|ljlwdf sL6f0f' lgd{lns/0f ug]{ ljlwx?

v08 $
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 » e:dLs/0f (Incinerator)M ;fdfGotof o; ljlwdf hLjf0f' b"lift 
j:t'x?nfO{ Incinerator :6]l/nfOh/df xfnL gi6 ul/G5 . t/ tGt' 
k|hgg\ k|of]uzfnfdf k|of]u ul/g] wft'sf ljR5]bg pks/0fx?nfO{ 
incineration df xfnL sL6f0f'x?nfO{ dfq e:dLs/0f ul/G5 . 
ljR5]bgsf] nflu cfjZos pks/0fx? h:t}Ù kmf];]{k, s}+rL, :s]nk]n 
cflbnfO{ sL6f0f' lgd{lns/0f ug{ incinerator sf] k|of]u ul/G5 .

 » lunf; la8 :6]l/nfOh/ (Glass bead sterilizer) M lunf; la8 
:6]l/nfOh/ klg pRr tfkj|md @)) b]lv #)) l8u|L ;]lN;o;df tGt' k|hgg\ 
k|of]uzfnfdf k|of]u ul/g] wft'sf ljR5]bg pks/0fx? -h:t}M kmf];]{k, s}+rL, 
:s]nk]n_ cflbnfO{ sL6f0f' lgd{lns/0f ul/G5 .

 » x6 Po/ cf]eg (Hot Air Oven)M wft'sf pks/0fx? -h:t}M 
kmf];]{k, s}+rL, :s]nk]n_, Unf;j]o/x? -h:t}M k]6«L 8L;, sNr/ 6\o"j, 
ˆnf:s, sNr/ hf/_, ldl8of cflbx?nfO{ ljw'tLo x6 Po/ cf]egdf 
pRr tfkj|md !%)°C df !%) ldg]6, !^)°C df ^) ldg]6 / !&)°C df 
#) ldg]6;Dd /fvL sL6f0f'nfO{ gi6 ul/G5 .

$=!=!=@= cf]l;nf] tfk (Moist Heat)M cf]l;nf] tfkn] k|f]l6gsf] :s+bg 
-Coagulation_ / ljs[lts/0fåf/f sfo{ ub{5 . o; ljlwdf pRr bafa 
/ cf]l;nf] tfkdf c6f]Sn]e ul/G5 . !% lk=P;=cfO bafa / !@!°C b]lv 
!#%°C tfkj|mddf !% b]lv #% ldg]6;Dd c6f]Sn]e ul/G5 . c6f]Sn]edf 
ljleGg j:t'x? / pks/0fx? h:t}M ldl8of, 8«]l;ª, /a/ kGhf, tfk k|lt/f]wL 
knfl:6s, t/n kbfy{ OToflbx?sf] sL6f0f' lgd{lns/0f ul/G5 .

$=!=!=#= 5fGg] k|lj|mof -Filtration_M 5fGg] k|lj|mofn] hLjf0f'x?nfO{ gi6 
ub}{g, o;n] ltgLx?nfO{ cnu ub{5 . o; ljlwaf6 pRr tfk ;+j]bgzLn t/n kbfy{ -h:t}Ù le6fdLg, 
xdf]{g, Pldgf] Pl;8x?_ / UofF;x?nfO{ 5fGg] ul/G5 . t/n kbfy{x?nfO{ 5fGgsf] nflu lemNnL lkmN6/ 
-Membrane filter_ h;df )=! b]lv !) dfOj|mf] dL6/ l5›x? ePsf] k|of]u ul/G5 . To:t} UofF;x?nfO{ 
5fGgsf] nflu HEPA -High–Efficiency Particulate Air_ lkmN6/x?sf] k|of]u ul/G5 . HEPA lkmN6/x? 
slDtdf )=# µm Jof;df s0fx? x6fpgsf nflu slDtdf ((=(&Ü k|efjsf/L ePsf] x'g'kb{5 .

lrq g+= !)M Incinerator

lrq g+= !!M lunf; la8 :6]l/nfOh/

lrq g+= !@M x6 Po/ cf]eg

lrq g+= !#M cf]6f]Sn]e
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$=!=!=$= ljls/0f -Radiation_M b'O{ k|sf/sf ljls/0fx? cfogfOlh+ª 
/ gg\–cfogfOlh+ª -Non-ionizing_ k|of]u ul/G5 . gg\–cfogfOlh+ª 
ljls/0fx? sdhf]/ e]bs zlQm ePsf sd phf{ ls/0fx? x'g hals 
cfogfOlh+ª ljls/0fx? /fd|f] e]bs zlQm ePsf pRr phf{ ls/0fx? x'g\ . 
ljls/0fsf] ?kdf ufdf ls/0fx? k|of]u ul/G5 eg] gg\–cfogfOlh+ªsf] ?kdf 
UV ls/0fx? k|of]u u/L sL6f0f' lgd{lns/0f ul/G5 . ufdf ls/0fx?åf/f 
jfo'hlgt ;'IdhLjx? dfg]{ / 7"nf] ;tx If]qkmn ePsf] :yfgnfO{ sL6f0f' 
lgd{lns/0f ug{ k|of]u ul/G5 . To:t} UV ls/0fåf/f nfldgf jfo' k|jfx 
x'8sf] tyf cGo pks/0fx?sf] sL6f0f' lgd{lns/0f ug{ k|of]u ul/G5 .

$=@=!= /;folgs ljlwx?

$=@=!=!= Uof;o'Qm /;fog -Gaseous Chemical_M tGt' k|uf]uzfnfsf sf]7fx?nfO{ ˆo'ldu];g 
-fumigation_ u/L sf]7fsf] jftfj/0fdf /x]sf sL6f0f'x?nfO{ gi6 ug{ Uof;o'Qm /;fogx?sf] k|of]u 
ul/G5 . ˆo'ldu];g Ps k|lj|mof xf] h;df sf]7fx?nfO{ aGb u/L 3fts Uof;o'Qm /;fogx?sf] k|of]uaf6 
sL6f0f'x?nfO{ gi6 ul/G5 . ˆo'ldu];g ug{sf] nflu Formalin -37-41% formaldehyde_ solution 
jf hydrogen peroxide sf] k|of]u ul/G5 . Formaldehyde solution nfO{ Potassium 
permanganate -KMnO4_ ;Fu klg ld;fP/ k|of]u ug{ ;lsG5 . k|of]uzfnf sf]7fdf Formaldehyde 
solution nfO{ Potassium permanganate -KMnO4_ ;Fu ld;fP/ ˆo'ldu];g ug]{ t/LsfÙ

 � ˆo'ldu];g ug]{ sf]7f k"0f{ ?kdf aGb ug]{ .

 � ˆo'ldu];g ug]{ JolQmn] hf]lvdaf6 aRg] ;'/Iffsf pkfofx? ckgfpg' kb{5 . ;'/Iffsf pkfofx? 
h:t}Ù Pk|f]g, kGhf, cg'xf/df nufpg] df:s, ;'/Iff r:df cflb nufpg' kb{5 .

 � k]l6« Kn]6 cyjf ;f] ;/xsf] ef8f sf]7fdf /fVg], @) ju{ If]qkmn ePsf] sf]7fdf @ j6f k]l6« Kn]6 
cnu–cnu 7fFpdf /fVg] .

 � a/fa/ dfqfdf Potassium permanganate / -#&–$!Ü_ formaldehyde solution k]l6« 
Kn]6df ld;fpg] .

 � To;af6 sfnf] w'jf cfpg ;'? x'G5 / To;kl5 t'?Gt sf]7fsf] ‰ofn 9f]sf aGw u/L aflx/ lg:sg' 
kb{5 . 

 � nueu @$ b]lv #^ 306f kl5 Pk|f]g, kGhf, cg'xf/df nufpg] df:s, ;'/Iff r:df cflb nufP/ 
sf]7fsf] ‰ofn 9f]sf vf]Ng] / Kn]6x? aflx/ lgsfNg] .

 � sf]7fdf ˆo'dnfO{ Go'6«nfO{h ug{, %)) Pd=Pn formaldehyde k|of]u ul/Psf]df #)) Pd=Pn 
!)Ü ammonium hydroxide solution s6g ePsf] Kn]6x?df /fvL sf]7fnfO{ #–$ 
3G6f;Dd aGb ug]{ . o;f] ubf{ formaldehyde gas / ammonia gas sf] k|ltlj|mof eO{ 

lrq g+= !$M nfldgf jfo' k|jfx 
x'8df UV ls/0f k|of]u ul/Psf]
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hexamine pTkfbg ub{5 h'g rflxF xfgL/lxt x'G5 .

 � To;kl5 sf]7fx?sf] 9f]sf vf]Ng] / yk &)Ü Oyfgf]nn] sf]7fdf /x]sf] pks/0fx?nfO{ ;kmf ug]{ .

 � o;/L k|of]uzfnfsf] sf]7fx?df sfo{ ug{sf] nflu tof/ eof] .

$=@=!=@= t/n /;fog -Liquid Chemical_M tGt' k|hgg\ k|of]uzfnfdf sfd ug]{ :yfg, pks/0fx? 
/ jfg:klts gd"gf cflbnfO{ sL6f0f' lgd{lns/0f ug{sf] nflu t/n /;fogx?sf] lgoldt ?kdf k|of]u 
ul/G5 . sfd ug]{ :yfg / pks/0fx? h:t}M 6]jn, :Nofa, LAF, sNr/ ¥ofs tyf sf]7fdf /x]sf cGo 
pks/0fx?nfO{ &)Ü Oyfgf]n -C2H5OH_ jf &)Ü l:k|6n] sL6f0f' lgd{lns/0f ul/G5 . jfg:klts 
gd"gfnfO{ sL6f0f' lgd{lns/0f ug{ &)Ü Oyfgf]n, )=% b]lv %Ü ;f]l8od xfOkf]Snf]/fO8 -NaOCl_, )=! 
b]lv !=)Ü d/So"l/s Snf]/fO8 -HgCl2_ cflbsf] k|of]u ul/G5 .

lrq !% M sL6f0f' lgd{lns/0f ug]{ ljleGg t/n /;fogx?
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PS;KnfG6 eg]sf] la?jfsf] s'g} klg jfg:klts efusf] sf]if Pjd\ ;fgf] tGt'sf] 6'j|mf xf] h'g sNr/ 
;'? ug{sf] nflu k|f/lDes ;fdu|Lsf] ?kdf k|of]u ul/G5 . jfg:klts gd"gfsf] pbfxf/0fx? h:t}– kft, 
h/f, d]/L:6]d, gf]8, k/fusf]if, uef{;o cflbnfO{ ;Gt'lnt s[ltd cj:yfdf sNr/ ul/G5 . ToxfFaf6 
PS;KnfG6nfO{ regeneration -k'ghL{jg_ jf non–regeneration sf] nflu k|of]u klg ug{ ;lsG5 . 
Regeneration df Sofn; dfkm{t cuf{gf]h]g]l;; -Organogenesis_ / ;f]dfl6s e|"0fpTklQ 
-Somatic embryogenesis_ dfWodaf6 k"0f{ la?jf agfpFb5 eg] non–regeneration df 
Sofn;n] la?jfx? pTkfbg ub}{g / cell suspension / d]6faf]nfO6 pTkfbgsf] nflu k|of]u ul/G5 . 
;kmn tGt' k|hgg\sf] nflu k|of]u ul/Psf] jfg:klts gd"gfsf] k|sf/, ;+sng ul/Psf] l;hg, :yfg, 
la?jfsf] hLgf]6fOk cflbn] dxTjk"0f{ e"ldsf v]n]sf] x'G5 .

%=!= PS;KnfG6sf k|sf/x?

d]l/:6]d]l6s sf]lifsfx? ePsf] jf gePsf] cfwf/df PS;KnfG6 b'O{ k|sf/sf] x'G5 .

%=!=!= klxn]b]lv g} d]l/:6]d]l6s sf]lifsfx? ePsf] PS;KnfG6 -Pre-Formed Meristem_M o:tf 
vfnsf PS;KnfG6af6 k|fo direct regeneration dfkm{t shoots sf] ljsf; eO{ k"0f{ la?jf aGb5 . 
pbfx/0fsf] nflu d]l/:6]d, z'6 6Lk, cfFVnf .

%=!=@= d]l/:6]d]l6s sf]lifsfx? gePsf] PS;KnfG6 -Lack of Pre-Formed Meristem_M o:tf 
vfnsf PS;KnfG6n] Organogenesis jf Somatic embryogenesis k|lj|mofaf6 k"0f{ la?jfsf] 
ljsf; ub{5 .

i= cuf{gf]h]g]l;; -Organogenesis_M cuf{gf]h]g]l;;df sNr/ ul/Psf] PS;KnfG6, tGt', sf]if jf 
Sofn;af6 s]jn Ps„'jLo -mono-polar_ c+u h:t}M jf]6 jf h/f jf l6o'j/ cflb ljsf; eO k"0f{ 
la?jf aGb5 . b'O{ k|sf/sf] cuf{gf]h]g]l;; x'G5Ù

 � Direct OrganogenesisM Sofn; ljsf; geO la?jf aGb5 . 

 � Indirect OrganogenesisM Sofn; ljsf; eO la?jf aGb5 . 

ii= ;f]dfl6s e|"0fpTklQ -Somatic Embryogenesis_M ;f]dfl6s e|"0fpTklQ k|lj|mofdf PS;KnfG6af6 
e"|0f ljsf; eO k"0f{ la?jf aGb5 . b'O{ k|sf/sf] Somatic embryogenesis cuf{gf]h]g]l;; x'G5Ù

 � Direct Somatic embryogenesisM Sofn; ljsf; geO e"|0f ljsf; x'G5 / kl5 la?jf aGb5 . 

 � Indirect Somatic embryogenesisM Sofn; dfkm{t e"|0f ljsf; eO la?jf aGb5 . 

jfg:klts gd"gf -PS;KnfG6_

v08 %
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lrq !^M PS;KnfG6sf] k|sf/ cg';f/ direct regeneration, cuf{gf]h]g]l;; / ;f]dfl6s e|"0fpTklQ dfWodaf6 k"0f{ 

la?jfsf] ljsf; ePsf]

%=@= PS;KnfG6 ;+sng ubf{ Wofg lbg'kg]{ s'/fx?

%=@=!= PS;KnfG6sf] cfo"M

lszf]/ cj:yfdf /x]sf] la?jfaf6 PS;KnfG6 5gf}6 ug{' /fd|f] x'G5 lsgeg] lszf]/ cj:yfdf sf]ifx? a9L 
;lj|mo x'g] ePsf]n] ldl8of k|lt rf8f] k|ltlj|mof lbg] x'G5 h;n] ubf{ :yfkgf ug{ ;lhnf] x'G5 . sltko 
cj:yfx?df k'/fgf] PS;KnfG6 k|of]u ubf{ Sofn;sf] ljsf; x'b}g h'g rflxF regeneration sf] nflu 
cfjZostf kb{5 . yk lszf]/ cj:yfdf /x]sf] la?jfaf6 lnPsf] PS;KnfG6nfO{ sL6f0f' lgd{lns/0f 
ug{ klg ;lhnf] x'G5 .

lrq !&M PS;KnfG6 ;+sng ul/b}F
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%=@=@= PS;KnfG6sf] ;+sng ug]{ df};dM

sL6f0f' ;+j|md0f / ;kmn sNr/sf] nflu PS;KnfG6 ;+sng ul/g] df};dsf] klg dxTjk"0f{ e'ldsf x'G5 . 
PS;KnfG6sf] ;+sng la?jfx? ;lj|mo ?kdf j[l4 ePsf] df};ddf ug{'kb{5 . k|foM j;Gt / uld{ofdsf] 
z'?jft lt/ ;+sng ul/Psf PS;KnfG6x? cGo df};ddf ;+sng ul/Psf] eGbf a9L ;kmn x'g] / sL6f0f' 
tyf 9';LhGo ;+j|md0fx? klg sd x'g] x'G5 . PS;KnfG6sf] ;+sng ubf{ ;'z'Kttf a|]s -Dormancy 
break_ ePsf] 5gf}6 ug{' /fd|f] x'G5 .

%=@=#= la?jfsf] :jf:YoM

sNr/ ug{' eGbf cufl8 PS;KnfG6 ;+sng ul/g] ;|f]t la?jf -source plant_ df pQm afnL;Fu} 
;DalGwt /f]usf] k|sf]k tyf kf]if0fsf] sdL g/x]sf] lgSof]{n ug{' kb{5 . olb ;+j|md0f ePsf] ;|f]t la?jfaf6 
PS;KnfG6 ;+sng ug{' k/] ;DalGwt ljiffbLn] pkrf/ u/]/ dfq k|of]u ug{' kb{5 . ;Dej eP;Dd ;|f]t 
la?jfnfO{ ls/f gl5g]{ hfnL 3/ Pjd\ l;;f 3/df x'sf{pg' kb{5 .

%=@=$= PS;KnfG6sf] cfsf/M

;kmn sNr/sf] nflu PS;KnfG6sf] cfsf/n] klg lge{/ ub{5 . ;fgf] cfsf/sf] PS;KnfG6n] sNr/ 
:yfkgf ubf{ ldl8of k|lt k|ltlj|mof glbg] klg x'g ;S5 eg] w]/} 7"nf] cfsf/sf] PS;KnfG6af6 sL6f0f' 
;+j|md0f ;Defjgf a9L x'g] ePsf]n] sNr/ :yfkgf ug{ sl7g x'G5 . sNr/ :yfkgf ug{ nueu )=% b]lv 
! ;]= dL= PS;KnfG6x? h:t}Ù gf]8, ;'6, sf08, 8fF7, /fOhf]d, h/fsf] cfsf/ /fd|f] dflgG5 . d]l/:6]d 
sNr/ ug{nfO{ eg] )=! b]lv )=# dL= dL= sf] cfsf/ pQd dflgG5 .

%=@=%= p2]ZoM

;+:yfsf] cfjZostf / s:tf] p2]Zosf] nflu tGt' k|hgg\ ug{ vf]lhPsf] cfwf/df PS;KnfG6sf] 5gf}6 
ug{' kb{5 . olb tLj| ultdf k|;f/0f ug]{ xf] eg] gf]8 jf z'6af6 sNr/ ug{' kb{5 . Sofn; sNr/ ug{nfO{ 
PS;KnfG6sf] ?kdf ;fgf] cotyledon, hypocotyl, sf08, kQf jf e|"0f tGt' lng' /fd|f] dflgG5 . efO/; 
d'Qm u/L :j:y la?jfx? k|;f/ ug{sf] nflu d]/L:6]d sNr/ ug}{ kb{5 h;df d'gfsf] 6'Kkf] efusf] ;fgf] d]/
L:6dnfO{ PS;KnfG6sf] ?kdf lnO{G5 . x]Knf]O8 sNr/ -Haploid Culture_ df k/fusf]if -Anther_ 
jf k/fu0f -pollen_ nfO{ sNr/ ul/G5 .
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lrq !*M -a_ / -b_ PS;KnfG6sf] ?kdf k|of]u ul/g] la?jfsf] ljleGg efux?

%=@=^= hLgf]6fO{kM

la?jfx?sf] k|hflt cg';f/ km/s–km/s hLgf]6fO{k x'G5 h;n] ubf{ sNr/ :yfkgf ubf{ ldl8of k|lt klg 
km/s–km/s k|ltlj|mof lbg] x'G5 . s]xL PS;KnfG6x?n] sNr/ :yfkgf ubf{ ldl8of k|lt /fd|f] k|ltlj|mof 
lbG5 eg] s]xLn] k|ltlj|mof glbg ;S5 . To;}n] ljleGg afnLx?sf] sNr/ ubf{ ldl8of k|lt /fd|f] k|ltlj|mof 
lbG5 jf lbb}g eGg] s'/fx? o;} tGt' k|hgg\ k|ljlw dfkm{t lgSof]{n ug{' kb{5 . ;fy} dfp af]6sf] hft 
klxrfg ePsf] / pQm hft ;"lrs[t klg ePsf] x'g'kb{5 .

%=@=&= PS;KnfG6 ;+sng ubf{ k|of]u ul/g] cf}hf/M

PS;KnfG6 ;+sng ubf{ cf}hf/x? h:t}Ù l;s]r/, s}+rL, rSs', kmf];]{k, s'6f] cflb k|of]u ug{ ;lsG5 . 
o:tf cf}hf/x?nfO{ lg:;+j|mfdsx?n] /fd|/L ;kmf u/L k|of]u ug{'kb{5 . 

%=#= PS;KnfG6sf] ;txL sL6f0f' lgd{lns/0f ug]{ tl/sf

o; ljlwdf ;+sng ul/Psf] tGt' gd"gfsf] ;txdf /x]sf] df6f]x? x6fpg] tyf sL6f0f'x?nfO{ gfz ul/G5 . 
;+sng ul/Psf] tGt' gd"gfsf] ;txdf /x]sf] df6f]x? x6fpg tyf sL6f0f'x?nfO{ gfz ug{ kfgL tyf ljleGg 
lg:;+j|mfds t/n /;fogx? -Disinfectants_ h:t}Ù Oyfgf]n -C2H5OH_, ;f]l8od xfOkf]Snf]/fO8 
-NaOCl_, d/So"l/s Snf]/fO8 -HgCl2_ Sofnl;od xfOkf]Snf]/fO8, xfO{8«f]hg k]/f]S;fO{8 cflbsf] 
k|of]u ul/G5 . 

tGt' gd"gfsf] ;txdf /x]sf] df6f]x? x6fpg] tyf sL6f0f'x?nfO{ gfz ug]{ ;fdfGo tl/sfM

 � ;+sng ul/Psf] tGt' gd"gfnfO{ ;fgf] 6'j|mfdf sf6L wf/fsf] ;kmf kfgLdf kvfNg' kb{5 .

 � % b]lv !)Ü sf] ;fa'gsf] emf]n jf l86/h]G6 -Tween @) jf Alconox_ sf] !–@ yf]kf kfgLdf 
ld;fO !% b]lv #) ldg]6;Dd -PS;KnfG6 cg';f/ km/s x'g ;S5_ ;kmf u/L wf/fsf] kfgLn] 
kvfNg' kb{5 .
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 � To;kl5 tGt' gd"gfnfO{ &% k|ltzt Oy]gndf #) ;]s]G8b]lv @ ldg]6;Dd 8'afO lgsfNg' kb{5 . 
o; b]lvsf] / afFsL r/0fx?nfO{ nfldgf jfo' k|jfx x'8 -LAF_ leq ugf{n] k|efjsf/L x'G5 .

 � To;kl5 !–@ Ü ;f]l8od xfOkf]Snf]/fO8n] % b]lv #) ldg]6;Dd -PS;KnfG6 cg';f/ km/s x'g 
;S5_ jf cGo lg:;+j|mfdsx? tn lbPsf] tflnsf @ cg';f/ pko'Qm dfqf / ;do;Dd ;kmf 
ul/G5 .

 � cGTodf #–% k6s c6f]Sn]e ul/Psf] l8l:6n kfgLn] /;fog kvfNg' kb{5 .

tflnsf @M lg:;+j|mfdssf] ?kdf k|of]u ul/g] ljleGg /;fogx?sf] pko'Qm dfqf tyf ltgLx?sf] PS;kf]h/ 
;do

lg:;+j|mfds dfqf PS;kf]h/ ;do

;f]l8od xfOkf]Snf]/fO8 )=% b]lv %Ü % b]lv #) ldg]6

d/So"l/s Snf]/fO8 )=! b]lv !=)Ü @ b]lv !) ldg]6

Sofnl;od xfOkf]Snf]/fO8 (=) b]lv !)Ü # b]lv #) ldg]6

a]lGhnsf]lgod Snf]/fO8 )=)! b]lv )=!Ü % b]lv @) ldg]6

l;Nj/ gfO6«]6 !Ü % b]lv #) ldg]6

xfO{8«f]hg k]/f]S;fO{8 # b]lv !@Ü % b]lv !% ldg]6

a|f]ldg kfgL ! b]lv @Ü @ b]lv !) ldg]6

Oy]gn &% b]lv (%Ü #) ;]s]G8 b]lv @ ldg]6

lrq !(M PS;KnfG6sf] sL6f0f' lgd{lns/0f ug]{ ;fdfGo tl/sf -A_ cfjZostf cg';f/ ;+sng ul/Psf] 
PS;KnfG6x?, -B_ % b]lv !)Ü ;fa'gsf] emf]n jf l86/h]G6 kfgLdf ld;fO PS;KnfG6nfO{ /fd|/L w'g], -C_ kfgLn] 

PS;KnfG6nfO{ /fd|/L kvfNg], -D_ &%Ü Oy]gndf 8'afpg], -E_ !–@ Ü ;f]l8od xfOkf]Snf]/fO8n] ;kmf ug]{ / -F_ #–% 
k6s c6f]Sn]e ul/Psf] l8l:6n kfgLn] /;fog kvfNg]
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af]6la?jfsf] j[l4 / ljsf;sf nflu ljleGg kf]ifs tTjx?sf] cfjZostf kb{5 . la?jfn] To:tf kf]ifs 
tTjx? k|fs[lts ?kdf ljleGg ;|f]tx? h:t}Ù df6f], xfjf / kfgLaf6 k|fKt ug]{ ub{5 . sfaf]{g -C_, 
xfO{8«f]hg -H_ / clS;hg -O_ afx]s gfO6«f]hg -N_, km:kmf]/; -P_, kf]6fl;od -K_, ;Nkm/ -S_, 
DofUg]l;od -Mg_, / SoflN;od -Ca_ tTjx? a9L dfqfdf la?jfnfO{ cfjZos kb{5 eg] kmnfd 
-Fe_, lgsn -Ni_, Snf]/Lg -Cl_, sk/ -Cu_, Dofulgh -Mn_, hL+s -Zn_, af]/f]g -B_ / df]lnA8]gd 
-Mo_ tTjx? sd dfqfdf la?jfnfO{ cfjZos kb{5 . alnof] / :j:Yo la?jfsf] j[l4 / ljsf;sf] 
nflu ljz]if u/L oL !& tTjx? cfjZos kb{5g\ . la?jfsf] k|s[lt cg';f/ sf]afN6 -Co_, cfof]l8g 
-I_ ;f]l8od -Na_ / PNo"dLlgod -Al_ h:tf cGo tTjx? klg cfjZos kb{5g\ . la?jfsf] j[l4 / 
ljsf;sf] nflu cfjZos kg]{ kf]if0f tTjx? k|foM k|fs[lts df6f]df g} pknAw x'G5 / o;}nfO{ cg'z/0f 
u/L tGt' k|hgg\ k|ljlwdf jfg:klts gd"gf tGt'sf] j[l4 / ljsf;sf] lglDt ;Gt'lnt dfqfdf d'Vo kf]ifs 
tTjx? -Macronutrients_, ;'Id kf]ifs tTjx? -Micro Nutrients_, vlgh kbfy{x?, le6fldgx?, 
xdf]{gx?, h}ljs of}lusx?, h]lNn+u Ph]G6 cflb ldl>0f u/L tof/ ul/Psf] vfgfnfO{ ldl8of elgG5 . 
olx ldl8ofdf jfg:klts gd"gfnfO{ lgolGqt s[ltd cj:yfdf cGo hLjf0f'x?sf] ;+j|md0f gx'g] u/L 
j[l4 / ljsf; u/fO{G5 . la?jfnfO{ cfjZos ljleGg kf]if0f tTjx?sf] e"ldsf tyf ltgLx?sf] of}lus 
;|f]tx?sf] af/]df cg';"rL ! sf] tflnsf !) df lbO{Psf] 5 . o;sf ;fy} ldl8ofdf cfjZos kL=Pr= / 
Uof; ljlgodsf] -gaseous exchange_ ;Gt'ng klg sfod ul/Psf] x'G5 .

kf]if0f tTjx? la?jfsf] k|s[lt cg';f/ ;Gt'lnt dfqfdf ld>0f ePsf] x'g'kb{5 gePdf yk la?jfsf] 
k|s[lt cg';f/ k/LIf0f u/L ;Gt'ng sfod /fVg' kb{5 . ldl8ofsf tTjx?sf] z'4 of}lus /;fog cyjf 
Joj;flos k"j{ldl>t sNr/ ldl8ofaf6 klg ldl8of tof/ ug{ ;lsG5 . ldl8ofsf tTjx?nfO{ tLg 
;d"xdf tklzn adf]lhd ljefhg ul/Psf] 5Ù

^=!= ch}ljs of}lusx? -Inorganic Compounds_M ch}ljs of}lusx? ?kdf d'Vo kf]ifs tTjx? 
/ ;'Id kf]ifs tTjx? k|bfg ul/G5 .

^=!=!= d'Vo kf]ifs tTjx? -Macronutrients_M gfO6«f]hg -N_, km:kmf]/; -P_, kf]6fl;od -K_, ;Nkm/ 
-S_, DofUg]l;od -Mg_ / SoflN;od -Ca_ d'Vo kf]ifs tTjx? x'g\ . oL tTjx?nfO{ )=%mM -dLnL 
df]n/_ k|lt nL6/ eGbf a9L dfqfdf k|bfg ul/G5 . oL tTjx? la?jfsf] j[l4 / ljsf;sf] nflu clt 
cfjZos x'g] ePsf]n] ubf{ logLx?nfO{ d'Vo kf]ifs tTjx? elgPsf] xf] .

^=!=@= ;'Id kf]ifs tTjx? -Micronutrients_M ;'Id kf]ifs tTjx? To:tf tTjx? x'g h'g la?jfsf] 
j[l4 / ljsf;sf lglDt geO{ x'b}gg\ t/ ;fgf] kl/df0fdf dfq cfjZos kb{5 . sk/ -Cu_, kmnfd -Fe_, 

ldl8of / ldl8ofsf] cjojx?

v08 ^
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Dofulgh -Mn_, hL+s -Zn_, lgsn -Ni_, Snf]/Lg -Cl_, af]/f]g -B_, df]lnA8]gd -Mo_ ;'Id kf]ifs 
tTjx? x'g\ . la?jfnfO{ yf]/} dfqfdf cfjZos x'g] oL tTjx? )=)%mM -millimolar_ k|lt nL6/ eGbf 
sd dfqfdf k|bfg ul/G5 . 3'ngzLntfsf] ;d:of x6fpg kmnfdnfO{ Fe–EDTA sf] ?kdf k|of]u ul/G5 .

^=@= h}ljs of}lusx? -Organic compounds_M ldl8of tof/ ug]{ cj:yfdf ljleGg k|sf/sf 
h}ljs of}lusx?sf] ?kdf sfaf]{xfO8«]6, le6fldgx?, xdf]{gx? OToflb k|of]u ul/G5 .

^=@=!= sfaf]{xfO8«]6 -Carbohydrate_M sfa{g / phf{sf] d'Vo ;|f]t sfaf]{xfO8«]6 xf] . sfaf]{xfO8«]6sf] 
?kdf @ b]lv $Ü ;'j|mf]hsf] k|of]u ul/G5 . slxn] sfFxL Un'sf]h, k|m'S6f]h, dfN6f]h, :6fr{ cflbsf] klg 
k|of]u ul/G5 . 

^=@=@= le6fldgx? -Vitamins_ tyf Amino acidM d]6faf]lns k|lj|mofx?sf] nflu Go"g dfqfdf 
le6fldgx?sf] cfjZostf kb{5 . yfoldg, lgsf]l6lgs Pl;8, kfOl/8f]lS;g, Ogf]l;6jn, afof]l6g, 
KofG6f]lylgs Pl;8 cflb dxTjk"0f{ le6fldgx? x'g\ . Amino acid sf] ?kdf Glycine sf] k|of]u ul/G5 
h;n] la?jfsf] sf]lifsfx?df k|f]l6gsf] biosynthesis df e"ldsf v]Nb5 .

^=@=#= xdf]{gx? -Hormones_M k|fs[lts ?kdf la?jfn] xdf]{gx?sf] ;+Zn]if0f ub{5 h'g rflxF h}ljs 
of}lusx?sf] ;d"x x'g\ h;n] sf]lifsf ljefhg, lj:tf/ -enlargement_, km"n km'Ng], aLpsf] ljsf;, 
;'Ktfj:yf / ljR5]bg h:tf ;a} j[l4 / ljsf;sf ultljlwx? lgoGq0f ub{5 . To;}n] xdf]{gx?nfO{ la?jf 
j[l4 lgofds -Growth regulators_ jf kmfO6f]xdf]{g -Phytohormone_ klg elgG5 . tGt' k|hgg\ 
k|lj|mofdf xdf]{gx?sf] ?kdf ;fO{6f]sfO{lgg -Cytokinin_, cShLg -Auxin_ / GA3 sf] k|of]u dxTjk"0f{ 
x'G5 . ;fO{6f]sfO{lggn] sf]if ljefhgsf] k|f/De tyf ljefhgnfO{ k|f]T;fxg÷a9'jf ug]{, 8fF6sf], xfFuf / 
kftsf] ljsf;df 7"nf] e"ldsf v]n]sf] x'G5 . cShLgn] eg] sf]lifsf ljefhg, sf]lifsf lj:tf/, lzv/ 
k|e'Tj -apical dominance_, ;f]dfl6s e|"0f pTklQ / h/fsf] ljsf; j[l4nfO{ k|]l/t ub{5 . GA3 n] 
8fF6sf] df]6fO{, nDafO{ / aLp ;'if'lKt lj>fd -dormancy break_ ug{ ;xof]u ub{5 . la?jf tGt' k|hgg\ 
k|lj|mofdf tflnsf # df lbO{Psf] cg';f/ ljleGg ;fO{6f]sfO{lgg, cShLg / lha]/]lng cfjZostf / 
sNr/sf] k|s[lt cg';f/ ljleGg dfqfdf k|of]u ug{ ;lsG5 . tGt' k|hgg\ k|of]uzfnfdf k|of]u ul/g] ljleGg 
k|sf/sf xdf]{gx?sf] yk lj:t[tsf ;fy cg';"rL @ tflnsf !@ df pNn]v ul/Psf] 5 .

tflnsf #M tGt' k|hgg\ k|ljlwdf k|of]u ul/g] ljleGg k|sf/sf] xdf]{gx?

xdf]{g gfd
Cytokinin 6- Benzylaminopurine (BAP)

2-isopentenyl adenine (2 iP)
Kinetin
Thidiazuron (TDZ)
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N-(2-chloro-4-pyridyl)-N9 phenylurea
 • Zeatin
 • Zeatin riboside

Auxin Indole-3-acetic acid (IAA)
Indole-3-butyric acid (IBA)
Naphthalene acetic acid (NAA)
2,4 Dichlorophenoxyacetic acid (2,4-D) 

Gibberellin Gibberellic acid (GA3)

^=@=$= cGo tTjx? -Miscellaneous_M tGt' a|fplgª /f]Sg, j[l4 / ljsf;sf] nflu yk h}ljs 
kbfy{x? ldl8ofdf yKg ;lsG5 . a|fplgª /f]Sg PlG6cf]lS;8]+6x? -Antioxidants_ h:t}Ù ;fOl6«s 
Pl;8 -!%) dL=u|f=÷nL=_ jf P:sf]la{s Pl;8 -!) mg÷l_ k|of]u ug{ ;lsG5 . tGt' a|fplgª l;h{gf 
ug]{ kbfy{x?nfO{ ;f]:g / k|ltjfbsf] nflu cGo clwiff]zL -Adsorbents_ h:t}Ù ;lj|mo rf/sf]n 
-activated charcoal_ )=! b]lv ! k|ltzt ldl8ofdf k|of]u ul/G5 . slxn]sfFxL ldl8ofdf yk h}ljs 
gfO6«f]hg / Pldgf] Pl;8 >f]tsf] nflu gl/jnsf] kfgL !) b]lv @)Ü, dfN6 -malt_ %)) dL=u|f=÷nL=, 
yeast extract %) b]lv %,))) dL= u|f=÷nL=, uf]ne]8fsf] /; #)Ü, ;'Gtnfsf] /; #)Ü OToflbx?sf] 
klg k|of]u ul/G5 .

^=#= h]lnª Ph]G6 -Gelling agent_M 7f]; jf cw{ 7f]; ldl8of agfpgsf] nflu ch}ljs nj0f / 
h}ljs of}lusx?;Fu h]lnª Ph]G6sf] k|of]u ul/G5 . la?jf tGt' k|hgg\ ldl8ofdf h]lnª Ph]G6sf] ?kdf 
;a} eGbf a9L k|of]u x'g] cuf/ -Agar_ xf] . o;sf] ljsNkdf t/n ldl8od Pjd\ cGo h]lnª Ph]G6x? 
klg k|of]u ug{ ;lsG5 h:t}Ù h]n/fO6 -Gelrite/Gellangum/Phytogel_, lhn]l6g, Defacto 
Bacto Agar, Alginate cflb . la?jf tGt' k|hgg\ ldl8of agfpbf k|of]u ul/g] s]xL h]lnª Ph]G6 tyf 
k|of]u ul/g] dfqf tflnsf $ df lbO{Psf] 5 . 

tflnsf $M ldl8of agfpFbf k|of]u ul/g] ljleGg h]lnª Ph]G6x?sf] ljleGg dfqfx?

h]lnª Ph]G6 k|of]u ul/g] dfqf -u|fd k|lt nL6/df_
cuf/ % b]lv * 
h]n/fO6 !=% b]lv @=%
PlNhg]6 !&=% b]lv $)
l8kmfsf] AofS6f] cfu/ ^ b]lv !) 

^=$= k|rlnt ldl8ofx?sf] ljj/0f

lj:t[t ljj/0f ;lxt n]vx?df ljleGg k|sf/sf la?jf tGt' k|hgg\ ldl8ofx? la?jfsf] k|s[lt cg';f/ 
cg's"ng -optimize_ u/]sf] kfO{G5g\ . Murashige–Skoog -MS_ ldl8of, ufDau{ aL % -Gamborg 
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B5_ ldl8of, Woody plant Media -WPM_, jfO{6\; -White's_ ldl8of, r' Pg ^ -Chu N6_ 
cflb tGt' k|hgg\ ldl8ofx? k|rngdf /x]sf 5g\ h;sf] /;fogx?sf] gfd / dfqfnfO{ tn tflnsf % 
df lbOPsf] 5 . oL dWo] d'/fl;u]–:s'u ldl8of cfh klg ;a}eGbf a9L / Jofks ?kdf ljleGg kmnkm"n, 
t/sf/L, dzfnfafnL tyf cGo k|s[ltsf la?jfx?sf] pTkfbgsf] nflu k|of]u ul/g] la?jf tGt' k|hgg\ 
ldl8of xf] . o; MS ldl8ofdf gfO6«]6, Pdf]lgof / kf]6fl;odsf] pRr dfqfdf ;dfj]z ul/Psf] x'G5 . of] 
ldl8of tf]l;of] d'/fl;u] / kmf]ns] s]= :s'un] !(^@ O{=;+= df ljsf; u/]sf lyP .

tflnsf %M k|rngdf /x]sf s]xL ldl8ofx?sf] /;folgs gfdx? / k|of]u ul/g] dfqf

j|m=;= /;folgs
dfqf -dLnLu|fd k|lt nL6/df _

White's MS Gamborg 
B5 Chu(N6) Nitsch's WPM

-s_ d'Vo kf]ifs tTjx?

! Ammonium nitrate (NH4NO3) – !^%) – – &@) $))

@ Potassium nitrate (KNO3) *) !()) @%)) @*#) (%) –

#
Potassium dihydrogen 
Phosphate (KH2PO4)

– !&) – $)) ^* !&)

$

Magnesium sulphate 
heptahydrate (MgSO4.7H2O) 
or, Magnesium sulphate 
(MgSO4)

&%) #&) @%) !*% !*% #&)

– !*)=%$ – – – –

^
Ammonium sulphate 
((NH4) 2.SO4)

– – !#$ $^# – –

&
Calcium chloride (CaCl2) or, 
Calcium chloride dihydrate 
(CaCl2.2H2O)

– ##@=)@ – – – –

– $$) !%) !^^ – (^

* Potassium sulphate (K2SO4) – – – – – (()

(
Calcium nitrate tetrahydrate 
(Ca (NO3)24H2O) – – – – – %%^

!)
Sodium phosphate 
monobasic monohydrate 
(NaH2PO4.H2O)

!( – !%) – –

-v_ ;'Id kf]ifs tTjx?

! Boric acid (H3BO3) !=% ^=@ #=) !=^ – $=*

@

Manganese sulphate 
monohydrate (MnSO4.H2O)
jf Manganese sulphate 
tetrahydrate (MnSO44H2O)

– !^=( – #=# – ##=%

% @@=# !#=@ $=$ @% –

#
Zinc sulphate heptahydrate 
(ZnSO4.7H2O) # *=^ @=) !=% !) *=^

$ Potassium iodide (KI) )=&% )=*# )=&% )=* – –
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%
Cobalt chloride hexahydrate 
(CoCl26H2O) – )=)@% )=)@% – )=)@% –

^
Copper sulphate 
pentahydrate (CuSO45H2O) )=)! )=)@% )=)@% )=)@% )=)@% )=@%

&
Sodium molybdate 
dihydrate (Na2MoO4.2H2O) – )=@% – )=@% )=@%

-u_ cfO{/g

!
Disodium 
ethylenediaminetetraacetic 
acid Na2EDTA

– #&=# #&=# #&=# #&=# #&=#

@
Iron sulphate heptahydrate 
(FeSO4.7H2O) @) @&=* @&=* @&=* @&=* @&=*

-3_ le6fldgx?

! Thiamine.HCl )=)! )=! !)=) !=) )=% !=^

@ Pyridoxine.HCl )=)! )=% !=) )=% )=% –

# Nicotinic acid )=)% )=% !=) )=% % )=%

$ Glycine (Amino acid) # @=) – $) @ –

-ª_ cGo

! Inositol – !))=) !))=) – !)) !))

@ GA3 – )=@% – – – –

# Sucrose @Ü #Ü @Ü %Ü @Ü @Ü

$ Agar – )=*Ü – – – –

% Folic acid – – – – )=% –

^ Biotin – – – –– )=)%

& pH %=* %=* %=% %=* %=* %=^
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&=!= :6s ;f]n';g agfpg] tl/sf

l56f] ldl8of tof/ kfg{sf] nflu k|foM dfly tflnsf % df pNn]lvt adf]lhd ;a} h;f] k|rngdf /x]sf 
ldl8ofx?sf] /;fogx?nfO{ l8l:6n kfgLdf ld;fP/ k|To]s ;d"xsf] /;fogx?nfO{ plrt dfqfdf 5'§f5'§} 
:6s ;f]n';g -Stock solution_ agfOG5 . k|of]uzfnfdf vkt x'g] ldl8ofsf] cfwf/df :6ssf] slt 
dfqfdf agfpg] eGg] lgwf{/0f ug{ ;lsG5 . o:tf :6ssf ;f]n';gx?nfO{ af]tndf vGofP/ af]tndf 
;f]n';gsf] gfd, sG;G6«];g / ldlt n]vL cfjZostf cg';f/ k|of]u ug]{ / yk k|of]usf] nflu lk|mhdf 
e08f/0f ug{'kb{5 . dfly tflnsf % df pNn]lvt adf]lhd ;a} h;f] k|rngdf /x]sf ldl8ofx?sf] 
of}lusx?nfO{ l8l:6n kfgLdf ld;fP/ k|To]s ;d"xsf] tTjx?nfO{ ;fdfGotof lgDglnlvt dfqfdf 5'§f–
5'§} :6ssf] ;f]n';g agfpg' kb{5 / ;a} :6snfO{ $ b]lv * l8u|L tfkj|mddf e08f/0f ug{'k5{ .

&=!=!= d'/fl;u]–:s'u :6s ;f]n';g agfpg] tl/sf

 � d'Vo kf]ifs tTjx?M o; :6ssf] ;f]n';g cfjZostf cg';f/ Pjd\ !)X b]lv !))X sG;G6«];g 
-Concentration÷Strength_ ;Ddsf] ! nL6/ l8l:6n kfgLdf agfpg' ;lsG5 . tflnsf ^ 
df lbO{Psf] cg';f/ d'Vo kf]ifs tTjx?sf] jhg ug]{ / %)) dL=nL l8l:6n kfgLdf Ps kl5 csf]{ 
ub}{+ ;kmf beaker df 3'nfpg] . To;kl5 To; ;f]n';gnfO{ ! nL6/sf] volumetric flask df 
xfnL l8l:6n kfgL ykL ! nL6/ k'/f agfpg' kb{5 . o; d'Vo kf]ifs tTjx?sf] ld>0f ;f]n';gnfO{ 
:6s …sÚ klg elgG5 . :6s …sÚ leq kg]{ Sofnl;odsf] of}lus? h:t}Ù CaCl2 jf CaCl22H2O 
sf] 5'§} :6s ;f]n';g agfpg' kb{5 .

 � ;'Id kf]ifs tTjx?M cfjZostf cg';f/ Pjd\ !))X b]lv !)))X sG;G6«];gsf] !)) dL=nL= 
l8l:6n kfgLdf ;'Id kf]ifs tTjx?sf] :6s ;f]n';g agfpg ;lsG5 . tflnsf ^ df lbO{Psf] 
cg';f/ ;'Id kf]ifs tTjx?sf] jhg ug]{ / %) dL=nL= l8l:6n kfgLdf Ps kl5 csf]{ ub}{+ ;kmf 
beaker df 3'nfpg] . To;kl5 To; ;f]n';gnfO{ !)) dL=nL= sf] volumetric flask df xfnL 
l8l:6n kfgL ykL !)) dL=nL= k'/f agfpg' kb{5 . o; ;'Idkf]ifs tTjx?sf] ld>0f ;f]n';gnfO{ 
:6s …vÚ klg elgG5 .

 � cfO{/gM cfO{/g tyf ;f]l8od EDTA sf] ld>0f ;f]n';gnfO{ :6s …uÚ klg elgG5 . o; :6ssf] 
;f]n';g klg tflnsf ^ df lbO{Psf] cg';f/ !))X jf cfjZostf cg';f/sf] sG;G6«];df @)) 
dL=nL= l8l:6n kfgLdf agfpg ;lsG5 . @)) dL=nL= :6s ;f]n';g agfpgnfO{ cfjZos 
of}lusx?sf] jhg lng] / !)) dL=nL= l8l:6n kfgLdf Ps kl5 csf]{ ub}{+ ;kmf beaker df 
3'nfpg] . To;kl5 To; ;f]n';gnfO{ @)) dL=nL= sf] volumetric flask df xfnL l8l:6n kfgL 

ldl8of agfpg] tl/sf

v08 &
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ykL @)) dL=nL= k'/f agfpg' kb{5 . 

 � le6fldgx?M le6fldgx?sf] ld>0f ;f]n';gnfO{ :6s …3Ú klg elgG5 . :6s Ú3Ú nfO{ cfjZostf 
cg';f/ jf !))X b]lv !)))X sG;G6«];g ePsf] !)) dL=nL= l8l:6n kfgLdf agfpg ;lsG5 . 
!)) dL=nL= :6s ;f]n';g agfpgnfO{ tflnsf ^ df lbO{Psf] cg';f/ le6fldgx?sf] jhg ug]{ 
/ %) dL= ln= l8l:6n kfgLdf Ps kl5 csf]{ ub}{+ ;kmf beaker df 3'nfpg] . To;kl5 To; 
;f]n';gnfO{ !)) dL=nL= sf] volumetric flask df xfnL l8l:6n kfgL ykL !)) dL=nL= k'/f 
agfpg] .

 � xdf]{gx?M ;fO{6f]sfO{lgg, cShLg / lha]/]lns Pl;8sf] 5'§f5'§} -!))–!)))_ dL= u|fd÷nL6/sf] 
:6s ;f]n';g agfOG5 jf cfjZostf cg';f/ agfpg ;lsG5 . xdf]{gx?nfO{ 3'nfpg ljz]if 
3'nssf] cfjZostf kb{5 h:t}Ù 1N HCl or 1N NaOH or KOH. ;fO{6f]sfO{lgg h:t}Ù BAP 
jf Kinetin sf] !))) dL= u|fd÷nL6/sf] :6s ;f]n';g agfpg] tl/sf o; k|sf/ 5Ù

 » )=! u|fd ;fO{6f]sfO{lgg h:t}Ù BAP jf Kinetin nfO{ a6/ k]k/df /fv]/ l8lh6n tf}n 
d]l;gdf jhg lng] .

 » To;nfO{ ;'Vvf c6f]Sn]e ul/Psf] falcon tube jf %) dL=nL= sf] las/ jf sf]lgsn 
ˆnf:sdf xfNg] .

 » To;kl5, @ b]lv % yf]kf 1N HCl or 1N NaOH or KOH xfnL k"0f{ ?kdf 3'nfpg] .

 » To;kl5, k"0f{ ?kdf 3'n]sf] ;f]n';gnfO{ !)) dL=nL= sf] volumetric flask df xfnL 
l8l:6n kfgL xfn]/ !)) dL=nL= k'/f agfpg] .

 » To;/L g} cShLg / lha]/]lns Pl;8sf] 5'§f5'§} :6s agfpg ;lsG5 .

tflnsf ^M ljleGg MS Stock 3f]n sG;G6«];g agfpgsf] nflu cfjZos /;fofgx?sf] dfqf

j|m=;+= /;fogsf] gfd

sG;G6«];g
ljleGg 3f]nsf] kl/df0fdf rflxg] /;fogsf] dfqf

-u|fddf_dLnLu|fd k|lt 
-nL6/df_

:6s 
;f]n';g

-s_
d'Vo kf]ifs tTjx? A 
-:6s …sÚ_

!X !)X ! nL= @ nL= # nL= % nL=

! NH4NO3 !^%) !^=% ##=) $(=% *@=%

@ KNO3 !()) !(=) #*=) %&=) (%=)

# KH2PO4 !&) !=& #=$ %=! *=%

$
MgSO4.7H2O or, 
MgSO4

#&) #=& &=$ !!=! !*=%

!*)=%$ !=*)%$ #=^ %=$ (=)

-v_
d'Vo kf]ifs tTj B 
-:6s …sÚ_

!X !))X !)) dL=nL=
@)) 

dL=nL=
#)) dL=nL=

%)) 
dL=nL=
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%
CaCl2
or, CaCl2.2H2O

##@=)@ #=# ^^$ ((^ !^^

$$) $=$ ** !#@ @@)

-u_
;'Id kf]ifs tTjx? 
-:6s …vÚ_

!X !)))X %) dL=nL= !)) dL=nL= #)) dL=nL=
%)) 

dL=nL=

! H3BO3 ^=@ )=#! )=^@ !=*^ #=!

@
MnSO4.H2O or, 
MnSO44H2O

!^=( )=*$% !=^( %=)& *=$%

@@=# !=!!% @=@# ^=^( !!=!%

# ZnSO4.7H2O *=^ )=$# )=*^ @=%* $=#

$ KI )=*# )=)$!% )=)*# )=@$( )=$!%

% CoCl26H2O )=)@% )=))!@% )=))@% )=))&% )=)!@%

^ CuSO45H2O )=)@% )=))!@% )=))@% )=))&% )=)!@%

& Na2MoO4.2H2O )=@% )=)!@% )=)@% )=)&% )=!@%

-3_ cfO{/g -:6s …uÚ_ !X !))X !)) dL=nL=
@)) 

dL=nL=
#)) dL=nL=

%)) 
dL=nL=

! Na2EDTA #&=# )=#&# )&$^ !!!( !*^%

@ FeSO4.7H2O @&=* )=@&* )%%^ )*#$ !#(

-ª_ le6fldgx? -:6s …3Ú_ !X !)))X %) dL=nL= !)) dL=nL=
@)) 

dL=nL=
%)) 

dL=nL=

! Thiamine.HCl )=! )=))% ))! ))@ ))%

@ Pyridoxine.HCl )=% )=)@% ))% )! )@%

# Nicotinic acid )=% )=)@% ))% )! )@%

$ Glycine (Amino acid) @=) )=! )@ )$ !)

-r_ cGo !))) dL=nL=

@
lha]/]lns Pl;8 
-GA3_

)=@%
!)) 

dL=u|f=÷nL
@=% dL=nL=
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a c

e

f

d
b

lrq @)M d'/fl;u]–:s'u :6s ;f]n';g agfpg] tl/sf -a_ ldl8of agfpg cfjZos /;fofgx?, -b_ cfjZos dfqfdf 
/;fofg tf}lng] -c_ Measuring cylinder, -d_ /;fofgx?nfO{ kfgLdf /fd|/L 3f]Ng], -e_ l8l:6n kfgL ykL cfjZos 

;f]n';gsf] dfqf agfpg] / -f_ tof/ ul/Psf] :6s ;f]n';gnfO{ ;'/lIft lk|mhdf -$–*_ l8u|L tfkj|mddf e08f/0f ug]{ 

&=@= :6s ;f]n';gaf6 ldl8of agfpg] tl/sf

&=@=!= d'/fl;u]–:s'u :6s ;f]n';gaf6 ldl8of agfpg] tl/sf

:6s ;f]n';g agfO ;s]kl5 la?jf sNr/ ug{sf] nflu ldl8of agfpg' kb{5 . ldl8ofsf] klg cfjZostf 
cg';f/sf] leGg leGg sG;G6«];gsf] agfpg ;lsG5 t/ k|foM h;f] kmnkm"n tyf t/sf/L afnLx? h:t}Ù 
;'Gtnf, :ofp, s]/f, cfn' cflb MS ldl8ofsf] k"0f{ sG;G6«];gdf sNr/ ubf{ pko'Qm ePsf] kfO{G5 . 
la?jfsf] k|s[lt cg';f/ ldl8of tyf xdf]{gx?sf] sG;G6«];g slt dfqfdf xfNg] eGg] s'/f] ;DalGwt 
la?jfsf] k|f]6f]sn x]/]/ ug{'kb{5 jf cg';Gwfgaf6 pko'Qm k|f]6f]sn ljsf; ug{'kg]{ x'G5 . ! nL6/ MS 
ldl8of agfpgsf] nflu la:t[tdf lgDg a'+bfx?df pNn]v ul/Psf] 5Ù

 � Ps nL6/sf] beaker df cfwf jf b'O{ ltxfO{ l8l:6n kfgL /fVg] .

 � To;kl5, tflnsf & df lbP cg';f/ !)X d'Vo 
kf]ifs tTjx?, !))X CaCl2 jf CaCl22H2O, 
!)))X ;'Id kf]ifs tTjx?, !))X kmnfdsf] 
;|f]t / !)))X le6fldgx?sf] :6s 3f]naf6 
j|mlds cg';f/ !)), !), !, !) / ! dL=nL= 
measuring cylinder / lkk]6sf] ;xfotfn] 
dfkg u/L cfwf jf b'O{ ltxfO{ l8l:6n kfgL 
/fv]sf] beaker df yKb} hfg] / /fd|/L 3f]Ng] .

sG;G6«];g / kl/df0f lgsfNg] z'q
M1V1 Ö M2V2

oxfF,
M1Ö :6s ;f]n';gsf] sG;G6«];g
V1Ö :6s ;f]n';gaf6 lnOg] dfqf -X_
M2Ö MS ldl8ofsf] sG;G6«];g
V2Ö MS ldl8of agfOg] kl/df0f
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 � #) u|fd ;'j|mf]h jhg u/L beaker df ePsf] ;f]n';gdf yKg] / r'DasLo :6]l/o/sf] ;xfotfaf6 
/fd|/L 3f]Ng] .

 � )=! dL=u|f=÷nL= dfof]–Ogf]l;6jn jf d];f]–Ogf]l;6jn hf]vL dfly agfPsf] ;f]n';gdf xfn]/ 
;f]n';Gg] . of] kbfy{n] klg la?jfsf] j[l4 / ljsf;df ;xof]u k'¥ofpFb5 .

 �  ;fO{6f]sfO{lgg, cShLg / lha]/]lns Pl;8 xdf]{gx? cfjZostf cg';f/ yKg] .

 � pQm ;f]n';gsf] ld>0fdf l8l:6n kfgL yk]/ nueu ((% dL=nL= hlt agfpg] / To;sf] pH 
gfKg] . ldl8ofsf] pH %=^ b]lv %=* ;Dd x'g' kb{5 . olb ;f] pH eGbf sd ePdf 1N NaOH / 
;f] eGbf a9L ePdf 1N HCl yf]kf yf]kf ub}{ yKb} tf]lsPsf] kL=Pr= sfod ug{' kb{5 .

 � kL=Pr= sfod ePkl5 l8l:6n kflg ykL ldl8ofsf] clGtd dfqf !))) dL=nL= agfpg] .

 � ^ b]lv * u|fd cuf/ ldl8ofdf xfnL /fd|f];Fu rnfpb} 3'nfpg' kb{5 .

 � To;kl5 #) b]lv %) dL=nL= ldl8ofnfO{ Sofg hf/, On]{gd]o/ ˆnf:s cflbdf vGofO lasf]{ 
nufpg] .

 � To;kl5 !@! l8u|L ;]lN;o; tfkj|mddf / !% psi bafadf ldl8odnfO{ !% ldg]6 c6f]Sn]j u/L 
sL6f0f' gi6 ug]{ .

 � ldl8of c6f]Sn]j u/L ;s]kl5 ldl8ofnfO xKtf lbg;Dd e08f/0f u/L la?jf sNr/ ug{' /fd|f] 
x'G5 . o;f] ubf{ ldl8ofdf ;+j|md0f ePsf] jf gePsf] eGg] klxrfg ug{ ;lsG5 .

tflnsf &M tof/ ul/Psf] :6s ;f]n';gaf6 ! nL6/ ldl8of agfpg cfjZos :6s ;f]n';gsf] dfqf

j|m=;= :6ssf] gfd
:6s ;f]n';gsf] 

sG;G6«];g
! nL6/ ldl8of agfpg 

cfjZos :6s ;f]n';gsf] dfqf
-s_ d'Vo kf]ifs tTjx? A -:6s …sÚ_ !)X !)) dL=nL=
-v_ d'Vo kf]ifs tTjx? B -:6s …sÚ_ !))X !) dL=nL=
-u_ ;'Id kf]ifs tTjx? -:6s …vÚ_ !)))X ! dL=nL=
-3_ cfO{/g -:6s …uÚ_ !))X !) dL=nL=
-ª_ le6fldgx? -:6s …3Ú_ !)))X ! dL=nL=
-r_ cGo
! dfof]–Ogf]l;6jn )=! u|f=
@ lha]/]lns Pl;8 -GA3_ !)) dL=u|f=÷ln @=% dL=nL=

# ;fO{6f]sfO{lgg / cShLg
!))) 

dL=u|f=÷nL
cfjZostf cg';f/ -k|To]s 
la?jfsf] km/s km/s x'g ;S5_

$ lrgL – #) u|f=
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% cuf/ – * u|f=
^ kL=Pr= – %=* 

lrq @!M tof/ ul/Psf] MS :6s ;f]n';gaf6 ! nL6/ ldl8of agfpg] tl/sf -A_ :6s ;f]n';g, -B_ cfjZos dfqfdf 
:6s ;f]n';g lng], -C_ kLPr ;Gt'ng ldnfpg] / l8l:6n kfgL ykL cfjZos dfqfsf] ldl8of agfpg], -D_ h]ln· Ph]G6 

ldl8ofdf 3'nfpg], -E_ ldl8ofnfO{ sNr/ ef8fx?df vGofpg] / -F_ ldl8ofnfO{ c6f]Sn]e ug]{

&=#= ldl8of agfpbf jf sNr/ ubf{ k|of]u ul/g] sG6]g/÷efF8f

la?jf /f]Kg jf sNr/ ug{nfO{ kf/bzL{, :6]l/nfOh ug{ ;lsg], Uof; ljlgodsf] /fd|f] ;+rf/ x'g] -CO2, 
O2 / OyfOlng Uof;_ sf] / ;+j|mfds ;"Id hLjx? cj/f]w ug{ ;Sg] ;L;f jf knfl:6s sG6]g/sf] k|of]u 
ug{ ;lsG5 . kfO/]S; Unf;af6 ag]sf Unf;j]o/ gePdf sd ;:tf] kg]{ ;f]8f Unf; -Soda glass_ / 
af]/f]l;lns]6sf] -Borosilicate_ k|of]u ug{ ;lsG5 . cGo ;:tf] / alnof] k|sf/sf Joj;flos pTkflbt 
knfl:6ssf sG6]g/x? klg k|of]u ug{ ;lsG5 . cfjZostf cg';f/ ljleGg k|sf/sf sG6]g/x? h:t}Ù 
k]6«Ll8z, sNr/ 6\o"j, sNr/ hf/, On]{gd]o/ ˆnf:s, af]tn OToflb k|of]u ug{ ;lsG5 .
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*=!= tGt' k|hgg\sf] ;fdfGo k|lj|mofx?

tGt' k|hgg\ k|lj|mofdf PS;KnfG6af6 k"0f{ la?jf ljsf; u/fpgnfO{ ljleGg r/0fdf sfd ug{' kb{5 . 
la?jfsf] k|s[lt tyf sNr/ ug{ vf]lhPsf] cg';f/ tGt' k|hgg\ k|lj|mofsf] r/0fx?df s]xL km/s x'g ;Sb5 
t/ ;fdfGotof o;nfO{ rf/ r/0fdf ljeflht ug{ ;lsG5 h'g lrq @@ ˆnf] rf6{df lbO{Psf] 5 . k|To]s 
r/0fsf] la:t[t hfgsf/L o; k|sf/ 5g\Ù

lrq @@M tGt' k|hgg\ k|lj|mofsf] ;fdfGo ˆnf]rf6{

*=!=!= k|f/lDes r/0f÷sNr/ :yfkgf -Culture Establishment_M

o; r/0fdf aflx/L jftfj/0fdf x's]{sf] PS;KnfG6nfO{ k|of]uzfnfsf] jftfj/0fdf ;kmntfk"j{s :yfkgf 
ug{' xf] . o; r/0fdf d'Vo u/L sNr/ :yfkgfsf] nflu ldl8of tof/L, PS;KnfG6 ;+sng, PS;KnfG6sf] 
;txaf6 sL6f0f' lgd{lns/0f / sNr/ :yfkgf ug{' xf . sNr/ ug{sf nflu cfjZos la?jfsf] PS;KnfG6 
;+sng u/L ljleGg lg:;+j|mfdsx?n] sL6f0f' ;tx lgd{lns/0f ug]{ h;sf] ljlw la:t[t ?kdf dfly 
%=#= df pNn]v ul/Psf] 5 . To;kl5, s'g sNr/ ug]{ xf] ;f]xL cg';f/ :yfkgfsf] nflu cfjZos 

tGt' k|hgg\sf] k|lj|mof

v08 *
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tTjx?sf] plrt dfqf ldnfP l;;f tyf knfl:6ssf] efF8fdf ldl8of tof/ ul/G5 . ldl8of tof/ 
kfg]{ ljlw la:t[t ?kdf dfly v08 & df pNn]v ul/Psf] 5 . To;kl5, sNr/ ug]{ sf]7fdf sL6f0f' 
lgd{lns/0f ul/Psf] PS;KnfG6nfO{ ldl8ofdf sNr/ u/L :yfkg ug{'kb{5 . PS;KnfG6nfO{ ldl8ofdf 
sNr/ u/L yk j[l4 / ljsf;sf] nflu la?jf x'sf{pg] sf]7fdf -@)))–%))) nS;_ k|sfzsf] tLj|tfdf 
!^ 306fsf] kmf]6f]lkl/o8 cyf{t -!^ 306f cWof/f] / * 306f pHofnf] k|fsfz rj|mdf_ k|To]s lbg 
@%±@ l8u|L ;]lN;o; tfkdfg sfod /fVg' kb{5 . PS;KnfG6 :yfkgfsf] nflu ljleGg tGt' ldl8ofsf 
cjojx? ;Gt'ng sfod u/L t/n jf cw{–7f]; sf] ?kdf k|of]u ug{ ;lsG5 . cGo pknAb Joj;flos 
readymade ldl8ofx? klg k|of]u ug{ ;lsG5 . PS;KnfG6 :yfkgfsf] nflu ldl8ofdf kmfO6f]xdf]{gsf] 
km/s– km/s dfqf k|of]u ug{ ;lsG5 .

sNr/ :yfkgf ubf{ Wofg lbg'kg]{ cGo s'/fx?

� k|of]uzfnfdf sfd ug]{ JolQmn] sfd z'? ug{' cl3 ;fa'g kfgLn] xft wf]P/, d]l8sn kGhf, df:s 
l8:kf]h]an x]o/ se/ Sofk / Pk|f]g nufP/ sfd ug{' kb{5 .

� sNr/ ug]{ :yfg LAF df &) k|ltzt O{yfgnn] ;kmf u/L cfjZos j:t'x? h:t}Ù ldl8of tof/ 
ul/Psf] hf/÷af]tn÷6\o'j, kmf];]{k, s}+rL, :s]nk]n, c6f]Sn]e ul/Psf] kfgL, sterilize ul/Psf] 
k]6«L l8z tyf cGo PNo'ldlgodsf Kn]6, lkmN6/ k]k/ cflb /flv ;s]kl5 !%–#) ldg]6;Dd UV 
nfO{6 afn]/ 5f]8\g' kb{5 .

� LAF df sfd ubf{ UV nfO{6 aGb u/]/ dfq sfd ug{' kb{5 ;fy} la?jf tyf PS;KnfG6nfO{ UV 
nfO{6df /fVg' x'b}g .

� sNr/ ul/g] pks/0fx? h:t}Ù kmf];]{k, s}+rL, :s]nk]n cflbnfO{ lgd{lns/0f u/]/ dfq k|of]u ug{' 
kb{5 .

� sL60f' lgd{lns/0f ul/Psf] PS;KnfG6df ePsf] kfgLnfO{ autoclaved lkmN6/ sfuhn] /fd|f];+u 
;f];]/ dfq sNr/ ug{' kb{5 . 

� PS;KnfG6 sNr/ ul/;s]kl5 sNr/ ul/Psf] efF8f]sf] lasf]{ xfjf gl5g]{ u/L aGb ug{' kb{5 t/ w]/} 
6fO{6 rfxL aGb ug{' x'b}g . ;fy} sNr/sf] gfd tyf sf]8, / sNr/ ul/Psf] ldlt af]tnsf] lasf]{ 
tyf ;txdf n]Vg' kb{5 .

� sfd ;lsPkl5 LAF nfO{ /fd|f];Fu ;kmf u/L o;sf] 9f]sf aGb ug]{ tyf ;KnfO{ u/]sf] ljB'tnfO{ 
klg aGb ug{' kb{5 .

� ldl8ofdf kf]if0f tTjx?, xdf]{gx? tyf sL6f0f' lgd{lns/0fsf] ;Gt'ng ldn]sf] cj:yfdf afnL 
tyf PS;KnfG6sf] k|s[lt cg';f/ d'gfx? ljsf; x'g nueu ! b]lv @ dlxgf;Dd nfUg ;S5 .

� ldl8ofdf sNr/ :yfkgfsf] yk ;'lglZrt ug{ lgoldt cg'udg tyf x]/rfx ug{' kb{5 .
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lrq @#M PS;KnfG6nfO{ ldl8ofdf sNr/ :yfkgf ug]{ ;fdfGo k|lj|mof -s_ kfpnf]lgof la?jfaf6 PS;KnfG6 ;+sng 

ul/Psf], -v_ PS;KnfG6sf] sL6f0f' lgd{lns/0f u/]sf], -u_ sNr/ u/]sf] / -3_ Og le6«f] la?jf :yfkgf ePsf]

*=!=@= la?jfsf] u'0fg r/0f -Multiplication Phase_M 

o; r/0fsf] d'Vo p2]Zo eg]sf] ldl8ofdf PS;KnfG6 sNr/ u/]/ ;kmn ePsf] la?jfnfO{ ;a–sNr/ u/L 
dfpaf]6 tyf cfjZos ;+Vofdf la?jfx? tof/ ug{' xf] . ;fdfGotof o; r/0fdf k|of]u ul/g] ldl8ofsf] 
kf]ifs tTjx? klg :yfkgf r/0fdf k|of]u ul/Psf] h:t} x'G5 t/ xdf]{gx?sf] cg'kft eg] km/s x'g ;S5 . 
la?jfsf] k|s[lt cg';f/ k|;f/0fsf] nflu ldl8ofdf ;fO{6f]sfO{lgg dfq k|of]u ul/G5 jf yf]/} dfqfdf 
cShLg klg ld;fP/ k|of]u ul/G5 . ;fO{6f]sfO{lgg sf]if ljefhg tyf 8fF6sf], xfFuf, sf08 / kftsf] 
ljsf;df 7"nf] e"ldsf v]Ngfn] t'ngfTds ?kdf o; r/0fdf ;fO{6f]sfO{lggsf] dfqf cShLgsf] eGbf a9L 
k|of]u ul/G5 . la?jfsf] k|s[lt cg';f/ pQd k|;f/0fsf] nflu :yflkt k|;f/0f ldl8ofdf sNr/ ug]{ tyf 
;fO{6f]sfO{lgg / cShLgsf] dfqf ljleGg sG;G6«];gdf k/LIf0f u/L k|f]6f]sn ljsf; ug{' kb{5 . ldl8ofdf 
kf]if0f tTjx? / xdf]{gx?sf] ;Gt'ng ldn]sf] cj:yfdf afnL tyf PS;KnfG6sf] k|s[lt cg';f/ @ b]lv 
* xKtfsf] cGt/fndf gofF ldl8ofdf k|;f/0f cyf{t ;a–sNr/ ug{' kb{5 . nfdf] ;do;Dd k'gM gofF 
ldl8ofdf k|;f/0f gubf{ kftx? kx]nf] / 6'Kkf] dg]{ nIf0fx? b]vf kb{5 .

u'0fg r/0fdf sNr/ ubf{ Wofg lbg'kg]{ cGo s'/fx?

 � k|of]uzfnfdf sfd ug]{ JolQmn] sfd z'? ug{' cl3 ;fa'g kfgLn] xft wf]P/, d]l8sn kGhf, df:s, 
x]o/ se/ / Pk|f]g nufP/ sfd ug{'kb{5 .

 � ;a–sNr/ ug{' cufl8 / LAF df ;a–sNr/ ubf{ Wofg lbg'kg]{ ;Dk"0f{ s'/fx? dfly sNr/ :yfkgf 
ubf{ eg] h;/L ug{'kb{5 .

 � d'gfx?sf] cfsf/ nueu !–# ;]=dL= jf @–# cfFVnf ljsf; ePkl5 d'gfx? tyf la?jfsf] 
k|s[lt cg';f/ gf]8÷xfFuf÷d]l/:6]d÷kftnfO{ 5'§fP/ k|f]6f]sn cg';f/ gofF ldl8ofdf sNr/ tyf 
;a–sNr/ ug{'kb{5 .

 � ;a–sNr/ ;+:yfsf] cfjZostf tyf la?jfsf] k|s[lt cg';f/ % b]lv !) rj|m;Dd ug{' /fd|f] 
dflgG5 . Pp6} la?jfnfO{ w]/} k6s ;a–sNr/ ubf{ Somaclonal Variation cyf{t clones 
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la?jfx?df cfg'j+lzs pTkl/jt{g -Genetic mutations_ eO{ leGg b]vf kg{ ;Sb5g\ .

 � la?jf k|;f/0f Pjd\ ;a–sNr/ ug{sf] nflu t/n jf cw{–7f]; ldl8of k|of]u ug{ ;lsG5 .

 � k|;f/0f r/0fdf klg ;a–sNr/ ul/;s]kl5 yk j[l4 / ljsf;sf] nflu la?jf x'sf{pg] sf]7fdf 
!^ 306fsf] kmf]6f]lkl/o8, -@)))–%)))_ nS; k|sfzsf] tLj|tf / -@%±@_ l8u|L ;]lN;o; 
tfkdfgdf /fVg'kb{5 .

 � ;kmn ;a–sNr/sf] yk ;'lglZrt ug{ lgoldt cg'udg tyf x]/rfx ug{'kb{5 .

lrq g= @$ M u'0fg r/0fsf] ;fdfGo k|lj|mof -s_ Og le6«f] :yfkgf ePsf] kfpnf]lgof la?jfaf6 k|;f/0f ul/Fb} / -v_ Og 

le6«f] :yfkgf ePsf] kfpnf]lgof la?jfaf6 ljleGg r/0fsf] ;a–sNr/ ul/Psf]

*=!=#= h/f ljsf; ul/g] r/0f -Rooting Phase_M

o; r/0fdf h/fsf] ljsf; j[l4nfO{ k|]l/t ug]{ gofF ?l6+ª ldl8of t}of/ u/L dfly k|;f/0f r/0fdf k|;f/ 
ul/Psf gofF la?jfx?sf] h/f ljsf; u/fOG5 . o; k|lj|mofnfO{ ?l6+u -Rooting_ klg elgG5 . xf8{lgË 
k|lj|mofnfO{ k|efjsf/L agfpgsf] nflu Og le6«f] la?jfdf h/f ljsf; u/fO{G5 . cShLgn] h/fsf] ljsf; 
j[l4nfO{ k|]l/t ugf{n] o;sf] k|of]u o; r/0fdf k|of]u ul/G5 . ;fO{6f]sfO{lggsf] eg] sd dfqfdf k|of]u 
ul/G5 jf cfjZostfg';f/ k|of]u gug{ klg ;lsG5 . sltko cj:yfdf ldl8ofdf tGt' la?jfsf] h/f 
ljsf;sf nflu s]xL lbg;Dd sNr/ ul/Psf la?jfx?nfO{ cWof/f] sf]7fdf klg /fVg] ul/G5 .

h/f ljsf; ul/g] r/0fdf sNr/ ubf{ Wofg lbg'kg]{ cGo s'/fx?

 � k|of]uzfnfdf sfd ug]{ JolQmn] sfd z'? ug{' cl3 ;fa'g kfgLn] xft wf]P/, d]l8sn kGhf, df:s, 
x]o/ se/ / Pk|f]g nufP/ sfd ug{'kb{5 .

 � ;a–sNr/ ul/Psf] la?jfaf6 #–% ;]=dL= nDafO ePsf d'gfx?nfO{ 5'§fP/ k|f]6f]sn cg';f/ 
?l6+u ldl8ofdf sNr/ ug{'kb{5 .

 � sNr/ ul/;s]kl5 h/fsf] ljsf; / j[l4sf] nflu la?jf x'sf{pg] sf]7fdf !^ 306fsf] k|sfz 
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cjlw, @)))–%))) nS; k|sfzsf] tLj|tf / -@%±@_ l8u|L ;]lN;o; tfkdfgdf /fVg'kb{5 .

 � ?l6+u ldl8ofdf sNr/ u/]sf] $–* xKtfdf h/f ljsf; x'G5 .

 � h/fsf] /fd|f] ljsf; ug{ ldl8ofdf d'Vo / ;'Id kf]ifs tTj / ;'j|mf]hsf] dfqf 36fP/ k|of]u ug{ 
;lsG5 .

 � la?jfsf] k|s[lt cg';f/ ?l6+u ldl8ofdf sNr/ ul/;s]kl5 Ps xKtf cWof/f]df /fVgfn] /fd|f] 
h/fsf] ljsf; x'g] cg';Gwfgn] b]vfPsf 5g\ .

 � ;kmn ?l6+usf] yk ;'lglZrt ug{ lgoldt cg'udg tyf x]/rfx ug{'kb{5 .

lrq @%M h/f ljsf; r/0fdf -s_ tLg kft] ;'Gtnf la?jfx?nfO{ ?l6ª ldl8ofdf sNr/ u/L -v_ h/f ljsf; ul/Psf]

*=!=$= xf8{lg· jf cg's"ng r/0f -Hardening or Acclimatization Phase_M

o; xf8{lgË r/0fdf k"0f{ ?kdf h/fx? ljsf; ePsf Og le6«f] la?jfx?nfO{ aflx/sf] k|fs[lts jftfj/0fdf 
;kmntfk"j{s cg's"lnt u/fpg] k|lj|mof xf] . Og le6«f] la?jfx?nfO{ lgolGqt jftfj/0f tyf pRr cfb|tfdf 
j[l4 / ljsf; u/fOPsf] x'G5, h;n] ubf{ ltgLx?sf] 8fF7x? / kftx?df Kofln;]8 sf]lifsfx? aLr 7"nf] 
vfnL 7fFp x'g], PlkSo'l6So'n/ df]d -epicuticular wax_ gx'g] jf c;fdfGo x'g] / yf]/} :6f]df6fx? 
-stomata_ ePsf] kftx? ljsf; ePsf x'G5g\ . To:t} sd k|sfz, sd CO2 Uof; / pRr sfa{g ;|f]t 
ePsf] tGt' ldl8ofdf j[l4 / ljsf; u/fOPsf] x'Fbf Og le6«f] la?jfx?df sd k|sfz ;+Zn]if0f b/ / kft 
;fgf] jf ljsf; gx'g] x'G5g\ . ha lgolGqt jftfj/0fdf x'sf{OPsf] Og le6«f] la?jfx?nfO{ ;f]em} aflx/L 
jftfj/0fdf /f]Kbf pRr jfikLs/0f, tfkj|md, tLj| k|sfz cflbn] ubf{ la?jf cf]Onfpg] / dg]{ x'G5 . aflx/L 
jftfj/0fdf 9'l;hGo ;+j|md0fsf] klg hf]lvd x'G5 . To;}n] Og le6«f] la?jfx?nfO{ k|fs[lts jftfj/0fdf 
/f]Kg' k"j{ xf8{lgË ug{' Psbd dxTjk"0f{ x'G5 . afnL tyf la?jfx?sf] k|s[lt cg';f/ ljleGg r/0fdf 
xf8{lgË ug{'kb{5 . ;fdfGotof Og le6«f] la?jfx?nfO{ k|fOd/L xf8{lgË / ;]s]G8/L xf8{lgË u/L b'O{ r/0fdf 
xf8{lgË ul/G5 .

*=!=$=!= k|fOd/L xf8{lg· -Primary Hardening_

u|f]y ?ddf h/fx?sf] k"0f{ ?kdf ljsf; ePsf Og le6«f] la?jfx?nfO{ k|fO{d/L xf8{lgË ;]S;g h:t}Ù 
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l;;f 3/ jf l:j|mg 3/df nlu plrt kl6ª ld>|0fdf :yfgfGt/0f ul/G5 . k|fOd/L xfl8{lgË ug{ u|f]y ?ddf 
eP h:t} jftfj/0f ePsf] Pp6f cnu} sf]7fdf klg ug{ ;lsG5 . k|fOd/L xf8{lgË ;]S;gdf tfkj|md, 
k|sfz / cfb|tfnfO{ lgoGq0f ug{ ;lsg] pks/0fx? h8fg ul/Psf] x'g' kb{5 . pRr cfb|tf () b]lv 
!)) k|ltzt nueu !)–!% lbg;Dd sfod /fVg'kb{5 . To;kl5 la:tf/} 36fpFb} n}hfg' kb{5 . k|fOd/L 
xf8{lgË ubf{ kl6ª ld>0fsf] plrt tl/sfn] sL6f0f' lgd{lns/0f u/L k|of]u ug{'kb{5 . kl6ª ld>|0fsf] ?kdf 
afn'jf, sf]sf]lk6, kL6 d;, eld{So'nfO6, perlite cflb k|of]u ug{ ;lsG5 . Og le6«f] la?jfx? clt g} 
;+j]bgzLn x'g] ePsf]n] k|fOd/L xfl8{lgË ubf{ ljz]if Wofg lbg'kb{5 .

k|fOd/L xf8{lg· ubf{ Wofg lbg'kg]{ s'/fx?

 � sfd ug]{ JolQmx?n] la?jf /f]Kg' cl3 ;fa'g kfgLn] xft /fd|/L ;kmf ug]{ tyf xftdf d]l8sn kGhf 
tyf Pk|f]g nufP/ dfq sfd ug{'kb{5 . 

 � o; k|fOd/L xf8{lgË ;]S;gdf s'g} klg vfg] s'/f vfg' x'b}g .

 � plrt kl6ª ld>0fsf] rog ug{'k5{ .

 � k|sfz, cf›tf / tfkdfgnfO{ lgoGq0f ug{ ;lsg] Joj:yf ug{'k5{ .

 � kl6ª ld>0fsf] /fd|f];Fu lgd{lns/0f ug{'k5{ .

 � sL6f0f' /lxt jf UV lkmN6/ ul/Psf] kfgL k|of]u ug{'k5{ .

 � plrt dfqfdf 9';Lgf;s k|of]u u/]/ /f]u Jo:yfkg ug{'k5{ .

 � lgoldt cg'udg / x]/rfx ug{'k5{ .

k|fOd/L xf8{lg· ug]{ ;fdfGo tl/sf

 � c6f]Sn]e ul/Psf] afn'jf tyf cGo kl6ª ld>0f;Fu h:t}M lk6 dz, eld{So'nfO6, sf]sf] lk6 
cflb tof/ ug]{ . 

 � h/fsf] /fd|f] ljsf; ePsf] Og le6«f] la?jf?nfO{ /f]Kg' eGbf slDtdf Ps xKtf cufl8 k|fOd/L 
xf8{lgË ;]S;gdf n}hfg] .

 � nueu Ps xKtf kl5 %–^ lbg;Dd af]tnsf] lasf]{ vs'nf] kf/]/ /fVg] .

 � To;kl5, la?jfsf] k|s[lt cg';f/ jf k|f]6f]sn cg';f/ polypot jf poly tray df sL6f0f' 
lgd{lns/0f ul/Psf] plrt kl6ª ld>0fdf /f]Kg] . k|fOd/L xfl8{lgË ubf{ kl6ª ld>0fsf] ?kdf 
sf]sf] lk6, afn'jf, eld{So'nfO6 / sDkf]:6 dnsf] !M@M!M! cg'kftdf jf Psdfq} ;A;6«]6 afn'jf 
jf sf]sf] lk6df jf la?jfsf] k|s[lt cg';f/ k|of]u ug{ ;lsG5 . la?jf /f]Kg' cufl8 af]tnaf6 
lgsfnL h/fdf ePsf] ldl8of /fd|f];Fu kfgLdf ;kmf ug]{ / @–# ldg]6 !–@Ü 9';Lgfzsn] pkrf/ 
ug]{ .

 � plrt cf›tf sfod /fVg polypot jf poly tray df /f]lkPsf] la?jfx?nfO{ kf/bzL{ kf]lnlygn] 
5f]Kg] / tfkj|md / cf›tfnfO{ lgoGq0f ug{ cfjZostf cg';f/ s'n/, Xo'ldl8kmfo/ pks/0f, 



44 45

ldl:6Ë k|0ffnL k|of]u ug]{ .

 � la?jfsf] k|s[lt cg';f/, nueu !)–!% lbg;Dd -()–!))_Ü cf›tf sfod /fVg'kb{5 . 
To;kl5, cf›tf la:tf/} sd ub}{ n}hfg' kb{5 / @)–@! lbg kl5 kf]lnlygnfO{ k"0f{ ?kdf x6fO{lbg' 
kb{5 .

 � tfkdfg @@ b]lv #) l8u|L ;]lN;o; aLrdf /fVg'kb{5 .

 � k|sfz sd ug{ 5fofF g]6 -shade net_ sf] k|of]u ug]{ .

 � cfjZostf cg';f/ tLg xKtf kl5 emf]n dn lbg ;lsG5 .

 � yk Mycorrhizal fungi pkrf/ dfkm{t la?jfx?sf] /fd|f] h/f ljsf; u/L k|fO{d/L xf8{lgËdf 
;xof]u k'¥ofpb5 . ljleGg k|of]u tyf cWoog cg';f/ Mycorrhizal fungi pkrf/ ul/Psf] 
la?jfx?df :6f]d]6n k|jfxsTjsf] -Stomatal conductance_ /fd|f] lgoGq0f x'g], kf]ifs tTj 
;Dk|]if0f Ifdtf a9fpg] / la?jfsf] j[l4 /fd|f] ug]{ b]lvPsf] 5 . o; afx]s cGo nfebfos 
;"Id hLjx? h:t}M 6«fOsf]8/df -Trichoderma_ jf a]l;n;sf] -Bacillus spp._ pkrf/ u/L 
la?jfsf] /fd|f] j[l4 / ljsf; ug{ ;lsG5 .

 � afnL tyf la?jfsf] k|s[lt cg';f/ ! b]lv @ dlxgf leq k|fO{d/L xf8{lgË k'/f ug{ ;lsG5 .

lrq @^M k|fOd/L xf8{lg· ;]S;gdf k|Od/L xf8{lg· ug]{ ;fdfGo k|lj|mof -s_ k"0f{ ?kdf ljsf; ePsf Og le6«f] :ofpsf 
la?jfx?nfO{ l;;f 3/df cg's"ngsf] nflu /flvPsf], -v_ polypot df sL6f0f' lgd{lns/0f ul/Psf] plrt kl6ª 

ld>0f tof/ ul/Gb}, -u_ / -3_ Og le6«f] la?jfx?nfO{ lemsL 9';Lgfzsn] pkrf/ ul/Fb}, -ª_ Og le6«f] la?jfx? /f]lkFb}, 
-r_ /f]k]sf] la?jfx?nfO{ kf]lnlygn] 5f]k]sf] / -5_ k|fOd/L xf8{lg·df ;kmn ePsf la?jfx?

*=!=$=@= ;]s]G8/L xf8{lg· -Secondary Hardening_

k|fOd/L xf8{lgËdf ;kmn ePsf la?jfx?nfO{ yk j[l4 / ljsf; u/fO{ k|fs[lts jftfj/0fdf cg's"ng 
u/fpg ;]s]G8/L xfl8{gË ul/G5 . la?jfsf] k|s[lt cg';f/ ;]s]G8/L xf8{lgË ug{ l:qmg xfp; jf l;;f 
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3/ jf g]6 xfp;sf] k|of]u ug{ ;lsG5 . o; r/0fdf k|fO{d/L xf8{lgË eGbf cln k|lts'n jftfj/0fdf 
la?jfx?nfO{ j[l4 / ljsf; u/fO{G5 . ;]s]G8/L xf8{lgË ug{ kl6ª ld>0fsf] ?kdf afnL tyf la?jfsf] 
k|s[lt cg';f/ afn'jf, df6f], kL6 d;, eld{So'nfO6, perlite, sDkf]:6 dn cflbsf] plrt cg'kft Pjd\ 
afn'jf, df6f] / sDkf]:6 dnsf] !M@M! df klg k|of]u ug{ ;lsG5 . cf›tfnfO{ yk 36fpb} k|fs[lts kl/j]z 
;/x ;Gt'ng sfod /fVg' kb{5 . k|sfzsf] dfqf a9fpgnfO{ shade net x6fpg' kb{5 . ;]s]G8/L xf8{lgË 
ug{ klg afnL tyf la?jfsf] k|s[lt cg';f/  ! b]lv @ dlxgf nfUg ;S5 .

;]s]G8/L xf8{lg· ubf{ Wofg lbg'kg]{ s'/fx?

 � plrt kl6ª ld>0fsf] -Potting mixture_ jf ;A;6«]sf] 5gf}6 ug]{ .

 � k|sfzsf] dfqf a9fpg] t/ cf›tf j|mdzM 36fpFb} hfg] .

 � sL6f0f' /lxt jf UV lkmN6/ ul/Psf] kfgLsf] k|of]u ug]{ .

 � 9';Lgfzssf] plrt dfqf k|of]u u/]/ /f]u Joj:yfkg ug]{ .

 � lgoldt cg'udg tyf x]/rfx ug{'kg]{ .

 � cfjZostf cg';f/ dn k|of]u ug]{ .

lrq @&M ;]s]G8/L xf8{lg· ;]S;gdf ;]s]G8/L xf8{lg· ug]{ ;fdfGo k|lj|mof -s_ k|fOd/L xf8{lg·df ;kmn ePsf :ofpsf 
la?jfx? / -v_ ltgLx?nfO{ afn'jf, df6f] / sDkf]:6 dnsf] ld>0f ePsf] poly bag df :yfgfGt/0f u/L ;kmn ePsf 

la?jfx?
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la?jf tGt' gd"gfsf] k|of]u / 5gf}6sf cfwf/df s]xL dxTjk"0f{ tGt' k|hgg\sf k|sf/x? af/] tn la:t[t 
?kdf j0f{g ul/Psf] 5 .

(=!= aLp sNr/

k|fs[lts cj:yfdf aLpdf ePsf] e|"0fn] cg's"n jftfj/0f kfPdf c+s'/0f eO la?jfdf ljsf; x'G5 . t/ 
sltko afnLx?sf] pdf/ zlQm cToGt} sd x'g] tyf z';'Ktf cj:yfdf hfg] h;n] ubf{ aLpsf] c+s'/0f 
gx'g] ;d:of x'G5 . To:t} k|fs[lts cj:yfdf s'g} s'g} afnLx?sf] k/fu;]rg gx'g] jf k/fu;]rg cToGt} 
Go"g x'g] / kmn g} gnfUg] klg x'G5 . o:tf] cj:yfdf aLpsf] sNr/ cToGt} dxTjk"0f{ x'G5 . o; sNr/df 
aLpnfO{ tGt' gd"gf >f]tsf] ?kdf k|of]u ul/G5 . tGt' k|hgg\ k|ljlw dfkm{t aLp sNr/ d'Vo u/L ;'gufefx? 
-Orchids_ tyf cGo km"nsf la?jf÷kmnkm"n÷hl8a'6L÷ag k}bfjf/÷kmnkm"n cflbdf k|of]u ug{ 
;lsG5 . ;'gufefsf] aLpnfO{ c+s'/0f x'gsf] nflu ljz]if k|sf/sf] 9';L;Fu ;xhLjL -Symbiotic_ 
;DaGw x'g'k5{ cGoyf c+s'/0f x'g ;Dej x'b}g, t/ s[lqd cj:yfdf ;'gufef aLpnfO{ tGt' k|hgg\ 
k|of]uzfnfdf c+s'/0f u/fpg aLp sNr/ dfWodaf6 ;Dej x'G5 . k|fs[lts cj:yfdf ;'gufef / 9';Lsf] 
;xhLjL ;DaGw c+s'/0f cj:yf b]lv g} /x]sf] x'G5 . ;fdfGotof hLjf0f' /lxt PS;KnfG6sf] ljsf; / 
;xh aLpsf] c+s'/0f ug{ aLp sNr/ ul/G5 .

(=!=!= ;'gufef aLpsf] sNr/ ug]{ tl/sf

;'gufefsf] ;kmntfk"j{s aLp sNr/ ug{sf] nflu aLpsf] kl/kSstf -seed maturity_, sNr/ ldl8of, 
la?jf j[l4 lgofdsx?, sfaf]{xfO8«]6x? / h}ljs kf]ifs tTjx?df e/ kb{5 . ljleGg k|hflt cg';f/ 
;'gufef aLp sNr/sf] km/s km/s k|f]6f]sn Pjd\ jftj/0fLo cj:yf x'g ;S5 . ;fdfGotof ;'gufefsf] 
aLp sNr/ ug]{ tl/sf lgDg ?kdf j0f{g ul/Psf] 5 .

 � k|f]6f]sn cg';f/ ;'gufefnfO{ pQd x'g] ldl8of -MS jf Vacin & Went jf Knudson C 
ldl8of jf cGo_ tof/ ug]{ . ldl8ofdf cGo h}ljs kf]ifs tTjx? h:t}Ù gl/jnsf] sfFrf] kfgL jf 
banana homogenate yk ugf{n] la?jfsf] /fd|f] ljsf; ePsf] ljleGg k|of]ux?n] b]vfPsf 
5g\ .

 � ;'gufefsf] sf];f kfs]/ km'6\g' eGbf cufl8 cfjZos dfqfdf ;+sng ug]{ .

 � To;kl5 sf];fnfO{ dfly %=#= df elgP cg';f/ ;txsf] sL6f0f' lgd{lns/0f ug]{ . PS;KnfG6af6 
kfgL ;f]:g' c6f]Sn]e ul/Psf] lkmN6/ k]k/ jf anl6ª k]k/ k|of]u ug]{ .

 � tLg k6s sf];fnfO{ ag{/df flame u/L ;txsf] sL6f0f' lgd{lns/0fsf] sfo{ k'/f ug]{ .

tGt' k|hgg\sf k|sf/x? / u'0f:t/ dfkg

v08 (
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 � sf];fnfO{ :6]/LnfO{h u/]sf] k]6«L Kn]6df /fvL t];f]{ -longitudinally_ u/]/ a/fa/ b'O{ efu x'g] 
u/L sf6\g] . o;/L sf6]sf] sf];fdf w]/} ;fgf] aLpx? x'G5g\ / ltgLx?nfO{ kmf];]{k cyjf :s]nk]nsf] 
;xfotfn] dfly tof/ ul/Psf] ldl8ofdf km}nfpg]÷/f]Kg] .

 � To;kl5 la?jf x'sf{pg] sf]7fdf -@$±@_ l8u|L ;]lN;o; tfkdfgdf -@)))–$)))_ nS; 
k|sfzsf] tLj|tfdf b}lgs !^ / * 306f k|sfz / cFWof/f] sfod /fVg] . 

 � sNr/ u/]sf] nueu @ b]lv $ xKtfdf k|f]6f]sdsf] ljsf; x'G5 . @ b]lv # dlxgfdf kft / 8fF7 
;lxtsf] la?jfx? ljsf; ePkl5 logLx?nfO{ ?l6Ë -h/f cfpg]_ ldl8ofdf :yfgfGt/0f ug]{ .

 � h/fx?sf] /fd|f] ljsf; ePkl5 l;;f 3/ jf hfnL 3/df plrt ;A;6«]6 -sf]Onfsf 6'j|mfx?, kfOg 
afs{, sf]sf]lk6, k/nfO{6 cflbsf] ld>0fdf_ dfly *=!=$=!= df elgPsf] ljlw cg';f/ k|fOd/L 
xf8{lgË ug]{ .

 � k|fOd/L xf8{lgË ;kmn ePkl5 dfly *=!=$=@= elgPsf] ljlw cg';f/ ;]s]G8/L xf8{lgË ug]{ . 

 � To;kl5 ;'gufefsf] la?jfx? aflx/L k|fs[lts jftfj/0fdf lgsfNg tof/ ug{] .

lrq @*M ;'gufefsf] aLp sNr/ ug]{ ;fdfGo k|lj|mof -a_ sf];f ;+sng ug]{, -b_ ;txsf] sL6f0f' lgd{lns/0f ug]{, -c_ 
/ -d_ sf];faf6 ;fgf] aLpx?nfO{ :s]nk]nsf] ;xfotfn] ldl8ofdf /f]Kg], -e_ @ b]lv $ xKtfdf k|f]6f]sd ljsf; ePsf], 

-f_ / -g_ @ b]lv # dlxgfdf kft / 8fF7 ;lxtsf] la?jfx? ljsf; ePsf], -h_ h/f ljsf; ul/Psf] / -j_ xf8{lg· 

ul/Psf]

(=@= d]l/:6]d sNr/

d]l/:6]d Ps k|sf/sf] tGt' xf] h;df sf]if ljefhg ug{ of]Uo clje]lbt -Undifferentiated_ sf]lifsfx? 
x'G5g\ h;nfO{ d]l/:6]ds sf]ifx? elgG5g\ . d]l/:6]d d'gfsf] 6'Kkf] / h/fsf] 6'Kkf]df x'G5 . To;}n] d]l/:6]d 
sNr/ Ps k|sf/sf] tGt' k|hgg\ k|ljlw xf] h;df c;]lK6s jftfj/0fdf cfjZos la?jfsf] d'gf tyf 
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h/fsf] 6'Kkf]af6 d]l/:6]dnfO{ ljR5]bg dfOj|mf]:sf]ksf] ;xfotfn] 5'6\ofO{ plrt t/n jf cw{–7f]; 
ldl8ofdf sNr/ u/L j[l4 / ljsf; u/fO{G5 . of] k|ljlw la?jfx?af6 efO/; tyf cGo hLjf0f'x? x6fpg 
ljleGg ljlwx? dWo] d]l/:6]d sNr/ cTolws dxTjk"0f{ / k|efjsf/L x'G5 . la?jfsf] k|s[lt cg';f/ 
d]l/:6]dsf] >f]tx? km/s km/s x'g ;S5 h:t}Ù t/sf/L afnL cfn'df 6\o'j/af6 lg:s]sf] 6';fnfO{ /fd|f] 
PS;KnfG6sf] ?kdf k|of]u ul/G5 eg] ;'Gtnfhft kmnkm"ndf Plksn jf PlShn/L d]l/:6]d, s]/fdf ;s/ 
d]l/:6]d / cb'jf tyf cn}+rLdf /fOhf]daf6 knfPsf] 6';f d]l/:6]d ;|f]tsf] ?kdf k|of]u ul/G5 . o; 
k|ljlwdf hlt ;fgf] d]l/:6]dsf] cfsf/ sNr/ ug{ ;lsof] Tolt g} efO/; tyf cGo hLjf0f'x? /lxt 
la?jf ljsf; x'g] ;Defjgf a9L x'G5 t/ sNr/ c;kmn x'g] klg TolQs} a9L ;Defjgf x'G5, To;} 
u/L hlt 7'nf] d]l/:6]dsf] cfsf/ sNr/ ug{ ;lsof] Tolt g} a9L sNr/ ;kmn x'g] ;Defjgf x'G5 t/ 
efO/; / AofS6]l/on hLjf0f' /lxt la?jf ljsf; x'g] ;Defjgf eg] sd x'G5 . To;}n] d]l/:6]d sNr/df 
ljz]ifu/L d'gfsf] 6'Kkf] efusf] ;fgf] d]l/:6]d nueu )=! mm sf] Jof; / )=@% b]lv )=# mm nDafO 
dfOj|mf]:sf]k, kmf];]{k / :s]nk]nsf] ;xfotfaf6 lemsL tGt' gd"gf ;|f]tsf] ?kdf lng] ul/G5 .

lgDg sf/0fx?n] d]l/:6]d sNr/nfO{ efO/; x6fpgsf] nflu pQd dflgG5

 � d]l/:6]d sf]ifsf] ljefhg b/ efO/; u'0fg b/ eGbf l5§f] x'G5 .

 � pRr d]6faf]lns ultljlwn] ubf{ efO/;sf] k|lts[lt -replication_ x'Fb}g .

 � efO/;x? la?jfsf] ef:s'n/ tGt'af6 l56f] km}lng] ub{5 t/ d]l/:6]ddf ef:s'n/ tGt' xF'b}g .

 � d]l/:6]ddf cShLgsf] pRr dfqfn] ubf{ efO/;sf] j[l4nfO{ cj/f]w ub{5 .

(=@=!= d]l/:6]d sNr/af6 cfn'sf] k"j{ d'n aLp (Pre-Basis Seed) pTkfbg ug]{ k|lj|mof

s[lif If]qdf d]l/:6]d sNr/ k|ljlwåf/f efO/; d'Qm cfn'sf] k"j{ d'n aLp pTkfbg ul/G5 . cfn'sf] af]6 
Pjd\ 6';fsf] ;fgf] tGt' gd"gfnfO{ d]l/:6]d ljlwaf6 sNr/ u/L yk ›'t b/n] k|;f/ u/L nflxsL/f k|lt/f]lw 
hfnL 3/ jf l;;f 3/leq sL6f0f' /lxt afn'jf / df6f]sf] ld>0fdf pTkfbg ul/Psf cfn'sf bfgfnfO{ 
k"j{ d'n aLp elgG5 . cfn'sf] aLp j[l4 sfo{j|mddf k"j{ d'n aLpsf] ljz]if dxTj x'G5 . k"j{ d'n aLpnfO{ 
# b]lv $ k':tf;Dd j[l4 u/L pQm aLp vfog cfn'v]tL pTkfbgsf nflu k|of]u ul/G5 . k"j{ d'n aLp 
pTkfbgsf] d'Vo p2]Zo cfn' afnLdf pTkfbg Ifdtfdf x|f; ePsf], k'/fgf] lalu|Psf] Pjd\ c:j:y aLp 
k|lt:yfkg u/L pTkfbsTj a9fpg' xf] .

g]kfndf ;/sf/L tj/af6 /fli6«o cfn'afnL cg';Gwfg sfo{j|md -NPRP_ / /fli6«o cfn', t/sf/L tyf 
d;fnf afnL ljsf; s]G› dftxtdf /x]sf] cfn'afnL ljsf; s]G› lgufn], l;Gw'kfNrf]saf6 k"j{ d'n aLp 
pTkfbg eO/x]sf] 5 . k"j{ d'n aLp pTkfbg ug]{ k|lj|mof lj:t[t ?kdf tn j0f{g ul/Psf] 5Ù 

(=@=!=!= k|f/lDes r/0f÷:yfkgf r/0f

 � k"j{ d'n aLp pTkfbg ug{sf nflu ;j{k|yd tGt' gd"gfsf] nflu :jf:Yo cfn'sf] 6\o'j/af6 
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lg:s]sf] 6';f cfjZos kb{5 .

 � ;+sng ul/Psf] cfn'sf] 6';f gd"gfnfO{ dfly %=#= df elgPcg';f/ ;tx sL6f0f' lgd{lns/0f 
ug]{ . 

 � To;kl5 LAF df 6';f gd"gfsf] 6'Kkf] efusf] ;fgf] d]l/:6]dnfO{ nueu )=! mm sf] Jof; / 
)=@% b]lv )=# mm nDafO ljR5]bg dfOj|mf]:sf]k, kmf];]{k / :s]nk]nsf] ;xfotfaf6 5'6\ofO{ 
plrt t/n jf cw{–7f]; MS ldl8ofdf :yfkgf ug]{ . t/n ldl8ofdf d]l/:6]d sNr/ :yfkgf 
ug{sf] nflu sNr/ 6\o"jsf] k|of]u ug{ ;lsG5 h;df d]l/:6]dnfO{ c8\ofpg / kf]ifs tTj k|bfg 
ug{ lkmN6/ k]k/ la|h k|ljlw k|of]u ul/G5 eg] cw{–7f]; ldl8ofdf d]l/:6]d sNr/ :yfkgf ug{sf] 
nflu k]6«L 8L; k|of]u ul/G5 .

 � cfn' afnLsf] nflu MS ldl8ofdf )=@% dL=u|f=÷nL= GA3, !)) dL=u|f=÷nL= Ogf]l;6f]n / 
)=@ dL=u|f=÷nL= Calcium D pantothenate k|of]u ubf{ /fd|f] kl/0ffd k|fKt ePsf] kfO{G5 .

 � To;kl5 la?jf x'sf{pg] sf]7fdf -@$±@_ l8u|L ;]lN;o; tfkdfgdf -@)))–$)))_ nS; 
k|sfzsf] tLj|tfdf b}lgs !^ / * 306f k|sfz / cFWof/f] sfod ug{'k5{ .

 � nueu #–$ dlxgfdf d]l/:6]daf6 $–% j6f cfFVnf ePsf] ;'Id la?jf ljsf; x'G5 . o; ;'Id 
la?jfaf6 6'Kkf] ;lxt Psn cfFVnf cw{–7f]; MS ldl8ofdf sNr/ u/L la?jf x'sf{pg] sf]7fdf 
dflysf] cj:yfdf j[l4 u/fpg'k5{ .

(=@=!=@= efO/; /f]u k/LIf0fM

 � d]l/:6]daf6 ljsf; ePsf] ;'Id la?jfsf] 6'Kkf] ;lxt Psn cfFVnf -single node_ cw{–7f]; 
MS ldl8ofdf sNr/ u/]sf] $–% xKtfdf k"0f{ la?jfsf] ljsf; x'G5 .

 � To;kl5 cfn'df nfUg] d'Vo ^ j6f efO/;x? -PLRV, PVS, PVX, PVY, PVA / PVM_ sf] 
;]/f]nf]lhsn -ELISA_ jf dflns'n/ -PCR_ ljlwaf6 k/LIf0f ug{'k5{ . olb Psn cfFVnf 
sNr/af6 k"0f{ ljsf; ePsf] la?jfsf] efO/; k/LIf0f ubf{ g]u]l6e eof] eg] pQm Og le6«f] dfp 
af]6nfO{ k|df0fLs/0f u/L To;af6 cfjZos ;+Vofdf la?jfx? agfO{G5 . t/ kf]lhl6e cfP 
kZrft pQm Psn cfFVnf sNr/af6 k"0f{ ljsf; ePsf] la?jfnfO{ gi6 ug{'kb{5 cyjf cGo 
ydf]{, lsdf] h:tf cGo ljlwx? k|of]u u/L k'gM efO/; x6fpg d]l/:6]d sNr/ bf]xf]/fpg' kb{5 . 
o;/L sNr/ ul/Psf] la?jfx?nfO{ k'gM efO/;sf] k/LIf0f u/L pTkfbg ug{'k5{ .

 � k"j{ d'n aLp pTkfbg ug]{ k|lj|mofdf b'O{ k6s efO/; k/LIf0f ug{'k5{ . klxnf] k6s Og le6«f] dfp 
la?jf :yfkgf x'Fbf / bf];|f] k6s eg] hfnL 3/df jf l;;f 3/ leq nufOPsf] la?jfx?df efO/; 
d'Qm ePsf] k'li6 ug{ k/LIf0f ug{'kb{5 .

(=@=!=#= u'0fg r/0fM

 � o; r/0fdf efO/; k/LIf0f u/L k|dfl0ft ul/Psf Og le6«f] dfp la?jfx?af6 yk ›'t ultdf ;+:yfsf] 
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cfjZos ;+Vofdf la?jfx? k|;f/ ul/G5 . k|dfl0ft ul/Psf] Pp6f Og le6«f] dfp la?jfaf6 nueu 
-%–!)_ k':tf;Dd ;a–sNr/ ubf{ /fd|f] dflgG5 tyf dfkb08 tf]lsPcg';f/ ug{'kb{5 .

 � efO/; d'Qm Og le6«f] dfp la?jfnfO{ MS ldl8ofdf Psn cfFVnf sNr/ ug]{ . MS ldl8ofdf 
)=@% dL=u|f=÷nL= GA3, !)) dL= u|f=÷nL= Ogf]l;6f]n / )=@ dL=u|f=÷nL= Calcium D 
pantothenate k|of]u ugf{n] cfn' afnLdf /fd|f] kl/0ffd b]vfPsf] kfO{G5 . 

 � k|foM cfn' afnLdf ;fO{6f]sfO{lgg / cShLgsf] k|of]u lagfg} z'l6Ë / ?l6Ësf] Ps};fy ljsf; 
x'Fbf ?l6Ë ldl8ofdf sNr/ ug{'kb}{g .

 � To;kl5 la?jf x'sf{pg] sf]7fdf -@$±@_ l8u|L ;]lN;o; tfkdfgdf -@)))–$)))_ nS; 
k|sfzsf] tLj|tfdf b}lgs !^ / * 306f k|sfz / cFWof/f]df /fVg] . 

 � sNr/ u/]sf] nueu # b]lv % xKtf;Dd la?jfx? /f]Kgsf] nflu tof/ x'G5g\ .

(=@=!=$= cg's"ng / k"j{ d'n aLp pTkfbg ug]{M 

 � Psn cfFVnf sNr/ u/]sf] # b]lv % xKtf ePsf la?jfx?nfO{ hfnL 3/ jf l;;f 3/ leq nu]/ 
sDtLdf xKtf lbg;Dd /fVg] / /f]Kg' eGbf %–& lbg cufl8 sNr/ u/]sf] af]tnsf] lasf]{ xNsf 
vf]n]/ /fVg'kb{5 .

 � la?jf /f]Kg' cufl8 af]tnaf6 lgsfnL h/fdf ePsf] ldl8of /fd|f];Fu kfgLdf ;kmf ug]{ / @–# 
ldg]6 9';Lgfzs h:t}Ù ! b]lv @ k|ltzt j]le:6]gn] pkrf/ ug]{ .

 � To;kl5 la?jfx?nfO{ afn'jf / df6f]sf] @M! ld>0f ePsf] a]8df ;fgf] ;fgf] 8\ofË agfO Ps 
la?jfb]lv csf]{ la?jfsf] b'/L @)x@) ;]=dL= / Ps la?jfb]lv csf]{ la?jfsf] b'/L Pp6f nx/df 
!)x!) ;]=dL= sfod u/L /f]Kg' kb{5 . ;fk]If cf›tf sfod /fVg ld:6, kmluª jf kf]ln 6]G6 leq 
:yfgfGt/0f ug{ ;lsG5 .

 � /f]k0f sfo{ ug{' !%–@) lbg cl3g} afn'jf / df6f]sf] ld>0fnfO{ % b]lv !) k|ltzt kmd{nl8xfO8 
jf cGo lg:;+j|mfds t/n /;fogx?n] pkrf/ ug{'kb{5 .

 � l;+rfO{sf] nflu UV k|zf]lwt kfgLsf] k|of]u ug{' kb{5 . /;folgs dnsf] ?kdf gfO6«f]hg, kmf]:kmf]/; 
/ kf]6f;sf] @))M@))M!@) s]hL k|lt x]S6/ jf dfkb08 tf]lsP jf cfjZostf cg';f/ k|of]u 
ug{' kb{5 . cfn'sf la?jfx?nfO{ SoflN;od, Dofug]l;od, ;Nkm/ / af]/f]g h:tf ;"Idkf]ifs 
tTjx?sf] klg yk cfjZostf kb{5 .

 � xfNdk'lnË -Haulm pulling_ ug{' eGbf b'O{–tLg lbg cl3 l;+rfO{ aGb ug{'kb{5 .

 � cfn'sf] hft cg';f/ a]8df nufPsf] #–$ dlxgf kl5 k"j{ d"n aLp tof/ x'G5 .
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lrq @(M k"j{ d'n aLp pTkfbg ug]{ k|lj|mof -a_ cfn'sf] 6\o'j/af6 d]l/:6]d lems]sf], -b_ d]l/:6]dnfO{ k]k/ lkmN6/ la|hdf 
c8\ofpg] / d]l/:6]daf6 la?jf ljsf; ePsf], -c_ cfFVnf sNr/ u/L dfpaf]6 ljsf; u/]sf], -d_ efO/; 6]:6 u/]sf], 
-e–!_ efO/; k/LIf0f ubf{ g]u]l6e la?jfaf6 -f_ cfFVnf sNr/ u/L -g_ la?jf k|;f/0f ug]{, -e–@_ efO/; k/LIf0f 

ubf{ kf]h]l6e la?jfx?nfO{ k'gM z'¿af6 bf]xf]¥ofg], -h_ la?jfx?nfO{ emfnL 3/df /f]Kg] / -i_ cfn'sf] k"j{ d'n aLp bfgf

(=#= cfFVnf sNr/

cfFVnf sNr/ Ps k|sf/sf] tGt' k|hgg\ k|ljlw xf] h;df la?jfsf] Psn jf b'O{j6f;Dd cfFVnf sf6]/ 
ldl8ofdf sNr/ ul/G5 . k|To]s cfFVnfdf ;lj|mo jf ;'Kttf cj:yfdf /x]sf] PlS;n/L z"6 a8 x'G5 h'g 
rflxF ldl8ofdf sNr/ u/L la?jfdf ljsf; x'G5 . Og le6«f] la?jf :yfkgf Pjd\ ;a–sNr/ ug{ ljleGg 
kmnkm"n, cfn' afnL tyf ?vhGo la?jfx? h:t}Ù :ofp, ;'Gtnf hftsf kmnkm"ndf, 6Ls, kfpnf]lgof, 
af+; cflbx?df cfFVnf sNr/sf] k|of]u ul/G5 .

(=#=!= :ofpsf] cfFVnfaf6 Og le6«f] la?jf :yfkgf u/L la?jf pTkfbg ug]{ tl/sf

cfFVnf sNr/af6 :ofpsf] ?6:6s tyf ;fogx?sf] Og le6«f] la?jf :yfkgf u/L la?jfx? pTkfbg ug{sf] 
nflu k|of]u ul/G5 . :ofpsf] ljleGg ?6:6sx? h:t}Ù M9, M7, MM106, MM111, G16 cflbsf] 
Og le6«f] la?jfx? :yfkgf ug{ cfFVnf sNr/ ul/G5 . :ofpsf] cfFVnf sNr/af6 Og le6«f] la?jf :yfkgf 
u/L pTkfbg ug]{ k|s[[of lj:t[t ?kdf tn j0f{g ul/Psf] 5Ù

 � gofF kfn'jf km]/]sf] slnnf] d'gf ;lxtsf] xfFufx? ;+sng ug{ . PS;KnfG6 ;+sng ubf{ dfly %=@= 
df elgP cg';f/ ljljw s'/fx?df Wofg lbg'kb{5 .

 � l;s]r/n] xfFufsf] kftx?nfO{ x6fP/ @–# j6f cfFVnf ;lxtsf] 6'j|mf 5'6\ofpg] .

 � PS;KnfG6sf] ;txnfO{ sL6f0f' lgd{lns/0f ug{ dfly %=#= df elgP cg';f/ ug]{ .

 � To;kl5 LAF df kmf];]{k / :s]nk]nsf] ;xfotfaf6 8fF6 ;lxt Ps jf b'O{ j6f;Dd cfFVnf 
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5'6\ofP/ plrt cw{–7f]; MS ldl8of jf WPM ldl8ofdf sNr/ ug]{ . cfFVnf 5'6\ofpFbf ;tx 
sL6f0f' lgd{lns/0f ubf{ PSkf]h -expose_ ePsf] b'O{ lt/sf] 8fF6sf] ;fgf] efunfO{ :s]nk]nn] 
sf6]/ ̂ kfSg]. PS;KnfG6af6 kfgL ;f]:g c6f]Sn]e ul/Psf] lkmN6/ k]k/ jf anl6ª k]k/ k|of]u ug]{. 
cfjZostf cg';f/ MS ldl8of jf WPM ldl8ofdf plrt ;fO{6f]sfO{lgg / cShLgsf] dfqf 
k|of]u ug{' kb{5 . :ofpsf] Og le6«f] :yfkgfsf] nflu MS ldl8ofdf !–@ dL=u|f=÷nL= BAP, )=@% 
dL=u|f=÷nL= GA3, !)) dL=u|f=÷nL= Ogf]l;6f]n k|of]u ugf{n] /fd|f] kl/0ffd b]vfPsf] kfOG5 .

 � la?jf x'sf{pg] sf]7fdf -@%±@_ l8u|L ;]lN;o; tfkdfg, -@)))–$)))_ nS; k|sfzsf] 
tLj|tfdf b}lgs !^ / * 306f k|sfz / cFWof/f]df nuL /fVg] .

 � #–$ xKtfdf pQm sNr/ csf]{ cfFVnfaf6 d'gfx? knfpF5g\ / ltgLx?nfO{ gofF ldl8ofdf -% 
b]lv !)_ k':tf;Dd ;a–sNr/ ug{'kb{5 . %–^ xKtfdf k|To]s ;a–sNr/ ug{sf] nflu la?jfx? 
tof/ x'G5g\ .

 � ;+:yfsf] cfjZos ;+Vofdf la?jfx? tof/ ePkl5 h/f ljsf; u/fpg ?l6Ë ldl8ofdf sNr/ 
ug{'kb{5 . la?jf x'sf{pg] sf]7fdf dfly elgPsf] cj:yfdf $ blv % xKtfdf h/f ;lxtsf] k"0f{ 
la?jf ljsf; x'G5 .

 � To;kl5 k|fOd/L / ;]s]G8/L xfl8{gË dfly *=!=$=!= / *=!=$=@= df elgP cg';f/ ug{'kb{5 . 
k|fOd/L xfl8{gËdf ;kmn ePsf la?jfx?nfO{ ;]s]G8/L xfl8{gË ug]{ . afn'jf, sf]sf]lk6 / sDkf]:6 
dn !M!M! cg'kftsf] ld>0fdf k|fOd/L xfl8{gË ubf{ /fd|f] kl/0ffd b]vfPsf] 5 eg] ;]s]G8/L 
xfl8{gË ubf{ afn'jf, df6f] / sDkf]:6 dn !M@M! cg'kftsf] ld>0fdf /fd|f] kl/0ffd b]vfPsf] 5 . 
->f]tM zLtf]i0f afujfgL ljsf; s]G›, dfkmf{, d':tfË_

lrq #)M :ofpsf] cfFVnf sNr/af6 la?jf pTkfbg ug]{ ;fdfGo k|lj|mof -a_ :jf:Yo dfpaf]6af6 PS;KnfG6 ;+sng 
u/L k|To]s cfFVnfnfO{ sNr/ ug]{, -b_ cfFVnf sNr/af6 Og le6«f] la?jf :yfkgf ePsf], -c_ ;a–sNr/ u/L la?jf 
;+Vof a9fpg], -d_ h/f ljsf; u/fpg], -e_ xf8{lg· ug]{ -i_ k|fOd/L xf8{lg· -ii_ ;]s]G8/L xf8{lg· / -f_ lkmN8df 

:yfgfGt/0f ul/Psf]
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(=$= Sofn; sNr/M

3fp, sL/fx?sf] cfj|md0f / sndL ubf{ k|ltlj|mof cg'?k la?jfx?df k|fs[lts ?kdf Sofn; aGb5 h'g 
c;+ul7t -unorganized_, cljeflht -undifferentiated_ / dedifferentiated sf]lifsfx?sf] 
/fz -Mass_ xf] . o; k|ljlwdf PS;KnfG6nfO{ pRr cShLg sG;G6«];g jf cShLg / ;fO{6f]sfO{lgg 
b'j}sf] ;dfg sG;G6«];g ;+of]hg ;dfj]z ePsf] ldl8ofdf sNr/ u/L pQm PS;KnfG6nfO{ Sofn;df kl/0ft 
u/fO{G5 . Sofn;nfO{ regeneration -k'ghL{jg_ jf non–regeneration sf] nflu k|of]u ul/G5 . 
Regeneration df Sofn; dfkm{t cuf{gf]h]g]l;; / ;f]dfl6s e|"0fpTklQ dfWodaf6 k"0f{ la?jfx?sf] 
ljsf; u/fOG5 eg] non–regeneration df Sofn;n] la?jfx? pTkfbg ub{}g h;nfO{ ;]n ;:k]G;g / 
d]6faf]nfO6 pTkfbgsf] nflu k|of]u ul/G5 . Sofn; sNr/ ug{ PS;KnfG6sf] ?kdf ljleGg ;|f]tx? h:t}Ù 
sf08, h/f, kft, sf]l6n]8g, xfOkf]sf]6fOn, e|"0f cflb k|of]u ug{ ;lsG5 . Sofn; sNr/ ljz]ifu/L 
la?jfx?sf] cfg'j+lzs ?kfGt/0f ug{ / cGo h}ljs /;fogx?sf] cWoog ug{ of] sNr/nfO{ dxTjk"0f{ 
dflgG5 .

(=$=!= ufh/sf] Sofn; sNr/af6 Og le6«f] la?jf pTkfbg ug]{ tl/sf

(=$=!=!=ufh/af6 Sofn; pTkfbg ug]{ tl/sf

 � ufh/sf] PS;KnfG6af6 Sofn; sNr/ ug{ ljz]if lsl;dsf] ldl8of -Sofn; Olgl;P;g 
ldl8of_ cg';"rL ! sf] tflnsf !! df elgPcg';f/ tof/ ug]{ . Sofn; sNr/ ubf{ ldl8ofnfO{ 
k]6«L Kn]6df sNr/sf] nflu tof/ ug]{ .

 � PS;KnfG6sf] ?kdf ufh/sf] km]b efu ;+sng u/L ;kmf kfgLn] kvNg] / k]k/ tf}lnofdf /fv]/ 
nueu !÷@ OGr afSnf] j|m;jfOh :nfO;x?df sf6\g] tn lrq #! df lbPcg';f/ . To;kl5 
dfly %=#= df elgPcg';f/ ufh/sf] ;txnfO{ /fd|/L sL6f0f' lgd{lns/0f ug]{ .

 � LAF df PS;KnfG6af6 sL6f0f' lgd{lns/0f u/sf] kfgL ;f]:g :6]l/nfOh k]6«L Kn]6df lkmN6/ k]k/ 
jf anl6ª k]k/ /fvL pQm PS;KnfG6 /fVg] .

 � :6]l/nfOh u/]sf] ss{ af]// k|of]u u/L larsf] ˆnf]d efunfO{ l;lnG8/ cfsf/df vf]k]/ lgsfNg] . 
;tx sL6f0f' lgd{lns/0f ubf{ PSkf]h -expose_ ePsf] b'O{ lt/sf] ;fgf] efunfO{ kmf];]{k / 
:s]nk]nsf] ;xfotfn] sf6]/ ˆofSg] . nueu !÷* OGr afSnf] pQm larsf] ˆnf]d efunfO{ dfly 
k]6«L Kn]6df sNr/sf] nflu tof/ ul/Psf] Sofn; Olgl;P;g ldl8ofdf :yfgfGt/0f ug]{ .

 � Kof/flkmNdn] k]6«L Kn]6x?sf] lsgf/fnfO{ /fd|/L l;n ug]{ / cWof/f] sf]7f jf OGSo"s]6/ jf cWof/f] 
Sofljg]6df jf sfnf] knfl:6sn] 9fsL @%±@ l8u|L ;]lN;o; tfkj|mddf /fVg'kb{5 .

 � nueu b'O{ xKtfdf ;]tf Sofn;x? b]lvg yfNb5 / % xKtfdf k|of]u ul/Psf] PS;KnfG6sf] Jof; 
eGbf $ b]lv % u'0ff a9L ;Dd Sofn;x? b]lvg yfNb5 .
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(=$=!=@= Sofn;af6 Og le6«f] la?jf pTkfbg ug]{ tl/sf

 � Sofn;x?af6 la?jf pTkfbg ug{nfO{ PlDa|of]lhg]l;; ldl8of cg';"rL ! sf] tflnsf !! df 
elgP cg';f/ tof/ ug]{ . ldl8ofnfO{ k]6«L Kn]6df sNr/sf] nflu tof/ ug]{ .

 � LAF df :6]l/nfOh kmf];]{kn] dfly tof/ ul/Psf] PlDa|of]lhg]l;; ldl8ofdf :yfgfGt/0f u/L 
Kof/flkmNdn] k]6«L Kn]6x?sf] lsgf/fnfO{ /fd|/L l;n ug]{ .

 � To;kl5 l;n ul/Psf] k]6«L Kn]6x?nfO{ la?jf j[l4 ug]{ sf]7fdf @%±@ l8u|L ;]lN;o; tfkj|mddf 
@))) b]lv $))) nS; k|sfzsf] tLj|tfdf b}lgs !^ / * 306f k|sfz / cFWof/f] sfod /fVg] .

 � @–# xKtfdf Sofn;x? e|"0fsf] ?kdf b]lvg yfNb5g\ . ckl/kSj e|"0fx? cfsf/df uf]nfsf/ 
b]lvG5g\ eg] cln kl/kSj e"|0fx? cfsf/df xf6{ jf 6fk]{8f] vfnsf b]lvG5g\ .

 � k]6«L Kn]6x?df nueu !÷@ OGr la?jfx? ePkl5 cGo sNr/ efF8fx?df :yfgfGt/0f ug]{ .

lrq #!M ufh/sf] h/faf6 Sofn; sNr/ u/L la?jf pTkfbg ug]{ tl/sf -a_ ufh/sf] h/f, -b_ !÷@ OGr afSnf] 
j|m;jfOh :nfO;x? sf6L PS;KnfG6 -c_ sNr/ ug]{, -d_ Sofn; ljsf; ePsf], -e_ Sofn;af6 la?jf ljsf; ePsf] 

/ -f_ xf8{lg· ug]{

(=%= x]Knf]O8 sNr/M

x]Knf]O8 eGgfn] s'g} klg hLj jf sf]zf0f'sf] j|mf]df]hf]d ;]6sf] 7Ls cfwf ;]6 x'g' xf] . k|fs[lts cj:yfdf 
la?jfx?df cu'l0ft -n_ 3l6t x'g] ;Defjgf w]/} Go"g x'G5 h'g nueu )=))! b]lv )=)!Ü dfq 
x'G5 . x]Knf]O8 sNr/ s[ltd cj:yfdf efn] cË k'+s]z/ jf :qLs]z/sf efu/x? h:t}Ù k/fusf]if, 
k/fus0f, c08fzo jf aLhf08 cflbnfO{ PS;KnfG6sf] ?kdf k|of]u ul/G5 . x]Knf]O8 sNr/sf] d'Vo 
p2]Zo ;do'UdhL -Homozygous_ la?jf pTkfbg / pTkl/jt{g ljZn]if0f cWoog ug{' xf] .
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(=%=!= k/fusf]if sNr/af6 x]Knf]O8 la?jf pTkfbg ug]{ tl/sf

 � gkmlj|mPsf] sf]lknfx? nueu !&–@@ dL=dL= sf] ;+sng ug]{ . k/fusf]if sNr/ ubf{ k/fusf]if 
afOGo'lSnP6 jf o'lgGo'lSnP6df 5 5}g Pl;6f]sfld{g k/LIf0faf6 hfFRg ;lsG5 . o'lgGo'lSnP6df 
ePsf] k/fusf]ifnfO{ PS;KnfG6sf] nflu pQd dflgG5 .

 � sf]lknfx?nfO{ dfly %=#= df elgP cg';f/ ;tx lgd{lns/0f ug]{ .

 � LAF df ;tx lgd{lns/0f u/sf] kfgL ;f]:g :6]l/nfOh k]6«L Kn]6df lkmN6/ k]k/ /fvL pQm 
sf]lknfx?nfO{ /fvL To;af6 :6]l/nfOh kmf];]{kn] k'+s]z/ 5'6\ofpg] .

 � To;kl5, lkmnfd]G6 x6fO k/usf]ifnfO{ cw{–7f]; jf t/n ldl8ofdf sNr/ ug]{ . cw{–7f]; 
ldl8ofdf !)–@) j6f k/usf]if k|lt ^ ;]= dL= Jof; ePsf] k]6«L Kn]6df sNr/ ug]{ . t/n 
ldl8ofdf eg] %) j6f k/usf]if k|lt !) dL=nL= df sNr/ ug]{ . k/fusf]if sNr/ ug{ MS 
ldl8ofdf @, $-D / NAA a9L k|of]u ul/g] cShLg xf] .

 � Kof/flkmNdn] k]6«L Kn]6x?sf] lsgf/fnfO{ /fd|/L l;n u/L cWof/f] sf]7f jf OGSo"j]6/df @$ b]lv 
@* l8u|L ;]lN;o; tfkj|mddf #–$ xKtf;Dd /fVg' kb{5 .

 � #–$ xKtf b]lv ;'Id x]Knf]O8 la?jfx? cuf{gf]h]g]l;; / ;f]dfl6s e"0f|pTklQ dfWodaf6 k"0f{ 
la?jfx?sf] ljsf; ePsf] b]lvg yfNb5 .

 � k]6«L Kn]6x?df nueu !÷@ OGr la?jfx? ePkl5 cGo sNr/ efF8fx?df :yfgfGt/0f u/L la?jf 
j[l4 ug]{ sf]7fdf @$–@* l8u|L ;]lN;o; tfkj|mddf @))) b]lv $))) nS; k|sfzsf] tLj|tfdf 
b}lgs !^ / * 306f k|sfz / cFWof/f] sfod /fVg] .

 � Og le6«f] la?jfx? nueu $–% ;]=dL= prfO ePkl5 dfly *=!=$=!= / *=!=$=@= df elgPsf] 
ljlw cg';f/ k|fOd/L / ;]s]G8/L xf8{lgË ug]{ .

lrq #@= M k/fusf]if sNr/ u/L x]Knf]O8 la?jf pTkfbg ug]{ ;fdfGo k|lj|mof -a_ heterozygous diploid la?jfaf6 
-b_ km"nsf] sf]lknf ;+sng u/L ldl8ofdf -c_ k/fusf]if sNr/ ug]{, -e_ x]Knf]O8 la?jf -d1_ ;f]dfl6s e"|0fpTklQ / 

-d2_ cuf{gf]h]g]l;; dfWodaf6 ljsf; ul/Psf] / -f_ Homozygous diploid la?jf ljsf; ul/Psf]
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(=^= cGo tGt' k|hgg\sf k|sf/x?

 � ;'6 l6k sNr/M of] sNr/ slnnf] 6';f jf d'gfnfO{ tGt' gd"gf ;|f]tsf] ?kdf lnP/ ul/G5 . 
laz]ifu/L l56f] Og le6«f] dfp la?jf pTkfbg ug{ d'gf sNr/ ul/G5 . d'gf sNr/ ug{sf] nflu tGt' 
gd"gfsf] cfsf/ d]l/:6]d eGbf s]xL 7'nf] lng] ul/G5 .

 � e|"0f sNr/M k'/} jf s]xL e|"0fsf] c+z h'g kl/kSj -Mature_ jf ckl/kSj -Immature_ 
e|"0fnfO{ PS;KnfG6 ;|f]tsf] ?kdf o; e|"0f sNr/df k|of]u ul/G5 . kfs]sf] aLpaf6 kl/kSj 
e|"0fnfO{ PS;KnfG6sf] ?kdf sNr/ ul/G5 eg] gkfs]sf] cyjf xfOla|8 aLpaf6 ckl/kSj 
e|"0fnfO{ sNr/ ul/G5 . ljz]if u/L of] sNr/ To:tf la?jfx?sf] ul/G5 h;sf] aLpx?df PG8f]:kd{ 
ljsl;t x'Fb}g .

 � k|f]6f]Knf:6 sNr/M k|f]6f]knf:6 sNr/ dfWodaf6 ;f]dfl6s xfOla|8 la?jfx? pTkfbg ul/G5 . 
k|f]6f]knf:6 eGgfn] /;folgs pkrf/ u/L sf]ifleQf -cell wall_ x6fOPsf] sf]ifnfO{ elgG5 . 
o:tf b'O{ j6f km/s jg:klts k|hfltx?sf] ;f]dfl6s k|f]6f]knf:6nfO{ ̂ o"hg u/L xfOla|8 la?jfx? 
pTkfbg ul/G5 / o; k|s[ofnfO{ ;f]dfl6s xfOla|8fOh]zg elgG5 .

(=&= tGt' k|hgg\ k|ljlwaf6 pTkflbt la?jfx?sf] u'0f:t/ dfkg

efO/;, sL6f0f' tyf 9';LhGo ;+j|md0f, ;f]dfSnf]gn leGgtf, xfk/xfO8«Ll;6L, ldl8ofdf kf]ifs tTjx?, 
kLPr, xdf]{gx?sf] c;Gt'ng cflb sf/0fx?n] tGt' k|hgg\ dfWodaf6 pTkfbg ul/Psf] la?jfx? Go"g 
u'0f:t/ x'g] ;Defjgf x'G5 . To;}n] u'0f:t/ ;'lglZrt ug{ tGt' k|hgg\ dfWodaf6 pTkfbg ul/Psf 
la?jfx?sf] u'0f:t/ dfkg ug{ clt dxTjk"0f{ x'G5 . u'0f:t/ dfkg ug{ d'Vo ?kdf rf/j6f s'/fdf ljz]if 
Wofg lbg'kb{5 .

(=&=!= cfs[ltd"ns ljz]iftfx?M la?jfx?sf] kft, 8fF7, sf08 cflb tyf ltgLx?sf] cfsf/ / /+u dfp af]6 
h:tf] 5 ls 5}g /fd|f];Fu hfFRg' kb{5 . To:t}u/L la?jfx?sf] ;dldlt -symmetry_, k|lt PS;KnfG6 z"6 
-shoot_ ;+Vof, h/fsf] ljsf;, cfFVnfx? aLrsf] nDafO cflb Ps?ktf 5 ls 5}g /fd|f];Fu lg/LIf0f 
ug{'kb{5 .

(=&=@= j[l4 b/M ;do cg';f/ la?jfx? kft, 8fF6, sf08 cflb Ps ;dfg j[l4 / ljsf; eO/x]sf 5g\ 
ls 5}gg\ /fd|f];Fu x]g{'kb{5 .

(=&=#= cfg'j+lzs z'2tfsf] k/LIf0fM tGt' k|hgg\af6 x's]{sf la?jfx?sf] cfg'j+lzs z'4tf k/LIf0f ug{ w]/} 
ljlwx? ljsf; ePsf 5g\ h:t}Ù lkmlhof]nf]lhsn ko{j]If0f, ;fO6f]nf]lhsn cWoog -Cytological 
studies_, cfO;f]hfOd ljZn]if0f, cf0fljs cWoogx? -Molecular studies_ cflb . la?jfx?sf] 
cfg'j+lzs z'4tf k/LIf0f ug{ cGo ljlwx? eGbf cf0fljs dfs{/x?sf] k|of]u cTolws ul/G5 . cf0fljs 
dfs{/x? h:t}Ù RAPDs, ISSR, SNP, ScoT, AFLPs, SSRs or STMS, STS, DNA Amplification 
Fingerprinting -DAF_ and Microsatellite Primed-PCR -MP-PCR_ jf cGo k|of]u u/L 



58 59

la?jfx?sf] cfg'j+lzs z'4tf k/LIf0f ug{ ;lsG5 .

(=&=$= efO/; tyf cGo /f]usf] k/LIf0fM tGt' k|hgg\ dfWodaf6 ljsf; ul/Psf la?jfx?sf] efO/; 
k/LIf0f ;]/f]nf]lhsn ljlw -ELISA_ jf dlnSo'n/ -PCR_ ljlwx?af6 ug{ ;lsG5 . s'g} klg k|sf/sf] 
la?jfx? ljz]if u/]/ cfn', cn}+rL, ;'Gtnf hft kmnkm"n, s]/f cflbdf pRr hf]lvdsf efO/; tyf 
cGo /f]usf] k/LIf0f u/]/ dfq dfp af]6af6 k|;f/ ul/g'kb{5 . olb la?jfx?df efO/; tyf /f]usf] ;+j|md0f 
b]lvPdf d]/]:6]d sNr/ tyf cGo ljlwx? h:t}Ù s]df]y]/kL, ydf]{y]/fkL, On]S6«f]y]/fkL cflbsf] k|of]uaf6 
logLx?nfO{ lgd{"n u/L k'gM k|;f/ ug{' kb{5 .

ELISA*M Enzyme-Linked Immunosorbent Assay -ELISA_ Pp6f ;]/f]nf]lhsn 8foUgf]l:6s 
k|ljlw xf] h;n] PlG6a8Lx? / OGhfOdx? k|of]u u/]/ efO/; / AofS6]l/of /f]u kQf nufpFb5 . ELISA sf] 
k|of]uaf6 5f]6f] ;dodf g} 7"nf] ;+Vofdf gd"gfx?sf] k/LIf0f / u'0ffTds 8]6f k|bfg ub{5 .

PCR*M Polymerase Chain Reaction -PCR_ la?jfsf] /f]uhgs kQf nufpgsf] nflu Jofks 
?kdf k|of]u x'g] Pp6f dlnSo'n/ k|ljlw xf] h'g cfg'j+lzs ;fdu|L -DNA_ sf] OGhfODofl6s k|lts[lt 
-replication_ df cfwfl/t x'G5 . o; k|ljlwdf lglZrt DNA cg'j|mdsf] w]/} k|ltlnlkx? ›'t ultdf 
;[hgf u/L efO/;, AofS6]l/of, dfOsf]KnfHdf tyf cGo /f]uhgsx?sf] klxrfg ug{ Ps e/kbf]{, ljlzi6 
/ dxTjk"0f{ ljlw k|bfg ub{5 .
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tGt' k|hgg\ k|ljlw k|s[ofdf la?jf pTkfbg ug]{ j|mddf k|To]s r/0fx?df ljleGg k|sf/sf ;d:ofx? b]vf 
kb{5g\ . tGt' k|hgg\ k|s[ofdf b]lvg] s]xL ;d:ofx? / ltgLx?sf] lgjf/0fsf pkfox? o; k|sf/ 5g\M 

!)=!= ;"Id hLjx?sf] ;+j|md0fM ;"Id hLjx? nueu 
;a} 7fFpdf pkl:yt x'G5g\ h;n] ubf{ k|of]uzfnfdf 
cg's"n jftfj/0f pknAw ePdf logLx? tLj| ultdf 
km:6fpG5g\ . ;"Id hLjx? -AofS6]l/of, efO/;, df]N8, 
km+u;, dfOsf]KnfHdf_ cflb ;fdfGo ?kdf PS;KnfG6 
sNr/ jf ;a–sNr/ ul/Psf] ldl8ofdf b]vf kb{5g\, 
/ logLx?n] j[l4 / ljsf; x'Fb} u/]sf] la?jfnfO{ gi6 
kfl/lbG5g\ . AofS6]l/of, df]N8 / km+u;x?sf] ›'t j[l4 
b/sf] sf/0fn] logLx? ;a}eGbf ;fdfGo ?kdf ;+j|md0f ug]{ 
;"Id hLjx?df kb{5g\ . oL k|b"ifsx?nfO{ ;lhn} 5'6\ofpg 
;lsG5g eg] efO/; / dfOsf]KnfHdfnfO{ ;lhn} 5'6\ofpg ;lsb}g . sNr/ ubf{ k|of]u ul/g] sltko 
la?jfsf] tGt' gd"gf leq} klg ;"Id hLjåf/f ;+j|md0f ePsf] x'g ;S5 h;nfO{ Endophyte elgG5 . 
oL sL6f0f'x? tGt' k|hgg\sf] ljleGg r/0fx?df la:tf/} b]vf kb{5g\ . AofS6]l/on PG8f]kmfO6\; h:t}Ù 
Aofl;n; ;lA6ln;, Plj{lgof / :o"8f]df]gf; cflbx?n] lgis[o cj:yfdf x'G5g\ / kl5 la:tf/} ljleGg 
r/0fx?df b]vf kb{5g\ h;n] ubf{ la?jfsf] j[l4 / ljsf;df afwf k'¥ofpb5g\ .

;d:of lgjf/0fsf s]xL pkfox?M

 � tGt' k|hgg\ k|of]uzfnf sf]7fx? ;w} ;kmf /fVg] tyf sfd ug]{ :yfgx? km/flsnf] / cfjZos 
;fdfgx? Jojl:yt tl/sfn] /fVg' kb{5 .

 � sfd ug]{ JolQmn] sNr/ ug{' cufl8 ;fa'g kfgLn] xftnfO{ /fd|/L ;kmf ug]{ tyf xftdf d]l8sn 
kGhf, cg'xf/df df:s, 6fpsf]df skfn 5f]Kg] hair cover / Pk|f]g nufP/ sfd ug{'kb{5 .

 � sNr/ ubf{ s'g} klg k|sf/sf] vfg] s'/fx? vfg' tyf cgfjZos s'/f ug{' x'b}g .

 � nfldgf jfo' k|jfx x'8df sNr/ ubf{ sL6f0f' lgd{lns?0f ljlwx?sf] /fd|f];Fu kfngf ug{'kb{5 .

 � tGt' gd'gf ;txnfO{ sL6f0f' lgd{lns/0f ubf{ k|of]u ul/g] lg:;+j|mfdsx?sf] xf]lN8ª cjlw a9fpg 
;lsG5 .

 � sNr/ ubf{ ldl8of, kfgL tyf cGo ljleGg j:t'x? sL6f0f' lgd{lns/0f ul/Psf] dfq k|of]u 
ug{'kb{5 .

tGt' k|hgg\ la?jfx?df b]lvg] ;d:ofx? / ltgLx?sf] lgjf/0f

v08 !)

lrq ##M ljleGg k|sf/sf ;'Id hLjx?sf] 
;+j|md0f ePsf]



60 61

 � Endophytes nfO{ lgoGq0f ug]{ . PPM -Plant Presevative Mixture_ jf PlG6afof]l6s 
h:t}M Streptomicin, Penicillin, Ampicillin, Cafazolin, Ticarcillin cflb k|of]u ug{ 
;lsG5 . t/ PlG6afof]l6ssf] k|of]u clGtd cj:yfdf dfq} k|of]u ug{'kb{5 .

 � lgoldt lg/LIf0f tyf x]/rfx ug{'kb{5 .

!)=@= la?jfsf] 6'Kkf] dg]{M z"6 l6k g]j|mf]l;; Ps k|sf/sf] zf/Ll/s cj:yf / ljsf/ xf], h;n] Og 
le6«f] la?jfx?sf] j[l4 / ljsf;nfO{ gs/fTds c;/ k'¥ofO 8fF6sf] 6'Kkf] dg]{ x'G5 . of] ;d:of k|;f/ / 
h/f ljsf; r/0fx?df b]lvg] ub{5 . z"6 l6k g]j|mf]l;; lgDTofpg] ;a}eGbf ;fdfGo sf/sx? dWo] Ps 
kf]ifstTjsf] sdL jf c;+t'ng xf] . o; afx]s, Sofnl;odsf] sdL, xdf]{gx?sf] c;+t'ng / pRr ;fk]If 
cfb|tf cflbn] z"6 l6k g]j|mf]l;; lgDTofpg] ub{5 .

lrq #$= M Og le6«f] la?jfsf] 6'Kkf] d/]sf]

;d:of lgjf/0fsf s]xL pkfox?M

 � ldl8ofdf ;Gt'lnt kf]ifs tTjx? / xdf]{gx?sf] dfqf k|bfg ug{'kb{5 .

 � plrt dfqfdf Sofnl;od ldl8ofdf ;dfj]z ug]{ .

 � la?jf x'sf{pg] sf]7fsf] ;fk]If cfb|tfnfO{ lgoGq0fdf /fVg] .

 � sNr/ ul/Psf] af]tn, hf/, sNr/ 6\o"j cflbsf] lasf]{ w]/} sl;nf] u/L aGb gug]{ t/ w]/} xNsf 
klg ug{' x'b}g .

 � lkmN6/o'J|m ePsf] lasf]{ klg k|of]u ug]{ ;lsG5 .

!)=#= ldl8of / PS;KnfG6sf] a|fplgªM of] ;d:of ljz]if u/L af/xdf;L sf7] la?jfx?sf] tGt' 
gd"gfnfO{ ldl8ofdf :yfkgf ubf{ / To;kl5sf] k|;f/0f r/0fx?df b]vf kb{5 . o:tf tGt' gd"gfx?n] 
cfˆgf] /Iff ;+oGqsf] nflu ljleGg /;fog kbfy{ lgisfzg ub{5g\ h;nfO{ km]gf]lns of]lusx? elgG5 . 
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oxL km]gf]lns of]lusx? ldl8ofdf Pslqt x'bf ldl8of 
a|fpg /Ësf] x'G5 / cfˆg} tGt' gd"gfnfO{ la:tf/} df/L 
lbG5 . PG8f]kmfO6\;x?sf] sf/0fn] ubf{ klg of] ;d:of 
b]vf kb{5 .

;d:of lgjf/0fsf s]xL pkfox?M

 � a|fplgª /f]Sg PlG6cf]lS;8]+6 kbfy{x? h:t}Ù % u|fd k|lt nL6/ ;fOl6«s Pl;8 jf @=% u|fd k|lt 
nL6/ P:sf]la{s Pl;8 emf]ndf PS;KnfG6nfO{ 8'afO{ sNr/ ug]{ .

 � km]gf]lns of]lusx?nfO{ ;f]Vg ldl8ofdf ;lj|mo rf/sf]n -activated charcoal_ )=! b]lv ! 
k|ltzt jf )=)# k|ltzt PVP -Polyvinylpyrrolidone_ sf] k|of]u ug{'kb{5 .

 � ldl8ofdf sNr/ ul/Psf] tGt' gd"gfx?nfO{ s]xL lbg;Dd cWof/f] sf]7fdf /fVg] .

 � ldl8ofdf a|fplgª b]lvP nuftf/ gofF ldl8ofdf :yfgfGt/0f ug{' kb{5 .

 � PG8f]kmfO6\;nfO{ lgoGq0f ug]{ .

 � lgoldt lg/LIf0f tyf x]/rfx ug]{ .

!)=$= xfOk/xfO8«]l;6L÷lel6«lkms]zgM xfOk/xfO8«]l;6L eg]sf] Og le6«f] la?jfx?df x'g] zf/Ll/s u8a8L 
jf ljs[lt xf] h;n] plrt j[l4 / ljsf;nfO{ c;/ ub{5 . o; cj:yfdf la?jfx?sf] 8fF6 / kftx? 
kf/bzL{, cf]l;nf], gfh's / /l;nf] b]lvG5g\ . xfOk/xfO8«]l;6Lsf] d'Vo sf/0fx? Oxidative stress 
nfO{ l6«u/ ug]{ sf/sx? dflgG5g\ . pRr nj/0fsf] dfqf, pRr ;fk]If cf›tf, sd k|sfz, sNr/ hf/sf] 
jftj/0fdf Uof; ;+ro, ;a–sNr/ ;+Vof / ;a–sNr/ aLrsf] ;do cGt/fn, h]ln+u Ph]G6sf] dfqf, 
xdf]{gn c;Gt'ng cflb sf/0fx?n] lgDTofpg] ub{5 .

lrq #^M Og le6«f] la?jfx?df xfOk/xfO8«]l;6L b]lvPsf] 

lrq #%M ldl8of / PS;KnfG6 a|fplgª ePsf]
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;d:of lgjf/0fsf s]xL pkfox?M

 � ldl8ofdf plrt sfaf]{xfO8«]6sf] dfqf k|of]u ug{'kb{5 .

 � sNr/ ul/Psf] efF8fnfO{ lkmN6/o'Qm ePsf] lasf]{ k|of]u ug{ ;lsG5 .

 � la?jfsf] k|s[lt cg';f/ ldl8ofdf kf]ifstTj, cuf/, ;fO{6f]sfOlgg / cShLgsf] sG;G6«];g 
kl/dfh{g ug{'kb{5 .

 � la?jf x'sf{pg] sf]7fsf] ;fk]If cf›tfnfO{ lgoGq0fdf /fVg] .

 � la?jf x'sf{pg] sf]7fdf OlynLg k|b'if0f x'g glbg] tyf kf]h]l6e Po/ k|]z/ sfod /fVg'kb{5 .

 � k|sfzsf] dfqf kl/jt{g ug]{ .

 � s]xL cj:yfdf ;d:of sd ug{ SoflN;odsf] sG;G6«];g j[l4 ug{'kg]{ b]vfOPsf] 5 .

!)=%= l/slN;6«fG;M Og le6«f] jftfj/0fdf la?jfsf] sf]if tyf tGt'x?n] s'g} klg k|sf/sf] j[l4 tyf 
ljsf;sf] k|lts[of glbg] cj:yfnfO{ l/slN;6«fG; elgG5 . sf]lifsfx?sf] Dofj|mf]–df]n]So'nx?;Fu k|mL 
/]l8snx?sf] k|ltlj|mof, ldl8of, xdf]{gn c;Gt'ng, PS;KnfG6sf] k|sf/, ;+sng ul/Psf] la?jfsf] tGt' 
gd"gfsf] cfo', jftfj/0fLo sf/sx? cflb sf/0fx?n] l/slN;6«fG; lgDTofpFb5 . of] ;d:of tGt' k|hgg\ 
k|lj|mofsf] h'g} klg r/0fdf b]vf kg{ ;S5 .

;d:of lgjf/0fsf s]xL pkfox?M

 � la?jfsf] lszf]/ Pjd\ pRr d]l/:6]d]l6s efux? tGt' gd'gfsf] ?kdf k|of]u ug]{ .
 � plrt ldl8of tyf ;fO{6f]sfOlgg / cShLgsf] ;Gt'lnt sG;G6«];g k|of]u ug{'kb{5 .
 � ljsNksf] nflu ;f]dfl6s e|"0fhgg h:tf k|ljlwx? k|of]u ug]{ .
 � la?jfsf] cfjZostf cg';f/ k|sfzsf] tLj|tf / kmf]6f]lkl/o8 cjlw ;dfof]hg ug]{ .
 � tfkj|md / cf›tfnfO{ plrt dfqfdf lgoGq0f ug]{ .

!)=^= XofljRo'Pzg -Habituation_M Og le6«f] cj:yfdf la?jfnfO{ sf]lifsf ljefhg / lg/Gt/ 
ljsf; sfod /fVg ldl8ofdf la?jf j[l4 lgofds h:t}Ù cShLg / ;fO{6f]sfO{lggsf] cfjZostf kb{5 
t/ kl5 cShLg jf ;fO{6f]sfO{lggsf] cefjddf klg lg/Gt/ sf]lifsf ljefhg / ljsf; x'g hf/L /xG5 
eg] o:tf] 36gfnfO{ XofljRo'Pzg elgG5 . o; cj:yfdf la?jfsf sf]lifsfx? / tGt'x?n] sf]lifsf 
ljefhg / lg/Gt/ ljsf; sfod /fVg aflx/L xdf]{gsf] cfjZostf u'dfpFb5g\ .

;d:of lgjf/0fsf s]xL pkfox?M

 � gofF tGt' gd"gf ;+sng u/L ldl8ofdf :yfkgf ug]{ .

 � ;Gt'lnt dfqfdf cShLg / ;fO{6f]sfOlgg\ xdf]{gx?sf] k|of]u ug]{ .



62 63

!)=&= ;f]dfSnf]gn leGgtfM sNr/ ul/Psf] sf]if tyf tGt' gd"gfx?df kfOg] cfg'j+lzs kl/jt{gnfO{ 
;f]dfSnf]gn leGgtf elgG5 / To:tf sf]if tyf tGt'x?af6 pTkGg x'g] la?jfx?nfO{ ;f]dfSnf]g 
-Somaclones_ elgG5 . cfg'j+lzs kl/jt{g h:t}Ù j|mf]df]hf]dsf] ;+/rgf tyf ;+Vofdf kl/jt{g / 
8LPgP -DNA_ cg'j|mddf kl/jt{gx?n] ubf{ la?jfx?df ;f]dfSnf]gn leGgtf b]vf kb{5 . tGt' k|hgg\ 
k|lj|mofdf cfg'j+lzs kl/jt{g ljleGg stress factors h:t}Ù sNr/ ldl8ofdf xdf]{gx?sf] c;+Gt'ng, 
sL6f0f' lgd{lns/0f ubf{ cTolws /;fogx?sf] k|of]u, sf]if tyf tGt'df rf]6 cflb sf/0fx?n] eO{ 
;f]dfSnf]gn leGgtf lgDTofpFb5 . ;f]dfSnf]gn leGgtfn] ubf{ Ps ;dfg la?jfx? pTkfbg ug{ yk 
r'gf}tL a9fpFb5 . w]/} h;f] cj:yfx?df ;f]dfSnf]gn leGgtfx? cgfjZos x'G5g, t/ pTkl/jtL{x? 
ljsf; ug{sf nflu eg] pkof]uL x'g ;S5 .

lrq @&M bf];|f] la?jfdf ;f]dfSnf]gn leGgtf b]lvPsf]

;d:of lgjf/0fsf s]xL pkfox?M

 � cfg'j+lzs :yfloTjsf] sf/0fn], tGt' k|hgg\ gd"gfsf] ?kdf kfZj{ zfvf -axiallary shoot_ 
k|of]u u/L k|;f/ ug]{ .

 � Pp6} Og le6«f] la?jf dfp :6saf6 w]/} ;+Vofdf ;a–sNr/ ug{'x'b}g .

 � Sofn; dfWodaf6 k|;fl/t la?jfx?sf] ;GttL k/LIf0f ug]{ .

 � ;Gt'lnt dfqfdf cShLg / ;fO{6f]sfO{lgg xdf]{gx?sf] k|of]u ug]{ .

 � gofF tGt' gd"gf ;+sng u/L k'g sNr/ :yfkgf ug]{ .
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a9\bf] ljZjsf] vfBfGg / u'0f:t/Lo la?jfx?sf] dfu lbg–k|ltlbg a9\b} uO/x]sf] cj:yfdf pbLodfg 
k|ljlwsf] ?kdf la?jf tGt' k|hgg\ k|ljlwåf/f cfjZos u'0f:t/Lo la?jfx? pknAw u/L s[lif / pBf]u 
b'j}df 7"nf] k|efj kfg{ ;Sb5 . xfnsf] ;dodf of] k|ljlw s[lif lj1fgsf] ljsf;df dxTjk"0f{ of]ubfg 
k'¥ofO cfw'lgs s[lif If]qdf ckl/xfo{ cf}hf/sf] ?kdf k|of]u a9\b} uO/x]sf] 5 . s[lif If]q ljz]ifu/L 
kmnkm"n, k'ik Joj;fo / t/sf/L afnL pTkfbgsf] If]qdf tGt' k|hgg\ k|ljlwsf] k|of]u pn]Vo ?kdf a9\b} 
uO/x]sf] 5 . of] k|ljlw s[lif If]qdf ljljw k|of]hgsf nflu lgDg ?kdf k|of]u ul/G5Ù 

!!=!= tLj| Snf]gn k|;f/0fM cfg'j+lzs ?kdf Ps} k|sf/sf la?jfx? tLj| ultdf k|;f/0f ug{ Joj;flos 
:t/df tGt' k|hgg\ k|ljlwsf] k|of]u cTolws nf]slk|o Pjd\ pQd dflgG5 . o; k|ljlwsf] k|of]uaf6 sd 
;do, :yfg / s]jn Pp6f ;fg' la?jfsf] gd"gfaf6 g} w]/} ;+Vofdf la?jfx? lagf df};d cj/f]w pTkfbg 
ug{ ;lsG5 . ljleGg s[lif afnLx?df kmnkm"n, t/sf/L, d;fnf, k'ikhGo, ?vhGo cflb la?jfx?sf] 
k|;f/0fsf] nflu o; k|ljlwsf] k|of]u Joj;flos :t/df k|of]u eO/x]sf] 5 . 

tflnsf *M tGt' k|hgg\ k|ljlwsf] dfWodaf6 Joj;flos :t/df pTkfbg ul/Psf s]xL afnL tyf la?jfx?

afnLsf] k|sf/ afnLsf] gfd
kmnkm"n s]/f, :6«a]/L, e'O{s6/, sfutL, ;'Gtnf, :ofp, d]jf 
t/sf/L afnL cfn', ;v/v08, n;'g, ufh/, s'l/nf], a|f]sfpnL, aGbfuf]eL 
d;fnf afnL dl/r, cn}+rL, cb'jf, a];f/, Njfª, e]lgnf
k'ikhGo cls{8, h/a]/f, lnnL, Ph]lnof, l;Ëf]lgod, 8fOkm}galsof, sf/g];g, PGy'l/od, 

uf]bfj/L, Un]l8of]n;, a]uf]lgof 
?vhGo /a/, 6Ls, kfpnf]lgof, afF;, d;nf
cf}ifwLo la?jfx? £o' s'df/L, /f]hd]/L, :6]leof, krf}nL, gLd 
cGo gub] afnL pmv', h}y'g, hf]hf]af, ef+u 

!!=@= /f]uhgsx?sf] pGd"ngM efO/n, AofS6]l/on / 8';LhGo hLjx? u|l;t la?jfaf6 logLx?nfO{ 
d'Qmu/L :j:y la?jfx? pTkfbg ul/G5 . oL /f]u ;+j|mfds hLjf0f'x?nfO{ pGd"ng ug{ ljleGg ljlwx? 
dWo] d]l/:6]d sNr/ clws k|efjsf/L x'G5 . d]l/:6]d sNr/ k|foM ;a} k|sf/sf la?jfx?df k|of]u ug{ 
;lsG5 . d]l/:6]d sNr/sf] k|of]u kmnkm"nsf] la?jf pTkfbg ubf{ ljleGg k|sf/sf efO/;x? h:t}Ù 
:6«a]/Ldf xNsf kx]nf] lsgf/f efO/; -SMYEV_, g; a}+l8+u efO/; -SVBV_, lj|mÍn efO/; -SCV_, 
jf 8';LhGo hLjx? h:t}M Fragaria sp.: V, dahliae, Sphaeroteca macularis, S, humili, 
Botrytis cinerea cflb pGd"ng ul/;s]kl5 tyf efO/; k/LIf0f u/L Joj;flos v]tL ul/G5 . o;/L 

s[lifdf tGt' k|hgg\ k|ljlwsf] k|of]u

v08 !!
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/f]u pGd"ng ul/Psf la?jfx? k|of]u ugf{n] pTkfbg / pTkfbsTj j[l4 eO a9L cfly{s nfe lng ;lsG5 .

!!=#= cfg'j+lzs ?kfGt/0fM tGt' k|hgg\ k|ljlwn] cfw'lgs s[lif If]qdf cfg'j+lzs ?kfGt/0f k|lj|mofdf 
dxTjk"0f{ of]Ubfg k'¥ofO /x]sf] 5 . cfg'j+lzs ?kfGt/0f eGgfn] cfg'j+lzs O{lGhlgol/Íf] k|lj|mof xf] hxfF 
Pp6f gofF hLg -6«G;hLg_ Psn la?jf sf]ifdf ;lDdlnt u/fOG5 / To;af6 pTkfbg ePsf la?jfx?nfO{ 
6«fG;h]lgs la?jfx? -Transgenic plants_ elgG5 . e]S6/–dWo:y -ck|ToIf hLg :yfgfGt/0f_ jf 
e]S6/ /lxt -k|ToIf hLg :yfgfGt/0f_ ljlwaf6 cfg'j+lzs ?kfGt/0f ul/G5 . gofF hLg la?jf sf]ifdf 
;lDdlnt ug{ ck|ToIf hLg :yfgfGt/0fsf] nflu Pu|f]AofS6]l/od–dWo:ysf] Jofks ?kdf k|of]u ul/G5 
eg] k|ToIf hLg :yfgfGt/0fsf] nflu s0f adaf/L, On]S6«f]kf]/]zg / dfOj|mf]kmfOa/x? k|of]u ul/G5 . e]S6/ 
/lxt cfg'j+lzs ?kfGt/0fdf la?jf tGt' k|hgg\ dfWodaf6 k|;f/0f ul/Psf] sf]ifdf gofF hLg ;lDdlnt 
u/L rflxPsf] pTs[i6 u'0f ePsf] h:t}Ù pRr pTkfbg lbg], /fd|f] u'0f:t/sf, /f]u, ls/fx?, ;'Svf tyf 
cGo k|fs[lts k|sf]k k|lt/f]wL la?jfx? pTkfbg ul/G5 . BT afnLx? h:t}M BT cotton, BT maize, 
BT brinjal cflb afnLx?df Aofl;n; y'l/lGhPlG;; AofS6]l/ofsf] hLg …CryÚ oL afnLx?sf] DNA df 
;lDdlnt ul/G5 h;n] ls/fx? k|lt/f]lw 6f]lS;g agfpb5 .

!!=$= hd{KnfHd ;+/If0fM hd{KnfHd eGgfn] hLljt aLp jf la?jfsf] efu h:t}Ù kftsf] 6'j|mf, sf08sf] 
6'j|mf, k/fus0f jf sf]if cflb h'g k'gM gofF la?jfdf ljsf; x'g ;S5 / o:tf la?jfsf] efunfO{ eljiodf 
k|of]u ug{sf] nflu ;+/If0f ug{'nfO{ hd{KnfHd ;+/If0f elgG5 . nf]k'Gd'v, aLp pTkfbg gug]{ jf nfdf] 
;do;Dd e08f/0f ug{ g;lsg] -recalcitrant_ aLp / Joj;flos ?kdf d"Nojfg jg:klt k|hfltx?nfO{ 
tGt' k|hgg\ k|ljlwsf] dfWodaf6 ;kmntfk"j{s ;+/If0f ug{ ;lsG5 . o; k|ljlwåf/f k|;f/0f ultnfO{ 
;':tu/L la?jfsf] cfo'nfO{ yk j[l4 ug{ ;lsG5 . nfdf] ;do;Dd hd{KnfHd ;+/If0f ug{ …j|mfof]lk|he]{;gÚ 
ljlwaf6 ;+/If0f ul/G5 . 

!!=%= j0f{zª\s/ la?jfsf] pTkfbg -Hybrid Production_M k|f]6f]knf:6 sNr/ -Protoplast 
culture_ dfWodaf6 j0f{zÍ/ la?jfx? pTkfbg ul/G5 . k|f]6f]knf:6 eGgfn] /;folgs pkrf/ u/L 
sf]ifleQf x6fOPsf] sf]ifnfO{ elgG5 . o:tf b'Oj6f km/s jg:klts k|hfltx?sf] ;f]dfl6s k|f]6f]knf:6nfO{ 
ˆo"hg u/L j0f{zÍ/ la?jfx? pTkfbg ul/G5 / o; k|lj|mofnfO{ ;f]dfl6s xfOla|8fOh]zg elgG5 . 

!!=^= la?jf k|hgg\ sfo{j|mdM ;do'UdhL -Homozygous_ la?jfx?df ljz]if lsl;dsf] u'0fx? x'g] 
h:t}Ù pRr pTkfbg lbg], Psgf;n] kmn kfSg], prfO, agfj6 cflb ePsfx?nfO{ k|hgg\ sfo{j|mddf ljz]if 
dxTjsf ;fy k|of]u ul/G5 . ;do'UdhL k|sf/sf la?jfx? pTkfbg ug{ XofKnf]O8 ;+j4{g k|of]u ul/G5 .

!!=&= s[lif cg';Gwfg / ljsf;M cg';Gwfg s]Gb| / ljZjljBfno lt/ ljleGg s[lifhGo afnLx?sf] 
cg';Gwfg / ljsf;sf sfo{x? tGt' k|hgg\ k|ljlwsf] dfWodaf6 eO/x]sf 5g\ . o; k|ljlwaf6 ljleGg 
jg:klts k|hfltx?sf] Og le6«f] k|f]6f]sn ljsf; u/L yk s[lif Joj;fodf 7"nf] of]Ubfg k'¥ofpb5 .
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!@=!= cj;/x?

tGt' k|hgg\ k|ljlwsf] k|of]uaf6 g]kfnsf] s[lif, jg lj1fg, cf}iflw lgdf{0f tyf cGo cg';Gwfg If]qdf 
k|z:t cj;/x? /x]sf 5g\ .

 � ef}uf]lns ljljwtfsf] sf/0fn] ubf{ ljleGg k|/sf/sf] xfjfkfgL, pj{/ If]q tyf ljleGg k|sf/sf 
s[lif afnLx? pAhfpgsf] nflu pkoQm cj:yfx? pknAw x'g' h;n] ubf{ o; k|ljlw k|of]usf] 
bfo/f km/flsnf] agfpFb5 .

 � kmnkm"n afnLsf] s'n v]tL, pTkfbgsf] If]qkmn / pTkfbsTj j[l4 eP tfklg cf};t pTkfbsTj 
;Gtf]ifhgs gx'g' . ljleGg kmnkm"n tyf cGo gub] afnL v]tLx?df w]/} /f]u km}ln+b} hfFbf pQm 
afnLx?sf] pTkfbsTjdf x|f; x'b} uO /x]sf 5g\ . h:t}Ù ;'Gtnf v]tLdf l;6«; l6«:6]hf efO/; / 
lu|lgË /f]u km}lnb} hfg' To:t} u/L cn}+rLdf l5s]{ / km's]{ /f]usf] ;d:ofn] ubf{ pTkfbgdf gf/fd|f] 
c;/ k/L /x]sf] 5 . o:tf /f]u nfu]sf la?jfaf6 /f]u pGd"ng ug{ tGt' k|hgg\ k|ljlwsf] k|of]u 
pQd dflgG5 .

 � cfjZostf cg';f/ u'0f:t/Lo la?jfx? pknAw gx'g' . jt{dfg cj:yfdf 5f]6f] ;dodf pRr 
pTkfbg lbg] gofF vfnsf Joj;flos v]tL k|0ffnLx? ;'? x'Fb} hfg', s[ifsx?df v]tL k|lt ;hs 
/ rf;f] a9\b} hfg' cflb sf/0fx?n] u'0f:t/Lo kmnkm"n la?jfx?sf] dfu klg j|mlds ?kdf a9\b} 
hfg'. o:tf] cj:yfdf o; k|ljlwsf] k|of]u u/L ›'t ultdf cfjZostf cg';f/ Ps} gf;sf 
u'0f:t/Lo la?jfx? pTkfbg ug{ ;lsg] .

 � ljleGg ;/sf/L kmfd{ tyf cg';Gwfg s]G›?df tGt' k|hgg\ k|of]uzfnfx? :yfkgf x'g' h;n] 
ubf{ kmnkm"n, t/sf/L, d;fnf tyf cGo gub] afnLx?sf] u'0f:t/Lo la?jf pTkfbg ug{ tyf 
cg';Gwfgsf] bfo/f km/flsnf] agfpFb5 .

 � la?jf k|hgg\ sfo{j|md cGtu{t pRr kmn lbg] tyf cGo /fd|f] u'0f ePsf kmnkm"n Pjd\ afnLx?sf] 
ljsf; ug{ klg o; k|ljlwnfO{ dxTjk"0f{ dflgG5 . 

 � pRr d"Nojfg gub] afnLx? tyf cf}iflwo u'0f ePsf la?jfx? h:t}Ù cn}+rL, skmL, cb'jf, 
s];/, a];f/, lr/fOtf], kbdrfn, hdfg] dfG›f], ;kf{uGwf cflbsf] Og le6«f] k|f]6f]sn ljsf; u/L 
cfly{s l:ylt ;'wf/ ug{ / yk s[lif cg';Gwfg / ljsf;df klg d2t ug]{ .

 � hnjfo' kl/jt{gn] ubf{ v]tLdf cgfjZos ;d:ofx? b]vf kl//x]sf 5g\ h:t}Ù v]tL afnLx?df 
cTolws emf/kft cfpg', ls/fx? tyf /f]ux?sf] k|sf]k a9\b} hfg' cflb sf/0fx?n] afnL pkhdf 
gsf/fTds c;/ k'of{O /x]sf] cj:yfdf o; k|ljlwsf] k|of]uåf/f o:tf vfnsf k|sf]kx? k|lt/f]lw 

g]kfndf tGt' k|hgg\ k|ljlwsf cj;/ / r'gf}ltx?

v08 !@



66 67

tyf jftfj/0f cg's"nsf la?jfx? ljsf; ug{ ;lsg] .

 � cg';Gwfg s]G› / ljZjljBfno lt/ klg ljleGg s[lifhGo afnLx?sf] cg';Gwfg / ljsf;sf 
sfo{x? tGt' k|hgg\ k|ljlwsf] dfWodaf6 eO/x]sf 5g\ . o; k|ljlwaf6 ljleGg jg:klts 
k|hfltx?sf] Og le6«f] k|f]6f]sn ljsf; u/L yk s[lif Joj;fodf 7"nf] of]ubfg k'¥ofpFb5 .

 � b'O{ 7"nf l5d]sL /fi6«x? rLg / ef/t x'g'n] g]kfnsf] s[lifhGo pTkflbt j:t'x?sf] ahfl/s/0fdf 
k|z:t ;Defjgf /x]sf] 5 h;n] ubf{ o; k|ljlwsf] k|of]u u/L k|ljlwsf] ljsf; ;Fu;Fu} 7"nf] 
cfly{s nfe lng ;lsG5 . 

 � ljleGg ;/sf/L kmfd{ s]G›x?, cg';Gwfg s]G›? tyf lghL :t/af6 tGt' k|hgg\ k|of]uzfnfx? 
:yfkgf eP;Fu} :jfb]zdf g} /f]huf/Lsf] cj;/ ;[hgf x'g] .

 � ;f}Gbo{ tyf ;hfj6 sfo{sf] nflu k'ikhGo la?jfx?sf] klg cTolws dfqfdf dfu a9\b} hfg'n] 
klg o; k|ljlwsf] k|of]u cToGt} cfjZos b]lvG5 . h:t}Ù cls{8, h/a]/f, sf/g];g, PGy'l/od, 
a]uf]lgof cflb k'ikhGo la?jfx? :jfb]zdf g} pTkfbg u/L lgof{t ug]{ tyf ljb]lzPsf] /sdnfO{ 
Go"gLs/0f ug{ d2t k'¥ofpg] 5 .

 � o; k|ljlwsf] dfWodaf6 la?jfx?df ePsf] ;]s]G8/L d]6faf]nfO6 pTkfbg u/L cf}iflw lgdf{0f 
If]qdf klg of]ubfg k'¥ofpg ;lsg] .

 � pRr d"Nojfg tyf nf]k'Gd'v k|hftLsf la?jfx? h:t}Ù lxdfnog An" kKkL, ;kf{uGwf, h6fd;L 
cflbnfO{ ;+/If0f tyf ;+j4{g ug{ ;lsg] .

 � s[lif, jg lj1fg Pjd\ cg';Gwfg If]qdf o; k|ljlwsf] dfWodaf6 la?jfx?sf] h}ljs /;fog 
cWoog ug{ ;lsg] .

!@=@= r'gf}ltx?

tGt' k|hgg\ k|ljlwaf6 u'0f:t/Lo la?jfx? pTkfbg u/L Joj;flos s[lif tyf cGo ljleGg If]qdfx?df w]/} 
kmfObf lng ;s] tfklg o; k|ljlwsf] jt{dfg cj:yfdf g]kfndf y'k|} r'gf}ltx? klg /x]sf 5g\ . 

 � k|of]uzfnf lgdf{0f, pks/0fx?, /;fog vl/b cflb ug{ 7"nf] nufgLsf] cfjZostf kb{5 . ;fy} 
;+rfgnsf] lglDt k|fljlws Pjd\ cGo vr{x? k/Dkfl/s ljlwx?eGbf vlr{nf] kg{ hfG5 . 

 � g]kfndf ljleGg ;/sf/L tyf lghL If]qx?df tGt' k|hgg\ k|of]uzfnfsf] ;+/rgf lgdf{0f eO{ /fVbf 
ljleGg q'6L ePsf] kfOG5 h;n] ubf{ ;xh ?kdf sfd ug{ / la?jfx? pTkfbg ug{ yk r'gf}lt 
ylk lbG5 . ;fy} tGt' k|hgg\ k|of]uzfnfsf] ;+/rgf lgdf{0f ubf{ ef}uf]lns cj:yf cg';f/ lgdf{0f 
ug{' kb{5 . To;}n] plrt dfkb08 tf]s] cg';f/ / ;DalGwt lj1 JolQmsf] ;Nnfxdf tGt' k|hgg\ 
k|of]uzfnfsf] ;+/rgf aGg' kb{5 .

 � olb ;fgf] dfqfdf la?jfx? pTkfbgsf] nflu k|of]uzfnfsf] lgdf{0f u/L ;+rfng ubf{ ck]Iffs[t 
nfe lng ;lsGg t;y{ ck]Iffs[t nfe lng 7"nf] dfqfdf la?jfx? pTkfbg ug{'kb{5 .



68 69

 � Pdf]lgod gfO6«]6 h'g rflxF la?jfx?nfO{ clt cfjZos d'Vo kf]ifs tTj xf] . la?jfx?nfO{ o:tf 
clt cfjZos tyf cGo /;fogx? ahf/df lgoldt ?kdf pknAw gx'g] sf/0fx?n] ubf{ tGt' 
k|hgg\ k|of]uzfnfsf] Joj:yf ug{ 7"nf] r'gf}lt b]lvG5 .

 � tGt' k|hgg\ k|of]uzfnfdf la?jfx? x'sf{pgsf] nflu pRr z'4tfsf /;fofgx?sf] cfjZostf 
kb{5, ;fgf] q'l6n] ubf{ ck]lIft glthf gcfpFg ;S5 .

 � ;+rfngsf] nflu o; k|ljlw ;DalGwt bIf k|fljlws hgzlJ|msf] cfjZostf kb{5 . jt{dfg 
cj:yfdf o'jfx? /f]huf/Lsf] nflu j}b]lzs uGtJo lt/sf] /f]hfOn] ubf{ bIf hgzlQm knfog eO 
/x]sf] 5 .

 � la?jfx?sf] k|s[lt cg';f/ km/s km/s k|6f]snx? x'G5g\ . oL k|f]6snx? ;xh ?kdf pknAw 
gx'Fbf k|f]6sn ljsf; ug{ ;do nfUg] x'G5 .

 � ;/sf/L sfof{no cGtu{t /x]sf tGt' k|hgg\ k|of]uzfnfx?df k|fljlwsx?sf] :yfoL b/aGbL 
gx'gfn] bL3{sfnLg ;+rfngsf] nflu yk r'gf}lt b]lvG5 .

 � tGt' k|hgg\ k|of]uzfnfdf k|of]u ul/g] hl6n pks/0fx? h:t}Ù x6 Po/ cf]eg, LAF cflb h:tf 
pks/0fx? dd{t ug{' k/]df ;f] ;DalGwt k|fljlws kfpg sl7g x'G5 .

 � tGt' k|hgg\ k|ljlwaf6 clt cfjZos kmnkm"n tyf la?jfx?sf] pTkfbgdf Ps ?ktf Nofpg 
lglZrt SOP gePsf]n] Og le6«f] dfpaf]6sf] ;|f]t gv'n]sf] k|of]u ubf{ u'0f:t/df c;/ kg{ ;Sb5 .

 � g]kfndf cfn'sf] k"j{ d'n aLp pTkfbg ug{sf] nflu sfg'gL Joj:yf ePtf klg cGo afnLx?sf] 
xsdf xfn;Dd s'g} klg sfg'gL Joj:yf g/x]sf]n] yk r'gf}lt b]lvG5 .

 � kl5Nnf] ;dodf cfoft a9b} hfg' ;fy} c:j:y k|lt:kwf{n] ubf{ tGt' k|hgg\ la?jfx?sf] gfddf 
Go"g u'0f:t/ ePsf la?jfx? ahf/df pknAw x'g' h;n] ubf{ /f]u, sL6 jf cGo ck|Toflzt 
hf]lvdx?sf] cfoft /f]Sgsf] nflu k|efjsf/L lgodg ug{'kg]{ b]lvG5 .

 � Og le6«f] sNr/ ubf{ x/]s r/0fdf ;'Id hLjx?sf] ;+j|md0fsf] hf]lvd tyf cGo ;d:ofx? dfly 
v08 !) df elgP cg';f/ x'g] x'G5 .

 � tGt' k|hgg\ k|of]uzfnfdf sfd ubf{ cg'zf;g, lgoldt cg'udg, x]/rfx tyf w}o{tfsf] cfjZostf 
kb{5 . 
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 � tGt' k|hgg\ k|of]uzfnfsf] ;+/rgf lgdf{0f ubf{ dfkb08 tf]s] cg';f/ tyf e"sDk k|lt/f]wfTds ePsf] 
x'g'kb{5 . 

 � tGt' k|hgg\ k|of]uzfnfdf clgjfo{ ?kdf cyL{ª\ k|m'km tf/x? h8fg ug{' kb{5 . To:t} u/L k|of]uzfnfsf] 
cfjZostf / Ifdtf cg';f/ j}slNks phf{sf] Joj:yf ug{' kb{5 .

 � tGt' k|hgg\ k|of]uzfnfdf sfd ubf{ ;+j|md0f /f]Sg ;'/IffTds kf]zfsx? h:t}Ù Nofj sf]6, kGhf, df:s 
cflb k|of]u ug{'kb{5 .

 � tGt' k|hgg\ k|of]uzfnfdf sfd ug]{ :yfg / k|of]u ul/g] pks/0fx?nfO{ sL6f0f' lgd{lns/0f u/L k|of]u 
ug{'kb{5 .

 � tGt' k|hgg\ k|of]uzfnf leq s'g} klg k|sf/sf] vfg] j:t', w'd|kfg, lkpg] kbfy{x? tyf cfgfjZos 
xf]–xNnf ug{' x'b}g . cg'zfl;t tyf xf]l;of/ ;fy sfd ug{'kb{5 .

 � ljiffQm /;fogx?nfO{ ljiffQm XofG8n ug{ dfgs -standard_ k|lj|mofx? kfngf ug{' kb{5 . ljiffQm 
/;fogx? h:t}M kmd{lng, dSo{'l/s Snf]/fO8, xfO8«f]Snf]l/s Pl;8 cflb /;fogx?nfO{ ;fjwfgLsf 
;fy XofG8lnª ug{'k5{ ;fy} xftdf gfO6«fOn kGhf / d'vdf df:s nufP dfq sfd ug{' kb{5 . o:tf 
/;fogx?nfO{ k|f]of]u u/L ;s]kl5 5'§} n]an ul/Psf pko'Qm sG6]g/x?df ̂ ofSg] Joj:yf ldnfpg' kb{5 .

 � ;+j|mldt ePsf] tGt' ldl8of / cGo tGt' k|hgg\ k|of]uzfnfdf k|of]u x'g] j:t'x?nfO{ c6f]Sn]e u/L 
;'/lIft :yfgdf ˆofSg] Joj:yfkg ug{'kb{5 .

 � gofF tGt' ldl8of agfpFbf / ;+j|mldt ePsf] tGt' ldl8of c6f]Sn]e ug{ Pp6} c6f]Sn]esf] k|of]u 
ug{'x'b}g . 

 � km"6]sf] lunf; / k|of]u ul/Psf] :s]nk]n An]8x? JolQmut lrlGxt sG6]g/x?df kmfNg'kb{5 .
 � tGt' k|hgg\ k|of]uzfnfdf k|of]u ul/g] /;fogx? / ;f]n';gx?nfO{ /fd|/L n]jn u/]/ pko'Qm tfkj|mddf 

/fVg'kb{5 .
 � uDeL/ b'3{6gf ePsf] cj:yfdf / ljiffQm /;fogx? kf]lvPdf t'?Gt} ;+DalGwt JolQmnfO{ hfgsf/L 

u/fpg' kb{5 .
 � k|of]uzfnfdf ePsf sfo{x?nfO{ lgoldt ?kdf /]s8{ ug{'kb{5 tyf k|of]u ul/g] pks/0fx?sf] 

Dofg'cnnfO{ ;'/lIft /fVg'kb{5 . 
 � k|of]ufzfnf aflx/ nufPsf] j:t'x? ljz]ifu/L h'Qf, rKkn, ;]G8n cflb nufO ;f]Fem} k|of]uzfnf leq 

k|j]z ug{'x'b}g .
 � tGt' k|hgg\ k|of]uzfnfdf k|fylds pkrf/ ls6x? / clUg lgoGqs pks/0fx? ;lhn} kx'r x'g] 7fFpdf 

clgjfo{ ?kdf Joj:yf ul/g' kb{5 .
 � k|of]uzfnfdf k|of]u ul/g] pks/0fx?sf] lgoldt ?kdf lg/LIf0f ug{'ub{5 .

tGt' k|hgg\ k|of]uzfnfdf kfngf ug{'kg]{ ;'/Iffsf lgodx?

v08 !#
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A.

tflnsf (M g]kfndf ;/sf/L dftxtdf /x]sf tGt' k|hgg\ k|of]uzfnfx?

j|m=;+= -PTC labs_ gfd 7]ufgf d'Vo sfo{ :yfkgf

! jg:ktL ljefu -DPR_ yfkfynL, sf7df8f}+ cg';Gwfg lj=;= @)#@ 

@ 
/fli6«o cfn' cg';Gwfg 
sfo{j|md– NARC 

v'dn6f/, nlntk'/ 
cfn'sf] in vitro la?jf pTkfbg 
;DalGwt cg';Gwfg / PBS 
pTkfbg 

lj=;= @)$^÷$& 

# 
/fli6«o h}ljs k|ljlw 
cg';Gwfg s]G› -NBRC_ 

v'dn6f/, nlntk'/ cg';Gwfg tyf pTkfbg lj=;= @)&% 

$ cn}+rL ljsf; s]G› lkmSsn, Onfd 
cn}+rLsf] la?jf pTkfbg tyf 
cg';Gwfg 

lj=;= @)&% 

% cfn'afnL ljsf; s]G› lgufn], l;Gw'kfNrf]s PBS pTkfbg lj=;= @)&& 

^ ;dlztf]i0f afujfgL s]G› sLlt{k'/, sf7df8f}+ 
;dzLtf]i0f kmnkm"nx?sf] la?jf 
pTkfbg tyf cg';Gwfg 

lj=;= @)&^ 

& zLtf]i0f afujfgL ljsf; s]G› dfkmf{, d':tfª 
zLtf]i0f kmnkm"nx?sf] la?jf 
pTkfbg tyf cg';Gwfg 

lj=;= @)&* 

(
;'Gtnfhft kmnkm"n ljsf; 
s]G›

tfg;]g, kfNkf
;'Gtnf hft kmnkm"nx?sf] 
la?jf pTkfbg tyf cg';Gwfg

lj=;= @)&*

!) 
pi0f k|b]zLo afujfgL ljsf; 
s]G› 

gjnk'/, ;nf{xL 
pi0f kmnkm"nx?sf] la?jf 
pTkfbg tyf cg';Gwfg 

lj=;= @)&* 

!! 
h}ljs k|ljlw cg';Gwfg s]G› 
-NARC_ 

v'dn6f/, nlntk'/
ljleGg afnLx?sf] tGt' k|hgg\ 
;DalGw cg';Gwfg 

B.

tflnsf !)M la?jfnfO{ cfjZos ljleGg kf]if0f tTjx?sf] e"ldsf tyf ltgLx?sf] of}lus >f]tx?

kf]if0f tTjx? e"ldsf of}lus >f]tx?

gfO6«f]hg Pldgf] Pl;8, k|f]l6g / le6fldgx?sf] ;+/rgfTds 36ssf] sfo{ ub{5 .
KNO3
NH4NO3
Ca(NO3)2

DofUg]l;od Snf]/f]lkmn ;+/rgfsf] 36s xf] . MgSO4

kf]6fl;od cf]:df]l6s kf]6]lG;onsf] -osmotic potential_ lgodg ub{5 . KNO3

;Nkm/ 
s]xL Pldgf] Pl;8sf] -methionine, cysteine_ 36s / co–factors 
sf] sfo{ ub{5 .

MgSO4
K2SO4
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km:kmf]/; 
Pldgf] Pl;8x?sf] 36s, pmhf{ :yfgfGt/0f, Zjf;k|Zjf; / k|sfz 
;+Zn]if0f dWojtL{sf] 36s xf] . 

KH2PO4

SoflN;od sf]if leQfsf] -cell wall_ ;+/rgfTds 36s xf] . 
CaCl2
Ca(NO3)2

kmnfd 
;fO6f]j|mf]dsf] -cytochromes_ Ps 36ssf] ?kdf On]S6«f]g 
:yfgfGt/0fsf] sfo{ ub{5 . 

Na2FeEDTA

sk/ 
OGhfOd sf]ˆos6;{sf] sfo{ ub{5 / On]S6«f]g :yfgfGt/0f k|ltlj|mofdf 
;xefuL x'G5 .

Cu2SO4

df]lnA8]gd 
OGhfOd sf]ˆos6;{sf] sfo{ ub{5 / gfO{6«]6 b]lv Pdf]lgoddf ?kfGt/0f 
k|ltlj|modf ;xefuL x'G5 .

Na2MoO4

af]/f]g ljleGg OGhfOd k|lj|mofsf] ultljlwdf cfjZos kb{5 . H3BO3

Snf]/Lg k|sfz ;+Zn]if0fsf] nflu cfjZos kb{5 . CoCl2

Dofulgh -Mn_, hL+s 
-Zn_, sf]afN6 -Co_, 
lgsn -Ni_

OGhfOd k|lj|mofdf sf]ˆos6;{sf] sfo{ ub{5g\ . 

MnSO4
ZnSO4
CoCl2
NiCl26H2O

C.

tflnsf !!M Callus initiation / Embryogenesis media

Components (/Liter) Callus Initiation Media Embryogenesis Media
Sucrose (g) 20.0 20.0
MS salts (Murashige and Skoog 1962) (g) 4.3 4.3
Myo-inositol (Mg) 100.3 100.3
Pyrodoxine HCl (Mg) 0.3 0.5
Thiamine HCl (Mg) 0.4 0.4
Nicotinic acid (Mg) 0.5 0.5
2,4 dichlorophenoxyacetic acid (Mg) 1.0 0.0
Bacto agar 10.0 10.0
pH (g) 5.7-5.8 5.7-5.8



74 75

cg';"rL @ 

tflnsf !@M tGt' k|hgg\ k|of]uzfnfdf k|of]u ul/g] ljleGg k|sf/sf xdf]{gx?

A. Auxins

Hormone Names
Molar Equivalence Solution Preparation

Mol. Wt. µM for 1 
mg/L Solvent Diluent Powder 

Storage
Liquid 

Storage
Steriliz– 
ation*

Working 
Conc.(mg/L)

p-Chlorophenoxyacetic acid 
(4-CPA) 186.6 5.36 EtOH — RT 2-8 °C CA 0.1-10.0

2,4-Dichlorophenoxyacetic 
acid 221 4.53 — — RT 2-8 °C CA 0.01-6.0

Indole-3-acetic acid Free 
acid (IAA) 175.2 5.71 EtOH/1N 

NaOH Water -0 °C -0 °C CA/F 0.01-3.0

Indole-3-acetic acid Sodium 
salt 197.2 5.07 Water Water 2-8 °C -0 °C CA/F 0.01-3.0

Indole-3-acetyl-L-aspartic 
acid 290.3 3.45 0.5N NaOH Water -0 °C -0 °C F 0.01-5.0

Indole-3-butyric acid (IBA) 203.2 4.90 EtOH/1N 
NaOH Water 2-8 °C -0 °C CA/F 0.1-10.0

alpha-Naphthaleneacetic 
acid Free acid (NAA) 186.2 5.37 1N NaOH Water RT 2-8 °C CA 0.1-10.0

Phenylacetic acid (PAA) 136.2 7.34 EtOH — RT 2-8 °C CA/F 0.1-50.0

Picloram 241.5 4.14 DMSO — RT 2-8 °C CA 0.01-10.0

2,4,5-Trichlorophenoxyacetic 
acid (2,4,5-T) 255.5 3.91 EtOH — RT 2-8 °C CA 0.01-5.0

2,3,5-Triiodobenzoic acid 
Free acid (TIBA) 499.8 2.00 1N NaOH Water -0 °C -0 °C F 0.05-5.0

B. Cytokinins

Hormone Names

Molar Equivalence Solution Preparation

Mol. Wt. µM for 1 
mg/L Solvent Diluent Powder 

Storage
Liquid 

Storage
Steriliz– 
ation*

Working 
Conc.

(mg/L)

6-Benzylaminopurine (BA) 225.3 4.44 1N NaOH Water RT 2-8 °C CA/F 0.1-5.0

N-Benzyl-9-(2-
tetrahydropyranyl)adenine 
(BPA)

309.4 3.23 EtOH — -0 °C -0 °C CA/F 0.1-5.0

N-(2-Chloro-4-pyridyl)-N'-
phenylurea (4-CPPU)

247.7 4.04 DMSO — 2-8 °C 2-8 °C F 0.001-1.0

6-(gamma,gamma-
Dimethylallylamino)purine 
(2iP)

203.2 4.92 1N NaOH Water -0 °C -0 °C CA/F 1.0-30.0

1,3-Diphenylurea (DPU) 212.3 4.71 DMSO — RT 2-8 °C F 0.1-1.0

Kinetin 215.2 4.65 1N NaOH Water -0 °C -0 °C CA/F 0.1-5.0

1-Phenyl-3-(1,2,3-
thiadiazol-5-yl)urea

220.2 4.54 DMSO — RT 2-8 °C CA/F 0.001-0.05
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Zeatin 219.2 4.56 1N NaOH Water -0 °C -0 °C CA/F 0.01-5.0

trans-Zeatin Hydrochloride 255.7 3.91 Water — -0 °C -0 °C CA/F 0.01-5.0

trans-Zeatin riboside 351.4 2.85 1N NaOH Water -0 °C -0 °C F 0.01-5.0

C. Miscellaneous Plant Growth Regulators

Hormone Names

Molar Equivalence Solution Preparation

Mol. Wt. µM for 1 
mg/L Solvent Diluent Powder 

Storage
Liquid 

Storage
Steriliz– 
ation*

Working 
Conc.

(mg/L)

(±)-cis,trans-Abscisic acid 
(ABA)

264.3 3.78 1N NaOH Water -0 °C -0 °C CA/F 0.1-10.0

Ancymidol 256.3 3.90 DMSO — 2-8 °C -0 °C CA/F 1.0-10.0

Chlorocholine chloride 
(CCC)

158.1 6.33 Water — RT 2-8 °C F up to 500

3,6-Dichloro-o-anisic acid 
(Dicamba)

221.0 4.52 EtOH/Water — 2-8 °C 2-8 °C F 0.01-10.0

Gibberellic acid (GA3) 346.4 2.89 EtOH — RT 2-8 °C CA/F 0.01-5.0

(±)-Jasmonic acid 210.3 4.76 EtOH — 2-8 °C -0 °C F 0.01-100.0

Phloroglucinol 126.1 7.93 Water — RT 2-8 °C CA/F up to 162

*Mol. Wt.= Molecular weight, *µM= Micro molar

*CA = coautoclavable with other media components. F = filter sterlize. CA/F = 
coautoclavable with other media components, however, some loss of activity may occur. 
This can be compensated for by increasing component concentration.
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pkof]uL dfkg tflnsf

gfk

! ;]=dL= Ö!),))) dfO{j|mf] dL= ! OGr Ö @=%$ ;]= dL=

! ;]=dL= Ö!) dL=d= ! lkm6 Ö #)=$* ;]= dL=

 ! dL= Ö !)) ;]=dL= ! dfO{n Ö !&^) uh

! ls=dL= Ö !))) dL=  dfO{n Ö !=^)(#$$ ls=dL=

tf}n

! u|fd Ö !))) dLnL u|fd ! lsnf] u|fd Ö @=@ kfp08

! lsnf] u|fd Ö !))) u|fd ! dg Ö #^=#@ lsnf] u|fd

! lSjG6n Ö !)) lsnf] u|fd ! wfgL{ Ö % kfp08

! 6g Ö !))) lsnf] u|fd ! kfp08 Ö !^ cf}+;

cfoftg

! dL=nL= Ö !))) dfO{j|mf] nL6/ ! Uofng Ö #=&*%$! nL6/

! dL=nL= Ö !))) So'ljs dLnL dL6/ ! kfyL Ö * dfgf

! nL6/ Ö !))) dL=nL= ! d'/L Ö @) kfyL

If]qkmn

! ju{ dL6/ Ö !)=&^ ju{ kmL6 ! /f]kgL Ö !^ cfgf

! ju{ kmL6 Ö (@(=)# ju{ ;]=dL= ! /f]kgL Ö %)*=% ju{ dL6/

! x]S6/ Ö !))) ju{ dL6/ ! cfgf Ö !^ bfd 

! x]S6/ Ö #) s¶f ! lj3f Ö @) s¶f

! x]S6/ Ö @=$& Ps/ ! x]S6/ Ö !=$@ lj3f

! x]S6/ Ö * /f]kgL ! s7\8f Ö @) w'/

tfkdfg     

#@°F Ö )°C *)°F Ö @&°C

%)°F Ö !)°C *^°F Ö #)°C

^*°F Ö @)°C @!@°F Ö !))°C
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! PSI -Pound per square inch_ Ö ^*($=&^ Pa -kf;sn_

! KPa -lsnf] kf;sn_ Ö !))) Pa

sG;G6«];g

! M -df]n/_ Ö !))) mM -dLnL df]n/_  

! mM -dLnL df]n/_ Ö !))) µM -dfO{j|mf] df]n/_ 

! ppm Ö !mg÷!kg Ö !mg÷nL6/ H2O

Number of moles Ö weight in grams/molecular weight
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zLtf]i0f afujfgL ljsf; s]Gb|, dfkmf{, d':tf·df /x]sf] tGt' k|hgg\ k|of]uzfnf tyf ljleGg sfo{x? eO{ 
/x]sf s]xL emnsx?
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(G) d':tf· :yfgLo cfn'sf] k"j{ d'n aLp pTkfbg ul/Psf]

(F) Og le6«f] la?jfx?nfO{ k|fOe/L xfO{lg·, ;]s]G8/L xfO{lg· /
lkmN8df :yfgfGt/0f ul/Psf]


