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A\str[]t  

Ti ijncgct_ [ l_jli^o]ncp_-mn[a_-mj_]c`c] jb_hinsjcha jlini]if [h^ cmif[n_ 

jin_hnc[f ^_n_lgch[hnm ]ih`_llcha m[fchcns nif_l[h]_ ch qb_[n, nqi ]ihm_]o-

ncp_ _rj_lcg_hnm q_l_ ]ih^o]n_^ omcha m[fn-nif_l[hn p[lc_nc_m (Bch[aig-1 

[h^ BARI Gig 25) [h^ [ m_hmcncp_ p[lc_ns (BARI Gig 20). Ih nb_ `clmn _rj_lc-

g_hn, m__^fcham q_l_ aliqh bs^lijihc][ffs, [h^ 14-^[s-if^ m__^fcham q_l_ 

mo\d_]n_^ ni nqi ^cff_l_hn f_p_fm i` m[fn mnl_mm (EC=12 ^S/g [h^ 16 ^S/g) `il 

7 ^[sm. B[m_^ ih nb_ l_mofnm i` nif_l[hn [h^ mom]_jnc\f_ p[lc_nc_m, j[l[g_-

n_lm mo]b [m liin [h^ mbiin q_cabn, mbiin N[+/K+ l[nci, ]bfilijbsff ]ihn_hn, 

jlifch_ ]ihn_hn, g_nbsfafsir[f ]ihn_hn, H2O2 ]ihn_hn [h^ fcjc^ j_lirc^[ncih 

]ihn_hn [h^ nb_ []ncpcnc_m i` _htsg_m mo]b [m [m]il\[n_ j_lirc^[m_, j_lirc-

^[m_, [h^ afsir[f[m_ I q_l_ ]ihmc^_l_^ [m jin_hnc[f ^_n_lgch[hnm i` m[fn 

nif_l[h]_. Tb_ m_]ih^ _rj_lcg_hn _gjfis_^ `iol f_[` ]onncha nl_[ng_hnm 

oh^_l \inb ]ihnlif [h^ m[fchcns mnl_mm ]ih^cncihm. S__^fcham q_l_ aliqh ch 

j_l`il[n_^ jinm `cff_^ qcnb `c_f^ micf, [h^ [n nb_ b_[^cha mn[a_, jf[hnm q_l_ 

mo\d_]n_^ ni m[fn mnl_mm (12 ^S/g) [ft_l nlcggcha [m ch^c][n_^. Tb_ ]ig-

\ch_^ [h[fsmcm i` ]ihnlif [h^ m[fn mnl_mm ^[n[ i\n[ch_^ `lig m_noj B l_`f_]n-

_^ [ mcahc`c][hn ^_]l_[m_ ch sc_f^ [h^ sc_f^-[nnlc\oncha nl[cnm; biq_p_l, [ 

f_mm_l ^_]l_[m_ q[m i\m_lp_^ ch nif_l[hn p[lc_nc_m. Cill_f[ncih mno^c_m l_-

p_[f_^ nb[n al[ch sc_f^ j_l mjce_ _rbc\cn_^ [ mcahc`c][hn jimcncp_ ]ill_f[ncih 

qcnb nb_ hog\_l i` m__^m j_l mjce_, mjce_ q_cabn, jf[hn b_cabn, [h^ ^[sm ni 

`clmn `fiq_lcha oh^_l \inb mnl_mm [h^ ]ihnlif ]ih^cncihm. A^^cncih[ffs, ^cff_l-

_hn mnl_mm nif_l[h]_ ch^c]_m [fmi mojjiln_^ nb_ l_mofnm i` l_jli^o]ncp_ mn[a_ 

jb_hinsjcha. Hiq_p_l, `olnb_l mno^c_m qcff \_ l_kocl_^ ni n[a nb_ a_h_m/

QTLm ]ihnliffcha m[fchcns nif_l[h]_ ch qb_[n [n p[lciom aliqnb jb[m_m.   
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Ihtri^u]tcih  

Wcnb [ afi\[f jli^o]ncih _r]__^cha 700 gcffcih nihm [h^ g__ncha 20% i` nb_ 

^[cfs jlin_ch [h^ ][filc_ h__^m `il 4.5 \cffcih j_ijf_, qb_[n (Triticum aes-

tivum L.), mig_ncg_m ehiqh [m nb_ "echa i` ]_l_[fm", cm [ mcahc`c][hn ]_l_[f 

]lij ch g[hs l_acihm i` nb_ qilf^ (1). Ih B[haf[^_mb, qb_[n cm ]ihmc^_l_^ 

nb_ m_]ih^-f[la_mn ]_l_[f ]lij [ft_l lc]_ ch n_lgm i` jli^o]ncih. In cm [ ]lo]c[f 

R[\c m_[mih ]lij ch B[haf[^_mb, l_koclcha 2-4 ncg_m f_mm q[n_l ]igj[l_^ ni 
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AKTER ET AL   2  

bnnjm://jf[hnm]c_h]_ni^[s.ihfch_ 

lc]_. Flig 1961 ni 2013, B[haf[^_mb'm [hho[f j_l ][jcn[ 

qb_[n ]ihmogjncih ch]l_[m_^ \s 102%, `lig 8.62 ni    

17.47 ea (2). Tb_ h[ncih[f ]ihmogjncih i` qb_[n ch B[haf[-

^_mb cm [\ion `iol ncg_m bcab_l nb[h [p_l[a_ [hho[f ^i-

g_mnc] jli^o]ncih. Tb_l_`il_, q_ h__^ ni ch]l_[m_ qb_[n 

jli^o]ncih ni `of`cf nb_ ^ig_mnc] ^_g[h^. Ih nb_ ]ihnl[ls, 

m[fn mnl_mm l_mofn_^ ch [ mcahc`c][hn cgj[]n ih qb_[n 

jli^o]ncpcns ch B[haf[^_mb'm m[fch_-jlih_ ]i[mn[f tih_. A 

f[la_ [l_[ (gil_ nb[h 1.2 gcffcih b_]n[l_m) i` nb_ ]ofncp[-

\f_ f[h^m ch nb_ ]i[mn[f [l_[m l_g[chm `[ffiq ^olcha nb_ 

qchn_l m_[mih (Nip_g\_l–M[s) ^o_ ni _r]_mmcp_ m[fn ]ih-

]_hnl[ncih ch nb_ micf (3). Tb_m_ l_acihm b[p_ _r]_jncih[ffs 

fiq [alc]ofnol[f f[h^ oncfct[ncih, mcahc`c][hnfs fiq_l nb[h 

nb_ h[ncih[f [p_l[a_ `il ]lij chn_hmcns. Tb_l_`il_, q_ b[p_ 

[ al_[n ijjilnohcns ni oncfct_ nbcm `[ffiq [l_[ \s ]ofncp[ncha 

m[fn nif_l[hn qb_[n p[lc_ns j[lnc]of[lfs ^olcha nb_ qchn_l 

m_[mih ni _hmol_ `ii^ m_]olcns [m q_ff [m ni ch]l_[m_ ]lij-

jcha chn_hmcns. 

 Tb_ _ff_]nm i` m[fchcns [lcm_ `lig chnlc][n_ chn_l[]-
ncihm \_nq__h giljbifiac][f, jbsmcifiac][f, [h^ \ci]b_g-

c][f jli]_mm_m, mo]b [m m__^ a_lgch[ncih, jf[hn aliqnb, 

[h^ q[n_l [h^ honlc_hn ojn[e_. Iihc] nirc]cns [h^ imginc] 

mnl_mm jim_ nb_ g[ch ]b[ff_ha_m `il jf[hnm oh^_l m[fn mnl_mm 

(4). S[fchcns [ff_]nm [fgimn [ff jb[m_m i` jf[hn aliqnb, ch-

]fo^cha a_lgch[ncih, p_a_n[ncp_ aliqnb, [h^ l_jli^o]ncp_ 

^_p_fijg_hn. Tb_ mo^^_h ch]l_[m_ ch l_[]ncp_ irsa_h mj_-

]c_m (ROS), mo]b [m bs^lia_h j_lirc^_ (H2O2), moj_lirc^_ 

(O2
•−), [h^ bs^lirsf l[^c][f (•OH), qbc]b ofncg[n_fs f_[^m ni 

irc^[ncp_ mnl_mm, cm ih_ i` nb_ gimn mcahc`c][hn \ci]b_gc][f 

]b[l[]n_lcmnc]m i` m[fn mnl_mm, ch [^^cncih ni cihc] [h^ im-

ginc] mnl_mm (5). A^^cncih[ffs, mc^_ _ff_]nm ch]fo^_ ^_-

]l_[m_^ [mmcgcf[n_ mshnb_mcm, mfiq_^ ]_ff aliqnb, ^sm`oh]-

ncih[f g_g\l[h_m, [fn_l_^ g_n[\ifcmg, [h^ [h _r]_mmcp_ 

[giohn i` l_[]ncp_ ][l\ihsf ]b_gc][fm fce_ g_nbsfafsir[f 

(MG) b[p_ \__h l_jiln_^ (5, 6). Do_ ni nb_cl jlij_hmcns ni 

chn_l[]n qcnb jlin_chm, fcjc^m, [h^ ho]f_c] []c^m, MG [h^ 

ROS jli^o]_^ ch _r]_mm \s jf[hnm b[lg ]_ffm [h^ ^cmnol\ 

]_ffof[l _kocfc\lcog. Ep_hno[ffs, jf[hn aliqnb ^cmnol\-

[h]_m, ^_]l_[m_^ `_lncfcns, [h^ _[lfs m_h_m]_h]_ [l_ ][om_^ 

\s jbinimshnb_mcm chbc\cncih, ^[g[a_ ni ]_ffof[l mnlo]-

nol_m, [h^ g_n[\ifc] ^sm`oh]ncih (7). Tb_ gimn ^_nlc-

g_hn[f _ff_]nm i` m[fchcns ^olcha nb_ l_jli^o]ncp_ mn[a_ [l_ 

ih nb_ chcnc[ncih i` j[hc]f_m, jiff_h `_lncfcns, mjce_f_n `il-

g[ncih, jiff_h a_lgch[ncih, [h^ `_lncfct[ncih. Scahc`c][hn 

_ff_]nm b[p_ [fmi \__h hin_^ ih mjce_ q_cabn, mjce_ f_hanb, 

hog\_l i` `cff_^ al[chm j_l mjce_, hog\_l i` oh`cff_^ al[chm 

j_l mjce_, nin[f al[chm j_l mjce_, nin[f al[ch q_cabn j_l 

mjce_, q_cabn i` 1000 m__^m, [h^ nb_ hog\_l i` mjce_m j_l 

jf[hn (8, 9). 

 Ti ]ij_ qcnb m[fn mnl_mm, qb_[n jf[hn [^ijnm [ p[lc_-

ns i` mnl[n_ac_m ni ip_l]ig_ nb_ ]b[ff_ha_m jim_^ \s ch-

]l_[m_^ m[fchcns (10). A jf[hn'm [\cfcns ni l_mcmn nb_ h_a[ncp_ 

_ff_]nm i` _f_p[n_^ m[fchcns cm \_fc_p_^ ni l_fs ih cnm ][j[]cns 

ni _r]fo^_ N[+ `lig nb_ mbiin. Ih qb_[n, nbcm cm jlcg[lcfs 

[]]igjfcmb_^ (>98%) \s fcgcncha h_n N[+ ojn[e_ [n nb_ micf

-liin chn_l`[]_ [h^ h_n rsf_g fi[^cha ch liinm. A^^cncih[f-

fs, [ jf[hn'm [\cfcns ni molpcp_ m[fchcns mnl_mm cm f[la_fs ^_n_l-

gch_^ \s nb_ K+/N[+ l[nci, g[echa cn [ p[fo[\f_ m]l__hcha 

niif `il jf[hn \l__^_lm (11). A^^cncih[ffs, jf[hnm `l_ko_hnfs 

[]]ogof[n_ jlifch_ ch l_mjihm_ ni [\cinc] ]b[ff_ha_m fce_ 

m[fchcns mnl_mm. In cm q_ff ehiqh nb[n jf[hnm a_h_l[ffs l_-

mjih^ ni mnl_mm_m, mo]b [m m[fn, \s jli^o]cha [h _r]_mmcp_ 

[giohn i` MG [h^ ROS (5, 12). Pf[hnm oj-l_aof[n_ nb_ afs-

ir[f[m_ msmn_g, ]ihmcmncha i` nqi _htsg_m, afsir[f[m_ I 

[h^ afsir[f[m_ II, qbc]b ]ihp_ln MG ni f_mm nirc] D-f[]n[n_, 

ch l_mjihm_ ni MG mnl_mm ch il^_l ni gcnca[n_ mnl_mm-l_f[n_^ 

^[g[a_ (5). Mil_ip_l, ni ]iohn_l ROS-ch^o]_^ ^[g[a_, 

jf[hnm oj-l_aof[n_ \inb _htsg[nc] (moj_lirc^_ ^cmgon[m_, 

SOD; ][n[f[m_, CAT; j_lirc^[m_, POD; afon[nbcih_ j_lirc-

^[m_, GPX; [m]il\[n_ j_lirc^[m_, APX; afon[nbcih_-S-

nl[hm`_l[m_, GST; afon[nbcih_ l_^o]n[m_, GR; ^_bs-

^li[m]il\[n_ l_^o]n[m_, DHAR; [h^ gihi^_bs^li[m]il-

\[n_ l_^o]n[m_, MDHAR) [h^ hih-_htsg[nc] [hncirc^[hnm 

mo]b [m afon[nbcih_ (GSH), [m]il\[n_ (AmA), ni]ijb_lif, 

][lin_hic^m, [h^ `f[pihic^m (4, 12). Afnbioab ROS [h^ MG 

[l_ ift_h ]ihmc^_l_^ hirciom ]igjioh^m nb[n bch^_l jf[hn 

aliqnb [h^ ^_p_fijg_hn, [n fiq ]ih]_hnl[ncihm nb_s `oh]-

ncih [m mcahc`c][hn mcah[fcha gif_]of_m nb[n, nblioab mcah[f 

nl[hm^o]ncih j[nbq[sm, l_aof[n_ nb_ _rjl_mmcih mnl_mm-

l_mjihmcp_ a_h_m (13-15).  

 Tb_ jl_pciom `_q ^_][^_m, nb_l_ b[p_ \__h hog_l-

iom [nn_gjnm ni ^_p_fij m[fn-nif_l[hn qb_[n ]ofncp[lm, \on 

nb_s b[p_ ihfs []bc_p_^ mjil[^c]m mo]]_mm. Oh_ i` nb_ 

g[ch l_[mihm `il nb_ fcgcn_^ mo]]_mm ch \l__^cha m[fn-

nif_l[hn qb_[n p[lc_nc_m cm nb_ [\m_h]_ i` jl_]cm_ ch^c]_m 

`il giljbi-jbsmcifiac][f [h^ \ci]b_gc][f nl[cnm l_f[n_^ ni 

m[fchcns mnl_mm nif_l[h]_ [n p[lciom aliqnb mn[a_m, [m q_ff 

[m nb_ fiq a_h_nc] p[lc[\cfcns i` nb_ ]oll_hnfs [p[cf[\f_ 

qb_[n a_lgjf[mg. A^^cncih[ffs, nb_ f[]e i` ]ill_f[ncih 

\_nq__h nif_l[h]_ [n nb_ m__^fcha [h^ l_jli^o]ncp_ mn[a_m 

ch qb_[n [h^ lc]_ moaa_mnm nb[n nb_m_ nqi m_hmcncp_ mn[a_m 

[l_ ohcko_ `lig ih_ [hinb_l [h^ [l_ ]ihnliff_^ \s ^cff_l-

_hn m_nm i` a_h_ (16, 17). Am [ l_mofn, `ch^cha [jjlijlc[n_ 

[ali-jbsmcifiac][f [h^ \ci]b_gc][f g_[mol_m nb[n ][h 

m_lp_ [m m]l__hcha ]lcn_lc[ `il ^cff_l_hnc[ncha \_nq__h m[-

fch_-nif_l[hn [h^ mom]_jnc\f_ a_hinsj_m cm cgj_l[ncp_ `il 

nb_ ^_p_fijg_hn i` nif_l[hn qb_[n a_hinsj_m (18). Hiq-

_p_l, []]ol[n_fs ^_`chcha nb_ [jjlijlc[n_ mn[a_ [n qbc]b 

m[fchcns mnl_mm mbiof^ \_ [jjfc_^ ni jf[hnm cm _mm_hnc[f ni 

[]bc_p_ jl_]cm_ aliqnb mn[a_-^_j_h^_hn jb_hinsjcha. 

D_mjcn_ nb_ a[g_nijbsnc] mn[a_ \_cha nb_ ijncg[f ncg_ ni 

[jjfs m[fchcns mnl_mm ni jf[hnm, cn n[e_m [ `_q ^[sm `il m[fn ni 

l_[]b nb_ ch`fil_m]_h]_. Ihcnc[ffs, m[fn nl[p_fm ni nb_ if^_mn 

f_[p_m [h^ f_[` mb_[nb, nb_h ni nb_ m_]ih^ if^_mn f_[p_m 

[h^ f_[` mb_[nb, [h^ mi ih ohncf cn l_[]b_m nb_ ch`fi-

l_m]_h]_. Ajjfscha nb_ m[fn nl_[ng_hn qb_h nb_ jf[hnm ^cm-

jf[s pcmc\f_ msgjnigm i` \iincha qiof^ ch_pcn[\fs ^_f[s 

m[fn fi[^cha ch nb_ l_jli^o]ncp_ ila[hm [n nb_ gimn mocn[-

\f_ mn[a_. Tbcm ^_f[s ][h \_ [nnlc\on_^ ni nb_ msmn_g[nc] 

][m][^_ g[hh_l ch qbc]b nirc] cihm (N[+) [l_ nl[hmjiln_^ 

`lig if^ f_[p_m ni sioha_l f_[p_m [h^ _p_hno[ffs ni nb_ 

`f[a f_[` [h^ ch`fil_m]_h]_ (19). Tb_ bsjinb_mcm i` nbcm 

mno^s q[m nb[n ]onncha gimn i` nb_ if^ f_[p_m i` qb_[n 

jf[hnm \_`il_ nb_ cgjimcncih i` m[fn mnl_mm qiof^ []]_f_l-

[n_ nb_ nl[hmjiln i` m[fn ni nb_ l_g[chcha f_[p_m [h^ ch`fi-

l_m]_h]_. Hiq_p_l, nb_ ko_mncih [lcm_m: biq g[hs f_[p_m 

mbiof^ \_ l_n[ch_^ mi nb[n f_[` l_gip[f ^i_m hin mcahc`c-

][hnfs [ff_]n al[ch sc_f^? A^^cncih[ffs, g[mm m]l__hcha `il 
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m[fn nif_l[h]_ ^cl_]nfs ch nb_ `c_f^ cm ]b[ff_hacha [h^ ]ig_m 

qcnb hog_liom fcgcn[ncihm, mo]b [m [ bcab ^_al__ i` micf 

b_n_lia_h_cns [h^ inb_lm (20). B_][om_ `_lncfct[ncih [h^ 

m__^ jli^o]ncih n[e_ jf[]_ ^olcha nbcm mn[a_, nb_ l_jli-

^o]ncp_ mn[a_ cm ]fim_fs nc_^ ni al[ch sc_f^, g[echa m[fn nif-

_l[h]_ [n nbcm j_lci^ _mm_hnc[f. Tb_ [cg i` nb_ mno^s cm ni 

mn[h^[l^ct_ [ l_jli^o]ncp_-mn[a_ mj_]c`c] jb_hinsjc] jli-

ni]if [h^ ni c^_hnc`s jin_hnc[f giljbi-\ci]b_gc][f g[le-

_lm fche_^ ni m[fchcns mnl_mm nif_l[h]_ [n p[lciom jb[m_m i` 

jf[hn aliqnb. A^^cncih[ffs, q_ mno^c_^ nb_ mocn[\cfcns i` 

^cff_l_hn mnl_mm nif_l[h]_ ch^c]_m ch ^cmnchaocmbcha \_nq__h 

nif_l[hn [h^ mom]_jnc\f_ a_hinsj_m.   

 

M[t_rc[fs [h^ M_tbi^s 

Experiment 1: Identification of salt tolerance determi-

nants at the seedling stage         

Exj_rcg_ht[f g[t_rc[fs       

Tbl__ qb_[n p[lc_nc_m, ch]fo^cha nqi m[fn-nif_l[hn ih_m 
(Bch[aig-1 [h^ BARI Gig 25) [h^ ih_ m[fn-m_hmcncp_ p[lc_-

ns (BARI Gig 20; [fmi ehiqh [m Giol[\), q_l_ om_^ [m 

jf[hn g[n_lc[fm. BARI Gig 20 [h^ BARI Gig 25 q_l_ i\-

n[ch_^ `lig nb_ B[haf[^_mb Aalc]ofnol[f R_m_[l]b Ihmncnon_ 

(BARI), qbcf_ Bch[aig-1 q[m i\n[ch_^ `lig nb_ B[haf[-

^_mb Ihmncnon_ i` No]f_[l Aalc]ofnol_ (BINA). 

Exj_rcg_ht[f ^_scah [h^ str_ss tr_[tg_hts        

Tb_ nbl__ nl_[ng_hnm om_^ ch nb_ _rj_lcg_hn q_l_ ]ihnlif 
(C), gi^_l[n_fs m[fch_ mnl_mm (EC=12 ^S/g) (MSS), [h^ 

mnlihafs m[fch_ mnl_mm (EC=16 ^S/g) (SSS). Tb_ l_mj_]ncp_ 

EC p[fo_m i` 12 [h^ 16 ^S/g q_l_ ][n_ailct_^ [m gi^_l-

[n_fs [h^ mnlihafs m[fch_ mnl_mm f_p_fm \[m_^ ih nb_ m[fchcns 

]f[mmc`c][ncih jlipc^_^ \s nb_ Sicf R_miol]_ D_p_fijg_hn 

Ihmncnon_, B[haf[^_mb. Tb_ _rj_lcg_hn q[m ]ih^o]n_^ om-

cha [ ]igjf_n_fs l[h^igct_^ ^_mcah (CRD) qcnb nbl__ l_jfc-

][ncihm. 

Tcg_ [h^ _xj_rcg_ht[f sct_         

Tb_ _rj_lcg_hn q[m ]ih^o]n_^ oh^_l ]ihnlif ]ih^cncihm 

(T_gj: 20±2°C, RH:80%) ch nb_ aliqnb ]b[g\_l i` nb_ D_-

j[lng_hn i` G_h_nc]m [h^ Pf[hn Bl__^cha, B[haf[^_mb Aalc-

]ofnol[f Uhcp_lmcns, Msg_hmchab, ^olcha nb_ j_lci^ `lig 

S_jn_g\_l 2020 ni S_jn_g\_l 2021. 

S__^fchas _st[\fcsbg_ht [h^ ariwtb uh^_r by^rijihc] 

syst_g       

Tb_ qb_[n m__^m q_l_ mol`[]_ mn_lcfct_^ qcnb 70% _nb[hif. 
Tb_s q_l_ nb_h jf[]_^ ih q_n ncmmo_ j[j_l _g\_^^_^ ch 

j_nlc ^cmb_m [h^ e_jn ch [h ip_h [n 280C `il 48 blm ni `[]cfc-

n[n_ a_lgch[ncih. Sjlion_^ m__^m q_l_ nb_h miqh ch [ fch_ 

ih Snsli`i[g mb__n `fi[ncha ch nl[sm ]ihn[chcha hilg[f 

q[n_l oh^_l ]ihnliff_^ ]ih^cncihm. Tb_ nl[s ^cg_hmcihm 

q_l_ 32.50 ]g × 28.50 ]g × 13.00 ]g (f_hanb, \l_[^nb [h^ 

qc^nb, l_mj_]ncp_fs), qcnb [ pifog_ i` 11 L. Aft_l 3 ^[sm i` 

m__^fcham aliqnb ch hilg[f n[j q[n_l, nb_ nl[sm q[n_l q[m 

l_jf[]_^ qcnb [ b[f`-mnl_hanb honlc_hn mifoncih (P_n_lm® 

Pl`i_mmcih[f, G_f^_lg[fm_h, N_nb_lf[h^), [h^ jH q[m [^-

domn_^ ni 5.7-5.8 omcha N[OH [h^ HCf. S_p_h-^[s-if^ m__^-

fcham q_l_ nb_h nl[hm`_ll_^ ni `off-mnl_hanb honlc_hn mifo-

ncih (P_n_lm mifoncih) [h^ ]ihncho_^ `il 14 ^[sm. Tb_ honlc-

_hn mifoncih q[m l_jf[]_^ _p_ls 7 ^[sm. Aff jli]_^ol_m 

q_l_ ]ih^o]n_^ oh^_l ]ihnliff_^ ]ih^cncihm [n 20±2°C 

qcnb [ 16/8-blm fcabn/^[le ]s]f_. 

Pr_j[r[tcih i` s[fch_ sifutcih [h^ [jjfc][tcih i` s[ft 

str_ss tr_[tg_ht        

Tb_ ^_mcl_^ m[fchcns f_p_fm q_l_ []bc_p_^ \s ^cmmifpcha 

]lo^_ m[fn ]iff_]n_^ `lig nb_ m_[mbil_ ohncf nb_ nl_[ng_hn 

f_p_fm l_[]b_^ gi^_l[n_fs m[fch_ mnl_mm (MSS) [h^ mnlihafs 

m[fch_ mnl_mm (SSS), [m ^_n_lgch_^ \s ]b_]echa nb_ EC g_-

n_l. Tb_ ]ihnlif alioj q[m g[chn[ch_^ omcha honlc_hn mifo-

ncih ihfs. Aft_l 14 ^[sm i` m__^fcham aliqnb, nqi aliojm i` 

m__^fcham q_l_ mo\d_]n_^ ni nqi ^cff_l_hn f_p_fm i` m[fn 

mnl_mm (12 ^S/g [h^ 16 ^S/g) ch nb_ P_n_lm mifoncih `il 7 

^[sm (Fca. 1). Tb_ ]ihnlif m__^fcham q_l_ aliqh mif_fs ch 

nb_ honlc_hn mifoncih. 

 

D[t[ ih girjbifiac][f [h^ \ci]b_gc][f tr[cts       

Aft_l 7 ^[sm i` m[fn mnl_mm nl_[ng_hnm, p[lciom giljbifiac-
][f nl[cnm (mbiin f_hanb (SL), liin f_hanb (RL), mbiin `l_mb 

q_cabn (SFW), liin `l_mb q_cabn (RFW), mbiin ^ls q_cabn 

Fca. 1. Hs^lijihc] ]ofnol_ i` qb_[n m__^fcham aliqh oh^_l ]ihnlif [h^ m[fn-mnl_mm_^ (12 ^S/g [h^ 16 ^S/g) ]ih^cncihm.  
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(SDW), liin ^ls q_cabn (RDW) q_l_ l_]il^_^ `lig 10 l[h-

^igfs m_f_]n_^ m__^fcham j_l l_jfc][ncihm. Bci]b_gc][f 

nl[cnm mo]b [m ]bfilijbsff ]ihn_hn q_l_ g_[mol_^ []]il^-

cha ni Lc]bn_hnb[f_l et al. (21); MG f_p_f []]il^cha ni 

Ribg[h et al. (22); [h^ N[+ [h^ K+ ]ihn_hn []]il^cha ni 

Bliqh [h^ Lcff_f[h^ (23). Plifch_, H2O2, MDA, [h^ jlin_ch 

]ihn_hn q_l_ g_[mol_^ `iffiqcha mn[h^[l^ g_nbi^m [m 

^_m]lc\_^ \s Imf[g et al. (24). 

Ehzyg_ _xtr[]tcih [h^ []tcvcty [ss[y         

A]]il^cha ni Himm[ch et al. (12), nb_ _htsg_ q[m _rnl[]n_^ 

`lig nb_ f_[` m[gjf_, [h^ jlin_ch ]ih]_hnl[ncih q[m [m-

m_mm_^ omcha Bl[^`il^'m (1976) n_]bhcko_m. Fiffiqcha nb_ 

jli]_^ol_m ionfch_^ \s Himm[ch et al. (12), nb_ []ncpcnc_m i` 

[m]il\[n_ j_lirc^[m_ (APX), afon[nbcih_ S-nl[hm`_l[m_ 

(GST), [h^ afsir[f[m_-I (Gfs-I) q_l_ [mm_mm_^, qbcf_ j_lirc-

^[m_ (POD) []ncpcns q[m ^_n_lgch_^ []]il^cha ni H_g_^[ 

[h^ Kf_ch (25). 

Experiment 2: Standardization of reproductive-stage-

specific phenotyping protocol           

Exj_rcg_ht[f g[t_rc[fs [h^ ^_scah i` tb_ _xj_rcg_ht       

Pf_[m_ m__ nb_ m_]ncih i` _rj_lcg_hn 1. 

Tcg_ [h^ _xj_rcg_ht[f sct_         

Ih nb_ jins[l^ i` BINA Msg_hmchab-2202, l_m_[l]b ih nb_ 

_ff_]nm i` m[fn mnl_mm ^olcha nb_ l_jli^o]ncp_ mn[a_ q[m 

]ih^o]n_^ `lig nb_ gc^^f_ i` Nip_g\_l 2019 ni nb_ `clmn 

q__e i` M[l]b 2020. 

Pr_j[r[tcih i` j_r`ir[t_^ jit sicf        

P_l`il[n_^ jin micf q[m jl_j[l_^ `il nb_ _mn[\fcmbg_hn i` 

m__^fcham. Tb_ micf q[m mj[^_^ nblioab qcnb [ mj[^_, [h^ 

f[la_ ]fi^m q_l_ \lie_h chni mg[ff_l jc_]_m \s b[h^. Ciq 

^oha [h^ `_lncfct_lm (Ul_[, TSP, [h^ MP) q_l_ gcr_^ qcnb 

nb_ micf ni jlipc^_ jlij_l honlcncih. Tb_ micf om_^ q[m ]if-

f_]n_^ `lig nb_ _rj_lcg_hn[f `c_f^ f[\il[nils i` nb_ D_-

j[lng_hn i` G_h_nc]m [h^ Pf[hn Bl__^cha. In b[^ [ jH l[ha-

cha `lig 6.5–6.7, [h^ [ m[h^s fi[g n_rnol_. A jc_]_ i` nbch 

qbcn_ ]innih ]finb q[m jf[]_^ ih nb_ chh_l mc^_ i` nb_ j_l-

`il[n_^ jinm. Tb_h jinm q_l_ nb_h `cff_^ qcnb nb_ jl_j[l_^ 

micf [h^ jf[]_^ ch nb_ nl[sm. E[]b jin ]ihn[ch_^ 2.17 ea i` 

micf. 

F_rtcfcz_r [jjfc][tcih        

Tb_ l_]igg_h^_^ ^im_m i` `_lncfct_l (TSP [h^ MP) q_l_ 
[jjfc_^ ni nb_ micf ^olcha jin micf jl_j[l[ncih. Ul_[ q[m 

[jjfc_^ ch nqi chmn[ffg_hnm; b[f` i` nb_ jilncih q[m om_^ 

^olcha micf jl_j[l[ncih, [h^ nb_ l_g[chcha b[f` q[m [j-

jfc_^ [ft_l nbclns ^[sm i` nl[hmjf[hncha. 

S__^ a_rgch[tcih, s__^fcha ariwtb [h^ _st[\fcsbg_ht     

Tb_ m_f_]n_^ nbl__ p[lc_nc_m q_l_ a_lgch[n_^ ch j_nlc ^cmb-

_m [n liig n_gj_l[nol_. Pl_-a_lgch[n_^ m__^m q_l_ nb_h 

^cl_]nfs miqh ch j_l`il[n_^ jinm `cff_^ qcnb `c_f^ micf ni `[-

]cfcn[n_ \_nn_l _mn[\fcmbg_hn [h^ aliqnb [n nb_ _rj_lc-

g_hn[f mcn_ i` BINA, Msg_hmchab-2202. 

L_[` ]uttcha [h^ ariwtb i` jf[hts uh^_r ]ihtrif [h^ 

s[ft str_ss         

Jomn \_`il_ nb_ _g_la_h]_ i` j[hc]f_m `lig nb_ `f[a f_[` 

(b_[^cha mn[a_), nb_ f_[` ]onncha _rj_lcg_hn[f m_noj q[m 

]ih^o]n_^ `iffiqcha nb_ jli]_mm ionfch_^ \s Abg[^ct[^_b 

et al. (19):  

S_noj A: Ni f_[` ]onncha  

S_noj B: R_g[chcha nij nbl__ f_[p_m 

S_noj C: R_g[chcha `f[a f_[` [h^ j_hofncg[n_ f_[` 

S_noj D: Ohfs nb_ l_g[chcha `f[a f_[` 

 L_[` ]onncha q[m j_l`ilg_^ ih nqi ^cff_l_hn m_nm i` 

m__^fcham `il _[]b a_hinsj_. Oh_ alioj i` jf[hnm q[m 

aliqh oh^_l ]ihnlif ]ih^cncihm (hilg[f n[j q[n_l), qbcf_ 

[hinb_l alioj i` jf[hnm q[m mo\d_]n_^ ni m[fn mnl_mm          

(EC 12 ^S/g). Ep_ls 7 ^[sm, nb_ nl[s’m q[n_l q[m l_jf[]_^ 

qcnb hilg[f n[j q[n_l, [h^ h_q m[fn-]ihn[chcha q[n_l q[m 

[^^_^, qcnb nb_ EC [^domn_^ l_aof[lfs omcha [h EC g_n_l. 

Tbcm jli]_mm ]ihncho_^ `il 18 ^[sm. Aft_l nb_ mnl_mm nl_[n-

g_hnm, m__^fcham q_l_ aliqh oh^_l hilg[f ]ih^cncihm [h^ 

b[lp_mn_^ []]il^cha ni nb_cl g[nolcns. 

D[t[ ]iff_]tcih ih yc_f^ [h^ yc_f^ ]ihtrc\utcha tr[cts     

D[n[ ih ^[sm ni `clmn `fiq_lcha (DFF), ^[sm ni g[nolcns 

(DM), jf[hn b_cabn (PH), mjce_ f_hanb (SL), mjce_ q_cabn 

(SW), hog\_l i` m__^m j_l mjce_ (NSS), 100-m__^ q_cabn 

(100-SW), [h^ al[ch sc_f^ j_l mjce_ (GY) q_l_ l_]il^_^ 

`lig n_h l[h^igfs ]bim_h jf[hnm. 

C[f]uf[tcih i` str_ss tif_r[h]_ ch^c]_s       

Snl_mm nif_l[h]_ ch^c]_m mo]b [m MP (M_[h Pli^o]ncpcns), 

GMP (G_ig_nlc] M_[h Pli^o]ncpcns), SSI (Snl_mm Som]_jnc-

\cfcns Ih^_r), TOL (Tif_l[h]_ Ih^_r), STI (S[fn Tif_l[h]_ 

ch^_r) [h^ YSI (Yc_f^ Sn[\cfcns Ih^_r) q_l_ _mncg[n_^ \[m_^ 

ih nb_ ^[n[ ih al[ch sc_f^ j_l mjce_ omcha nb_ `iffiqcha 

_ko[ncihm: GMP =√(Yj × Ym); MP = (Yj + Ym)/2; SSI = (1 - (Ym/

Yj))/(1 - (Ȳm/Ȳj)); STI = (Yj × Ym)/(Ȳj)²; TOL= Yj - Ym; [h^   

YSI = Ym/Yj. Tb_m_ _ko[ncihm q_l_ ^_lcp_^ `lig nb_ l_-

m_[l]b [lnc]f_ jo\fcmb_^ \s R[bg[h et al. (26). 

 Ih nb_m_ _ko[ncihm, Ym [h^ Yj ch^c][n_ nb_ al[ch 

sc_f^ j_l mjce_ i` [ acp_h a_hinsj_ oh^_l mnl_mm [h^ hil-

g[f ]ih^cncih, l_mj_]ncp_fs. Tb_ [p_l[a_ sc_f^ []limm [ff 

a_hinsj_m oh^_l hilg[f [h^ mnl_mm`of ]ih^cncihm cm ^_hin-

_^ \s Ȳ[ [h^ ȲS, l_mj_]ncp_fs. 

St[tcstc][f [h[fyscs        

Tb_ mn[ncmnc][f miftq[l_ jlial[g Mchcn[\ 18 (Mchcn[\ Ih]. 
Sn[n_ Ciff_a_, P_hhmsfp[hc[) q[m om_^ `il ^[n[ [h[fsmcm. 

Fiffiqcha nb_ CRD ^_mcah, [ nqi-q[s [h[fsmcm i` p[lc[h]_ 

q[m ]ih^o]n_^ omcha [ gcr_^ gi^_f qcnb nqi `cr_^ `[]nilm 

[h^ l[h^ig l_j_[nm. Tb_ Toe_s gofncjf_ ]igj[lcmih n_mn 

q[m _gjfis_^ ni ^_n_lgch_ qb_nb_l nb_l_ q_l_ mcahc`c-

][hn ^cff_l_h]_m ch nl_[ng_hn g_[hm [n nb_ p < 0.05 f_p_f.   

 

R_sufts [h^ Dcs]usscih  

Identification of salt tolerance determinants at the seed-

ling stage        

Tb_ l_mofnm i` nb_ [h[fsmcm i` p[lc[h]_ ch^c][n_^ nb[n nb_ 
a_hinsj_m [h^ nl_[ng_hnm ^cff_l_^ mcahc`c][hnfs (p≤0.001) 

`il [ff nl[cnm viz., SL, RL, SFW, RFW, SDW, RDW, RL [h^ SL 

l[nci (R/S), mbiin N[+/K+, [h^ liin N[+/K+. Ih G × T chn_l[]-

ncih, SL, SDW, RDW, mbiin N[+/K+ [h^ liin N[+/K+ q_l_ [fmi 

https://plantsciencetoday.online


5 

Pf[hn S]c_h]_ Ti^[s, ISSN 2348-1900 (ihfch_) 

`ioh^ ni \_ mcahc`c][hn (p ≤ 0.001). Tb_ g_[h j_l`ilg[h]_ 

i` nb_ p[lc_nc_m `il ^cff_l_hn aliqnb-[nnlc\oncha nl[cnm oh^_l 

nqi ^cff_l_hn f_p_fm i` m[fn mnl_mm cm jl_m_hn_^ ch T[\f_ 1. Ih 

l_mjihm_ ni gi^_l[n_ il mnlihafs m[fch_ mnl_mm, q_ i\-

m_lp_^ [ mcahc`c][hn ^_]l_[m_ ch SL (7.3 [h^ 11.11% ch 

Bch[aig-1; 4.93 [h^ 6.83% ch BARI Gig 25; 6.77 [h^ 

15.83% ch BARI Gig 20), SFW (16.25 [h^ 32.50% ch 

Bch[aig-1; 27.27 [h^ 31.64% ch BARI Gig 25; 33.33 [h^ 

58.85% ch BARI Gig 20), RFW (17.39 [h^ 28.26% ch 

Bch[aig-1; 27.27 [h^ 40.91% ch BARI Gig 25; 29.23 [h^ 

36.58% ch BARI Gig 20), SDW (8.74 [h^ 21.36% ch  

Bch[aig-1; 7.86 [h^ 17.97% BARI Gig 25; 13.98 [h^ 

38.71% ch BARI Gig 20), [h^ RDW(9.75 [h^ 19.51% ch 

Bch[aig-1; 13.51 [h^ 29.73% ch BARI Gig 25; 14.29 [h^ 

51.43% ch BARI Gig 20) ]igj[l_^ ni nb_ ]ihnlif (T[\f_ 1 

[h^ Fca. 2). Scgcf[l ni iol l_mofnm, [ ^_]l_[m_ ch SL, SFW, 

RFW, SDW, RDW ch l_mjihm_ ni m[fchcns q[m [fmi l_jiln_^ 

\s inb_lm (27, 28). Tb_ ^_]l_[m_ ch nb_ [\ip_ nl[cnm ch l_-

mjihm_ ni m[fchcns cm [ l_mofn i` nb_ imginc] cgj[]n [h^ nb_ 

[]]ogof[ncih i` bcab ]ih]_hnl[ncihm i` N[+ [h^ Cf-. Cihm_-

ko_hnfs, nb_ [p[cf[\cfcns i` [mmcgcf[n_m ni aliqcha ncmmo_m 

[h^ ila[hm ^_]l_[m_m. A ^_]l_[m_ ch ]_ff ^cpcmcih ch l_-

mjihm_ ni m[fn mnl_mm b[m [fmi \__h l_jiln_^ (29). Ih ]ih-

nl[mn, [ mcahc`c][hn ch]l_[m_ ch RL (15.23% ch Bch[aig-1; 

18.89 [h^ 50.77% ch BARI Gig 25; 6.70 [h^ 16.67% ch BARI 

Gig 20), R/S (9.09 [h^ 36.36% ch Bch[aig-1; 23.81 [h^ 

59.52% ch BARI Gig 25 [h^ 16 [h^ 34% ch BARI Gig 20), 

mbiin N[+/K+ (1.93- [h^ 2.46-`if^ ch Bch[aig-1; 1.24- [h^ 

2.23-`if^ ch BARI Gig 25; 1.49- [h^ 3.45-`if^ ch BARI Gig 

20), [h^ liin N[+/K+ (2.26- [h^ 3.78-`if^ ch Bch[aig-1; 2.90

- [h^ 5.51-`if^ ch BARI Gig 25; 2.75- [h^ 4.85-`if^ ch BARI 

Gig 20) q[m i\m_lp_^ ch l_mjihm_ ni 12 ^S/g [h^ 16^S/g 

m[fchcns f_p_fm ]igj[l_^ ni nb_ ]ihnlif (T[\f_ 1). Tb_m_ 

l_mofnm q_l_ [fmi mojjiln_^ \s inb_l l_m_[l]b_lm (10, 30). 

Nog_liom mno^c_m b[p_ ]ih]fo^_^ nb[n nb_ g[ch g_]b[-

hcmg jl_p_hncha N[+ []]ogof[ncih ch f_[p_m chpifp_m nb_ 

]iil^ch[n_^ []ncih i` nl[hmjiln_lm g_^c[ncha N[+ ohfi[^-

cha `lig nb_ liin [h^ rsf_g, nb_l_\s gchcgctcha nb_ nl[hm-

`_l [h^ []]ogof[ncih i` jbsmcifiac][ffs nirc] N[+ ch mbiinm, 

[h^ _p_hno[ffs ch jbinimshnb_nc] ncmmo_m, g_^c[n_^ \s nb_ 

bcab-[ffchcns K+ nl[hmjiln_l (HKT) jlin_chm. Tb_ ]ihnlif i` 

N[+ nl[hmjiln [h^ N[+ cih ]igj[lng_hn[fct[ncih cm ][llc_^ 

C B A 

V[rc_ty Tr_[tg_ht SL (]g) RL (]g) SFW (a) RFW (a) SDW (a) RDW (a) 
RL/SL 
R[tci 

Sbiit N[+/
K+ 

Riit  N[+/K+ 

BN1 

Cihnlif 33.56 [ 18.44 \-_ 0.80 [ 0.46 [ 0.103 [ 0.041 [ 0.55 ]^ 0.70 b 0.58 ab 

12 ^S/g 31.11 \ 18.78 \-^ 0.67 \ 0.38 ] 0.094 [\ 0.037 \ 0.60 \] 1.35 ^ 1.31 ` 

16 ^S/g 29.83 ] 21.25 [ 0.54 ] 0.33 ^ 0.081 ]-_ 0.033 ]^ 0.71 [ 1.72 ] 2.19 ] 

BR25  

Cihnlif 32.63 [ 13.55 ` 0.79 [ 0.44 [\ 0.089 \] 0.037 \ 0.42 _ 0.99 a 0.49 b 

12 ^S/g 31.02 \] 16.11 _ 0.64 \ 0.32 ^ 0.082 ]^ 0.032 ^_ 0.52 ^ 1.23 _ 1.42 _ 

16 ^S/g 30.40 \] 20.43 [\ 0.54 ] 0.26 _ 0.073 _ 0.026 ` 0.67 [\ 2.21 \ 2.70 \ 

BR20 

Cihnlif 32.66 [ 16.44 ^_ 0.81 [ 0.41 \] 0.093 \ 0.035 \] 0.50 ^ 0.71 b 0.60 a 

12 ^S/g 30.45 \] 17.59 ]-_ 0.54 ] 0.29 ^_ 0.080 ^_ 0.030 _ 0.58 ]^ 1.06 ` 1.65 ^ 

16 ^S/g 27.49 ^ 19.18 [-] 0.39 ^ 0.26 _ 0.057 ` 0.017 a 0.67 [\ 2.45 [ 2.91 [ 

T[\f_ 1: M_[h j_l`ilg[h]_m i` nbl__ qb_[n a_hinsj_m `il ^cff_l_hn giljbifiac][f [h^ \ci]b_gc][f nl[cnm l_f[n_^ ni aliqnb [h^ ^_p_fijg_hn oh^_l ]ihnlif [h^ 
m[fn ]ih^cncihm [n nb_ m__^fcha mn[a_.  

Nin_: Dcff_l_hn f_nn_lm ch nb_ m[g_ ]ifogh [l_ mcahc`c][hn [n 5% f_p_f i` jli\[\cfcns `iffiqcha Toe_s’m g_nbi^. H_l_, BN 1 = Bch[aig-1, BR 25 = BARI Gig 25,        
BR 20 = BARI Gig 20, SL = Sbiin L_hanb, RL = Riin L_hanb, FSW = Sbiin Fl_mb q_cabn, FRW = Riin Fl_mb q_cabn, DSW = Sbiin Dls q_cabn, DRW = Riin Dls q_cabn, 
R/S r[tci= Riin f_hanb [h^ Sbiin f_hanb l[nci.  

Fca. 2. Pb_hifiac][f [jj_l[h]_ i` m__^fcham aliqh oh^_l ^cff_l_hn f_p_fm (12 ^S/g [h^ 16 ^S/g) i` m[fn mnl_mm (A) Bch[aig -1,(B) BARI Gig 25 [h  ̂                             
(C) BRRI Gig 20.  
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ion \s cih nl[hmjiln_lm fce_ HKTm [h^ NHXm (31). A]]il^cha 

ni l_]_hn l_m_[l]b, nb_ cih nl[hmjiln_l OmHKT1;5 ]ihnlifm 

nb_ N[+/K+ ]b[hh_f \s _r]fo^cha N[+ `lig rsf_g m[j chni 

rsf_g j[l_h]bsg[ ]_ffm, g[chn[chcha [ fiq N[+/K+ l[nci 

oh^_l micf m[fchcns. In cm jimmc\f_ nb[n nb_ oj-l_aof[ncih i` 

m[fn _r]fomcih-l_f[n_^ a_h_m OsHKT1;5 [h^ OsNHX1 [h^ nb_ 

^iqh-l_aof[ncih i` OsHKT2;1 [h^ OsHKT2;2 a_h_m f_^ ni 

nb_ cgjlip_^ aliqnb [h^ sc_f^ j_l`ilg[h]_ i\m_lp_^ ch 

lc]_ a_hinsj_m ]ihn[chcha SKC1 [h^ qSt1b QTLm (32). 

B[m_^ ih jbinimshnb_nc] ][j[]cns, jbsmcifiac][f j[l[g_-

n_lm, [h^ sc_f^ ]b[l[]n_lcmnc]m, cn q[m `ioh^ nb[n nb_ _rjl_m-

mcih i` nb_m_ a_h_m l_mnlc]n_^ N[+/K+ [\miljncih [h^ nl[hm-

fi][ncih, l_mofncha ch ^_]l_[m_^ N[ nirc]cns. S[fn-nif_l[hn 

qb_[n p[lc_nc_m g[chn[ch fiq N[+/K+ l[ncim ch mbiinm ^o_ ni 

nb_cl [\cfcns ni g[chn[ch cihc] big_imn[mcm, mj_]c`c][ffs fiq 

mi^cog-jin[mmcog l[nci, nblioab g_]b[hcmg mo]b [m mi^c-

og _r]fomcih, N[+ ]igj[lng_hn[ncih ch p[]oif_m, [h^ j[l-

ncncihcha i` moljfom N[+ ch if^_l jf[hn m_]ncihm. 

 Pf_hns i` l_]_hn mno^c_m b[p_ [fmi mbiqh nb[n jf[hnm 
oj-l_aof[n_ \inb _htsg[nc] [h^ hih-_htsg[nc] ^_`_hm_ 

msmn_gm `il _ffc]c_hn ROS m][p_hacha [h^ ROS-g_^c[n_^ 

mnl_mm mcah[fcha (14). Tb_ g_[h j_l`ilg[h]_ i` nb_ l_mofnm 

i` ^cff_l_hn \ci]b_gc][f nl[cnm, ch]fo^cha ROS-^_nirc`scha 

_htsg[nc] []ncpcnc_m, cm jl_m_hn_^ ch T[\f_ 2. Igjimcncih i` 

p[lciom f_p_fm i` m[fn mnl_mm l_mofn_^ ch [ ^_]l_[m_ ch nin[f 

]bfilijbsff ]ihn_hn (7.61 [h^ 13.92% ch Bch[aig-1, 6.15 

[h^ 16.46% ch BARI Gig 25 [h^ 19.68 [h^ 37.08% ch BARI 

Gig 20 oh^_l 12 ^S/g [h^ 16 ^S/g m[fchcns f_p_fm, l_mj_]-

ncp_fs, ]igj[l_^ ni nb_ ]ihnlif) (T[\f_ 2). Scgcf[l ni iol 

l_mofnm, [ ^_]l_[m_ ch nin[f ]bfilijbsff ]ihn_hn ch l_mjihm_ 

ni m[fn mnl_mm b[m [fmi \__h l_jiln_^ \s inb_lm (33). Tb_ 

^_]l_[m_ ch ]bfilijbsff ]ihn_hn ch l_mjihm_ ni m[fn mnl_mm cm 

[nnlc\on_^ ni nb_ chbc\cnils _ff_]n i` m[fn ih ]bfilijbsff 

\cimshnb_mcm il nb_ []]_f_l[ncih i` ]bfilijbsff ^_al[^[-

ncih. Cbiieb[gj[_ha (34) mn[n_^ nb[n ^[g[a_ ni ]bfili-

jbsff ]ihn_hn cm _hb[h]_^ nblioab _r]_mmcp_ []]ogof[ncih 

i` ROS, qbcf_ Zb[ha et al. (35) l_jiln_^ nb[n m[fn mnl_mm ch-

^o]_m mq_ffcha i` ]bfilijf[mn nbsf[eic^m [h^ ][om_m ^_-

mnlo]ncih i` nb_ ]bfilijf[mn _hp_fij_, f_[^cha ni ]bfili-

jbsff l_^o]ncih oh^_l m[fn mnl_mm. A ]ihncho[f ch]l_[m_ ch 

jlifch_ ]ihn_hn q[m i\m_lp_^ ch [ff nb_ p[lc_nc_m mno^c_^ 

(2.5- [h^ 7.9-`if^ ch]l_[m_ ch Bch[aig-1; 3.3- [h^ 7.4-`if^ 

ch BARI Gig 25 [h^ 3.0- [h^ 3.7-`if^ ch BARI Gig 20 ch 

l_mjihm_ ni 12 ^S/g [h^ 16 ^S/g m[fchcns f_p_fm ]igj[l_^ 

ni nb_ ]ihnlif) (T[\f_ 2). Scgcf[lfs, [h ch]l_[m_ ch g_nbsf-

afsir[f (MG) (1.35- [h^ 2.43-`if^ ch Bch[aig-1; 1.63- [h^ 

2.35-`if^ ch BARI Gig 25; 2.47- [h^ 3.43-`if^ ch BARI Gig 

20 ch l_mjihm_ ni 12 ^S/g [h^ 16 ^S/g m[fchcns f_p_fm ]ig-

j[l_^ ni nb_ ]ihnlif), H2O2 (1.5- [h^ 1.84-`if^ ch Bch[aig-

1; 1.57- [h^ 1.78-`if^ ch BARI Gig 25; 1.57- [h^ 2.06-`if^ ch 

BARI Gig 20 ch l_mjihm_ ni 12 ^S/g [h^ 16 ^S/g m[fchcns 

f_p_fm ]igj[l_^ ni nb_ ]ihnlif), [h^ MDA (1.08- [h^ 1.35-

`if^ ch Bch[aig-1; 1.16- [h^ 1.46-`if^ ch BARI Gig 25; 1.55

- [h^ 2.13-`if^ ch BARI Gig 20 ch l_mjihm_ ni 12 ^S/g [h^ 

16 ^S/g m[fchcns f_p_fm ]igj[l_^ ni nb_ ]ihnlif) q[m i\-

m_lp_^ ch [ff nb_ p[lc_nc_m mno^c_^ (T[\f_ 2).  

 Cihmcmn_hn qcnb m_p_l[f _[lfc_l mno^c_m, jlifch_ ]ih-

n_hn mcahc`c][hnfs ch]l_[m_^ ch [ff a_hinsj_m oh^_l m[fchcns 

]ih^cncihm, fce_fs l_mofncha `lig h_q mshnb_mcm il nb_ 

\l_[e^iqh i` jlifch_-lc]b jlin_chm ^olcha mnl_mm. Tbcm moa-

a_mnm nb[n jlifch_ []]ogof[ncih g[s m_lp_ [h [^[jncp_ 

`oh]ncih l_f[n_^ ni molpcp[f l[nb_l nb[h momn[ch_^ aliqnb, 

[m cn ihfs i]]oll_^ qb_h aliqnb chbc\cncih q[m [fl_[^s 

m_p_l_. Tb_ bcab_mn ch^o]ncih q[m i\m_lp_^ ch nb_ m[fchcns-

nif_l[hn a_hinsj_ Bch[aig-1, [ l_mofn ]illi\il[n_^ \s 

Y[mmch et al. (36). Ih ]ihnl[mn ni jlifch_, bcab_l []]ogof[-

ncih i` g_nbsfafsir[f (MG) _r_lnm [ h_a[ncp_ cgj[]n ih 

]lij aliqnb [h^ sc_f^. Ef_p[n_^ f_p_fm i` MG [l_ nirc] ni 

nb_ ]_ff, chbc\cncha ]_ff jlifc`_l[ncih, ch]l_[mcha jlin_ch 

^_al[^[ncih, [h^ f_[^cha ni nb_ ch[]ncp[ncih i` nb_ [hncirc-

^[hn ^_`_hm_ msmn_g. Tb_ ch^o]ncih i` MG ^o_ ni m[fchcns 

mnl_mm b[m [fmi \__h l_jiln_^ \s inb_l l_m_[l]b_lm; biq_p-

_l, [ f_mm jlihioh]_^ ^_]l_[m_ q[m l_]il^_^ ch nb_ nif_l-

[hn a_hinsj_ (37). Scgcf[l ni g_nbsfafsir[f (MG), bs^lia_h 

j_lirc^_ (H2O2) ]ihn_hn [fmi ch]l_[m_^ ch [ff a_hinsj_m 

oh^_l m[fchcns ]ih^cncihm. Tb_ ch^o]ncih i` H2O2 q[m bcab-

_mn ch nb_ m_hmcncp_ a_hinsj_ BARI Gig 20 ]igj[l_^ ni nb_ 

nif_l[hn a_hinsj_ Bch[aig-1. H2O2 cm jli^o]_^ oh^_l p[lc-

iom mnl_mm ]ih^cncihm mo]b [m m[fchcns, ^lioabn, UV l[^c[-

ncih, ]if^ mnl_mm, [h^ b_[n mnl_mm. Cihmcmn_hn qcnb iol `ch^-

V[rc_ty 
Tr_[t-
g_ht 

Tit[f ]bfi-
rijbyff 

(ga/gL) 

Prifch_ 
(µa/ a 
`r_sb 

s[gjf_) 

MG (µgif_/
a `r_sb 

w_cabt) 

H2O2 

(µgif_/a 
`r_sb 

w_cabt) 

MDA  
(hgif_/a 

`r_sb 
w_cabt) 

APX 
(µgif_/
gch/ga 
jrit_ch) 

POD 
(µgif_/ 
gch/ga 
jrit_ch) 

GST       (h 
gif_ /

gch /ga 
jrit_ch) 

Gfy I 
(µgif_/
gch/ga 
jrit_ch) 

BN 1 

Cihnlif 65.15 [ 2.53 ` 19.55 a 22.51 ` 21.08 _` 0.300 [ 1.03 ] 0.130 \] 0.383 [ 

12 ^S/g 60.19 \] 6.28 _ 26.41 ` 33.66 _ 22.79 ^_ 0.207 ] 2.21 \ 0.158 [ 0.291 ] 

16 ^S/g 56.12 ]^ 20.19 [ 47.59 ^ 41.40 \] 28.46 ] 0.267 \ 3.18 [ 0.074 ^ 0.219 ^ 

BR 25 

Cihnlif 64.23 [\ 2.40 ` 25.11 ` 24.08 ` 21.71 _` 0.140 ^ 1.02 ] 0.107 ] 0.232 ^ 

12 ^S/g 60.28 [-] 10.06 ]^ 40.90 _ 37.88 ^ 25.11 ^ 0.270 \ 2.27 \ 0.130 \] 0.246 ^ 

16 ^S/g 53.66 ^_ 17.78 \ 59.01 \ 42.88 \ 31.66 \ 0.143 ^ 3.13 [ 0.070 ^ 0.140 ` 

BR 20 

Cihnlif 62.39 [\ 3.03 ` 21.00 a 24.92 ` 18.70 ` 0.127 ^_ 1.05 ] 0.110 ] 0.242 ^ 

12 ^S/g 50.11 _ 9.07 ^ 51.84 ] 39.03 ]^ 29.02 \] 0.113 _ 0.93 ^ 0.143 [\ 0.183 _ 

16 ^S/g 39.25 ` 11.35 ] 71.96 [ 51.23 [ 39.97 [ 0.098 \ 1.04 ] 0.063 ^ 0.324 \ 

T[\f_ 2: M_[h j_l`ilg[h]_m i` nbl__ qb_[n a_hinsj_m `il ^cff_l_hn \ci]b_gc][f [h^ _htsg[nc] []ncpcns nl[cnm aliqh oh^_l ]ihnlif [h^ m[fn mnl_mm ]ih^cncihm [n 
nb_ m__^fcha mn[a_.  

Nin_: Dcff_l_hn f_nn_lm ch nb_ m[g_ ]ifogh [l_ mcahc`c][hn [n 5% f_p_f i` jli\[\cfcns `iffiqcha Toe_s’m g_nbi^. Wb_l_ BN 1 = Bch[aig-1, BR 25 = BARI Gig 25,     
BR 20 = BARI Gig 20, MG = M_nbsfafsir[f, H2O2 = Hs^lia_h j_lirc^_, MDA = M[fih^c[f^_bs^_, APX = Am]il\[n_ j_lirc^[m_, POD = P_lirc^[m_, GST = Gfon[nbc-
ih_-S-nl[hm`_l[m_, Gfy-I = Gfsir[f[m_-I.    
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cham, [h ch]l_[m_ ch H2O2 f_p_fm ch l_mjihm_ ni m[fn mnl_mm 

b[m \__h l_jiln_^ \s inb_lm, [fnbioab [ gi^_l[n_ ch-

]l_[m_ q[m [fmi hin_^ ch nif_l[hn a_hinsj_m (38). Hs^li-

a_h j_lirc^_ cm nb_ ihfs ROS nb[n ][h ^cffom_ []limm [ko[-

jilchm ch g_g\l[h_m [h^ ip_l fiha_l ^cmn[h]_m qcnbch nb_ 

]_ff, [h^ cn cm l_f[ncp_fs mn[\f_ ]igj[l_^ ni inb_l ROS. In 

[]nm [m [ mcah[fcha gif_]of_ oh^_l ijncgog ]ih^cncihm, 

\on cn \_]ig_m ^_mnlo]ncp_ qb_h []]ogof[n_^ _r]_mmcp_fs 

ch jf[hn ]_ffm. Tb_ ch]l_[m_ ch H2O2 ]ihn_hn ch l_mjihm_ ni 

m[fn mnl_mm b[m \__h l_jiln_^ ch inb_l mno^c_m [m q_ff (5, 

39). 

 Lcjc^ j_lirc^[ncih, g_[mol_^ ch n_lgm i` g[fih^c[f-

^_bs^_ (MDA), mcahc`c][hnfs ch]l_[m_^ ch [ff a_hinsj_m ^o_ 

ni m[fn mnl_mm cgjimcncih, qcnb nb_ bcab_mn ch]l_[m_ l_]il^-

_^ ch nb_ m_hmcncp_ p[lc_ns BARI Gig 20. Hcab_l MDA ]ih-

n_hn ch jf[hn ]_ffm ch^c][n_m m[fchcns m_hmcncpcns, qb_l_[m 

fiq_l MDA ]ih]_hnl[ncih moaa_mnm l_mcmn[h]_ ni irc^[ncp_ 

mnl_mm. Pl_pciom mno^c_m (40) b[p_ ch^c][n_^ nb[n ch]l_[m_^ 

MDA a_h_l[ncih cm [mmi]c[n_^ qcnb irc^[ncp_ ^[g[a_ ni 

jf[hn ]_ff g_g\l[h_m. Mil_ip_l, [ fiq_l ]ih]_hnl[ncih i` 

MDA ch jf[hn ]_ffm nsjc][ffs ]ill_mjih^m ni [h ch]l_[m_ ch 

nb_ []ncpcns i` [hncirc^[hn _htsg_m ch jf[hn ncmmo_m, [c^cha 

nb_ jf[hn ch molpcpcha mnl_mm`of ]ih^cncihm. 

 Am]il\[n_ j_lirc^[m_ (APX) cm [giha nb_ gimn 

qc^_fs ^cmnlc\on_^ [hncirc^[hn _htsg_m ch jf[hn ]_ffm. APX 

jf[sm [ ]lo]c[f lif_ ch l_aof[ncha chnl[]_ffof[l f_p_fm i` l_[]-

ncp_ irsa_h mj_]c_m (ROS) [h^ cm l_mjihmcp_ ni l_^ir mca-

h[fm [h^ bs^lia_h j_lirc^_ (H2O2). H2O2 a_h_l[n_^ ch nb_ 

]snimif, [jijf[mn, il l_f_[m_^ `lig ila[h_ff_m cm m][p_ha_^ 

il ^_nirc`c_^ \s APX. Ih nbcm mno^s, q_ i\m_lp_^ [ al[^o[f 

^_]l_[m_ ch APX []ncpcns, qcnb [ j[lnc]of[lfs mb[lj l_^o]-

ncih hin_^ ch nb_ mom]_jnc\f_ p[lc_ns BARI Gig 20 (11.02% 

[h^ 22.83% ^_]l_[m_ ch l_mjihm_ ni 12 ^S/g [h^ 16 ^S/g 

m[fchcns f_p_fm ]igj[l_^ ni nb_ ]ihnlif). Scgcf[l ^_]l_[m_m 

ch APX []ncpcns b[p_ \__h l_jiln_^ ch qb_[n, ]illi\il[ncha 

iol `ch^cham (41). Ih ]ihnl[mn ni APX, [ al[^o[f ch]l_[m_ ch 

POD []ncpcns q[m i\m_lp_^ [giha nb_ mno^c_^ p[lc_nc_m, 

qcnb al_[n_l ch^o]ncih `ioh^ ch nb_ nif_l[hn p[lc_nc_m 

Bch[aig-1 [h^ BARI Gig 25 (2.1- [h^ 3.08-`if^ ch]l_[m_ ch 

Bch[aig-1, [h^ 2.2- [h^ 2.98-`if^ ch]l_[m_ ch BARI Gig 25 

ch l_mjihm_ ni 12 ^S/g [h^ 16 ^S/g m[fchcns f_p_fm ]ig-

j[l_^ ni nb_ ]ihnlif). Tb_ ch^o]ncih i` POD []ncpcns ^o_ ni 

m[fchcns b[m \__h l_jiln_^ \s inb_l l_m_[l]b_lm. Gfon[nbc-

ih_ S-nl[hm`_l[m_ (GST) b[m \__h cgjfc][n_^ ch nb_ l_-

mjihm_ ni m[fchcns ch m_p_l[f mno^c_m, [h^ GST-

ip_l_rjl_mmcha jf[hnm ^_gihmnl[n_ bcab_l nif_l[h]_ ni 

m[fn mnl_mm (42). Ih nb_ jl_m_hn mno^s, nb_ bcab_mn ch]l_[m_ ch 

GST []ncpcns q[m `ioh^ oh^_l gi^_l[n_ m[fn mnl_mm ch nb_ 

nif_l[hn p[lc_ns. Hiq_p_l, nb_ []ncpcns mbiq_^ [ ^_]l_[m-

cha nl_h^ oh^_l mnliha m[fchcns mnl_mm. Gfsir[f[m_-I (Gfs-I) 

[]ncpcns q[m `ioh^ ni ^_]l_[m_ qcnb ch]l_[mcha m[fchcns f_p-

_fm; biq_p_l, cn mbiq_^ [ mb[lj ch]l_[m_ (33.88% ]ig-

j[l_^ ni nb_ ]ihnlif) oh^_l 16 ^S/g m[fchcns. 

 Igjiln[hnfs, bcab ]ihmncnoncp_ []ncpcnc_m i` nb_m_ 

_htsg_m q_l_ `ioh^ ch nb_ nif_l[hn a_hinsj_m. Gfsir[f[m_

-I al[^o[ffs ^_]l_[m_^ ch nb_ nif_l[hn a_hinsj_ ^o_ ni Gfs-I 

^_j_h^_hn ^_nirc`c][ncih, qbc]b cm nb_ g[dil j[nbq[s `il 

MG ][n[\ifcmg. Tb_l_`il_, nb_ nif_l[hn a_hinsj_ mbiq_^ 

fiq_l f_p_fm i` Gfs-I. Tbcm l_mofn q[m [fmi mojjiln_^ \s 

Himm[ch et al. (43). B[m_^ ih nb_ l_mofnm i` nb_ bs^lijihc] 

mno^s, Bch[aig-1 [h^ BARI Gig 25 ]iof^ \_ ]ihmc^_l_^ [m 

nb_ gimn nif_l[hn p[lc_nc_m, [m nb_s mbiq_^ f_mm l_^o]ncih 

ch mbiin [h^ liin q_cabn, [ fiq_l ch]l_[m_ ch nb_ N[+/K+ 

l[nci, fcgcn_^ ch]l_[m_ ch MG f_p_fm, [h^ fiq l_^o]ncih i` 

]bfilijbsff ]ihn_hn. Tb_s [fmi _rbc\cn_^ bcab_l []]ogof[-

ncih i` jlifch_ [h^ ]ihmncnoncp_fs bcab_l []ncpcnc_m i` APX, 

POD, GST, [h^ Gfs-I, qb_l_[m BARI Gig 20 q[m ]f[mmc`c_^ 

[m [ m_hmcncp_ p[lc_ns. Tb_ jb_hifiac][f [jj_[l[h]_ i` nb_ 

m__^fcham ch l_mjihm_ ni m[fn mnl_mm (Fca. 2) [fmi l_`f_]n_^ 

nb_ giljbifiac][f [h^ \ci]b_gc][f [fn_l[ncihm, bcabfcabn-

cha nb_ chb_l_hn ][j[]cns i` m[fn mnl_mm nif_l[h]_ ch nb_ nif-

_l[hn a_hinsj_m. 

Standardization of reproductive-stage-specific pheno-

typing protocol        

Eff_]t i` f_[` ]uttcha tr_[tg_hts ih wb_[t yc_f^s [t tb_ 

r_jri^u]tcv_ st[a_        

L_[` ]onncha ch lc]_ [n nb_ f[n_ \iincha mn[a_ _ffc]c_hnfs ^c-

l_]nm m[fn ni nb_ l_jli^o]ncp_ ila[hm [h^ b_fjm ch ^cm]lcgc-

h[ncha nif_l[hn a_hinsj_m `lig mom]_jnc\f_ ih_m (44). 

Tb_l_`il_, ni ^_n_lgch_ nb_ ^_al__ i` f_[` jlohcha nb[n 

^i_m mcahc`c][hnfs [ff_]n qb_[n sc_f^ oh^_l ]ihnlif ]ih^c-

ncihm, q_ ]ih^o]n_^ [ f_[` jlohcha _rj_lcg_hn qcnb `iol 

^cff_l_hn nl_[ng_hn ]ig\ch[ncihm ^olcha nb_ l_jli^o]ncp_ 

jb[m_m i` aliqnb, mj_]c`c][ffs [n nb_ b_[^cha mn[a_ qb_h 

nb_ sioha j[hc]f_ cm [\ion ni _g_la_ `lig nb_ `f[a f_[`, [m 

ch^c][n_^ ch nb_ g[n_lc[fm [h^ g_nbi^m m_]ncih. Tb_ l_-

mofnm `il DF, DM, PH, SL [h^ 100-SW mbiq_^ fcnnf_ ]b[ha_ 

^o_ ni ^cff_l_hn ^_al__m i` nlcggcha. Tbcm cm _rj_]n_^, [m 

q_ [jjfc_^ nb_ nl_[ng_hnm domn \_`il_ nb_ j[hc]f_ _g_l-

a_h]_ (T[\f_ 3). Hiq_p_l, [ mb[lj l_^o]ncih q[m i\m_lp_^ 

`il SW (39.62% ch BARI Gig 25 [h^ 37.25% ch Bch[aig-1 

\_nq__h nb_ ]ihnlif [h^ `f[a f_[` nl_[ng_hn), NSS (24.69% 

ch Bch[aig-1 [h^ 30.40% ch BAR Gig 25 ch \_nq__h nb_ 

nl_[ng_hn i` ]ihnlif [h^ `f[a f_[`), [h^ YP (18.012% ch BA-

RI Gig 20, 41.35% ch BARI Gig 25 [h^ 36.07% ch Bch[aig

-1 ch \_nq__h nb_ nl_[ng_hn i` ]ihnlif [h^ `f[a f_[`). S_noj 

A (ohnlcgg_^ jf[hnm) b[^ nb_ bcab_mn YP, qbcf_ m_noj D 

(ihfs `f[a f_[` l_g[chm) b[^ nb_ fiq_mn YP ch [ff nb_ p[lc_-

nc_m mno^c_^, qcnb mcahc`c][hn p[lc[\cfcns i\m_lp_^ [giha 

nb_ nl_[ng_hnm [h^ p[lc_nc_m (T[\f_ 3). Ti a[ch [ ]f_[l_l 

oh^_lmn[h^cha, q_ ]ih^o]n_^ [ ]ig\ch_^ [h[fsmcm i` nb_ 

^[n[ []limm nl_[ng_hnm ni ^_n_lgch_ nb_ _rn_hn i` f_[` 

jlohcha nb[n ^c^ hin mcahc`c][hnfs ^cff_l `lig nb_ ]ihnlif 

nl_[ng_hn (T[\f_ 4). Ool `ch^cham l_p_[f_^ nb[n g[chn[ch-

cha domn nbl__ f_[p_m ih nb_ jf[hnm ^c^ hin l_mofn ch mcahc`c-

][hn ^cff_l_h]_m ]igj[l_^ ni nb_ ]ihnlif (oh-nlcgg_^) 

jf[hnm ch n_lgm i` sc_f^. Tb_l_`il_, mo\d_]ncha jf[hnm ni m[fn 

mnl_mm [ft_l l_n[chcha ihfs nbl__ f_[p_m cm mocn[\f_ `il ^cmnch-

aocmbcha \_nq__h nif_l[hn [h^ mom]_jnc\f_ a_hinsj_m [n 

nb_ l_jli^o]ncp_ mn[a_m i` aliqnb. Wbcf_ nb_ `f[a f_[` ]ih-

nlc\on_m 45-60% i` al[ch sc_f^ ch lc]_ (45), cn cm [fmi ehiqh 

nb[n nb_ j_hofncg[n_ f_[` [h^ nb_ nbcl^ ojj_l f_[` ]ihnlc\-

on_ ni aliqnb [h^ al[ch sc_f^. H_h]_, q_ ijn_^ ni l_n[ch 

nb_ nij nbl__ f_[p_m (`f[a f_[` [h^ nij nqi f_[p_m) `il m_]o-

lcns l_[mihm, [cgcha ni gchcgct_ mche mct_ ni mnil_ _r]_mm 

N[+ ^olcha cnm ojn[e_. H_h]_, c` m[fn mnl_mm cm cgjim_^ ih 

jf[hnm qcnb nlcgg_^ f_[p_m, [hs mcahc`c][hn ^cff_l_h]_m 

i\m_lp_^ ][h \_ [nnlc\on_^ mif_fs ni nb_ m[fn-mnl_mm cnm_f` 
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[h^ cnm ^ol[ncih, l[nb_l nb[h ni nb_ f_[` jlohcha. Tb_ l_-

mofnm [fmi moaa_mn nb[n f_[` jlohcha g[s \_ _gjfis_^ ni 

aliq jf[hnm qcnb ihfs nb_ nij nbl__ f_[p_m qcnbion mcahc`c-

][hnfs [ff_]ncha sc_f^, [m mo]b jf[hnm \_b[p_ mcgcf[lfs ni 

ohnlcgg_^ jf[hnm. Hiq_p_l, mch]_ nb_ i\d_]ncp_ cm ni ch-

^o]_ nb_ cgj[]n i` m[fn mnl_mm ih nb_ l_jli^o]ncp_ ila[hm 

i` nb_ jf[hnm [m koc]efs [m jimmc\f_ ch il^_l ni ^cff_l_hnc[n_ 

\_nq__h nif_l[hn [h^ m_hmcncp_ qb_[n jf[hnm [n nb_ l_jli-

^o]ncp_ mn[a_, cn cm gil_ [jjlijlc[n_ ni l_^o]_ nb_ mche mct_ 

`il nirc] m[fn []]ogof[ncih \s f_[pcha ihfs nb_ nij nbl__ 

f_[p_m. Abg[^ct[^_b et al. (19) l_jiln_^ nb[n nlcggcha [ff 

f_[p_m _r]_jn nb_ nqi f_[p_m (`f[a f_[` [h^ j_hofncg[n_ 

f_[`) [n nb_ l_jli^o]ncp_ mn[a_ ^c^ hin mcahc`c][hnfs [ff_]n 

sc_f^ [h^ sc_f^ [nnlc\oncha nl[cnm ch lc]_. Tb_l_`il_, nb_s 

moaa_mn_^ g[chn[chcha [n f_[mn nqi f_[p_m `il l_jli^o]ncp_

-mn[a_ jb_hinsjcha ch lc]_.  

Eff_]t i` s[ft str_ss ih yc_f^ [h^ yc_f^ [ttrc\utcha tr[cts 

[t tb_ r_jri^u]tcv_ jb[s_s i` ariwtb         

Ti _p[fo[n_ nb_ ^cff_l_h]_m ch sc_f^ [h^ sc_f^ [nnlc\oncha 

nl[cnm oh^_l m[fn mnl_mm ni [mm_mm nb_ mocn[\cfcns i` f_[` jloh-

cha ch ^cmnchaocmbcha nif_l[hn [h^ mom]_jnc\f_ a_hinsj_m, 

q_ ]ih^o]n_^ [h _rj_lcg_hn oh^_l ]ihnlif [h^ m[fn mnl_mm 

]ih^cncihm qcnb p[lscha ^_al__m i` f_[` jlohcha (Fca. 3). W_ 

j_l`ilg_^ [ ]ig\ch_^ [h[fsmcm i` nb_ ^[n[ i\n[ch_^ `lig 

m_noj B. Tb_ [h[fsmcm i` p[lc[h]_ `il [ff ]b[l[]n_lm (viz. 

DFF, DM, PH, SL, PW, NSS, [h^ YP) mbiq_^ bcabfs mcahc`c-

][hn (p≤0.001) p[lc[ncih [giha nb_ a_hinsj_m ^o_ ni nl_[n-

g_hnm. Tb_ g_[h p[fo_m i` nb_ _rj_lcg_hn [l_ jl_m_hn_^ 

ch T[\f_ 5. S[fn mnl_mm l_mofn_^ ch [ mcahc`c][hn ^_]l_[m_ ch 

DM (5.8, 9.18, 10.13%, l_mj_]ncp_fs, ch Bch[aig-1, BARI 

Gig 25 [h^ BARI Gig 20 ]igj[l_^ ni ]ihnlif), SW (23.31, 

25.72, 38.88%, l_mj_]ncp_fs, ch Bch[aig-1, BARI Gig 25 

[h^ BARI Gig 20 ]igj[l_^ ni ]ihnlif), 100-SW (22.29, 

48.11, 55.22%, l_mj_]ncp_fs, ch Bch[aig-1, BARI Gig 25 

[h^ BARI Gig 20 ]igj[l_^ ni ]ihnlif) [h^ GY (36.36, 

53.29, 56.33%, l_mj_]ncp_fs, ch Bch[aig-1, BARI Gig 25 

[h^ BARI Gig 20 [m ]igj[l_^ ni ]ihnlif). Igjiln[hnfs, [ 

al_[n_l ^_]l_[m_ q[m `ioh^ ch BARI Gig 20, qb_l_[m [ f_mm 

^_]l_[m_ q[m i\m_lp_^ ch nif_l[hn p[lc_nc_m (Bch[aig-1 

[h^ BARI Gig 25). S[fn mnl_mm chbc\cn_^ hilg[f aliqnb [h^ 

^_p_fijg_hn [h^ []]_f_l[n_^ `fiq_lcha [h^ g[nol[ncih. 

W_ i\m_lp_^ fcnnf_ ]b[ha_ ch PH ch l_mjihm_ ni m[fn mnl_mm 

ch Bch[aig-1 [h^ BARI Gig 25; biq_p_l, [ mcahc`c][hn ^_-

]l_[m_ q[m `ioh^ ch nb_ m[fn-m_hmcncp_ p[lc_ns BARI Gig 20. 

Tb_ cgjimcncih i` m[fn mnl_mm [fmi l_mofn_^ ch [ mcahc`c][hn 

^_]l_[m_ ch PH, SL, SW, NSS [h^ 100-SW [h^ YP, qcnb [ 

al_[n_l ^_]l_[m_ i\m_lp_^ ch nb_ m[fn m_hmcncp_ p[lc_ns. 

Scgcf[l ni iol l_mofnm, [ ^_]l_[m_ ch sc_f^ ]igjih_hnm, 

mo]b [m mjce_m j_l jf[hn, SL, SW, `cff_^ mjce_f_n j_l jf[hn, 

nin[f mjce_f_n j_l jf[hn, al[ch q_cabn j_l jf[hn, q_l_ [fmi 

l_jiln_^ ch qb_[n (46, 47). Hiq_p_l, [ al_[n_l ^_]l_[m_ ch 

nb_m_ nl[cnm q[m i\m_lp_^ ch mom]_jnc\f_ qb_[n a_hinsj_m 

(30). S[fchcns-ch^o]_^ sc_f^ l_^o]ncih ch qb_[n [n nb_ l_-

jli^o]ncp_ jb[m_ cm g[chfs ^o_ ni N[+ [h^ ROS nirc]cns-

ch^o]_^ `fil_n [\ilncih, jiff_h mn_lcfcns, ^_]l_[m_^ jbini-

[mmcgcf[n_m, [h^ l_^o]_^ j[lncncihcha i` nb_ jf[hn'm l_-

miol]_m niq[l^ al[chm (48). Tbcm g[s \_ [nnlc\on_^ ni 

]b[ha_m ch a_h_ _rjl_mmcih ch^o]_^ \s m[fn mnl_mm ^olcha 

nb_ jl_-[hnb_mcm [h^ al[ch `cffcha mn[a_m, mo]b [m nb_ bch-

^l[h]_ i` `lo]n[h \ocf^-oj [h^ ][l\ibs^l[n_ l_gi\cfct[-

ncih ni al[chm (49). Hiq_p_l, m[fn-nif_l[hn a_hinsj_m _rbc\-

cn_^ nb_ gimn ncff_lm qbcf_ l_^o]cha mjce_f_n `fil_n [\ilncih 

[h^ mbiq_^ moj_lcilcns ch gipcha jbini[mmcgcf[n_m `lig 

f_[p_m ni al[chm (30). A]]il^cha ni m_p_l[f mno^c_m, m[fn 

mnl_mm ][om_m _[lfs f_[` m_h_m]_h]_, l_^o]_m j[hc]f_ `il-

g[ncih, f_[^m ni _r]_mmcp_ []]ogof[ncih i` N[+ [h^ Cf- ch 

`fil[f j[lnm, ^cmlojnm jiff_h pc[\cfcns [h^ mncag[ l_]_jncpcns, 

^_]l_[m_ [mmcgcf[n_ jli^o]ncih, [h^ fcgcnm honlc_hn [h^ 

][l\ibs^l[n_ nl[hmfi][ncih ni nb_ j[hc]f_m. Ih [^^cncih ni 

fiq_lcha jbinimshnb_nc] jcag_hn f_p_fm, m[fn mnl_mm [ff_]nm 

V[rc_ty Tr_[tg_ht DFF DM PH (]g) SL (]g) SW (a) NSS 100-SW (a) GY (a) 

BN 1 

Cihnlif 60.00 [ 101.33 \] 66.60 [ 9.77 \-_ 3.06 [ 55.33 [ 4.21 [\ 2.19 [ 

3 f_[p_m 59.00 \ 104.0 [ 66.79 [ 9.31 ^_ 2.37 [-] 43.33 \ 4.10 [\ 1.87 [-] 

2 f_[p_m 59.33 \ 102.67 [\ 65.69 [\ 9.20 _ 2.22 [-] 42.67 \ 4.07 [\ 1.64 ]^ 

Ff[a f_[` 59.00 \ 101.00 \-^ 65.75 [\ 8.79 _ 1.92 \] 41.67 \ 3.31 \ 1.40 ^_ 

BG 25 

Cihnlif 57.00 ] 99.33 ^-` 63.17 \-] 11.27 [ 2.7 [\ 41.67 \ 5.14 [ 2.08 [\ 

3 f_[p_m 55.00 ^ 98.00 ` 63.24 \-^ 10.93 [\ 2.41 [-] 36.67 ] 5.03 [ 1.82 \] 

2 f_[p_m 55.00 ^ 100.00 ]-_ 63.52 \-^ 10.88 [-] 2.20 \] 30.33 _` 5.03 [ 1.56 ]^ 

Ff[a f_[` 55.00 ^ 99.67 ]-` 60.69 ^_ 10.50 [-^ 1.63 ] 29.00 ` 4.27 [\ 1.22 _ 

BG 20 

Cihnlif 53.00 _ 98.67 _` 64.03 [-] 9.63 ]-_ 2.02 \] 34.67 ]^ 4.54 [\ 1. 75 ] 

3 f_[p_m 53.00 _ 102.00 \ 64.75 [-] 9.29 ^_ 1.98 \] 33.67 ]-_ 4.32 [\ 1.42 ^_ 

2 f_[p_m 53.00 _ 102.00 \ 61.95 ]-_ 9.11 _ 1.94 \] 32.00 ^-` 4.28 [\ 1.41 ^_ 

Ff[a f_[` 53.00 _ 99.00 _` 60.04 _ 8.79 _ 1.92 \] 31.33 ^-` 4.27 [\ 1.22 _ 

T[\f_ 3: M_[h j_l`ilg[h]_m i` nbl__ qb_[n a_hinsj_m \[m_^ ih ^cff_l_hn sc_f^ [h^ sc_f^ l_f[n_^ nl[cnm oh^_l ^cff_l_hn f_p_fm i` f_[` jlohcha.  

Nin_: Dcff_l_hn f_nn_lm ch nb_ m[g_ ]ifogh [l_ mcahc`c][hn [n 5% f_p_f i` jli\[\cfcns `iffiqcha Toe_s’m g_nbi^. Wb_l_, DFF = D[sm ni `clmn `fiq_lcha, DM = D[sm ni 
g[nolcns, PH = Pf[hn b_cabn, SL = Sjce_ f_hanb, SW = Sjce_ q_cabn, NSS = Nog\_l i` m__^m j_l mjce_, 100-SW = 100-m__^ q_cabn, GY = Gl[ch sc_f^ j_l mjce_,            
BN 1 = Bch[aig-1, BG 25 = BARI Gig 25, BG 20 = BARI Gig 20 .  

Tr_[tg_ht M_[h yc_f^/sjce_ (a) 

Cihnlif (hi f_[` ]onncha) 1.92 [ 

3 f_[p_m 1.7 [\ 

2 f_[p_m 1.54 \] 

Ff[a f_[` 1.28 ] 

T[\f_ 4: Yc_f^ j_l mjce_ [m [ff_]n_^ \s f_[` jlohcha nl_[ng_hnm.  
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imgifsn_ []]ogof[ncih, jf[hn-q[n_l chn_l[]ncihm, g_g-

\l[h_ chn_alcns, [h^ K+ ojn[e_, l_mofncha ch l_^o]_^ sc_f^ 

[h^ sc_f^ ]b[l[]n_lcmnc]m (50). 

Assi]c[tcih [giha tb_ ]b[r[]t_rs uh^_r ]ihtrif [h^ 

str_ss ]ih^ctcih [t tb_ r_jri^u]tcv_ st[a_         

Gl[ch sc_f^ cm [ ]igjf_r [nnlc\on_ l_mofncha `lig gofncjfc-

][ncp_ chn_l[]ncihm \_nq__h p[lciom ]ihnlc\oncha ]b[l[]-

n_lcmnc]m. Tb_ _ff_]ncp_h_mm i` nb_ m_f_]ncih jli]_mm ch [ 

\l__^cha jlial[g ^_j_h^m ih oh^_lmn[h^cha biq nb_m_ 

]b[l[]n_lcmnc]m chn_l[]n. Ih nb_ ]oll_hn chp_mnca[ncih, DFF 

mbiq_^ mnliha jimcncp_ ]ill_f[ncihm qcnb DM (0.446*, 

0.639***), PH (0.667***, 0.644***), SW (0.484**, 0.740***), 

NSS (0.831***, 0.657***), [h^ GY (0.543***, 0.797***) oh^_l 

\inb ]ihnlif [h^ m[fn mnl_mm ]ih^cncihm, l_mj_]ncp_fs    

(T[\f_ 6). Uh^_l m[fn mnl_mm, DFF _rbc\cn_^ [ p_ls mnliha 

jimcncp_ ]ihh_]ncih qcnb 100-SW (0.430**). DM _rbc\cn_^ 

mo\mn[hnc[f jimcncp_ [mmi]c[ncih qcnb PH (0.557***, 

0.854***) [h^ NSS (0.358*, 0.884***), oh^_l \inb ]ihnlif 

[h^ m[fn mnl_mm ]ih^cncihm. Wb_l_[m oh^_l ]ihnlif ]ih^c-

Fca. 3. Pb_hifiac][f [jj_[l[h]_ i` jf[hnm aliqh oh^_l ]ihnlif (A) [h^ m[fn-mnl_mm_^ (B) ]ih^cncih [ft_l nlcggcha i` f_[p_m [n p[lciom ]ig\ch[ncihm.  

A 

 

B 

 

V[rc_ty Tr_[tg_ht DFF DM PH (]g) PL (]g) SW (a) NSS 100-SW (a) GY (a) 

BN 1 
Cihnlif 59.00 [ 104.00 [ 66.78 [ 9.31 \ 2.36 [ 43.33 [\ 4.09 [ 1.87 [ 

S[fn 57.33 \ 98.00 ] 68.53 [ 9.41 \ 1.81 \ 40.15 [ 2.98 \ 1.19 \] 

BR 25 
Cihnlif 55.00 ] 98.00 ] 63.24 \] 10.93 [ 2.41 [ 36.66 \] 5.03 [ 1.82 [ 

S[fn 53.00 ^ 89.00 _ 63.11 \] 11.38 [ 1.79 \ 32.33 ] 2.61 \ 0.85 ]^ 

BR 20 
Cihnlif 53.00 ^ 102.00 \ 64.74 \ 9.28 \ 1.98 [\ 33.66 ] 4.31 [ 1.42 [\ 

S[fn 47.00 _ 91.667 ^ 62.45 ] 9.36 \ 1.21 ] 34.66 ] 1.93 \ 0.62 ^ 

T[\f_ 5: M_[h j_l`ilg[h]_m i` nbl__ qb_[n a_hinsj_m \[m_^ ih ^cff_l_hn nl[cnm l_f[n_^ ni sc_f^ aliqh oh^_l ]ihnlif [h^ m[fn (12^S/g) mnl_mm ]ih^cncihm [n nb_ 
l_jli^o]ncp_ mn[a_ g[chn[chcha nbl__ f_[p_m ch nb_ jf[hnm.  

Nin_: Dcff_l_hn f_nn_lm ch nb_ m[g_ ]ifogh [l_ mcahc`c][hn [n 5% f_p_f i` jli\[\cfcns `iffiqcha Toe_s’m g_nbi^. BN 1 = Bch[aig-1, BR25 = BARI Gig 25,             
BR20 = BARI Gig 20, DFF = D[sm ni `clmn `fiq_lcha, DM = D[sm ni g[nolcns, PH = Pf[hn b_cabn, SL = Sjce_ f_hanb, SW = Sjce_ q_cabn, NSS = Nog\_l i` m__^m j_l 
mjce_, 100-SW = 100-m__^ q_cabn, GY = Gl[ch sc_f^ j_l mjce_. 

    DM PH SL SW NSS 100-SW GY 

DFF 
Cihnlif 0.446** 0.677*** -0.031 0.484** 0.831*** -0.304 0.543*** 

S[fn 0.639*** 0.664*** 0.111 0.740*** 0.657*** 0.430** 0.797*** 

DM 
Cihnlif   0.557*** -0.468** 0.057 0.358* -0.422** 0.117 

S[fn   0.854*** -0.409* 0.914*** 0.884*** 0.779*** 0.812*** 

PH 
Cihnlif     -0.135 0.403* 0.708*** -0.186 0.515*** 

S[fn     -0.143 0.921*** 0.778*** 0.837*** 0.911*** 

SL 
Cihnlif       0.241 -0.060 0.579*** 0.350* 

S[fn       -0.127 -0.269 -0.049 0.026 

SW 
Cihnlif         0.682*** 0.279 0.760*** 

S[fn         0.865*** 0.842*** 0.937*** 

NSS 
Cihnlif           -0.235 0.717*** 

S[fn           0.729*** 0.827*** 

100-SW 
Cihnlif             0.176 

S[fn             0.786*** 

T[\f_ 6: Scgjf_ jb_hinsjc] ]ill_f[ncih ]i-_ffc]c_hn [giha m__^ sc_f^ [h^ sc_f^ l_f[n_^ nl[cnm i` qb_[n a_hinsj_m ch \inb ]ihnlif [h^ m[fn mnl_mm ]ih^cncih.  

Nin_: *, ** [h^ *** ch^c][n_m mcahc`c][hn [n 5%, 1% [h^ 0.1% f_p_f i` jli\[\cfcns. Wb_l_, DFF = D[sm ni `clmn `fiq_lcha, DM = D[sm ni g[nolcns, PH = Pf[hn b_cabn,       
SL = Sjce_ f_hanb, PW = Sjce_ q_cabn, NSS = Nog\_l i` m__^m j_l mjce_, 100-SW = 100-m__^ q_cabn, GY = Gl[ch sc_f^ j_l mjce_.   
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ncih, cn _rbc\cn_^ [ mcahc`c][hn h_a[ncp_ ]ill_f[ncih qcnb SL 

(-0.468**) [h^ 100-SW (-0.422**). Uh^_l m[fn mnl_mm, DM l_-

p_[f_^ mo\mn[hnc[f h_a[ncp_ ]ill_f[ncih qcnb SL (-0.409*) 

qb_l_[m jimcncp_ ]ill_f[ncih qcnb SW (0.914***), NSS 

(0.884***), 100-SW (0.779***), [h^ GY (0.812***). PH 

^_gihmnl[n_^ [ mcahc`c][hn jimcncp_ [mmi]c[ncihm qcnb SW 

(0.403*, 0.921***), NSS (0.708***, 0.778***), [h^ GY 

(0.515***, 0.911***) oh^_l \inb ]ihnlif [h^ m[fn mnl_mm, 

qb_l_[m cn _rbc\cn_^ [ mcahc`c][hn jimcncp_ ]ill_f[ncih qcnb 

SW (0.921***) [h^ 100-SW (0.837***) oh^_l m[fn mnl_mm. Uh-

^_l ]ihnlif, SL _rbc\cn_^ mcahc`c][hn jimcncp_ ]ill_f[ncihm 

qcnb 100-SW (0.579***) [h^ GY (0.350*). Uh^_l \inb ]ihnlif 

[h^ mnl_mm, SW _rbc\cn_^ mcahc`c][hnfs jimcncp_ [mmi]c[ncih 

qcnb NSP (0.682, 0.865), [h^ GY (0.760, 0.937), qb_l_[m 

_rbc\cn_^ [ mcahc`c][hnfs jimcncp_ ]ihh_]ncih qcnb 100-SW 

(0.842***) oh^_l m[fn mnl_mm (T[\f_ 6). Uh^_l m[fn mnl_mm, NSS 

_rbc\cn_^ mcahc`c][hn jimcncp_ ]ihh_]ncih qcnb GY 

(0.717***), \on hin qcnb 100-SW (0.729***) il GY (0.827***). 

Uh^_l m[fn mnl_mm, 100-SW _rbc\cn_^ mcahc`c][hn jimcncp_ 

]ihh_]ncih qcnb GY (0.786***). Uh^_l \inb ]ihnlif [h^ 

mnl_mm, GY ^_gihmnl[n_^ [ mcahc`c][hn jimcncp_ ]ill_f[ncih 

qcnb DFF (0.543***, 0.797***), PH (0.515***, 0.911***), SW 

(0.760***, 0.937***), [h^ NSS (0.717***, 0.827***), qb_l_[m 

oh^_l m[fn mnl_mm, cn ^_gihmnl[n_^ [ mcahc`c][hn jimcncp_ 

]ill_f[ncih qcnb DM (0.812***) [h^ 100-SW (0.786***). Wcnb 

GY ihfs oh^_l ]ihnlif ]ih^cncih, SL ^_gihmnl[n_^ [ ]ih-

mc^_l[\f_ jimcncp_ ]ihh_]ncih (0.350*) (T[\f_ 6). Nin[\fs, 

nb_ jimcncp_ ]ill_f[ncih i` GY qcnb DFF, DM, PH, SL, SW, 

NSS, 100-SW oh^_l m[fn mnl_mm q[m mojjiln_^ \s inb_lm 

(51, 52). Tb_m_ `ch^cham moaa_mn nb_ jin_hnc[f om_ i` nb_m_ 

nl[cnm ch ch^cl_]n m_f_]ncih ni _hb[h]_ sc_f^. Folnb_lgil_, 

nb_l_ q[m [ mfcabn p[lc[ncih ch nb_ l_f[ncihmbcjm \_nq__h 

nb_ `_[nol_m oh^_l ]ihnlif [h^ m[fn mnl_mm ]ih^cncihm. Tbcm 

moaa_mnm nb_ h__^ `il ^cff_l_hn ch^cl_]n m_f_]ncih n_]b-

hcko_m `il lc]_ a_hinsj_m aliqh ch _hpclihg_hnm qcnb il 

qcnbion m[fn mnl_mm (53)  

Str_ss tif_r[h]_ ch^c]_s        

Dcff_l_hn mnl_mm nif_l[h]_ ch^c]_m, mo]b [m MP, GMP, SSI, 

TOL, STI [h^ YSI p[fo_m _mncg[n_^ \[m_^ ih m__^ sc_f^ j_l 

mjce_ i\n[ch_^ `lig ]ihnlif [h^ m[fn mnl_mm ]ih^cncihm, [l_ 

jl_m_hn_^ ch T[\f_ 7. Tb_ bcab_mn MP q[m i\n[ch_^ ch nb_ 

a_hinsj_ i` Bch[aig-1 (1.53), `iffiq_^ \s BARI Gig 25 

(1.34) [h^ BARI Gig 20 (1.02). Scgcf[lfs, nb_ bcab_mn GMP 

q[m l_]il^_^ ch nb_ a_hinsj_ Bch[aig-1 (1.63), `iffiq_^ 

\s BARI Gig 25 (1.15) [h^ BARI Gig 20 (0.74). Cihmc^_lcha 

SSI, nb_ fiq_mn p[fo_ q[m i\m_lp_^ ch nb_ a_hinsj_ 

Bch[aig-1 (0.73), `iffiq_^ \s BARI Gig 25 (1.07) [h^ BARI 

Gig 20 (1.14). Ih []]il^[h]_ qcnb nb_ SSI p[fo_, nb_ fiq_mn 

p[fo_ `il TOL q[m `ioh^ ch nb_ a_hinsj_ Bch[aig-1 (0.68), 

`iffiq_^ \s BARI Gig 20 (0.80) [h^ BARI Gig 25 (0.97). 

Tb_ bcab_mn STI q[m i\n[ch_^ ch nb_ a_hinsj_m Bch[aig-1 

(0.86), `iffiq_^ \s BARI Gig 25 (0.60) [h^ BARI Gig 20 

(0.34). Scgcf[lfs, nb_ bcab_mn YSI q[m l_]il^_^ ch nb_ a_hi-

nsj_ Bch[aig-1 (0.64), `iffiq_^ \s BARI Gig 25 (0.47) [h^ 

BARI Gig 20 (0.44). A]]il^cha ni Rimc_ff_ [h^ H[g\fch (54) 

[h^ Biomf[g[ [h^ S]b[j[oab (55), a_hinsj_m b[pcha 

bcab_l p[fo_m i` MP, GMP, STI [h^ YSI [l_ ]ihmc^_l_^ l_-

mcmn[hn. N_p_lnb_f_mm, []]il^cha ni Klcmbh[golnbs et al. 

(53), al_[n_l TOL [h^ SSI p[fo_m moaa_mn l_f[ncp_fs bcab_l 

m_hmcncpcns ni mnl_mm; nbom, [ fiq_l TOL [h^ SSI p[fo_ `il [ 

j[lnc]of[l a_hinsj_ ^_hin_ mnliha_l mn[\cfcns i` nb_ a_hi-

nsj_ ch mnl_mm [h^ hih-mnl_mm mcno[ncihm. G_hinsj_m qcnb 

bcab sc_f^m oh^_l mnl_mm ]ih^cncihm [l_ `[piol_^ pc[ m_f_]-

ncih \[m_^ ih nb_m_ nqi j[l[g_n_lm. A]]il^cha ni MP, 

GMP, STI [h^ YSI ch^c]_m qcnb bcab p[fo_ [h^ TOL [h^ SSI 

qcnb fiq p[fo_m i` nb_m_ ch^c]_m, Bch[aig-1 [h^ BARI Gig 

20 ][h \_ ]f[mmc`c_^ [m m[fchcns-nif_l[hn p[lc_nc_m, qb_l_[m 

BARI Gig 20 q[m m_hmcncp_ ni m[fn mnl_mm. Igjiln[hnfs, 

mnl_mm nif_l[h]_ ch^c]_m ]f_[lfs m_j[l[n_^ nb_ nif_l[hn [h^ 

m_hmcncp_ p[lc_nc_m, qbc]b [l_ ch []]il^[h]_ qcnb nb_ gil-

jbifiac][f [h^ \ci]b_gc][f j[l[g_n_lm ]ih`_llcha m[fn 

nif_l[h]_ ch qb_[n. S_p_l[f inb_l l_m_[l]b_lm [fmi _ff_]-

ncp_fs c^_hnc`c_^ m[fn-nif_l[hn a_hinsj_m \s omcha STI ch 

qb_[n (10).  

 

Cih]fuscih  

Tblioab [ ]igjl_b_hmcp_ [h[fsmcm i` nb_ giljbifiac][f 

[h^ \ci]b_gc][f ]b[l[]n_lcmnc]m i` nif_l[hn [h^ mom]_jnc-

\f_ qb_[n m__^fcham, cn q[m ^_n_lgch_^ nb[n liin-mbiin 

q_cabn, mbiin N[+/K+ l[nci, ]bfilijbsff, jlifch_, g_nbsfafs-

ir[f (MG), bs^lia_h j_lirc^_ (H2O2), [h^ g[fih^c[f^_-

bs^_ (MDA) f_p_fm, [m q_ff [m nb_ []ncpcnc_m i` [m]il\[n_ 

j_lirc^[m_ (APX), j_lirc^[m_ (POD), [h^ afsir[f[m_ I (Gfs-

I), ]iof^ [ff m_lp_ [m jin_hnc[f giljbi-\cig[le_lm i` m[fn 

nif_l[h]_. Tb_m_ g[le_lm b[p_ nb_ jin_hnc[f ni ^cff_l_hnc-

[n_ \_nq__h mom]_jnc\f_ [h^ nif_l[hn a_hinsj_m _ff_]ncp_-

fs. Folnb_lgil_, q_ l_`ch_^ [ jb_hinsjc] n_]bhcko_ n[c-

fil_^ ni nb_ l_jli^o]ncp_ mn[a_m i` qb_[n aliqnb `il ][n_-

ailctcha nif_l[hn [h^ mom]_jnc\f_ a_hinsj_m. Tbcm jli-

jim_^ l_jli^o]ncp_-mn[a_-mj_]c`c] jb_hinsjcha g_nbi^ 

g[s jlip_ _ff_]ncp_ ch c^_hnc`scha a_h_m/QTLm ]ih`_llcha 

m[fchcns nif_l[h]_ [n p[lciom mn[a_m i` jf[hn aliqnb, nb_l_-

\s `[]cfcn[ncha nb_ ^_p_fijg_hn i` [ ^ol[\f_ [h^ m[fn-

nif_l[hn qb_[n p[lc_ns. Tb_ l_mofnm i` ]ill_f[ncih [h[fsmcm 

l_p_[f_^ mcahc`c][hn jimcncp_ ]ill_f[ncihm \_nq__h al[ch 

sc_f^ (GY) [h^ ^[sm ni `clmn `fiq_lcha (DFF), jf[hn b_cabn 

(PL), mjce_ q_cabn (SW), [h^ hog\_l i` m__^m j_l mjce_ 

(NSS) oh^_l \inb ]ihnlif [h^ mnl_mm ]ih^cncihm. Hiq_p_l, 

nb_l_ q_l_ mcahc`c][hn h_a[ncp_ ]ill_f[ncihm qcnb ^[sm ni 

g[nolcns (DM) [h^ 100-m__^ q_cabn (100-SW) ^olcha m[fn 

mnl_mm ]ih^cncihm. A^^cncih[ffs, nb_ ion]ig_m i` mnl_mm nif-

_l[h]_ ch^c]_m, ch]fo^cha g_[h jli^o]ncpcns (MP), a_ig_n-

lc] g_[h jli^o]ncpcns (GMP), mnl_mm mom]_jnc\cfcns ch^_r 

(SSI), nif_l[h]_ ch^_r (TOL), m[fn nif_l[h]_ ch^_r (STI), [h^ 

sc_f^ mn[\cfcns ch^_r (YSI), q_l_ ]ihmcmn_hn qcnb nb_ jb_hi-

nsjcha l_mofnm. N_p_lnb_f_mm, `olnb_l l_m_[l]b cm h_]_mm[ls 

V[rc_ty MP GMP SSI TOL STI YSI 

BN 1 1.53 1.63 0.73 0.68 0.86 0.64 

BR 25 1.34 1.15 1.07 0.97 0.60 0.47 

BR 20 1.02 0.74 1.14 0.80 0.34 0.44 

T[\f_ 7: Emncg[ncih i` mnl_mm nif_l[h]_ ch^c]_m ch qb_[n a_hinsj_m, _mncg[n_^ 
`lig al[ch sc_f^ j_l mjce_ i\n[ch_^ ch [ ]ihnlif [h^ m[fn mnl_mm ]ih^cncih.  

H_l_, BN 1 = Bch[aig-1, BR 25 = BARI Gig 25, BR 20 = BARI Gig 20;               
MP = M_[h Pli^o]ncpcns; GMP = G_ig_nlc] g_[h jli^o]ncpcns; SSI = Snl_mm 
mom]_jnc\cfcns ch^_r; TOL = Tif_l[h]_ ch^_r; STI = Snl_mm nif_l[h]_ ch^_r;       
YSI = Yc_f^ mn[\cfcns ch^_r.   
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ni c^_hnc`s [^^cncih[f ]lo]c[f `[]nilm l_aof[ncha m[fchcns 

nif_l[h]_ ch qb_[n [n ^cff_l_hn aliqnb mn[a_m. Tbcm jb_hi-

nsjcha g_nbi^ bif^m jligcm_ `il c^_hnc`scha a_h_m il QTLm 

nb[n ]ih`_l m[fchcns l_mcmn[h]_ [n ^cmnch]n jf[hn aliqnb mn[a-

_m, nb_l_\s `[]cfcn[ncha nb_ ^_p_fijg_hn i` [ ^ol[\f_ [h^ 

m[fn-nif_l[hn qb_[n p[lc_ns.   

 

A]ehiwf_^a_g_hts  

Tb_ [onbilm []ehiqf_^a_ nb_ `ch[h]c[f mojjiln (R_`_l_h]_ 

hog\_l: 37.01.0000.073.01.001.19(3040) jlipc^_^ \s Uhc-

p_lmcns Gl[hnm Ciggcmmcih i` B[haf[^_mb. Tb_ [onbilm 

[fmi al[n_`offs []ehiqf_^a_ BWMRI, BARI [h^ BINA j_l-

mihh_f `il jlipc^cha nb_ m__^ g[n_lc[fm [h^ [fmi `il 

jlipc^cha `[]cfcnc_m ni ]ih^o]n nb_ _rj_lcg_hn.   
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