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A\str[]t  

H_[n mnl_mm ch Brassica cm [ al_[n nbl_[n ni cnm jli^o]ncpcns [h^ cn cm [ g[dil 

[\cinc] ]b[ff_ha_ ch nb_ ]oll_hn m]_h[lci i` ]b[hacha afi\[f ]fcg[nc] ]ih^c-

ncihm. Ocf jli^o]ncih `lig Brassica cm nb_ m_]ih^ f[la_mn jli^o]ncih [ft_l 

mis\_[h, afi\[ffs. Ih nbcm mno^s, 32 Ih^c[h gomn[l^ []]_mmcihm q_l_ _p[fo[n-

_^ (jimn-[hnb_mcm mn[a_) oh^_l b_[n mnl_mm ch `c_f^ ]ih^cncihm ^olcha nb_ rabi 

m_[mih i` 2019-20, \s \_cha _rjim_^ ni 3 ^cff_l_hn aliqcha ]ih^cncihm c._., 

_[lfs, ijncgog [h^ f[n_ miqcha. Bci]b_gc][f [mm[sm q_l_ j_l`ilg_^ [n nb_ 

jimn-[hnb_mcm mn[a_ ni [h[fst_ nb_ \_mn-j_l`ilgcha []]_mmcihm oh^_l b_[n 

mnl_mm ^olcha nb_ rabi m_[mih i` 2021-22. S__^ giljbifiac][f j[l[g_n_lm 

[h^ mnl_mm ch^c]_m (MDA, jlifch_ ]ihn_hn) q_l_ om_^ ni `ch^ bcab-j_l`ilgcha 

[]]_mmcihm. Tb_ l_mofnm mbiq_^ [ mcahc`c][hn ]ill_f[ncih \_nq__h sc_f^ oh-

^_l mnl_mm [h^ STI (mnl_mm nif_l[h]_ ch^_r), YI (sc_f^ ch^_r), SSPI (mnl_mm mom-

]_jnc\cfcns j_l]_hn ch^_r) [h^ MP (g_[h jli^o]ncpcns), ch^c][ncha nb_ oncfcns 

i` nb_m_ ch^c]_m ch nb_ m_f_]ncih i` b_[n-nif_l[hn [h^ bcab-sc_f^cha fch_m. 

B[m_^ ih nb_ giljbifiac][f, m__^ sc_f^ [h^ ko[fcns j[l[g_n_lm, []]_mmcihm 

IC280920, IC401575, IC426400, IC491509 [h^ IC570301 q_l_ `ioh^ nif_l[hn 

ni b_[n mnl_mm [m ]igj[l_^ ni inb_l []]_mmcihm. Tb_l_`il_, nb_ m_f_]n_^ []-

]_mmcihm ][h \_ oncfct_^ ni cgjlip_ ]lij Brassica, _mj_]c[ffs oh^_l b_[n 

mnl_mm.   

 

K_ywir^s  

\ci]b_gc][f [mm[sm; Brassica ; ]fcg[n_ ]b[ha_; b_[n mnl_mm; mnl_mm ch^c]_m    

 

Ihtri^u]tcih  

Pf[hnm [l_ _rjim_^ ni [ p[lc_ns i` _hpclihg_hn[f ]b[ff_ha_m nblioabion 

nb_cl fc`_mj[h, qbc]b fcgcn nb_cl aliqnb [h^ ^_p_fijg_hn [h^ jim_ m_lciom 

lcmem ni afi\[f `ii^ m_]olcns (1, 2). Tb_ ]ihmn[hnfs lcmcha n_gj_l[nol_ ^o_ ni 

afi\[f q[lgcha b[m [ mcahc`c][hn cgj[]n ih jf[hn aliqnb, ^_p_fijg_hn [h^ 

jli^o]ncpcns, [giha inb_l ^sh[gc] [\cinc] _f_g_hnm i` nb_ _hpclihg_hn (3). 

Tb_ [p_l[a_ n_gj_l[nol_ cm jl_^c]n_^ ni ch]l_[m_ \s 2 °C ni 4 °C \s 2050 (4). 

T_gj_l[nol_ p[lc[ncih b[m [h cgj[]n ih nb_ al[ch [h^ m__^ jli^o]ncih i` 

[hho[f ]lijm. Ih^c[h gomn[l^ (Brassica juncea L.) cm nb_ gimn _mm_hnc[f _^c-

\f_ icfm__^ ]lij ch nb_ qilf^. Ih^c[, qbc]b jli^o]_m ~11 % i` nb_ qilf^'m 

gomn[l^, cm nb_ nbcl^-f[la_mn jli^o]_l [ft_l Cbch[ [h^ C[h[^[ (5). In cm jl_-

^igch[hnfs aliqh ch nlijc][f [h^ mo\-nlijc][f [l_[m ^olcha nb_ rabi m_[mih 

oh^_l l[ch`_^ [h^ cllca[n_^, _[lfs [h^ f[n_ ]ih^cncihm (6). Momn[l^ icf ]ih-
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PANDEY  ET AL   2  

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

n[chm [ \[f[h]_^ l[nci i` gihiohm[nol[n_^ [h^ jifsoh-

m[nol[n_^ `[nns []c^m. Brassica cm pofh_l[\f_ ni g[hs [\cin-

c] mnl_mm_m, mo]b [m b_[n [h^ ^lioabn, ^o_ ni afi\[ffs 

]b[hacha ]fcg[nc] ]ih^cncihm, qbc]b ofncg[n_fs [ff_]n sc_f^ 

(7). Mcf^ `fo]no[ncihm ch n_gj_l[nol_ [h^ bogc^cns ^olcha 

nb_ m__^fcha mn[a_ g[s mcahc`c][hnfs cgj[]n [ff aliqnb 

jb[m_m (8). Agiha Brassica, Ih^c[h gomn[l^ ]ip_lm gil_ 

nb[h 80 % i` nb_ f[h^ ch Ih^c[, \_][om_ cn cm mfcabnfs gil_ 

l_mcfc_hn ni \cinc] [h^ [\cinc] mnl_mm_m nb[h inb_l Brassica 

mj_]c_m.  Hcab n_gj_l[nol_ [h^ fiq gicmnol_ f_p_fm ^olcha 

nb_ l_jli^o]ncp_ [h^ g[nolcns j_lci^, l_mofn ch mcahc`c][hn 

sc_f^ [h^ ko[fcns fimm (9, 10). Hcab n_gj_l[nol_ ([\ion 40 °

C) b[lgm _g\lsihc] ]_ffm. Tb_ _ff_]nm i` n_gj_l[nol_ 

mnl_mm ih jf[hn giljbifias ch]fo^_ mnohn_^ liin [h^ mbiin 

aliqnb, f_[` m]il]bcha/[\m]cmmcih, mn_g \olhcha [h^ `locn 

^cm]ifil[ncih, qbc]b _p_hno[ffs l_^o]_ ]lij ionjon (11).   

 H_[n mnl_mm b[m nb_ jin_hnc[f ni ^_]iojf_ g_n[\ifc] 

[h^ _htsg_ jli]_mm_m nb[n \ocf^ oj oh^_mcl[\f_ [h^ ^_nlc-

g_hn[f l_[]ncp_ irsa_h mj_]c_m (ROS), qbc]b [l_ nb_ 

miol]_ i` irc^[ncp_ mnl_mm (12). ROS ift_h ][om_m ]_ffof[l 

^[g[a_ \s irc^ctcha ^cff_l_hn \cigif_]of_m (13, 14). H_[n 

mnl_mm ]b[ha_m ch ]_ffm ][h \_ g_[mol_^ omcha ^cff_l_hn 

\ci]b_gc][f [mm[sm. M[fih^c[f^_bs^_ (MDA) cm om_^ [m [ 

jin_hnc[f \cig[le_l `il fcjc^ j_lirc^[ncih \_][om_ cn l_-

mofnm `lig nb_ j_lirc^[ncih i` ohm[nol[n_^ `[nns []c^m ch 

jbimjbifcjc^m, qbc]b ^[g[a_m ]_ff g_g\l[h_m. C_ff g_g-

\l[h_m ]ihn[ch ohm[nol[n_^ fcjc^m, nb_ ROS jli^o]_^ ^ol-

cha bcab-n_gj_l[nol_ mnl_mm l_[]nm qcnb nb_g [h^ ][om_m 

fcjc^ j_lirc^[ncih, qbc]b l_mofnm ch nb_ []]ogof[ncih i` 

MDA (15). B. juncea, nif_l[hn a_hinsj_m mbiq l_^o]_^ MDA 

]ihn_hn oh^_l bcab n_gj_l[nol_ mnl_mm ]ih^cncihm, nb_h 

m_hmcncp_ a_hinsj_m (16). Plifch_ ([hinb_l \ci]b_gc][f 

g[le_l `il [mm_mmcha mnl_mm) cm [h imgijlin_]n[hn, nb[n 

jlin_]nm nb_ mnl_hanb i` ]_ffof[l g_g\l[h_m, b_fjm nb_ 

]snijf[mg'm imginc] \[f[h]_, jlin_]nm jlin_ch mnlo]nol_m 

[h^ _htsg_ []ncpcnc_m [a[chmn ^_h[nol[ncih, [h^ m][p_ha-

_m bs^lirsf `l__ l[^c][fm (17). Pf[hnm []]ogof[n_ jlifch_ ni 

\iimn nb_cl nif_l[h]_ [a[chmn [\cinc] mnl_mm [h^ ni g[ch-

n[ch bcab l_f[ncp_ q[n_l ]ihn_hnm [h^ imginc] jin_hnc[f 

(18).   

 Tb_ jl_m_hn l_m_[l]b mno^s q[m [cg_^ [n _rjfilcha 

nb_ _ff_]nm i` b_[n mnl_mm ih Ih^c[h gomn[l^ a_lgjf[mg. 

Tb_ []]_mmcihm q_l_ m]l__h_^ `il bcab sc_f^ oh^_l b_[n 

mnl_mm ]ih^cncihm ^olcha nb_ rabi 2019-20 (19) [h^ b_[n 

mnl_mm nif_l[hn []]_mmcihm q_l_ p[fc^[n_^ oh^_l b_[n mnl_mm 

ch `c_f^m ^olcha nb_ rabi 2021-22 [n nb_ `fiq_lcha mn[a_ om-

cha irc^[ncp_ mnl_mm ch^c][nilm [h^ m__^ giljbifiac][f 

`_[nol_m. Tbcm ch`ilg[ncih cm cgjiln[hn ni c^_hnc`s mocn[\f_ 

a_lgjf[mg []]_mmcihm [m ^ihilm `il nb_ cgjlip_g_hn i` 

Brassica nblioab [ \l__^cha jlial[g.  

 

M[t_rc[fs [h^ M_tbi^s 

Plant material and experimental site       

Tbclns-nqi []]_mmcihm i` Ih^c[h gomn[l^ a_lgjf[mg om_^ 

ch nb_ mno^s, jli]ol_^ `lig nb_ ICAR-N[ncih[f Bol_[o i` 

Pf[hn G_h_nc] R_miol]_m, N_q D_fbc, Ih^c[, [l_ mbiqh ch 

T[\f_ 1. Tb_s q_l_ jf[hn_^ [n 3 ^cff_l_hn miqcha ^[n_m 

(s_[l 2019-20, rabi m_[mih), c._., _[lfs (f[mn q__e i` S_j-

n_g\_l, S1), ijncgog (nbcl^ q__e i` O]ni\_l, S2) [h^ f[n_ 

miqh (m_]ih^ q__e i` Nip_g\_l, S3), ni mno^s nb_ _ff_]n 

i` n_lgch[f b_[n mnl_mm ih nb_ Brassica ]lij (19). Tb_ _r-

j_lcg_hn q[m f[c^ ion ch [ `[]nilc[f l[h^igct_^ \fi]e ^_-

mcah qcnb 3 l_jfc][ncihm [n nb_ l_m_[l]b `[lg i` nb_ Agcns 

Ihmncnon_ i` Ola[hc] Aalc]ofnol_, Agcns Uhcp_lmcns, Nic^[, 

Ih^c[. Tb_ l_]igg_h^_^ j[]e[a_ i` jl[]nc]_m q[m `if-

fiq_^ ni l[cm_ [ aii^ ]lij i` gomn[l^. B[m_^ ih sc_f^ [n-

nlc\oncha nl[cnm (hog\_l i` mcfcko[m j_l jf[hn, mcfcko[ f_hanb 

(]g), hog\_l i` m__^m j_l mcfcko[, 1000 m__^ q_cabn il n_mn 

q_cabn (a) [h^ m__^ sc_f^ j_l jf[hn (a)), bcab-sc_f^cha nif_l-

[hn []]_mmcihm `lig nb_ jl_pciom mno^s q[m p[fc^[n_^ `il 

b_[n mnl_mm oh^_l `c_f^ ]ih^cncihm ^olcha nb_ rabi 2021-22 

omcha \ci]b_gc][f [mm[sm (MDA [h^ Plifch_ ]ihn_hn) [h^ 

m__^ giljbifiac][f `_[nol_m. Flig _[]b jfin, 5 b_[fnbs 

jf[hnm q_l_ jc]e_^ [n l[h^ig [h^ n[aa_^ ^olcha nb_ p_a_-

n[ncp_ mn[a_ ni l_]il^ [ff giljbifiac][f ^[n[ [h^ ]iff_]n_^ 

m[gjf_m `il \ci]b_gc][f [h[fsmcm [n nb_ l_jli^o]ncp_ 

mn[a_.   

Weather conditions and heat stress treatment     

W_[nb_l ch`ilg[ncih ih n_gj_l[nol_ (°C, g[rcgog [h^ 

gchcgog) [h^ l_f[ncp_ bogc^cns (%) ^olcha ]lij m_[mih 

q[m l_]il^_^ `il nb_ s_[lm 2019-20 [h^ 2021-22. Tb_ [p_l-

[a_ q_[nb_l ^[n[ q[m ]ihmc^_l_^ `il `olnb_l mno^c_m. Tb_ 

q_[nb_l q[m nsjc][f `il nb_ _hpclihg_hn ch Nilnb Ih^c[. 

Ohfs ]b[ha_m ch [_lc[f n_gj_l[nol_ q_l_ n[e_h chni ]ih-

mc^_l[ncih \_][om_ nlc[fm q_l_ ][llc_^ ion ch q_ff-cllca[n_^ 

]ih^cncihm. Tb_l_ q[m [ al[^o[f ^lij ch l_f[ncp_ bogc^cns 

`lig F_\lo[ls ni Ajlcf ^o_ ni [ mo^^_h lcm_ ch g[rcgog 

n_gj_l[nol_ mn[lncha `lig 2h^ q__e i` F_\lo[ls (Fca. 1). 

Tbom, b_[n mnl_mm i]]oll_^ ch f[n_-miqh []]_mmcihm `lig 

[hnb_mcm ni nb_ al[ch `cffcha mn[a_.  

 

 

Sr. Ni A]]_sscihs Sr. Ni A]]_sscihs 

1 IC261687 17 IC426385 

2 IC267695 18 IC426388 

3 IC267699 19 IC426400 

4 IC267705 20 IC426403 

5 IC280907 21 IC447833 

6 IC280920 22 IC491044 

7 IC296688 23 IC491128 

8 IC296702 24 IC491161 

9 IC296703 25 IC491263 

10 IC296732 26 IC491415 

11 IC305130 27 IC491429 

12 IC347855 28 IC491509 

13 IC353575 29 IC570279 

14 IC362912 30 IC570301 

15 IC385783 31 IC571686 

16 IC401575 32 IC589669 

T[\f_ 1. Lcmn i` Ih^c[h gomn[l^ a_lgjf[mg om_^ ch nbcm mno^s.   
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Biochemical assays and seed morphological parameters 

for measuring heat stress tolerance in Brassica      

M[fih^c[f^_bs^_ (MDA) ]ih]_hnl[ncih q[m g_[mol_^ ch 
Brassica jf[hnm [n nb_ 50 % `fiq_lcha mn[a_ []]il^cha ni 

H_[nb [h^ P[]e_l'm g_nbi^ (1968) (20). Plifch_ ]ihn_hn 

q[m _p[fo[n_^ ch f_[` m[gjf_m `lig ]ihnlif [h^ nl_[n_^ 

jf[hnm ni _p[fo[n_ nb_ f_p_fm i` []]ogof[n_^ jlifch_ oh^_l 

b_[n mnl_mm ]ih^cncihm (21). Brassica m__^m j_l a_lgjf[mg 

q_l_ n[e_h ni ^_n_lgch_ nb_ 1000-m__^ q_cabn (TSW, ch 

al[gm). Brassica m__^m q_l_ m][hh_^ ch [h Ejmih m][hh_l 

ni _r[gch_ p[lciom m__^ `_[nol_m, mo]b [m m__^ [l_[, m__^ 

f_hanb, m__^ \l_[^nb, m__^ j_lcg_n_l [h^ m__^ lioh^h_mm. 

Folnb_l, al[ch [h[fsmcm miftq[l_ q[m om_^ ni l_nlc_p_ nb_ 

m__^-l_f[n_^ j[l[g_n_lm. A mn_l_i tiig gc]lim]ij_ 

ACUSZM-745T (A]o][f, Ih^c[), q[m om_^ ni ][jnol_ aii^-

ko[fcns m__^ cg[a_m.  

Statistical data calculation and analysis      

Tb_ al[ch sc_f^ (a) i` _[]b Brassica []]_mmcih q[m g_[m-

ol_^ \s b[lp_mncha nb_ g[nol_ ]lij ch^cpc^o[ffs `lig _[]b 

jfin. Aff mnl_mm nif_l[h]_ ch^c]_m q_l_ ]igjon_^ omcha nb_ 

al[ch sc_f^ (Yj [h^ Ym) i` _[]b []]_mmcih [h^ nb_ g_[h 

sc_f^ (Xj [h^ Xm) i` [ff []]_mmcihm oh^_l hilg[f [h^ f[n_ 

miqcha ]ih^cncihm, l_mj_]ncp_fs, omcha nb_ `iffiqcha g_h-

ncih_^ ch 1 ni 9 _ko[ncihm:  

Snl_mm nif_l[h]_ (TOL) = Yj − Ym (22)........................(Ekh. 1) 

Snl_mm nif_l[h]_ ch^_r (STI) = (Yj × Ym)/Xj2 (23)......(Ekh. 2) 

Snl_mm mom]_jnc\cfcns % ch^_r (SSPI) = Yj − Ym/ 2(Xj) × 100 

(24) ............................................................................(Ekh. 3)  

Yc_f^ ch^_r (YI) = Ym/Xm (25)  .......................................(Ekh. 4) 

Yc_f^ mn[\cfcns ch^_r (YSI) = Ym/Yj (26) .......................(Ekh. 5) 

R_f[ncp_ mnl_mm ch^_r (RSI) = (Yj/Ym)/(Xm/Xj) (27) .....(Ekh. 6) 

M_[h jli^o]ncpcns (MP) = (Yj + Ym)/2 (22) ................(Ekh. 7) 

P_l]_hn sc_f^ R_^o]ncih (PYR) = (Yj−Ym)/Yj × 100 

(28 ).............................................................................(Ekh. 8)  

Snl_mm Som]_jnc\cfcns Ih^_r (SSI) = 1− (Ym/Yj)/1− (Xm/Xj) 

(29) .............................................................................(Ekh. 9)  

 qb_l_, Yj [h^ Ym l_jl_m_hn nb_ sc_f^ j_l`ilg[h]_ i` 

nb_ p[lciom []]_mmcihm [h^ Xj [h^ Xm l_jl_m_hn nb_ [p_l-

[a_ sc_f^ i` [ff nb_ []]_mmcihm oh^_l hilg[f [h^ b_[n 

mnl_mm ]ih^cncihm l_mj_]ncp_fs. 

 Tb_ mnl_mm ch^c]_m q_l_ ][f]of[n_^ omcha Mc]limift 

Er]_f. W_ om_^ Mchcn[\ (bnnjm://qqq.gchcn[\.]ig/_h-om/) 

miftq[l_ `il bc_l[l]bc][f ]fomn_lcha [h^ ]ill_fial[gm. Tb_ 

^[n[ q[m mo\d_]n_^ ni p[lciom mn[ncmnc][f [h[fsm_m, mo]b [m 

^_m]lcjncp_ mn[ncmnc]m [h[fsmcm [h^ [h[fsmcm i` p[lc[h]_ 

Fca. 1. W_[nb_l ^[n[ `il nb_ ]lij aliqcha m_[mih i` Ih^c[h gomn[l^ a_lgjf[mg ^olcha rabi  m_[mih ([) 2019-20 [h^ (\) 2021-22.  
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(ANOVA nqi-q[s) omcha OPSTAT miftq[l_ 

(bnnj://14.139.232.166/ijmn[n/).   

 

R_sufts  [h^ Dcs]usscih 

Ti oh^_lmn[h^ nb_ b_[n mnl_mm cgj[]n ih Brassica, cn cm h_]-

_mm[ls ni _mn[\fcmb [jjlijlc[n_ miqcha ncg_m oh^_l `c_f^ 

]ih^cncihm nb[n ][h \_ jl_]cm_fs ]ihnliff_^ [h^ l_j_[n_^. 

Ih^c[h gomn[l^ cm ih_ i` nb_ gimn mcahc`c][hn icfm__^ ]lijm, 

qbc]b []]iohnm `il [ ]ihmc^_l[\f_ jilncih i` nb_ Brassica 

`[gcfs’m nin[f []l_[a_. Ih iol jl_pciom mno^s, q_ m]l__h_^ 

nb_ Brassica []]_mmcihm \[m_^ ih sc_f^-[nnlc\oncha nl[cnm 

oh^_l b_[n mnl_mm ch `c_f^ ]ih^cncihm (19). Ih nbcm mno^s, nb_ 

`cfn_l_^ bcab-sc_f^cha []]_mmcihm q_l_ p[fc^[n_^ `il b_[n 

mnl_mm nif_l[h]_ omcha \ci]b_gc][f [mm[sm [h^ m__^ gil-

jbifiac][f `_[nol_m. H_l_, [n 3 ^cff_l_hn miqcha ^[n_m, S1 

(_[lfs miqh), S2 (ijncgog miqh) [h^ S3 (f[n_ miqh), nb_ 

_ff_]n i` nb_ b_[n mnl_mm [h^ nb_cl chn_l[]ncih qcnb 

a_lgjf[mg [n nb_ `fiq_lcha mn[a_ mbiq_^ bcab p[lc[\cfcns 

ch gomn[l^ []]_mmcihm `il [ff nb_ nl[cnm \[m_^ ih \ci]b_gc-

][f [mm[sm [h^ m__^ giljbifiac][f ]b[l[]n_lcmnc]m. Tb_ 

[hnb_mcm [h^ jimn-[hnb_mcm mn[a_m i` f[n_-miqh []]_mmcihm 

q_l_ h_a[ncp_fs cgj[]n_^ \s [ lcm_ ch n_gj_l[nol_m [\ip_ 

25 °C ch gc^-F_\lo[ls.  

 Tb_ ]ihmn[hnfs ch]l_[mcha [g\c_hn n_gj_l[nol_ cm 

nb_ gimn b[lg`of `il Brassica. Hcab n_gj_l[nol_m (> 28–30 

°C) ][h mcahc`c][hnfs l_^o]_ nb_ q_cabn i` lcj_ gomn[l^ 

m__^m ^olcha nb_ [hnb_mcm [h^ jimn-[hnb_mcm mn[a_m, b_h]_ 

l_^o]cha sc_f^m. Tb_ gimn n_gj_l[nol_-m_hmcncp_ mn[a_m i` 

Brassica ]lijm [l_ m__^fcha [h^ `fiq_lcha (30).   

MDA and Proline content      

MDA f_p_fm ch nb_ ]ihnliff_^ _hpclihg_hn l[ha_^ `lig 0.20 

hgif_/a FW (IC296688) ni 0.49 hgif_/a FW (IC362912). 

A]]il^cha ni Fca. 2[, nb_ l[ha_ oh^_l S2 [h^ S3 mnl_mm_^ 

]ih^cncihm q[m 0.31 hgif_/a FW (IC447833) ni 0.65 hgif_/

a FW (IC362912) [h^ 0.53 hgif_/a FW (IC296702) ni 1.04 

hgif_/a FW (IC362912) l_mj_]ncp_fs. Tb_ g_g\l[h_ ^[g-

[a_ ^o_ ni b_[n mnl_mm, [m g_[mol_^ ch n_lgm i` MDA ]ih-

n_hn, q[m i\m_lp_^ ch [ff nb_ []]_mmcihm. Tb_ MDA ]ihn_hn 

q[m bcab_l ch nb_ ][m_ i` []]_mmcihm, pct., IC362912, 

IC570301, IC426385, IC267705, IC296688 [h^ IC385783 [h^ 

fiq_mn ch nb_ ][m_ i` IC296702, IC280920, IC261687, 

IC401575, IC296732, IC491263 [h^ IC491415 oh^_l bcab-

n_gj_l[nol_ mnl_mm i` 36 °C. Lcjc^ j_lirc^[ncih, [mm_mm_^ 

\s g[fih^c[f^_bs^_ (MDA) ch mnl_mm_^ ]ih^cncihm, q[m 

4.66 (MDA a (-1) `. qn. i` ncmmo_) ch nif_l[hn a_hinsj_m, 7.44 

(MDA a (-1) `. qn. i` ncmmo_) ch mom]_jnc\f_ a_hinsj_m [h^ 

]ill_f[n_^ mcahc`c][hnfs (l = 0.563) qcnb _f_]nlifsn_ f_[e[a_ 

(16). W_ i\m_lp_^ gil_ MDA ]ihn_hn ch Brassica []]_m-

mcihm oh^_l b_[n mnl_mm, \on nb_ ]ihn_hn q[m mcahc`c][hnfs 

f_mm ch b_[n-mnl_mm-nif_l[hn []]_mmcihm. Tb_ MDA f_p_f q[m 

1.58 (TPM1) ni 8.47 (JM-2) `if^ al_[n_l nb[h nb_ ]ill_-

mjih^cha ]ihnlifm (31). A]]il^cha ni l_jilnm, B. juncea 

nif_l[hn a_hinsj_m []]ogof[n_^ f_mm MDA oh^_l bcab n_g-

j_l[nol_m, ch^c][ncha f_mm irc^[ncp_ ^[g[a_, qb_l_[m m_h-

mcncp_ a_hinsj_m mbiq_^ bcab_l f_p_fm i` ^[g[a_ (16). Tb_ 

l[ha_ i` MDA ch iol mno^s `il nb_ b_[n mnl_mm ]ih^cncih cm 

0.53 ni 1.04 μgif a−1 FW. MDA \ocf^oj ][om_^ \s b_[n 

mnl_mm q[m `ioh^ [h^ g_[mol_^ ch p[lciom ]lijm ^olcha nb_ 

m__^fcha mn[a_ qb_[n (32) [h^ Brassica (16). Uh^_l b_[n 

Fca. 2. Ep[fo[ncih i` Ih^c[h gomn[l^ a_lgjf[mg oh^_l b_[n mnl_mm ]ih^cncihm \[m_^ ih \ci]b_gc][f [mm[sm. ([) MDA ]ihn_hn [h^ (\) Plifch_ ]ihn_hn .  
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mnl_mm, nb_ ]_ff g_n[\ifcmg cm m_p_l_fs [ff_]n_^, l_mofncha ch 

g_g\l[h_ ^[g[a_ [h^ nb_ []]ogof[ncih i` ROS. Umcha 

[hncirc^[hn _htsg_m fce_ [m]il\[n_ j_lirc^[m_ (APX), j_-

lirc^[m_ (POX), moj_lirc^_ ^cmgon[m_ (SOD), ][n[f[m_ 

(CAT), afon[nbcih_ l_^o]n[m_ (GR), jifsjb_hif irc^[m_ 

(PPO) [h^ g_n[\ifcn_m fce_ afon[nbcih_ (GSH), [m]il\c] 

[]c^ (AmA), ni]ijb_lif [h^ ][lin_hic^m, jf[hnm jlin_]n 

nb_cl ]_ffm [h^ mo\-]_ff[l msmn_gm `lig nb_ ^[g[acha 

_ff_]nm i` ROS (31). Plifch_ ]ihn_hn mbiq_^ [ mcahc`c][hn 

ch]l_[m_ ch nb_ jf[hnm oh^_l bcab-n_gj_l[nol_ mnl_mm ]ih-

^cncihm. Plifch_ ]ihn_hn oh^_l _[lfs miqh ]ih^cncihm ch 

nbcm _rj_lcg_hn l[ha_^ `lig 0.23 µa/a FW (IC491128) ni 

0.86 µa/a FW (IC401575) [h^ ch ncg_fs miqh cn l[ha_^ `lig 

0.45 µa/a FW (IC267695) ni 0.99 (IC401575) µa/a FW. A]-

]il^cha ni Fca. 2\, nb_ l[ha_ `il nb_ n_gj_l[nol_-mnl_mm_^ 

jf[hnm q[m 0.60 µa/a FW (IC362912) ni 1.65 µa/a FW 

(IC491509). Tb_l_ q[m hi mcahc`c][hn ]b[ha_ ch jlifch_ ]ih-

n_hn ch []]_mmcihm.  

 Ih nb_ jl_m_hn mno^s, []]_mmcihm IC491509, 
IC296703, IC491429, IC401575, IC589669, IC426400, 

IC296702, IC353575, IC570301 [h^ IC385783 mbiq_^ [ bcab 

ch]l_[m_ ch jlifch_ ]ihn_hn oh^_l b_[n mnl_mm ]ih^cncihm, 

qbcf_ []]_mmcihm IC362912, IC267705, IC426385,  IC491128 

[h^ IC280907 mbiq_^ nb_ fiq_mn p[fo_ i` jlifch_ ]ihn_hn. 

Tb_ ch]l_[m_ ch jlifch_ ]ihn_hn ch^c][n_m nb[n nb_m_ Brassi-

ca []]_mmcihm [l_ ][j[\f_ i` [^[jncha ni b_[n mnl_mm. A]]o-

gof[ncih i` imgijlin_]n[hnm mo]b [m jlifch_ ch nb_ ]_ff 

]snijf[mg cm [fmi [h [^[jn[ncih [a[chmn b_[n mnl_mm ]ih^c-

ncihm (33). H_l_, q_ i\m_lp_^ mcahc`c][hnfs bcab_l jlifch_ 

]ihn_hn ch nb_lginif_l[hn []]_mmcihm [m ]igj[l_^ ni nb_l-

gim_hmcncp_ []]_mmcihm. Si, iol mno^s cm ch [al__g_hn qcnb 

nb_ jl_pciom l_jilnm (34). Tb_l_`il_, jlifch_ ][h \_ om_^ [m 

[ l_fc[\f_ ch^c][nil i` b_[n mnl_mm cgjim_^ ih Brassica 

jf[hnm.       

 Tb_ _mncg[ncih i` jlifch_ [c^m ch nb_ m_f_]ncih i` 

a_hinsj_m nb[n [l_ b_[n nif_l[hn (7). Plifch_ []]ogof[n_m 

gil_ ch a_hinsj_m nb[n [l_ nb_lginif_l[hn nb[h ch a_hi-

nsj_m nb[n [l_ nb_lgim_hmcncp_, qcnb [ mcahc`c][hn ^cff_l-

_h]_ i` 36.8 % ni 28.1 % ch RGN 368 [h^ RH-0749 (35). W_ 

i\m_lp_^ bcab jlifch_ ]ihn_hn ch []]_mmcihm IC296702, 

IC296703, IC353575, IC385783, IC401575, IC426400, 

IC491429, IC491509, IC570301 [h^ IC589669 oh^_l b_[n 

mnl_mm ]ih^cncihm. A l_]_hn mno^s [fmi ]f[mmc`c_^ gomn[l^ 

[]]_mmcihm \[m_^ ih jlifch_ ]ihn_hn [h^ `ioh^ nb[n bcab 

jlifch_ ]ihn_hn q[m l_f[n_^ ni [ alioj i` nb_lginif_l[hn 

]ofncp[lm (PM-21, PM-22 [h^ PM-30) (34). Si, iol mno^s q[m 

ch ]ih]oll_h]_ qcnb nbcm l_jiln. Folnb_l, ^__j oh^_lmn[h^-

cha ][h \_ []bc_p_^ ]ih]_lhcha Brassica-b_[n mnl_mm chn_l-

[]ncih \s ]ig\chcha gofncjf_ ‘igc]m’ mnl[n_ac_m.   

Effect of heat stress on seed morphological traits in Indi-

an mustard germplasm       

Tb_ ^_m]lcjncp_ mn[ncmnc]m i` m__^ sc_f^ [h^ m__^ giljbi-

fiac][f nl[cnm qcnb [h[fsmcm i` p[lc[h]_ (ANOVA) `il ^cff_l_hn 

miqcha ^[n_m [l_ jl_m_hn_^ ch T[\f_m 2 [h^ 3. Fil m__^ 

giljbifiac][f `_[nol_m [h^ 100-m__^ q_cabn, nb_ ANOVA 

`ch^cham l_p_[f_^ mn[ncmnc][ffs mcahc`c][hn a_hinsjc] p[lc[-

ncih ch gomn[l^ []]_mmcihm (p ≤0.05) `il m__^ j[l[g_n_lm 

mo]b [m m__^ [l_[, f_hanb, \l_[^nb, j_lcg_n_l, ^c[g_n_l 

S1 (E[rfy Siwh) 

P[r[g_t_rs S__^ Yc_f^ (ea/b[) Ar_[ (gg2) L_hatb (gg) Br_[^tb (gg) P_rcg_t_r (gg) Riuh^h_ss 

Mch. 364 1.3 1.4 1.2 4.3 0.6 

M[r. 2201 4.4 2.6 2.3 7.9 0.9 

M_[h 1453 3.0 2.1 1.8 6.5 0.8 

SEg (±) 95.8 0.14 0.06 0.05 0.16 0.01 

SD 542 0.81 0.33 0.26 0.93 0.07 

CV 37.3 27.1 15.8 14.1 14.3 8.1 

S2 (Tcg_fy Siwh) 

Mch. 294 2.1 1.7 1.5 5.4 0.7 

M[r. 2201 4.2 2.5 2.2 7.8 0.9 

M_[h 1477 3.1 2.2 1.9 6.6 0.8 

SEg (±) 101 0.11 0.04 0.04 0.12 0.01 

SD 572 0.65 0.21 0.20 0.68 0.05 

CV 38.8 20.6 9.9 10.9 10.2 6.1 

S3 (L[t_ Siwh) 

Mch. 177 1.8 1.7 1.4 5.0 0.7 

M[r. 837 4.0 2.6 2.1 7.7 0.9 

M_[h 527 2.9 2.1 1.8 6.4 0.8 

SEg (±) 30.5 0.11 0.04 0.04 0.12 0.01 

SD 172 0.63 0.23 0.20 0.70 0.04 

CV 32.7 22.0 10.9 11.3 11.1 4.7 

T[\f_ 2. Tb_ g_[h, mn[h^[l^ _llil (± SE), gchcgog, g[rcgog [h^ p[lc[h]_ ]igjih_hnm i\m_lp_^ `il Ih^c[h gomn[l^ a_lgjf[mg \[m_^ ih m__^ sc_f^ [h^ m__^ 
giljbifiac][f `_[nol_m.  

Mch. =Mchcgog; M[x. =M[rcgog; SEg= Sn[h^[l^ _llil i` g_[h; SD= Sn[h^[l^ ^_pc[ncih; CV= Ci_ffc]c_hn i` V[lc[h]_.  



PANDEY  ET AL   6  

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

[h^ lioh^h_mm. Tb_ [h[fsmcm i` p[lc[h]_ l_p_[f_^ mcahc`c-

][hn g_[h mko[l_m i` []]_mmcihm `il [l_[, f_hanb, \l_[^nb, 

j_lcg_n_l [h^ lioh^h_mm, ^_gihmnl[ncha mo\mn[hnc[f 

^cff_l_h]_m [giha nb_ a_lgjf[mgm ch [ff nb_ miqcha ]ih^c-

ncihm. Scahc`c][hn g_[h mko[l_m `il [ff mno^c_^ ]b[l[]n_lcm-

nc]m l_p_[f_^ p[lc[ncihm ch b_[n mnl_mm f_p_fm [h^ nb_cl _ff_]n 

ih nb_m_ ]b[l[]n_lm. Tb_ chn_l[]ncih _ff_]nm i` miqcha 

^[n_m [h^ a_lgjf[mg []]_mmcihm q_l_ mcahc`c][hn `il [ff 

p[lc[\f_m, l_p_[fcha [ ^cmnch]n j[nn_lh i` p[lc[h]_m [giha 

nb_ a_lgjf[mgm [n p[lciom miqcha ncg_m.  

 W_ jb_hinsj_ m__^ giljbifiac][f `_[nol_m `lig [ff 

nb_ []]_mmcihm [n 3 miqcha ^[n_m. V[fo_m `il [l_[, f_hanb, 

\l_[^nb, j_lcg_n_l [h^ lioh^h_mm q_l_ [p_l[a_^ [h^ 

]igj[l_^ `il _[]b miqcha ncg_ (Fca. 3[ ni Fca. 3_). Tb_ 

ch^cpc^o[f m__^ [l_[ q[m l_]il^_^ `il [ff nb_ miqcha ^[n_m. 

Fil _[lfs miqcha, nb_ [l_[ l[ha_ q[m 1.3 ni 4.4 gg2. Tb_ 

[]]_mmcihm IC426388 [h^ IC267695 (4.4 gg2) mbiq_^ g[r-

cgog [l_[ [h^ nb_ gchcgog p[fo_ q[m `ioh^ ch []]_mmcih 

IC570279 (1.3 gg2). Fil ijncgog miqcha ]ih^cncihm, nb_ 

l[ha_ i` nb_ [l_[ q[m \_nq__h 2.1 ni 4.2 gg2, qcnb [ g[rc-

gog `il IC491128 [h^ IC296688 (4.2 gg2) [h^ nb_ f_[mn 

`il IC570279 (2.1 gg2). Ih bcab n_gj_l[nol_ mnl_mm_^ ]ih-

^cncihm, nb_ []]_mmcihm IC296732 [h^ IC571686 mbiq_^ nb_ 

bcab_mn [l_[ i` 4.0 gg2, nb_ []]_mmcih IC589669 mbiq_^ 

nb_ fiq_mn m__^ [l_[ p[fo_ i` 1.8 gg2 (Fca. 3[). Tb_ [p_l-

[a_ m__^ q[m g_[mol_^ \_nq__h 1.2 [h^ 2.3 gg ch 

\l_[^nb [h^ 1.4 ni 2.6 gg ch f_hanb ch _[lfs miqcha. Ih ij-

ncgog miqcha, nb_ l[ha_ i` f_hanb [h^ \l_[^nb q[m `lig 

1.7 ni 2.5 gg [h^ 1.5 ni 2.2 gg, l_mj_]ncp_fs. Ih nb_ b_[n-

mnl_mm_^ ]ih^cncih, nb_ [p_l[a_ mct_ i` nb_ gomn[l^ m__^ 

l[ha_^ `lig 1.7 ni 2.6 gg ch f_hanb [h^ 1.4 ni 2.1 gg ch 

\l_[^nb. Ih _[lfs miqcha ]ih^cncihm, []]_mmcih IC426388 

[h^ IC267695 mbiq_^ nb_ bcab_mn f_hanb [h^ \l_[^nb i` 

2.6 [h^ 2.3 gg l_mj_]ncp_fs. Ih f[n_ miqcha ]ih^cncihm, nb_ 

f_hanb (2.6 gg) [h^ \l_[^nb (2.1 gg) q_l_ bcab_mn ch []-

]_mmcih IC296732 (Fca. 3\ [h^ Fca. 3]). Ih _[lfs miqcha, []-

]_mmcihm IC267695 [h^ IC426388 b[^ nb_ f[la_mn j_lcg_n_l 

(7.9 gg), qb_l_[m IC570279 m__^m b[^ nb_ mg[ff_mn         

Siur]_ i` V[rc[tcih ^` S__^ Yc_f^ (ea/b[) Ar_[ (gg2) L_hatb (gg) Br_[^tb (gg) P_rcg_t_r (gg) Riuh^h_ss 

Siqcha D[n_m (S) 2 28120733.3 1.74 0.11 0.24 1.64 0.016 

A]]_mmcihm (A) 31 1549066.23 2.71 0.35 0.28 3.39 0.011 

A]]_mmcihm X Siqcha ^[n_m 62 201412.05 0.85 0.14 0.09 1.02 0.007 

Ellil 190 3291.19 0.17 0.03 0.02 0.22 0.004 

T[\f_ 3.  ANOVA mbiqm nb_ _ff_]nm i` ^cff_l_hn miqcha ^[n_m ih m__^ sc_f^ [h^ m__^ giljbifiac][f `_[nol_m ch Ih^c[h gomn[l^ a_lgjf[mg.   

^`= ^_al__ i` `l__^ig M_[h mko[l_ p[fo_m jl_m_hn_^ ch nb_ n[\f_ [h^ g_[hm mcahc`c][hn [n nb_ 0.05.  

Fca. 3. Eff_]n i` b_[n mnl_mm ih Ih^c[h gomn[l^ a_lgjf[mg oh^_l nbl__ ^cff_l_hn miqcha ]ih^cncihm.  ([) S__^ f_hanb (gg), (\) S__^ \l_[^nb (gg), (]) S__^ [l_[ 
(gg2), (^) S__^ j_lcg_n_l (gg), (_) S__^ lioh^h_mm [h^ (`) S__^ sc_f^ (ea/b[).  
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(4.3 gg). Fil ijncgog miqcha, nb_ p[fo_ i` nbcm j_lcg_n_l 

l[ha_^ `lig 5.4 ni 7.8 gg; nb_ bcab_mn p[fo_ q[m `ioh^ ni 

\_ IC491128 (7.8 gg) [h^ nb_ fiq_mn ch []]_mmcih 

IC570279 (5.4 gg). Tb_ l[ha_ i` p[fo_m `il nb_ j_lcg_n_l 

`il f[n_ miqcha q[m 5 ni 7.7 gg; nb_ bcab_mn j_lcg_n_l q[m 

i\m_lp_^ ch IC296732 (7.7 gg) [h^ nb_ fiq_mn ch IC589669 

(5.0 gg). Tb_ lioh^h_mm i` nb_ m__^m q[m nb_ a_ig_nlc] 

nl[cn nb[n gimn mcahc`c][hnfs ^cff_l_hnc[n_^ nb_ m[gjf_m oh-

^_l mno^s. Fil [ff nb_ miqcha, nb_ [p_l[a_ p[fo_m i` m__^ 

lioh^h_mm p[lc_^ `lig 0.63 ni 0.93. An _[lfs miqcha, []]_m-

mcih IC491415 mbiq_^ nb_ bcab_mn p[fo_ (0.90) [h^ 

IC571686 mbiq_^ nb_ fiq_mn p[fo_ (0.63). Tb_ []]_mmcih 

IC491509 l_]il^_^ nb_ bcab_mn p[fo_ i` 0.93 [h^ IC426400 

l_]il^_^ nb_ fiq_mn p[fo_ (0.66) `il lioh^h_mm ch ijncgog 

miqcha. Fil f[n_ miqcha, nb_ g[rcgog p[fo_ q[m i\m_lp_^ 

ch IC401575 (0.89) [h^ nb_ gchcgog p[fo_ q[m i\m_lp_^ ch 

IC296702 (0.72). R_f[ncp_fs bcab_l m__^ mct_ [h^ mb[j_ q_l_ 

i\m_lp_^ oh^_l ijncg[f ]ih^cncihm nb[h f[n_. Tbcm gcabn 

\_ ^o_ ni ijncgog ]fcg[nc] ]ih^cncihm ^olcha nb_ `fiq_l-

cha, g[nolcns [h^ b[lp_mncha mn[a_m i` nb_ Brassica fc`_ ]s-

]f_. L[n_-miqh ]lijm g[nol_^ _[lfs qcnb f_mm ji^ `cffcha 

[h^ cgjlij_l m__^ ^_p_fijg_hn. S__^m i\n[ch_^ `lig 

nb_m_ miqcham b[^ l_f[ncp_fs fiq gicmnol_ ]ihn_hn [h^ 

nb_m_ m__^m [l_ mg[ff m__^ mct_ [h^ mb[j_. Hcab n_gj_l[-

nol_m `lig F_\lo[ls ni M[l]b `il]_^ nb_ jf[hn ni g[nol_ 

`[mn, l_mofncha ch [ mg[ff m__^ mct_ (36). 

Effect of heat stress on yield in Indian mustard 

germplasm      

Tb_ ]ofgch[ncih i` m_p_l[f sc_f^ ]igjih_hnm _mn[\fcmb_^ 
oh^_l [ ]_ln[ch m_n i` _hpclihg_hn[f ]ih^cncihm cm _r-

jl_mm_^ ch nb_ `ch[f m__^ sc_f^. Tb_ m__^ sc_f^ `lig nb_ ]il-

l_mjih^cha h_n jfin q[m om_^ ni ]igjon_ nb_ m__^ sc_f^/

b[. Ih nbcm mno^s, m__^ sc_f^ q[m mcahc`c][hnfs [ff_]n_^ \s 

nb_ ^[n_ i` miqcha. Tb_ f[mn miqcha’m fiq_l m__^ sc_f^ q[m 

_p_hno[ffs ][om_^ \s [ ^_]l_[m_ ch nb_ hog\_l i` ji^m 

[h^ m__^m ^o_ ni [h ch]l_[m_ ch n_gj_l[nol_ [n nb_ `fiq_l-

cha mn[a_, qbc]b _p_hno[ffs ][om_^ [ l_^o]ncih ch `fiq_lm 

[h^ p_a_n[ncp_ aliqnb nii. Tb_ m__^ sc_f^ l[ha_^ `lig 

2201 ni 364 ea/b[ [h^ nb_ [p_l[a_ `il nb_ []]_mmcihm oh-

^_l mno^s q[m 1453 ea/b[ ch _[lfs miqcha ]ih^cncihm. Ih 

ijncgog ]ih^cncihm, nb_ m__^ sc_f^ q[m ch nb_ l[ha_ i` 

2201 ni 294 ea/b[, qcnb [h [p_l[a_ i` 1477 ea /b[. Tb_ 

l[ha_ i` m__^ sc_f^ ch nb_ f[n_ miqcha ]ih^cncih q[m `ioh^ 

ni \_ \_nq__h 837 ni 177, qcnb [h [p_l[a_ i` 527 ea/b[. 

Tb_ l_mofnm ch^c][n_^ nb[n `il hilg[f [h^ _[lfs miqcha 

^[n_m, m__^ sc_f^ q[m [n j[l ch ^cff_l_hn gomn[l^ []]_m-

mcihm, qbc]b mcahc`c][hnfs ^_]l_[m_^ oh^_l f[n_ miqcha 

]ih^cncihm.  Uh^_l hilg[f [h^ b_[n mnl_mm ]ih^cncihm, nb_ 

g[rcgog m__^ sc_f^ q[m l_]il^_^ ch IC280920 (2201 [h^ 

837 ea/b[ l_mj_]ncp_fs). Wb_l_[m, nb_ gchcgog m__^ sc_f^ 

oh^_l hilg[f [h^ b_[n mnl_mm ]ih^cncihm q[m hin_^ ch 

IC296688 (294 [h^ 177 ea/b[ l_mj_]ncp_fs). Tb_ g_[h m__^ 

jli^o]ncih ^_]l_[m_m \s 59.81 % oh^_l b_[n-mnl_mm_^ ]ih-

^cncihm. Tb_ `ch^cham i` [h [onbil, ch f[n_ miqh ]ih^cncihm, 

nb_l_ q[m [h ip_l[ff 33.92 % ^_]l_[m_ ch Brassica juncea 

m__^ sc_f^ (37). Tb_ l_mofnm q_l_ [fmi ch [al__g_hn qcnb 

nb_ qb_[n ]ofncp[lm, qb_l_ `_q_l al[ch hog\_lm q_l_ \_-

][om_ i` `_q_l l_jli^o]ncp_ mjce_m [h^ mbiln_l al[ch-`cffcha 

ncg_m, qbc]b l_mofn_^ ch fiq_l al[ch q_cabn (38). Tb_ m__^ 

sc_f^ i` IC491044 q[m nb_ bcab_mn ch nb_ _[lfs miqh, qcnb [ 

p[fo_ i` 2201 ea/b[ qbcf_ nb_ fiq_mn p[fo_ (364) q[m `ioh^ 

ch IC301530. W_ [fmi l_jiln_^ nb[n [ `_q []]_mmcihm, pct., 

IC491044, IC280920, IC491128, IC426385 [h^ IC267699, 

q_l_ m_hmcncp_ ni b_[n mnl_mm, \on nb_s mbiq_^ [h ip_l[ff 

bcab sc_f^ ih [ff nbl__ miqcha ^[n_m. A mno^s l_jiln_^ mcgc-

f[l ]ih]fomcihm nb[n l_^o]_^ m__^ sc_f^ `lig ^_f[s_^ miq-

cha ]iof^ \_ ][om_^ \s n_gj_l[nol_ ]b[ha_m ch nb_ f[n_-

miqh ]lij (39).  

Stress Tolerance Indices in Indian Mustard Germplasm       

S_p_l[f mnl_mm ch^c]_m, ch]fo^cha STI, TOL, SSPI, YSI, YI, RSI, 
MP [h^ PYR q_l_ ]igjon_^ ch nbcm mno^s \[m_^ ih sc_f^ ch 

\inb hilg[f [h^ b_[n-mnl_mm_^ ]ih^cncihm. A]]_mmcih 

IC296703 (1541.8) [h^ IC385783 (1483) b[p_ bcab_l TOL 

p[fo_m. Uh^_l mnl_mm`of ]ih^cncihm, nb_m_ []]_mmcihm jli-

^o]_^ `_q_l sc_f^m. Am [ l_mofn, nb_m_ []]_mmcihm q_l_ l_-

a[l^_^ [m mom]_jnc\f_ ni b_[n. Tb_ fiq_mn TOL p[fo_ q[m 

l_f[n_^ ni IC305130 (10.3) [h^ IC362912 (64.0). IC296703 

q[m `ioh^ ni \_ nb_ []]_mmcih gimn mom]_jnc\f_ ni b_[n 

mnl_mm; cn [fmi b[^ nb_ bcab_mn p[fo_m `il TOL, SSPI, YSI, RSI 

[h^ PYR. In mbiq_^ [ bcab al[ch sc_f^ oh^_l hilg[f, hih-

mnl_mm ]ih^cncihm [h^ [ fiq al[ch sc_f^ oh^_l f[n_-miqh, 

b_[n-mnl_mm ]ih^cncihm. Tbcm []]_mmcih cm \_mn mocn_^ `il 

hilg[f miqh ]ih^cncihm. Ym, Yj, YI, STI [h^ SSI (fiq) q_l_ 

om_^ ni ^_n_lgch_ nb_ nij []]_mmcihm nb[n j_l`ilg_^ nb_ 

\_mn (IC280920, IC570301, IC267695, IC401575, IC491044, 

IC426400 [h^ IC426385). B[m_^ ih SSI, nb_ nij 5 b_[n 

mnl_mm nif_l[hn []]_mmcihm q_l_ IC305130, IC362912, 

IC426403, IC296688 [h^ IC267695, \on nb_s mbiq_^ jiil 

sc_f^m ch [ff nb_ miqcha ]ih^cncihm. In q[m `ioh^ mcgcf[l 

l_mofnm ch lc]_, ch^c][ncha nb[n SSI [h^ YSI gcabn \_ oncfct_^ 

ni `ch^ []]_mmcihm qcnb bcab_l sc_f^m qb_h oh^_l mnl_mm [m 

]igj[l_^ ni hilg[f ]ih^cncihm. So]b nif_l[hn []]_mmcih 

gcabn \l__^ bcab-sc_f^cha p[lc_nc_m `il Brassica ]lij cg-

jlip_g_hn (40).   

Correlation study of stress and yield indices in Indian 

mustard germplasm        

Tb_ sc_f^ oh^_l mnl_mm ]ih^cncihm (Ym) _rbc\cn_^ mcahc`c][hn 

jimcncp_ ]ill_f[ncihm qcnb nb_ jin_hnc[f sc_f^ (Yj), ch^c][n-

cha nb[n [ bcab_l sc_f^ oh^_l mnl_mm ]ih^cncihm cm hin h_]_m-

m[lcfs nb_ ]ihm_ko_h]_ i` [ bcab jin_hnc[f sc_f^ oh^_l ijnc-

g[f ]ih^cncihm (Fca. 4). Folnb_l, Ym cm [fmi jimcncp_fs ]ill_-

f[n_^ qcnb TOL, STI, YI, SSPI [h^ MP qbcf_ cn cm h_a[ncp_fs 

]ill_f[n_^ qcnb RSI, YSI [h^ MDA. Ih l[j_m__^, mcgcf[l l_f[-

ncihmbcjm \_nq__h Ym [h^ YI, MP, STI, GMP, TOL [h^ SSI 

q_l_ hin_^ (41). Tb_l_`il_, cn cm jimmc\f_ ni ^_n_lgch_ [j-

jlijlc[n_ []]_mmcihm `il b_[n mnl_mm l_mcmn[h]_ omcha nb_m_ 

j[l[g_n_lm. RSI b[m [ jimcncp_ ]ill_f[ncih qcnb Yj (0.56) 

\on [ h_a[ncp_ ]ill_f[ncih qcnb Ym (-0.08).  TOL, STI, YI, 

SSPI, MP, SSI, Plifch_ [h^ PYR b[^ [ bcab jimcncp_ l_f[ncih-

mbcj qcnb m__^ sc_f^ (Ym [h^ Yj). Hiq_p_l, ch nb_ ]oll_hn 

mno^s, nb_ []]_mmcih qcnb nb_ bcab_mn YSI mbiq_^ [ sc_f^ 

^lij i` ihfs 2.52 qb_h jf[hn_^ oh^_l f[n_ ]ih^cncihm [m 

]igj[l_^ ni ijncg[f. YI b[^ [ mnliha jimcncp_ l_f[ncihmbcj 

qcnb Ym, Yj, TOL, STI, SSPI, MP, PYR, SSI [h^ jlifch_, 

qb_l_[m cn b[^ [ h_a[ncp_ ]ill_f[ncih qcnb RSI (-0.08), YSI (-

0.19) [h^ MDA (-0.14), ch^c][ncha nb[n nb_m_ ch^c]_m ][h \_ 

om_^ ni ^cmnchaocmb nb_ []]_mmcihm nb[n [l_ mn[\f_ [h^ b_[n 
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nif_l[hn. Tb_m_ ch^c]_m mbiq_^ nb[n []]_mmcih IC280920 

mbiq_^ nb_ bcab_mn sc_f^ oh^_l \inb ]cl]ogmn[h]_m, `if-

fiq_^ \s IC570301, IC401575 [h^ IC267699. Tb_ gimn [j-

jlijlc[n_ mnl_mm ch^c]_m `il qb_[n, []]il^cha ni j[mn l_-

m_[l]b, [l_ MP, GMP [h^ nb_ Snl_mm Tif_l[h]_ Ih^_r (STI) 

(42, 43). A]]il^cha ni [ l_]_hn mno^s, [h [jjlijlc[n_ m_f_]-

ncih ch^_r gomn mnlihafs l_f[n_ ni m__^ sc_f^ ch \inb 

mnl_mm_^ [h^ hih-mnl_mm_^ ]ih^cncihm (44).  

Hierarchical cluster analysis of Indian mustard 

germplasm       

Aff mno^c_^ gomn[l^ []]_mmcihm q_l_ alioj_^ chni `cp_ 

]fomn_lm \[m_^ ih \ci]b_gc][f j[l[g_n_lm (jlifch_ [h^ 

MDA) [h^ mnl_mm ch^c]_m mo]b [m TOL, STI, RSI, YI, YSI, SSPI, 

MP, SSI [h^ PYR. Cfomn_l III b[^ nb_ bcab_mn hog\_l i` []-

]_mmcihm (13), qbcf_ Cfomn_l V b[^ nb_ fiq_mn hog\_l i` 

[]]_mmcihm (3). Tb_ []]_mmcihm qcnbch nb_ m[g_ ]fomn_l _r-

bc\cn_^ al_[n_l mcgcf[lcns, qb_l_[m nb_ []]_mmcihm \_nq__h 

inb_l ]fomn_lm ^cmjf[s_^ ^cp_lmcns ch nb_ mnl_mm ch^c]_m [h^ 

\ci]b_gc][f j[l[g_n_l p[fo_m. Tb_ []]_mmcihm \_fihacha 

ni ]fomn_l III mbiq_^ nb_ bcab_mn p[fo_ `il STI, YI, [h^ MP, 

qbcf_ nb_ gchcgog q[m i\m_lp_^ ch []]_mmcihm \_fihacha 

ni ]fomn_l V (Fca. 5). B[m_^ ih bc_l[l]bc][f ]fomn_lcha, a_hi-

nsjc] p[lc[\cfcns ]iof^ \_ _rjficn_^ ch nb_ ]limmcha jlial[g 

`il ]lij cgjlip_g_hn. 

 Ti []]_f_l[n_ nb_ \l__^cha jlial[g, nb_ m_f_]ncih 
i` b_[n mnl_mm nif_l[hn Brassica []]_mmcihm cm [h _mm_hnc[f 
mn_j. Tbcm m_f_]ncih cm [ ncg_-m[pcha jli]_mm [h^ qiof^ 
[fmi l_^o]_ nb_ qilefi[^. W_ b[p_ _ffc]c_hnfs m]l__h_^ 
Brassica []]_mmcihm \[m_^ ih \ci]b_gc][f [mm[sm [h^ m__^ 

Fca. 4. Cill_f[ncih ]i_ffc]c_hnm \_nq__h m__^ sc_f^ (Ys [h^ Yj), \ci]b_gc][f j[l[g_n_lm (M[fih^c[f^_bs^_ (MDA) [h^ Prifch_) [h^ ^cff_l_hn ch^c]_m i` mnl_mm 
nif_l[h]_ (Snl_mm nif_l[h]_ (TOL), Snl_mm nif_l[h]_ ch^_r (STI), R_f[ncp_ mnl_mm ch^_r (RSI), Yc_f^ ch^_r (YI), Yc_f^ mn[\cfcns ch^_r (YSI), Snl_mm mom]_jnc\cfcns % ch^_r 
(SSPI),  M_[h jli^o]ncpcns (MP), % sc_f^ R_^o]ncih (PYR) [h^ Snl_mm Som]_jnc\cfcns Ih^_r (SSI)  ch Ih^c[h gomn[l^ a_lgjf[mg. Tb_ ]ifil e_s ih nb_ lcabn-b[h^ mc^_ 
^_hin_m nb_ f_p_f i` ]ill_f[ncih.  

Fca. 5. D_h^lial[g ^_jc]ncha nb_ ]fomn_lcha j[nn_lh i` Ih^c[h gomn[l^ a_lgjf[mg \[m_^ ih \ci]b_gc][f j[l[g_n_lm [h^ mnl_mm ch^c]_m.  
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j[l[g_n_lm oh^_l b_[n mnl_mm ]ih^cncihm. Uh^_l bcab n_g-
j_l[nol_m, ihfs nif_l[hn []]_mmcihm ]iof^ j_l`ilg \_nn_l, 
qbc]b cm nb_ ion]ig_ i` jbsmcifiac][f [h^ \ci]b_gc][f 
]b[ha_m. Si, b_[n mnl_mm nif_l[h]_ cm ^cl_]nfs fche_^ ni nb_ 
h[nol[f ][j[]cns i` Brassica []]_mmcihm ni \lcha [\ion 
]b[ha_m ch ]_ff g_n[\ifcmg [h^ jbsmcifiac][f `oh]ncihm. 
Tb_l_`il_, b_[n mnl_mm nif_l[hn Brassica []]_mmcihm mo]b [m 
IC280920, IC401575, IC426400, IC491509 [h^ IC570301 ][h 
\_ om_^ miih ni ^_p_fij nb_lginif_l[hn Brassica [h^ l_-
f[n_^ ]lijm `il `onol_ momn[ch[\cfcns. Tb_ []]_mmcih 
IC401475 mbiq_^ nb_ bcab_mn sc_f^ oh^_l b_[n mnl_mm ]ih-
^cncihm ch iol jl_pciom mno^s (19) [h^ mbiq_^ [ bcab f_p_f 
i` b_[n mnl_mm nif_l[h]_ [m ch^c][n_^ nblioab \ci]b_gc][f 
[mm[sm. Si, `olnb_l mno^c_m ][h \_ ]ih]_hnl[n_^ ih nb_m_ 
[]]_mmcihm `il mno^scha Brassica-b_[n mnl_mm chn_l[]ncih.  

 

Cih]fuscih  

Ih nb_ ]oll_hn mno^s, nb_l_ q_l_ p_ls mcahc`c][hn ^cff_l_h]_m 
`il [ff nb_ mno^c_^ nl[cnm, [m ch^c][n_^ \s nb_ [h[fsmcm i` 
p[lc[h]_. Cill_f[ncih ]i_ffc]c_hn [h[fsmcm l_mofnm mbiq_^ 
nb[n STI, YI, SSPI [h^ MP b[^ [ mnliha jimcncp_ ]ihh_]ncih 
qcnb Yj [h^ Ym, qbcf_ YSI [h^ RSI b[^ [ h_a[ncp_ ]ill_f[-
ncih qcnb Ym.  Tb_ m[g_ mnl_mm ch^c]_m (STI, YI, SSPI [h^ MP) 
q_l_ oncfct_^ ch nb_ ]fomn_l [h[fsmcm ni ^cff_l_hnc[n_ \_-
nq__h b_[n mnl_mm nif_l[hn [h^ mom]_jnc\f_ []]_mmcihm. Am [ 
l_mofn, cn cm ^_n_lgch_^ nb[n nb_m_ ch^c]_m [l_ [jjlijlc[n_ 
`il nb_ m_f_]ncih i` bcab-sc_f^cha [h^ nif_l[hn []]_mmcihm. 
W_ i\m_lp_^ nb[n []]_mmcihm IC280920, IC401575, 
IC426400, IC491509 [h^ IC570301 q_l_ b_[n mnl_mm nif_l[hn 
[m q_ff [m mbiq_^ bcab sc_f^m \[m_^ ih m__^ giljbifiac-
][f nl[cnm, \ci]b_gc][f [mm[sm, [h^ mnl_mm ch^c]_m. Tb_m_ 
[]]_mmcihm ][h \_ `olnb_l oncfct_^ \s \l__^_lm `il \l__^cha 
jlial[gm `il [alc]ofnol[f cgjlip_g_hn chcnc[ncp_m ni ^_p_f-
ij b_[n-mnl_mm nif_l[hn Brassica ]lijm.   
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