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A\str[]t  

A g[dil ]b[ff_ha_ ch qb_[n ]ofncp[ncih cm nb_ h_a[ncp_ cgj[]n i` q[n_l m][l-

]cns ih aliqnb [h^ sc_f^. Tb_l_`il_, cn cm ]lo]c[f ni ^_p_fij qb_[n p[lc_nc_m 

qcnb \inb bcab jli^o]ncpcns [h^ l_mcfc_h]_ ni ^lioabn mnl_mm ni mojjiln `ii^ 

jli^o]ncih [h^ cgjlip_ afi\[f `ii^ m_]olcns. Tb_ mno^s [cgm ni c^_hnc`s 

a_h_l[f [h^ mj_]c`c] ]ig\chcha [\cfcnc_m [h^ ni oh^_lmn[h^ nb_ a_h_nc] 

g_]b[hcmgm l_mjihmc\f_ `il e_s nl[cnm \s _gjfischa b[f`-^c[ff_f [h[fsmcm. Ih 

nb_ ]oll_hn mno^s, [ b[f`-^c[ff_f m_n ]igjlcmcha 10 r 10 qb_[n a_hinsj_m q[m 

mo\d_]n_^ ni ]limm_m ch [ff `_[mc\f_ ]ig\ch[ncihm, _r]fo^cha l_]cjli][fm, oh-

^_l ^lioabn mnl_mm ]ih^cncihm. Scahc`c][hn g_[h mko[l_m q_l_ i\m_lp_^ `il 

\inb G_h_l[f Cig\chcha A\cfcns (GCA) [h^ Sj_]c`c] Cig\chcha A\cfcns (SCA) 

]igjih_hnm [giha nb_ 10 j[l_hnm [h^ 45 F1 jlia_hc_m []limm _f_p_h nl[cnm. 

Amm_mmg_hn i` p[lc[h]_ ]igjih_hnm (m2a [h^ m2m), h[lliq-m_hm_ b_lcn[\cfcns 

(Hh), \li[^-m_hm_ b_lcn[\cfcns (H\) [h^ nb_ GCA/SCA l[nci [ffiq_^ `il nb_ 

^_n_lgch[ncih i` nb_ l_f[ncp_ ]ihnlc\oncihm i` [^^cncp_ [h^ hih-[^^cncp_ 

a_h_nc] ]igjih_hnm. Hcab h[lliq-m_hm_ b_lcn[\cfcns q[m hin_^ `il nl[cnm 

mo]b [m ^[sm ni 75 % `fiq_lcha, mjce_ f_hanb [h^ \cifiac][f sc_f^, ch^c][ncha 

nb_cl jl_^igch[hnfs [^^cncp_ a_h_nc] ]ihnlif. Cihp_lm_fs, nb_ l_g[chcha 

_cabn nl[cnm _rbc\cn_^ fiq h[lliq-m_hm_ b_lcn[\cfcns, moaa_mncha nb_cl chb_l-

cn[h]_ cm jlcg[lcfs aip_lh_^ \s hih-[^^cncp_ a_h_nc] `[]nilm, nbom ch^c][ncha 

nb_ jin_hnc[f \_h_`cnm i` b_n_limcm \l__^cha. B[m_^ ih GCA _ff_]nm, P5 

^_gihmnl[n_^ moj_lcil a_h_l[f ]ig\chcha [\cfcns []limm nl[cnm, _r]_jn `il 

\cifiac][f sc_f^. P1, P3, P8 [h^ P9 _rbc\cn_^ \_nn_l ]ig\chcha [\cfcns `il 

al[ch sc_f^ j_l jf[hn. Sj_]c`c] ]limm ]ig\ch[ncihm ch]fo^cha P7 × P10, P3 × 

P4 [h^ P5 × P6 ^cmjf[s_^ hin[\f_ mj_]c`c] ]ig\chcha [\cfcns [h^ ]iof^ \_ 

f_p_l[a_^ ni ^_p_fij moj_lcil jol_ fch_m ch mo\m_ko_hn \l__^cha _h^_[pilm.   
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qb_[n   

 

Intro^u]tcon  

Wb_[n (Triticum aestivum L.) cm [ e_s ]igjih_hn i` afi\[f `ii^ m_]olcns, 

jlipc^cha [jjlircg[n_fs 20 % i` bog[h ][filc_ chn[e_ [h^ jlin_ch (1). Hiq-

_p_l, mbcftm ch afi\[f n_gj_l[nol_ [h^ jl_]cjcn[ncih j[nn_lhm [l_ cgj[]ncha 

]lij jli^o]ncih qilf^qc^_, ch]fo^cha qb_[n. M[hs ^_p_fijcha h[ncihm, ch-

]fo^cha ]_ln[ch l_acihm ch Ih^c[ [l_ _rj_lc_h]cha gil_ `l_ko_hn ^lioabn ^o_ 

ni nb_m_ ]fcg[nc] ]b[ha_m [h^ jimcha [ mcahc`c][hn nbl_[n ni `ii^ mojjfs (2, 

3). R_m_[l]b ch^c][n_m nb[n [ ih_–^_al__ C_fmcom lcm_ ch n_gj_l[nol_ ^olcha 
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KAUR  & KUMAR   2  

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

nb_ f[mn 29 s_[lm ]ihnlc\on_^ ni [ 6 % ^_]l_[m_ ch qb_[n 

jli^o]ncih ]igj[l_^ ni _rj_]n_^ sc_f^m oh[ff_]n_^ \s 

afi\[f q[lgcha. Bs 2025, `olnb_l n_gj_l[nol_ ch]l_[m_m, 

]iojf_^ qcnb [fn_l_^ jl_]cjcn[ncih j[nn_lhm ]iof^ l_^o]_ 

afi\[f qb_[n jli^o]ncih \s 23.2–27.2 % (4, 5). D_p_fijcha 

[^[jn[\f_, bcab-sc_f^cha ]lij p[lc_nc_m ][j[\f_ i` nblcpcha 

ch mo\ijncg[f aliqcha ]ih^cncihm cm cgj_l[ncp_ `il momn[ch-

[\f_ [alc]ofnol[f aliqnb [h^ `ii^ m_]olcns. Hs\lc^ qb_[n 

]ofncp[ncih jl_m_hnm [h _ff_]ncp_ mnl[n_as ni _hb[h]_ jli-

^o]_ [h^ mn_[^ch_mm nblioab [mmiln_^ m_nncham, nb_l_\s 

\ifmn_lcha afi\[f qb_[n jli^o]ncpcns (6, 7). D_mjcn_ cnm ji-

n_hnc[f, bs\lc^ qb_[n ]oll_hnfs i]]ojc_m ihfs 1 % i` afi\[f 

qb_[n ]ofncp[ncih, qcnb mcahc`c][hn jli^o]ncih jlcg[lcfs ch 

Eolij_, Cbch[ [h^ Ih^c[. Cihm_ko_hnfs, cgjlipcha qb_[n 

]ofncp[lm ni qcnbmn[h^ ^lioabn mnl_mm ]ih^cncihm cm j[l[-

giohn ch qb_[n \l__^cha _ffilnm (4, 8). So]]_mm`of bs\lc^ 

\l__^cha jlial[gm h_]_mmcn[n_ nb_ _ffc]c_hn _rjficn[ncih i` 

b_n_limcm, ]imn-_ff_]ncp_ bs\lc^ct[ncih n_]bhcko_m, [h^ 

[]bc_pcha bcab al[ch sc_f^ (9). Aonbilm `clmn `[gcfc[lcm_^ nb_ 

hincih i` GCA [h^ SCA. GCA, ^_n_lgch_^ \s ]igj[lcha nb_ 

mn[h^[l^ _ffc]c_h]s i` [ff bs\lc^m chpifpcha [ j[lnc]of[l 

ch\l_^ fch_, aoc^_m jb_hinsjc] m_f_]ncih \[m_^ ih j[l_hn[f 

\l__^cha p[fo_m. SCA, ih nb_ inb_l b[h^, ko[hnc`c_m nb_ 

^_pc[ncih i` bs\lc^ j_l`ilg[h]_ `lig qb[n cm jl_^c]n_^ \s 

j[l_hn[f GCA, [c^cha ch nb_ c^_hnc`c][ncih i` mj_]c`c] ]limm 

]ig\ch[ncihm `il b_n_limcm \l__^cha. Dc[ff_f [h[fsmcm, [ 

]iggih [jjli[]b, cm _gjfis_^ ni a[nb_l a_h_nc] ch`il-

g[ncih `lig bs\lc^m [h^ j[l_hn fch_m, `[]cfcn[ncha nb_ ]f[m-

mc`c][ncih i` a_hinsj_m \[m_^ ih b_n_linc] j[nn_lhm [h^ 

c^_hnc`c][ncih i` j[l_hnm qcnb bcab GCA [h^ bs\lc^m qcnb 

bcab SCA (11-13). Tb_ ]oll_hn _rjfil[ncih mioabn ni _p[fo-

[n_ nb_ a_h_nc] [nnlc\on_m l_f[n_^ ni q[n_l ^_`c]cn nif_l[h]_ 

`il nb_ m_f_]ncih i` a_hinsj_m mocn[\f_ `il ch]iljil[ncih 

chni \l__^cha jlial[gm [cg_^ [n ^_p_fijcha mnl_mm-

nif_l[hn p[lc_nc_m nblioab b_lcn[\cfcns [h^ ]ig\chcha [\cf-

cns [h[fsmcm. Tb_ mno^s i\d_]ncp_m ch]fo^_ ^_n_lgchcha, 

_p[fo[ncha, [h^ _mncg[ncha nb_ j[nn_lhm [h^ _rjl_mmcihm i` 

GCA, SCA [h^ b_lcn[\cfcns.   

 

M[t_rc[ls [n^ M_tbo^s 

Field Experiments         

Tb_ l_m_[l]b q[m ][llc_^ ion ch nb_ Aalc]ofnol_ R_m_[l]b 

Fc_f^ [n Lip_fs Pli`_mmcih[f Uhcp_lmcns, Pb[aq[l[ (Pohd[\), 

^olcha nb_ R[\c m_[mihm i` 2017–18 [h^ 2018–19. Li][n_^ 

ch Pohd[\, Lip_fs Pli`_mmcih[f Uhcp_lmcns cm 234 g [\ip_ 

m_[ f_p_f [h^ cm \_nq__h f[ncno^_m 31.2551° N [h^ fihac-

no^_ 75.7050° E. Ih nb_ R[\c m_[mih i` 2017–18, 10 ^cp_lm_ 

qb_[n a_hinsj_m (IC212140, IC532889, IC82322, IC78751, 

IC138866, IC78737, IC55681, IC78801, IC75310, IC78837) 

ch^c][n_^ [m P1, P2, P3, P4, P5, P6, P7, P8, P9 [h^ P10 l_-

mj_]ncp_fs q_l_ ]bim_h [h^ miqh ch 2 liqm, qcnb _[]b liq 

mj[hhcha 5 g ch f_hanb [h^ mj[]_^ [n 25]g r 10 ]g. Ti 

g[chn[ch ijncg[f jf[hn jijof[ncih ^_hmcns, m__^m q_l_ 

miqh mchaof[lfs j_l bcff. A b[f`-^c[ff_f ^_mcah q[m oncfct_^ ni 

]l_[n_ 45 ]limm_m [giha nb_ 10 m_f_]n_^ a_hinsj_m (14, 

15). Filns-`cp_ bs\lc^m' al[chm q_l_ ^_p_fij_^ \s b[h^ 

_g[m]of[ncih [h^ jiffch[ncih (Fca. 1). Illca[ncih q[m [j-

jfc_^ nqc]_ [ m_[mih (ih nb_ 60nb [h^ 90nb ^[s) ni nb_ [m-

m_mm_^ a_hinsj_m i` ^olog qb_[n [h^ nb_cl F1 bs\lc^m. 

 Dolcha nb_ R[\c m_[mih i` 2018-19, oh^_l ^lioabn 

mnl_mm ]ih^cncihm, nb_ 45 F1 bs\lc^m [h^ nb_cl j[l_hn[f fch_m 

q_l_ ]ofncp[n_^ omcha [ Cigj[]n F[gcfs R[h^igct_^ 

Bfi]e D_mcah qcnb 3 l_jfc][ncihm. O\m_lp[ncihm q_l_ g[^_ 

ih p[lciom ko[hncn[ncp_ nl[cnm ch]fo^cha ^[sm ni 75 % `fiq-

_lcha, ^[sm ni g[nolcns, jf[hn b_cabn (]g), hog\_l i` 

mjce_f_nm j_l mjce_, hog\_l i` al[chm j_l mjce_, 1000-m__^ 

q_cabn, al[ch sc_f^ j_l jf[hn, mjce_ f_hanb, hog\_l i` ncff-

_lm j_l jf[hn, b[lp_mn ch^_r [h^ \cifiac][f sc_f^ (16, 17). 

Fca. 1. (A) E[lfs m__^fcha mn[a_, (B) dop_hcf_ mn[a_m, (C) M[nol_ jf[hnm, (D & E) B[aacha i` mjce_m [ft_l _g[m]of[ncih [h^ b[h^ jiffch[ncih jli]_mm B[aa_^ jf[hnm.  
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Statistical Analysis       

Tb_ `cr_^ gi^_f [h^ Wch^imn[n p_lmcih 9.2 `lig Ih^imn[n 

m_lpc]_m, Hs^_l[\[^ q_l_ oncfct_^ ni ][f]of[n_ GCA [h^ 

SCA omcha nb_ g_nbi^ifiac_m ionfch_^ (10, 14) gi^_fm 1 

[h^ 2 [m `iffiqm: 

 

 

...................(1) 

 Wb_l_ Ycde q[m nb_ i\m_lp_^ p[fo_ i` nb_ bs\lc^ 

\_nq__h j[l_hnm i [h^ j. μ ch^c][n_m nb_ jijof[ncih g_[hm, 

gi [h^ gj ^_hin_ nb_ GCA _ff_]n i` i [h^ j j[l_hnm, sij ch^c-

][n_m nb_ SCA _ff_]n i` i [h^ j ]limm [h^ nb_ ^cmnch]n _hpc-

lihg_hn[f _ff_]n i` def i\m_lp[ncih cm ^_hin_^ \s eijk.   

 

R_sults [n^ ^cs]usscon  

Tb_ mcahc`c][h]_ i` nb_ g_[h mko[l_m i` nb_ GCAm q[m 

bcabfs hin[\f_ (P ≤ 0.001) `il [ff [nnlc\on_m chp_mnca[n_^ [m 

ch^c][n_^ \s nb_ [h[fsmcm i` p[lc[h]_ (T[\f_ 1). Fil [ff [n-

nlc\on_m _r[gch_^, nb_ g_[h mko[l_m `il SCA q_l_ [fmi 

bcabfs mcahc`c][hn (P ≤ 0.05 [h^ P ≤ 0.001). In cm ]lcnc][f ni 

`i]om ih \l__^cha jol_ fch_m [h^ ^_p_fijcha moj_lcil jol_ 

fch_m `lig bs\lc^m qcnb [ bcab SCA _ff_]n [h^ g_[h. A hih-

[^^cncp_ a_h_nc] ]igjih_hn q[m l_mjihmc\f_ `il ]ihnlif-

fcha [ff [nnlc\on_m. Scgcf[l ]ih]fomcihm q_l_ [fmi l_jiln_^ 

\s _[lfc_l `ch^cham (1, 11, 18-20). Fil [ff nl[cnm, H1 ]igji-

h_hn p[fo_m q_l_ bcab_l nb[h D ]igjih_hn p[fo_m, cgjfs-

cha [ bcab_l, hih-[^^cncp_ a_h_ chpifp_g_hn ch nb_ ^cmnlc-

\oncih i` [nnlc\on_m (T[\f_ 2). Tb_ h_n ^igch[h]_ `[]nil 

(b2) q[m `ioh^ hin_qilnbs `il nb_ ^[sm ni 75 % `fiq_lcha 

nl[cn, qbcf_ cn q[m hin mcahc`c][hn `il nb_ inb_l [nnlc\on_m. 

Tb_ ]ip[lc[h]_ i` nb_ [^^cncp_ [h^ hih-[^^cncp_ ]igji-

h_hnm (F) cm om_^ ch nb_ j[l_hn jijof[ncih ni ^_n_lgch_ nb_ 

pclno[f `l_ko_h]c_m i` l_]_mmcp_ [h^ ^igch[hn [ff_f_m. Tb_ 

F ]igjih_hn q[m hin mcahc`c][hn `il [hs i` nb_ nl[cnm, ch^c-

][ncha nb[n nb_s [ff ]ihn[ch _ko[f [giohnm i` ^igch[hn 

[h^ l_]_mmcp_ a_h_m. Tb_ [nnlc\on_m qcnb nb_ bcab_mn h[l-

liq-m_hm_ b_lcn[\cfcns _mncg[n_m q_l_ ^[sm ni 75 % `fiq_l-

cha, _[l f_hanb [h^ \cifiac][f sc_f^. P3, P8 [h^ P9 q_l_ 

`ioh^ ni \_ mnliha a_h_l[f ]ig\ch_lm `il gimn [nnlc\on_m, 

qbcf_ P5 q[m nb_ \_mn a_h_l[f ]ofncp[l `il [ff [nnlc\on_m 

_r]_jn \cifiac][f sc_f^. Tb_ j[l_hnm h[g_fs K9423, GW373, 

PBW343, K8962, Sih[fce[ [h^ HD2733 q_l_ `ioh^ ni \_ 

nb_ \_mn ip_l[ff ]ig\ch_lm `il al[ch sc_f^ [h^ cnm ]igji-

h_hnm (5). 

 B[m_^ ih nb_ GCA i` nb_ j[l_hnm (T[\f_ 3), a_hi-
nsj_m P5, P7, P8, P9 [h^ P10 q_l_ _p[fo[n_^ [m nb_ \_mn 

a_h_l[f ]ig\ch_lm `il ^[sm ni 75 % `fiq_lcha. Fiol ]limm-

_m, P5×P6, P7×P9, P7×P10, [h^ P9 × P10, mbiq_^ mcahc`c-

][hn h_a[ncp_ _ff_]nm ih mj_]c`c] ]ig\chcha [\cfcns 

(Sojjf_g_hn[ls T[\f_ 1) [h^ q_l_ ]ihmc^_l_^ \_nn_l ]limm 

]ig\ch[ncihm `il _[lfs `fiq_lcha. Scgcf[l l_mofnm q_l_ i\-

m_lp_^ `il ^[sm ni b_[^cha [h^ g[nolcns (11, 18, 21). B[m_^ 

ih GCA _ff_]nm, j[l_hnm P2, P5 [h^ P7 q_l_ ]ihmc^_l_^ 

`[pil[\f_ `il jf[hn b_cabn (22, 23). P1 × P3, P2 × P5 [h^     

ijksijgjgiYijk  

Sour]_ 
o` v[rc-

[tcon 
DF 

DTF 

(n) 

DTM 

(n) 

PH 

(]m) 

NSS 

(n) 

NGPS 

(n) 

1000 SW 

(a) 

GYP 

(a) 

SL 

(]m) 

NTPP 

(n) 

HI 

(%) 

BY 

(a m-2) 

GCA 9 173.55*** 1.11*** 730.70*** 2.53*** 210.18*** 112.43*** 87.76*** 4.24*** 61.43*** 83.90*** 1699.87*** 

SCA 45 20.37*** 1.47*** 215.15*** 2.47*** 90.14*** 34.02*** 37.35*** 0.74*** 26.06*** 21.62*** 289.44*** 

Ellil 108 0.17 0.29 0.16 0.18 0.15 0.14 0.13 0.002 0.12 0.15 0.16 

σ²a   14.44 0.068 60.87 0.19 17.50 9.35 7.30 0.35 5.10 6.97 141.64 

σ²m   20.19 1.18 214.99 2.28 89.98 33.87 37.21 0.73 25.93 21.46 289.27 

H2 
h.m   0.58 0.08 0.36 0.13 0.27 0.35 0.28 0.48 0.28 0.39 0.49 

H2 
\.m.   0.99 0.81 0.99 0.93 0.99 0.99 0.99 0.99 0.99 0.99 0.99 

GCA/
SCA   0.71 0.05 0.28 0.08 0.19 0.27 0.19 0.47 0.19 0.32 0.48 

T[\l_ 1. Emncg[n_m i` a_h_nc] p[lc[h]_m [h^ b_lcn[\cfcns ch F1 a_h_l[ncih Pohd[\.   

*p = 0.05; **p = 0.01; ***p = 0.001 DF=^_al__ i` `l__^ig, DTF= ^[sm ni 75 % `fiq_lcha, DTM=^[sm ni g[nolcns, PH=jf[hn b_cabn, NSS=hog\_l i` mjce_f_nm /mjce_, 
NGPP= hog\_l i` al[chm j_l mjce_,1000 SW=1000-m__^m q_cabn, GYP= al[ch sc_f^/jf[hn, SL=mjce_ f_hanb, NTPP= hog\_l i` ncff_lm j_l jf[hn, HI= b[lp_mncha ch^_r, 
BY= \cifiac][f sc_f^.  

Compon_nts 
75% `low_rcna 

(No) 

DTM 

(No.) 

PH 

(]m) 

NSS 

(No.) 

NGPS 

(No.) 

1000 SW 
(a) 

GYP 

(a) 

SL 

(]m) 

NTPP 

(No.) 

HI 

(%) 

BY 

(a m-2) 

D 71.73* 0.18 hm 93.71* 1.05 hm 17.78 hm 24.87 hm 9.62 hm 1.58* 13.29 hm 21.68* 246.36* 

H1 84.41* 5.35* 969.30 hm 9.89* 423.98* 169.44* 188.12* 0.83* -1.81* 11.94* 1395.48* 

H2 75.62* 4.98* 803.32 hm 9.17* 323.26* 117.68* 127.82* 2.65* 99.10* 78.26* 1033.46* 

F 24.03hm 0.16 hm -41.46 hm 0.90 hm 21.24 hm 28.05 hm 26.73 hm 0.83 hm -1.81 hm 11.94 hm -82.57 hm 

H2 25.20* 0.89 hm 15.49 hm 0.54 hm 33.11 hm 7.88 hm 11.32 hm 0.53 hm 20.98 hm 0.87 hm 31.74 hm 

E 0.17 hm 0.30* 0.17 hm 0.18 hm 0.16 hm 0.15 hm 0.14 hm 0.003 hm 0.13 hm 0.15 hm 0.18 hm 

T[\l_ 2. Emncg[n_m i` a_hinsjc] p[lc[h]_ ]igjih_hnm [h^ nb_cl l[ncim `il 11 mno^c_^ [nnlc\on_m.   

*p = 0.05; **p = 0.01; ***p = 0.001, ns = hih-mcahc`c][hn, DTF = ^[sm ni 75% `fiq_lcha, DTM = ^[sm ni g[nolcns, PH = jf[hn b_cabn, NSS = hog\_l i` mjce_f_nm /mjce_, 
NGPP = hog\_l i` al[chm j_l mjce_, 1000 SW = 1000-m__^m q_cabn, GYP = al[ch sc_f^/jf[hn, SL = mjce_ f_hanb, NTPP = hog\_l i` ncff_lm j_l jf[hn, HI = b[lp_mncha 
ch^_r, BY = \cifiac][f sc_f^.    
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P2 × P10 mbiq_^ [ h_a[ncp_ [h^ mcahc`c][hn SCA cgj[]n, 

cgjfscha nb[n nb_s [l_ aii^ bs\lc^m `il jf[hn b_cabn. P[l-

_hnm P2, P3, P4, P5 [h^ P9 mbiq_^ mcahc`c][hnfs jimcncp_ 

a_h_l[f ]ig\chcha [\cfcns, ch^c][ncha nb[n nb_m_ a_hinsj_m 

q_l_ c^_hnc`c_^ [m \_nn_l a_h_l[f ^_n_lgch[hnm `il nb_ 

hog\_l i` l_jli^o]ncp_ ncff_l/jf[hnm. Climm_m mo]b [m P1 × 

P9, P2 × P4, P3 × P4 [h^ P3 × P5 mbiq_^ [ mnliha jimcncp_ 

SCA _ff_]n, moaa_mncha nb[n nb_m_ bs\lc^m q_l_ nb_ \_mn 

]ofncp[lm `il gil_ l_jli^o]ncp_ ncff_lm. Scgcf[l l_mofnm q_l_ 

[fmi `ioh^ `il nb_ hog\_l i` l_jli^o]ncp_ ncff_lm/jf[hnm ch 

qb_[n ch jl_pciom mno^c_m (11, 18, 21, 24-27). P3 [h^ P5 

q_l_ c^_hnc`c_^ [m nb_ \_mn a_hinsj_m `il _[l f_hanb ^o_ ni 

mcahc`c][hnfs `[piol[\f_ GCA ch`fo_h]_. P1 × P6, P2 × P6, P3 

× P9 [h^ P4 × P10 mbiq_^ [ mnliha jimcncp_ ch`fo_h]_ i` 

mj_]c`c] ]ig\chcha [\cfcns ih nb_ nl[cn _[l f_hanb; mcgcf[l 

i\m_lp[ncihm q_l_ [fmi g[^_ ch jl_pciom `ch^cham (21, 24-

27). 

 Tb_ j[l_hnm P2, P5, P7, P8 [h^ P10 _rbc\cn_^ mcahc`c-

][hn [h^ jimcncp_ a_h_l[f ]ig\chcha _ff_]nm, moaa_mncha 

nb_cl moj_lcilcns [m a_hinsj_m `il 1000-al[ch q_cabn. Nin[-

\fs, ]limm ]ig\ch[ncihm mo]b [m P1 × P3, P5 × P8, P7 × P10 

[h^ P8 × P9 ^_gihmnl[n_^ mnliha jimcncp_ SCA cgj[]nm ih 

nb_ nl[cn i` 1000-al[ch q_cabn, ch^c][ncha nb_cl _ff_]ncp_h_mm 

[m ]ig\ch_lm `il nbcm nl[cn. Scgcf[lfs, ]ofncp[lm P1, P2, P3, 

P5 [h^ P8 ^cmjf[s_^ mcahc`c][hn jimcncp_ a_h_l[f ]ig\chcha 

_ff_]nm, _mn[\fcmbcha nb_g [m aii^ a_h_l[f ]ig\ch_lm `il 

nb_ hog\_l i` al[chm j_l mjce_. Climm ]ig\ch[ncihm fce_ P2 

× P5, P2 × P6, P3 × P8, P7 × P10 [h^ P8 × P9 mbiq][m_^ mca-

hc`c][hn [h^ `[piol[\f_ SCA _ff_]nm `il nb_ hog\_l i` 

al[chm j_l mjce_, `olnb_l l_ch`il]cha nb_cl _ffc][]s [m ]ig-

\ch_lm `il nbcm nl[cn. Tb_m_ `ch^cham [fcah qcnb jl_pciom 

mno^c_m ih qb_[n (11, 20, 21). 

 Tb_ \_mn a_h_l[f ]ig\ch_lm `il al[ch sc_f^ j_l jf[hn 

q_l_ c^_hnc`c_^ [m P1, P3, P5, P6, P8 [h^ P9. Nin[\fs, ]limm-

_m mo]b [m P1 × P4, P2 × P4, P3 × P4 [h^ P6 × P10 _rbc\cn_^ 

]ihmc^_l[\f_ jimcncp_ SCA cgj[]nm ih al[ch sc_f^ j_l jf[hn, 

]ihmcmn_hn qcnb jl_pciom `ch^cham (11, 20, 21, 24-26). Cofnc-

p[lm P3, P6, P7, P8, P9 [h^ P10 q_l_ l_]iahct_^ [m aii^ 

a_h_l[f ]ig\ch_lm `il \cifiac][f sc_f^, qcnb ]limm_m fce_   

P1 × P4, P1 × P5, P1 × P6 [h^ P1 × P10 mbiqcha jimcncp_ 

_ff_]nm `il \cifiac][f sc_f^. Fil nb_ b[lp_mn ch^_r, ]ofncp[lm 

P1, P2, P4, P5 [h^ P9 _rbc\cn_^ mcahc`c][hn jimcncp_ a_h_l[f 

]ig\chcha _ff_]nm, qbcf_ ihfs ]limm_m mo]b [m P1 × P3, P1 × 

P4 [h^ P2 × P6 ^_gihmnl[n_^ jimcncp_ [h^ mcahc`c][hn SCA 

_ff_]nm ih nb_ b[lp_mn ch^_r. Tb_m_ i\m_lp[ncihm [l_ ]ih-

mcmn_hn qcnb jl_pciom mno^c_m (11, 20, 21). 

 Agiha nb_ 11 j[l[g_n_lm mno^c_^, [^^cncp_ a_h_nc] 

p[lc[h]_ (D) ]igjih_hnm q_l_ `ioh^ ni \_ mcahc`c][hn `il 

D[sm ni 75 % `fiq_lcha, jf[hn b_cabn, mjce_ f_hanb, b[lp_mn 

ch^_r [h^ \cifiac][f sc_f^ j_l jf[hn. A mno^s l_jiln_^ mca-

hc`c][hn [^^cncp_ p[lc[h]_ `[]nilm `il mjce_ b_cabn, jf[hn 

b_cabn [h^ 1000-e_lh_f q_cabn (28). A^^cncih[ffs, \inb H1 

[h^ H2 ]igjih_hnm q_l_ mcahc`c][hn `il [ff nl[cnm _r]_jn 

jf[hn b_cabn. Tb_ jl_^igch[h]_ i` nb_ H1 ]igjih_hn ip_l 

nb_ D ]igjih_hn moaa_mnm [ mo\mn[hnc[f lif_ i` hih-

[^^cncp_ a_h_ _rjl_mmcih ch nl[cn nl[hmgcmmcih ni mo\m_-

ko_hn a_h_l[ncihm. Folnb_lgil_, nl[cnm qcnb fiq GCA/SCA 

l[ncim ch^c][n_ nb_ ch`fo_h]_ i` hih-[^^cncp_ a_h_nc] `[]-

nilm. Scgcf[lfs `ioh^ nb[n [ff mno^c_^ nl[cnm q_l_ oh^_l hih-

[^^cncp_ a_h_ _ff_]nm (5), mojjiln_^ \s [ fiq GCA/SCA l[nci 

i` f_mm nb[h ih_, [fnbioab nb_ b2 ]igjih_hn q[m ihfs mca-

hc`c][hn `il ^[sm ni 75 % `fiq_lcha. Tb_m_ `ch^cham [l_ ]ih-

mcmn_hn qcnb _[lfc_l i\m_lp[ncihm (28). Am [ l_mofn, jin_hnc[f 

m_al_a[hnm g[s \_ _rj_]n_^ `lig nb_m_ bs\lc^m [h^ g[s 

\_ [jjfc_^ ni cgjlip_ nb_m_ nl[cnm ch \inb c^_[f [h^ 

^lioabn-mnl_mm_^ ]ih^cncihm (29).   

 

Con]luscon  

G_hinsj_m P1, P3, P5, P6, P8 [h^ P9 q_l_ []ehiqf_^a_^ 
[m nb_ nij ip_l[ff ]ig\ch_lm `il al[ch sc_f^ j_l jf[hn [ft_l 
[h ip_l[ff _p[fo[ncih i` nb_ _ff_]nm i` GCA ch nb_ ]oll_hn 
nlc[f oh^_l q[n_l-^_`c]c_hn ]ih^cncihm. Climm_m P1 × P4, P2 
× P4, P3 × P4 [h^ P6 × P10 ^_gihmnl[n_^ nb_ mnliha jimc-
ncp_ _ff_]n i` SCA ih al[ch sc_f^ j_l jf[hn. Tb_l_ [l_ \inb 
[^^cncp_ [h^ hih-[^^cncp_ p[lc[ncihm, moaa_mncha nb[n nb_m_ 

P[r_nt 
75 % 

`low_r-
cna(n) 

D[ys to 
m[turcty

(n) 

Pl[nt 
b_cabt

(]m) 

No. o` 
spck_-
l_ts /

spck_(n) 

No. o` 
ar[cns /
spck_(n) 

1000 
s__^s 

w_cabt
(am) 

Gr[cn 
yc_l^/
pl[nt
(am) 

Spck_ 
b_cabt 

(]m) 

No. o` 
tcll_rs /

pl[nt(n) 

H[rv_st-
cna cn^_x

(%) 

Bcoloac-
][l yc_l^

(a m-2) 

P1 4.27*** -0.106 hm 1.26*** -0.39** 2.70*** -1.63*** 3.32*** -0.04*** -2.23*** 5.35*** -6.96*** 

P2 4.36*** -0.106 hm -19.72*** -0.36** 1.25*** 3.85*** -1.97*** -0.29*** 2.42*** 1.08*** -9.55*** 

P3 2.22*** -0.133 hm 7.88*** -0.200 hm 5.42*** -1.13*** 2.46*** 1.53*** 1.87*** -4.33*** 23.53*** 

P4 3.30*** 0.006 hm 9.36*** 0.41*** -9.18*** -6.99*** -6.28*** -0.06*** 1.62*** 0.56*** -20.60*** 

P5 -3.69*** -0.522*** -1.34*** 0.63*** 4.95*** 2.51*** 1.18*** 0.20*** 2.84*** 2.12*** -4.05*** 

P6 2.50*** -0.161 hm 1.17*** -0.33** -1.93*** -1.31*** 1.35*** -0.77*** -1.90*** -2.052*** 10.75*** 

P7 -5.47*** -0.133 hm -1.33*** -0.56*** -1.07*** 1.08*** -0.70*** -0.20*** -3.96*** -1.95*** 4.75*** 

P8 -4.83*** 0.394** 0.76*** -0.14 hm 0.70*** 2.33*** 0.99*** -0.22*** -0.37*** 0.59*** 0.47*** 

P9 -1.66*** 0.506*** 0.90*** 0.68*** -0.68*** -0.08 hm 0.30** -0.009*** 0.70*** -0.38*** 1.31*** 

P10 -1.00*** 0.256 1.04*** 0.27* -2.13*** 1.37*** -0.67*** -0.10*** -0.98*** -0.99*** 0.33*** 

T[\l_ 3. Emncg[n_m i` GCA _ff_]nm i` _[]b j[l_hn `il [ff mno^c_^ nl[cnm ch F1 a_h_l[ncih ch Pohd[\.   

*p = 0.05; **p = 0.01; ***p = 0.001; ns = hih-mcahc`c][hn, DTF = ^[sm ni 75 % `fiq_lcha;  DTM = ^[sm ni g[nolcns;  PH = jf[hn b_cabn;  NSS =  hog\_l i` mjce_f_nm /
mjce_;  NGPP = hog\_l i` al[chm j_l mjce_; 1000 SW = 1000-m__^m q_cabn;  GYP = al[ch sc_f^/jf[hn;  SL = mjce_ f_hanb;  NTPP = hog\_l i` ncff_lm j_l jf[hn;                   
HI =  b[lp_mncha ch^_r;  BY = \cifiac][f sc_f^;   P1 = IC212140;   P2 = IC532889;  P3 = IC82322;  P4 = IC78751; P5 = IC138866;  P6 = IC78737;  P7 = IC55681;       P8 = 
IC78801;  P9 = IC75310;  P10 = IC78837.  
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j[l_hnm [h^ ]limm_m [l_ mocn[\f_ `il mo\m_ko_hn \l__^cha 
chcnc[ncp_m. Tb_l_`il_, ni n[e_ [^p[hn[a_ i` \inb [^^cncp_ 
[h^ hih-[^^cncp_ `[]nilm `il nb_ a_h_nc] cgjlip_g_hn i` 
qb_[n oh^_l gicmnol_ mnl_mm, cn cm [^pcm[\f_ ni om_ m_gc-
^c[f ]limm_m qcnb `l_ko_hn m_f_]ncih [h^ j[l_hn[a_ m]l__h-
cha.   
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