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A\str[]t 

Tb_ i\d_]ncp_ i` nbcm mno^s q[m ni c^_hnc`s a_hinsj_ bcab sc_f^cha [h^ 

^lioabn-nif_l[hn, \s oh^_lmn[h^cha nb_ chn_l[]ncih GY j[nn_lh `il sc_f^, sc_f^ 

]igjih_hnm [h^ jbsmcifiac][f nl[cnm ch 24 ]innih a_hinsj_m ip_l 5 s_[lm oh-

^_l ^lioabn mnl_mm ]ih^cncihm omcha AMMI [h[fsmcm, a_h_nc] j[l[g_n_lm [h^ 

gofncp[lc[n_ [h[fsmcm. Aff [mm_mm_^ nl[cnm q_l_ mcahc`c][hnfs cgj[]n_^ \s a_hi-

nsj_m [h^ GY chn_l[]ncih omcha nb_ AMMI gi^_f, qcnb nb_ _r]_jncih i` ]bfili-

jbsff \ \s GY chn_l[]ncih. M_[hqbcf_, m__^ ]innih sc_f^.jf[hn, hog\_l i` 

ij_h \iffm.jf[hn, fchn j_l]_hn[a_, fchn ]innih sc_f^.jf[hn [h^ hog\_l i` `locn-

cha \l[h]b_m.jf[hn q_l_ mcahc`c][hnfs [ff_]n_^ \s nb_ s_[l'm `[]nil. Hcab BSH 

]iojf_^ qcnb bcab GAM% q[m i\m_lp_^ `il [ff mno^c_^ nl[cnm, ch^c][ncha nb_ 

b_lcn[\cfcns ^o_ ni [^^cncp_ nsj_ i` a_h_ []ncih [h^, nb_ cgjiln[h]_ i` nb_m_ 

a_hinsj_m [h^ nb_ jimmc\cfcns i` _ff_]ncp_ m_f_]ncih `il ^lioabn-nif_l[hn a_h-

insj_ ^_p_fijg_hn. A mn[ncmnc][ffs mcahc`c][hn ]ill_f[ncih q[m ^cm]ip_l_^ \_-

nq__h ]innih sc_f^ [h^ gimn chp_mnca[n_^ nl[cnm oh^_l ^lioabn mnl_mm ]ih^c-

ncihm. Dcl_]n m_f_]ncih ][h \_ ^ih_ nblioab nb_m_ nl[cnm \[m_^ ih a_h_nc] j[-

l[g_n_lm [h^ P_[lmih'm ]ill_f[ncihm [h[fsm_m, qbc]b qcff \_ _ff_]ncp_ `il 

^lioabn nif_l[h]_ [h^ _hb[h]cha ]innih sc_f^. Tb_ l_mofnm i` iol mno^s'm 

P_[lmih'm ]ill_f[ncih [h[fsmcm, PCA [h^ ]fomn_l [h[fsmcm ]iof^ \_ l_f_p[hn 

[h^ [jjlijlc[n_ `il mno^scha ^lioabn nif_l[h]_ g_]b[hcmgm [h^ ]innih 

sc_f^ cgjlip_g_hn. A]]il^cha ni PCA [h^ ]fomn_l [h[fsmcm, nb_ a_hinsj_m 

G20 [h^ G19 `iffiq_^ \s G5, G4 [h^ G21 a_hinsj_m mbiq_^ nb_ \_mn j_l`il-

g[h]_ ch l_mjihm_ ni ^lioabn mnl_mm l_a[l^cha nb_ sc_f^, sc_f^ ]igjih_hnm 

[h^ jbsmcifiac][f-l_f[n_^ nl[cnm. Tb_ jl_pciom a_hinsj_m ]iof^ \_ om_^ ch 

`onol_ ]innih \l__^cha _ffilnm ch Easjn ni jligin_ ^lioabn nif_l[h]_, cg-

jlip_ ]innih jli^o]ncpcns [h^ momn[ch[\f_ jli^o]ncih ^olcha ^lioabn mnl_mm 

]ih^cncihm.  

 

K_ywor^s  

AMMI gi^_f, ]fomn_l [h[fsmcm, ]ill_f[ncih, ]innih a_hinsj_m, ^lioabn mnl_mm, 

a_h_nc] ]igjih_hnm, PCA, s_[lm 

 

Intro^u]tcon 

Cinnih cm nb_ gimn cgjiln[hn h[nol[f n_rncf_ `c\_l ]lij ch nb_ qilf^ [h^ ih_ i` 

nb_ g[dil cgjiln[hn ][mb ]lijm ch Easjn. In cm [ `fiq_lcha jf[hn \_fihacha ni 

nb_ `[gcfs M[fp[]_[_ [h^ nb_ a_hom Gossypium (G). Tb_ G. a_hom cm ]igjlcm_^ 

i` ~50 mj_]c_m. Tb_ gimn cgjiln[hn ]ofncp[n_^ mj_]c_m i` nb_ a_hom [l_ G. hirsu-

tum, G. barbadense ([ffin_lnl[jfic^ 2h = 52), G. herbaceum [h^ G. arboreum 

(^cjfic^ 2h = 26) (1). Ih Easjn, ]innih cm ]iggihfs ehiqh [m "qbcn_ aif^", ^o_ 

ni cnm cgjiln[hn lif_ ch ch^omnlc[f ^_p_fijg_hn (`c\_l [h^ icf) [h^ _gjfisg_hn 
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 126    YEHIA  ET AL 

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

a_h_l[ncih. Tb_ Easjnc[h ]innih p[lc_nc_m [l_ \_fihacha ni 

G. barbadense L., [h^ ilcach[n_^ `lig ]limmcha \_nq__h 

if^_l p[lc_nc_m il fch_m, _r]_jn ihfs ih_ p[lc_ns (D[h^[l[) 

jli^o]_ \s ^cl_]n m_f_]ncih `lig nb_ `c_f^ i` Ambgiohc (2, 3). 

Aff nb_ Easjnc[h p[lc_nc_m b[^ nb_ m[g_ h[g_ (Gct[) nb_h 

`iffiq_^ \s [ m_lc[f hog\_l (3). Easjn'm ]innih [l_[, sc_f^ 

[h^ jli^o]ncih q_l_ 0.10 gcffcih b[, 1.00 g_nlc] nih b[-1 

[h^ 0.10 gcffcih g_nlc] nihm l_mj_]ncp_fs, []]il^cha ni [ 

F_\lo[ls 2022 l_jiln, USDA. Wb_h ]igj[l_^ ni nb_ jl_pc-

iom s_[l, Easjn'm ]innih jli^o]ncih ]b[ha_^ \s 53.85% ch 

nb_ 2021.2022 ]lijjcha m_[mih (4). 

 Do_ ni ^lioabn mnl_mm, g[dil ]lij b[lp_mnm afi\[f-

fs b[p_ \__h i\m_lp_^ ni \_ l_^o]_^ \s 50% ih [p_l[a_ 

(5), [h^ [ 35% l_^o]ncih ch ]innih jli^o]ncih ch 2021 

(6). Pf[hnm b[p_ ^_p_fij_^ m_p_l[f jbsmcifiac][f, gil-

jbifiac][f, \ci]b_gc][f [h^ gif_]of[l ^_`_h]_m [a[chmn 

^lioabn mnl_mm (7). Plifch_ cm ch]l_[m_^ ch f_[p_m i` ]in-

nih p[lc_nc_m ih _rjimol_ ni ^lioabn mnl_mm (6, 8), \on hi 

mcahc`c][hn ]b[ha_ ch ]bfilijbsff ]ihn_hn q[m i\m_lp_^ 

oh^_l fcgcn_^ q[n_l mojjfs (6). Pf[hnm oh^_l ^lioabn 

mnl_mm _rj_lc_h]_ mnohn_^ aliqnb [m [ l_mofn i` nb_ m_-

p_l_ [h^ koc]e `[ff ch ]bfilijbsff [, \ [h^ nin[f ]ihn_hnm 

qbc]b ofncg[n_fs l_^o]_ jbinimshnb[n_ jli^o]ncih (9). 

Liq f_p_fm i` jbinimshnb[n_ [h^ ^_]l_[m_^ jbinimsh-

nb_mcm ][om_^ \s ^lioabn mnl_mm f_[^ ni mko[l_ [h^ \iff 

mb_^m [h^ fiq fchn sc_f^m (10). 

 Erjfilcha nb_ jimmc\cfcnc_m i` ^lioabn-nif_l[hn 

]lijm cm nb_ ncg_ l_kocl_^ `il [ff n_ll_mnlc[f ]lij mj_]c_m 

_mj_]c[ffs ch nb_ ]fcg[n_ ]b[ha_ m]_h[lci (11). Dlioabn 

nif_l[h]_ cm ^_`ch_^ \s H[ff (12) [m [ a_hinsj_'m l_f[ncp_ 

sc_f^ ]igj[l_^ ni inb_l a_hinsj_m oh^_l nb_ m[g_ 

^lioabn mnl_mm. Dlioabn l_mcmn[h]_ cm [ ]igjf_r jb_-

hig_hih [h^ gofnc-a_h_-]ihnliff_^ nb[n g[hc`_mnm 

\inb ^lioabn nif_l[h]_ mo]b [m ncmmo_ nif_l[h]_, jbini-

msmn_g g[chn_h[h]_ [h^ mi ih [h^ ^lioabn [pic^[h]_ 

mo]b [m ^__j liin, f_[` liffcha [h^ mi ih (13). Dlioabn 

l_mcmn[h]_ cm b[gj_l_^ \s jiil b_lcn[\cfcns [h^ [ f[]e i` 

_``_]ncp_ m_f_]ncih mnl[n_ac_m (14). Am [ l_mofn, ]innih 

a_hinsj_ m_f_]ncih ch Easjn mbiof^ \_ []]fcg[nct_^ ni 

^lioabn mnl_mm ]cl]ogmn[h]_m. 

 Tb_ jb_hinsjc] _rjl_mmcih i` [h ch^cpc^o[f cm ^_-

n_lgch_^ \s \inb a_hinsj_ [h^ _hpclihg_hn[f _``_]nm 

(15) [h^ nb_ jb_hinsj_m ][h \_ i\m_lp_^, g_[mol_^, 

]f[mmc`c_^, il ]iohn_^. Tb_ [mmi]c[ncih \_nq__h nb_ _h-

pclihg_hn [h^ nb_ jb_hinsjc] _rjl_mmcih i` [ a_hinsj_ 

cm ]iggihfs ehiqh [m nb_ a_hinsj_ r _hpclihg_hn ch-

n_l[]ncih (GEI). Ehpclihg_hn[f `[]nilm (hih-a_h_nc] `[]-

nilm) mo]b [m fi][ncihm, aliqcha m_[mihm, s_[lm, ^lioabn 

]ih^cncihm, l[ch`[ff, nb_ [giohn i` jl_]cjcn[ncih l_-

]_cp_^ ch _[]b m_[mih, n_gj_l[nol_ _n]. g[s b[p_ jimc-

ncp_ il h_a[ncp_ cgj[]nm ih a_hinsj_m (16). Tb_ g[ch 

n[la_n i` jf[hn \l__^cha jlial[gg_m cm ni ch]l_[m_ mn[-

\cfcns [h^ mn[\cfct_ ]lij sc_f^ []limm _hpclihg_hnm 

(fi][ncihm [h^.il s_[lm). G_hinsj_ r _hpclihg_hn chn_l-

[]ncih (GEI) cm i` g[dil cgjiln[h]_ ni nb_ jf[hn \l__^_l 

ch ^_p_fijcha cgjlip_^ p[lc_nc_m. In q[m l_jiln_^ nb[n 

qb_h p[lc_nc_m [l_ ]igj[l_^ ip_l [ m_lc_m i` _hpclih-

g_hnm, nb_ l_f[ncp_ l[hecham omo[ffs ^c``_l (17). Afmi, cn 

q[m hin_^ nb[n GEI cm [ g[dil jli\f_g qb_h ]igj[lcha 

nb_ j_l`ilg[h]_ i` a_hinsj_m []limm _hpclihg_hnm (18). 

In q[m g_hncih_^ nb[n nb_ l[hecha i` a_hinsj_m ^_j_h^m 

ih nb_ j[lnc]of[l _hpclihg_hn[f ]ih^cncihm qb_l_ nb_s 

[l_ aliqh, qb_l_ nb_ \[mc] ][om_ i` ^c``_l_h]_m \_nq__h 

a_hinsj_m ch nb_cl sc_f^ mn[\cfcns cm nb_ qc^_ i]]oll_h]_ 

i` GEI (19). Si, nb_ mno^s i` nb_ GEI g[s [mmcmn ch nb_ oh-

^_lmn[h^cha i` nb_ mn[\cfcns ]ih]_jn. B_][om_ i` nb_cl 

al_[n_l `f_rc\cfcns [h^ mn[\cfcns, ]innih a_hinsj_m qcnb 

nb_ f_[mn a_hinsj_ \s _hpclihg_hn chn_l[]ncih [l_ l_-

a[l^_^ [m c^_[f `il \l__^cha. 

 Tb_l_ [l_ m_p_l[f mn[ncmnc][f g_nbi^m `il [h[fst-

cha [h^ chn_ljl_ncha ^[n[ `lig gofnc-_hpclihg_hn nlc[fm 

(20), mo]b [m gofncp[lc[n_ g_nbi^m. Tb_ [^^cncp_ g[ch 

_``_]n [h^ gofncjfc][ncp_ chn_l[]ncih (AMMI) gi^_f _m-

n[\fcmb_^ (21) cm nb_ gimn q_ff-ehiqh i` nb_ gofncp[lc[n_ 

g_nbi^m. Tb_ AMMI gi^_f ]b[l[]n_lct_m a_hinsj_ [h^ 

_hpclihg_hn g[ch _``_]nm omcha [h[fsmcm i` p[lc[h]_ [m 

[h [^^cncp_ gi^_f [h^ nb_cl chn_l[]ncihm omcha jlch]cj[f 

]igjih_hnm [h[fsmcm [m [ gofncjfc][ncp_ gi^_f (IPCA). 

Cinnih \l__^_lm [ff ip_l nb_ qilf^ b[p_ \__h omcha AM-

MI [h[fsmcm i` p[lc[h]_ ni chp_mnca[n_ GE chn_l[]ncih ch 

gofnc-_hpclihg_hn nlc[fm (22-26). 

 Tb_ ^_p_fijg_hn i` bcab-sc_f^cha a_hinsj_m h_-
]_mmcn[n_m [ nbilioab oh^_lmn[h^cha i` nb_ a_h_nc] p[lc-

[\cfcns ch nb_ ]lij'm a_lgjf[mg, [m q_ff [m nb_ l_f[ncih-

mbcjm \_nq__h sc_f^ ]igjih_hnm, chjon l_kocl_g_hnm 

[h^ [alc]ofnol_ jl[]nc]_m (27). Folnb_lgil_, oh^_l-

mn[h^cha nb_ miol]_ i` a_h_nc] p[lc[\cfcns `il ]innih 

sc_f^, sc_f^ ]igjih_hnm [h^ jbsmcifiac][f [nnlc\on_m cm 

]lcnc][f `il cgjlipcha sc_f^ [h^ ko[fcns \s ^_p_fijcha 

moj_lcil a_hinsj_m ch ]innih. H_lcn[\cfcns cm cgjiln[hn 

`il m_f_]ncih mch]_ cn l_`f_]nm nb_ [giohn ni qbc]b [ nl[cn 

][h \_ j[mm_^ ^iqh nblioab a_h_l[ncihm [h^ nb_ ko[fc-

ns i` jb_hinsjc] ^[n[ ch gofncfi][ncih _rj_lcg_hnm (28). 

Ahinb_l e_s m_f_]ncih ]lcn_lcih nb[n mojjilnm \l__^_lm 

ch [ m_f_]ncih m]b_g_ cm a_h_nc] [^p[h]_ [m % i` nb_ 

g_[h (29). Tb_ jb_hinsjc] ]i_``c]c_hn i` p[lc[ncih (PCV) 

[h^ nb_ a_hinsjc] ]i_``c]c_hn i` p[lc[ncih (GCV) ][h \inb 

\_ om_^ ni ^_n_]n nb_ ^_al__ i` p[lc[\cfcns ch [ 

a_lgjf[mg alioj. H_lcn[\cfcns ]ig\ch_^ qcnb bcab a_-

h_nc] [^p[h]_ qiof^ \_ gil_ _``_]ncp_ ch `il_][mncha nb_ 

mo\m_ko_hn _``_]n ch nb_ m_f_]ncih i` nb_ ijncg[f a_hi-

nsj_m `il sc_f^ [h^ sc_f^ ]ihnlc\oncha p[lc[\f_m (30). In cm 

`_[mc\f_ ni m_f_]n nb_ ijncgog a_hinsj_ `il i\n[chcha 

nb_ l_kocl_^ nl[cnm ch nb_ ^_m]_h^[hnm \s ]ig\chcha b_l-

cn[\cfcns ch`ilg[ncih qcnb PCV [h^ GCV p[fo_m (31). A]-

]il^cha ni ih_ l_jiln (30), ^c``_l_h]_m ch a_hinsjc] p[f-

o_m gcabn lcm_ il ^_]l_[m_ `lig ih_ _hpclihg_hn ni nb_ 

h_rn, ][omcha a_hinsj_m ni l[he ^c``_l_hnfs ch [giha 

_hpclihg_hnm. 

 Ti pcmo[fct_ nb_ ion]ig_m i` ]innih \l__^cha nlc-
[fm, jlch]cj[f ]igjih_hn [h[fsmcm (PCA) cm l_kocl_^, 

qb_l_ M[hs l_m_[l]b_lm b[p_ om_^ nb_ PCA ni [mm_mm nb_ 

l_f[ncihmbcj [h^ ^cp_lmcns \_nq__h m_p_l[f ]innih 

a_lgjf[mgm, ch [^^cncih ni ehiqcha nb_ l_f[ncihmbcjm 

\_nq__h sc_f^, cnm ]igjih_hnm, [h^ inb_l nl[cnm (32-39). 

 Tb_ i\d_]ncp_ i` nbcm mno^s q[m ni chp_mnca[n_ nb_ 

g[ahcno^_ i` a_hinsj_ \s s_[l chn_l[]ncih omcha nb_ 
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AMMI gi^_f [h^ a_h_nc] j[l[g_n_lm, [m q_ff [m ^_n_l-

gchcha nb_ l_f[ncihmbcjm omcha P_[lmih’m ]ill_f[ncih 

]i_``c]c_hn [h^ PCA `il sc_f^ ]igjih_hnm [h^ jbsmci-

fiac][f nl[cnm ch 24 ]innih a_hinsj_m oh^_l ^lioabn 

mnl_mm, nbom c^_hnc`scha ]innih a_hinsj_ ^lioabn-

nif_l[hn ^olcha ^lioabn mnl_mm ]ih^cncihm ch Easjn .  

 

M[t_rc[ls [n  ̂M_tbo^s   

Genetic material and field procedure 

A nin[f i` 24 ]innih a_hinsj_m \_fihacha ni Gossypium 

barbadense L. q_l_ om_^ ch nbcm mno^s (T[\f_ 1). H_[fnbs 

m__^m i` ]innih a_hinsj_m q_l_ i\n[ch_^ `lig Cinnih 

R_m_[l]b Ihmncnon_, Aalc]ofnol_ R_m_[l]b C_hn_l, Gct[, 

Easjn. Fc_f^ _rj_lcg_hnm q_l_ ]ih^o]n_^ [n S[eb[ Aalc-

]ofnol_ R_m_[l]b Sn[ncih, K[`l Ef- Sb_ceb Gip_lhil[n_, 

Easjn ip_l [ j_lci^ i` 5 s_[lm `lig 2016 ni 2020 oh^_l 

^lioabn mnl_mm ]ih^cncihm. Cinnih a_hinsj_m q_l_ _p[f-

o[n_^ ch R[h^igct_^ Cigjf_n_ Bfi]e D_mcah (RCBD) 

qcnb nbl__ l_jfc][n_m. E[]b _rj_lcg_hn[f jfin b[m 5 liqm 

[h^ nb_ a_hinsj_m q_l_ jf[hn_^ omcha mn[h^[l^ [ali-

higc] jl[]nc]_m [h^ jlij_l jf[hn a_ig_nls qcnb [ liq 

f_hanb i` 4 g. Uh^_l _[]b jfin, nb_ liq r liq [h^ jf[hn 

r jf[hn ^cmn[h]_m q_l_ 70 [h^ 30 ]g l_mj_]ncp_fs. Tb_ 

^lioabn nl_[ng_hn l_]_cp_^ ihfs 5 cllca[ncihm qcnb ih_ 

[n nb_ ncg_ i` miqcha [h^ nb_ inb_l 4 cllca[ncihm qcnb [h 

chn_lp[f i` 30 ^[sm ^olcha nb_ aliqcha m_[mih nblioab 

nb_ 5 aliqcha m_[mihm. Ih _[]b _rj_lcg_hn, [ \[mch cllc-

a[ncih msmn_g qcnb PE jcj_m [h^ [ pifog_nlc] ]iohn_l 

q[m om_^. Nilg[ffs, nb_ ]innih ]lij l_]_cp_^ _cabn cllc-

a[ncihm ^olcha nb_ aliqcha m_[mih [m j_l nb_ l_]ig-

g_h^_^ lof_m. Tb_ ^lioabn mnl_mm _rj_lcg_hnm q_l_ hin 

jlipc^_^ qcnb [hs mojjf_g_hn[f cllca[ncih [`n_l ^l[ch-

[a_ _p_h c` nb_ mnl_mm q[m p_ls m_p_l_. Aff [alihigc] 

jl[]nc]_m q_l_ ][llc_^ ion [h^ nb_ ]lij q[m miqh ch [ 

mchaf_ ^[s oh^_l ohc`ilg `c_f^ ]ih^cncihm ni gchcgct_ 

_hpclihg_hn[f p[lc[ncihm ni nb_ g[rcgog jimmc\f_ _r-

n_hn. Tb_ [p_l[a_ i` n_gj_l[nol_ (ºC), nin[f l[ch`[ff 

(gg), l_f[ncp_ bogc^cns (%) [h^ qch^ mj__^ (10M) `lig 

Ajlcf ni O]ni\_l ^olcha `cp_ aliqcha m_[mihm q_l_ jli-

pc^_^ \s nb_ Cfcg[n_ Cb[ha_ Ih`ilg[ncih C_hn_l [h^ 

R_h_q[\f_ Eh_las, Aalc]ofnol_ R_m_[l]b C_hn_l, C[cli, 

Easjn (Fca. 1).  

Data recording 

D[n[ q_l_ l_]il^_^ ih 10 ao[l^_^ jf[hnm `il giljbifiac-

][f nl[cnm ch]fo^cha m__^ ]innih sc_f^.jf[hn (SCY.P) ch al[g, 

hog\_l i` ij_h \iffm.jf[hn (Ni. B.P), m__^ ch^_r (SI) ch a, 

fchn j_l]_hn[a_ (L %), fchn ]innih sc_f^.jf[hn (LCY.P) ch a, 

hog\_l i` `locncha \l[h]b_m.jf[hn (Ni.F.B.P) [h^ jf[hn 

b_cabn (PH). M_[hqbcf_, `cfts \iffm q_l_ ]iff_]n_^ ch il^_l 

ni ][f]of[n_ nb_ [p_l[a_ \iff q_cabn (BW) ch agm. Afmi, 

jbsmcifiac][f nl[cnm ch]fo^cha ]ihn_hnm i` ]bfilijbsff [ 

(Chl. a), ]bfilijbsff \ (Chl. b), nin[f ]bfilijbsff (T. Chl.), 

nin[f ][lin_hic^m [h^ jlifch_ q_l_ g_[mol_^. 

Photosynthetic pigments estimation: 

Ti ^_n_lgch_ nb_ Chl. a, Chl. b [h^ ][lin_hic^ ]ihn_hn 

`lig nb_ jf[hnm i` _[]b ]ofncp[l (40), 200 ga f_[` \f[^_ 

m[gjf_m q_l_ _rnl[]n_^ qcnb 100% []_nih_ [h^ q_l_ 

bigia_hct_^ qcnb nb_ B-Bl[qh nsj_ bigia_hct_l [n 

1000 ljg `il ih_ gch. Tb_ bigia_h[n_ q[m `cfn_l_^ \s 

2-f[s_l ]b__m_ ]finbm [h^ q[m ]_hnlc`oa_^ omcha nb_ 

Nüp_Füd 647 gi^_f ]_hnlc`oa_ [n 1500 ljg `il n_h gch. 

Tb_ moj_lh[n[hn q[m m_j[l[n_^ [h^ nb_ [\mil\[h]_ i` 

[]_nih_ _rnl[]nm q[m g_[mol_^ [n 663, 645 [h^ 470 hg 

omcha [h Ah[fsnce J_h[ Sj_]il^ 200 gi^_f mj_]nlijbi-

nig_n_l. Tb_ Chl. a, Chl. b [h^ nin[f ]ihn_hn i` ][lin_-

hic^m q_l_ ][f]of[n_^ [m nb_ `iffiqcha _ko[ncih (40): 

Chl. a (ga.a-1 FW) = *(12.7 × A663) – (2.69 × A645)+ × V.(1000 r W) 

Chl. b (ga.a-1 FW) = *(22.9 × A645) – (4.68 × A663)+ × V.(1000 r W) 

C[lin_hic^m (ga.a-1 FW) = *(1000 A470) – (2.27 Chl. a) – (81.4 

Chl. b) .226+ r V.(1000 r W)   

Wb_l_, A663, A645 [h^ A670 [l_ nb_ ]ill_mjih^cha q[p_-

f_hanbm i` nb_ fcabn ^_hmcns p[fo_ l_mj_]ncp_fs, V cm nb_ pif-

og_ i` _rnl[]ncha fckoc^ [h^ W cm nb_ q_cabn i` `l_mb f_[` 

m[gjf_ ch agm. 

 

Fca. 1. W_[nb_l ^[n[ [n _[]b m_[mih ch nb_ l_acih. 

Ni. G_hinsj_m P_^cal__ Olcach 

G1 Gct[ 89 Gct[ 89 r 6022 Easjn 

G2 Z101 Uhehiqh Uhehiqh 

G3 Gct[ 85 Gct[ 67 r CB58 Easjn 

G4 Gct[ 75 Uhehiqh Easjn 

G5 Gct[ 94 10229 r Gct[ 86 Easjn 

G6 A106 Uhehiqh Uhehiqh 

G7 A101 Uhehiqh Uhehiqh 

G8 Z102 Uhehiqh Uhehiqh 

G9 
Gct[ 89 r 

Gct[ 86 
Uhehiqh Easjn 

G10 Gct[ 45 Gct[ 28 r Gct[ 7 Easjn 

G11 A108 Uhehiqh Uhehiqh 

G12 Gct[ 93 Gct[ 77 r S106 Easjn 

G13 D101 Uhehiqh Uhehiqh 

G14 Gct[ 70 Gct[ 59A r Gct[ 51B Easjn 

G15 A105 Uhehiqh Uhehiqh 

G16 G102 Uhehiqh Uhehiqh 

G17 R101 Uhehiqh Uhehiqh 

G18 G101 Uhehiqh Uhehiqh 

G19 Gct[ 96 
(Gct[ 84 r (Gct[ 70 r Gct[ 

51B)) r S62 
Easjn 

G20 Gct[ 86 Gct[ 75 r Gct[ 81 Easjn 

G21 Gct[ 95 
(Gct[ 83 r (Gct[ 75 r 5844)) 

r Gct[ 80 
Easjn 

G22 S106 Uhehiqh Uhehiqh 

G23 S107 Uhehiqh Uhehiqh 

G24 S109 Uhehiqh Uhehiqh 

T[\l_ 1. Lcmn i` 24 ]innih a_hinsj_m om_^ `il ^lioabn nif_l[h]_ [mm_mmg_hn. 
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Proline estimation: 

Tb_ jlifch_ ]ihn_hn i` f_[p_m ch [ff ]innih a_hinsj_m 

q[m _mncg[n_^ [n 16 DAA `iffiqcha nb_ mn[h^[l^ g_nb-

i^ (41). Tb_ f_[p_m `lig _[]b l_jfc][ncih i` _[]b a_hi-

nsj_ q_l_ ]iff_]n_^ [h^ cgg_^c[n_fs e_jn ch nb_ c]_ 

\[a [h^ \lioabn ni nb_ L[\il[nils. Umcha giln[l [h^ 

j_mnf_, 0.5 a `l_mb m[gjf_ q[m alch^_^ [h^ nbilioabfs 

bigia_hct_^ ch 3% mofjbi m[fc]sfc] []c^ (10 gL) ohncf 

^ca_mncih i` jf[hn g[n_lc[f. Tb_ `cfnl[ncih i` bigia_-

h[n_ q[m j_l`ilg_^ omcha `cfn_l j[j_l (Wb[ng[h Ni. 2). 

Plifch_ mn[h^[l^m (0, 2, 4, 6, 8, 10, 12, 14,16, 18 [h^ 20 

μa.gL) q_l_ jl_j[l_^ qcnb ^cmncff_^ q[n_l. Nchbs^lch 

l_[a_hn q[m jl_j[l_^ [h^ oncfct_^ `il jlifch_ _mncg[-

ncih qcnbch nqi biolm i` jl_j[l[ncih. Tb_h, ch [ Psl_r 

n_mn no\_, `cfnl[n_ (2 gL) [h^ mn[h^[l^ jlifch_ mifoncih 

q_l_ l_[]n_^ qcnb hchbs^lch l_[a_hn (2 gL) [h^ af[]c[f 

[]_nc] []c^ (2 gL). Tb_m_ q_l_ mo\m_ko_hnfs \icf_^ ch [ 

q[n_l \[nb ]ip_l_^ qcnb [fogchog `icf ni b[gj_l 

_p[jil[ncih `il 1 b [n 100 ºC.  So\m_ko_hnfs, ]iifcha i` 

gcrnol_ ch c]_ \[nb q[m j_l`ilg_^ [h^ nifo_h_ (4 gL) 

q[m [^^_^ ni _[]b no\_ qcnb nb_ b_fj i` [ ^cmj_hm_l. 

Tb_ mb[echa i` _[]b no\_ `il 15-20 m qcnb nb_ b_fj i` [h 

_f_]nlc][f mb[e_l q[m j_l`ilg_^ ni [ffiq nb_ f[s_lm ni 

m_j[l[n_. Tb_ mj_]nlijbinig_n_l (SPECTRO UV-VIS RS 

Sj_]nlijbinig_n_l, L[\i M_^, Ih].) [n 520 hg, b[pcha 

jol_ nifo_h_ [m [ \f[he, q[m om_^ ni [\mil\ nb_ f[s_l. 

Flig [ mn[h^[l^ ]olp_, jlifch_ ]ihn_hn q[m _mncg[n_^ 

ih [ `l_mb q_cabn \[mcm \s `iffiqcha nb_ \_fiq _ko[-

ncih: 

Plifch_ (μgif_m.a i` `l_mb jf[hn g[n_lc[fm) 

= ,(μa jlifch_.gL r gL nifo_h_).115.5 μa.

μgif_m-.(a m[gjf_.5). 

Statistical approaches 

Tb_ hilg[fcns i` ^[n[ ^cmnlc\oncih q[m p_lc`c_^ omcha 

nb_ Kigifailip- Sgclhip n_mn. Tb_ [h[fsmcm i` p[lc[h]_ 

\s AMMI gi^_f q[m j_l`ilg_^ ni ^_n_lgch_ nb_ g[ch 

[h^ chn_l[]ncihm _``_]nm i` a_hinsj_m [h^ 5 s_[lm oh^_l 

^lioabn mnl_mm ]ih^cncihm ih sc_f^, sc_f^ ]igjih_hnm 

[h^ jbsmcifiac][f nl[cnm. Tb_ CV% _mncg[n_m q_l_ ][n_-

ailct_^ [m p_ls bcab (CV≥21%), bcab (15%≤CV≤21%), 

gi^_l[n_ (10%<CV≤15%) [h^ fiq (CV<10%) (42). Tb_ 

p[lc[h]_m ]igjih_hnm ^o_ ni nb_ g[ch [h^ chn_l[]-

ncihm _``_]nm i` nqi mno^c_^ _rj_lcg_hn[f `[]nilm q_l_ 

_mncg[n_^ qcnb [h[fsmcm i` p[lc[h]_ (ANOVA) (43). Bli[^ 

m_hm_ b_lcn[\cfcns (BSH) _mncg[n_m q_l_ ][f]of[n_^ om-

cha nb_ mn[h^[l^ `ilgof[ (44). Tb_ _rn_hn i` a_h_nc] 

[^p[h]_ ni \_ _rj_]n_^ \s m_f_]ncha n_h j_l]_hn i` nb_ 

moj_lcil jlia_hs q[m ][f]of[n_^ (45). G_hinsjc] 

(GCV%), jb_hinsjc] (PCV%) [h^ _llil (ECV%) ]i_``c-

]c_hnm i` p[lc[ncih q_l_ ][f]of[n_^ (46). Tb_ b_lcn[\cfcns 

[h^ a_h_nc] [^p[h]_ _mncg[n_m q_l_ ][n_ailct_^ (45, 

47) *0-30% = fiq; 31-60% = gi^_l[n_; [\ip_ 60% = 

bcab) [h^ (0-10% = fiq, 10-20% = gi^_l[n_ [h^ [\ip_ 

20% = bcab+ l_mj_]ncp_fs. Tb_ AMMI gi^_f, Pfin P_[l-

mih’m ]ill_f[ncih ]i_``c]c_hn, ]fomn_l [h[fsmcm [h^ PCA 

q_l_ ^ih_ omcha ]igjon_l mi`nq[l_ jlial[gm PBSTAT, 

PAST p_lmcih 4.03 [h^ OlcachPli 2018 p_lmcih 

\9.5.0.193.  

 

R_sults 

1. AMMI analysis of variance 

Tb_ l_mofnm i` nb_ ]ig\ch_^ ANOVA qcnb AMMI [h[fsmcm 

i` nb_ g[ch [h^ chn_l[]ncihm _``_]nm i` a_hinsj_m (G) 

[h^ s_[lm (Y) oh^_l ^lioabn mnl_mm ]ih^cncihm ih ]innih 

ko[hncn[ncp_ nl[cnm [l_ mbiqh ch T[\f_ 2. Ih nb_ AMMI 

[h[fsmcm, nb_ g_[h mko[l_m ^o_ ni a_hinsj_m (P < 0.01) 

[h^ chn_l[]ncih GY (P < 0.05 [h^ P < 0.01) q_l_ mcahc`c-

][hn `il [ff chp_mnca[n_^ nl[cnm oh^_l ^lioabn mnl_mm 

]ih^cncihm, _r]_jn ]bfilijbsff \ \s chn_l[]ncih GY. 

Wbcf_ nb_ s_[lm g_[h mko[l_m q_l_ mcahc`c][hn `il m__^ 

]innih sc_f^.jf[hn, hog\_l i` ij_h \iffm.jf[hn, fchn 

j_l]_hn[a_, fchn ]innih sc_f^.jf[hn (P < 0.01) [h^ hog-

\_l i` `locncha \l[h]b_m.jf[hn (P < 0.05). G_hinsj_m []-

]iohn_^ `il [ ]ihmc^_l[\f_ j[ln i` nb_ ip_l[ff p[lc[ncih 

ch ]innih sc_f^ [h^ [ff _r[gch_^ nl[cnm, `iffiq_^ \s 

s_[lm, qcnb nb_ chn_l[]ncih GY []]iohncha `il nb_ mg[ff-

_mn jilncih. A`n_l l_gipcha mogm i` mko[l_m ^o_ ni _l-

lil [h^ l_jfc][ncih, nb_ mogm i` mko[l_m% l_g[chcha 

[giha s_[lm, a_hinsj_m [h^ chn_l[]ncih GY l[ha_^ 

`lig 80% i` m__^ ch^_r ni 90% i` ][lin_hic^m. Tb_ 

bcab_mn ]ihnlc\oncih ni nb_ mog i` mko[l_m (%) i` nb_ 

nin[f p[lc[h]_ q[m ^o_ ni a_hinsj_m `il [ff mno^c_^ 

nl[cnm, `iffiq_^ \s s_[lm `il m__^ [h^ fchn ]innih sc_f^m.

jf[hn nl[cnm [h^ `iffiq_^ \s chn_l[]ncih GY `il l_g[ch-

cha mno^c_^ nl[cnm. Tb_ p[lc[h]_ ^o_ ni a_hinsj_m []-

]iohn_^ `il gil_ nb[h 70% i` nb_ nin[f p[lc[h]_ `il [ff 

mno^c_^ nl[cnm _r]_jn m__^ ]innih sc_f^.jf[hn (45%), 

hog\_l i` ij_h \iffm.jf[hn (54%), m__^ ch^_r (46%), 

fchn j_l]_hn[a_ (55%) [h^ fchn ]innih sc_f^.jf[hn (44%). 

Tb_ chn_l[]ncih GY j[lncncih_^ chni `iol jlch]cj[f ]ig-

jih_hnm (PCm). Tb_ PC1 q[m mcahc`c][hn `il [ff mno^c_^ 

nl[cnm (P < 0.05 [h^ P < 0.01). Afmi, PC2 _rbc\cn_^ mcahc`c-

][h]_ `il [ff mno^c_^ nl[cnm (P < 0.05 [h^ P < 0.01) _r]_jn 

hog\_l i` `locncha \l[h]b_m.jf[hn, ]bfilijbsff [, ]bfi-

lijbsff \ [h^ nin[f ]bfilijbsff. Wbcf_, nb_ PC3 b[^ ihfs 

mcahc`c][hn `il m__^ ch^_r (P < 0.05) [h^ fchn j_l]_hn[a_ 

(P < 0.01). Tb_ ]ihnlc\oncih i` PC1 i` nb_ GE chn_l[]ncih 

SS l[ha_^ `lig 53% i` jf[hn b_cabn ni 80% i` hog\_l 

i` ij_h \iffm.jf[hn, qbcf_ nb_ ]ihnlc\oncih i` PC1 p[l-

c_^ `lig 31% ni 11% `il nb_ m[g_ nl[cnm, l_mj_]ncp_fs. 

Tb_ PC1 [h^ PC2 nia_nb_l l_jl_m_hn `lig 81% ni 91% 

i` nb_ nin[f chn_l[]ncih GY p[lc[ncih `il hog\_l i` `locn-

cha \l[h]b_m.jf[hn [h^ hog\_l i` ij_h \iffm.jf[hn 

nl[cnm, l_mj_]ncp_fs. Tb_ nl[cnm i` m__^ ]innih sc_f^.

jf[hn, hog\_l i` ij_h \iffm.jf[hn [h^ fchn ]innih sc_f^.

jf[hn b[^ gi^_l[n_ ]i_``c]c_hnm i` p[lc[ncih (CV%), 

qcnb p[fo_m i` 12.56%, 13.77% [h^ 12.98% l_mj_]ncp_fs. 

Ih ]ihnl[mn ni nb_ inb_l g_[mol_^ nl[cnm, nb_ p[fo_m i` 

CV% q_l_ fiq (CV<10%) oh^_l _rj_lcg_hn[f ]ih^cncihm 

_p[fo[n_^ (T[\f_ 2). 

2. Main effects of years and genotypes on cotton trait  

Tb_ g_[h j_l`ilg[h]_ i` sc_f^, sc_f^ ]igjih_hnm [h^ 

jbsmcifiac][f nl[cnm []kocl_^ `il 24 ]innih a_hinsj_m 

[h^ 5 s_[lm oh^_l ^lioabn mnl_mm ]ih^cncihm [l_ 

mbiqh ch T[\f_ 3. Tb_ 2017 s_[l q[m mcahc`c][hnfs ch-

]l_[m_^ \iff q_cabn, m__^ ]innih sc_f^.jf[hn, hog\_l 
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i` ij_h \iffm.jf[hn, m__^ ch^_r, fchn % [h^ fchn ]innih 

sc_f^.jf[hn ]igj[l_^ qcnb inb_l s_[lm, nbcm ch]l_[m_ 

]iof^ \_ ^o_ ni ch]l_[m_^ l[ch`[ff ch nb_ 2017 s_[l 

(Fca. 1). Tb_ _``_]nm i` s_[lm q_l_ hin mcahc`c][hn ih 

inb_l mno^c_^ nl[cnm. Fil ]innih sc_f^ [h^ inb_l g_[m-

ol_^ nl[cnm, nb_ g_[h j_l`ilg[h]_ i` 24 ]innih a_hi-

nsj_m []limm `cp_ ]lijjcha s_[lm oh^_l ^lioabn mnl_mm 

]ih^cncihm l_p_[f_^ mcahc`c][hn a_h_nc] p[lc[\cfcns. Tb_ 

l_mofnm ch^c][n_^ jimcncp_ _``_]nm i` chn_l[]ncih GY ih 

]innih sc_f^ [h^ inb_l mno^c_^ nl[cnm ^lioabn mnl_mm 

]ih^cncihm. 

 Uh^_l ^lioabn mnl_mm ]ih^cncihm, mig_ a_hi-

nsj_m b[^ al_[n_l p[fo_m ]igj[l_^ qcnb nb_ al[h^ 

g_[h `il [ff chp_mnca[n_^ nl[cnm. G7 b[^ nb_ bcab_mn 

\iff q_cab [h^ m__^ ch^_r, qbcf_ cn b[^ nb_ fiq_mn 

]ihn_hnm i` ]bfilijbsff a [h^ nin[f ]bfilijbsff. G19 

[h^ G20 a_hinsj_m mbiq_^ nb_ g[rcgog m__^ ]innih 

sc_f^.jf[hn, hog\_l i` ij_h \iffm.jf[hn [h^ fchn ]in-

nih sc_f^.jf[hn, ch ]ihnl[mn ni G12 a_hinsj_, ch qbc]b 

nb_ gchcgog p[fo_m i` nb_ m[g_ nl[cnm q_l_ l_]il^_^. 

G8 [h^ G9 a_hinsj_m jli^o]_^ nb_ g[rcgog p[fo_m 

`il fchn % [h^ hog\_l i` `locncha \l[h]b_m.jf[hn 

nl[cnm.  

S.O.V ^.` 
BW SCY.P  Ni.B.P SI L% LCY.P 

Ni.F.

B.P 
PH  Chl. a 

 Chl. 

b 

T. 

Chl 

C[li

n. 
Plif. 

M_[h mko[l_m 

Y_[lm (Y) 4 0.26 12888.55** 1452.41** 0.56 17.04** 1867.88** 3.89* 34.19 0.01 0.01 0.01 0.02 0.34 

R_jfc][ncih.Y 10 0.13** 220.87* 72.02** 0.48** 0.15 29.09* 0.68 21.69 0.01 0.02 0.04 0.02 0.13 

G_hinsj_ 

(G) 
23 1.23** 4155.08** 917.13** 2.03** 12.30** 556.95** 41.34** 2125.71** 1.03** 1.84** 3.28** 0.92** 8.25** 

GrY 92 0.05** 385.04** 74.65** 0.34** 1.06** 52.73** 1.06** 60.78** 0.04** 0.02 0.08* 0.02** 0.24** 

PC1 26 0.12** 1049.73** 210.55** 0.83** 2.02** 143.98** 2.41** 114.93** 0.11** 0.05* 0.23** 0.04** 0.59** 

PC2 24 0.03** 192.08* 31.62* 0.22** 1.01** 26.48* 0.69 72.45** 0.02 0.01 0.04 0.02** 0.17* 

PC3 22 0.02 96.00 22.67 0.13* 0.66** 13.53 0.47 29.55 0.01 0.01 0.02 0.01 0.11 

PC4 20 0.01 70.45 6.82 0.07 0.33 8.75 0.38 10.73 0.01 
0.00

3 
0.02 0.00 0.03 

R_mc^o[fm 230 0.01 117.66 20.00 0.07 0.26 15.43 0.65 30.74 0.03 0.02 0.07 0.01 0.11 

S.O.V ^.` Sog i` mko[l_m 

Y_[lm (Y) 4 1.05 51554.21 5809.64 2.23 68.16 7471.53 15.56 136.78 0.03 0.05 0.05 0.09 1.35 

R_jfc][ncih.Y 10 1.30 2208.74 720.23 4.83 1.49 290.93 6.78 216.89 0.14 0.17 0.40 0.16 1.32 

G_hinsj_ 

(G) 
23 28.32 95566.93 21094.07 46.65 282.91 12809.75 950.93 48891.35 23.78 42.42 75.39 21.26 189.84 

GrY 92 4.37 35423.96 6868.12 31.32 97.89 4851.51 97.21 5591.58 3.82 1.59 7.77 1.84 22.45 

PC1 26 3.01 27292.94 5474.20 21.65 52.61 3743.50 62.69 2988.13 2.75 1.19 6.04 1.02 15.21 

PC2 24 0.78 4610.00 758.87 5.39 24.28 635.43 16.46 1738.70 0.57 0.22 0.85 0.58 4.18 

PC3 22 0.41 2111.92 498.66 2.81 14.46 297.62 10.36 650.15 0.27 0.12 0.54 0.17 2.45 

PC4 20 0.17 1409.09 136.39 1.47 6.54 174.96 7.69 214.60 0.22 0.07 0.33 0.07 0.60 

R_mc^o[fm 230 3.27 27061.88 4600.54 15.74 60.23 3547.99 148.57 7069.60 6.17 5.74 15.52 2.29 24.25 

  Cihnlc\oncih ni nb_ SS (%) i` nin[f p[lc[h]_ _rjf[ch_^ 
% ^o_ ni Y 2.74 24.34 14.86 2.21 13.35 25.79 1.28 0.22 0.09 0.10 0.05 0.35 0.56 

% ^o_ ni G 73.92 45.12 53.96 46.29 55.40 44.21 78.01 78.98 70.06 84.89 76.05 82.92 79.36 

% ^o_ ni G r Y 11.41 16.72 17.57 31.08 19.17 16.75 7.97 9.03 11.26 3.18 7.84 7.18 9.39 

PCm p[lc[h]_ j_l]_hn i` nb_ nin[f p[lc[h]_ i` p[lc[\f_m 

PC1 68.80 77.00 79.70 69.10 53.70 77.2 64.50 53.40 72.10 75.00 77.70 55.50 67.80 

PC2 17.90 13.00 11.00 17.20 24.80 13.1 16.90 31.10 15.10 13.50 11.00 31.60 18.60 

PC3 9.50 6.00 7.30 9.00 14.80 6.1 10.70 11.60 7.00 7.30 7.00 9.10 10.90 

PC4 3.80 4.00 2.00 4.70 6.70 3.6 7.90 3.80 5.90 4.20 4.30 3.70 2.70 

CV% 3.72 12.65 13.77 3.14 1.45 12.98 5.43 3.89 7.22 7.90 6.31 7.14 4.78 

T[\l_ 2. Cig\ch_^ ANOVA qcnb AMMI [h[fsmcm `il mno^c_^ nl[cnm i` ]innih a_hinsj_m _p[fo[n_^ []limm 5 s_[lm oh^_l ^lioabn mnl_mm ]ih^cn cihm. 

Sn[ncmnc][ffs mcahc`c][hn ^cff_l_h]_m [n *j ≤ 0.05 [h^ **j ≤ 0.01; hm: ch^c][n_ nb_ hih-mcahc`c][hn ^cff_l_h]_. BW: \iff q_cabn; SCY.P: m__^ ]innih sc_f^.jf[hn; Ni. B.P: 
hog\_l i` ij_h \iffm.jf[hn; SI: m__^ ch^_r; L %: fchn j_l]_hn[a_; LCY.P: fchn ]innih sc_f^.jf[hn; Ni.F.B.P: Nog\_l i` `locncha \l[h]b_m.jf[hn; PH: jf[hn b_cabn; 
Chl. a: ]bfilijbsff a; Chl. b: ]bfilijbsff b; T. Chl: nin[f ]bfilijbsff; C[lin: ][lin_hic^m; Plif: jlifch_. 
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Tb_ bcab_mn p[fo_m `il jf[hn b_cabn, ]bfilijbsff a, 

]bfilijbsff b [h^ nin[f ]bfilijbsff q_l_ i\n[ch_^ \s 

a_hinsj_m G11, G17, G5 [h^ G6 l_mj_]ncp_fs. Tb_ G21 

a_hinsj_ l_acmn_l_^ nb_ bcab_mn ]ihn_hnm i` ][lin_-

hic^m [h^ jlifch_ [h^ nb_ fiq_mn \iff q_cabn. Ih ]ih-

nl[mn, nb_ fiq_mn p[fo_m `il fchn j_l]_hn[a_ \s G10 a_h-

insj_, `il jf[hn b_cabn \s G3 a_hinsj_ [h^ `il hog\_l 

i` `locncha \l[h]b_m.jf[hn [h^ ]bfilijbsff b \s G23 

a_hinsj_ q_l_ i\m_lp_^.  

T[\l_ 3. M_[h p[fo_m i` mno^c_^ nl[cnm i` 5 s_[lm [h^ 24 ]innih a_hinsj_m aliqh oh^_l ^lioabn mnl_mm ]ih^cncihm  

BW: \iff q_cabn; SCY.P: m__^ ]innih sc_f^.jf[hn; Ni. B.P: hog\_l i` ij_h \iffm.jf[hn; SI: m__^ ch^_r; L %: fchn j_l]_hn[a_; LCY.P: fchn ]innih sc_f^.jf[hn; Ni.F.B.P: 
hog\_l i` `locncha \l[h]b_m.jf[hn; PH: jf[hn b_cabn; Chl. a: ]bfilijbsff a; Chl. b: ]bfilijbsff b; T. Chl: nin[f ]bfilijbsff; C[lin: ][lin_hic^m; Plif: jlifch_ 

F[]nilm BW SCY.P  Ni.B.P SI L% LCY.P  Ni.FB.P PH  Chl. a  Chl. b T. Chl C[lin. Plif. 

Y_[lm 

2016 2.70 85.84 32.61 8.45 35.18 30.30 14.69 142.39 2.42 1.77 4.19 1.42 6.84 

2017 2.79 102.78 37.71 8.58 35.78 36.81 14.51 143.31 2.39 1.79 4.18 1.41 7.03 

2018 2.68 94.86 36.04 8.43 35.40 33.62 15.02 142.17 2.41 1.81 4.21 1.39 6.95 

2019 2.66 72.51 27.77 8.36 34.45 24.99 14.96 143.04 2.40 1.78 4.18 1.38 6.93 

2020 2.63 72.80 28.19 8.36 35.08 25.60 15.04 141.58 2.40 1.79 4.19 1.39 6.94 

G_hinsj_m 

G1 2.73 89.47 33.24 8.38 36.11 32.33 16.48 149.93 2.25 2.06 4.31 1.20 6.18 

G2 2.90 81.90 28.33 7.54 36.04 29.56 16.37 124.44 2.16 2.19 4.35 1.18 7.21 

G3 2.87 68.38 23.74 8.24 34.33 23.57 16.84 123.62 2.26 1.92 4.18 1.37 6.20 

G4 2.84 105.01 36.83 7.99 35.39 36.98 15.01 129.39 2.31 2.25 4.56 1.60 7.87 

G5 2.38 108.11 45.51 7.78 34.59 37.44 16.43 140.44 2.54 2.37 4.91 1.18 6.41 

G6 2.84 93.00 32.92 8.07 35.72 33.23 14.43 142.84 2.60 2.34 4.94 1.55 7.58 

G7 3.27 75.85 23.14 9.08 34.75 26.49 16.19 136.60 1.50 1.77 3.27 1.50 6.64 

G8 3.01 85.46 28.46 8.84 36.68 31.37 14.01 148.13 2.26 1.70 3.96 1.34 7.12 

G9 2.82 82.76 29.41 8.56 34.21 28.33 17.78 142.44 2.31 1.76 4.07 1.37 7.27 

G10 2.53 72.45 28.59 8.68 33.55 24.39 16.73 156.87 2.67 1.49 4.16 1.30 7.14 

G11 2.82 73.40 26.32 8.26 34.18 25.15 14.06 164.58 2.32 1.44 3.77 1.32 6.40 

G12 2.82 57.87 20.45 8.39 34.17 19.83 15.28 164.05 2.51 1.49 4.00 1.15 6.50 

G13 3.20 66.90 20.98 8.88 35.97 24.07 15.71 146.55 2.30 1.45 3.74 1.18 6.44 

G14 2.90 81.09 28.14 8.46 35.94 29.18 12.66 130.24 2.54 1.64 4.17 1.28 6.39 

G15 2.33 93.67 40.20 8.79 36.52 34.25 15.00 152.57 2.18 1.56 3.73 1.37 5.78 

G16 2.74 83.82 31.10 8.60 34.68 29.13 14.55 155.36 2.42 1.36 3.78 1.38 6.34 

G17 2.41 92.78 38.58 8.61 35.78 33.30 14.41 133.90 2.73 1.95 4.68 1.66 7.70 

G18 2.31 83.99 36.46 8.85 36.26 30.74 13.64 141.30 2.42 1.37 3.79 1.17 6.79 

G19 2.48 120.58 48.81 8.03 34.97 42.21 13.63 157.28 2.68 1.99 4.67 1.84 8.17 

G20 2.78 126.38 45.71 8.37 35.62 45.18 13.65 128.58 2.69 2.21 4.90 1.88 8.37 

G21 2.22 92.64 41.78 8.32 34.70 32.20 14.34 135.68 2.67 2.25 4.92 2.03 8.44 

G22 2.30 71.15 30.82 8.46 35.49 25.24 12.00 137.49 2.29 1.57 3.86 1.13 6.68 

G23 2.40 69.32 28.88 8.68 33.63 23.36 10.85 131.74 2.43 1.24 3.66 1.31 6.45 

G24 2.66 82.14 30.81 8.56 35.00 28.75 16.14 145.92 2.64 1.55 4.19 1.22 6.53 

G. M_[h 2.69 85.76 32.47 8.43 35.18 30.26 14.84 142.50 2.40 1.79 4.19 1.40 6.94 
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3. Cluster analysis 

Ih Fca. 2, nb_ ]fomn_l [h[fsmcm ]f[mmc`c_^ nb_ 24 ]innih a_hi-

nsj_m \[m_^ ih [ff mno^c_^ nl[cnm []limm ^lioabn mnl_mm ]ih-

^cncihm chni 2 g[dil aliojm (A [h^ B). Gliojm A [h^ B q_l_ 

][n_ailct_^ chni 3 [h^ 2 ]fomn_lm, qbc]b []]iohn_^ `il 58% 

[h^ 42% i` nb_ nin[f a_hinsj_m l_mj_]ncp_fs. Tb_ hog\_l 

i` a_hinsj_m ch _[]b ]fomn_l p[lc_^, qcnb `_q_l a_hinsj_m 

ch nb_ `clmn ]fomn_l (G19 [h^ G20), 4 a_hinsj_m ch nb_ `iolnb 

]fomn_l (G11, G10, G13 [h^ G12), [h^ 6 a_hinsj_m ch _[]b 

l_g[chcha ]fomn_l (_ko[f). Tb_ m_]ih^ ]fomn_l cm ]igjlcm_^ 

i` a_hinsj_m G5, G4, G21, G17, G15 [h^ G6. Tb_ nbcl^ ]fom-

n_l ]ihmcmn_^ i` a_hinsj_m G8, G1, G16, G18, G24 [h^ G9.  

 Wbcf_ G14, G2, G23, G22, G7 [h^ G3 a_hinsj_m \_-

fiha_^ chni nb_ `cftb ]fomn_l. Tb_ nl__ ^c[al[g l_p_[f_^ nb_ 

fiq_mn ^cmn[h]_ \_nq__h a_hinsj_m chmc^_ _[]b ]fomn_l, 

qb_l_[m nb_ a_hinsj_m \_nq__h ]fomn_lm ch nb_ 2 aliojm 

b[^ nb_ bcab_mn ^cmn[h]_. Tb_ `clmn ]fomn_l b[^ bcab-]innih 

sc_f^cha a_hinsj_m qcnb gi^_l[n_ ni bcab sc_f^ ]igji-

h_hnm [h^ jbsmcifiac][f nl[cnm, `iffiq_^ \s nb_ m_]ih^, 

nbcl^, `iolnb [h^ `cftb aliojcham, ch nb[n il^_l. G_h_l[ffs, 

G19 [h^ G20 a_hinsj_m oh^_l ^lioabn mnl_mm ]ih^cncihm 

q_l_ `ioh^ ni \_ nb_ gimn ^lioabn-nif_l[hn, `iffiq_^ \s 

G5, G4, G21 [h^ G17, []]il^cha ni nb_ g_[h j_l`ilg[h]_ 

[h^ ]fomn_l [h[fsmcm.  

4. Variance components and genetic parameters   

Tb_ p[lc[h]_ ]igjih_hnm [h^ a_h_nc] ]igjih_hnm `il 

nb_ [h[fst_^ nl[cnm q_l_ _mncg[n_^ omcha g_[h mko[l_m 

ch ]ig\ch_^ ANOVA [h^ [l_ jl_m_hn_^ ch T[\f_ 4. Tbcm 

[h[fsmcm [mmog_m [ l[h^ig a_h_nc] _``_]nm gi^_f oh-

^_l ^lioabn mnl_mm ]ih^cncihm. Tb_ bcab_mn a_hinsjc] 

p[lc[h]_m q_l_ i\m_lp_^ `il [ff mno^c_^ nl[cnm, `iffiq_^ 

\s a_hinsj_m r s_[lm p[lc[h]_m `il m__^ ch^_r [h^ fchn 

j_l]_hn[a_ nl[cnm [m q_ff [m cn `iffiq_^ \s _llil p[lc-

[h]_m `il inb_l mno^c_^ nl[cnm. S__^ ]innih sc_f^.jf[hn 

b[^ nb_ bcab_mn jb_hinsjc] p[lc[h]_, `iffiq_^ \s jf[hn 

b_cabn [h^ hog\_l i` ij_h \iffm.jf[hn nl[cnm [h^ ]ih-

]_hnl[ncihm i` ][lin_hic^m [h^ ]bfilijbsff a b[^ nb_ 

fiq_mn. Tb_ l[nci i` nb_ a_hinsjc] p[lc[h]_ i` jb_hi-

nsjc] p[lc[h]_ (              ) b[^ _ko[f ni ih_ `il \iff 

q_cabn, ]bfilijbsff a, ]bfilijbsff b [h^ ][lin_hic^m, 

\on `il inb_l mno^c_^ nl[cnm, cn q[m f_mm nb[h ih_. Tb_ 

l[nci i` _llil p[lc[h]_ i` jb_hinsjc] p[lc[h]_ (                ) 

q[m f_mm nb[h ih_ `il [ff chp_mnca[n_^ nl[cnm. Tb_ al_[n-

_mn                   l[ncim q_l_ `ioh^ `il \iff q_cabn (8.00), 

`iffiq_^ \s ]bfilijbsff b [h^ ][lin_hic^m ]ih]_hnl[-

ncihm (6.00). Oh nb_ inb_l b[h^, nb_ m__^ ch^_r b[^ nb_ 

fiq_mn                 l[nci (1.57).  

 Tb_ bcab_mn \li[^-m_hm_ b_lcn[\cfcns (BSH>60%) 

p[fo_m q_l_ l_acmn_l_^ `il [ff chp_mnca[n_^ nl[cnm, l[ha-

cha `lig 83.22% `il m__^ ch^_r ni 99.06% `il ]bfili-

jbsff b. Aff _p[fo[n_^ nl[cnm qcnb bcab BSH b[^ nb_ bcab-

_mn a_h_nc] [^p[h]_ (GA) [h^ a_h_nc] [^p[h]_ [m [ j_l-

]_hn i` nb_ g_[h (GAM%), mbiqcha nb_ jl_^igch[h]_ 

i` [^^cncp_ a_h_ []ncih. Tb_ jb_hinsjc] ]i_``c]c_hnm i` 

p[lc[ncih (PCV%) q_l_ f[la_l nb[h a_hinsjc] ]i_``c-

]c_hnm i` p[lc[ncih (GCV%) `il [ff nl[cnm n_mn_^, _r]_jn 

`il \iff q_cabn, ]bfilijbsff a, ]bfilijbsff b [h^ ][lin_-

hic^m, qbc]b b[^ _ko[f. S__^ ch^_r, fchn % [h^ jf[hn 

b_cabn nl[cnm q_l_ `ioh^ ni b[p_ fiq PCV% [h^ GCV% 

p[fo_m, qcnb p[fo_m f_mm nb[h 10%. Fil hog\_l i` ij_h 

\iffm.jf[hn, p_ls bcab PCV% [h^ GCV% p[fo_m q_l_ i\-

m_lp_^, qcnb p[fo_m i` gil_ nb[h 21%. Hcab PCV% [h^ 

GCV% p[fo_m q_l_ hinc]_^ ch m__^ ]innih sc_f^.jf[hn, 

fchn ]innih sc_f^.jf[hn, ]bfilijbsff b [h^ ][lin_hic^m 

(>15%). Onb_l nl[cnm b[^ [ gi^_l[n_ % i` PCV [h^ GCV 

(10%<CV≤15%). Ih nbcm mno^s, nb_ DPG cm nb_ ^c``_l_h]_ 

\_nq__h PCV% [h^ GCV%, qbc]b cm chn_l_mncha ni i\-

m_lp_. Ih nb_ ][m_ i` DPG, [ff i` nb_ nl[cnm _r[gch_^ 

mbiq_^ p_ls fcnnf_ ^c``_l_h]_ il q_l_ hin i\m_lp_^ [n 

[ff. S__^ ]innih sc_f^.jf[hn, hog\_l i` ij_h \iffm.

jf[hn [h^ fchn ]innih sc_f^.jf[hn b[^ gi^_l[n_ ECV% 

p[fo_m (10%<CV≤15%), \on inb_l mno^c_^ nl[cnm ch nbcm 

mno^s b[^ fiq ECV% (<10%). In'm qilnb g_hncihcha nb[n 

nb_ [h[fst_^ nl[cnm l_f[ncp_ ]i_``c]c_hnm i` p[lc[ncih 

(RCV= GCV%.ECV%) q_l_ nb_ gimn pif[ncf_. Wb_l_ nb_ 

RCV i` [ff nl[cnm _p[fo[n_^ q[m gil_ nb[h ih_ (>1).  

5. Pearson’s correlation coefficient 

B[m_^ ih nb_ g[ch _``_]nm i` 24 ]innih a_hinsj_m [h^ 5 
]lijjcha s_[lm oh^_l ^lioabn mnl_mm ]ih^cncihm, P_[l-

mih’m ]ill_f[ncihm [h[fsmcm q[m j_l`ilg_^ ni mno^s nb_ 

l_f[ncihmbcj [giha sc_f^, sc_f^ ]igjih_hnm [h^ jbsmc-

ifiac][f nl[cnm (Fca. 3). Tb_ ^[n[ ^_gihmnl[n_^ nb[n oh-

^_l ^lioabn mnl_mm ]ih^cncihm, 33 ]ill_f[ncih ]i_``c-

]c_hnm q_l_ mcahc`c][hnfs ^c``_l_hn (j < 0.05 [h^ j < 

0.01). Tb_l_ q_l_ 26 jimcncp_ ]ill_f[ncihm [h^ 7 h_a[-

ncp_ ]ill_f[ncihm [giha nb_m_. S__^ ]innih sc_f^.jf[hn, 

hog\_l i` ij_h \iffm.jf[hn, fchn ]innih sc_f^.jf[hn, 

]bfilijbsff b, nin[f ]bfilijbsff, ][lin_hic^m [h^ jli-

fch_ q_l_ [ff `ioh^ ni \_ jimcncp_fs [h^ mcahc`c][hnfs 

l_f[n_^ (j < 0.05 [h^ j < 0.01). Tb_ \iff q_cabn [h^ fchn 

% jimcncp_fs [h^ mcahc`c][hnfs ]ill_f[n_^ qcnb hog\_l 

i` `locncha \l[h]b_m.jf[hn [h^ fchn ]innih sc_f^.jf[hn 

(j<0.05) l_mj_]ncp_fs. Tb_ ]ihn_hn i` ]bfilijbsff a b[^ 

[ mcahc`c][hn jimcncp_ ]ill_f[ncih qcnb nb_ hog\_l i` 

ij_h \iffm j_l jf[hn, jlifch_ (j<0.05) [h^ nin[f ]bfili-

jbsff (j<0.01), \on b[^ [ jimcncp_ ]ill_f[ncih qcnb m__^ 

[h^ fchn ]innih sc_f^m.jf[hn [h^ jf[hn b_cabn nl[cnm.  

Fca. 2. Tl__ ^c[al[g i` 24 ]innih a_hinsj_m \[m_^ ih [ff mno^c_^ nl[cnm omcha 
q[l^’m g_nbi^ qcnb Eo]fc^_[h ^cmn[h]_. 
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 R_a[l^cha nb_ h_a[ncp_ ]ill_f[ncih oh^_l mnl_mm 

^lioabn ]ih^cncihm, nb_ \iff q_cabn h_a[ncp_fs [h^ mca-

hc`c][hnfs ]ill_f[n_^ qcnb nb_ hog\_l i` ij_h \iffm.

jf[hn (j<0.01) [h^ ]bfilijbsff a (j<0.05). S__^ ch^_r 

[fmi b[^ [ h_a[ncp_ [h^ mcahc`c][hn [mmi]c[ncih qcnb 

m__^ ]innih sc_f^.jf[hn, fchn ]innih sc_f^.jf[hn (j<0.05), 

]bfilijbsff b [h^ nin[f ]bfilijbsff (j<0.01). Wbcf_ 

jf[hn b_cabn b[m [ h_a[ncp_ [h^ mcahc`c][hn l_f[ncihmbcj 

qcnb ]bfilijbsff b (j<0.05).  

6. Principal component analysis (PCA) 

Sn[ncmnc][f [h[fsmcm PCA q[m om_^ ch nbcm mno^s ni ^cm-

]ip_l ^lioabn nif_l[h]_ ch 24 ]innih a_hinsj_m [h^ ni 

ko[hnc`s nb_ [mmi]c[ncihm \_nq__h nb_ [h[fst_^ ]b[l[]-

n_lcmnc]m ip_l [ 5-s_[l j_lci^ oh^_l ^lioabn mnl_mm ]ih-

^cncihm. Fcp_ PCm q_l_ m_f_]n_^ `lig nb_ 13 PCm \[m_^ 

ih _ca_hp[fo_ p[fo_m []limm nb_ g_[h j_l`ilg[h]_ `il 

mno^c_^ p[lc[\f_m l_mj_]ncp_fs (T[\f_ 5). Tb_ _ca_hp[f-

o_m i` nb_ `clmn 5 PCm l_]ip_l_^ q_l_ gil_ nb[h ih_ [h^ 

nb_s _rjf[ch_^ 86.98% i` nb_ nin[f p[lc[h]_ i` mno^c_^ 

p[lc[\f_m []limm a_hinsj_m [h^ 5 s_[lm. Oh nb_ inb_l 

b[h^, nb_ _ca_hp[fo_m i` nb_ inb_l PCm q_l_ f_mm nb[h 

ih_ (Eca_hp[fo_ 1). Uh^_l ^lioabn mnl_mm ]ih^cncihm, 

nb_ PC1, PC2, PC3, PC4 [h^ PC5 ]ihnlc\on_^ 44.70%, 

14.68%, 11.36%, 8.37% [h^ 7.87% i` nb_ ip_l[ff p[lc[-

\cfcns ch nb_ ^[n[ l_mj_]ncp_fs. PC1 ]ihnlc\on_m nb_ gimn 

P[l[g_-

n_lm 
BW SCY.P 

 Ni.B.

P 
SI L% LCY.P 

 Ni.FB.

P 
PH  Chl. a  Chl. b T. Chl C[lin. Plif. 

V[lc[h]_ ]igjih_hnm 

 

0.08 251.34 56.17 0.11 0.75 33.61 2.69 137.66 0.07 0.12 0.21 0.06 0.53 

 

0.01 89.13 18.22 0.09 0.27 12.44 0.14 10.01 0.00 0.00 0.01 0.00 0.05 

 

0.01 117.66 20.00 0.07 0.26 15.43 0.65 30.74 0.03 0.02 0.07 0.01 0.11 

 

0.08 277.01 61.14 0.14 0.82 37.13 2.76 141.71 0.07 0.12 0.22 0.06 0.55 

.

 

1.00 0.91 0.92 0.79 0.91 0.91 0.97 0.97 1.00 1.00 0.95 1.00 0.96 

.

 

0.13 0.42 0.33 0.50 0.32 0.42 0.24 0.22 0.43 0.17 0.32 0.17 0.20 

.

 

8.00 2.14 2.81 1.57 2.88 2.18 4.14 4.48 2.33 6.00 3.00 6.00 4.82 

G_h_nc] j[l[g_n_lm 
BSH 96.14 90.73 91.86 83.22 91.35 90.53 97.44 97.14 95.98 99.06 97.42 97.84 97.04 
GA   56.02  3110.76  1479.64 64.14 170.41  1136.38   333.47  2382.13    52.31 70.69    94.13   49.37 148.25 

GAM%  2082.40  3627.28  4556.95 760.91 484.38  3755.37  2247.11  1671.67  2179.64  3949.15  2246.53  3526.40  2136.19 

GCV% 10.51 18.49 23.08 3.93 2.46 19.16 11.05 8.23 11.02 19.35 10.94 17.50 10.49 
PCV% 10.51 19.41 24.08 4.44 2.57 20.14 11.19 8.35 11.02 19.35 11.19 17.50 10.69 
DPG 0.00 0.92 1.00 0.50 0.11 0.98 0.14 0.12 0.00 0.00 0.26 0.00 0.20 

ECV% 3.72 12.65 13.77 3.14 1.45 12.98 5.43 3.89 7.22 7.90 6.31 7.14 4.78 

RCV 2.83 1.46 1.68 1.25 1.70 1.48 2.03 2.12 1.53 2.45 1.73 2.45 2.20 

T[\l_ 4. V[lc[h]_ ]igjih_hnm [h^ a_h_nc] j[l[g_n_lm _mncg[n_m `il sc_f^, cnm ]igjih_hnm [h^ jbsmcifiac][f nl[cnm i` ]innih a_hinsj_m [mm_mm_^ ch 5 s_[lm oh-
^_l ^lioabn mnl_mm ]ih^cncihm. 

: a_hinsjc] p[lc[h]_; : a_hinsj_ r _hpclihg_hn chn_l[]ncih p[lc[h]_; : _llil p[lc[h]_; : jb_hinsjc] p[lc[h]_ ih _hnls-g_[h \[mcm; BSH: \li[^-m_hm_ b_lcn[\cfcns ih 
_hnls-g_[h \[mcm (%); GA: a_h_nc] [^p[h]_; GAM%: a_h_nc] [^p[h]_ [m j_l]_hn i` g_[h; GCV%, PCV% [h^ ECV%: a_hinsjc], jb_hinsjc] [h^ _llil ]i_ffc]c_hnm i` 
p[lc[ncih, l_mj_]ncp_fs; DPG: ^cff_l_h]_ \_nq__h PCV% [h^ GCV%; RCV: l_f[ncp_ ]i_ffc]c_hn i` p[lc[ncih. BW: \iff q_cabn; SCY.P: m__^ ]innih sc_f^.jf[hn; Ni. B.P: 
hog\_l i` ij_h \iffm.jf[hn; SI: m__^ ch^_r; L %: fchn j_l]_hn[a_; LCY.P: fchn ]innih sc_f^.jf[hn; Ni.F.B.P: Nog\_l i` `locncha \l[h]b_m.jf[hn; PH: jf[hn b_cabn; 
Cbf. a: ]bfilijbsff a; Chl. b: ]bfilijbsff b; T. Chl: nin[f ]bfilijbsff; C[lin: ][lin_hic^m; Plif: jlifch_.  
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^[n[ p[lc[\cfcns, `iffiq_^ \s PC2. Am [ l_mofn, PC1 [h^ 

PC2 ][h \_ om_^ ni _r[gch_ nb_ [mmi]c[ncih \_nq__h 

g_[mol_^ nl[cnm [h^ ni c^_hnc`s ^lioabn-nif_l[hn a_hi-

nsj_m ^olcha s_[lm cgj[]nm oh^_l ^lioabn mnl_mm ]ih^c-

ncihm. 

 B[m_^ ih nb_ ^[n[ ch T[\f_ 5, nb_ PC1 q[m ^_-

m]lc\_^ \s [ff mno^c_^ nl[cnm qcnb jimcncp_ `[]nil fi[^-

cham, _r]_jn \iff q_cabn, m__^ ch^_r, hog\_l i` `locncha 

\l[h]b_m.jf[hn [h^ jf[hn b_cabn. Er]_jn `il nb_ hog-

\_l i` ij_h \iffm.jf[hn, m__^ ch^_r, jf[hn b_cabn, ]bfi-

lijbsff a [h^ ][lin_hic^m, [ff _r[gch_^ nl[cnm b[^ jimc-

ncp_ `[]nil fi[^cham ch PC2. Tb_ PC3, PC4 [h^ PC5 b[^ 

jimcncp_ fi[^cham qcnb ]innih sc_f^ [h^ gimn mno^c_^ 

nl[cnm, \on nb_ bcab_mn p[fo_m q_l_ i\m_lp_^ ih PC3 [h^ 

PC4 ch fchn % [h^ ih PC5 ch jf[hn b_cabn.  

 Ti [mm_mm nb_ [mmi]c[ncih \_nq__h mno^c_^ p[lc[-

\f_m \s nb_ g[ch ch`fo_h]_m i` a_hinsj_m [h^ s_[lm oh-

^_l ^lioabn mnl_mm ]ih^cncihm, nb_ PC1 [h^ PC2 q_l_ 

oncfct_^ ni ^l[q [ \cjfin (Fca. 4). A mb[lj [haf_ \_nq__h 

gimn mno^c_^ nl[cnm q[m ^cm]ip_l_^ oh^_l nb_ ]ihnlc\o-

ncih i` a_hinsj_m [h^ s_[lm, mbiqcha [ jimcncp_ ]ill_f[-

ncih \_nq__h nb_m_ nl[cnm, biq_p_l, nb_s p[ls ch nb_cl 

^_al__ [h^ ]ihmcmn_h]s ch ko[hncns. PCA [h[fsmcm ]il-

li\il[n_^ nb_ ]ih]fomcihm i` P_[lmih'm ]ill_f[ncih ]i-

_``c]c_hn. Ih \cjfin (Fca. 4), nb_ PC1 [h^ PC2 [ffiq_^ ni 

alioj 24 ]innih a_hinsj_m [h^ mno^c_^ nl[cnm []]il^cha 

ni nb_cl jb_hinsjc] mcgcf[lcnc_m chni 2 aliojm. Tb_ PC1 

(`clmn alioj) mbiq_^ ]fomn_lcha i` ]bfilijbsff b, nin[f 

]bfilijbsff, fchn ]innih sc_f^.jf[hn, m__^ ]innih sc_f^.

jf[hn [h^ jlifch_ qcnb G4, G5, G6 [h^ G20 a_hinsj_m 

(`clmn ko[ln_l), [h^ ][lin_hic^m, hog\_l i` ij_h \iffm.

jf[hn [h^ ]bfilijbsff a qcnb G17, G19 [h^ G21 (`iolnb 

ko[ln_l). Tb_m_ nl[cnm [l_ mo\mn[hnc[ffs jimcncp_fs ]ill_-

f[n_^ qcnb nb_m_ a_hinsj_m, ch^c][ncha nb_cl ionmn[h^-

cha j_l`ilg[h]_ ch n_lgm i` sc_f^ [h^ jbsmcifiac][f 

nl[cnm oh^_l ^lioabn mnl_mm ]ih^cncihm. Tb_ m_]ih^ 

alioj q[m l_f[n_^ ni PC2 [h^ ch]fo^_^ nb_ inb_l nl[cnm 

n_mn_^ ch nb_ m_]ih^ [h^ nbcl^ ko[ln_lm qcnb nb_ inb_l 

a_hinsj_m. Tb_ PCA m]l__ jfin i` nb_ g[dil cgj[]nm i` 

28 ]innih a_hinsj_m ih ]innih sc_f^ [h^ inb_l g_[m-

ol_^ p[lc[\f_m ^olcha ^lioabn mnl_mm s_[lm l_p_[f_^ 

nb[n nb_ PC1 [h^ PC2 _ca_hp[fo_m ]ill_mjih^ ni nb_ 

_hncl_ j_l]_hn[a_ i` p[lc[h]_ ch nb_ ^[n[m_n (Fca. 5). 

Tb_ PCA [h[fsmcm l_mofnm ]ih`clg_^ nb_ l_mofnm i` ]fom-

n_l [h[fsmcm (Fca. 2). G_h_l[ffs, PC1 b[m [ bcab jli^o]-

ncih jin_hnc[f [h^ b[m nb_ gimn mn[\f_ a_hinsj_m, 

nb_l_`il_ cn ][h \_ om_^ ni m_f_]n ^lioabn-nif_l[hn a_h-

insj_m, ch ]ihnl[mn PC2.  

 

Dcs]usscon 

Dlioabn cm [ g[dil fcgcn[ncih ni ]innih [h^ inb_l ]lijm 

jli^o]ncih \inb afi\[ffs [h^ ch Easjn. Tb_ i\d_]ncp_ i` 

Fca. 3. Cill_f[ncih g[nlcr jfin [giha sc_f^, sc_f^ ]igjih_hnm [h^ jbsmci-
fiac][f nl[cnm i` 24 ]innih a_hinsj_m oh^_l ^lioabn mnl_mm ]ih^cncihm. BW: 
\iff q_cabn; SCY: m__^ ]innih sc_f^.jf[hn; NB: hog\_l i` ij_h \iffm.jf[hn; SI: 
m__^ ch^_r; L %: fchn j_l]_hn[a_; LCY: fchn ]innih sc_f^.jf[hn; NFB: Nog\_l i` 
`locncha \l[h]b_m.jf[hn; PH: jf[hn b_cabn; Cbf. a: ]bfilijbsff a; Cbf. b: ]bfili-

jbsff b; T. Chl: nin[f ]bfilijbsff; C[lin: ][lin_hic^m; Plif: jlifch_. Pfin mbiq-
cha jimcncp_ ]ill_f[ncih (l_^) [h^ h_a[ncp_ ]ill_f[ncih (\fo_) [giha nl[cnm. * 
[h^ ** ch^c][n_ mn[ncmnc][ffs mcahc`c][hn ^cff_l_h]_m [n j ≤ 0.05 [h^ j ≤ 0.01 
l_mj_]ncp_fs.  

Tl[cnm 
Plch]cj[f Cigjih_hnm 

PC1 PC2 PC3 PC4 PC5 

Biff q_cabn -0.15 0.52 0.09 -0.23 0.24 

S__^ ]innih sc_f^.jf[hn 0.38 0.02 0.19 0.12 0.21 

Ni. i` ij_h \iffm.jf[hn 0.37 -0.21 0.13 0.20 0.09 

S__^ ch^_r -0.23 -0.23 0.40 -0.27 0.32 

Lchn % 0.08 0.16 0.61 0.37 -0.10 

Lchn ]innih sc_f^.jf[hn 0.37 0.03 0.26 0.16 0.19 

Ni. i` `locncha \l[h]b_m.jf[hn -0.04 0.45 -0.33 0.23 0.43 

Pf[hn b_cabn -0.12 -0.30 -0.17 0.29 0.68 

Cbfilijbsff a 0.22 -0.39 -0.32 0.06 -0.07 

Cbfilijbsff b 0.33 0.39 -0.11 0.05 -0.07 

Tin[f ]bfilijbsff 0.37 0.07 -0.26 0.07 -0.09 

C[lin_hic^m 0.30 -0.04 0.07 -0.54 0.25 

Plifch_ 0.32 0.01 -0.04 -0.47 0.10 

Eca_hp[fo_m 5.81 1.91 1.48 1.09 1.02 

V[lc[h]_ % 44.70 14.68 11.36 8.37 7.87 

Cogof[ncp_% 44.70 59.38 70.74 79.11 86.98 

T[\l_ 5. R_mofnm i` jlch]cj[f ]igjih_hn [h[fsmcm (PCm) ch nb_ `clmn 5 PCm `il nb_ mno^c_^ nl[cnm ^olcha nb_ g[ch _ff_]nm i` a_hinsj_m [h^ s_[lm oh^_l ^lioabn mnl_mm 
]ih^cncihm  
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nbcm mno^s q[m ni oh^_lmn[h^ nb_ chn_l[]ncih GY j[nn_lh 

`il sc_f^, sc_f^ ]igjih_hnm [h^ jbsmcifiac][f nl[cnm ch 24 

]innih a_hinsj_m aliqcha 5-s_[l j_lci^ oh^_l ^lioabn 

mnl_mm ]ih^cncihm omcha AMMI [h[fsmcm, a_h_nc] j[l[g_-

n_lm [h^ gofncp[lc[n_ [h[fsmcm. Tbom c^_hnc`scha a_hinsj_ 

bcab sc_f^cha [h^ ^lioabn-nif_l[hn ^olcha ^lioabn mnl_mm 

]ih^cncihm ch Easjn. A]]il^cha ni nb_ AMMI [h[fsmcm i` 

p[lc[h]_, nb_ s_[lm `[]nil b[^ [ mcahc`c][hn cgj[]n ih 

m__^ ]innih sc_f^.jf[hn, hog\_l i` ij_h \iffm.jf[hn, fchn 

%, fchn ]innih sc_f^.jf[hn [h^ hog\_l i` `locncha \l[h]b-

_m.jf[hn. Tbcm ch^c][n_m nb[n nb_ n_mncha s_[lm q_l_ ^c`-

`_l_hn [h^ chpifp_^ ch nb_ p[lc[ncih i` nb_ a_hinsjc] j_l-

`ilg[h]_ `il nb_m_ nl[cnm, mi c^_hnc`scha \_mn a_hinsj_m 

`il [^[jn_^ ni nb_ 5-s_[l j_lci^ oh^_l ^lioabn mnl_mm 

]ih^cncihm. Tb_m_ ^c``_l_h]_m ]iof^ [fmi \_ _rjf[ch_^ \s 

nb_ `[]n nb[n nb_m_ a_hinsj_m q_l_ n_mn_^ ch _hpclih-

g_hnm qcnb p[lscha jl_]cjcn[ncih, n_gj_l[nol_ [h^ l_f[-

ncp_ bogc^cns (Fca. 1). Uh^_l ^lioabn mnl_mm ]ih^cncihm, 

ANOVA []limm s_[lm l_p_[f_^ mcahc`c][hn p[lc[ncih [giha 

24 ]innih a_hinsj_m [h^ chn_l[]ncih GY `il [ff nl[cnm 

mno^c_^. Tbcm mbiqm hin ihfs nb_ [giohn i` p[lc[ncih 

nb_l_ q[m \_nq__h s_[lm, \on [fmi nb_ mo``c]c_hn [h^ ^_-

mcl[\f_ a_h_nc] p[lc_ns nb_l_ q[m [giha nb_m_ a_hinsj_m 

oh^_l ^lioabn ]ih^cncihm, qbc]b gcabn \_ om_^ ni \iimn 

]innih sc_f^m ch Easjn'm ^lioabn-jlih_ l_acihm. Tb_l_ 

[l_ l_jilnm ih nb_ mcahc`c][hn _``_]nm i` a_hinsj_m, _hpc-

lihg_hnm [h^ nb_cl chn_l[]ncihm ih ]innih ko[hncn[ncp_ 

nl[cnm omcha AMMI [h[fsmcm i` p[lc[h]_ (22-26). 

 Wb_h mogm i` mko[l_m [nnlc\on[\f_ ni _llil [h^ 

l_jfc][ncih q_l_ l_gip_^, nb_ a_hinsjc] _``_]n ]ihnlc\-

on_^ nb_ gimn ni ip_l[ff p[lc[h]_, l[hacha `lig 44% ni 

58% ch ]innih sc_f^ [h^ [ff chp_mnca[n_^ nl[cnm [m ]ig-

j[l_^ ni s_[lm [h^ chn_l[]ncih GY _``_]nm. Tbcm moaa_mnm 

nb[n nb_l_ q_l_ mcahc`c][hn p[lc[h]_m ch a_hinsj_m l_-

mjihm_ ip_l s_[lm, l_mofncha ch p[lc[ncihm ch ]innih sc_f^ 

[h^ nb_ g[dilcns i` nl[cnm mno^c_^, nb[n ][h b_fj ch nb_ 

m_f_]ncih i` c^_[f a_hinsj_m oh^_l ^lioabn ]ih^cncihm. 

G_hinsj_m [h^ GE chn_l[]ncih p[lc[h]_m b_fj_^ ch nb_ 

m_f_]ncih i` nb_ \_nn_l a_hinsj_m `il mno^c_^ nl[cnm, [h^ 

l_^o]cha nb_ cgj[]n i` _hpclihg_hn[f g[ch _``_]nm cm 

]lcnc][f ch mo]b ]ih^cncihm (48). Tb_ PC1 _rbc\cn_^ [ 

al_[n_l ]ihnlc\oncih nb[h nb_ inb_l PCm, l[hacha `lig 

53% ni 80% i` nb_ nin[f chn_l[]ncih GY, ^_gihmnl[ncha 

nb[n nb_ AMMI gi^_f _``_]ncp_fs j[lncncih_^ nb_ p[lc[\cf-

cns ch [ff mno^c_^ nl[cnm. B_][om_ i` nb_ mcahc`c][hn _``_]n 

i` GE chn_l[]ncih ih nb_ ]b[l[]n_lcmnc]m, p[lciom a_hi-

nsj_m l_[]n_^ [h^ l_mjih^_^ ^c``_l_hnfs ni _hpclihg_h-

n[f p[lc[ncih, h_]_mmcn[ncha nb_ c^_hnc`c][ncih [h^ m_f_]-

ncih i` moj_lcil a_hinsj_m ch _hpclihg_hnm (49).  

 B[m_^ ih CV% p[fo_m, nb_ s_[lm `[]nil [``_]nm m__^ 
]innih sc_f^.jf[hn, hog\_l i` ij_h \iffm.jf[hn, [h^ fchn 

]innih sc_f^.jf[hn ]igj[l_^ ni nb_ inb_l nl[cnm. Uh^_l 

^lioabn mnl_mm ]ih^cncihm, nb_ mct_ i` CV% moaa_mn_^ 

nb[n nb_ a_hinsj_m jimm_mm_^ _rjficn[\f_ a_h_nc] p[lc[-

\cfcns ^olcha nb_ m_f_]ncih i` ]innih sc_f^ [h^ inb_l 

nl[cnm. Folnb_lgil_, nb_ fiq CV% ^_gihmnl[n_^ nb_ []-

]ol[]s i` nb_ ]innih _rj_lcg_hn oh^_l ^lioabn mnl_mm 

]ih^cncihm, mcgcf[l ni [h _[lfc_l l_jiln (50). Tb_ fiq_mn 

CV% q[m i\m_lp_^ ch jbsmcifiac][f [h^ mig_ sc_f^ ]ig-

jih_hn nl[cnm, ch^c][ncha nb[n nb_m_ j[l[g_n_lm [l_ 

^lioabn l_mcfc_hn [h^ ][h \_ ]ihmc^_l_^ ih_ i` nb_ gimn 

_mm_hnc[f ^lioabn nif_l[h]_ `_[nol_m. Ih ]innih, nb_ CV% 

p[fo_m `il mno^c_^ nl[cnm q_l_ fiq nb[h10% (51, 52) [h^ 

q_l_ gil_ nb[h 10% (53). 

 Uh^_l ^lioabn mnl_mm ]ih^cncihm, ]innih sc_f^ [h^ 

gimn _r[gch_^ nl[cnm i` a_hinsj_m j_l`ilg_^ \_nn_l ch 

2017 nb[h ch inb_l s_[lm. A]]il^cha ni nbcm mno^s, nb_ 

[p_l[a_ l_f[ncp_ bogc^cns [h^ l[ch`[ff q_l_ [n nb_cl 

al_[n_mn f_p_fm nbcm s_[l. Pf[hnm ][h l_mjih^ ni ^lioabn 

mnl_mm ch nbl__ q[sm: jbsmcifiac][ffs, \s l_^o]cha aliqnb 

l[n_m, gif_]of[lfs, \s ch]l_[mcha _rjl_mmcih i` ABA \ci-

mshnb_mcm a_h_m [h^ \ci]b_gc][ffs, \s []]ogof[ncha 

mnl_mm g_n[\ifcn_m mo]b [m jlifch_ [h^ mi ih (54). Tb_ 

om_`ofh_mm [h^ _``_]ncp_h_mm i` sc_f^ ]igjih_hnm [h^ 

jbsmcifiac][f nl[cnm ch aliojcha ]innih a_hinsj_m oh^_l 

^lioabn mnl_mm q_l_ ^cm]ip_l_^ omcha g_[h j_l`ilg[h]-

_m [h^ ]fomn_l [h[fsmcm. In [fmi l_p_[f_^ [ ]ihmc^_l[\f_ 

f_p_f i` p[lc[\cfcns [giha nb_ a_hinsj_m mno^c_^. Am [ 

Fca. 4. Bcjfin ^c[al[g \[m_^ ih PC1 [h^ PC2 mbiqm mcgcf[lcnc_m [h^ ^cmmcgc-
f[lcnc_m l_f[ncihmbcjm [giha nb_ g_[mol_^ nl[cnm []limm 28 a_hinsj_m 
^lioabn mnl_mm s_[lm' ]ih^cncihm. BW: \iff q_cabn; SCY: m__^ ]innih sc_f^.
jf[hn; NB: hog\_l i` ij_h \iffm.jf[hn; SI: m__^ ch^_r; L %: fchn j_l]_hn[a_; 
LCY: fchn ]innih sc_f^.jf[hn; NFB: Nog\_l i` `locncha \l[h]b_m.jf[hn; PH: 

jf[hn b_cabn; Chl. a: ]bfilijbsff a; Chl. b: ]bfilijbsff \; T. Chl: nin[f ]bfili-
jbsff; C[lin: ][lin_hic^m; Plif: jlifch_  

Fca. 5. S]l__ jfin i` PCA \_nq__h l_mj_]ncp_ _ca_hp[fo_m % [h^ ]igjih_hnm 
hog\_l  
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l_mofn, nb_m_ a_hinsj_m q_l_ ^cpc^_^ chni `cp_ ]fomn_lm. 

Tb_ `clmn ]fomn_l ]igjlcm_^ bcab-]innih sc_f^cha a_hi-

nsj_m qcnb gi^_l[n_ ni bcab sc_f^ ]igjih_hnm [h^ jbsm-

cifiac][f nl[cnm, `iffiq_^ \s nb_ m_]ih^, nbcl^, `iolnb [h^ 

`c`nb ]fomn_lm ch nb[n il^_l. Ih nb_ `clmn ]fomn_l, G19 [h^ 

G20 a_hinsj_m b[p_ bcab sc_f^ [h^ jbsmcifiac][f nl[cnm 

[h^ q_l_ ^_n_lgch_^ ni \_ nb_ gimn ^lioabn-nif_l[hn, 

`iffiq_^ \s G5, G4, G21 [h^ G17 a_hinsj_m. Cinnih a_h-

insj_ qcnb bcab l_f[ncp_ q[n_l ]ihn_hn [h^ jbinimshnb_-

mcm j_l`ilg_^ \_nn_l oh^_l ^lioabn ]ih^cncihm (55). 

Wbcf_ nb_ G14, G2, G23, G22, G7 [h^ G3 a_hinsj_m _rbc\cn 

jiil sc_f^ [h^ jbsmcifiac][f nl[cnm l_f[n_^ qcnb ^lioabn 

m_hmcncpcns (`c`nb ]fomn_l). Tb_m_ a_hinsj_m' _r]_ff_hn j_l-

`ilg[h]_ [h^ ^lioabn nif_l[h]_ ]iof^ \_ _rjf[ch_^ \s 

nb_cl aii^ a_h_nc] \[]ealioh^ il ch]l_[m_^ ]ihn_hnm i` 

]bfilijbsff, ][lin_hic^m [h^ jlifch_. Wb_h ]igj[l_^ ni 

^lioabn-m_hmcncp_ a_hinsj_m, ^lioabn-nif_l[hn a_hi-

nsj_m ][h _pifp_ [ m_n i` g_]b[hcmgm nb[n [l_ gil_ mo]-

]_mm`of ch jlin_]ncha nb_cl mnlo]nol_ [h^ g_g\l[h_ `oh]-

ncihm (56). Ool l_mofnm [l_ ch []]il^[h]_ qcnb _[lfc_l `ch^-

cham ih ]innih oh^_l ^lioabn mnl_mm, bcab_l ]bfilijbsff, 

][lin_hic^m [h^ jlifch_ ]ihn_hnm q_l_ l_jiln_^ ch 

^lioabn-nif_l[hn a_hinsj_m i` ]innih (38, 57-59). 

Dlioabn-nif_l[hn a_hinsj_m aliq `[mn_l ch ^lioabn 

mnl_mm, ^o_ ni ch]l_[m_^ l_f[ncp_ q[n_l ]ihn_hn (60). 

Wb_l_ ]bfilijbsff-lc]b jf[hnm g[s mnil_ gil_ [mmcgc-

f[n_m, b_fjcha nb_g ni ^_p_fij [h^ a_h_l[n_ gil_ mnliha 

mbiinm [h^ f_[p_m (61) [h^ nb_l_`il_ b_fj ni g[chn[ch 

]lij sc_f^ oh^_l ^lioabn mnl_mm ]ih^cncihm (62). Tb_ ][-

lin_hic^m b_fj ch nb_ b_[n ^cmmcj[ncih i` _r]_mm _r]cn[-

ncih _h_las ch nb_ jbinimshnb_nc] g[]bch_ls, jl_p_hncha 

nb_ a_h_l[ncih i` moj_lirc^_ ch jf[hnm l_]_cpcha _r]_m-

mcp_ fcabn _h_las [m jbinimshnb_mcm ^_]fch_m oh^_l 

^lioabn mnl_mm ]ih^cncihm (63). Plifch_ cm [h imgifsn_ 

nb[n [fmi b_fjm ch nb_ mn[\cfct[ncih i` mo\]_ffof[l mnlo]-

nol_m (mo]b [m g_g\l[h_m [h^ jlin_chm), nb_ m][p_hacha 

i` `l__ l[^c][fm [h^ nb_ \o``_lcha i` ]_ffof[l l_^ir jin_h-

nc[f oh^_l ^lioabn mnl_mm ]ih^cncihm (64).  

 Dlioabn nif_l[h]_ \l__^cha cm ^c``c]ofn \_][om_ cn 

cm [ ]igjf_r ko[hncn[ncp_ nl[cn qcnb gofncj[ln jb_hi-

nsj_m, cn cm ]ihnliff_^ \s g[hs a_h_m [h^ cn _rbc\cnm mca-

hc`c][hn GEI. Tb_ a_h_nc] p[lc[\cfcns i` ]lijm h_]_mmcn[n_m 

nb_ mno^s i` nl[cnm nb[n ]ihnlc\on_ ni ^lioabn nif_l[h]_ 

[h^ nb_ _rjfil[ncih i` nb_cl a_h_nc] p[lc[ncih (65), nbom 

a_h_nc] p[lc[\cfcns cm _mm_hnc[f `il m_f_]ncih (66). Tb_ b_l-

cn[\f_ j[ln i` nb_ ip_l[ff i\m_lp_^ p[lc[\cfcns ][h \_ 

mno^c_^ omcha p[lc[h]_ ]igjih_hnm, BSH, GA, GAM%, 

GCV% [h^ PCV% j[l[g_n_lm (67). Tb_ ]oll_hn mno^s ^cm-

]ip_l_^ [ bcab a_h_nc] p[lc[h]_ ch ^lioabn nif_l[h]_ `il 

[ff nl[cnm n_mn_^, l_mofncha ch bcab BSH _mncg[ncihm. Tb_ 

bcab a_hinsjc] p[lc[h]_ [h^ BSH _mncg[n_m `il [ff chp_m-

nca[n_^ nl[cnm ch^c][n_ nb[n a_hinsj_m [l_ jlcg[lcfs l_-

mjihmc\f_ `il nb_ `ilg[ncih.g[hc`_mn[ncih i` nb_m_ 

nl[cnm, qcnb _hpclihg_hnm [h^ GY chn_l[]ncih jf[scha [ 

gchil lif_. Tb_             l[nci q[m bcab_l nb[h nb_           l[-

nci ^o_ ni nb_ bcab a_hinsjc] p[lc[h]_ `ioh^ []limm [ff 

nl[cnm. A]]il^cha ni nb_ a_h_nc] mno^s, nb_ a_hinsjc] p[lc-

[h]_ q[m bcab_l nb[h _hpclihg_hn[f p[lc[h]_, f_[^cha ni 

[ bcab               l[nci `il [ff nl[cnm mno^c_^. Scgcf[l l_mofnm 

`il p[lc[h]_ ]igjih_hnm i` ]innih a_hinsj_m q_l_ [fmi 

l_jiln_^ (37, 50, 68-71). 

 Tb_ bcab_mn ^_al__ i` b_lcn[\cfcns ch^c][n_m nb_ 

cgjiln[h]_ i` ]innih a_hinsj_m [h^ nl[cnm mcgofn[h_-

iomfs `il a_hinsj_ ^_p_fijg_hn oh^_l ^lioabn mnl_mm 

]ih^cncihm (37). Tb_ jl_^igch[h]_ i` [^^cncp_ a_h_ []-

ncih ch nb_ _rjl_mmcih i` [ff mno^c_^ nl[cnm [h^ a_hinsj_ 

[\cfcns ni ^lioabn nif_l[h]_ q[m mbiqh \s bcab BSH 

]ig\ch_^ qcnb bcab GA [h^ GAM%, ch^c][ncha nb[n nb_m_ 

nl[cnm q_l_ oh^_l a_h_nc] ]ihnlif [h^ nb_cl cgjiln[h]_ ch 

jlipc^cha [ f[la_ [giohn i` a_h_nc] a[ch [m [h cgjiln[hn 

miol]_ `il nb_ m_f_]ncih i` ^lioabn mnl_mm nif_l[h]_, 

f_[^cha ni _p[fo[ncih [h^ ]b[h]_m i` _``_]ncp_ m_f_]ncih 

i` moj_lcil a_hinsj_ oh^_l ^lioabn mnl_mm ]ih^cncihm. Am 

[ l_mofn, \l__^cha jlial[gg_m qcnbion jlia_hs n_mnm 

][h \_ _gjfis_^ ni cgjlip_ nb_m_ nl[cnm (37, 72). In q[m 

`ioh^ [ mcgcf[l ^_al__ i` b_lcn[\cfcns [h^ a_h_nc] [^-

p[h]_ oh^_l ^lioabn mnl_mm ]ih^cncihm (50, 71, 73). Tb_ 

]ig\ch[ncih i` bcab b_lcn[\cfcns [h^ a_h_nc] [^p[h]_ 

jlipc^_m [ ]f_[l jc]nol_ i` nb_ nl[cnm ch nb_ m_f_]ncih jli-

]_mm (71), cgjfscha nb[n nl[cnm m_f_]ncih qcff \_ om_`of (50) 

[h^ nbom cgjlip_g_hn ch nb_m_ nl[cnm cm fce_fs ni \_ 

[]bc_p_^ nblioab g[mm [h^ jlia_hs m_f_]ncih jli]_mm_m 

(74). 

 Hcab ni gi^_l[n_ p[fo_m i` GCV% [h^ PCV% ]il-

l_mjih^_^ ni bcab BSH _mncg[n_m `il ]innih sc_f^ [h^ 

gimn mno^c_^ nl[cnm, ch^c][ncha nb[n nb_m_ nl[cnm mbiof^ \_ 

m_f_]n_^ ni ^_p_fij ^_mcl[\f_ [h^ [^[jn[\f_ a_hinsj_m 

oh^_l ^lioabn mnl_mm. Liq il t_li DPG p[fo_m cgjfs nb[n 

nb_ _p[fo[n_^ nl[cnm b[p_ fcnnf_ il hi _hpclihg_hn[f cg-

j[]n oh^_l ^lioabn mnl_mm ]ih^cncihm, nb[n nb_cl p[lc[ncih 

cm a_hinsjc] ch h[nol_, [h^ nb[n a_h_m qcnb hih-[^^cncp_ 

a_h_nc] _``_]nm [l_ chpifp_^ ch nb_ _rjl_mmcih i` nb_m_ 

nl[cnm ni ^lioabn nif_l[h]_. Tbom, nb_ a_hinsj_m ][h \_ 

cgjlip_^ [h^ m_f_]n_^ `il nb_m_ nl[cnm ni ^lioabn nif_l-

[h]_. Ihn_l_mnchafs, cn q[m g_hncih_^ mcgcf[l l_mofnm i` 

PCV% [h^ GCV% (39, 50, 73, 75). B_][om_ nb_ p[lc[\cfcns 

ch i\m_lp_^ nl[cnm q[m jlcg[lcfs ^o_ ni a_h_nc] `[]nilm, 

nb_ fiq ^c``_l_h]_m \_nq__h GCV% [h^ PCV% moaa_mn_^ 

nb[n nb_m_ nl[cnm gcabn \_ _gjfis_^ [m m_f_]ncih ]lcn_lc[ 

`il `olnb_l ]lij cgjlip_g_hn (76). Tb_ a_hinsjc] p[lc-

[h]_ q[m bcab_l nb[h nb_ _hpclihg_hn[f p[lc[h]_ ^o_ ni 

nb_ a_hinsj_m oh^_l ^lioabn mnl_mm ]cl]ogmn[h]_m, [m 

ch^c][n_^ \s bcab RCV (>1) `il [ff _r[gch_^ ]b[l[]n_lcm-

nc]m, qbc]b g[s moaa_mn nb[n ^lioabn mnl_mm nif_l[h]_ cm 

b_lcn[\f_. Tb_ bcab a_h_nc] j[l[g_n_lm i` ]innih sc_f^ 

[h^ gimn mno^c_^ nl[cnm ch^c][n_^ nb_m_ a_hinsj_m oh^_l 

^lioabn mnl_mm ]ih^cncihm g[s \_ [ p[fo[\f_ miol]_ i` 

a_h_nc] ^cp_lmcns `il ^lioabn nif_l[h]_, mi nb_l_ cm nb_ 

jl_m_h]_ i` al_[n ijjilnohcns ni m_f_]n [h^ om_ a_hi-

nsj_m ^lioabn-nif_l[hn ch ]innih cgjlip_g_hn jli-

al[gm. In ch^c][n_m nb[n c` nb_m_ nl[cnm [l_ mo\d_]n_^ ni 

[hs m_f_]ncih jli]_^ol_m `il _rjficncha `cr[\f_ a_h_nc] 

p[lc[h]_, [ qc^_fs [^ijn_^ a_hinsj_ ][h \_ ^_p_fij_^ 

oh^_l ^lioabn mnl_mm ]ih^cncihm (11). 

 Pimcncp_ ]ill_f[ncihm \_nq__h nb_ 2 nl[cnm ch^c-

][n_ nb[n m_f_]ncih `il nb_ ch]l_[mcha p[fo_ i` ih_ nl[cn 

qcff f_[^ ni [h ch]l_[m_ ch nb_ p[fo_ i` nb_ inb_l (51). 

Tb_ jimcncp_ [h^ mcahc`c][hn ]ill_f[ncih q[m l_acmn_l_^ 
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[giha m__^ ]innih sc_f^.jf[hn, hog\_l i` ij_h \iffm.

jf[hn, fchn ]innih sc_f^.jf[hn, ]bfilijbsff b, nin[f ]bfi-

lijbsff, ][lin_hic^m [h^ jlifch_. S__^ ]innih sc_f^m.

jf[hn mbiq_^ [ jimcncp_ [mmi]c[ncih qcnb fchn j_l]_hn-

[a_ [h^ ]bfilijbsff a. Tb_m_ `ch^cham moaa_mn_^ nb[n 

nb_m_ nl[cnm b[^ [h cgj[]n ih ]innih sc_f^ oh^_l 

^lioabn mnl_mm [h^ q_l_ cgjiln[hn ni ]ihmc^_l ^olcha 

nb_ m_f_]ncih jli]_mm, [m nb_m_ ]innih sc_f^ ][h \_ cg-

jlip_^ [h^ ch]l_[m_^ \s ch]l_[mcha nb_m_ nl[cnm. Tb_ 

jimcncp_ ]ill_f[ncih `il sc_f^, sc_f^ ]igjih_hnm [h^ 

jbsmcifiac][f nl[cnm b[p_ \__h l_jiln_^ ch m_p_l[f mno^-

c_m (38, 39, 50, 71, 77, 78). Tb_ ]ill_f[ncihm i` nb_m_ 

nl[cnm ch^c][n_^ nb[n nb_cl ^lioabn nif_l[h]_ [\cfcnc_m 

[l_ ]ihnliff_^ \s a_h_m ch fche[a_ ^cm_kocfc\lcog [h^.

il qcnb jf_cinlijc] _``_]nm (15).  

 Fil nb_ joljim_ i` g[chn[chcha [h^ _rjficncha 

a_h_nc] p[lc_ns, nb_ _hncl_ p[lc[h]_ i` nb_ [h[fst_^ p[l-

c[\f_m cm ^cpc^_^ chni PCm. Tb_ `clmn 5 PCm _rnl[]n_^ b[^ 

_ca_hp[fo_m bcab_l nb[h ih_ [h^ ]ihnlc\on_^ 86.98% 

i` nb_ nin[f p[lc[\cfcns `il ]ig\ch_^ ^[n[ i` a_hinsj_m 

[h^ 5 s_[lm ^olcha ^lioabn mnl_mm ]ih^cncihm. Tb_ PC1 

[h^ PC2 []]iohn_^ `il gil_ nb[h 59% i` nb_ nin[f p[lc-

[h]_ i` [ff [h[fst_^ p[lc[\f_m, mi ][h \_ nb_ \[mcm ch 

nb_ q_cabncha i` ^cmnlc\oncih [h^ m_f_]ncih i` a_hi-

nsj_m [h^ mno^c_^ nl[cnm oh^_l ^lioabn mnl_mm ]ih^c-

ncihm. Tb_ l_mofnm i` _ca_hp[fo_m q_l_ ]ihmcmn_hn qcnb 

_[lfc_l mno^c_m (37-39) qbi l_jiln_^ nb[n PC1 [h^ PC2 

]ihnlc\on_^ nb_ bcab_mn p[lc[h]_ jlijilncih oh^_l 

^lioabn ]ih^cncihm qcnb [ p[fo_ i` 64%, 55% [h^ 61% 

i` nb_ nin[f p[lc[\cfcns l_mj_]ncp_fs. Cinnih a_hinsj_m 

[h^ mno^c_^ nl[cnm q_l_ ^cpc^_^ chni 2 ][n_ailc_m ih 

nb_ PC1 [h^ PC2 \[m_^ ih nb_cl jb_hinsjc] mcgcf[lc-

nc_m. Tb_ nl[cnm ]bfilijbsff b, nin[f ]bfilijbsff, fchn ]in-

nih sc_f^.jf[hn, m__^ ]innih sc_f^.jf[hn [h^ jlifch_ 

qcnb G4, G5, G6 [h^ G20 a_hinsj_m, [m q_ff [m ][lin_-

hic^m, hog\_l i` ij_h \iffm.jf[hn [h^ ]bfilijbsff a 

qcnb G17, G19 [h^ G21 a_hinsj_m, [ff ]ihnlc\on_^ mca-

hc`c][hnfs ni PC1 oh^_l ^lioabn mnl_mm ]ih^cncihm. Tb_-

m_ nl[cnm b[p_ [ mnliha jimcncp_ ]ill_f[ncih qcnb nb_m_ 

a_hinsj_m, mbiqcha nb[n nb_s j_l`ilg p_ls q_ff ch 

n_lgm i` sc_f^ [h^ jbsmcifiac][f nl[cnm oh^_l ^lioabn 

mnl_mm. Wbcf_ PC2 q[m l_f[n_^ ni ^cp_lmcns [giha inb_l 

a_hinsj_m ^o_ ni inb_l chp_mnca[n_^ nl[cnm qcnb nb_cl 

jimcncp_ ]ihnlc\oncih. Ihn_l_mnchafs, PC1 [jj_[lm ni 

l_jl_m_hn a_hinsj_m qcnb bcab sc_f^ [h^ jbsmcifiac][f 

nl[cnm [mmi]c[n_^ qcnb ^lioabn nif_l[h]_, \inb i` qbc]b 

[l_ cgjiln[hn `il ch]l_[mcha ]innih sc_f^ oh^_l 

^lioabn mnl_mm. Wb_l_[m PC2 [jj_[lm ni l_jl_m_hn a_h-

insj_m qcnb fiq sc_f^ [h^ jbsmcifiac][f nl[cnm [mmi]c[n-

_^ qcnb ^lioabn m_hmcncpcns. Ih ]innih, ^lioabn-nif_l[hn 

a_hinsj_m ^cmnlc\oncih [h^ fi][ncih [l_ ]fim_ ni mno^-

c_^ j[l[g_n_lm p_]nilm, ch^c][ncha biq nb_m_ a_hi-

nsj_m l_mjih^ ni mno^c_^ p[lc[\f_m (37). Tb_ l_mofnm i` 

PCA [h[fsmcm ]ih`clg_^ ]ill_f[ncih ]i_``c]c_hn l_mofnm 

[giha mno^c_^ nl[cnm [h^ ]fomn_l [h[fsmcm l_mofnm `il 

]innih a_hinsj_m oh^_l ^lioabn mnl_mm ]ih^cncihm. Tb_ 

m[g_ nl_h^ i` l_mofnm ch ]innih b[m \__h l_jiln_^ _[l-

fc_l (51).  

 

Con]luscon 

Dolcha ^lioabn mnl_mm ]ih^cncihm, nb_ AMMI [h[fsmcm i` 

p[lc[h]_ l_p_[f_^ mcahc`c][hn p[lc[\cfcns ^o_ ni nb_ _`-

`_]nm i` a_hinsj_m, s_[lm [h^ GY chn_l[]ncih ih ]innih 

sc_f^, gimn sc_f^ ]igjih_hnm [h^ jbsmcifiac][f j[l[g-

_n_lm. Tbcm moaa_mnm nb[n nb_ a_h_nc] p[lc[ncihm \_nq__h 

nb_m_ a_hinsj_m q_l_ f[la_ _hioab ni mo]]_mm`offs m_-

f_]n [a[chmn ^lioabn mnl_mm. Tb_ bcab a_h_nc] j[l[g_n_lm 

i` ]innih sc_f^ [h^ gimn g_[mol_^ nl[cnm moaa_mn_^ nb[n 

nb_m_ a_hinsj_m oh^_l ^lioabn mnl_mm ]iof^ \_ [ lc]b 

miol]_ i` a_h_nc] ^cp_lmcns `il ^lioabn nif_l[h]_ [h^ 

jlipc^_ [ mcahc`c][hn ijjilnohcns ni m_f_]n [h^ _rjficn 

^lioabn-nif_l[hn a_hinsj_m. Cinnih sc_f^ [h^ gimn 

mno^c_^ nl[cnm ^cmjf[s_^ jimcncp_ [h^ mcahc`c][hn ]ill_f[-

ncih, ch^c][ncha nb_m_ nl[cnm ][h \_ om_^ [m ^cl_]n m_f_]-

ncih ]lcn_lc[ ni cgjlip_ ]innih sc_f^ oh^_l ^lioabn 

mnl_mm ]ih^cncihm. PCA [h^ ]fomn_l [h[fsmcm ]iof^ \_ 

om_^ [m mocn[\f_ g_nbi^m `il mno^scha nb_ ^lioabn nif-

_l[h]_ g_]b[hcmgm ch ]innih [h^ q_l_ om_`of ch c^_hnc-

`scha nb_ G20, G19, G5, G4 [h^ G21 a_hinsj_m b[p_ [ 

boa_ jin_hnc[f `il bcab sc_f^cha [h^ ^lioabn nif_l[hn, [m 

nb_ sc_f^ ]igjih_hnm [h^ jbsmcifiac][f nl[cnm b[^ [ mca-

hc`c][hn b_lcn[\cfcns, qbc]b ][h \_ oncfct_^ [m [ miol]_ 

`il ^lioabn nif_l[h]_ ch `onol_ \l__^cha jlial[gm ni 

^_p_fij [ om_`of a_hinsj_ ni _h]iohn_l nb_ ]fcg[n_ 

]b[ha_ m]_h[lci ch Easjn. 

 

A]knowl_^a_m_nts 

Tbcm l_m_[l]b l_]_cp_^ hi mj_]c`c] al[hn `lig [hs `oh^-
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