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A\str[]t  

Tbcm _rj_lcg_hn [cg_^ ni _p[fo[n_ ko[hncn[ncp_ [h^ ko[fcn[ncp_ ]b[l[]n_lcm-

nc]m, nif_l[h]_ ni q[n_l ^_`c]cn, [h^ mn[\cfcns i` qbcn_ moa[l ch moa[l \__n ]of-

ncp[lm. Tb_ _rj_lcg_hn[f ^_mcah q[m [ mjfcn jfin \[m_^ ih [ l[h^igct_^ 

]igjf_n_ \fi]e ^_mcah qcnb nbl__ l_jfc][ncihm, qb_l_ nb_ cllca[ncih f_p_fm 

(hilg[f [h^ q[n_l mbiln[a_) q_l_ [mmcah_^ ni nb_ g[ch jfinm [h^ 18 moa[l 

\__n ]ofncp[lm q_l_ [mmcah_^ ni nb_ mo\jfinm. Tb_ l_mofn l_p_[f_^ nb[n P[fg[ 

[]bc_p_^ nb_ g[rcgog liin [h^ qbcn_ moa[l sc_f^ oh^_l hilg[f [h^ q[n_l 

^_`c]cn; `olnb_lgil_, nb_ bcab_mn ch^c]_m i` YP, YS, MP, STI, HM, YI, DI, REI [h^ 

MRP \_fiha_^ ni nb_ P[fg[ ]ofncp[l. Tb_ l_mofnm i` nb_ AMMI [h[fsmcm \[m_^ 

ih qbcn_ moa[l sc_f^ mbiq_^ nb[n nb_ [^^cncp_ _ff_]nm i` a_hinsj_ [h^ _hpc-

lihg_hn [h^ nb_ gofncjfc][ncp_ _ff_]n i` G×E []]iohn_^ `il 75.52, 17.05 [h^ 

6.76 % i` nb_ nin[f ^[n[ p[lc[h]_. B[m_^ ih AMMI mn[\cfcns p[fo_, nb_ D_fn[, 

P[lm, P[s[ [h^ Nipi^ili ]ofncp[lm q_l_ l_]iahct_^ [m mn[\f_ p[lc_nc_m. Afmi, 

nb_ `clmn 2 mcahc`c][hn ]igjih_hnm i` nb_ chn_l[]ncih _ff_]n (G×E) []]iohn_^ 

`il 99.12 % i` chn_l[]ncih _ff_]nm p[lc[ncih. B[m_^ ih nb_ \cjfin l_mofnm i` nb_ 

`clmn 2 mcahc`c][hn ]igjih_hnm [a[chmn qbcn_ moa[l sc_f^, At[l_ [h^ M_l[e 

q_l_ nb_ [jjlijlc[n_ ]ofncp[lm. Fch[ffs, B[m_^ ih nb_ gofnc-nl[cn mn[\cfcns 

ch^_r, At[l[, Nipi^ili [h^ M_l[e ]ofncp[lm q_l_ m_f_]n_^ [m mn[\f_ a_hi-

nsj_m. Ih 2 s_[lm [h^ 2 ]ih^cncihm, nb_ P[fg[ ]ofncp[l q[m c^_hnc`c_^ [m [ ]of-

ncp[l qcnb bcab sc_f^ [h^ ^lioabn nif_l[h]_ [h^ fiq mn[\cfcns [h^ nb_ M_l[e 

]ofncp[l q[m c^_hnc`c_^ [m [ ]ofncp[l qcnb qbcn_ moa[l sc_f^ [h^ []]_jn[\f_ 

mn[\cfcns.   

 

K_ywor^s  

AMMI [h[fsmcm; ^lioabn; MTSI ch^_r; p[lc_ns; moa[l \__n  

 

Intro^u]tcon  

Soa[l \__n (Beta vulgaris L.) cm [h _mm_hnc[f ]lij nb[n cm mif_fs om_^ `il moa[l 

jli^o]ncih (1). Tb_ afi\[f moa[l jli^o]ncih ch 2020-21 q[m [lioh^ 181 gcf-

fcih nihm, qcnb moa[l \__n []]iohncha `il [jjlircg[n_fs 26 % (2). Tb_ moa[l 

ch^omnls om_m [h _mncg[n_^ 278 gcffcih nihm i` moa[l \__n [hho[ffs (3). 

 Dlioabn cm nb_ gimn mcahc`c][hn [\cinc] mnl_mm nb[n cgj[]nm ]lij jli-

^o]ncih. Dlioabn m_lciomfs nbl_[n_hm [alc]ofnol_ \s l_^o]cha ]lij jli^o]-

ncih (4). Tb_ ch]l_[mcha ^lioabn mnl_mm qcff l_mofn ch [ q[n_l mbiln[a_ `il ip_l 

50 % i` afi\[f [alc]ofnol[f f[h^ \s 2050 (5). Tb_l_`il_, ^_[fcha qcnb q[n_l 

mnl_mm b[m \_]ig_ [ g[dil ]b[ff_ha_ l_]_hnfs (6).  
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EBRAHIMI  ET AL   2  

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

 Tb_ _]ihigc] sc_f^ i` moa[l \__n cm l_^o]_^ ^o_ ni 

gif_]of[l, \ci]b_gc][f, jbsmcifiac][f, giljbifiac][f [h^ 

_]ifiac][f ^cmnol\[h]_m oh^_l q[n_l ^_`c]cn ]ih^cncihm (1, 

7). Tb_l_`il_, mj_]c[f [nn_hncih mbiof^ \_ j[c^ ni nbcm cmmo_ 

mi nb[n nb_ ko[hncn[ncp_ [h^ ko[fcn[ncp_ i` moa[l \__nm [l_ 

hin h_a[ncp_fs [ff_]n_^ oh^_lq[n_l mnl_mm ]ih^cncihm; ih_ 

i` nb_ q[sm ni ^_[f qcnb q[n_l mnl_mm ch \__nm cm nb_ jli^o]-

ncih [h^ om_ i` ^lioabn-nif_l[hn ]ofncp[lm (8).  

 G_h_nc] ^cp_lmcns \_h_`cnm ]lij cgjlip_g_hn jli-

al[gm, j[lnc]of[lfs qcnb mnl_mm-nif_l[hn ]ofncp[lm (9). Tb_ 

a_h_nc] jin_hnc[f i` mnl_mm-nif_l[hn \__n p[lc_nc_m [ffiqm 

nb_g ni g[chn[ch aliqnb oh^_l mnl_mm ]ih^cncihm (10). V[l-

ciom mno^c_m b[p_ chp_mnca[n_^ nb_ l_mjihm_ i` ^cff_l_hn 

moa[l \__n a_hinsj_m ni q[n_l ^_`c]cn mnl_mm (11, 12). 

 Ep[fo[ncih i` nb_ [^[jn[\cfcns [h^ mn[\cfcns i` ]ofnc-

p[l jli^o]ncih oh^_l ^cff_l_hn _hpclihg_hn[f ]ih^cncihm cm 

j[lnc]of[lfs cgjiln[hn ch \l__^cha jlial[gm. Do_ ni nb_ 

^cff_l_hn l_mjihm_m i` nb_ ]ofncp[lm ni _hpclihg_hn[f 

]b[ha_m, nb_cl j_l`ilg[h]_ p[lc_m `lig ih_ _hpclihg_hn 

ni [hinb_l. Tsjc][ffs, _[]b a_hinsj_ b[m nb_ g[rcgog 

jli^o]ncih jin_hnc[f ch [ j[lnc]of[l _hpclihg_hn; biq_p-

_l, I^_hnc`scha a_hinsj_m qcnb []]_jn[\f_ j_l`ilg[h]_ ch 

[ff _hpclihg_hnm ][h \_ []bc_p_^ \s _p[fo[ncha nb_ [^[jn-

[\cfcns [h^ mn[\cfcns i` ]ofncp[lm ch p[lciom _hpclihg_hnm, 

Onb_l mn[ncmnc][f g_nbi^m, mo]b [m AMMI [h^ GGE-\cjfin, 

b[p_ [fmi \__h qc^_fs om_^ (13).  

 Tb_ AMMI g_nbi^ cm [ gofncp[lc[n_ mn[ncmnc][f g_nb-

i^ nb[n domnc`c_m nb_ ]ogof[ncp_ _ff_]nm i` a_hinsj_, _hpc-

lihg_hn [h^ G×E gofncjfc][ncp_ _ff_]nm [h^ jlij_lfs chn_l-

jl_nm G×E chn_l[]ncih (14). Tb_ GGE-\cjfin g_nbi^ al[jb-

c][ffs cffomnl[n_m nb_ G × E chn_l[]ncih ni b_fj \l__^_lm 

]b_]e a_hinsj_m' mn[\cfcns [h^ ]ig\ch_m mn[\cfcns qcnb 

a_hinsj_m' j_l`ilg[h]_ ch ^cff_l_hn _hpclihg_hnm. In [fmi 

_p[fo[n_m nb_ l_f[ncihmbcj [giha _hpclihg_hnm ni c^_hnc`s 

n[la_n _hpclihg_hnm ch \l__^cha jlial[gg_m (13).  

 AMMI [h^ GGE-\cjfin g_nbi^ ni c^_hnc`s [h^ chnli-

^o]_ mn[\f_ a_hinsj_m i` moa[l \__n ch nb_ _[lfc_l mno^c_m 

b[p_ \__h om_^ (10-12, 15, 16). 

 Tb_ mno^s n_mn_^ ]igg_l]c[f [h^ Il[hc[h moa[l 

\__nm `il ^lioabn nif_l[h]_ [h^ c^_hnc`c_^ nb_ gimn jli-

^o]ncp_ [h^ mn[\f_ ]ofncp[l. AMMI, GGE [h^ Mofnc-nl[cn mn[-

\cfcns ch^_r (MTSI) g_nbi^m q_l_ om_^ ni chp_mnca[n_ qbcn_ 

moa[l sc_f^ mn[\cfcns ch 2 s_[lm [h^ ]ih^cncihm. Tb_ g_nb-

i^m g_hncih_^ ni c^_hnc`s mn[\f_ moa[l \__n ]ofncp[lm ch nb_ 

nin[f i` 2 ]ih^cncihm i` hilg[f cllca[ncih [h^ q[n_l mbiln-

[a_ mnl_mm b[p_ l[l_fs \__h ^ih_. Tb_l_`il_, nbcm l_m_[l]b 

q[m ^_mcah_^ [h^ cgjf_g_hn_^ ni _p[fo[n_ moa[l \__n 

]ofncp[lm `il mig_ \ci]b_gc][f [h^ [alihigc] nl[cnm oh^_l 

^lioabn mnl_mm.   

 

M[t_rc[ls [n^ M_tbo^s 

Plant materials       

Tbcm _rj_lcg_hn _r[gch_^ 18 moa[l \__n (Beta vulgaris L.) 

]ofncp[lm (6 Il[hc[h [h^ 12 `il_cah) (T[\f_. 1) oh^_l hilg[f 

cllca[ncih ]ih^cncihm [h^ q[n_l mbiln[a_ mnl_mm.  

Drought test        

Tbcm _rj_lcg_hn q[m ][llc_^ ion ch nb_ 2020-2021 ]lij s_[l 

[n nb_ Aalc]ofnol[f R_m_[l]b [h^ N[nol[f R_miol]_m C_hn_l 

i` nb_ W_mn_lh At_l\[cd[h Plipch]_, Mc[h^i[\ Aalc]ofnol[f 

R_m_[l]b Sn[ncih. Tb_ mn[ncih cm fi][n_^ 5 eg hilnbq_mn i` 

nb_ ]cns ch [ a_ial[jbc][f fi][ncih i` 46º90ʹE [h^ 36º58ʹN 

[h^ 1314 g [\ip_ m_[ f_p_f. Tb_ _rj_lcg_hn[f ^_mcah ]ih-

mcmn_^ i` [ mjfcn jfin qcnb nbl__ l_jfc][ncihm \[m_^ ih [ l[h-

^igct_^ ]igjf_n_ \fi]e ^_mcah. Tb_ g[ch jfinm q_l_ ^_m-

cah[n_^ ni cllca[ncih f_p_fm (hih-mnl_mm [h^ q[n_l mbiln[a_ 

mnl_mm), qbcf_ nb_ mo\-jfinm q_l_ ^_mcah[n_^ ni 18 moa[l 

\__n ]ofncp[lm. 

 Sol`[]_ jfiqcha, ^cm]cha, f_p_fcha, fch_ ^l[qcha [h^ 
jf[hncha liq jl_j[l[ncih (omcha [ ]bcjj_l) q_l_ j[ln i` nb_ 

mjlcha `c_f^ jl_j[l[ncih ij_l[ncihm, ^cmnlc\oncha nb_ h_]_m-

m[ls `_lncfct_lm q[m ^ih_ \[m_^ ih micf [h[fsmcm l_mofnm; []-

]il^chafs, 220 ea b[-1 ol_[ `_lncfct_l ^olcha 3 mn[a_m [h^ 

130 ea b[-1 nlcjf_ moj_ljbimjb[n_ [h^ 100 ea b[-1 jin[mmc-

og mof`[n_ [n nb_ m[g_ ncg_ [m nb_ `[ff jfiqcha q[m acp_h 

ni nb_ `c_f^. Ih _[]b jfin, nb_l_ q_l_ 3 jf[hncha liqm qcnb [ 

f_hanb i` 8 g; Tb_ mj[]cha \_nq__h nb_ jf[hncha liqm [h^ 

jf[hnm ch nb_ liq q[m 50 [h^ 20 ]g l_mj_]ncp_fs. Tb_ jf[hn-

cha q[m ]igjf_n_^ ch f[n_ Ajlcf. 

 Sch]_ moa[l \__n cm m_hmcncp_ ni q[n_l mnl_mm [n nb_ 

a_lgch[ncih [h^ \_achhcha i` cnm aliqnb, ch nb_ a_lgch[-

ncih mn[a_, ohncf nb_ ]igjf_n_ _mn[\fcmbg_hn i` nb_ jf[hn (8

-f_[` mn[a_), moffc]c_hn cllca[ncih `il [ff nl_[ng_hnm q[m j_l-

`ilg_^ (ih]_ [ q__e). Illca[ncih q[m ][llc_^ ion omcha [ 

jl_mmol_ msmn_g, [ bim_ [h^ [ g_n_l. Ih mo\m_ko_hn cllca[-

ncihm, ni [jjfs mnl_mm, cllca[ncih q[m ][llc_^ ion [ft_l 120 

gg _p[jil[ncih `lig nb_ ]f[mm A _p[jil[ncih j[h, qbc]b 

ch nb_ hilg[f mn[n_ cm [jjlircg[n_fs 60 gg (17). Tb_n[ 

jli\_m g_[mol_^ micf gicmnol_ ]ihn_hn ]b[ha_m (SM300 

Ris[f Ecde_fe[gj, nb_ N_nb_lf[h^m). 

Measured traits        

Prolcn_ Estcm[tcon        

Tb_ ]ih]_hnl[ncih i` jlifch_ q[m [h[fst_^ ch `l_mb f_[p_m 

\s n[echa 100 ga `lig `offs _rj[h^_^ f_[p_m. Ti bigia_-

hct_ nb_ m[gjf_m, 10 gL i` 3 % mof`im[fc]sfc] []c^ q[m om_^ 

[h^ nb_h m[gjf_m q_l_ `cfn_l_^ nblioab `cfn_l j[j_l. Ih [ 

n_mn no\_, [ ]ig\ch[ncih i` 2 gL i` nb_ moj_lh[n[hn, 2 gL 

i` af[]c[f []_nc] []c^, [h^ 2 gL i` []c^ hchbs^lch q[m jl_-

j[l_^. Tb_ gcrnol_ q[m nb_h b_[n_^ [n [ n_gj_l[nol_ i` 

100 °C `il [h b [h^ f[n_l nl[hm`_ll_^ ni [h c]_ \[nb. Ih nb_ 

Comp[ny Cultcv[r No. Comp[ny Cultcv[r No. 

SBSI Sblc` 10 KWS L[_ncnc[ 1 

SBSI Sbieii`[ 11 KWS Im[\_ff[ 2 

D_mjl_t Mol[cff_ 12 Ssha_hn[ Dilinb_[ 3 

D_mjl_t Rimcl_ 13 Ssha_hn[ Nipi^ili 4 

S_mp^b At[l_ 14 Snlo\_ M_l[e 5 

S_mp^b D_fn[ 15 SBSI Ee\[n[h 6 

M[lc\i M[h^[lch 16 SBSI P[s[ 7 

M[lc\i P[fg[ 17 SBSI P[lm 8 

M[lc\i Ffil_m 18 SBSI Als[ 9 

T[\l_ 1. Tb_ fcmn i` [mm_mm_^ moa[l \__n ]ofncp[lm.   
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h_rn mn_j, 4 gL i` nifo_h_ q[m om_^ ni _rnl[]n nb_ gcrnol_m 

[h^ nb_ gcrnol_ q[m piln_r_^ `il 15-20 m_]. Tb_ nifo_h_-

]ihn[chcha ]bligijbil_ q[m g_[mol_^ [n 520 hg omcha [ 

mj_]nlijbinig_n_l qcnb nifo_h_ [m [ l_`_l_h]_. Plifch_ 

]ihn_hn q[m g_[mol_^ omcha [ mn[h^[l^ ]olp_ [h^ l_jiln-

_^ [m µgif a-1 `l_mb q_cabn (18). 

R_l[tcv_ W[t_r Cont_nt (RWC %)          

Ti ^_n_lgch_ nb_ `l_mb q_cabn, 10 ^cm]m i` moa[l \__n 

f_[p_m qcnb [ ^c[g_n_l i` 1 ]g q_l_ ^cmncff_^ q[n_l [n 25 °C 

`il 4 b ni ^_n_lgch_ nb_ nolac^ q_cabn (TW). Ti ^_n_lgch_ 

nb_ ^ls q_cabn (DW), nb_ m[gjf_ q[m jf[]_^ ch [ bin-[cl 

ip_h [n 80 °C `il 24 b. Ti ^_n_lgch_ nb_ l_f[ncp_ q[n_l ]ih-

n_hn (RWC), nb_ `iffiqcha jli]_^ol_ q[m ][llc_^ ion: 

 RWC % = (FW − DW)/(TW − DW) × 100 ..............(1)  

 qb_l_ `l_mb q_cabn (FW); ^ls q_cabn (DW); nolac^ 

q_cabn (TW) (19). 

Enzyme assay        

 Plin_ch _rnl[]ncih q[m ][llc_^ ion omcha `lit_h moa[l \__n 

f_[p_m. Fil nbcm joljim_, 0.5 a i` `lit_h f_[p_m q_l_ alioh^ 

ch fckoc^ hcnlia_h. Ti _rnl[]n jlin_ch, [ 3 gL \off_l q[m 

om_^ nb[n ]ihn[ch_^ 50 gM K-jbimjb[n_ \off_l (qcnb [ jH 

i` 7.0), 2 gM EDTA, 20 gM [m]il\[n_, [h^ 0.1 % (p/p) Tlc-

nih X-100 `il ][n[f[m_ (CAT). Ti g_[mol_ moj_lirc^_ ^cm-

gon[m_ (SOD) []ncpcns, [ mifoncih ]ihn[chcha 100 gM K-

jbimjb[n_ \off_l (jH 7.8), 0.1 gM EDTA, 14 gM 2-

g_l][jni_nb[hif [h^ 0.1 % (p/p) Tlcnih X-100 q[m oncfct_^. 

Tb_ gcrnol_ oh^_lq_hn ]_hnlc`oa[ncih [n 15000× a (4 °C) 

`il 15 gch. Tb_ CAT []ncpcns q[m g_[mol_^ [n 240 hg omcha 

[ mj_]nlijbinig_n_l \[m_^ ih nb_ l[n_ i` H2O2 om[a_ ch 

hgif j_l gch j_l ga i` jlin_ch. Tb_ SOD []ncpcns q[m 

g_[mol_^ \s ^_n_lgchcha nb_ _htsg_'m [\cfcns ni chbc\cn 

nb_ jbini]b_gc][f l_^o]ncih i` hcnli\fo_ n_nl[tifcog 

(NBT) chni \fo_ `ilg[t[h. Tb_ l_mofnm q_l_ l_]il^_^ [n 560 

hg [m hgif gch-1 ga jlin_ch-1(20). 

 Tb_ []ncpcns i` P_lirc^[m_ (POX) q[m g_[mol_^ ch [ 

3 gL mifoncih i` N[-jbimjb[n_ \off_l (50 gM, jH 7.8), 

qbc]b ]ihn[ch_^ 30 % H2O2 (4.51 µL), ao[c[]if (3.35 µL) 

[h^ _htsg_ _rnl[]n (50 μL), nb_ ^_]fch_ ch [\mil\[h]_ iq-

cha ni nb_ ^_al[^[ncih i` H2O2 gif_]of_m q[m gihcnil_^ 

omcha [ mj_]nlijbinig_n_l (470 hg) `il P_lirc^[m_ _mnc-

g[ncih (21). 

Drought tolerance indicators         

Ih iol _rj_lcg_hn, % i` sc_f^ l_^o]ncih (PYR), M_[h 

jli^o]ncpcns (MP) (22), G_ig_nlc] g_[h jli^o]ncpcns (GMP) 

(23), Snl_mm nif_l[h]_ ch^_r (STI) (23), H[lgihc]g_[hch^_r 

(HM) (23), Yc_f^ ch^_r (YI) (24), Dlioabn ch^_r (DI) (25), Tif-

_l[h]_ ch^_r (TOL) (22), Snl_mm mom]_jnc\cfcns ch^_r (SSI) 

(26), Snl_mm mom]_jnc\cfcns j_l]_hn[a_ ch^_r (SSPI) (27), 

Yc_f^ mn[\cfcns ch^_r (YSI) (28), R_f[ncp_ ^lioabn ch^_r (RDI) 

(29), R_f[ncp_ _ffc]c_h]s ch^_r (REI) (30) [h^ M_[h l_f[ncp_ 

j_l`ilg[h]_ (MRP) (30) q_l_ g_[mol_^ [m ^lioabn nif_l-

[h]_ ch^c][nilm.  

Measurement of quantitative and qualitative character-

istics       

Soa[l \__nm q_l_ b[lp_mn_^ [n BGS 49, 180 ^[sm jimn-

m__^cha. Pf[hnm q_l_ ]iff_]n_^, ]iohn_^ [h^ q_cab_^. 

Tb_ liinm q_l_ q[mb_^ [h^ jofj m[gjf_m q_l_ jl_j[l_^ 

l[h^igfs.  

SBSI'm Soa[l T_]bhifias L[\ ch K[l[d [h[fst_^ jofj m[g-

jf_m. 

Tb_ `lit_h m[gjf_m q_l_ nb[q_^ [h^ \f_h^_^ qcnb 177 gL 
i` f_[^ (II) bs^lirc^_ []_n[n_ `il nbl__ gchon_m ni []bc_p_ 

nbcm.  

Tb_ `cfn_l_^ mifoncih cm om_^ ch B_n[fsmcm ni [h[fst_ moa[l 

\__n ko[fcns. 

Tbcm msmn_g g_[mol_^ nb_ % i` moa[l, [m q_ff [m nb_ ]ih-

n_hn i` mi^cog, [fjb[-[gchi hcnlia_h [h^ jin[mmcog. 

 Aft_l ^_n_lgchcha nb_ moa[l hcnlia_h ([fjb[-[gchi 

N), mi^cog (N[) [h^ jin[mmcog (K) ]ihn_hnm,  nb_ inb_l 

mno^c_^ nl[cnm q_l_ _mncg[n_^ [m `iffiqm:  

MS    = 0.0343(K +N[) +0.094 (N) - 0.31................(2) 

WSC = SC - (MS+0.6).............................................(3). 

ALC  = (K +N[)/ (N)................................................(4) 

WSY =  WSC × RY....................................................(5) 

qb_l_ SC cm nb_ moa[l ]ihn_hn, MS cm nb_ gif[mm_m moa[l 

j_l]_hn[a_, ALC cm [fe[fchcns [h^ WSC cm nb_ qbcn_ moa[l 

]ihn_hn. 

Statistical analysis        

B[lnf_nn’m n_mn q[m om_^ ni ]b_]e nb_ bigia_h_cns i` nb_ 

p[lc[h]_m i` _rj_lcg_hn[f _llilm. Aft_l ]ih`clgcha nb_ bi-

gia_h_cns i` _llil p[lc[h]_ `il _[]b nl[cn, [ ]ig\ch_^ p[l-

c[h]_ [h[fsmcm q[m ][llc_^ ion. Tb_ [h[fsmcm i` p[lc[h]_ 

(ANOVA) [h^ nb_ g_[h ]igj[lcmih (nb_ f_[mn mcahc`c][hn 

^_`_l_h]_  (LSD) [n 5 % jli\[\cfcns f_p_f) i` nb_ _rj_lcg_hn 

q_l_ j_l`ilg_^ \s nb_ miftq[l_ SAS, p_lmcih 9.4 (SAS Ihmnc-

non_ Ih]., USA).  

 Wbcn_ Soa[l \__n sc_f^ ^_j_h^m ih liin q_cabn [h^ 

moa[l ]ihn_hn. 

 Tb_l_`il_, \_][om_ i` nb_ cgjiln[h]_ i` moa[l sc_f^ 

[m nb_ g[ch ]lcn_lcih ni ^cmnchaocmb moa[l \__n ]ofncp[lm, 

gofncp[lc[n_ mn[\cfcns [h[fsmcm q[m j_l`ilg_^ al[jbc][ffs 

\[m_^ ih GGE \cjfin `il nbcm nl[cn omcha GGE \cjfin miftq[l_ 

[h^ AMMI [h[fsmcm \s GEA-R (p. 4.0, CIMMYT, M_rc]i). Tb_ 

AMMI mn[\cfcns p[fo_ (ASV) q[m ][f]of[n_^ \[m_^ ih nb_ 

`ilgof[ (31) [m `iffiqm: 

 

ASV =  

............(6) 
 

Wb_l_ SS cm nb_ mog i` mko[l_m i` IPCA1 [h^ IPCA2, IPC1 

[h^ IPC2 [l_ nb_ m]il_m i` nb_ cnb a_hinsj_ ih nb_ `clmn [h^ 

m_]ih^ jlch]cj[f ]igjih_hnm l_mj_]ncp_fs.   

 Ti _mncg[n_ nb_ g_[h sc_f^ [h^ mcgofn[h_iom mn[-
\cfcns i` RY, SY, WSY, SC, WSC, K+, N[+, N, MS [h^ ECS, nb_ 

MSTI ch^_r q[m ]igjon_^ \[m_^ ih _ko[ncih 7 (32).  

 

 

Wb_l_ ? cm nb_ gofnc-nl[cn mn[\cfcns ch^_r i` a_hinsj_ c,         

cm nb_ m]il_ i` a_hinsj_ c ch `[]nil d, [h^        cm nb_ 

m]il_ i` nb_ c^_[f a_hinsj_ ch `[]nil d.   
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R_sults  

Tb_ l_mofnm i` ]igjimcn_ p[lc[h]_ [h[fsmcm i` nb_ ^[n[ 

mbiq_^ nb[n ch \inb hilg[f cllca[ncih ]ih^cncihm [h^ q[-

n_l ^_`c]cn mnl_mm, nb_ ^cff_l_h]_ \_nq__h 18 moa[l \__n 

(Beta vulgaris L.) ]ofncp[lm ch n_lgm i` nb_ _r[gch_^ nl[cnm 

q_l_ mcahc`c][hn [n nb_ jli\[\cfcns i` 1 % (T[\f_ 2). 

 R_mofnm mbiq_^ nb[n nb_ P[fg[ ]ofncp[l jli^o]_^ 
nb_ bcab_mn liin sc_f^ oh^_l hilg[f cllca[ncih ]ih^cncihm 
(115.47 n.b[-1) [h^ ^lioabn mnl_mm (77.74 n.b[-1). Ih ]igj[lc-
mih, nb_ fiq_mn liin sc_f^ oh^_l hilg[f (36.95 n.b[-1) [h^ 
^lioabn mnl_mm (19.8 n.b[-1) q_l_ l_]il^_^ `il nb_ Sb[lc` 
p[lc_ns (Sojjf_g_hn[ls T[\f_ 1.). 

 Tb_ g_[h ]igj[lcmih i` ]ofncp[lm l_a[l^cha moa[l 
]ihn_hn mbiq_^ nb[n Im[\_ff[ b[^ nb_ bcab_mn moa[l ]ih-
n_hn oh^_l hilg[f cllca[ncih ]ih^cncihm (21.6 %) [h^ 
^lioabn mnl_mm (22.4 %). Cofncp[l Sb[lc` oh^_l hilg[f cllc-
a[ncih ]ih^cncihm (14.7 %) [h^ Sbieii`[ (17.2 %) oh^_l-
q[n_l mnl_mm ]ih^cncihm []bc_p_^ nb_ f_[mn moa[l ]ihn_hn. 

 Tb_ bcab_mn moa[l sc_f^ oh^_l hih-mnl_mm [h^ cllca[-
ncih mbiln[a_ ]ih^cncihm q[m [mmcah_^ ni P[fg[ (21.51 n.b[
-1) [h^ M_l[e ]ofncp[lm (15.16 n b[-1) l_mj_]ncp_fs. Uh^_l 
hilg[f cllca[ncih ]ih^cncihm (5.40 n.b[-1) [h^ q[n_l ^_`c]cn 
(3.70 n b[-1), nb_ Sb[lc` ]ofncp[l jli^o]_^ nb_ fiq_mn moa[l 
sc_f^ (Sojjf_g_hn[ls T[\f_ 1.). 

 Ih nb_ jl_m_hn mno^s, nb_ Mol[cff_ ]ofncp[l oh^_l 
hilg[f cllca[ncih ]ih^cncihm (19.40 %) [h^ nb_ Nipi^ili 
]ofncp[l oh^_lq[n_l mnl_mm ]ih^cncihm (19.80 %) []bc_p_^ 
nb_ `clmn l[he ch n_lgm i` qbcn_ moa[l ]ihn_hn. Tb_ [n-

nlc\on_'m fiq_mn p[fo_ oh^_l hilg[f cllca[ncih [h^ q[n_l 
mnl_mm ]ih^cncihm q[m [mmcah_^ ni Sb[lc` (11.00 %) [h^  
Sbieii`[ (12.80 %) ]ofncp[lm (Sojjf_g_hn[ls T[\f_ 1.).).   

 Tb_ bcab_mn qbcn_ moa[l sc_f^ oh^_l hilg[f cllca[-

ncih (18.63 n b[-1) [h^ ^lioabn mnl_mm (14.11 n.b[-1) q_l_ 

i\n[ch_^ `lig nb_ P[fg[ ]ofncp[l. Tb_ Sb[lc` ]ofncp[l b[^ 

nb_ fiq_mn oh^_l hilg[f cllca[ncih (4.00 n.b[-1) [h^ q[n_l 

mnl_mm (3.10 n.b[-1) (Sojjf_g_hn[ls T[\f_ 1.). 

 Tb_ 2 ]ofncp[lm, M[h^[lch [h^ Mol[cff_, oh^_l hil-

g[f cllca[ncih (90.60 [h^ 91.20 %, l_mj_]ncp_fs) ]ih^cncihm 

[h^ nb_ P[fg[ ]ofncp[l oh^_l ^lioabn mnl_mm (98.79 %) b[^ 

nb_ g[rcgog moa[l _rnl[]ncih ]i_ffc]c_hn; nb_ fiq_mn ih_ 

oh^_l hilg[f cllca[ncih [h^ ^lioabn mnl_mm ]ih^cncihm q[m 

l_f[n_^ ni Sbieii`[ (70.70 %) [h^ Alc[ (62.90 %) ]ofncp[lm 

(Sojjf_g_hn[ls T[\f_ 1.).   

Agiha nb_ _r[gch_^ ]ofncp[lm, Sb[lc`, oh^_l hilg[f cllca[-

ncih ]ih^cncihm (5.1 %) [h^ M[h^[lch, oh^_l ^lioabn mnl_mm 

]ih^cncihm (2.74 %), jli^o]_^ nb_ g[rcgog [giohn i` 

gif[mm_m. Tb_ fiq_mn gif[mm_m ]ihn_hn oh^_l hilg[f cllc-

a[ncih ]ih^cncihm (1.80 %) [h^ ^lioabn mnl_mm (1.90 %)  q[m 

l_f[n_^ ni Dilinb_[ (Sojjf_g_hn[ls T[\f_ 1.). 

 Tb_ l_mofnm mbiq_^ nb[n nb_ g[rcgog l_f[ncp_ q[-
n_l ]ihn_hn oh^_l hilg[f cllca[ncih ]ih^cncihm q[m [m-
mcah_^ ni nb_ P[fg[ ]ofncp[l (90.68 %) [h^ oh^_lq[n_l 
^_`c]cn mnl_mm ni nb_ Dilinb_[ ]ofncp[l (84.00 %). Sb[lc` ]of-
ncp[l oh^_l hilg[f cllca[ncih ]ih^cncihm (74.40 %) [h^ P[lm 
]ofncp[l oh^_l ^lioabn mnl_mm ]ih^cncihm (73.40 %) mbiq_^ 
nb_ fiq_mn l_f[ncp_ q[n_l ]ihn_hn (Sojjf_g_hn[ls T[\f_ 1.). 

    Root yc_l^ Sua[r ]ont_nt Sua[r yc_l^ 
Wbct_ Sua[r   

]ont_nt 
Wbct_ Sua[r yc_l^ 

Sua[r _xtr[]tcon 
]o_ffc]c_nt 

SOV DF N S N S N S N S N S N S 

Y_[l (Y) 1 0.049hm 0.019hm 0.01hm 0.39hm 0.007hm 0.25hm 0.006hm 2.55* 2.58hm 0.94hm 0.002hm 30.09* 

E[ 2 2.71 0.48 0.030 0.15 0.23 0.09 0.58 0.03 1.01 0.01 0.79 1.81 

G_hinsj_  
(G) 

17 2226.72** 22029.9** 28.69** 16.91** 106.11** 60.68** 36.55** 19.09** 86.69** 51.47** 292.70** 140.77** 

G×Y 17 5.36hm 6.05 0.10hm 0.48hm 0.24hm 1.74hm 0.09hm 1.23hm 0.19hm 1.26hm 4.63hm 39.57hm 

E\ 68 30.14 45.84 2.08 3.55 5.17 3.02 1.10 5.03 3.10 0.9 20.91 25.54 

CV (%) - 7.10 12.96 7.49 9.27 15.70 16.27 6.83 12.73 14.59 10.17 5.54 5.81 

T[\l_ 2. Cig\ch_^ [h[fsmcm i` p[lc[h]_ i` ko[hncn[ncp_ [h^ ko[fcn[ncp_ ]b[l[]n_lcmnc]m mno^c_^ ch moa[l \__n oh^_l hilg[f cllca[ncih ]ih^cncihm [h^ q[n_l ^_`c]cn 
mnl_mm. 

ns,*, [h^ **, hih mcahc`c][hn, mcahc`c][hn [n 5 [h^ 1 % jli\[\cfcns f_p_fm l_mj_]ncp_fs. 

    
Mol[ss_s sua[r 

p_r]_nt[a_ 
R_l[tcv_ w[t_r 

]ont_nt 
Prolcn_ SOD POX CAT 

SOV DF N S N S N S N S N S N S 

Y_[l (Y) 1 0.17hm 0.09hm 0.23hm 6.20hm 
0.019h

m 
0.009hm 5.43** 0.54hm 0.004hm 0.028hm 0.00009hm 0.00003hm 

E[ 2 0.026 0.017 0.46 37.24 0.001 0.009 0.009 0.18 0.009 0.005 0.00001 0.0002 

G_hinsj_ (G) 17 4.13** 0.61** 170.54** 105.32** 0.40** 1.51** 5.16** 16.88** 0.10** 0.96** 0.0015** 0.078** 

G×Y 17 0.06hm 0.10** 0.162hm 0.34hm 0.002hm 0.007hm 1.75hm 0.29hm 0.01hm 0.009hm 0.00004hm 0.00005hm 

E\ 68 0.011 0.017 25.30 31.26 0.002 0.010 0.08 0.18 0.007 0.009 0.00002 0.0001 

CV (%) - 6.27 5.82 6.00 7.29 8.03 8.15 7.01 5.57 17.40 8.65 15.38 12.42 

Cihncho_m T[\l_ 2 . Cig\ch_^ [h[fsmcm i` p[lc[h]_ i` ko[hncn[ncp_ [h^ ko[fcn[ncp_ ]b[l[]n_lcmnc]m mno^c_^ ch moa[l \__n oh^_l hilg[f cllca[ncih ]ih^cncihm [h^ 
q[n_l ^_`c]cn mnl_mm. 

Nin_ : ns,*, [h^ **, hih-mcahc`c][hn, mcahc`c][hn [n 5 [h^ 1 % jli\[\cfcns f_p_fm l_mj_]ncp_fs.  N=  Nilg[f  S= Snl_mm,  SOD – moj_lirc^_ ^cmgon[m_, CAT – ][n[f[m_,  
POX - P_lirc^[m_. 
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 Agiha nb_ chp_mnca[n_^ ]ofncp[lm, L[_ncnc[  (1.08 [h^ 

2.84 µgif a−1 FW) []bc_p_^ nb_ g[rcgog, [h^ Sb[lc` (0.20 

[h^ 0.50 µgif a−1 FW) []bc_p_^ nb_ gchcgog jlifch_ ]ih-

n_hn ch hih-mnl_mm [h^ mnl_mm ]ih^cncihm (Sojjf_g_hn[ls 
T[\f_ 1.). 

 Tb_ bcab_mn [giohn i` SOD _htsg_ []ncpcns q[m 
l_f[n_^ ni Sbieii`[ [h^ M_l[e (6.61 [h^ 10. hgif H2O2 

ga−1 jlin_ch gch− 1) ]ofncp[lm oh^_l hilg[f cllca[ncih ]ih-

^cncihm [h^ q[n_l ^_`c]cn mnl_mm l_mj_]ncp_fs. Tb_ fiq_mn 
[giohn i` SOD _htsg_ []ncpcns oh^_l hilg[f cllca[ncih 
]ih^cncihm q[m l_]il^_^ ch ]ofncp[lm Ee\[n[h (2.77hgif 

H2O2 ga−1 jlin_ch gch− 1), L[_ncnc[ (2.87 hgif H2O2 ga−1 

jlin_ch gch− 1), [h^ P[fg[ (2.78 hgif H2O2 ga−1 jlin_ch 

gch− 1); nb_ fiq_mn []ncpcns p[fo_ i` nbcm _htsg_ oh^_lq[-

n_l mnl_mm ]ih^cncihm q[m [mmcah_^ ni ]ofncp[l Ee\[n[h (2.77 

hgif H2O2 ga−1 jlin_ch gch− 1) (Sojjf_g_hn[ls T[\f_ 1.). 

 Tqi ]ofncp[lm, M[h^[lch, oh^_l hilg[f cllca[ncih 

]ih^cncihm (0.77 hgif H2O2 ga−1 jlin_ch gch− 1) [h^ Mo-

l[cff_, oh^_l mnl_mm ]ih^cncihm (1.90 hgif H2O2 ga−1 jli-

n_ch gch− 1), i\n[ch_^ nb_ bcab_mn POX _htsg_ []ncpcns, At[-

l_ ]ofncp[l, oh^_l hilg[f cllca[ncih ]ih^cncihm (0.31 hgif 

H2O2 ga−1 jlin_ch gch− 1) [h^ nb_ Rimcl_ ]ofncp[l oh^_lq[-

n_l ^_`c]cn mnl_mm ]ih^cncihm (0.69 hgif H2O2 ga−1 jlin_ch 

gch− 1), mbiq_^ nb_ fiq_mn []ncpcns i` nbcm _htsg_ 

(Sojjf_g_hn[ls T[\f_ 1.). 

 Cofncp[l Nipi^ili (0.05 hgif H2O2 ga−1 jlin_ch 

gch− 1) [h^ Rimcl_ (0.52 hgif H2O2 ga−1 jlin_ch gch− 1) 

mbiq_^ nb_ g[rcgog ]ihn_hn i` CAT _htsg_ oh^_l hil-

g[f cllca[ncih ]ih^cncihm [h^ q[n_l ^_`c]cn mnl_mm l_mj_]-

ncp_fs, ]igj[l_^ ni inb_l ]ofncp[lm. Tb_ fiq_mn CAT _h-

tsg_ []ncpcns q[m [mmcah_^ ni ]ofncp[l L[_ncnc[ (0.003 hgif 

H2O2 ga−1 jlin_ch gch− 1) oh^_l hilg[f cllca[ncih ]ih^c-

ncihm [h^ ni ]ofncp[l Sbieii`[ (0.010 hgif H2O2 ga−1 jli-

n_ch gch− 1) oh^_lq[n_l mnl_mm ]ih^cncihm (Sojjf_g_hn[ls 

T[\f_ 1.). 

Drought tolerance indicators         

Tb_ ^[n[ p[lc[h]_ [h[fsmcm mbiq_^ nb[n nb_ ^cff_l_h]_ \_-

nq__h nb_ _r[gch_^ a_hinsj_m q[m mcahc`c][hn l_a[l^cha 

[ff nb_ ^lioabn nif_l[h]_ ch^c]_m (Sojjf_g_hn[ls T[\f_ 2.). 

 Tb_ ]igj[lcmih i` chp_mnca[n_^ ]ofncp[lm l_a[l^cha 

mnl_mm nif_l[h]_ ch^c]_m mbiq_^ nb[n nb_ bcab_mn ch^_r i` 

YP, YS, MP, STI, HM, YI, DI, REI [h^ MRP \_fiha_^ ni nb_ 

P[fg[ ]ofncp[l.  Ih ]ihnl[mn, Tb_ fiq_mn p[fo_m i` YP, YS, 

MP, HM, YI, DI, REI [h^ MRP ch^c]_m q_l_ l_]il^_^ `il nb_ 

Sb[lc` p[lc_ns. Tb_ g[rcgog ch^c]_m i` PEER, TO L, SSI [h^ 

SSI q_l_ l_]il^_^ `il nb_ Mol[cff_ ]ofncp[l (Sojjf_g_hn[ls 

T[\f_ 2.). 

 Ih nbcm mno^s, nb_   Alc[ ]ofncp[l b[^ nb_ fiq_mn, [h^ 

nb_ Mol[cff_ ]ofncp[l b[^ nb_ bcab_mn PYR [h^ TOL, SSI ch^c-

]_m; `olnb_lgil_, nb_ Alc[ ]ofncp[l b[^ nb_ bcab_mn [h^ nb_ 

Mol[cff_ ]ofncp[l b[^ nb_ fiq_mn YSI ch^_r (Sojjf_g_hn[ls 

T[\f_ 2.). 

 B[m_^ ih ]fomn_l [h[fsmcm l_mofnm, 18 moa[l \__n ]of-

ncp[lm [h^ 16 _mncg[n_^ ch^c][nilm q_l_ jf[]_^ ch nbl__ 

g[ch aliojm. PYR, SSI, GMP, TOL [h^ SSPI ch^c]_m q_l_ 

jf[]_^ ch nb_ `clmn alioj, YSI [h^ RDI ch^c]_m ch nb_ m_]ih^ 

alioj, [h^ YS, DI, HM, YP, STI, REI, YI, MP [h^ MRP ch^c]_m. 

Afmi, nb_ l_mofnm i` ]ofncp[l aliojcha mbiq_^ nb[n ]ofncp[lm 

At[l_, M_l[e, L[_ncnc[, Sbieii`[ [h^ Alc[ q_l_ ch nb_ `clmn 

alioj. Tb_ m_]ih^ alioj ch]fo^_^ Ffil_m, M[h^[lch, D_-

mcl_, P[fg[, Dilinb_[, Im[\_ff[, Mol[cff_, Nipi^ili, D_fn[ 

[h^ P[s[ ]ofncp[lm. Sb[lc`, Ee\[n[h [h^ P[lm ]ofncp[lm q_l_ 

ch nb_ nbcl^ alioj. P[g[ ]ofncp[l jimcncp_fs ]ill_f[n_^ qcnb 

YP, YS, MP, YI, STI, REI [h^ MRP ch^c]_m. Oh nb_ inb_l b[h^, 

nb_ l_f[ncihmbcj \_nq__h Sb[lc`'m `caol_ [h^ nb_ g_h-

ncih_^ ch^c][nilm q[m h_a[ncp_ (Fca. 1). 

AMMI and GGE        

Tb_ l_mofnm i` nb_ p[lc[h]_ [h[fsmcm n[\f_ \[m_^ ih qbcn_ 

moa[l sc_f^ mbiq_^ nb[n nb_ ^cff_l_h]_ \_nq__h a_hinsj_m 

[h^ _hpclihg_hnm (A^^cncp_ _ff_]nm) [h^ nb_ chn_l[]ncih 

\_nq__h nb_g (Mofncjfc][ncp_ _ff_]nm) q[m mcahc`c][hn [n nb_ 

1 % jli\[\cfcns f_p_f. G_hinsj_ [h^ _hpclihg_hn _r-

jf[ch_^ 75.52 % [h^ 17.05 %  i` nb_ nin[f ^[n[ p[lc[ncihm 

(T[\f_ 3.). 

 Ih nbcm chp_mnca[ncih, nb_ a_hinsj_ × _hpclihg_hn 
chn_l[]ncih q[m ^cpc^_^ chni 2 `[]nilm il ]igjih_hnm: IP-

CA1 (AMMI 1) [h^ IPCA2 (AMMI 2) [h^ \inb `clmn ]igji-

h_hnm q_l_ mcahc`c][hn [n [ jli\[\cfcns f_p_f i` 1 %. 

 Tb_ ]ihnlc\oncih i` nb_ `clmn ]igjih_hn (IPCA1) [h^ 
nb_ m_]ih^ (IPCA2) q[m 6.02 [h^ 0.62 % i` nb_ mog i` nin[f 

mko[l_m [h^ 89.05 [h^ 17.9 % i` nb_ mog i` mko[l_m i` nb_ 

chn_l[]ncih _ff_]nm i` a_hinsj_ ch nb_ _hpclihg_hn l_mj_]-

ncp_fs.  

 Afmi, 2 `[]nilm il ]igjih_hnm, IPCA1 (AMMI 1) [h^ 

IPCA2 (AMMI 2) _rjf[ch_^ [ nin[f i` 98.22 % i` nb_ nin[f 

a_hinsj_ × _hpclihg_hn chn_l[]ncih p[lc[ncih (T[\f_ 3.). 

Tb_ qbcn_ moa[l sc_f^ i` a_hinsj_m ch 4 _rj_lcg_hn[f _hpc-

lihg_hnm, nb_ p[fo_m i` IPCA1, IPCA, 2 ]igjih_hnm [h^ 

ASV j[l[g_n_lm [l_ fcmn_^ ch Sojjf_g_hn[ls T[\f_ 1.. A]-

]il^cha ni nb_ l_mofnm, nb_ bcab_mn qbcn_ moa[l sc_f^, qcnb 

[h [p_l[a_ i` 16.73 [h^ 13.68 n b[-1, q[m []bc_p_^ `lig 

P[fg[ [h^ M_l[e ]ofncp[lm l_mj_]ncp_fs. Tb_ fiq_mn qbcn_ 

moa[l sc_f^ q[m [fmi l_]il^_^, qcnb [h [p_l[a_ i` 3.60 n b[-

1 `il nb_ Sb[lc` ]ofncp[l. 

 Ih nbcm mno^s, D_fn[, P[lm, P[s[ [h^ Nipi^ili ]ofnc-

p[lm mbiq_^ nb_ fiq_mn ASV p[fo_m qcnb 0.003, 0.004, 0.019 

[h^ 0.046 l_mj_]ncp_fs [h^ q_l_ ]ihmc^_l_^ mn[\f_ a_hi-

nsj_m l_a[l^cha qbcn_ moa[l sc_f^, Wbcf_ Mol[cff_ [h^ 

Ee\[n[h ]ofncp[lm b[^ nb_ bcab_mn ASV p[fo_m i` 2.41 [h^ 

1.76 l_mj_]ncp_fs [h^ q_l_ l_]iahct_^ [m ohmn[\f_ a_hi-

nsj_m (T[\f_ 4.). 

 Tb_ \cjfin i` moa[l sc_f^ q[m om_^ ni _r[gch_ a_hi-

nsj_ [^[jn[ncih [h^ sc_f^ mn[\cfcns ch nb_ l_acihm mno^c_^. A 

a_hinsj_ qcnb bcab_l qbcn_ moa[l sc_f^ [h^ fiq_l a_hi-

nsj_ × _hpclihg_hn chn_l[]ncih cm gil_ `[pil[\f_. 

 B[m_^ ih Fca. 2,  D_fn[ [h^ P[s[ ]ofncp[lm b[^ IPCA1 

p[fo_m ]fim_ ni t_li ]igj[l_^ qcnb inb_l a_hinsj_m [h^ 

b[^ [jjlijlc[n_ sc_f^ mn[\cfcns [h^ a_h_l[f ]igj[nc\cfcns. 

Tb_ Alc[ [h^ Dilinb_[ ]ofncp[lm q_l_ c^_hnc`c_^ [m ohmn[-

\f_ a_hinsj_m ^o_ ni nb_cl bcab jimcncp_ [h^ h_a[ncp_ p[f-

o_m i` IPCA1. Tb_ \c-jfin i` nb_ qbcn_ moa[l sc_f^ i` a_hi-
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nsj_m p_lmom  IPCA2 p[fo_m (Fca. 3) mbiq_^ nb[n nb_ ]ofnc-

p[lm D_fn[ [h^ Ffil_m b[^ IPCA2 p[fo_m ]fim_ ni t_li, qbcf_ 

Ee\[n[h ]ofncp[lm b[^ nb_ bcab_mn IPCA2 p[fo_. 

 Tb_ jifsaih[f ^cmjf[s (Cihp_r boff) l_mofncha `lig 

GGE [h[fsmcm i` moa[l \__n ]ofncp[lm ch `iol _hpclihg_hnm cm 

mbiqh ch Fca. 4. Tbcm ^c[al[g ][n_ailct_m a_hinsj_m [h^ 

Fca. 1. Cfomn_lm [h[fsmcm \[m_^ ih 18 a_hinsj_m [h^ 16 ch^c][nilm i` ^lioabn nif_l[h]_ ch nqi s_[lm.  

Sour]_ ^` Sum o` 
squ[r_s 

M_[n o` 
squ[r_s 

R_l[tcv_ v[rc-
[n]_ (%) 

Tin[f 215 2920.5 13.58   

Tl_[ng_hnm 71 2901 40.86**   

G_hinsj_m 17 2205.7 129.75** 75.52 

Ehpclihg_hnm 3 498 166** 17.05 

Bfi]e 8 1.4 0.17hm 0.05 

Ihn_l[]ncihm 51 197.3 3.87** 6.76 

IPCA 19 175.8 9.25** 6.02 

IPCA 17 18.1 1.07** 0.62 

R_mc^o[fm 15 3.4 0.23hm   

Ellil 136 18.1 0.13   

T[\l_ 3. Ah[fsmcm i` p[lc[h]_ `il moa[l \__n a_hinsj_m' qbcn_ moa[l sc_f^ omcha 
AMMI gi^_f `il a_hinsj_ r _hpclihg_hn chn_l[]ncih. 

Nin_: ns, *, **: hihmcahc`c][hn [h^ mcahc`c][hn [n 5 % [h^ 1 % jli\[\cfcns 
f_p_fm l_mj_]ncp_fs. 

G_notyp_s GM IPC1 IPC2 ASV 

Alc[ 7.62 -0.97 -0.23 1.189 

Ee\[n[h 6.07 -0.77 1.03 1.764 

L[_ncnc[ 12.67 -0.79 0.40 0.913 

M_l[e 13.68 -0.27 -0.58 0.418 

Ffil_m 10.73 0.34 -0.04 0.139 

M[h^[lch 12.07 0.44 0.15 0.257 

Rimcl_ 13.53 0.61 -0.49 0.693 

P[fg[ 16.37 0.53 0.26 0.399 

At[l_ 11.92 -0.36 -0.09 0.164 

Dilinb_[ 13.50 0.98 0.19 1.197 

Im[\_ff[ 11.77 0.38 -0.46 0.382 

Mol[cff_ 11.12 1.40 0.23 2.419 

Nipi^ili 11.74 0.18 0.08 0.046 

D_fn[ 10.27 0.04 0.04 0.003 

P[lm 5.61 -0.04 0.05 0.004 

P[s[ 10.06 -0.12 0.05 0.019 

Sb[lc` 3.60 -0.74 -0.16 0.696 

Sbieii`[ 7.59 -0.83 -0.42 1.015 

T[\l_ 4. M_[h qbcn_ moa[l sc_f^ [h^ AMMI mn[\cfcns p[fo_m i` moa[l \__n mno^-
c_^ a_hinsj_m. 
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_hpclihg_hnm \[m_^ ih nb_ p[fo_m i` nb_ `clmn [h^ m_]ih^ 

jlch]cj[f ]igjih_hnm. Tb_ ]ofncp[lm qcnb nb_ fiq_mn chn_l-

[]ncih _ff_]n [l_ ch^c][n_^ \s fiq p[fo_m `il nb_ `clmn [h^ 

m_]ih^ ]igjih_hnm. Tbcm ^c[al[g (nb_ `clmn [h^ m_]ih^ 

jlch]cj[f ]igjih_hnm i` nb_ chn_l[]ncih _ff_]n) []]iohn_^ 

`il 99.12 % i` nb_ p[lc[h]_ i` nb_ chn_l[]ncih _ff_]n \_-

nq__h a_hinsj_ [h^ _hpclihg_hn. Ih nbcm ^c[al[g, a_hi-

nsj_m h_[l [ jf[]_ b[p_ mj_]c`c] ]igj[nc\cfcns, qbcf_ nbim_ 

h_[l nb_ ilcach b[p_ a_h_l[f ]igj[nc\cfcns. Ih nb_ ]oll_hn 

l_m_[l]b, nb_ D_fn[ Cofncp[l q[m nb_ ]fim_mn a_hinsj_ ni 

nb_ ilcach i` ]iil^ch[n_m [h^ q[m c^_hnc`c_^ [m nb_ gimn 

mn[\f_ a_hinsj_. Agiha nb_ mno^c_^ ]ofncp[lm, nb_ P[fg[ 

]ofncp[l mbiq_^ bcab jlcp[n_ [^[jn[ncih `il \inb s_[lm [h^ 

]ih^cncihm. 

Fca. 2. S][nn_l jfin `il a_hinsj_m [h^ _hpclihg_hnm \[m_^ ih qbcn_ moa[l sc_f^ g_[hm [h^ [ `clmn jlch]cj[f ]igjih_hn.  

Fca. 3. S][nn_l jfin `il a_hinsj_m [h^ _hpclihg_hnm \[m_^ ih qbcn_ moa[l sc_f^ g_[hm [h^ [ m_]ih^ jlch]cj[f ]igjih_hn.  
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Multi-trait stability index (MTSI)        

Tbl__ `[]nilm q_l_ c^_hnc`c_^ \[m_^ ih nb_ l_mofnm i` nb_ 
`[]nil [h[fsmcm (\[m_^ ih jlch]cj[f ]igjih_hnm [h[fsm_m), 

qbc]b _rjf[ch_^ 72.55 % i` nb_ nin[f ^[n[ p[lc[ncih. Tb_ 

`clmn `[]nil i\n[ch_^ 27.90 % i` nb_ nin[f ^[n[ p[lc[h]_ qcnb 

[h _ca_hp[fo_ i` 3.34; nbcm `[]nil mbiq_^ [ jimcncp_ [h^ 

mcahc`c][hn l_f[ncihmbcj qcnb nb_ nl[cnm i` moa[l sc_f^, liin 

sc_f^, qbcn_ moa[l sc_f^ [h^ l_f[ncp_ q[n_l ]ihn_hn. Tb_ 

m_]ih^ `[]nil, qbc]b b[^ [ jimcncp_ l_f[ncihmbcj qcnb qbcn_ 

moa[l ]ihn_hn, moa[l _rnl[]ncih j_l]_hn[a_, [h^ moa[l 

]ihn_hn [h^ [ h_a[ncp_ l_f[ncihmbcj qcnb gif[mm_m moa[l 

%, b[^ [h _ca_hp[fo_ i` 2.84 [h^ _rjf[ch_^ 23.70 % i` nb_ 

nin[f p[lc[ncih ch nb_ ^[n[. Tb_ nbcl^ `[]nil, qcnb [h _ca_h-

p[fo_ i` 2.51, ch]fo^_^ 20.94 % i` [ff ^[n[ p[lc[ncihm [h^ 

mbiq_^ [ jimcncp_ l_f[ncihmbcj qcnb jlifch_ ]ihn_hn, moj_l-

irc^_ ^cmgon[m_ [h^ afon[nbcih_ j_lirc^[m_ []ncpcns 

(T[\f_ 5.).  

 Tb_ MTSI mn[\cfcns ch^_r q[m ][f]of[n_^ omcha `[]nil 

m]il_m. Ih Fca. 5, nb_ _rj_lcg_hn[f a_hinsj_m b[p_ \__h 

miln_^ \[m_^ ih nb_cl MTSI p[fo_m. G_hinsj_m qcnb bcab_l 

p[fo_m i` nb_ MTSI ch^_r [l_ `[pil[\f_ a_hinsj_m g[le_^ 

qcnb l_^ ch nb_ gc^^f_ i` nb_ ]cl]f_ (20 % m_f_]ncih chn_hmc-

ns). 

At[l[, Nipi^ili [h^ M_l[e ]ofncp[lm q_l_ m_f_]n_^ [m c^_-

[f a_hinsj_m ch iol l_m_[l]b. Tb_ MTSI ch^_r cm l[he_^ 

`lig bcab_mn ni fiq_mn p[fo_. a_hinsj_m [l_ jf[]_^ ch nb_ 

ion_lgimn ]cl]ocn ni nb_ ]_hn_l i` nb_ Fcaol_ l_mj_]ncp_fs. F

- Sb[lc` b[^ nb_ fiq_mn mn[\cfcns ch^_r m]il_, mbiqcha jiil 

mn[\cfcns [h^ g_[h moa[l sc_f^ ch ^cff_l_hn _hpclihg_hn[f 

]ih^cncihm (Fca. 5).   

Dcs]usscon  

Tb_ l_mofnm l_p_[f_^ nb[n nb_ ^cff_l_h]_ \_nq__h ]ofncp[lm 

ch hilg[f cllca[ncih [h^ q[n_l ^_`c]cn mnl_mm q[m mcahc`c][hn 

l_a[l^cha nl[cnm oh^_l chp_mnca[ncih. 

 Tb_ _rcmn_h]_ i` a_h_nc] ^cp_lmcns jlipc^_m nb_ jim-

mc\cfcns i` m_f_]ncih \_nq__h ]ofncp[lm ch n_lgm i` `[pil[\f_ 

Fca. 4. Pifsaih i` GGE \cjfin g_nbi^ ni c^_hnc`s mocn[\f_ a_hinsj_m `il _[]b _hpclihg_hn.  

  IPC1 IPC2 IPC3 

Soa[l sc_f^ 0.96 0.21 -0.08 

Riin sc_f^ 0.95 0.00 -0.22 

Wbcn_ Soa[l sc_f^ 0.90 0.38 -0.11 

R_f[ncp_ q[n_l ]ihn_hn 0.60 -0.12 -0.36 

Wbcn_ Soa[l ]ihn_hn 0.09 0.95 0.25 

Soa[l _rnl[]ncih ]i_ffc- -0.03 0.86 -0.14 

Soa[l ]ihn_hn 0.16 0.71 0.47 

Mif[mm_m moa[l j_l]_hn- -0.36 -0.65 -0.28 

Plifch_ 0.03 0.04 0.82 

Soj_lirc^_ ^cmgon[m_ -0.28 0.05 0.80 

P_lirc^[m_ -0.29 0.15 0.72 

C[n[f[m_ -0.12 0.18 0.31 

Eca_hp[fo_ 3.34 2.84 2.51 

R_f[ncp_ V[lc[h]_ 27.90 23.70 20.94 

Cogof[ncp_ p[lc[h]_ 27.90 51.61 72.55 

T[\l_ 5. Eca_hp[fo_m, l_f[ncp_ [h^ ]ogof[ncp_ p[lc[h]_, [h^ `[]nil ]i_ffc-
]c_hnm [ft_l p[lcg[r lin[ncih ch `[]nil [h[fsmcm \[m_^ ih jlch]cj[f ]igjih_hn 
[h[fsmcm. 
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nl[cnm; nb_ jl_m_h]_ i` a_h_nc] ^cp_lmcns \_nq__h moa[l 

\__n ]ofncp[lm oh^_l hilg[f cllca[ncih [h^ q[n_l ^_`c]cn 

mnl_mm ]ih^cncihm b[m \__h ^i]og_hn_^ ch inb_l mno^c_m 

(11, 12). Tb_l_`il_, \l__^cha jlial[gm [cg ni _hb[h]_ 

moa[l \__n nl[cnm [h^ l_^o]_ q[n_l om[a_ (33). 

 Ih nbcm mno^s, ]igj[l_^ ni hilg[f cllca[ncih ]ih^c-

ncihm, q[n_l mnl_mm ]ih^cncihm l_^o]_^ liin sc_f^, moa[l 

sc_f^, qbcn_ moa[l sc_f^ [h^ l_f[ncp_ q[n_l ]ihn_hn. Ih ]ih-

nl[mn, moa[l ]ihn_hn, qbcn_ moa[l ]ihn_hn, moa[l _rnl[]ncih 

]i_ffc]c_hn, gif[mm_m moa[l %, jlifch_ ]ihn_hn, SOD, POX 

[h^ SOD _htsg_ []ncpcns q_l_ bcab_l oh^_lq[n_l ^_`c]cn 

mnl_mm ]ih^cncihm p_lmom hilg[f cllca[ncih ]ih^cncihm. A\c-

inc] mnl_mm_m, ch]fo^cha ^lioabn, ][om_ mcahc`c][hn giljbi-

fiac][f ]b[ha_m ch moa[l \__n. Dlioabn l_^o]_m p_a_n[ncp_ 

aliqnb, []]_f_l[n_m qcfncha i` f_[p_m, l_^o]_m mnig[n[f 

]ih^o]n[h]_ [h^ nb_ l_f[ncp_ ]ihn_hn i` f_[` q[n_l [h^ 

q[n_l ^_`c]cn \s ^_mnlischa jbinimshnb_nc] jcag_hnm, l_-

^o]cha nb_ mj__^ [h^ [giohn i` jbinimshnb_mcm. Uh^_l 

cllca[ncih ^_`c]cn, g_g\l[h_ fcjc^ j_lirc^[ncih, ]_ff ^[g-

[a_ [h^ ]igj[nc\f_ mifon_ []]ogof[ncih qcff ch]l_[m_, [h^ 

_p_hno[ffs, moa[l sc_f^ qcff ^_]l_[m_ (34- 42). 

 Agiha nb_ _r[gch_^ ]ofncp[lm, P[fg[ b[^ nb_ bcab-

_mn liin sc_f^, qbcn_ moa[l sc_f^ [h^ moa[l _rnl[]ncih ]i-

_ffc]c_hn ch 2 _hpclihg_hn[f ]ih^cncihm; [fmi, oh^_l hilg[f 

cllca[ncih ]ih^cncihm, nb_ bcab_mn moa[l sc_f^ [h^ l_f[ncp_ 

f_[` q[n_l ]ihn_hn q_l_ l_f[n_^ ni nb_ P[fg[ ]ofncp[l. 

 Am ^_gihmnl[n_^ \s nb_ l_mofnm, nb_ M_l[e ]ofncp[l 
b[^ nb_ bcab_mn moa[l sc_f^, l_f[ncp_ f_[` q[n_l ]ihn_hn [h^ 

moj_lirc^_ ^cmgon[m_ _htsg_ []ncpcns oh^_lq[n_l mnl_mm 
]ih^cncihm. Tb_ M[h^[lch ]ofncp[l oh^_l hilg[f cllca[ncih 
]ih^cncihm [h^ nb_ Mol[cff_ ]ofncp[l oh^_lq[n_l mnl_mm ]ih-

^cncihm mbiq_^ nb_ bcab_mn POX _htsg_ []ncpcns. In m__gm 
nb[n nb_ bcab moa[l sc_f^ ch nb_ M_l[e p[lc_ns oh^_l nb_ 
]ih^cncih i` fiq q[n_l mnl_mm cm l_f[n_^ ni nb_ bcab f_[` q[-

n_l ]ihn_hn [h^ moj_lirc^_ ^cmgon[m_ _htsg_ []ncpcns. 
Tb_ 2 g_hncih_^ ]b[l[]n_lcmnc]m ch]l_[m_ nb_ nif_l[h]_ ni 
mnl_mm ch nb_ jf[hn. Ih moa[l \__n, sc_f^ l_^o]ncih oh^_lq[-

n_l mnl_mm ]ih^cncihm ][h \_ ^o_ ni ]b[ha_m ch RWC, f_[` 
q[n_l jin_hnc[f (43), f_[` aliqnb l_^o]ncih [h^ ][l\ih 

^circ^_ [mmcgcf[ncih (44). Tb_ `clmn l_[]ncih i` moa[l \__n ni 
nb_ q[n_l ^_`c]cn cm nb_ ]fimcha i` nb_ mnig[n[, qbc]b l_-
^o]_m nb_ l_f[ncp_ q[n_l ]ihn_hn ch nb_ f_[p_m, qbc]b f_[^m 

ni nb_ ^cmlojncih i` jbinimshnb_mcm [h^ nb_ l_^o]ncih i` 
_]ihigc] sc_f^ (45).  

 ROS []]ogof[ncih, qbc]b ch]fo^_m moj_lirc^_, bs-
^lirsf l[^c][f, bs^lia_h j_lirc^_ [h^ mchaf_n irsa_h, i]-
]olm ch jf[hnm oh^_l mnl_mm ]ih^cncihm; irc^[ncp_ mnl_mm cm 

][om_^ \s ROS gif_]of_m nb[n _fc]cn cll_p_lmc\f_ ^[g[a_ ni 
ho]f_c] []c^m, jlin_chm, jcag_hnm [h^ fcjc^m (46). Ehtsg[n-
c] [h^ hih-_htsg[nc] [hncirc^[hn msmn_gm ch jf[hnm [l_ 

l_mjihmc\f_ `il m][p_hacha l_[]ncp_ irsa_h mj_]c_m, C[n[-
f[m_, j_lirc^[m_ [h^ moj_lirc^_ ^cmgon[m_ ][h \_ g_h-
ncih_^ [giha nb_ _htsg_ nsj_m i` nb_ [hncirc^[hn msmn_g 

(47). Pl_pciom mno^c_m ih moa[l \__n b[p_ jlip_h nb_ ch-
]l_[m_ ch nb_ []ncpcns i` SOD [h^ CAT _htsg_m ^o_ ni q[-
n_l ^_`c]cn mnl_mm (41, 48). Soa[l \__n ]ofncp[lm qcnb bcab 

fcjc^ j_lirc^[ncih oh^_lq[n_l-mnl_mm ]ih^cncihm b[p_ fiq 
f_p_fm i` [hncirc^[hn _htsg_ []ncpcns. Ih ]ihnl[mn, ^lioabn-
l_mcmn[hn ]ofncp[lm b[^ _f_p[n_^ f_p_fm i` [hncirc^[hn _h-

tsg_ []ncpcns (CAT, SOD [h^ POX) (35).  

 Mil_ip_l, nb_ bcab_mn jlifch_ f_p_f q[m l_]il^_^ `il 
nb_ L[_ncnc[ p[lc_ns oh^_l \inb _hpclihg_hn[f ]ih^cncihm. 
Proline cm [ mo\mn[h]_ nb[n []]ogof[n_m ch nb_ ]snimif [h^ 
jf[sm [ lif_ ch l_aof[ncha nb_ imginc] jl_mmol_ ch nb_ ]sni-

jf[mg (49). In b[m \__h l_jiln_^ nb[n ^lioabn mnl_mm ch-
]l_[m_m nb_ jlifch_ ]ihn_hn ch [ff ila[hm i` moa[l \__n, ch-
]fo^cha nb_ f_[p_m (37). Ih [^^cncih, moa[l \__n ]ofncp[lm 

l_mcmn[hn ni m[fn q_l_ `ioh^ ni b[p_ bcab_l f_p_fm i` jlifch_ 
nb[h m_hmcncp_ ]ofncp[lm (38).  

Drought Stress Tolerance Indices        

Tb_ l_mofnm mbiq_^ nb[n nb_ bcab_mn ch^c]_m i` YP, YS, MP, 
STI, HM, YI, DI, REI [h^ MRP \_fiha_^ ni nb_ P[fg[ ]ofnc-
p[l; nb_ bcabh_mm i` nb_ g_hncih_^ ch^c]_m ch^c][n_m nb_ 
nif_l[h]_ i` [ ]ofncp[l ni ^lioabn mnl_mm; nb_ Sb[lc` ]ofncp[l 

q[m [l]bcp_^ qcnb nb_ fiq_mn YP, YS, MP, HM, YI, DI, REI [h^ 
MRP p[fo_m, qbc]b ch^c][n_^ cnm m_hmcncpcns ni q[n_l mnl_mm. 

 Tb_ jin_hnc[f sc_f^ i` l_mcmn[hn a_hinsj_m ][hhin \_ 
^_n_lgch_^ mif_fs \s cllca[ncih ^_`c]cn.  

 Tif_l[n_^ a_hinsj_m [l_ m_f_]n_^ \[m_^ ih mnl_mm 
nif_l[h]_ [h^ mom]_jnc\cfcns ch^c]_m g_[mol_^ oh^_l hil-
g[f [h^ ^lioabn ]ih^cncihm. Oh_ i` nb_ l_fc[\f_ ]lcn_lc[ `il 

m_f_]ncha ^lioabn-nif_l[hn a_hinsj_m cm sc_f^ (50).  

 R_a[l^cha ^lioabn nif_l[h]_ ch^c][nilm, Ffil_m, 
M[h^[lch, D_mcl_, P[fg[, Dilinb_[, Im[\_ff[, Mol[cff_, Ni-
pi^ili, D_fn[ [h^ P[s[ q_l_ jf[]_^ ch nb_ m[g_ ]fomn_l.  
Tb_ ]ofncp[lm i` nbcm alioj mbiq_^ [ jimcncp_ l_f[ncihmbcj 

qcnb ^lioabn mnl_mm nif_l[h]_ ch^c]_m mo]b [m YP, MP, YS, 
HM, STI, YI, DI, REI [h^ MRP.  

White sugar yield stability indicators         

B[m_^ ih AMMI [h[fsmcm, D_fn[, P[lm, P[s[ [h^ Nipi^ili 

]ofncp[lm b[^ nb_ fiq_mn ASV p[fo_ [h^ q_l_ l_]iahct_^ [m 

mn[\f_ a_hinsj_m ch 2 s_[lm [h^ 2 ]ih^cncihm. At[l_, P[fg[, 

[h^ M_l[e b[^ fiq_l ASV p[fo_m [giha ]ofncp[lm qcnb bcab 

qbcn_ moa[l sc_f^. 

Fca. 5. G_hinsj_ l[hecha [h^ m_f_]n_^ a_hinsj_m \[m_^ ih MTSI ch^_r.  
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 AMMI g_nbi^ [h[fsmcm b[m \__h om_^ ni _mncg[n_ 

nb_ chn_l[]ncih _ff_]n i` a_hinsj_ qcnb nb_ _hpclihg_hn 

[h^ nb_ [giohn i` mn[\cfcns i` a_hinsj_m ch ^cff_l_hn l_-

acihm [h^ s_[lm ch moa[l \__n ch jl_pciom mno^c_m (12, 16, 

33). 

 B[m_^ ih nb_ \cjfin l_mofnm i` nb_ `clmn 2 mcahc`c][hn 

]igjih_hnm [a[chmn qbcn_ moa[l sc_f^, ]ofncp[l At[l_ q[m 

ih_ i` nb_ [jjlijlc[n_ ]ofncp[lm l_a[l^cha mn[\cfcns [h^ 

qbcn_ moa[l sc_f^. 

 Tb_ l_mofnm i` nb_ GGE al[jb mbiq_^ nb[n D_fn[, 

P[s[ [h^ Nipi^ili ]ofncp[lm b[^ [ bcab a_h_l[f [^[jn[\cf-

cns `il \inb _hpclihg_hn[f ]ih^cncihm ch \inb s_[lm ^o_ ni 

nb_cl jlircgcns ni nb_ ilcach i` ]iil^ch[n_m. Wbcf_ L[_ncnc[ 

[h^ P[fg['m ]ofncp[lm mbiq_^ bcab jlcp[n_ [^[jn[ncih `il 

q[n_l mnl_mm ]ih^cncihm [h^ P[fg[ [h^ Mol[cff_ ]ofncp[lm 

`il hilg[f cllca[ncih ]ih^cncihm. Ih nbcm l_m_[l]b, nb_ Sb[lc` 

]ofncp[l q[m hin mocn[\f_ `il [hs ]ih^cncihm ch 2 s_[lm.  

 Tb_ GGE \cjfinm q_l_ om_^ ni c^_hnc`s nb_ g_a[-

_hpclihg_hnm [h^ nb_ ]ofncp[lm nb[n sc_f^ nb_ \_mn ch _[]b. 

Wb_h [ ]ofncp[l j_l`ilgm \_mn ch ihfs ih_ il [ `_q mj_]c`c] 

_hpclihg_hnm, cn cm ]ihmc^_l_^ ni b[p_ [ h[lliq [^[jn[-

ncih. Cbiimcha [ ]ofncp[l qcnb [ h[lliq [^[jn[ncih `il [ 

mj_]c`c] g_a[-_hpclihg_hn cm l_]igg_h^_^ (15). \[m_^ 

ih nb_ [h[fsmcm i` nb_ a_hinsj_–_hpclihg_hn chn_l[]ncih, 

cn q[m moaa_mn_^ nb[n cn cm cgjimmc\f_ ni c^_hnc`s [ mj_]c`c] 

]ofncp[l il alioj i` ]ofncp[lm nb[n ][h [^[jn q_ff ni nb_ 

_hpclihg_hn[f ]ih^cncihm i` [ n_gj_l[n_ ]fcg[n_ (15). 

Tb_s b[p_ c^_hnc`c_^ ]ofncp[lm mocn_^ _rjfc]cnfs ni mj_]c`c] 

fi][ncihm ][n_ailct_^ [m g_a[-_hpclihg_hnm. 

 In q[m c^_hnc`c_^ nb[n nb_ RM5 a_hinsj_ [m moj_lcil 

^o_ ni cnm bcab qbcn_ moa[l sc_f^ [h^ fiq p[fo_m i` nb_ `clmn 

2 ]igjih_hnm omcha \cjfin [h[fsmcm (16). R_jilnm [l_ ih 

nb_ mn[\cfcns i` 36 gi^_lh moa[l \__n ]ofncp[lm oh^_l Pifcmb 

_hpclihg_hn[f ]ih^cncihm; nb_s ^c^ hin `ch^ [ ]ofncp[l il 

]ofncp[lm qcnb [ qc^_ [^[jn[ncih ni nb_ _hpclihg_hn[f ]ih-

^cncihm (15).  

 Ih [ mno^s omcha \cjfin g_nbi^, 7233-P.29 (G38) [h^ 

C CMS (G49) fch_m [h^ 2(6)×C (G27) [h^ 5×C (G33) bs\lc^m 

q_l_ c^_hnc`c_^ [m mn[\f_ a_hinsj_m qcnb []]_jn[\f_ sc_f^ 

(11). 

 Ih nb_ ][f]of[ncih i` Mofnc nl[cn mn[\cfcns ch^_r, [ff nb_ 

ko[hncn[ncp_ [h^ ko[fcn[ncp_ ]b[l[]n_lcmnc]m g_[mol_^ ch 2 

s_[lm [h^ 2 ]ih^cncihm q_l_ om_^ ni _mncg[n_ nb_ mn[\cfcns 

i` ]ofncp[lm B[m_^ ih nbcm, At[l[, Nipi^ili [h^ M_l[e ]of-

ncp[lm q_l_ m_f_]n_^ [m mn[\f_ a_hinsj_m. 

 A]]il^cha ni jf[hn \l__^_lm ][h _ff_]ncp_fs om_ MTSI 

ni c^_hnc`s moj_lcil a_hinsj_m `il gofncjf_ nl[cnm \[m_^ ih 

gofnc-_hpclihg_hn ^[n[. Tb_ MTSI ch^_r cm [ p[fo[\f_ niif 

`il \l__^_lm ni c^_hnc`s [jjlijlc[n_ a_hinsj_m (16). R_-

]_hnfs, nbcm ch^_r b[m \__h om_^ ni c^_hnc`s mn[\f_ a_hi-

nsj_m i` moa[l \__n (12, 16).  

Con]luscon  

Tb_ gimn cgjiln[hn _]ihigc] nl[cn i` moa[l \__n cm nb_ 
sc_f^ i` qbcn_ moa[l; nbcm ]b[l[]n_lcmnc] l_mofnm `lig [ff nbcm 
jli^o]n'm ko[hncn[ncp_ [h^ ko[fcn[ncp_ ]b[l[]n_lcmnc]m. Ih 
nb_ jl_m_hn mno^s, nb_ P[fg[ ]ofncp[l b[^ nb_ bcab_mn 
qbcn_ moa[l sc_f^ ch \inb ]ih^cncihm. M_l[e ]ofncp[l q[m 

[fmi ch nbcl^ jf[]_ oh^_l hilg[f cllca[ncih ]ih^cncihm [h^ 
m_]ih^ jf[]_ oh^_lq[n_l mnl_mm ]ih^cncihm l_a[l^cha 
qbcn_ moa[l sc_f^. R_a[l^cha ^lioabn nif_l[h]_ ch^c]_m, nb_ 
P[fg[ p[lc[\f_m mbiq_^ []]_jn[\f_ nif_l[h]_ ]igj[l_^ 
ni inb_l ]ofncp[lm; biq_p_l, nb_ M_l[e ]ofncp[l b[^ aii^ 
j_l`ilg[h]_ mn[\cfcns [giha nb_ ]ofncp[lm [h^ \[m_^ ih [ff 
ko[hncn[ncp_ [h^ ko[fcn[ncp_ ]b[l[]n_lcmnc]m _r[gch_^, cn 
q[m ]ihmc^_l_^ [ mn[\f_ a_hinsj_. Tb_l_`il_, ^_j_h^cha 
ih nb_ joljim_ [h^ ]ih^cncihm i` nb_ ]ofncp[ncih n_mn, ih_ 
i` nb_m_ 2 p[lc_nc_m cm l_]igg_h^_^.   
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