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A\mnl[]n 

Rc]_ cm [ mn[jf_ `ii^ [h^ ih_ i` nb_ gimn ]lo]c[f ]lijm afi\[ffs, jlipc^cha 

momn_h[h]_ `il gil_ nb[h b[f` i` nb_ qilf^'m jijof[ncih. Cfcg[n_ ]b[ha_ b[m 

[ ]lo]c[f cgj[]n ih nb_ [alc]ofnol[f m_]nil, j[lnc]of[lfs lc]_ ]ofncp[ncih, ^o_ 

ni nb_ ch]l_[m_ ch [\cinc] mnl_mm ch]c^_h]_m. S[fchcns cm ih_ i` nb_ gimn m_p_l_ 

[\cinc] mnl_mm_m ih lc]_ jli^o]ncih afi\[ffs. S[fn mnl_mm mcahc`c][hnfs l_^o]_m 

aliqnb j_l`ilg[h]_, [ff_]ncha p[lciom g_n[\ifc] [h^ jbsmcifiac][f 

jli]_mm_m ch lc]_. So\g_la_h]_ cm [hinb_l nsj_ i` [\cinc] mnl_mm [ff_]ncha lc]_ 

aliqnb [h^ sc_f^. R_]_hnfs, [ h_qfs _g_la_^ [\cinc] mnl_mm ][ff_^ m[fch_ 

mo\g_la_h]_ g[s [fmi d_ij[l^ct_ lc]_ jli^o]ncih. S_[q[n_l chnlomcih chni 

lc]_ `c_f^m fi][n_^ h_[l\s ]i[mn[f [l_[m g[s ][om_ m[fch_ `f[mb `fii^m, 

_mj_]c[ffs ^olcha gihmiih m_[mih. Rc]_ ]ofncp[n_^ ch ]i[mn[f [l_[m cm jlih_ 

ni m[fch_-mo\g_la_h]_ mnl_mm, f_[^cha ni [ mcahc`c][hnfs fiq_l sc_f^. Afnbioab 

Sub1 [h^ Saltol QTLm [l_ qc^_fs om_^ ch ^_p_fijcha lc]_ ]ofncp[lm qcnb 

mo\g_la_h]_ [h^ m[fchcns nif_l[h]_, nb_l_ cm [ f[]e i` mno^c_m ]ih^o]n_^ ni 

_rjfil_ nb_ jin_hnc[f j_l`ilg[h]_ i` \l__^cha fch_m qcnb Sub1 [h^ Saltol 

QTLm oh^_l m[fch_-mo\g_la_h]_ mnl_mm. In b[m \__h bsjinb_mct_^ nb[n nb_ 

chnlial_mmcih i` Sub1 [h^ Saltol QTLm chni _fcn_ lc]_ ]ofncp[lm gcabn l_mofn ch 

jin_hnc[ffs nif_l[hn \l__^cha fch_m ni m[fch_-mo\g_la_h]_ mnl_mm. Folnb_l 

\l__^cha jlid_]nm, biq_p_l, h__^ ni \_ ]ih^o]n_^ ni jlip_ nbcm jimnof[ncih. 

Tb_ jl_m_hn gchc-l_pc_q ^_[fm qcnb a_h_nc]m, jbsmcifiac][f g_]b[hcmgm, [h^ 

\l__^cha []bc_p_g_hnm `il mo\g_la_h]_ [h^ m[fchcns-nif_l[hn lc]_ qbcf_ [n 

nb_ m[g_ ncg_ bcabfcabncha m[fch_-mo\g_la_h]_ [m [h _g_lacha nsj_ i` 

[\cinc] mnl_mm ch lc]_ ]ofncp[ncih. 
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mb__nm [lioh^ nb_ jf[h_n ni g_fn f_[^cha ni nb_ l[cmcha i` 

m_[ f_p_fm (2). Tbcm cm ]illi\il[n_^ \s nb_ f[n_mn l_jiln \s 

IPCC qbc]b jl_^c]nm nb[n afi\[f n_gj_l[nol_ q[m ni \_ 1.1°

C q[lg_l ch nb_ s_[lm 2011-2020 [m ]igj[l_^ ni 1850-

1900 (1).  

 Am [ l_mofn i` afi\[f q[lgcha [h^ af[]c_lm g_fncha, 

nb_ `l_ko_h]s i` `fii^m ch]l_[m_m f_[^cha ni mo\g_la_h]_ 

mnl_mm ih lc]_ `c_f^m, j[lnc]of[lfs ch nb_ l[ch`_^ fiqf[h^m i` 

nb_ Sionb [h^ Sionb_[mn Amc[ l_acih (3). T[echa M[f[smc[ 

[m [h _r[gjf_, nb_ l[ch`[ff l_]il^ `il 40 s_[lm, `lig 1978 

ohncf 2017, ch^c][n_^ [h ojnl_h^ ch nb_ [p_l[a_ [hho[f 

l[ch`[ff _p_ls ^_][^_, qcnb nb_ E[mn Ci[mn i` M[f[smc[ 

l_]_cpcha [ bcab [giohn i` l[ch`[ff ^olcha nb_ hilnb_[mn 

gihmiih m_[mih (4). Tb_ jl_pciom l_jiln ch^c][n_^ nb[n 

[\ion 40,828.28 b_]n[l_m i` lc]_ `c_f^m ch M[f[smc[ q_l_ 

^_mnlis_^ \s `fii^ qcnb [ nin[f fimm i` 128.80 gcffcih 

lchaacnm, l_`_llcha ni ^[n[ l_]il^_^ \_nq__h 2017 [h^ 2021 

\s nb_ Mchcmnls i` Aalc]ofnol_ [h^ Fii^ Ih^omnls (MAFI), 

M[f[smc[ (4). Oh [ afi\[f pc_q, cn q[m jlid_]n_^ nb[n nb_ lc]_ 

\iqf i` nb_ qilf^ g[chfs ch nb_ Ih^c[h mo\]ihnch_hn [h^ 

j[lnm i` Cbch[ gcabn _rj_lc_h]_ ch]l_[m_^ jl_]cjcn[ncih 

[h^ `fii^cha \s nb_ s_[l 2030 (5). Kolhc[mcb et al. (6) [fmi 

l_jiln_^ nb[n lc]_ jli^o]ncih ch Ih^ih_mc[ q[m [ff_]n_^ \s 

]fcg[n_ ]b[ha_ mo]b [m `fii^cha [h^ m[fchcns.  

 Ih [^^cncih, ]i[mn[f _limcih cm l_]_hnfs \_]igcha 

ih_ i` nb_ lcmcha jli\f_gm (7). Atc^ et al. (8) ^_`ch_^ ]i[mn[f 

_limcih [m nb_ jbsmc][f q_[lcha i` mol`[]_ g[n_lc[fm \s 

]oll_hnm, q[p_ []ncih, [h^ nc^[f ]oll_hnm. H_[ps mnilgm 

qiof^ ]l_[n_ bcab nc^_m [h^ mnliha q[p_m, ^[g[acha nb_ 

\_[]b [h^ l_^o]cha nb_ m_[ \[he (9). Oh]_ nb_ m_[ \[he cm 

^_al[^_^, nb_ m_[q[n_l g[s ip_l`fiq chni fiq-fscha [l_[m, 

f_[^cha ni m[fch_ q[n_l `fii^cha (10). A]]il^cha ni Kog[l 

et al. (11), m[fch_ q[n_l cm jlid_]n_^ ni j_h_nl[n_ `olnb_l 

chf[h^, ^l[mnc][ffs [fn_lcha nb_ nijial[jbs i` nb_ ^_fn[m 

[h^ ]i[mn[f jf[chm \s nb_ s_[l 2050, [ff_]ncha [lioh^ 50 

j_l]_hn i` afi\[f [l[\f_ f[h^m. Rc]_, biq_p_l, cm 

mom]_jnc\f_ ni [\cinc] mnl_mm_m mo]b [m ^lioabn, `fii^, 

m[fchcns, [h^ m[fch_ mo\g_la_h]_ [giha inb_lm (12,13). Fil 

chmn[h]_, ih]_ nb_ m[fns q[n_l a_nm chni nb_ lc]_ `c_f^, m[fn 

g[s loch nb_ f[h^ qb_h nb_ `fii^ mo\mc^_m. Plifiha_^ 

_rjimol_ ni m[fch_ q[n_l `fii^m gcabn ][om_ [^p_lm_ 

_ff_]nm ih micf [h^ lc]_ jli^o]ncpcns (9). S_[q[n_l chnlomcih 

chni lc]_ `c_f^m h_[l ]i[mn[f [l_[m ^olcha nb_ gihmiih 

m_[mih g[s ]l_[n_ [ h_q nsj_ i` [\cinc] mnl_mm ehiqh [m 

m[fch_ mo\g_la_h]_ (10). Tbcm gchc-l_pc_q qcff _gjb[mct_ 

nb_ a_h_nc]m, jbsmcifiac][f g_]b[hcmg, [h^ \l__^cha 

[]bc_p_g_hn `il mo\g_la_h]_ [h^ m[fchcns-nif_l[hn lc]_ 

qbcfmn mcgofn[h_iomfs bcabfcabncha m[fch_ mo\g_la_h]_ [m 

[h _g_lacha nsj_ i` [\cinc] mnl_mm ch lc]_ ]ofncp[ncih.  

 

M_nbi^ifias  

Ih `ch^cha nb_ l_f[n_^ [lnc]f_m [h^ diolh[fm, m_p_l[f 

[][^_gc] ^[n[\[m_ jf[n`ilgm q_l_ om_^ mo]b [m S]ijom 

(bnnjm://qqq.m]ijom.]ig/m_[l]b/`ilg.olc?^cmjf[s=\[mc]), 

Giiaf_ S]bif[l (bnnjm://m]bif[l.aiiaf_.]ig/), [h^ S]c_h]_ 

Dcl_]n (bnnjm://qqq.m]c_h]_^cl_]n.]ig/). Tb_ jli]_mm 

mn[ln_^ qcnb nb_ c^_hnc`c][ncih i` l_f[n_^ n_lgm ^_lcp_^ 

`lig nb_ g[hom]lcjn ncnf_. Tb_ fcmn i` m_[l]b n_lgm om_^ `il 

nbcm l_pc_q q[m lc]_ \l__^cha, lc]_ [h^ m[fchcns, m[fch_ q[n_l 

[h^ mo\g_la_h]_ ch lc]_, Saltol, lc]_ [h^ mo\g_la_h]_, 

Sub1, [h^ lc]_ [\cinc] mnl_mm. Fil nbcm g[hom]lcjn, nb_l_ cm 

hi mj_]c`c] ch]fomcih i` nb_ jo\fc][ncihm m_[l]b_^ qbcf_ nb_ 

jo\fc][ncihm \_`il_ 2005 q_l_ _r]fo^_^ ohf_mm `il [h 

cgjiln[hn lc]_ mo\g_la_h]_ nif_l[h]_ g[hom]lcjn 

jo\fcmb_^ ch 1996. Tb_ jli]_mm ]ihncho_^ qcnb nb_ 

]f[mmc`c][ncih i` nb_ diolh[fm [h^ [lnc]f_m chni mj_]c`c] 

i\d_]ncp_m. Tb_h, nb_ mogg[lct[ncih i` nb_ diolh[fm [h^ 

[lnc]f_m q[m j_l`ilg_^ \_`il_ nb_ qlcn_-oj i` nb_ l_pc_q 

[lnc]f_ mn[ln_^. Fch[ffs, C[hp[ ihfch_ miftq[l_ [h^ Mc]limift 

Piq_lPichn `lig Mc]limift 365 q_l_ om_^ `il `caol_ 

jli^o]ncih. 

Eff_]nm i` So\g_la_h]_ Snl_mm ih Rc]_ 

Ih Sionb_[mn Amc[, `f[mb `fii^m gcabn \_ nb_ gimn ]iggih 

`fii^ ^olcha nb_ gihmiih m_[mih (10). So]b [h _p_hn g[s 

][om_ mo\g_la_h]_ mnl_mm ni h_qfs jf[hn_^ lc]_. 

Ift_eb[lo^^[of[ et al. (14) mn[n_^ nb[n jf[hnm' molpcp[f 

^olcha mo\g_la_h]_ ^_j_h^_^ ih nb_ ^_jnb, ^ol[ncih, 

[h^ q[n_l ko[fcns pcm-à-pcm nb_ `fii^ q[n_l'm m[fchcns f_p_f. 

S_jnchchamcb et al. (15) l_cn_l[n_^ nb[n nb_ molpcp[f l[n_ i` 

lc]_ oh^_l ]igjf_n_ mo\g_la_h]_ qcff ^_j_h^ ih 

_hpclihg_hn[f ]ih^cncihm mo]b [m n_gj_l[nol_, q[n_l 

nol\c^cns, mif[l l[^c[ncih, [h^ micf `_lncfcns. Nih_nb_f_mm, 

Of[^imo et al. (16) g_hncih_^ nb[n lc]_ gcabn _m][j_ 

mo\g_la_h]_ mnl_mm \s f_hanb_hcha cnm chn_lhi^_ oh^_l 

]igjf_n_ mo\g_la_h]_ ]ih^cncihm. Hiq_p_l, nb_ [ff_]n_^ 

jf[hn n_h^m ni \_ fi^a_^ [ft_l nb_ `fii^ [h^ _p_hno[ffs ^c_m 

^o_ ni ][l\ibs^l[n_ mbiln[a_, fcgcn_^ honlc_hn mojjfs, [h^ 

^cmlojn_^ \ci]b_gc][f jli]_mm_m (9). 

 Nih_nb_f_mm, inb_l j[lnm i` Amc[ g[s moff_l [ 

jlifiha_^ `fii^ l[hacha \_nq__h nqi q__em il gil_ qcnb 

nb_ `fii^ q[n_l l_g[chcha ch nb_ lc]_ `c_f^ ][omcha 

jlifiha_^ mo\g_la_h]_ i` lc]_ (17) Tb_ [ff_]n_^ lc]_ qcff 

a_h_l[ffs _h^ qcnb jiil ncff_lcha f_[^cha ni fiq-sc_f^ 

jli^o]ncih. A]]il^cha ni Of[^imo et al. (16), nb_ [ff_]n_^ 

mo\g_la_^ jf[hnm l_]il^_^ [ fiq_l j[hc]f_ hog\_l, 

hog\_l i` al[chm j_l j[hc]f_, al[ch-`cffcha j_l]_hn[a_, [h^ 

^_f[sm ch `fiq_lcha [h^ g[nolcns, ][omcha [ l_^o]ncih ch 

sc_f^ jli^o]ncih. Dolcha mo\g_la_h]_, fcgcn_^ fcabn 

chn_l]_jncih [h^ [\miljncih mcahc`c][hnfs l_^o]_^ nb_ 

jbinimshnb_nc] l[n_ i` nb_ jf[hn (18). Ih [^^cncih, l_mnlc]n_^ 

a[m ^cffomcih ^o_ ni mnig[n[f ]fimol_ qiof^ [ff_]n lc]_ 

g_n[\ifcmg, \ci]b_gc][f jli]_mm_m, [h^ molpcp[f oh^_l 

jlifiha_^ mo\g_la_h]_ qcnb nb_ if^_l f_[p_m ch]oll_^ 

^[g[a_, [h^ hi h_q f_[p_m _g_la_^ (19) Cigjf_n_ 

mo\g_la_h]_ [fmi ch^o]_m nb_ jli^o]ncih i` l_[]ncp_ 

irsa_h mj_]c_m (ROS) mo]b [m bs^lia_h j_lirc^_, bs^lirsf 

l[^c][f, [h^ moj_lirc^_ [hcih nb[n, c` hin gi^_l[n_^, 

qiof^ ^cmlojn hilg[f ]_ffof[l jli]_mm_m mo]b [m gcnimcm 

[h^ g_cimcm f_[^cha ni jf[hn ^_[nb (16).  

Eff_]nm i` S[fchcns Snl_mm ih Rc]_ 

Rc]_ cm ][n_ailct_^ [m [ m[fn-m_hmcncp_ jf[hn [h^ nb_ sc_f^ i` 

lc]_ ch [ m[fch_ _hpclihg_hn q[m mo\mn[hnc[ffs f_mm nb[h ch [ 

hih-m[fch_ _hpclihg_hn (20). S[fchcns ]iof^ \_ l_a[l^_^ [m 

[ m_]ih^ ni ^lioabn [m mcahc`c][hn mnl_mm ^_]l_[mcha lc]_ 

jli^o]ncih qilf^qc^_ (21). Rc]_ b[m [ m[fn mnl_mm nbl_mbif^ 

i` [\ion 4 ^S/g, [h^ _p_ls ^S/g \_sih^ nbcm l_mofnm ch [ 

12% sc_f^ ^_]l_[m_, g[echa lc]_ [ m[fn-m_hmcncp_ ]lij (22). 

Rc]_'m m[fn mom]_jnc\cfcns p[lc_m \[m_^ ih cnm ^_p_fijg_hn[f 
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jb[m_. Rc]_ cm go]b gil_ nif_l[hn ni m[fchcns ^olcha 

a_lgch[ncih nb[h ch f[n_l jb[m_m i` ^_p_fijg_hn (21). In 

\_]ig_m m_hmcncp_ ^olcha nb_ m__^fcha mn[a_, l_]ip_lm [ 

^_al__ i` l_mcmn[h]_ ^olcha p_a_n[ncp_ aliqnb, [h^ 

\_]ig_m bcabfs pofh_l[\f_ ^olcha nb_ l_jli^o]ncp_ mn[a_ 

(21). S[fchcns ch`fo_h]_m j[hc]f_ f_hanb [h^ mjce_f_n 

ko[hncns j_l j[hc]f_, ^_f[scha j[hc]f_ _g_la_h]_, 

`fiq_lcha, [h^ lc]_ al[ch jli^o]ncih (23). Folnb_lgil_, [m 

jiff_h pc[\cfcns cm l_^o]_^, m[fchcns qcff [ff_]n nb_ 

jlijilncih i` _aa ]_ffm `_lncfct_^ [h^, ]ihm_ko_hnfs, lc]_ 

sc_f^ (24). 

 Ih [^^cncih, [h _r]_mmcp_ N[+ [h^ Cf– cih ch lc]_ 

f_[p_m ^[g[a_ nb_ ]bfilijbsff ]ih]_hnl[ncih, chbc\cncha 

PSII jlcg[ls _f_]nlih nl[hmjiln (25). Ih]l_[m_^ m[fn f_p_fm 

l_mnlc]n jf[hn ^_p_fijg_hn \s l_^o]cha CO2 [\miljncih, 

l_mofncha ch mnig[n[f ]fimol_ [h^ [ fiq_l chnl[]_ffof[l CO2 

j[lnc[f jl_mmol_, qbc]b f_[^m ni [ fiq_l jbinimshnb_nc] 

l[n_ (26). Dolcha m[fn mnl_mm, nb_ \ocf^-oj i` chnl[]_ffof[l 

mi^cog cihm [fn_lm nb_ N[+/K+ l[nci, [ff_]ncha 

jbinimshnb_nc] \ci_h_la_nc] msmn_gm (25). A]]il^cha ni 

P[nn[h[aof [h^ Tbcncm[em[eof (27), nb_ m[fchcns qcff ][om_ 

jf[hnm ni moff_l `lig imginc] chbc\cncih [h^ cihc] nirc]cns. 

Tb_ imginc] chbc\cncih [h^ cihc] nirc]cns i]]oll_^ qb_h 

nb_l_ q[m [ bcab m[fn ]ih]_hnl[ncih ch q[n_l. B_mc^_m nb[n, 

nb_ _r]_mmcp_ m[fn ch nb_ micf qcff [ffiq jf[hnm ni fim_ gil_ 

q[n_l \s nl[hmjcl[ncih, nbom, nb_ _r]_mm N[+ cih ch nb_ 

alioh^ qcff \_ [\mil\_^ \s nb_ jf[hn [h^ _p_hno[ffs ][om_ 

imginc] mnl_mm ni nb_ ]_ff (25).   

Eff_]nm i` S[fch_-So\g_la_h]_ Snl_mm ih Rc]_  

Am ]igj[l_^ ni mo\g_la_h]_ [h^ m[fchcns mnl_mm_m, nb_ 

_ff_]nm i` m[fch_ q[n_l mo\g_la_h]_ mnl_mm ih lc]_ [l_ mncff 

jiilfs ^i]og_hn_^ (T[\f_ 1). Hiq_p_l, [m mbiqh ch Fca. 1., 

lc]_ jf[hnm nb[n q_l_ cgg_lm_^ ch m[fn q[n_l g[s 

_rj_lc_h]_ cihc] [h^ imginc] mnl_mm (c._., bcab N[+ [h^ Cf- 

]ih]_hnl[ncih, fiq K+ ]ih]_hnl[ncih, cg\[f[h]_ N[+/K+ 

l[nci, _n].) ^o_ ni m[fchcns, ch [^^cncih ni irc^[ncp_ mnl_mm 

(c._., fcgcn_^ fcabn chn_l]_jncih, a[m ^cffomcih, l[n_ i` 

jbinimshnb_mcm, _n].) ^o_ ni ]igjf_n_ mo\g_la_h]_. Am 

l_jiln_^ \s S[t[fc et al. (10) m__^fcha aliqnb [nnlc\on_m i` 

lc]_ q_l_ mcahc`c][hnfs [ff_]n_^ oh^_l m[fch_-mo\g_la_h]_ 

[n 4, 8, [h^ 12 ^S/g. Tb_ mno^s q[m ][llc_^ ion omcha 

m_f_]n_^ lc]_ ]ofncp[lm `lig M[f[smc[ g[chfs MR297, 

MR284, [h^ MR253, [fiha qcnb [ ohcp_lm[f m[fchcns nif_l[hn 

]b_]e, Piee[fc, [h^ mo\g_la_h]_ nif_l[hn ]b_]e, IR64-

So\1. Tb_ IR64-Sub1 l_]il^_^ [ mcahc`c][hnfs bcab_l 

molpcp[f l[n_ [n 83% oh^_l `l_mbq[n_l mo\g_la_h]_ (0 ^S/

g) [m ]igj[l_^ ni inb_l a_hinsj_m. Hiq_p_l, \inb 

nif_l[hn ]b_]em, IR64-Sub1 [h^ Piee[fc [fiha qcnb inb_l 

a_hinsj_m q_l_ hin molpcp_^ oh^_l m[fch_-mo\g_la_h]_ [n 

4, 8, [h^ 12 ^S/g ch^c][ncha mom]_jnc\cfcns ni m[fch_-

mo\g_la_h]_ mnl_mm (10). Ih nb_ `onol_, [^^cncih[f l_m_[l]b 

]iof^ \_ j_l`ilg_^ ni ]igjl_b_h^ nb_ cgj[]n i` m[fch_ 

q[n_l mo\g_la_h]_ ih lc]_ aliqnb [h^ ^_p_fijg_hn. 

G_h_nc]m, Pbsmcifiac][f M_]b[hcmg [h^ Bl__^cha `il 

So\g_la_h]_ Tif_l[hn Rc]_  

Dolcha nb_ 1970m, nb_ Ihn_lh[ncih[f Rc]_ R_m_[l]b 

Ihmncnoncih (IRRI) f[oh]b_^ msmn_g[nc] l_m_[l]b ni c^_hnc`s 

mo\g_la_h]_-nif_l[hn a_lgjf[mg qcnb nbiom[h^m i` 

[]]_mmcihm `lig nb_ chn_lh[ncih[f a_lgjf[mg ]iff_]ncih 

m]l__h_^ oh^_l ]igjf_n_ mo\g_la_h]_ ch [ q[n_l n[he 

(28). Tb_ m]l__hcha l_p_[f_^ nqi a_lgjf[mg, FR13A, [h^ 

FR43B, ilcach[n_^ `lig O^cmb[, E[mn_lh Ih^c[, qcnb 

l_g[le[\f_ mo\g_la_h]_ nif_l[h]_ (28). Xo [h^ M[]ecff 

(29) [fmi l_jiln_^ [ mct[\f_ QTL `il mo\g_la_h]_ nif_l[h]_ 

ch lc]_ (ehiqh [m Sub1) ih ]bligimig_ 9 omcha nb_ 

R[h^ig Agjfc`c_^ Pifsgiljbc] (RAPD) [h^ R_mnlc]ncih 

Fl[ag_hn L_hanb Pifsgiljbcmg (RFLP) g[le_lm `lig 

FR13A. Ih nb_ F2–F3 jijof[ncih, Sub1 q[m `ioh^ ni \_ 

l_mjihmc\f_ `il [fgimn 70% i` nb_ jb_hinsjc] p[lc[h]_ `il 

[ bcab_l molpcp[f l[n_ oh^_l ]igjf_n_ mo\g_la_h]_ `il 14 

]ihm_]oncp_ ^[sm (29). Sub1 q[m f[n_l `ch_-g[jj_^ ni [ 

moffc]c_hnfs h[lliq a[j i` ]bligimig_ 9 `lig RZ698 ni 

C1232 ni [ffiq g[le_l-[mmcmn_^ m_f_]ncih (MAS) omcha 

ncabnfs fche_^ g[le_lm (29). Tbl__ Sub1 ]fomn_lm q_l_ nb_h 

A\cinc] Snl_mm K_s R_mjihm_ Tl[cn Tif_l[h]_ 
M_]b[hcmg 

R_`_l_h]_ 

So\g_la_h]_ 

Orc^[ncp_ [h^ 
l_mjcl[ncih mnl_mm qcnb 

fcgcn_^ a[m_iom 
_r]b[ha_ 

Solpcp[f l[n_, mbiin _fiha[ncih, f_[` 
a[m _r]b[ha_, mn[l]b, moa[l [h^ 
]bfilijbsff ]ihn_hn, al[ch sc_f^, 

jf[hn b_cabn, ^ls g[mm, hog\_l i` 
ncff_lm, [h^ _nbsf_h_ ]ih]_hnl[ncih 

Qoc_m]_h]_ (14), (52) (26), (53) 

  Piil aliqnb 
j_l`ilg[h]_ 

Pf[hn b_cabn, hog\_l i` ncff_lm Em][j_ (16) 

S[fchcns 
Liq cihc] big_imn[mcm 
[h^ ^_f[s_^ `fiq_lcha 

Pf[hn b_cabn, \cig[mm, hog\_l i` 
j[hc]f_m, j[hc]f_ f_hanb, ^[sm ni 

`fiq_lcha, N[+ [h^ K+ 
]ih]_hnl[ncih, al[ch sc_f^, [h^ 

mjce_f_n mn_lcfcns 

- (54) 

  Liq l[n_ i` 
jbinimshnb_mcm 

Pbinimshnb_mcm [h^ nl[hmjcl[ncih 
l[n_, 

chn_l]_ffof[l CO2 ]ih]_hnl[ncih, 
mnig[n[f ]ih^o]n[h]_, [h^ hog\_l 

i` `cff_^ al[chm 

- (55) (56) 

  
Piil aliqnb [h^ 

[alihigc] 
j_l`ilg[h]_ 

Pf[hn b_cabn, molpcp[f l[n_, ^[sm ni 
50% `fiq_lcha, nin[f \cig[mm, 

hog\_l i` _ff_]ncp_ ncff_lm j_l jf[hn, 
j[hc]f_ f_hanb, mjce_f_n `_lncfcns, 

al[ch sc_f^, [h^ N[+/K+ l[nci 

- (42) (57), (58) 

S[fch_ q[n_l 
mo\g_la_h]_ 

Piil aliqnb 
j_l`ilg[h]_ 

Pf[hn b_cabn, [h^ molpcp[f l[n_ Qoc_m]_h]_ [h^ 
_m][j_ g_]b[hcmg 

(10) 

  Piil m__^ a_lgch[ncih 
Pf[hn b_cabn, hog\_l i` f_[p_m, 

]bfilijbsff ]ihn_hn, liin f_hanb, 
[h^ jf[hn \cig[mm 

- (6) 

T[\f_ 1. Rc]_ l_mjihm_ ni mo\g_la_h]_, m[fchcns, [h^ m[fch_ q[n_l mo\g_la_h]_ mnl_mm 
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c^_hnc`c_^ [m Sub1A, Sub1B, [h^ Sub1C (3). Agiha nbim_ 

nbl__ ]fomn_lm, Sub1A q[m nb_ gimn mcahc`c][hn ^o_ ni cnm 

g[dil lif_ ch nif_l[h]_ [a[chmn mo\g_la_h]_ mnl_mm (3). 

Tb_ FR31A q[m qc^_fs om_^ [m [ ^ihil j[l_hn ch \l__^cha 

`il mo\g_la_h]_ nif_l[h]_, QTL [mmi]c[ncih g[jjcha, [h^ 

]fihcha i` nb_ Sub1 a_h_ (16).  

 Ih a_h_l[f, Sub1 qiof^ \_ oj-l_aof[n_^ ^olcha 

_rjimol_ ni ]igjf_n_ mo\g_la_h]_ [h^ mo\m_ko_hnfs 

^iqh-l_aof[n_^ ih]_ nb_ `fii^ mo\mc^_m. Sub1 cm 

[mmi]c[n_^ qcnb [h Enbsf_h_ R_mjihmcp_ F[]nil (ERF) fce_ 

g_]b[hcmg, [ jf[hn jlin_ch qc^_fs ehiqh [m [ l_aof[nil 

`il [\cinc] [h^ \cinc] mnl_mm l_mjihm_m (3). A jl_pciom mno^s 

ih ERFm `ioh^ nb[n Sub1A q[m l_mjihmc\f_ `il 

mo\g_la_h]_ nif_l[h]_ (30,31). Tb_ Sub1A fi]om c^_hnc`c_^ 

nqi cgjiln[hn [ff_f_m ][ff_^ Sub1A-1 [m nb_ nif_l[hn [ff_f_ 

[h^ Sub1A-2 [m nb_ chnif_l[hn [ff_f_ (30,31). Sub1A-1 [ff_f_ 

b[m \__h [ g[dil ^_n_lgch[hn i` mo\g_la_h]_ [m nb_ a_h_ 

q[m jl_m_hn ch nb_ Sub1 ^ihil p[lc_ns, FR13A (29). Sub1A-1 

nif_l[hn g_]b[hcmg qilem \s [jjfscha nb_ koc_m]_h]_ 

mnl[n_as qb_l_ nb_ _fiha[ncih i` mbiinm q[m mojjl_mm_^ 

^olcha mo\g_la_h]_ mnl_mm (32). Tb_ koc_m]_h]_ mnl[n_as 

[ffiqm nb_ jf[hn ni jl_m_lp_ nb_ _h_las `il molpcp[f ^olcha 

]igjf_n_ mo\g_la_h]_ [h^ [ft_l nb_ `fii^ mo\mc^_m. 

So\g_la_h]_ nif_l[hn a_hinsj_ qcnb nb_ Sub1A-1 [ff_f_ 

l_]il^_^ [ mbiln_l jf[hn b_cabn oh^_l mo\g_la_h]_ mnl_mm 

nb[h nb_ mom]_jnc\f_ a_hinsj_ (30,31). Aj[ln `lig nb_ 

koc_m]_h]_ mnl[n_as, jf[hnm oh^_l ]igjf_n_ mo\g_la_h]_ 

g[s []ncp[n_ nb_ _m][j_ mnl[n_as (32). Ih nb_ jli]_mm i` 

_m][jcha ]igjf_n_ mo\g_la_h]_, jf[hnm qcnb [h _m][j_ 

mnl[n_as qiof^ _fiha[n_ nb_cl mbiin nbom ]ihm_ko_hnfs 

b[pcha bcab_l jf[hn b_cabn (16). Mil_ip_l, jf[hnm qcnb [h 

_m][j_ mnl[n_as m_]l_n _nbsf_h_ qbc]b f_[^m ni [h 

ch]l_g_hn i` ac\\_l_ffc] []c^ (GA) jli^o]ncih, [ bilgih_ 

nb[n cm l_mjihmc\f_ `il mbiin _fiha[ncih (32). H_h]_, nb_ 

jf[hn n_h^m ni _fiha[n_ cnm mbiin ni _m][j_ mo\g_la_h]_ 

mnl_mm. Hiq_p_l, nb_ _fiha[n_^ jf[hnm gcabn moff_l `lig 

fi^acha mnl_mm [ft_l nb_ `fii^ mo\mc^_^, g[echa nb_ _m][j_ 

mnl[n_as f_mm _ff_]ncp_ nb[h nb_ koc_m]_h]_ mnl[n_as (16).  

 Bl__^cha `il mo\g_la_h]_-nif_l[hn lc]_ q[m mn[ln_^ 

mcgofn[h_iomfs qcnb c^_hnc`scha nb_ Sub1A-1 [ff_f_ ch FR13A 

qcnb nb_ FR13A-^_lcp_^ \l__^cha fch_ IR49830-7-1-2-2 

b[pcha Sub1A-1 [ff_f_ [h^ inb_l `[piol[\f_ [alihigc] 

nl[cnm q[m mo]]_mm`offs ^_p_fij_^ ch nb_ gc^-1990m (28). 

Sch]_ nb_h, _ffilnm b[p_ \__h g[^_ ni chnlial_mm_^ Sub1A-

1 [ff_f_m chni lc]_ g_a[- [h^ _fcn_-]ofncp[lm mo]b [m S[g\[ 

M[bmolc, Sq[lh[, [h^ IR64 (33, 34). Am [h ion]ig_, h_[l-

cmia_hc] fch_m (NILm) i` nbim_ ]ofncp[lm qcnb Sub1A [h^ aii^ 

[alihigc] nl[cnm q_l_ mo]]_mm`offs a_h_l[n_^ [h^ l_f_[m_^ 

`il ]igg_l]c[f ]ofncp[ncih [m S[g\[ M[bmolc-Sub1, 

Sq[lh[-Sub1, [h^ IR64-Sub1 (34). Tbim_ NILm q_l_ 

^_p_fij_^ omcha g[le_l-[mmcmn_^ \[]e]limmcha (MABC) 

mnl[n_as qcnb [h FR13A-^_lcp_^ \l__^cha fch_ [m [ nif_l[hn 

^ihil [h^ S[g\[ M[bmolc, Sq[lh[, [h^ IR64 [m l_]oll_hn 

j[l_hnm (33, 34). L[n_l, [ MABC jli]_^ol_ q[m ^_p_fij_^ 

ni chnli^o]_ Sub1 chni [hs lc]_ g_a[ p[lc_ns (35). Tb_ 

chnlial_mmcih i` Sub1 chni [hs ]ofncp[l ]iof^ \_ []bc_p_^ 

qcnbch [ 2-3 s_[l ncg_`l[g_, omcha [ ncabnfs fche_^ ]f_[p_^ 

[gjfc`c_^ jifsgiljbc] m_ko_h]_ (CAPS) g[le_l mo]b [m 

GNS2, [h^ [ gc]lim[n_ffcn_ g[le_l fce_ AEX1 (35). Onb_l 

nb[h MABC, [h [^p[h]_^ g_nbi^ mo]b [m a_hinsjcha \s 

m_ko_h]cha (GBS) g[s [fmi \_ om_^ ni mj__^ oj nb_ 

\l__^cha jli]_mm (14). Ahinb_l jligcmcha [p_ho_ cm nb_ 

^_p_fijg_hn i` bcab-sc_f^cha bs\lc^ lc]_ ]ofncp[lm qcnb 

mo\g_la_h]_-nif_l[hn Sub1A ni cgjlip_ sc_f^ jin_hnc[f ch 

Fca. 1. Hsjinb_nc][f _ff_]nm i` m[fch_-mo\g_la_h]_ mnl_mm [h^ nif_l[h]_ mnl[n_ac_m 
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`fii^-jlih_ [l_[m. 

G_h_nc]m, Pbsmcifiac][f M_]b[hcmg [h^ Bl__^cha `il 

S[fchcns Tif_l[hn Rc]_ 

A]]il^cha ni W[tclc et al. (36), Piee[fc cm [ nl[^cncih[f 

]ofncp[l nb[n cm h[nol[ffs l_mcmn[hn ni m[fn mnl_mm ^o_ ni 

a_h_l[ncihm i` [^[jn[ncih ni nblcp_ ih m[fn-[ff_]n_^ micf, 

g[echa cn [ bcab-jin_hnc[f m[fn-nif_l[hn ^ihil.  A g[dil 

QTL, ][ff_^ Saltol ]ihnlc\on_^ ni nbcm ^_mcl[\f_ [^[jn[ncih 

(36). Saltol q[m ^cm]ip_l_^ ih ]bligimig_ 1 ch [h F8 

l_]ig\ch[hn ch\l_^ fch_m (RILm) i` nb_ Piee[fc (m[fn 

nif_l[hn) r IR29 (m[fn-m_hmcncp_) jijof[ncih ^_p_fij_^ [n 

IRRI ch nb_cl m[fn mnl_mm nif_l[h]_ \l__^cha jlial[g (37). A 

m_n i` 78 jon[ncp_ RILm q[m a_h_l[n_^ [h^ _gjfis_^ ni 

g[j Saltol nblioab nb_ oncfct[ncih i` [gjfc`c_^ `l[ag_hn 

f_hanb jifsgiljbcmg (AFLP) g[le_lm (37). Tb_ Saltol 

l_acih q[m nb_h `ch_-g[jj_^ ch \_nq__h 10.7-12.2 M\ i` 

]bligimig_ 1 omcha RFLP [h^ gc]lim[n_ffcn_ g[le_lm ch [ 

jijof[ncih i` 54 RILm (38). Ih [^^cncih, RILm FL478 q[m 

`ioh^ ni b[p_ [ l_acih ch \_nq__h 10.6-11.5 M\ i` 

]bligimig_ 1 ilcach[ncha `lig Piee[fc [h^ q[m `f[he_^ 

\s IR29 [ff_f_m (39). Tb_ mo\m_ko_hn mno^c_m g[h[a_^ ni l_

-g[j m_p_l[f QTLm `il m[fchcns nif_l[h]_ ih ^cff_l_hn 

]bligimig_m ch lc]_ (36). Mil_ip_l, nb_ _rjl_mmcih i` 

Saltol q[m ni \_ fi][fct_^ \_nq__h 10.8-16.4 M\ ch 

]bligimig_ 1 (40). A]]il^cha ni W[tclc et al. (36), [\ion 

783 fi]c q_l_ ^_n_]n_^ qcnbch Saltol, qbc]b _h]i^_^ 

ohehiqh jlin_chm moaa_mncha nb[n m[fchcns nif_l[h]_ ch lc]_ 

cm jifsa_hc] qcnb p[lciom a_h_m []ncp[ncha ^cff_l_hn 

nif_l[hn g_n[\ifcmg. 

 Ih a_h_l[f, Saltol q[m [mmi]c[n_^ qcnb nb_ N[+/K+ 

l[nci [h^ m__^fcha mn[a_ m[fchcns nif_l[h]_ (41). In q[m 

`ioh^ ni \_ l_mjihmc\f_ `il fiq N[+ [\miljncih, bcab K+ 

[\miljncih, [h^ [ fiq N[+-ni-K+ l[nci ch m[fchcns-mnl_mm_^ 

lc]_ mbiinm (42). Tb_ ch]l_[m_ ch K+ [\miljncih qcff chbc\cn 

N[+ ojn[e_, b_h]_, nb_ nirc]cns _ff_]n i` N[+ ]iof^ \_ 

l_^o]_^ (42). Pl_pciomfs, Bihcff[ et al. (38) l_jiln_^ nb[n 

43% i` nb_ jb_hinsjc] p[lc[ncih `il mbiin N[+/K+ l[nci ch [ 

jijof[ncih i` 54 RILm Piee[fc r IR29 q[m [mmi]c[n_^ qcnb 

Saltol. A mo\m_ko_hn mno^s \s Tbigmih et al. (41) 

]ih`clg_^ nb[n Saltol ]ihnlc\on_m ni N[+/K+ big_imn[mcm 

[h^ 64.3-80.2% p[lc[ncih i` N[+/K+ l[nci [n lc]_ mbiin. 

Mil_ip_l, Schab et al. (43) `ioh^ nb[n nb_ N[+/K+ 

big_imn[mcm g_]b[hcmg q[m []ncp[n_^ oh^_l m[fchcns 

mnl_mm ^olcha [h chnlial_mmcih i` Saltol chni Pom[ B[mg[nc 1 

pc[ MAS. Tb_s [fmi i\m_lp_^ nb_ gip_g_hn i` N[+ [h^ K+ 

nblioab chnlomcp_ [jijf[mnc] nl[hmjiln ch nb_ m[fchcns-

mom]_jnc\f_ fch_m qb_l_ ][ncih q[m bcabfs []]ogof[n_^ ch 

nb_ mbiin ]igj[l_^ qcnb nb_ liin (43). Tb_s nb_h 

]ih]fo^_^ nb[n Saltol ]ihnlc\on_m ni m[fchcns nif_l[h]_ \s 

l_mnlc]ncha nb_ []]ogof[ncih i` N[+ ch nb_ mbiin, 

moaa_mncha nb[n N[+ jf[sm [ mcahc`c][hn lif_ ch l_aof[ncha 

m[fchcns nif_l[h]_ ch lc]_ (43).                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         

 M[mmcp_ a_h_nc] l_miol]_m b[p_ jlipc^_^ 

ch`ilg[ncih ni ^_p_fij gif_]of[l g[le_lm i` mj_]c`c] 

n[la_n a_h_(m) il QTL(m) l_a[l^cha cgjlipcha p[lc_nc_m qcnb 

^_mcl[\f_ nl[cnm. Ih nbcm q[s, nb_ \l__^cha jlial[g ]iof^ 

\_ []]_f_l[n_^ [m nb_ m]l__hcha jb[m_ ]iof^ \_ mbiln_h_^. 

Tblioab MAS, [ `[mn_l m_f_]ncih [h^ c^_hnc`c][ncih i` Saltol 

chnlial_mm_^ fch_m b[m \__h []bc_p_^. Tb_ ^cm]ip_ls i` nb_ 

Saltol l_acih ch RILm FL478 []]_f_l[n_^ lc]_ \l__^cha `il 

m[fchcns nif_l[h]_ (41). Sch]_ nb_h, g[hs ]iohnlc_m mo]b [m 

Ih^c[, B[haf[^_mb, Pbcfcjjch_m, Tb[cf[h^, Sionb Kil_[, 

J[j[h, [h^ nb_ Uhcn_^ Sn[n_m b[p_ \__h ^_p_fijcha m[fn-

nif_l[h]_ lc]_ \s chnlial_mmcha Saltol chni nb_cl _fcn_ lc]_ 

]ofncp[lm (44). Fil chmn[h]_, Saltol q[m mo]]_mm`offs 

chnlial_mm_^ chni jijof[l lc]_ ]ofncp[lm mo]b [m Pom[ 

B[mg[nc, BRRI ^b[h 28, IR64, BR11, [h^ Sq[lh[ pc[ MAS 

omcha nbl__ SSR ncabnfs fche_^ g[le_lm g[chfs RM8094, 

RM3412, [h^ RM493 `il `il_alioh^ m_f_]ncih (45). 

S[fch_-So\g_la_h]_ [m [h Eg_lacha Tsj_ i` A\cinc] 

Snl_mm ch Rc]_ Cofncp[ncih 

Cfcg[n_ ]b[ha_ ]ihnlc\on_^ ni [\ion 11–16 ]g lcm_ ch 

afi\[f g_[h m_[ f_p_f (MSL) ch nb_ nq_hnc_nb ]_hnols (46). 

Ah ch]l_[m_ ch MSL qcff jomb bcab nc^_ fch_m [lioh^ nb_ 

_[lnb, ]ip_lcha [ mcahc`c][hn jilncih i` nb_ ]oll_hn f[h^ 

[l_[ ][omcha h[ncihm mo]b [m Cbch[, Ih^c[, Vc_nh[g, 

Tb[cf[h^, [h^ inb_lm ni fce_fs _rj_lc_h]_ [hho[f ]i[mn[f 

`fii^cha jli\f_gm \s 2050 (47). Rc]_ ]ofncp[ncih ch ]i[mn[f 

[l_[m cm [fmi [ff_]n_^ ^o_ ni ch]l_[m_^ ]s]fihc] mnilg 

`l_ko_h]s [h^ m_[q[n_l chnlomcih `olnb_l chf[h^ (48). 

Ih^__^, lc]_ sc_f^ ch ]i[mn[f [l_[m cm ^_]fchcha ^o_ ni 

m_[q[n_l chnlomcih (9). 

 Oh nb_ inb_l hin_m, [m `[l [m lc]_ \l__^cha cm 

]ih]_lh_^, [fnbioab nb_l_ q_l_ m_p_l[f mno^c_m ]ih^o]n_^ 

ch [h [nn_gjn ni ]ig\ch_ Saltol [h^ Sub1 QTLm chni [ 

mchaf_ jf[hn omcha nb_ MAS [jjli[]b, nbim_ mno^c_m 

`i]om_^ ih jli^o]cha h_q lc]_ p[lc_ns qcnb nb_ nif_l[hn 

[\cfcns ni m[fchcns [h^ mo\g_la_h]_ mnl_mm_m, \on hin 

mj_]c`c][ffs `il m[fch_ q[n_l mo\g_la_h]_ mnl_mm (Fca. 2.). 

Fil chmn[h]_, D[m et al. (49) mo]]_mm`offs jsl[gc^_^ 10 

QTLm [h^ a_h_m, g[chfs \[]n_lc[f \fcabn-l_mcmn[hn a_h_m 

(c._. Xa4, Xa5, Xa13, [h^ Xa21), nb_ \f[mn-l_mcmn[hn a_h_m 

(c._. Pi2, [h^ Pi9), nb_ a[ff gc^a_ l_mcmn[h]_ a_h_m (c._. Gm1, 

[h^ Gm4), nb_ mo\g_la_h]_ nif_l[hn (c._. Sub1) [h^ 

m[fchcns nif_l[hn (c._. Saltol) chni T[j[mqchc p[lc_ns ni 

^_p_fij [h _fcn_ ]ofncp[l qcnb \li[^_l \cinc] [h^ [\cinc] 

nif_l[h]_/l_mcmn[h]_. Monbo et al. (50) ih nb_ inb_l b[h^, 

jsl[gc^_^ nbl__ QTLm pcm-à-pcm Sub1, Saltol, [h^ ^lioabn 

al[ch sc_f^ QTL (qDTYs) chni [ jijof[l Sionb Ih^c[ lc]_ 

p[lc_ns, Igjlip_^ Wbcn_ Pihhc (IWP).  Mil_ l_]_hnfs, N[cl 

[h^ Sbsf[l[d (51) chnlial_mm_^ Sub1 [h^ Saltol QTLm chni 

Acmq[ls[, [ g_a[ lc]_ ]ofncp[l ch Sionb Amc[. Hiq_p_l, nb_ 

^_p_fij_^ \l__^cha fch_m q_l_ n_mn_^ oh^_l m[fchcns [h^ 

mo\g_la_h]_ \on hin oh^_l m[fch_-mo\g_la_h]_ mnl_mm. 

H_h]_, `olnb_l \l__^cha jlid_]nm ]iof^ \_ ]ih^o]n_^ ni 

^_n_lgch_ nb_ j_l`ilg[h]_ i` lc]_ jsl[gc^_^ fch_m qcnb 

\inb Sub1 [h^ Saltol QTLm oh^_l [ m[fch_-mo\g_la_h]_ 

_hpclihg_hn, [m mbiqh ch Fca. 2.    

 

Cih]fomcih  

Tbcm l_pc_q bcabfcabn_^ nb_ a_h_nc]m, jbsmcifiac][f 

g_]b[hcmgm, [h^ \l__^cha []bc_p_g_hnm `il 

mo\g_la_h]_ [h^ m[fchcns nif_l[h]_ ch lc]_ qbcf_ ij_hcha 

oj [ h_q [p_ho_ `il m[fch_-mo\g_la_h]_ [m [h _g_lacha 

nsj_ i` [\cinc] mnl_mm ch lc]_ ]ofncp[ncih. Coll_hnfs, nb_l_ cm 

[ f[]e i` mno^c_m _rjfilcha nb_ a_h_nc]m [h^ jbsmcifiac][f 

g_]b[hcmg i` lc]_ oh^_l m[fch_-mo\g_la_h]_ mnl_mm. 

Psl[gc^cha Sub1 [h^ Saltol QTLm chni [h _fcn_ lc]_ ]ofncp[l 



 240   SALLEH  ET AL. 
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gcabn l_mofn ch nif_l[hn \l__^cha fch_m [a[chmn m[fch_ 

mo\g_la_h]_. Folnb_l \l__^cha jlid_]nm, biq_p_l, h__^ ni 

\_ ]ih^o]n_^ ni jlip_ nbcm jimnof[ncih. G_lgjf[mg 

m]l__hcha ni c^_hnc`s a_hinsj_m nif_l[hn  ni m[fch_-

mo\g_la_h]_ mnl_mm g[s [fmi \_ ]ih^o]n_^. Tb_ c^_hnc`c_^ 

nif_l[hn a_lgjf[mg ]iof^ \_ f[n_l om_^ [m [ ^ihil ch [ 

\l__^cha jlid_]n `il m[fch_-mo\g_la_h]_ nif_l[hn lc]_.  

 

A]ehiqf_^a_g_hnm 

Tbcm mno^s q[m mojjiln_^ \s nb_ Foh^[g_hn[f R_m_[l]b 

Gl[hn S]b_g_ (FRGS) Plid_]n (FRGS/1/2019/WAB01/

UIAM/01/1) i` nb_ Mchcmnls i` Hcab_l E^o][ncih M[f[smc[ 

(MOHE) [h^ nb_ Ihn_lh[ncih[f Imf[gc] Uhcp_lmcns M[f[smc[ 

(IIUM) R_m_[l]b M[h[a_g_hn Gl[hn (RMCG20-012-0012). 

W_ [l_ al[n_`of ni nb_ Koffcss[b i` S]c_h]_, IIUM Ko[hn[h 

[h^ C_hnl_ `il M[le_l Dcm]ip_ls [h^ V[fc^[ncih (CMDV), 

M[f[smc[h Aalc]ofnol[f [h^ R_m_[l]b D_p_fijg_hn 

Ihmncnon_ (MARDI) `il jlipc^cha l_m_[l]b `[]cfcnc_m. 

 

Aonbilm’ ]ihnlc\oncihm 

Aff [onbilm b[p_ ]ihnlc\on_^ _ko[ffs ni ]igjimcha nb_ 

g[hom]lcjn [h^ [jjlip_^ nb_ `ch[f g[hom]lcjn. 

 

Cigjfc[h]_ qcnb _nbc][f mn[h^[l^m   

Cih`fc]n i` chn_l_mn: Aonbilm ^i hin b[p_ [hs ]ih`fc]n i` 

chn_l_mn ni ^_]f[l_. 

Enbc][f [jjlip[fm: Nih_.  
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