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A\str[]t   

Tb_ [ff_pc[ncih i` m[fn mnl_mm ch ]innih jf[hnm nblioab nb_ [jjfc][ncih i`   

_ria_hiom ]b_gc][fm b[m _g_la_^ [m [ pc[\f_ mnl[n_as ni gcnca[n_ nb_     

[^p_lm_ _ff_]nm ih p[lciom jf[hn [nnlc\on_m, ch]fo^cha aliqnb, ^_p_fijg_hn, 

sc_f^, [h^ `fiq_lcha. Pf[hn bilgih_m, ehiqh `il nb_cl _ffc][]s [n fiq ^im_m, 

b[p_ a[lh_l_^ mcahc`c][hn [nn_hncih ch nbcm ]ihn_rn. D_mjcn_ \_cha chb_l_hnfs 

mom]_jnc\f_ ni m[fn mnl_mm, ]innih jf[hnm _rj_lc_h]_ m_p_l_ cgj_^cg_hnm ch 

q[n_l [\miljncih `lig nb_ micf, f_[^cha ni ^_f[s_^ aliqnb [h^ ^_p_fij-

g_hn. S_p_l[f jbsnibilgih_m, ch]fo^cha d[mgihc] []c^, m[fc]sfc] []c^, [h^ 

afs]ch_ \_n[ch_, b[p_ \__h _rn_hmcp_fs chp_mnca[n_^ ch hog_liom mno^c_m `il 

nb_cl jin_hnc[f ni [g_fcil[n_ m[fn mnl_mm ch ]innih jf[hnm. Pligcmcha l_mofnm 

b[p_ \__h i\n[ch_^ qcnb \inb `ifc[l [h^ m__^ nl_[ng_hnm _gjfischa nb_m_ 

mo\mn[h]_m. Tbcm `ioh^[ncih[f ehiqf_^a_ b[m j[p_^ nb_ q[s `il nb_ ^_p_f-

ijg_hn i` [fn_lh[ncp_ mnl[n_ac_m ni gcnca[n_ m[fn mnl_mm. Hiq_p_l, nb_ jl[]nc-

][f oncfct[ncih i` nb_m_ ]b_gc][fm cm bch^_l_^ \s nb_cl _f_p[n_^ ]imn. Pf[hn 

aliqnb l_aof[nilm, mo]b [m hcnlc] irc^_ [h^ g_f[nihch, b[p_ [fmi a[lh_l_^ 

chn_l_mn `il nb_cl [\cfcns ni [ff_pc[n_ m[fn mnl_mm ch ]innih jf[hnm. Nog_liom 

mno^c_m b[p_ ]illi\il[n_^ nb_cl _ff_]ncp_h_mm ch nbcm l_a[l^. Tbcm l_pc_q 

]igjl_b_hmcp_fs _r[gch_m nb_ [`il_g_hncih_^ mo\mn[h]_m [h^ _rnl[]nm 

nb[n b[p_ \__h chp_mnca[n_^ `il nb_cl jin_hnc[f ni gcnca[n_ nb_ ^_nlcg_hn[f 

_ff_]nm i` m[fn mnl_mm ih ]innih jf[hnm. 

 

K_ywir^s   

m[fn mnl_mm; ]innih jf[hn; jf[hn bilgih_m; `ifc[l nl_[ng_hn; m__^ nl_[ng_hn.    

 

Ihtri^u]tcih   

S[fchcns jl_m_hnm [ aliqcha afi\[f ]b[ff_ha_, qcnb cnm m_p_lcns ch]l_[mcha 

[hho[ffs (1). R_acihm j[lnc]of[lfs [ff_]n_^ \s m[fchcns mnl_mm ch]fo^_ ]i[mn[f 

micfm ch mionb_lh Amc[, nb_ P[]c`c] O]_[h, [h^ Aomnl[fc[. Ih Ih^c[ [fih_,      

[jjlircg[n_fs 6.73 gcffcih b_]n[l_m i` f[h^ b[p_ \__h cgj[]n_^ \s m[fchcns 

il mi^c]cns (2). Tb_ cmmo_ i` m[fch_ micf cm [fmi _rj[h^cha qcnbch ]ihnch_hn[f 

[l_[m, _r_gjfc`c_^ \s nb_ lcmcha m[fchcns ch [l_[m h_[l nb_ Al[f S_[ ch             

Ut\_ecmn[h ip_l nb_ j[mn nqi ^_][^_m (3). Cihm_ko_hnfs, cn cm cgj_l[ncp_ ni 

]ih^o]n l_m_[l]b ih nb_ cgj[]nm i` p[lciom mo\mn[h]_m ih ]innih jf[hnm 

_rj_lc_h]cha m[fn mnl_mm ^o_ ni nb_cl _]ihigc] cgjiln[h]_. Cinnih cm        

l_a[l^_^ [m [ gi^_l[n_fs m[fn-l_mcmn[hn ]lij, ][j[\f_ i` nblcpcha ch micf qcnb 

[ m[fchcns f_p_f i` 7.7 ^S g−1. Hiq_p_l, m[fchcns _r_lnm [^p_lm_ _ff_]nm ih 

]innih aliqnb, sc_f^, [h^ `c\_l ko[fcns. Tb_ ^_nlcg_hn[f _ff_]nm i` m[fn mnl_mm 
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[l_ gimn jlihioh]_^ ^olcha a_lgch[ncih, _g_la_h]_, 

m__^fcha _mn[\fcmbg_hn, [h^ f[n_l aliqnb mn[a_m i` ]innih 

jf[hnm (4). S[fn mnl_mm f_[^m ni ^_f[s_^ `fiq_lcha, l_^o]_^ 

`locncha ^ol[ncih, ch]l_[m_^ `locn ^lij, [h^ ^_]l_[m_^ \iff 

q_cabn, [ff i` qbc]b b[p_ ][m][^cha _ff_]nm ih m__^ sc_f^ 

(5). 

 Ti gcnca[n_ nb_m_ [^p_lm_ _ff_]nm, l_m_[l]b_lm b[p_ 

_rjfil_^ `ifc[l [h^ m__^ nl_[ng_hnm ch ]innih jf[hnm. Fifc[l 

nl_[ng_hnm [cg ni l_mnil_ hilg[f \cifiac][f l_mjihm_m, 

qbcf_ m__^ nl_[ng_hnm [l_ `i]om_^ ih _hb[h]cha a_lgch[-

ncih [h^ l_mcfc_h]_ [a[chmn p[lciom [\cinc] mnl_mm `[]nilm. 

Pf[hn bilgih_m b[p_ a[ch_^ [nn_hncih ^o_ ni nb_cl         

_ffc]c_h]s [n fiq ^im_m, [h^ [m mo]b, nb_s b[p_ \__h _rn_h-

mcp_fs chp_mnca[n_^ ch nb_ ]ihn_rn i` ]innih jf[hnm. Nin[\fs, 

jf[hn mcah[fcha gif_]of_m mo]b [m g_f[nihch [h^ hcnlc] 

irc^_ b[p_ \__h mo\d_]nm i` l_pc_q ch [hinb_l m_]ncih i` 

l_m_[l]b.   

Plant hormones       

Eria_hiom jf[hn bilgih_m b[p_ \__h c^_hnc`c_^ [m e_s 

j[lnc]cj[hnm ch nb_ gofnc`[]_n_^ g_]b[hcmgm \s qbc]b 

jf[hnm l_mjih^ ni m[fn mnl_mm (6). Tb_ [jjfc][ncih i` _ria_-

hiom jf[hn bilgih_m b[m _g_la_^ [m [h _ff_]ncp_ mnl[n_as 

ni \ifmn_l nb_ aliqnb [h^ ^_p_fijg_hn i` ]innih jf[hnm 

(7). Tb_ mno^s i` jf[hn bilgih_m b[m \__h _rn_hmcp_fs       

_rjfil_^ nblioab a_h_nc] [h^ gif_]of[l \cifias              

[jjli[]b_m, _fo]c^[ncha nb_cl jli`ioh^ cgj[]nm ih p[lciom 

jbsmcifiac][f [mj_]nm (8). Ih nb_ ]ihn_rn i` ]ig\[ncha m[fn 

mnl_mm, ]innih jf[hnm ^_jfis [ l_j_lnicl_ i` bilgih_m, ch-

]fo^cha d[mgihc] []c^, m[fc]sfc] []c^, ac\\_l_ffch, [h^ ]sni-

echch, ch ]ihdoh]ncih qcnb _htsg[nc] l_aof[ncih i` imginc] 

\[f[h]_, cih big_imn[mcm, [h^ nb_ gi^of[ncih i` l_[]ncp_ 

irsa_h mj_]c_m (ROS) f_p_fm (Fca. 1) (9). 

 Ih nb_ `iffiqcha m_]ncih, q_ _fo]c^[n_ nb_ jlch]cj[f 

ion]ig_m [lcmcha `lig nb_ [jjfc][ncih i` _ria_hiom jbs-

nibilgih_m, ch]fo^cha d[mgihc] []c^ (JA), m[fc]sfc] []c^, 

afs]ch_ \_n[ch_, \l[mmchifc^_m, [h^ p[lciom inb_l   \in[hc-

][f ]igjioh^m, ni ]innih jf[hnm il m__^fcham. Tb_ gif_]o-

f[l mnlo]nol_m i` nb_m_ jf[hn-^_lcp_^ mo\mn[h]_m [l_ ^_-

jc]n_^ ch Fca.  2. 

Salicylic acid        

S[fc]sfc] []c^, [ jf[hn bilgih_, b[m [nnl[]n_^ [nn_hncih `il 

jin_hnc[f _ria_hiom [jjfc][ncih ch _hb[h]cha jf[hn       

l_mjihm_m ni m[fn mnl_mm. Bcf_ []c^ mi^cog msgjiln_l 

(BASS) a_h_m, qbc]b _h]i^_ mi^cog/mifon_ msgjiln_lm, 

jf[s [ ]lo]c[f lif_ ch l_aof[ncha jf[hn m[fn nif_l[h]_. Ih l_-

mjihm_ ni m[fn mnl_mm, nb_ _rjl_mmcih i` GhBASS1 [h^ 

GhBASS3 a_h_m q[m `ioh^ ni ch]l_[m_, jimcncp_fs ]ihnlc\-

Fca. 1. Tb_ l_mjihm_ i` ]innih jf[hn ni m[fn mnl_mm. A j[ln i` nb_ `caol_ q[m l_-om_^ `lig (9) qcnb nb_ j_lgcmmcih i` MDPI.  

Fca. 2. Tb_ mnlo]nol_ i` jf[hn mo\mn[h]_m nb_ _ff_]nm i` qbc]b q_l_ mno^c_^ ih 
]innih jf[hnm nif_l[ncha m[fn mnl_mm. 
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oncha ni m[fn nif_l[h]_ ch Gimmsjcog mj_]c_m. Wb_h ]innih 

m__^fcham q_l_ nl_[n_^ qcnb mj_]c`c] ]ih]_hnl[ncihm i` m[fc-

]sfc] []c^ (2 gM), [\m]cmc] []c^ (1 gM), [h^ ac\\_l_ffc] []c^ 

(0.5 gM) pc[ `ifc[l [jjfc][ncih, nb_l_ q[m [ mcahc`c][hn oj-

l_aof[ncih ch nb_ a_h_ _rjl_mmcih f_p_fm i` GhBASS1 [h^ 

GhBASS3, _cnb_l ch^cpc^o[ffs il nia_nb_l (10). Eria_hiom 

m[fc]sfc] []c^ b[m \__h mbiqh ni ijncgct_ p[lciom jbsmci-

fiac][f jli]_mm_m ]lo]c[f `il jf[hn aliqnb [h^ ^_p_fij-

g_hn. In _hb[h]_m jbinimshnb_mcm [h^ nb_ jli^o]ncih i` 

[hncirc^[ncp_ ]igjioh^m oh^_l m[fn mnl_mm \s ch]l_[mcha 

nb_ _htsg[nc] []ncpcns i` j_lirc^[m_, ][n[f[m_, [h^ moj_l-

irc^_   ^cmgon[m_ (11). Folnb_lgil_, nl_[ncha ]innih m__^-

fcham _rjim_^ ni 150 gM N[Cf qcnb 1 gM _ria_hiom m[fc-

]sfc] []c^ il 5 gM afs]ch_ \_n[ch_ l_mofn_^ ch cgjlip_^ 

\cig[mm []]ogof[ncih. Nin[\fs, nb_ hcnlia_h ]ihn_hn ch 

nb_ ^ls \cig[mm i` \inb liinm [h^ mbiinm l_[]b_^ cnm bcab-

_mn f_p_f [ft_l nl_[ng_hn qcnb 1 gM m[fc]sfc] []c^. Ig-

jiln[hnfs, [ h_a[ncp_ ]ill_f[ncih q[m i\m_lp_^ \_nq__h 

m[fc]sfc] []c^ [h^ mi^cog ]ihn_hn; nl_[ng_hnm qcnb 1.5 [h^ 

2 gM  m[fc]sfc] []c^ l_mofn_^ ch fiq_l mi^cog []]ogof[ncih 

ch jf[hn \cig[mm (12). Scgcf[lfs, `ifc[l [jjfc][ncih i` m[fc-

]sfc] []c^ jligin_^ ]innih jf[hn aliqnb. Tl_[ncha jf[hnm 

qcnb 1 gM `ifc[l m[fc]sfc] []c^ _hb[h]_^ ]bfilijbsff ]ih-

n_hn [h^ `[]cfcn[n_^ _ffc]c_hn a[m _r]b[ha_ ch ]innih m__^-

fcham _rjim_^ ni 150 gM N[Cf-ch^o]_^ mnl_mm. Tb_l_ q[m [ 

jimcncp_ ]ill_f[ncih \_nq__h nb_ h_n jbinimshnb_nc] l[n_ 

[h^ ]bfilijbsff \ ]ihn_hn `iffiqcha nb_ [jjfc][ncih i` m[fc-

]sfc] []c^ (13). 

Jasmonic acid       

J[mgihc] []c^ [h^ d[mgih[n_m [l_ ]ihmc^_l_^ ni \_ [ ]f[mm 

i` ]b_gc][f ]igjioh^m nb[n jin_hnc[ffs jf[s [ lif_ ch gcnc-

a[ncha m[fn-ch^o]_^ mnl_mm ch jf[hnm (14). In cm bsjinb_mct_^ 

nb[n d[mgihc] []c^ g[s ]ihnlc\on_ ni _hb[h]cha m[fn mnl_mm 

nif_l[h]_ ch jf[hnm \s gi^of[ncha mcah[fcha j[nbq[sm nb[n 

f_[^ ni d[mgih[n_-[mmi]c[n_^ l_mjihm_m (Fca.  3). 

 J[mgihc] []c^ nl_[ng_hn b[m \__h _mn[\fcmb_^ [m 

[h _ff_]ncp_ [jjli[]b `il _hb[h]cha nb_ aliqnb [h^ ^_p_f-

ijg_hn i` \inb q[n_l mnl_mm-nif_l[hn [h^ m_hmcncp_ ]innih           

]ofncp[lm. Wb_h ]ig\ch_^ qcnb e[ifch, JA nl_[ng_hn b[m 

^_gihmnl[n_^ [ b_cabn_h_^ ][j[]cns ni cgjlip_ nl[hmjcl[-

ncih l[n_m ch ]innih jf[hnm (15). Folnb_lgil_, JA nl_[ng_hn 

i` ]innih jf[hn f_[p_m b[m \__h i\m_lp_^ ni ojl_aof[n_ nb_ 

_rjl_mmcih i` e_s a_h_m [mmi]c[n_^ qcnb JA \cimshnb_mcm, 

mj_]c`c][ffs GhOPR11, GhAOS6, [h^ GhLOX3. Cihm_ko_hnfs, 

nbcm ojl_aof[ncih l_mofnm ch [h ch]l_[m_^ [\oh^[h]_ i` nb_ 

JA-cmif_o]ch_ ]ihdoa[n_ ch nb_ f_[p_m. A^^cncih[ffs, JA 

nl_[ng_hn b[m \__h `ioh^ ni [oag_hn nb_ bs^l[ofc] ]ih-

^o]n[h]_ i` liinm ch q_ff-bs^l[n_^ ]ih^cncihm (16). Tb_m_ 

`ch^cham oh^_lm]il_ nb_ _ff_]ncp_h_mm i` `ifc[l JA nl_[n-

g_hn ch gcnca[ncha [\cinc] mnl_mm_m ch jf[hnm, nbioab cn cm 

qilnb hincha nb[n nbcm _ffc][]s b[m \__h ^_gihmnl[n_^ ch 

jf[hn f_[p_m [h^ hin ch m__^m (14), (17). 

Glycine betaine      

Eria_hiom [jjfc][ncih i` afs]ch_ \_n[ch_ b[m _g_la_^ [m [ 

pc[\f_ mnl[n_as `il [ff_pc[ncha nb_ [^p_lm_ _ff_]nm i` m[fn 

Fcaur_ 3. Overview of jasmonic acid biosynthesis and its signaling involved in plant salt tolerance responses.  The Figure was re-used from (14) qcnb nb_ j_lgcm-
mcih i` MDPI.  
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mnl_mm ih ]innih jf[hnm. Sj_]c`c][ffs, nb_ [jjfc][ncih i` [     

5 gM ^im_ i` afs]ch_ \_n[ch_ b[m \__h mbiqh ni _hb[h]_ 

nl[hmjcl[ncih [h^ jbinimshnb_nc] l[n_m, [fiha qcnb ch]l_[m-

cha chnl[]_ffof[l CO2 f_p_fm. A^^cncih[ffs, [ jimcncp_ ]ill_f[-

ncih b[m \__h _mn[\fcmb_^ \_nq__h a[m _r]b[ha_ j[l[g_-

n_lm [h^ mnig[n[f ]b[l[]n_lcmnc]m, ch]fo^cha mnig[n[f    

^_hmcns [h^ f_hanb. Cihm_ko_hnfs, `ifc[l [jjfc][ncih i` 

afs]ch_ \_n[ch_ cm l_]igg_h^_^ [m [ jligcmcha [jjli[]b 

ni \ifmn_l mnig[n[f `oh]ncih [h^ jligin_ jf[hn aliqnb 

oh^_l m[fn mnl_mm ]ih^cncihm (18). Ih [ m_j[l[n_ mno^s, nb_ 

`ifc[l [jjfc][ncih i` afs]ch_ \_n[ch_ (5 gM) ch ]ig\ch[ncih 

qcnb m[fc]sfc] []c^ (1 gM) b[m ^_gihmnl[n_^ hin[\f_ \_h_-

`cnm ch ]innih m__^fcham mo\d_]n_^ ni m[fn mnl_mm. Tbcm nl_[n-

g_hn l_acg_h l_mofn_^ ch [h [oag_hn[ncih i` ]bfilijbsff 

]ihn_hn [h^ nb_ []ncp[ncih i` [hncirc^[ncp_ _htsg_m.     

Folnb_lgil_, [ jimcncp_ ]ill_f[ncih b[m \__h i\m_lp_^ 

\_nq__h nb_ h_n jbinimshnb_nc] l[n_ [h^ nb_ f_p_fm i` 

]bfilijbsff [ [h^ \ ch nl_[n_^ m[gjf_m aliqcha oh^_l m[fn 

mnl_mm ]ih^cncihm. Tb_ ]ih]_hnl[ncihm i` nb_m_ ]b_gc][f 

nl_[ng_hnm b[p_ \__h ^_n_lgch_^ ni \_ ijncg[f `il gcnc-

a[ncha nb_ cgj[]n i` N[Cf-ch^o]_^ m[fn mnl_mm ih ]innih 

m__^fcham (13). Mil_ip_l, l_m_[l]b_lm b[p_ l_jiln_^ [      

l_p_lm[f ch nb_ nl_h^m i` cih ojn[e_ ch ]innih jf[hnm      

nl_[n_^ qcnb _ria_hiom afs]ch_ \_n[ch_ [h^ m[fc]sfc] []c^.  

Sj_]c`c][ffs, nbcm nl_[ng_hn f_^ ni [ ^_]l_[m_ ch N[+ f_p_f 

qbcf_ ch]l_[mcha nb_ ojn[e_ i` K+, C[2+, [h^ Ma2+. Tbcm cih 

ojn[e_ gi^of[ncih ]ihnlc\on_^ ni _hb[h]_^ \cig[mm    

[]]ogof[ncih (12). 

Brassinosteroids       

Bl[mmchifc^_m, [ ]f[mm i` mn_lic^-fce_ jbsnibilgih_m       

(Fca. 2), _r_ln mcahc`c][hn l_aof[nils `oh]ncihm ch jf[hn   

g_n[\ifc] j[nbq[sm qb_h jf[hnm [l_ _rjim_^ ni [\cinc] 

mnl_mm_m, mo]b [m m[fn [h^ ^lioabn mnl_mm (19). Tb_cl         

chpifp_g_hn ch jligincha `c\_l _fiha[ncih ch ]innih jf[hnm 

b[m \__h q_ff-_mn[\fcmb_^ (20). Ih iol _rn_hmcp_ chp_mnca[-

ncih chni nb_cl lif_ ch _hb[h]cha m[fn nif_l[h]_ ch ]innih 

jf[hnm, q_ `ioh^ ihfs ih_ ^cl_]n ]ihh_]ncih ni nb_ nijc]. 

Sj_]c`c][ffs, jlcgcha ]innih m__^m qcnb 24-_jc\l[mmchifc^_, 

[ nsj_ i` \l[mmchimn_lic^, b[m \__h l_jiln_^ [m [ pc[\f_ 

[jjli[]b ni cgjlip_ m__^ a_lgch[ncih [h^ jligin_ 

aliqnb qb_h jf[hnm [l_ mo\d_]n_^ ni m[fn [h^ b_[n mnl_mm 

]ih^cncihm. Folnb_lgil_, nbcm nl_[ng_hn b[m \__h  [mmi]c-

[n_^ qcnb nb_ _hb[h]_^ ^_p_fijg_hn i` ]insf_^ihm [h^ 

liinm (21). Hiq_p_l, cn'm hin_qilnbs nb[n ]ig\chcha 

\l[mmchifc^_m qcnb inb_l jf[hn bilgih_m mo]b [m [\m]cmc] 

[]c^, ac\\_l_ffc] []c^, [h^ [orch ^c^ hin sc_f^ mcahc`c][hn 

\_h_`cnm oh^_l mnl_mm ]ih^cncihm. 

Plant signaling molecules       

Nctrc] ixc^_ ^ihirs        

Ncnlc] irc^_ (NO) cm [ pcn[f gif_]of_ qcnb mcahc`c][hn lif_m ch 

hog_liom \ci]b_gc][f jli]_mm_m, j[lnc]of[lfs ch gcnca[n-

cha nb_ [^p_lm_ _ff_]nm i` m[fn mnl_mm (22). Inm chpifp_g_hn 

b[m \__h _rn_hmcp_fs chp_mnca[n_^ ch p[lciom jbsmcifiac][f 

`oh]ncihm, ch]fo^cha honlc_hn ojn[e_ (23), jbinimshnb_mcm 

(24), imginc] l_aof[ncih (23, 25), l_^ir jli]_mm_m, [h^ 

gil_ (26). Ih [ mno^s chpifpcha Gossypium hirsutum 

(]innih) f_[p_m, `ifc[l [jjfc][ncih i` mi^cog hcnlijlommc^_ 

(SNP), [ hcnlc] irc^_ ^ihil, q[m `ioh^ ni ^_f[s f_[` m_h_m-

]_h]_  oh^_l m[fn mnl_mm ]ih^cncihm. Tb_ [onbilm jlijim_^ 

nb[n NO jf[s_^ [ lif_ ch jligincha ]sniechch \cimshnb_mcm, 

qbc]b ch nolh [ff_]n_^ f_[` m_h_m]_h]_. Tbl__ g_]b[hcmgm 

q_l_ moaa_mn_^ ni _rjf[ch nb_ ^_f[s_^ m[fn-ch^o]_^ f_[` 

m_h_m]_h]_ ch ]innih `iffiqcha SNP [jjfc][ncih (24). Ah-

inb_l mno^s ^_gihmnl[n_^ nb[n nb_ nl_[ng_hn i` ]innih 

jf[hnm qcnb 0.1 gM SNP [h^/il 0.1 gM m[fc]sfc] []c^ f_^ ni 

_hb[h]_^ l[n_m i` l_mjcl[ncih, jbinimshnb_mcm, [h^ ip_l[ff 

jf[hn aliqnb. A^^cncih[ffs, nbcm nl_[ng_hn l_^o]_^ nb_          

f_p_fm i` bs^lia_h j_lirc^_ (H2O2) ch^o]_^ \s m[fn mnl_mm 

`lig N[Cf (27). NO a_h_l[n_^ `lig SNP q[m `ioh^ ni cg-

jlip_ nb_ _ffc]c_h]s i` jbinimshnb_mcm \s _hb[h]cha q[n_l 

om_ _ffc]c_h]s [h^ l_^o]cha nb_ jli^o]ncih i` l_[]ncp_  

irsa_h mj_]c_m. A mfiq l_f_[m_ i` NO [fmi mojjiln_^ nb_ 

jli^o]ncih i` [hncirc^[hn _htsg_m mo]b [m ][n[f[m_ [h^ 

moj_lirc^_ ^cmgon[m_, qbc]b jf[s_^ [ ]lo]c[f lif_ ch       

gcnca[ncha nb_ nirc] _ff_]nm i` N[Cf (23). Folnb_lgil_, SNP 

nl_[ng_hn ch]l_[m_^ nb_ ]ihn_hn i` jin[mmcog cihm (K+) ch 

]innih f_[p_m _rjim_^ ni m[fn mnl_mm, qbcf_ mi^cog cih 

(N[+) f_p_fm ^_]l_[m_^. Tbcm nl_[ng_hn f_^ ni [ fiq_l N[+/K+ 

l[nci oh^_l N[Cf mnl_mm ]ih^cncihm, ^cl_]nfs ]ihnlc\oncha ni 

imginc] \[f[h]_ \s l_^o]cha mi^cog ojn[e_ (25). 

Melatonin        

Eria_hiom g_f[nihch b[m \__h c^_hnc`c_^ [m [ ]b_gc][f 

]igjioh^ nb[n jf[sm [ mcahc`c][hn lif_ ch _hb[h]cha m[fn 

mnl_mm nif_l[h]_ ch jf[hnm (28). Ih nb_ ]ihn_rn i` ]innih 

m__^fcham mo\d_]n_^ ni m[fn mnl_mm, nb_ [jjfc][ncih i` _ria_-

hiom g_f[nihch b[m \__h mbiqh ni gcnca[n_ nb_ [^p_lm_ 

_ff_]nm \s gi^of[ncha nb_ f_p_fm i` l_[]ncp_ irsa_h mj_]c_m 

([m ^_jc]n_^ ch Fca. 4). Sj_]c`c][ffs, nbcm nl_[ng_hn l_mofn_^ 

ch l_^o]_^ ]ih]_hnl[ncihm i` g[fih^c[f^_bs^_, bs^lia_h 

j_lirc^_ (H2O2), [h^ moj_lirc^_ [hcih (O2-), qbcf_ ]ih]ol-

l_hnfs ch]l_[mcha nb_ []ncpcns i` [hncirc^[ncp_ _htsg_m [h^ 

nb_ f_p_fm i` l_^o]cha [a_hnm, mo]b [m afon[nbcih_ [h^ 

[m]il\c] []c^ (29). Folnb_lgil_, nb_ [onbilm l_jiln_^   

hin[\f_ cgjlip_g_hnm ch nb_ \cig[mm i` ]innih m__^fcham 

[h^ nb_ ]bfilijbsff ]ihn_hn `iffiqcha g_f[nihch jl_nl_[n-

g_hn. Eria_hiom g_f[nihch q[m [fmi i\m_lp_^ ni _r_ln 

l_aof[nils _ff_]nm ih nb_ jbinimshnb_nc] [h^ `foil_m]_h]_ 

]b[l[]n_lcmnc]m i` ]innih m__^fcham oh^_l ]ih^cncihm i` m[fn 

mnl_mm (30). Tb_m_ i\m_lp_^ _ff_]nm q_l_ ]ill_f[n_^ qcnb [ 

l_^o]ncih ch nb_ f_p_fm i` ]bfilijbsff ^_al[^[ncih [h^ gcnc-

a[ncih i` cih nirc]cns, [m jl_pciomfs ^i]og_hn_^ (28). 

 Ih [ m_j[l[n_ mno^s, g_f[nihch q[m `ioh^ ni gcnc-

a[n_ nb_ ^_f_n_lciom _ff_]nm i` m[fn-ch^o]_^ mnl_mm ch ]innih 

jf[hnm. Tbcm gcnca[ncih q[m []bc_p_^ nblioab [fn_l[ncihm ch 

nb_ f_p_fm i` H2O2, g[fih^c[f^_bs^_ (MDA), mi^cog (N[+), 

[h^ ]bfilc^_ cihm (Cf-). Folnb_lgil_, g_f[nihch jl_nl_[n-

g_hn l_mofn_^ ch [h _f_p[ncih i` mifo\f_ moa[lm, jlin_chm, 

[h^ jlifch_ ]ihn_hnm ch l_mjihm_ ni m[fn mnl_mm. In q[m ^_-

n_lgch_^ nb[n [ ]ih]_hnl[ncih i` 20 μM i` g_f[nihch 

m_lp_^ [m nb_ gimn _ffc][]ciom ^im_ `il _hb[h]cha m[fn 

mnl_mm nif_l[h]_ [h^ a_lgch[ncih ch ]innih jf[hnm (31). Tb_ 

lif_ i` _ria_hiomfs [jjfc_^ g_f[nihch ch gi^of[ncha jf[hn 

bilgih_m [h^ mcah[fcha gif_]of_m q[m fche_^ ni cnm [\cfcns 

ni [ff_pc[n_ irc^[ncp_ mnl_mm ch ]innih jf[hnm. Nin[\fs, g_f-

[nihch q[m i\m_lp_^ ni l_aof[n_ a_h_m [mmi]c[n_^ qcnb 

l_^ir jli]_mm_m, nb_l_\s ]ihnlc\oncha ni nb_ [g_fcil[ncih 

i` m[fn-ch^o]_^ mnl_mm (32).  
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Cih]fuscih  

Nog_liom jf[hn ]igjioh^m b[p_ \__h lcailiomfs _r[g-

ch_^ `il nb_cl jin_hnc[f ch gcnca[ncha m[fn-ch^o]_^ mnl_mm ch 

]innih jf[hnm, qcnb [ jlcg[ls `i]om ih jbsnibilgih_m 

mo]b [m m[fc]sfc] []c^, d[mgihc] []c^, [h^ afs]ch_ \_n[ch_. 

A^^cncih[ffs, mcahc`c][hn [nn_hncih b[m \__h ^cl_]n_^      

niq[l^m mcah[fcha gif_]of_m, hin[\fs hcnlc] irc^_ [h^    

g_f[nihch, [m jin_hnc[f mnl[n_ac_m `il [g_fcil[ncha m[fn 

mnl_mm ch ]innih jf[hnm. Egjclc][f chp_mnca[ncihm b[p_     

mo\mn[hnc[n_^ nb_ _ff_]ncp_h_mm i` nb_m_ ]b_gc][fm, j[lnc]-

of[lfs qb_h [jjfc_^ nblioab `ifc[l il m__^ nl_[ng_hnm. 

N_p_lnb_f_mm, nb_cl jl[]nc][f [jjfc][ncih cm b[gj_l_^ \s 

nb_cl jlibc\cncp_ ]imn. Nih_nb_f_mm, nb_ q_[fnb i` 

ehiqf_^a_ []kocl_^ nblioab nb_m_ mno^c_m b[m jlipc^_^ 

p[fo[\f_ chmcabnm chni nb_ g_]b[hcmgm oh^_lfscha m[fn 

mnl_mm gcnca[ncih ch ]innih jf[hnm. Cihm_ko_hnfs, `onol_ 

l_m_[l]b _h^_[pilm mbiof^ \_ [cg_^ [n c^_hnc`scha _]i-

higc][ffs pc[\f_ [fn_lh[ncp_m nb[n ][h \_ `_[mc\fs cgjf_-

g_hn_^ ch [alc]ofnol[f jl[]nc]_m.  

 

A]ehiwf_^a_g_hts    

Tb_ qile q[m ^ih_ []]il^cha ni jlid_]n #AL-6352145201, 

`oh^_^ \s Tb_ Mchcmnls i` Ihhip[ncp_ D_p_fijg_hn i` nb_ 

R_jo\fc] i` Ut\_ecmn[h.  

 W_ []ehiqf_^a_ nb_ C_hn_l i` G_higc]m [h^ Bcich-

`ilg[nc]m l_m_[l]b n_[g `il mojjilncha nb_ chn_ljl_n[ncih 

i` nb_ l_m_[l]b ^[n[ om_^ `il nbcm g[hom]lcjn.   

 

Fca. 4. Mechanism of action of melatonin that improves salt stress tolerance in cotton plant.  The figure was re-used from (30) with the permission of Springer 
Nature.  
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