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A\str[]t   

Tb_ [^p_lm_ _ff_]nm i` m[fchcns ih jf[hn aliqnb [l_ a_h_l[ffs [mmi]c[n_^ qcnb 

nb_ fiq imginc] jin_hnc[f i` nb_ micf mifoncih [h^ nb_ bcab f_p_f i` mi^cog 

nirc]cns ([h^ ]bfilch_ nirc]cns `il mig_ mj_]c_m) qbc]b ][om_ gofncjf_ 

j_lnol\[ncihm ih jf[hn g_n[\ifcmg, aliqnb, [h^ ^_p_fijg_hn [n nb_ 

gif_]of[l, \ci]b_gc][f [h^ jbsmcifiac][f f_p_fm. Tb_ p[]oif[l NHX [h^ 

jf[mg[ g_g\l[h_ SOS [hncjiln_lm g_^c[n_ ][ncih [h^ jlinih _r]b[ha_ 

[]limm nb_ nihijf[mn [h^ jf[mg[ g_g\l[h_, l_mj_]ncp_fs. Tb_ SOS 

nl[hmjiln_lm [ffiq nb_ _r]l_ncih i` N[+ `lig nb_ ]snijf[mg ni nb_ ionmc^_ 

_hpclihg_hn [h^ [fn_lh[ncp_fs, NHXm jlipc^_ N[+ nl[hmjiln `lig nb_ 

]snijf[mg ni nb_ p[]oif_. C_ffof[l cih big_imn[mcm cm [h _mm_hnc[f 

jb_hig_hih `il [ff ila[hcmgm. Mimn ]_ffm g[h[a_ ni g[chn[ch [ bcab f_p_f 

i` jin[mmcog [h^ [ fiq f_p_f i` mi^cog ch nb_ ]snijf[mg nblioab nb_ 

]iil^ch[ncih [h^ l_aof[ncih i` ^cff_l_hn nl[hmjiln_lm [h^ ]b[hh_fm chmn_[^ 

i` nb_ NHX-nsj_ p[]oif[l [hncjiln. Ih nbcm [lnc]f_, mig_ cgjiln[hn 

g_]b[hcmgm ch nb_ l_aof[ncih i` cihc] cihm mo]b [m N[+.  qcff \_ ^cm]omm_^.  
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Ihtri^u]tcih   

S[fchcns mnl_mm a_h_l[ffs [ff_]nm jf[hn b[\cn[nm mo]b [m f[la_ [l_[m i` jf[hn 

]lijm i` ^cff_l_hn mj_]c_m i` `locn nl__m ^_mcah_^ `il h[ncih[f il chn_lh[ncih[f 

jli^o]ncih ch nb_ qilf^, g[chfs p_a_n[\f_ ]lijm il bilnc]ofnol_. Hiq_p_l, 

[]]il^cha ni nb_ FAO l_jiln, gil_ nb[h 6% i` nb_ qilf^'m f[h^ cm [ff_]n_^ \s 

m[fchcns il mi^c]cns, l_jl_m_hncha ip_l 800gcffcih b_]n[l_m i` f[h^ qilf^qc^_

(1). Mil_ nb[h 350 M b[ i` f[h^ cm l_]_hnfs [ff_]n_^ \s m[fchct[ncih, i` qbc]b 

gil_ nb[h 50 M b[ cm ch A`lc][ (2). Am [ l_mofn, g[hs mj_]c_m b[p_ ^_p_fij_^ 

^cff_l_hn ]ijcha g_]b[hcmgm. S[fn nif_l[h]_ g_]b[hcmgm ][h \_ ]f[mmc`c_^ 

chni nbl__ g[ch ][n_ailc_m. Tb_ `clmn cm imginc] mnl_mm nif_l[h]_, l_aof[n_^ 

\s fiha-l[ha_ mcah[fm nb[n l_^o]_ mbiin aliqnb [h^ chpifp_ nb_ \cimshnb_mcm 

[h^ []]ogof[ncih i` ]igj[nc\f_ mifon_m ni g[chn[ch q[n_l ojn[e_ (3). Tb_ 

[]]ogof[ncih i` moa[lm [jj_[lm ni ch^o]_ nb_ a_ffcha i` ]_ffof[l ]ihn_hn \s 

m[nol[ncha nb_ chnl[]_ffof[l _hpclihg_hn; nbcm jb_hig_hih, jl_p_hncha nb_ 

]lsmn[ffct[ncih i` gif_]of_m qcnbch nb_ ]_ff, fcgcnm ^[g[a_ [n nb_ f_p_f i` 

]_ffof[l mnlo]nol_m. Snl_mm g_n[\ifcn_m, jlifch_, [h^ mifo\f_ moa[lm [l_ 

h[nol[ffs []]ogof[n_^ ch nb_ f_[p_m i` m_p_l[f mj_]c_m (4). An nb_ ]_ffof[l 

f_p_f, nb_cl []]ogof[ncih ch nb_ ]snimif cm []]igj[hc_^ \s [ ^_]l_[m_ ch nb_ 

]ih]_hnl[ncih i` f_mm ]igj[nc\f_ mifon_m (m[fnm) [h^ [h ch]l_[m_ ch nb_ 

]snimif q[n_l pifog_, _hmolcha nb_ g[chn_h[h]_ i` imginc] \[f[h]_ (5). 

Folnb_lgil_, mifo\f_ moa[lm [l_ mnlihafs []]ogof[n_^ ch p[]oif_m oh^_l 
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MAACH  ET AL  2     

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

m[fch_ mnl_mm. A mnliha ]ill_f[ncih b[m \__h _mn[\fcmb_^ 

\_nq__h moa[l []]ogof[ncih [h^ nb_ f_p_f i` m[fchcns 

nif_l[h]_(6). Tb_ []]ogof[ncih i` nbcm [gchi []c^, jlifch_, 

g[s jf[s [ lif_ ch ]_ff imgil_aof[ncih [h^ imginif_l[h]_ 

^olcha q[n_l ^_`c]cn [h^ m_lp_ [m [h ch^c][nil i` ^lioabn 

[h^/il [ mnl_mm ^_n_]nil(7). G_h_l[ffs, ch nl[hma_hc] jf[hnm, 

cn b[m \__h ^_gihmnl[n_^ nb[n nb_ []]ogof[ncih i` 

g[hhcnif, afs]ch_-\_n[ch_, [h^ jlifch_ cgjlip_m nb_cl 

nif_l[h]_ ni m[fch_ mnl_mm (8). 

 Tb_ m_]ih^ g_]b[hcmg cm cihc] _r]fomcih, ch qbc]b 

N[+ nl[hmjiln_lm l_^o]_ nb_ []]ogof[ncih i` nirc] N[+ ch 

liinm [h^ f_[p_m. Fch[ffs, ch jf[hnm, [h cgjiln[hn 

g_]b[hcmg `il ip_l]igcha m[fn mnl_mm cm nb_ _r]fomcih i` 

N[+ `lig nb_ ]snijf[mg nblioab nb_ []ncih i` N[+/H+ 

[hncjiln_lm [n nb_ jf[mg[ g_g\l[h_ il chnl[]_ffof[l 

g_g\l[h_m (9). 

 Tbcm msmn_g qilem \s ]ihnliffcha nb_ fi[^cha i` N[+ 
chni nb_ rsf_g [h^ nb_ l_]ip_ls i` N[+ `lig nb_ rsf_g 

\_`il_ l_[]bcha nb_ jbinimshnb_nc] ncmmo_m ch nb_ mbiin 

(10). Tb_ _[lfs [h^ `oh^[g_hn[f _p_hnm i` jf[hn [^[jn[ncih 

ni m[fn mnl_mm qcff mn[ln qcnb mig_ j_l]_jno[f [h^ mcah[fcha 

g_]b[hcmgm pc[ mcah[f [h^ g_mm_ha_l nl[hm^o]ncih ni 

[]ncp[n_ nb_ p[lciom jbsmcifiac][f [h^ g_n[\ifc] 

l_mjihm_m, ch]fo^cha nb_ _rjl_mmcih i` mnl_mm l_mjihm_ 

a_h_m. Agiha nb_ g[ch j[nbq[sm chpifp_^ ch m[fn mnl_mm 

mcah[fcha [l_ ][f]cog, [\m]cmc] []c^ (ABA), m[fn ip_lfs 

m_hmcncp_ (SOS), [h^ [fmi NHX/NHE, qbc]b [l_ g_g\l[h_ 

jlin_chm nb[n g_^c[n_ ][ncih [h^ jlinih _r]b[ha_ []limm 

nb_ nihijf[mn ni g[chn[ch jH l_aof[ncih [h^ 

imgil_aof[ncih, nif_l[h]_, [h^ K+(11, 12). 

 

M_tbi^ifiay  

Tb_ m_[l]b ]lcn_lc[ ch nbcm [lnc]f_ l_pc_q q_l_ ]_hn_l_^ ih 

]_ffof[l nl[hmjiln_lm, mj_]c`c][ffs p[]oif[l, ]_ffof[l, [h^ 

_h^imig[f [hncjiln_lm, jlcg[lcfs ch m[fn-l_mcmn[hn jf[hnm. 

Fclmnfs, q_ ]ih]_hnl[n_^ iol _ffilnm ih ^[n[ [h^ l_mofnm 

`lig [lnc]f_m ^[ncha \[]e ni nb_ _cabnc_m, _rjfilcha nb_ 

jf[hn ^ig[ch'm ]ihh_]ncih ni m[fn l_mcmn[h]_ nblioab nb_ 

g[ch ]_ffof[l nl[hmjiln_lm NXH, p[]oif[l, [h^ _h^imig[f. 

Tb_m_ [hncjiln_lm ]ihnlc\on_ ni l_aof[ncha ]_ffof[l [h^ 

p[]oif[l jH, ]_ffof[l big_imn[mcm, [h^ ofncg[n_fs m[fn 

l_mcmn[h]_. 

              S_]ih^fs, q_ \lc_`fs ]ip_l_^ g_g\l[h_ ]_ffof[l 

nl[hmjiln_lm fce_ SOS. Cihp_lm_fs, q_ _r]fo^_^ [lnc]f_m hin 

[^^l_mmcha jf[hn m[fn l_mcmn[h]_ il nbim_ hin `i]omcha ih 

nl[hmjiln_lm. Tb_ e_sqil^m om_^ ch nbcm [lnc]f_ l_pc_q 

bcabfcabn_^ [hncjiln_lm, ch]fo^cha p[]oif[l [h^ _h^imig[f 

NHX nsj_m, g_g\l[h_ SOS, m[fn nif_l[h]_, [h^ nb_ 

l_aof[ncih i` jH [h^ cih big_imn[mcm. 

 

R_sufts  

Pr_s_ht[tcih i` NHX-tyj_ v[]uif[r [htcjirt 

Ihnl[]_ffof[l N[+/H+ [hncjiln (NHX) [l_ chn_al[f g_g\l[h_ 
jlin_chm l_mc^cha ch nb_ jf[mg[ g_g\l[h_, _h^imig[f 

]igj[lng_hnm, [h^ p[]oif_m (13). Tb_s \_fiha ni nb_ 

CPA1 (][ncih/jlinih) [hncjiln `[gcfs i` nb_ ][ncih-jlinih 

[hncjiln_lm (CPA) moj_l`[gcfs (14).Ih jf[hnm, NHX 

[hncjiln_lm ][n[fst_ nb_ _f_]nlih_onl[f _r]b[ha_ i` N[+ 

[h^/il K+ `il H+ omcha _f_]nli]b_gc][f al[^c_hnm a_h_l[n_^ 

\s nb_ H+- ATP[m_m, H+- ATP[m_m [h^ H+- PP[m_ i` nb_ 

p[]oif_ ni ^cl_]n nb_ gip_g_hn i` N[+ il K+ ion i` nb_ ]_ff 

il nb_ fogch[f []ncih i` N[+ il K+ chni p[]oif_m [h^ 

chnl[]_ffof[l ila[h_ff_m (15). 

 Tb_ p[]oif[l NHX [hncjiln [h^ nb_ jf[mg[ 

g_g\l[h_ SOS `[]cfcn[n_ nb_ _r]b[ha_ i` ][ncihm [h^ 

jlinihm []limm nb_ nihijf[mn [h^ jf[mg[ g_g\l[h_, 

l_mj_]ncp_fs. Tb_ SOS nl[hmjiln_lm _h[\f_ nb_ _r]l_ncih i` 

N[+ `lig nb_ ]snijf[mg ni nb_ _rn_lh[f _hpclihg_hn, 

qbcf_ NHXm `[]cfcn[n_ nb_ nl[hmjiln i` N[+ `lig nb_ 

]snijf[mg ni nb_ p[]oif_ (T[\f_ 1). 

T[\f_ 1. Sig_ \cifiac][f lif_m i` nl[hmjiln_lm [h^ nb_cl jimcncihcha [h^ `oh]ncih ch jf[hn ]_ffm [h^ ila[hm, l_mj_]ncp_fs 

  
  

S.Ni. 

  
  

N[g_ i` tb_ 
tr[hsjirt_rs 

  
  

Pf[ht j[rt ch wbc]b ct 
cs _xjr_ss_^ (Riit/

f_[`/st_g _t]) 

  
  

Ihtr[]_ffuf[r 
Li][tcih 

(cell membrane, 
tihijf[st, _t]) 

  
  

Fuh]tcih 

  
  

R_`_r_h]_ 

Stacia vera NHX1 (N[+(K+)/H+ 
[hncjiln_l) 

Riinm Riin p[]oif_m 

Hcab NHX1 _rjl_mmcih cm 
fche_^ ni [ bcab N[+/K+ l[nci 
^olcha m[fn mnl_mm, _h[\fcha 

N[+ ni \_ m_ko_mn_l_^ ch 
p[]oif_m, nbom jlin_]ncha 

ncmmo_m. 

(21) 

Punica 
granatum 

PaNHX (N[+(K+)/H+ 
[hncjiln_l) 

L_[p_m [h^ 
liinm 

L_[` p[]oif_m, [h^ 
liinm 

Op_l_rjl_mmcih i` PaNHX 
gcnca[n_^ nb_ _ff_]nm i` m[fn \s 

m_ko_mn_lcha N[+ ch f_[` 
p[]oif_m, nb_l_\s l_^o]cha 
N[+ []]ogof[ncih ch liinm. 

(22) 

Ipomoea 
batatas 

GgNHX1 (N[+(K+)/
H+ [hncjiln_l) 

L_[p_m [h^ liinm 

V[]oif_ [h^ 
g[chn[ch_^ [ 

bcab_l K+/N[+ l[nci 
ch liinm 

Al[\c^ijmcm jf[hnm _rjl_mmcha 
GgNHX1 ch^o]_^ N[+ 

[]]ogof[ncih ch p[]oif_m, 
l_aof[ncha m[fn-ch^o]c\f_ 

a_h_m ni gi^of[n_ K+ [h^ N[+ 
f_p_fm ch f_[p_m [h^ liinm. 

(23) 
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               Ih [^^cncih ni SOS1, nb_ SOS j[nbq[s ]ihmcmnm i` 

nqi l_aof[nils jlin_chm (SOS2 [h^ SOS3) chpifp_^ ch nb_ 

l_mjihm_ ni m[fn mnl_mm. Hcab m[fn ]ih]_hnl[ncihm nlcaa_l [ 

][f]cog mcah[f. Tb_ \ch^cha i` C[2+ ni mj_]c`c] mcn_m ih nb_ 

SOS3 jlin_ch []ncp[n_m [ SOS2 jlin_ch ech[m_ (16). Tb_ 

jbimjbilsf[n_^ SOS3/SOS2 ech[m_ ]igjf_r []ncp[n_m nb_ 

N[+/H+ [hncjiln_l SOS1, f_[^cha ni nb_ _r]fomcih i` N[+ 

`lig nb_ ]_ff (17). 

              Tb_ p[]oif[l NHX [hncjiln cm chpifp_^ ch l_aof[ncha 

chnl[]_ffof[l jin[mmcog \[f[h]_, m[fn mnl_mm nif_l[h]_, [h^ 

jf[hn aliqnb [h^ ^_p_fijg_hn (18). Nog_liom mno^c_m 

b[p_ mbiqh nb[n ip_l_rjl_mmcih i` a_h_m [mmi]c[n_^ qcnb 

N[+ [h^ K+ nl[hmjiln, nblioab \cin_]bhifiac][f il 

m_f_]ncih n_]bhcko_m, [jj_[lm [m [h chn_l_mncha mnl[n_as ni 

_hb[h]_ m[fn nif_l[h]_ [h^ cgjlip_ ]lij jli^o]ncih (19). 

 Tb_ Arabidopsis thaliana NHX a_h_ `[gcfs 

]igjlcm_m [ ]f[mm i` mcr chnl[]_ffof[l NHX-fce_ [hncjiln_lm, 

qbc]b [l_ ]f[mmc`c_^ chni nqi aliojm. Glioj I ]ihn[chm 

NHX1 ni NHX4 [h^ cm fi][n_^ ch p[]oif_m, qbcf_ alioj II 

]ihn[chm NHX5 [h^ NHX6 [h^ cm fi][n_^ ch _h^imig[f 

]igj[lng_hnm. S_p_l[f `oh]ncihm b[p_ \__h [mmi]c[n_^ 

qcnb jf[hn NHX nl[hmjiln_lm, ch]fo^cha l_aof[ncha ]_ffof[l 

K+ big_imn[mcm, ]_ff _rj[hmcih, [h^ m[fn nif_l[h]_ (20). 

             Tb_ jf[hn a_hig_, ch gimn ][m_m, ]ihn[chm m_p_l[f 

cmi`ilgm i` chnl[]_ffof[l NHX. Ihnl[]_ffof[l NHX 

nl[hmjiln_lm [l_ ]f[mmc`c_^ ch nb_ IC-NHE/NHX `[gcfs, j[ln 

i` nb_ f[la_ `[gcfs i` jlinih ][ncih [hncjiln_lm 1 (CPA1) 

(24). Tb_m_ [l_ `olnb_l mo\^cpc^_^ chni p[]oif[l (Cf[mm I) il 

_h^imig[f (Cf[mm II) NHX, \[m_^ ih nb_cl m_ko_h]_ 

mcgcf[lcns [h^ nb_ mo\]_ffof[l fi][fct[ncih i` l_jl_m_hn[ncp_ 

g_g\_lm (25) (Fca. 1). An nbcm ncg_, gimn m_ko_h]_^ jf[hn 

mj_]c_m ]ihn[ch \inb nsj_m i` NHX [h^ `oh]ncih[f 

l_^oh^[h]s i` p[]oif[l il _h^imig[f NHX b[m \__h 

l_jiln_^ ch Al[\c^ijmcm nb[fc[h[ (25). 

               Agiha nb_ `clmn NHX `[gcfs g_g\_lm ni \_ 

c^_hnc`c_^ ch jf[hnm q[m AnNHX (26), qbc]b b[m \__h mbiqh 

ni b[p_ bigifias qcnb nb_ N[+/H+ [hncjiln, NHE i` nb_ 

jf[mg[ g_g\l[h_ i` [hcg[f ]_ffm, [h^ [fmi nb[n i` s_[mn 

S]NHX1 (_h]i^cha p[]oif[l g_g\l[h_ N[+/H+ [hncjiln_l 

`lig Suaeda corniculata. Mil_ip_l, AnNHX1 _rjl_mmcih ch 

s_[mn b[m \__h mbiqh ni ]igjf_g_hn nb_ N[Cf m_hmcncpcns 

][om_^ \s ^cmlojncih i` nb_ S]NHX1 a_h_ (26). A alioj i` 

l_m_[l]b_lm jlijim_^ aliojcha bog[h NHE6 [h^ NHE7, 

s_[mn S]NHX, [h^ Arabidopsis AnNHX1 jlin_chm chni [ h_q 

mo\`[gcfs i` N[+/H+ [hncjilnm, chnl[]_ffof[l NHE. 

So\m_ko_hnfs, g[hs gil_ chnl[]_ffof[l [hncjiln, hiq 

][ff_^ NHX, b[p_ \__h c^_hnc`c_^ ch jf[hnm, `ohac, [h^ 

[hcg[fm (27). 

               S_p_l[f cmi`ilgm i` NHX nl[hmjiln_lm b[p_ \__h 

`ioh^ ch jf[hnm. Tb_ g[dilcns i` nb_g [l_ oh_rjl_mm_^ ch 

nb_ [\m_h]_ i` m[fn mnl_mm ch [ff jf[hn ncmmo_m \on [l_ 

nlcaa_l_^ \s m[fn mnl_mm ch f_[p_m, liinm, mn_gm, il [ 

]ig\ch[ncih i` liinm [h^ f_[p_m. Sig_ cmi`ilgm [l_ 

ch^o]_^ \s ABA, KCf, ^_bs^l[ncih, bsj_limginc] mnl_mm, il 

bcab-n_gj_l[nol_ mnl_mm (28). Tb_ _rjl_mmcih i` nb_ mcr 

NHX cmi`ilgm ch Arabidopsis q[m mno^c_^ ch ^_n[cf. Tb_ 

jl_^igch[hn cmi`ilgm [l_ AnNHX1 [h^ AnNHX2, `ioh^ ch 

nb_ liinm [h^ [_lc[f j[ln. Tb_ _rjl_mmcih f_p_fm i` AnNHX3, 

AnNHX4, [h^ AnNHX6 ch nb_m_ ncmmo_m q_l_ go]b fiq_l 

nb[h nbim_ i` AnNHX1 [h^ AnNHX2. Tb_ _rjl_mmcih i` 

Anhbr1 cm b_cabn_h_^ ch f_[p_m \on l_g[chm oh]b[ha_^ ch 

liinm qb_h nl_[n_^ qcnb N[Cf il ABC. Ih m__^fcham, \inb 

AnNHX1 [h^ AnNHX2 [l_ []ncp[n_^ \s m[fn mnl_mm, 

bsj_limginc] mbi]e, [h^ ABA nl_[ng_hn, qbcf_ AnNHX5 cm 

_r]fomcp_fs ch^o]_^ \s m[fn mnl_mm, [h^ AnNHX4 l_mjih^m ni 

\inb m[fn mnl_mm [h^ ABA. AnNHX1 [h^ AnNHX2 [l_ hin 

ch^o]c\f_ \s N[Cf ch [\[2-1 gon[hnm, ch^c][ncha nb[n N[Cf 

ch^o]ncih i` nb_m_ nl[hmjiln_lm cm ^_j_h^_hn ih ABA 

mcah[fcha (29). 

Fca. 1. S]b_g[nc] l_jl_m_hn[ncih i` nb_ ]_ffof[l fi][fct[ncih, `oh]ncihm, [h^ l_aof[ncih i` nb_ N[+ nsj_ nl[hmjiln_lm NHX, SOS, [h^ HKT1 ch Arabidopsis (30). Tb_ 
NHX a_h_ `[gcfs i` Arabidopsis thaliana ]ihmcmnm i` [ m_n i` mcr NHX-nsj_ chnl[]_ffof[l [hncjiln_lm, ][n_ailct_^ chni nqi aliojm. Glioj I ch]fo^_ NHX1 ni NHX4, 
qbc]b [l_ mcno[n_^ ch p[]oif_m, qbcf_ alioj II ]igjlcm_m NHX5 [h^ NHX6, fi][fct_^ ni _h^imig[f ]igj[lng_hnm, nl[hm-Gifac h_nqile (TGN), [h^ jl_p[]oif[l 
]igj[lng_hn (PVC). 
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Fuh]tcihs i` NHX tr[hsjirt_rs  

Tb_ jlcg[ls lif_ [nnlc\on_^ ni nb_ NHX p[]oif[l [hncjiln cm 

ni _ff_]n N[+ m_ko_mnl[ncih qcnbch nb_ p[]oif_ pc[ [ N[+/H+ 

_r]b[ha_ []limm nb_ nihijf[mn (31). Tb_ gip_g_hn i` 

jlinihm `lig nb_ p[]oif_ ni nb_ ]snijf[mg cm _r_laihc] 

^o_ ni nb_ jH al[^c_hn i` 1.5 ohcnm \_nq__h nb_m_ nqi 

]igj[lng_hnm. Tb_ l[n_ i` N[+ []]ogof[ncih ch nb_ 

p[]oif_ l_f[ncp_ ni nb_ ]snijf[mg ][h nb_l_`il_ \_ al_[n_l 

nb[h 30 (101.5 gil_ jl_]cm_fs). Tb_ []]ogof[ncih i` N[+ ch 

nb_ p[]oif_ cm []bc_p[\f_ [a[chmn cnm ]ih]_hnl[ncih 

al[^c_hn ihfs 4 ni 5 ncg_m bcab_l. Tbcm nl[hmjiln `iffiqm [ 

m[nol[\f_ jli]_mm ^_j_h^cha ih nb_ ]snijf[mgc] 

]ih]_hnl[ncih i` N[+. Bci]b_gc][f ]b[l[]n_lct[ncih mno^c_m 

i` nb_ ^cff_l_hn NHX-nsj_ [hncjiln b[p_ mbiqh nb[n nb_s 

][h nl[hmjiln, ch [^^cncih ni N[+, inb_l gihip[f_hn 

][ncihm mo]b [m K+, Lc+, [h^ R\+ (32-15). 

 Tb_ [ffchcns i` nb_ NHX [hncjiln `il nb_m_ ][ncihm 
p[lc_m ^_j_h^cha ih nb_ mj_]c_m [h^ [h[fsnc][f ]ih^cncihm 

(33). Tb_ ]b[l[]n_lcmnc]m i` nbcm nl[hmjiln ch AnNHX1 [l_ 

a_h_l[ffs ^_m]lc\_^ [m `iffiqcha Mc]b[_fcm-M_hn_h nsj_ 

m[nol[ncih ech_nc]m. Ih [^^cncih, gi^c`c][ncih i` _cnb_l nb_ 

N- il C-n_lgch[f j[ln i` nb_ jlin_ch [fn_lm nb_ [ffchcns (KM, 

Mc]b[_fcm ]ihmn[hn) [h^ nl[hmjiln ech_nc]m (Vg[r, 

g[rcgog p_fi]cns) ]b[l[]n_lcmnc]m. Tb_ C-n_lgch[f j[ln 

m__gm ni \_ ]lo]c[f `il nb_ l_aof[ncih i` nl[hmjiln []ncpcns 

[h^ cih m_f_]ncpcns. Ah chn_l[]ncih \_nq__h nbcm j[ln [h^ [h 

_mm_hnc[f jlin_ch `il mnl_mm, ][fgi^ofch, b[m \__h 

^_gihmnl[n_^. Tb_ f[nn_l l_aof[n_m nb_ []ncpcns i` AnNHX1 

ch [ jH- [h^ p[]oif[l C[2+- ^_j_h^_hn g[hh_l. Tbom, 

oh^_l jbsmcifiac][f ]ih^cncihm (bcab ]ih]_hnl[ncih i` `l__ 

C[2+ ch nb_ p[]oif_ [h^ []c^c] p[]oif[l jH), ][fgi^ofch 

qiof^ \ch^ ni [ \ch^cha mcn_ fi][n_^ ch nb_ C-n_lgch[f j[ln 

[h^ acp_ AnNHX1 [ \_nn_l nl[hmjiln [ffchcns `il K+ nb[h `il 

N[+ (34). 

S[fchcty tif_r[h]_ 

Pb_hinsj_ [h[fsmcm i` nl[hma_hc] jf[hnm mbiq_^ nb[n 

ip_l_rjl_mmcih i` NHX a_h_m q[m l_mjihmc\f_ `il 

cgjlip_^ m[fchcns nif_l[h]_. Ih nbcm m_hm_, m_p_l[f mno^c_m 

b[p_ \__h ^ih_ ih nb_ m[fchcns nif_l[h]_ i` nl[hma_hc] 

jf[hnm ip_l_rjl_mmcha NHX-fce_ a_h_m [h^ l_p_[f_^ nb[n 

nif_l[hn jb_hinsj_m q_l_ [mmi]c[n_^ qcnb bcab f_[` K+ 

]ih]_hnl[ncihm (35). Sch]_ NHX [hncjiln_lm ][h _r]b[ha_ 

K+ il N[+ `il [ jlinih `lig nb_ p[]oif_ []limm nb_ 

nihijf[mn, ip_l_rjl_mmcih i` nb_m_ a_h_m ]iof^ [ff_]n 

]snijf[mgc] K+ ]ihn_hn \s [ffiqcha mnil[a_ i` nbcm ][ncih 

qcnbch nb_ p[]oif_, _mj_]c[ffs qb_h K+ cm [p[cf[\f_ ni nb_ 

]_ff (36). Ih [^^cncih ni jf[scha [ jlin_]ncp_ [h^ [^[jncp_ 

lif_ oh^_l imginc] [h^ m[fn mnl_mm ]ih^cncihm, nb_ ^_]l_[m_ 

ch f_[` [l_[ i\m_lp_^ ch nb_ hbr1 gon[hn ]iof^ \_ 

_rjf[ch_^ \s nb_ lif_ NHX1 qiof^ b[p_ jf[s_^ ch K+ 

nl[hmjiln [h^ ]_ff nolail l_kocl_^ `il aliqnb. A]ncp[ncih i` 

N[+/H+ [hncjiln_lm b[m \__h i\m_lp_^ `iffiqcha nb_ 

[jjfc][ncih i` m[fn mnl_mm ch afs]ijbsn_m [h^ b[fijbsn_ 

mj_]c_m (37). 

 Hiq_p_l, ch mig_ m_hmcncp_ mj_]c_m, mo]b [m 

g_^cog jf[hn[ch (Plantago media L.), hi NHX [hncjiln 

[]ncpcns ]iof^ \_ l_]il^_^ [ft_l nb_ [jjfc][ncih i` m[fn 

mnl_mm (N[Cf, 50 ggif/L) (40). Oh nb_ inb_l b[h^, (N[+, K+)/

H+ _r]b[ha_ []ncpcns ]iof^ \_ ^_n_]n_^ ch mig_ afs]ijbsn_ 

mj_]c_m, mo]b [m ]innih (Gossypium hirsutum L.) [h^ 

mis\_[h (Glycine max L. M_ll), _p_h ch nb_ [\m_h]_ i` m[fn 

mnl_mm (38). Folnb_lgil_, ip_l_rjl_mmcih i` NHX [hncjiln 

a_h_m b[m \__h om_^ ni cgjlip_ m[fchcns nif_l[h]_ ch 

p[lciom jf[hn mj_]c_m. Tl[hm`ilg_^ jf[hnm ip_l_rjl_mmcha 

NHX [hncjiln a_h_m mbiq_^ \_nn_l \_b[pcil [h^ aliqnb 

nb[h qcf^-nsj_ jf[hnm oh^_l m[fn mnl_mm (39). Tl[hma_hc] 

nig[ni_m ip_l_rjl_mmcha AnNHX1 [h^ aliqh ch nb_ 

jl_m_h]_ i` 200 ggif/L N[Cf ]iof^ aliq, `fiq_l, [h^ 

jli^o]_ `locn. Afnbioab nb_ f_[p_m []]ogof[n_^ bcab 

[giohnm i` N[+, nb_ `locnm mbiq_^ fiq f_p_fm. Arabidopsis 

thaliana jf[hnm ip_l_rjl_mmcha AnNHX1 mbiq \_nn_l 

aliqnb nb[h qcf^-nsj_ jf[hnm [h^ a[nb_l N[+ ch nb_cl mn_gm 

oh^_l m[fn mnl_mm, ]ih`clgcha nb_ lif_ i` nbcm [hncjiln ch 

m[fchcns nif_l[h]_ (40). Oh nb_ inb_l b[h^, hbr1 chm_lncih 

gon[hnm ch Arabidopsis thaliana mbiq_^ [ l_^o]_^ N[+/H+ 

_r]b[ha_ f_p_f [h^ al_[n_l m[fchcns m_hmcncpcns nb[h qcf^-

nsj_ jf[hnm. Op_l_rjl_mmcih i` AaNHX1 ch lc]_ l_mofnm ch 

\_nn_l molpcp[f ch [ g_^cog ]ihn[chcha 300 ggif/L N[Cf, 

qb_l_[m ip_l_rjl_mmcih i` OmNHX1 ch nb_ m[g_ mj_]c_m 

f_[^m ni c^_hnc][f f_[` N[+ [h^ K+ ]ihn_hnm (35). 

R_auf[tcih i` jH 

Ih jf[hnm, ]snijf[mgc] jH cm ^_n_lgch_^ pc[ jlcg[ls jlinih 
jogjm [h^ g_n[\ifc] jli]_mm_m nb[n jli^o]_ H+ il OH-. Ih 

nbcm m_hm_, ][ncih/jlinih [hncjiln qcff l[jc^fs [^domn 

]snijf[mgc] jH (41).  Dcff_l_hn nsj_m i` mnl_mm_m ][h [ff_]n 

]snijf[mgc] jH, \inb \cinc] [h^ [\cinc], [h^ nb_m_ 

]b[ha_m ][h `ilg nb_ \[mcm i` g[hs mcah[fcha j[nbq[sm 

chpifp_^ ch mnl_mm l_mjihm_m, ^_p_fijg_hn[f jli]_mm_m, 

bilgih[f ]ihnlif i` mnig[]b gip_g_hnm, al[pcn[ncih[f 

l_mjihm_, aliqnb [h^ _fiha[ncih (42). 

 Tb_ cgjiln[h]_ i` nb_ []ncih i` nb_ NHX [hncjiln ch 

l_aof[ncha p[]oif[l jH cm q_ff cffomnl[n_^ \s nb_ _pifoncih 

[h^ ]b[ha_ i` `fiq_l ]ifil[ncih ch Ijigi_[ hcf. Tb_ ]ifil 

i` nb_ `fiq_lm p[lc_m `lig l_^^cmb-joljf_ [n nb_ `fiq_l \o^ 

mn[a_ ni \fo_ [ft_l nb_ \o^m b[p_ ij_h_^. Tb_ ]ifil i` nb_ 

j_n[fm cm ^o_ ni [hnbi]s[hch jcag_hnm []]ogof[n_^ ch nb_ 

p[]oif_ i` nb_ ]_ffm. Tb_m_ [hnbi]s[hchm acp_ [ \fo_ ]ifil 

oh^_l [fe[fch_ ]ih^cncihm [h^ [ l_^ ]ifil oh^_l []c^c] 

]ih^cncihm. Tbom, ch `fiq_lm, nb_ nl[hmcncih `lig l_^ ni \fo_ 

cm []]igj[hc_^ \s [h ch]l_[m_ ch nb_ p[]oif[l jH i` nb_ 

]_ffm `lig 6.6 ni 7.7, il \s 1.1 ohcnm, g[echa nb_ g_^cog 

l_f[ncp_fs _mm_hnc[f (43). Tb_ bcab p[]oif[l jH moaa_mnm 

nb[n nb_ p[]oif_m [l_ [fe[fch_ ni nb_ ]snimif. A]bc_pcha 

mo]b [h [fe[fch_ jH \s [h _f_]nli h_onl[f K+/H+ [hncjiln 

g_]b[hcmg qiof^ l_kocl_ bcab_l ]ih]_hnl[ncihm i` K+ ch 

nb_ ]snijf[mg nb[h ch nb_ p[]oif_, [m cm nb_ ][m_ oh^_l 

]ih^cncihm i` K+ ^_jf_ncih ch ]ilnc][f [h^ _jc^_lg[f ]_ffm i` 

\[lf_s liinm (32). 

              Tbom, cn nolhm ion nb[n, oh^_l hilg[f ]ih^cncihm, jH 

l_aof[ncih cm ][llc_^ ion \s [h _r]b[ha_ i` K+ l[nb_l nb[h 

N[+ `il [ jlinih. Ih^__^, nb_ p[]oif_ i]]ojc_m 80 ni 90 

j_l]_hn i` nb_ ]_ff pifog_ [h^ cm nb_ jl_`_ll_^ mnil[a_ mcn_ 

`il K+ (44). Folnb_lgil_, nb_ [\cfcns i` NHX [hncjiln_lm ni 

j_l`ilg K+/H+ _r]b[ha_m [ffiqm nb_ jf[hn, oh^_l hilg[f 

aliqnb ]ih^cncihm, ni m_ko_mn_l K+ (g[chfs) qcnbch nb_ 

p[]oif_, nbom ]ihnlc\oncha ni imginc] l_aof[ncih [h^ 

]ihnlif i` nb_ nolail jl_mmol_ h_]_mm[ls `il ]_ff _rj[hmcih 

[h^ aliqnb (45). 
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K+ big_ist[scs 

Tb_ []ncpcns i` nb_ p[]oif[l [hncjiln NHX l_mofnm ch 

[]c^c`c][ncih i` nb_ p[]oif_, qbc]b jlin_]nm _htsg[nc] 

l_[]ncihm `lig N[+ nirc]cns [h^ ]ihnlifm nolail jl_mmol_ 

(46). Ih [^^cncih, cn cm chpifp_^ ch K+ big_imn[mcm oh^_l 

hilg[f aliqnb ]ih^cncihm (20). Ih gimn ][m_m, ]_ffof[l K+ 

cihm []]ogof[n_ ch nb_ p[]oif_, qb_l_ nb_s [l_ chpifp_^ ch 

nb_ g[chn_h[h]_ i` ]_ff nolail [h^ _rj[hmcih. Hiq_p_l, 

]snijf[mgc] K+ cihm b[p_ \inb imginc] [h^ \ci]b_gc][f 

`oh]ncihm. K+ cm []ncp_fs ch]fo^_^ ch nb_ p[]oif_ oh^_l 

hilg[f aliqnb ]ih^cncihm; inb_lqcm_, cn cm nl[hmjiln_^ 

`lig nb_ p[]oif_ ni nb_ ]snijf[mg ch mcno[ncihm i` m_p_l_ 

K+ ^_`c]c_h]s ni g[chn[ch [^_ko[n_ ]snimifc] 

]ih]_hnl[ncihm. Uh^_l nb_m_ ]ih^cncihm, ]snijf[mgc] 

[]c^c`c][ncih i]]olm, qbc]b ]iof^ l_jl_m_hn [ mcah[f ni 

ch^o]_ [ mojjfs i` bcab-[ffchcns K+ il [ ^l[ch i` K+ `lig nb_ 

p[]oif_ (32). 

            A ^_]l_[m_^ jH al[^c_hn \_nq__h nb_ p[]oif_ [h^ 

nb_ ]snijf[mg g[s [fmi ^_]l_[m_ nb_ ^lcpcha `il]_ nb[n 

om_m nb_ K+/H+ [hncjiln g_]b[hcmg `il K+ []]ogof[ncih. Ih 

Tb_lgi^sh[gc]m, []ncp_ _hnls i` K+ chni nb_ p[]oif_, 

oh^_l ]ih^cncihm i` K+ moffc]c_h]s, ][h \_ g_^c[n_^ \s [ 

K+/H+ [hncjiln. Sncff, []ncp_ `for l_kocl_m [ K+/H+ msgjiln 

msmn_g, [mmogcha nb_ p[]oif_ cm gil_ []c^c] nb[h nb_ 

]snijf[mg, [ ]ih^cncih nb[n ^i_m hin [fq[sm i]]ol (36). 

Op_l_rjl_mmcih i` AnNHX1 ch nig[ni_m ][om_m ^_`c]c_h]s 

msgjnigm ^_mjcn_ ch]l_[m_^ K+ mojjfs [h^ ]ihn_hn (47). Ih 

nbcm ][m_, nb_ ^_]l_[m_ ch K+ ]snimifc] ]ih]_hnl[ncih ]iof^ 

][om_ [ K+ ^_`c]c_h]s mcah[f nb[n qiof^ ch]l_[m_ nb_ ][ncih 

mojjfs. Arabidopsis gon[hnm nb[n ^i hin _rjl_mm NHX1 

b[p_ f_mm f_[` [l_[ [h^ mg[ff_l _jc^_lg[f ]_ffm. Tbcm g[s 

\_ l_f[n_^ ni [ p[]oif[l ^_`c]c_h]s i` K+, qbc]b cm l_kocl_^ 

`il nolail a_h_l[ncih [h^ ]_ff _rj[hmcih. Ih nbcm l_a[l^, cn 

b[m \__h i\m_lp_^ nb[n nb_m_ gon[hnm mbiq [ fiq_l K+ 

mojjfs ch nb_ liinm [h^ [ fiq_l K+ ]ihn_hn ch nb_ [_lc[f j[ln 

(42). Tb_ bcab f_p_f i` _rjl_mmcih i` mig_ NHX jlin_chm ch 

nb_ ao[l^ ]_ffm i` mnig[n[ [fmi moaa_mnm nb[n nb_m_ 

jlin_chm [l_ _mm_hnc[f `il []]ogof[ncha p[]oif[l K+ [h^ nb_ 

l[jc^ nolail ]b[ha_m ch nb_m_ ]_ffm (37-28). 

 

Cih]fuscih 

Pf[hnm b[p_ _pifp_^ bcabfs mijbcmnc][n_^ g_]b[hcmgm ni 
g[chn[ch ]_ffof[l big_imn[mcm oh^_l ]ih^cncihm mo]b [m 

m[fchcns, ^lioabn, ]if^, `l__tcha, il chn_hm_ b_[n. Tb_ 

gofncno^_ [h^ ]igjf_rcns i` nb_ g_]b[hcmgm l_mjihmc\f_ 

`il nb_ cihc] big_imn[mcm i` jf[hnm, [m q_ff [m nb_ chnlc][]s 

i` nb_cl l_aof[ncih [h^ chn_l]ihh_]ncihm, [n \inb nb_ 

]_ffof[l [h^ qbif_-jf[hn f_p_fm, [l_ l_g[le[\f_. Tb_ 

chpifp_g_hn i` mijbcmnc][n_^ [h^ ncabnfs l_aof[n_^ mnl_mm 

^_n_]ncih g_]b[hcmgm, _ff_]ncp_ mcah[f nl[hm^o]ncih 

j[nbq[sm, _fffor il ]igj[lng_hn[fct[ncih i` nirc] cih 

msmn_gm, [h^ e_s ^_nirc`c][ncih mnl[n_ac_m, mo]b [m nb_ 

[]]ogof[ncih i` imgijlin_]n[hnm, bcabfcabnm biq 

`[m]ch[ncha nb_ bcmnils i` jf[hn cihc] big_imn[mcm oh^_l 

_hpclihg_hn[f mnl_mm cm. 

 N_[lfs nqi ^_][^_m i` ch-^_jnb gif_]of[l mno^c_m 

b[p_ _mn[\fcmb_^ nb_ chpifp_g_hn i` nl[hmjiln_lm NHX, 

SOS1, [h^ HKT ch jf[hn m[fn nif_l[h]_. G_h_m _h]i^cha 

mig_ i` nb_m_ nl[hmjiln_lm b[p_ mch]_ \__h mo]]_mm`offs 

om_^ [m a_h_nc] niifm ni _hb[h]_ m[fn nif_l[h]_ ch gi^_f 

[h^ ]ofncp[n_^ jf[hnm. In cm nb_l_`il_ ]ih]_cp[\f_ nb[n 

cgjlipcha m[fn nif_l[h]_ nblioab nb_ ip_l_rjl_mmcih i` 

ih_ i` nb_ g_hncih_^ a_h_m g[s l_[]b cnm fcgcnm ^o_ ni 

_r]_mmcp_ ^cmlojncih i` l_f[n_^ ]_ffof[l [h^ jbsmcifiac][f 

jli]_mm_m. 

 

A]ehiwf_^a_g_hts 

Tbcm qile q[m mojjiln_^ \s al[hnm `lig nb_ N[ncih[f 
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