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A\str[]t 

Pf[hn aliqnb l_aof[nilm ]ihnlif p[lciom jbsmcifiac][f jli]_mm_m ch jf[hnm, 
ch]fo^cha aliqnb [h^ ^_p_fijg_hn. Agiha nb_m_ l_aof[nilm, 
\l[mmchimn_lic^m (BRm) b[p_ _g_la_^ [m cgjiln[hn jbsnibilgih_m qcnb 
^cp_lm_ lif_m ch ]lij ^_p_fijg_hn [h^ g_n[\ifcmg. Tb_s ch`fo_h]_ jli]_mm_m 

fce_ ]_ff ^cpcmcih, _fiha[ncih, l_jli^o]ncih, `fiq_lcha, p[m]of[l 
^cff_l_hnc[ncih, `locn lcj_hcha, liin `ilg[ncih, [h^ l_mjihm_m ni \inb \cinc] 
[h^ [\cinc] mnl_mmilm. A^^cncih[ffs, BRm _hb[h]_ nif_l[h]_ [h^ l_mcfc_h]_ ni 
nb_m_ mnl_mmilm. Tb_cl cgj[]n ih `locn nl__m' ^_`_hm_ g_]b[hcmgm bif^m 
mcahc`c][hn jin_hnc[f `il nb_ `locn ch^omnls. Tbcm l_pc_q `i]om_m ih nb_ qc^_-
l[hacha jbsmcifiac][f [h^ _]ihigc] cgjiln[h]_ i` BRm ch gi^_lh `locn 
jli^o]ncih, bcabfcabncha nb_cl [jjfc][ncihm [h^ cgjfc][ncihm nblioab 
]ih]_jno[f l_m_[l]b [h^ ^_p_fijg_hn _ffilnm. 

 

K_ywir^s  

Bl[mmchimn_lic^m; ^_p_fijg_hn; aliqnb; jimn-b[lp_mn; sc_f^ 

 

Ihtri^u]tcih 

Pf[hn Gliqnb R_aof[nilm (PGRm) b[p_ mcahc`c][hnfs nl[hm`ilg_^ [h^ 
[^p[h]_^ [alc]ofnol[f jl[]nc]_m afi\[ffs. Tb_m_ [l_ ]b_gc][f ]igjioh^m 
nb[n gi^of[n_ aliqnb, ^_p_fijg_hn, [h^ p[lciom jbsmcifiac][f jli]_mm_m \s 
_cnb_l _hb[h]cha il chbc\cncha mj_]c`c] ]igjih_hnm. PGRm ][h ilcach[n_ 
h[nol[ffs il \_ mshnb_nc][ffs jli^o]_^. Tb_s _r_ln ]ihnlif ip_l ih_ il gil_ 
jbsmcifiac][f g_]b[hcmgm qcnbch jf[hnm. Dcff_l_hn PGRm _rbc\cn ^cmnch]n mcn_m 
i` []ncih [h^ _ff_]nm ch p[lciom jf[hn mj_]c_m. PGRm [l_ ][n_ailct_^ chni nqi 
aliojm \[m_^ ih nb_cl bcmnilc][f om[a_ ch nb_ `c_f^ i` bilnc]ofnol_. Wbcf_ mig_ 
PGRm [l_ qc^_fs [^ijn_^ [h^ chn_al[n_^ \s `[lg_lm, inb_lm l_g[ch 

oh^_loncfct_^ [n nb_ al[mmliinm f_p_f ^o_ ni n_]bhifiac][f a[jm [h^ 
ch[^_ko[n_ ch`ilg[ncih l_a[l^cha nb_cl cgj[]n ih `locn ]lijm. Pligch_hn 
PGRm mo]b [m Gc\\_l_ffchm, A\m]cmc] []c^, Enbsf_h_, Aorchm, [h^ Csniechch 
b[p_ \__h _ff_]ncp_fs _gjfis_^. Ih [^^cncih ni nb_m_, ]_ln[ch PGRm, mo]b [m 
J[mgihc] []c^ (JA), Bl[mmchimn_lic^m (BR), N-(2-]bfili-4-jslc^sf)-N′-
jb_hsfol_[ (CPPU), [h^ S[fc]sfc] []c^ (SA), ^_gihmnl[n_ _mn[\fcmb_^ _ffc][]s 
[h^ _ffc]c_h]s \on b[p_ s_n ni \_ `offs b[lh_mm_^ ^o_ ni _rcmncha ehiqf_^a_ 
a[jm [h^ n_]bhifiac][f fcgcn[ncihm. 

 Bl[mmchimn_lic^ (BR) [jjfc][ncih jlip_m \_h_`c]c[f ch gcnca[ncha `locn 
[\ilncih [h^ jl_g[nol_ `locn ^lij. Folnb_lgil_, BR [jjfc][ncih _hb[h]_m 
jiff_h no\_ aliqnb [h^ `_lncfct[ncih jli]_mm_m. Bs jl_p_hncha `locn 
[\m]cmmcih, BRm jf[s [ lif_ ch g[chn[chcha `locn l_n_hncih. A^^cncih[ffs, BRm 
_r_ln ]ihnlif ip_l ^_`_hm_-l_f[n_^ _htsg_ []ncpcns, nb_l_\s `[]cfcn[ncha nb_ 
_mn[\fcmbg_hn i` li\omn ^_`_hm_ g_]b[hcmgm [a[chmn [ ^cp_lm_ [ll[s i` 
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j[nbia_hm. M[hcjof[ncha _h^ia_hiom BR f_p_fm b[m mbiqh 
jligcm_ ch _hb[h]cha `locn ko[fcns (1, 2). Nin[\fs, nb_ 
mnlo]nol[f p[lc[ncih [n nb_ C-24 jimcncih f_[^m ni nb_ 

]f[mmc`c][ncih i` nb_ c^_hnc`c_^ 70 BRm `lig ^cff_l_hn jf[hn 
miol]_m chni C27, C28, il C29 ][n_ailc_m (3) (m__ Fca. 1). 
Tb_m_ jifsbs^lirs mn_lic^[f jf[hn bilgih_m _rbc\cn 
qc^_mjl_[^ ^cmnlc\oncih qcnbch nb_ jf[hn msmn_g, 
aip_lhcha p[lciom [mj_]nm i` jf[hn aliqnb. Tb_m_ `oh]ncihm 
ch]fo^_ mncgof[ncha mn_g _fiha[ncih, `[]cfcn[ncha jiff_h 
no\_ _rj[hmcih, jligincha rsf_g ^_p_fijg_hn, ch^o]cha 
f_[` _jch[mns, ch`fo_h]cha _nbsf_h_ jli^o]ncih, []ncp[ncha 
jlinih jogjm, gi^of[ncha a_h_ _rjl_mmcih [h^ 
jbinimshnb_mcm, ^cl_]ncha al[pcnlijcmg, [h^ il]b_mnl[ncha 
[^[jncp_ l_mjihm_m ni _hpclihg_hn[f mnl_mm (4) 

 Tbcm l_pc_q `i]om_m ih nb_ ^cm]ip_ls i` [ hip_f ]f[mm 
i` PGRm ehiqh [m BRm. Tb_m_ BRm _rbc\cn l_g[le[\f_ 
][j[\cfcnc_m ch ch`fo_h]cha p[lciom jf[hn ^_p_fijg_hn 

`oh]ncihm, _p_h [n _r]_jncih[ffs fiq ^im_m. Am 
[^p[h]_g_hnm ch [alc]ofnol[f [h^ bilnc]ofnol[f 
n_]bhifiac_m j_lmcmn [h^ m]c_hnc`c] l_m_[l]b ohp_cfm hip_f 
[jjli[]b_m ni _hb[h]_ ]ihp_hncih[f ]lij jli^o]ncih 
g_nbi^m, nb_ mcahc`c][h]_ i` oh^_lmn[h^cha biq ni 
l_aof[n_ aliqnb jli]_mm_m nblioab _rn_lh[f `[]nilm 
\_]ig_m ch]l_[mchafs jcpin[f. Tbcm ehiqf_^a_ cm _mm_hnc[f 
`il b[lh_mmcha nb_ `off jin_hnc[f i` nb_m_ [^[jn[\f_ 
l_miol]_m, nb_l_\s [oag_hncha [alc]ofnol[f jli^o]ncpcns 
[h^ ko[fcns. Tbcm \_]ig_m j[lnc]of[lfs ]lo]c[f acp_h nb_ 
]b[ff_ha_m jim_^ \s mbcftcha [ali]fcg[nc] ]ih^cncihm. 

Br[sschist_ric^s Scah[ffcha 

BRm (\l[mmchimn_lic^m) [c^ jf[hnm ch [^[jncha ni ^cp_lm_ 
_hpclihg_hn[f mnl_mmilm. A jf[hn'm l_mcfc_h]_ ni ]b[ff_ha_m 

fce_ n_gj_l[nol_ `fo]no[ncihm, q[n_l m][l]cns, il micf 
m[fchcns bcha_m ih cnm [\cfcns ni niaaf_ \_nq__h aliqnb 
jligincih [h^ chbc\cncih ^olcha oh`[piol[\f_ ]ih^cncihm 
(5, 6). BRm jf[s [ pcn[f lif_ ch \[f[h]cha hilg[f aliqnb [h^ 
m[`_ao[l^cha [a[chmn _hpclihg_hn[f mnl_mmilm, []bc_p_^ 

nblioab ]iff[\il[ncih qcnb nb_ A\m]cmc] []c^ (ABA) j[nbq[s 
il ch^_j_h^_hnfs. S_p_l[f g_]b[hcmgm b[p_ \__h 
jlijim_^ ni _fo]c^[n_ biq BR mcah[fcha `[]cfcn[n_m mnl_mm 

[^[jn[ncih. Tb_m_ ch]fo^_ gi^c`scha mnl_mm-l_mjihmcp_ 
a_h_ _rjl_mmcih g[]bch_ls (7), chcnc[ncha [hncirc^[hn 
msmn_gm (8, 9, 10), [h^ jligincha imgijlin_]n[hn 
mshnb_mcm (11). 

 Tb_ mcah[fcha j[nbq[s i` [\m]cmc] []c^ (ABA) jf[sm [ 
jcpin[f lif_ ch gi^of[ncha l_mjihm_m ni _hpclihg_hn[f 
mnl_mmilm (12, 13). An [ ]igj[l[\f_ f_p_f ni BRASSINOSTEROID
-INSENSITIVE 2 (BIN2) [h^ BRASSINAZOLE RESISTANT 1 
(BZR1), BRm [h^ ABA a_h_l[ffs _fc]cn ijjimcha jbsmcifiac][f 
_ff_]nm (14, 15). BIN2 []nm [m [ mojjl_mmil i` BR mcah[fcha qbcf_ 
[oag_hncha ABA-nlcaa_l_^ mnl_mm l_mjihm_m nblioab 
jbimjbilsf[ncih i` SNF1-RELATED PROTEIN KINASE 2 
(ShRK2), ]ihm_ko_hnfs []ncp[ncha ABA-l_mjihmcp_ a_h_m (14). 
Mil_ip_l, _ria_hiom [jjfc][ncih i` BR mojjl_mm_m nb_ 

[]ncp[ncih i` RD26 (RESPONSIVE TO DESICCATION 26), [ a_h_ 
_h]i^cha [ nl[hm]lcjncih[f l_aof[nil i` mnl_mm-l_mjihmcp_ 
a_h_m g_^c[n_^ \s ABA (16). Tb_ chn_ljf[s \_nq__h 
nl[hm]lcjncih `[]nilm ch nb_ BR mcah[fcha [h^ ABA-l_mjihm_ 
j[nbq[sm, f_[^cha ni l_]cjli][f [hn[aihcmg, ]lcnc][ffs 
l_aof[n_m jf[hn aliqnb [h^ ^lioabn l_mcmn[h]_. R_]_hn 
l_p_f[ncihm bcabfcabn nb[n nb_ chn_l[]ncih i` BR mcah[fcha pc[ 
BIN2 [h^ [onijb[as j[nbq[sm mcahc`c][hnfs ]ihnlc\on_m ni 
jf[hn aliqnb l_aof[ncih [h^ molpcp[f ^olcha j_lci^m i  ̀
^lioabn mnl_mm [h^ honlc_hn ^_jlcp[ncih (17).  

 BR mcah[fcha [fmi jf[sm [ lif_ ch nb_ [^[jn[ncih i` 
jf[hnm ni p[lscha n_gj_l[nol_m. Sj_]c`c][ffs, cn cgj[]nm nb_ 
jli]_mm i` ]if^ []]fcg[ncih nblioab nb_ gi^of[ncih i` [ 
nl[hm]lcjncih `[]nil ][ff_^ BR-ENHANCED EXPRESSION 1 

(BEE1). BEE1 ch^cl_]nfs ch`fo_h]_m nb_ nl[hm]lcjncih i` 
]igjih_hnm qcnbch nb_ MYB-\HLH-WD40 ]igjf_r (18), 
qbc]b cm jcpin[f ch nbcm jli]_mm. An bcab_l n_gj_l[nol_m, 
BZR1 jlcg[lcfs []]ogof[n_m ch nb_ ho]f_om [h^ chcnc[n_m 
nb_ nl[hm]lcjncih i` a_h_m nb[n `[]cfcn[n_ aliqnb. BZR1 ][h 

 

                 

                    

                   

Fca 1. Cb_gc][f mnlo]nol_ i` nqi i` nb_ gimn ]iggih Bl[mmchimn_lic^m, 24-_jc\l[mmchifc^_ (Ejc-BL) [h^ 28-bigi\l[mmchifc^_ (HBL). 
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^cl_]nfs \ch^ ni ]_ln[ch a_h_ jligin_lm il [mmi]c[n_ qcnb 
nb_ jligin_l i` PHYTOCHROME INTERACTING FACTOR 4 
(PIF4) ni il]b_mnl[n_ nb_lg[ffs-ch^o]_^ giljbia_h_mcm 

(19, 20). Tb_ mno^s b[m ^_gihmnl[n_^ nb[n _f_p[n_^ 
n_gj_l[nol_m l_mofn ch b_cabn_h_^ f_p_fm i` []ncp_ PIF4, 
f_[^cha ni [ l_mb[jcha i` ho]f_[l jlin_ch ]igjf_r_m `lig 
BES1 (BRI1-EMS-SUPPRESSOR 1) bigi^cg_lm ni BES1-PIF 
b_n_li^cg_lm (21). 

 BR mcah[ffcha jf[sm [ jcpin[f lif_ ch _hb[h]cha m[fn 
nif_l[h]_ \s l_aof[ncha \inb nb_ mshnb_mcm [h^ 
nl[hmgcmmcih i` _nbsf_h_ mcah[fm. Wb_h jf[hnm _h]iohn_l 
m[fchcns mnl_mm, jl_nl_[ng_hn qcnb BR [gjfc`c_m nb_ []ncpcns 
i` 1-[gchi]s]fijlij[h_-1-][l\irsf[n_ mshnb[m_ (ACS), [h 
_htsg_ ]lo]c[f `il _nbsf_h_ mshnb_mcm. Tbcm [gjfc`c][ncih 
f_[^m ni [h [oag_hn[ncih ch _nbsf_h_ jli^o]ncih [h^ 
mcah[fcha (22, 23). Tb_ chpifp_g_hn i` [ g_g\l[h_-
[mmi]c[n_^ mcah[fcha ]igjf_r ][ff_^ BRASSINOSTEROID 

INSENSITIVE 1 (BRI1) ^olcha m[fch_ ]ih^cncihm cgjfc_m 
BRI1'm jin_hnc[f lif_ ch gi^of[ncha m[fn mnl_mm nif_l[h]_. 
Tbcm hincih a[chm mojjiln `lig `ch^cham ch^c][ncha nb[n 
j[lnc[ffs chbc\cncha nb_ _h^ijf[mgc] l_nc]ofog-[mmi]c[n_^ 
jlin_ch ^_al[^[ncih msmn_g gcnca[n_m nb_ b_cabn_h_^ m[fn 
m_hmcncpcns i\m_lp_^ ch \lc1-9 gon[hnm (24). 

 Tblioab [ gofnc-igc]m [jjli[]b, l_]_hn l_m_[l]b 
b[m l_p_[f_^ nb[n nb_ []ncp[ncih i` BR mcah[fcha ch p[m]of[l 
]_ffm jf[sm [ ]lo]c[f lif_ ch l_aof[ncha ^lioabn [^[jn[ncih 
^olcha p[lciom ^_p_fijg_hn[f mn[a_m ch \inb liin [h^ 
mbiin ila[hm (11). Tb_ mno^s ^_gihmnl[n_^ nb[n ^cmlojncha 
`iol l_]_jnilm i` BR (\lc1, \lf1, \lf3, \[e1) f_[^m ni 
_hb[h]_^ ^lioabn nif_l[h]_; biq_p_l, nbcm cgjlip_g_hn 
]ig_m [n nb_ _rj_hm_ i` ip_l[ff jf[hn aliqnb. Cihp_lm_fs, 

ip_l_rjl_mmcha BRL3 (BRASSINOSTEROID INSENSITIVE 1-
ETHYL METHANESULFONATE-SUPPRESSOR 1 (BRI1 EMS-
SUPPRESSOR 1)-LIKE 3) l_]_jnilm mj_]c`c][ffs ch p[m]of[l 
ncmmo_m l_mofnm ch mcahc`c][hnfs _hb[h]_^ ^lioabn nif_l[h]_ 
qcnbion [^p_lm_fs [ff_]ncha jf[hn aliqnb. 

 Ih \inb l_aof[l [h^ q[n_l-^_jlcp_^ m]_h[lcim, nb_ 
_rcmn_h]_ i` BRL3 l_]_jnilm qcnbch p[m]of[l ncmmo_m nlcaa_lm 
nb_ []ncp[ncih i` a_h_m [mmi]c[n_^ qcnb l_mjihm_m ni q[n_l 
mnl_mm [h^ nb_ g_n[\ifcmg i` imgijlin_]n[hnm. 
M_n[\ifigc] [mm_mmg_hnm l_p_[f_^ _f_p[n_^ f_p_fm i` 
imgijlin_]n[hn moa[lm [h^ [gchi []c^m ch liinm _rbc\cncha 
BRL3 ip_l_rjl_mmcih. Folnb_lgil_, nl[hm]lcjnig_ [h[fsmcm 
^_gihmnl[n_^ [h _hlc]bg_hn i` a_h_m _ha[a_^ ch [\cinc] 
mnl_mm l_mjihm_m qcnbch nb_m_ liinm (11). 

Br[sschist_ric^s (BRs) 

BRm [l_ [ ]f[mm i` jbsnibilgih_m ch jf[hnm nb[n \_[l 
mnlo]nol[f mcgcf[lcnc_m ni [hcg[f mn_lic^ bilgih_m. Tb_s 
jf[s [ ]lo]c[f lif_ ch l_aof[ncha p[lciom jbsmcifiac][f 
jli]_mm_m, ch]fo^cha jf[hn aliqnb, ^_p_fijg_hn, [h^ 
^_`_hm_ g_]b[hcmgm. BRm ][h \_ ][n_ailct_^ \[m_^ ih 
nb_cl [fesf-mo\mncnoncih j[nn_lhm [m C27, C28, il C29. A]ncp_ 
BRm nsjc][ffs `_[nol_ [ nl[hm-`om_^ A/B lcha msmn_g qcnb [ 6
-e_nih_ il 7-ir[-6-e_nih_ gic_ns ch lcha B [h^ nqi 
bs^lirsf aliojm ch lcha A. Oh_ mj_]c`c] BR, \l[mmchifc^_, 
b[m [ ]b_gc][f mnlo]nol_ ^_hin_^ [m ((22R, 23R, 24S)-2α, 
3α, 22, 23-n_nl[bs^lirs-24-g_nbsf-B-bigi-7-ir[-5α-
]bif_mn[h-6-ih_) (25). Tb_ [jjfc][ncih i` BRm b[m 

^_gihmnl[n_^ [ mcahc`c][hn jimcncp_ cgj[]n ih nb_ aliqnb, 
sc_f^, [h^ ko[fcns i` p[lciom `locn ]lijm. Fil chmn[h]_, nb_ 
`ifc[l mjl[s i` BRm ih `locnm \_`il_ b[lp_mn b[m \__h mbiqh 

ni _rn_h^ mb_f` fc`_ [h^ jl_m_lp_ ko[fcns. Eria_hiom 
[jjfc][ncih i` BRm nblioab [h [ko_iom mifoncih b[m f_^ ni 
l_g[le[\f_ _hb[h]_g_hnm ch al[j_ ]fomn_l ^c[g_n_l, 
q_cabn, [m q_ff [m \_lls f_hanb, ^c[g_n_l, [h^ q_cabn. 
A^^cncih[ffs, BRm b[p_ \__h `ioh^ ni mfiq nb_ \l_[e^iqh 
i` mifo\f_ mifc^m [h^ ncnl[n[\f_ []c^cns, nb_l_\s jl_m_lpcha 
j__f ]ifil _p_h ^olcha ]if^ mnil[a_ (26). Tb_ 
[oag_hn[ncih i` imgi-jlin_]n[hnm, mo]b [m jlifch_ [h^ 
afs]ch_ \_n[ch_, oh^_l mnl_mm ]ih^cncihm b[m \__h l_p_[f_^ 
ni _rbc\cn b_cabn_h_^ _ffc][]s. Tb_m_ mn_lic^[f ]igjioh^m 
][h \_ _ria_hiomfs [^gchcmn_l_^ _cnb_l ^olcha m__^ 
a_lgch[ncih il pc[ `ifc[l [jjfc][ncih (27). Tblioab 
_ria_hiom [jjfc][ncih i` BRm ih al[j_pch_m, l_m_[l]b_lm 
[]bc_p_^ [ l_^o]ncih ch \_lls ^lij, [h ch]l_[m_ ch `locn 

`clgh_mm, [ ^_]l_[m_ ch _nbsf_h_ jli^o]ncih l[n_m [h^ 
l_mjcl[ncih ^olcha mnil[a_, [h^ [ ^_]fch_ ch \_lls ^_][s 
(28). V_la[l[ _n [f. (29) ^_gihmnl[n_^ nb[n nb_ [jjfc][ncih 
i` BRm pc[ mjl[scha ih al[j_m _f_p[n_^ nb_cl mifo\f_ mifc^m, 
]ifil[ncih, [h^ [hnbi]s[hch ]ihn_hn. Ih ]ih]oll_h]_, 
Cb_lpch _n [f. (30) [h^ Ssgihm _n [f. (31) cffomnl[n_^ nb[n 
_rn_lh[f [^gchcmnl[ncih i` BR chbc\cnilm ][h _ff_]ncp_fs 
gi^of[n_ al[j_ \_lls lcj_hcha \s gi^c`scha BR f_p_fm, 
f_[^cha ni mcahc`c][hn ^_f[sm il [^p[h]_g_hnm ch nb_ 
lcj_hcha jli]_mm. Folnb_lgil_, Lo[h _n [f. (32) l_jiln_^ 
nb[n [ ]ih]_hnl[ncih i` 0.4 ga L-1 i` BRm ch]l_[m_^ nb_ 
ip_l[ff [hnbi]s[hch ]ihn_hn ch al[j_m ]igj[l_^ ni 
]ihnlif `locnm. 

 Cbch_m_ \_l (Ziziphus jujuba ]p. Hojcha) `locnm nb[n 

q_l_ [^^l_mm_^ qcnb BR b[^ go]b fiq_l mnil[a_ _nbsf_h_ 
f_p_fm nb[h ohnl_[n_^ `locnm (33). Ih `locn ]lijm, ih_ i` nb_ 
]lo]c[f jbsmcifiac][f l_[]ncihm i` BRm cm nbioabn ni \_ nb_ 
`[]cfcn[ncih i` nb_ lcj_hcha jli]_mm i` `locn \s jligincha 
_nbsf_h_ jli^o]ncih. Tb_ ihfs q[s nb_m_ ]igjioh^m 
]iof^ ch]l_[m_ `locn lcj_hcha q[m nblioab nb_ _ria_hiom 

[jjfc][ncih; biq_p_l, [hs ]b[ha_ ch nb_ _h^ia_hiom f_p_f 
i` BRm b[^ fcnnf_ ni hi hinc]_[\f_ _ff_]nm ih ]fcg[]n_lc] 
`locn lcj_hcha fce_ g[hai (34).  

 A]]il^cha ni Z[b[l[b [h^ Schab (35), nb_ 
jimnb[lp_mn [jjfc][ncih i` Ejc\l[mmchifc^_ (Ejc-BL) 
[]]_f_l[n_^ g[hai `locn lcj_hcha \s ch`fo_h]cha nb_ 
]fcg[]n_lc] j_[e [h^ cgjlip_^ `locn ko[fcns \s _hb[h]cha 
]ifil ^_p_fijg_hn [h^ mift_hcha. Tb_ ch]l_[m_ ch g[hai 

j__f ]ifil[ncih ^o_ ni Ejc-BL nl_[ng_hn ]iof^ \_ 
[nnlc\on_^ ni _htsg[nc] \l_[e^iqh i` ]bfilijbsff il 
[]]ogof[ncih i` ][lin_hic^m. Cb[c _n [f. (36) chp_mnca[n_^ 
nb_ chpifp_g_hn i` Bl[mmchimn_lic^m (BRm) ch ^cff_l_hn `locn 
^_p_fijg_hn jb[m_m, `ch^cha nb[n BRm _hb[h]_^ 
mnl[q\_lls `locn ]_ff ^cpcmcih. Tb_s [fmi i\m_lp_^ nb[n nb_ 
BR l_]_jnil F[BRI-1'm _rjl_mmcih mcahc`c][hnfs ch]l_[m_^ 
^olcha mnl[q\_lls `locn'm nl[hmcncih `lig _[lfs l_^ ni qbcn_ 
mn[a_m, ch^c][ncha [ fche \_nq__h BRm [h^ lcj_hcha. Aso\ _n 
[f. (37) _rjfil_^ nb_ cgj[]n i` Ejc-BL ih F[BRI1 l_]_jnil 
_rjl_mmcih [h^ mcah[fcha j[nbq[sm ch C[gchi R_[f 
mnl[q\_llc_m, moaa_mncha nb[n j_l]_jncih j[nbq[sm [h^ 
mcah[f nl[hm^o]ncih _rbc\cn_^ gchcg[f a_h_ []ncpcns. Tbcm 
cgjfc_m nb[n BRm, j[lnc]of[lfs [n fiq ^im_m, g[s jf[s [ lif_ 
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ch mnl[q\_lls `locn lcj_hcha. Folnb_lgil_, Riab[\[^c [h^ 
P[eecmb (38) jlijim_^ nb[n BRm ]iof^ gcnca[n_ irc^[ncp_ 
^[g[a_ ch^o]_^ \s ]if^ mnl_mm, _hb[h]cha nb_ ]if^ 

molpcp[f ][j[\cfcns i` mq__n ]b_llc_m mnil_^ [n 1°C. 
Eria_hiom [jjfc][ncih i` Higi\l[mmchifc^_ (HBR), [ nsj_ 
i` BRm, jligjn_^ _[lfs g[nol[ncih ch "Tof[l_" [h^ "Bcha" 
mq__n ]b_lls ]ofncp[lm. Tbcm f_^ ni cgjlip_^ j__f ]ifil, 
`locn `clgh_mm, [h^ mn_g ^_n[]bg_hn `il]_ (39). 

 BL nl_[ng_hn l_mofn_^ ch ch]l_[m_^ q[n_l-mifo\f_ 
j_]nch [h^ jlinij_]nch f_p_fm, [fiha qcnb b_cabn_h_^ 
[]ncpcns i` e_s `locn-mift_hcha _htsg_m mo]b [m 
jifsa[f[]nolih[m_ (PG) [h^ j_]nch g_nbsf_mn_l[m_ (PME). 
Ajjfc][ncih i` BR mcahc`c][hnfs [oag_hn_^ nb_ q_cabn i` 
il[ha_ `locnm, _rbc\cncha hin[\f_ cgjlip_g_hnm ]igj[l_^ 
ni ohnl_[n_^ ]iohn_lj[lnm (40). Tb_ oncfct[ncih i` BR 
[h[fia (BR-3) f_^ ni [ l_g[le[\f_ 65 j_l]_hn lcm_ ch nb_ 
jl_^c]n_^ sc_f^ i` s_ffiq j[mmcih `locn (41). BR mjl[s 

[jjfc][ncih ih j_[l `locnm ^_gihmnl[n_^ _hb[h]_g_hnm ch 
Tin[f Sifo\f_ Sifc^m (TSS), [m]il\c] []c^ ]ihn_hn, [h^ hih-
l_^o]cha moa[l f_p_fm (42). Pl_-b[lp_mn BR [jjfc][ncih 
jimcncp_fs ch`fo_h]_^ [jjf_ `locn ]b[l[]n_lcmnc]m, ch]fo^cha 
^c[g_n_l, q_cabn, `clgh_mm, nin[f moa[l ]ihn_hn, [h^ ]ifil 

(43). EBL nl_[ng_hn mcahc`c][hnfs _f_p[n_^ nb_ ip_l[ff 
[hncirc^[hn []ncpcns, jb_hifc] ]ihn_hn, [h^ [hnbi]s[hch 
f_p_fm ch `locnm, [m i\m_lp_^ ch nb_ mno^s \s Soh _n [f. (44). 
BR-nl_[n_^ j[j[s[ `locnm _rbc\cn_^ cgjlip_^ Tin[f Sifo\f_ 

Sifc^m (TSS), ncnl[n[\f_ []c^cns, β-][lin_h_ ]ihn_hn, [h^ 
l_^o]_^ l_mjcl[ncih l[n_ (45). Sj_]c`c] _r[gjf_m ][h \_ 
`ioh^ ch T[\f_ 1. 

Futur_ Prisj_]ts 

R_m_[l]b `ch^cham moaa_mn nb[n nb_ [jjfc][ncih i` 
\l[mmchimn_lic^m (BRm) ch ncmmo_ ]ofnol_ iff_lm jligcmcha 
\_h_`cnm `il nb_ aliqnb [h^ ^_p_fijg_hn i` `locn ]lijm. 
Ern_lh[f [^gchcmnl[ncih i` BRm ch`fo_h]_m p[lciom [mj_]nm 
i` jf[hn ^_p_fijg_hn, ch]fo^cha p_a_n[ncp_ aliqnb, 
`fiq_lcha, [h^ `locn ko[fcns (52, 53). H_l_ [l_ mj_]c`c] 
jin_hnc[f [jjfc][ncihm i` \l[mmchimn_lic^m ch `locn ]lij 
ncmmo_ ]ofnol_: ([) Ehb[h]_^ mbiin l_a_h_l[ncih: 
Ih]iljil[ncha BRm chni nb_ ncmmo_ ]ofnol_ jli]_mm i` `locn 
]lijm mo]b [m al[j_, nig[ni, [h^ mnl[q\_lls b[m 
^_gihmnl[n_^ [ mcahc`c][hn _hb[h]_g_hn ch mbiin 
l_a_h_l[ncih (52). Tbcm [jjfc][ncih l_mofnm ch [ bcab_l l[n_ 
i` mbiin jlifc`_l[ncih, sc_f^cha moj_lcil ko[fcns mbiinm 

qcnbch nb_ ]ofnol_ g_^cog. (\) Igjlip_^ liincha: Sno^c_m 
b[p_ ch^c][n_^ nb[n nb_ chnli^o]ncih i` BRm ^olcha nb_ 
ncmmo_ ]ofnol_ i` `locn ]lijm ]ihnlc\on_m ni cgjlip_^ liin 
^_p_fijg_hn, nb_l_\s `[]cfcn[ncha \_nn_l _mn[\fcmbg_hn i` 
jf[hnm ch nb_ `c_f^. Tbcm _ff_]n g[s f_[^ ni ch]l_[m_^ l[n_m 

i` jf[hn molpcp[f [h^ [h ip_l[ff _hb[h]_g_hn ch jf[hn 
j_l`ilg[h]_ (52, 53). (]) Ehb[h]_^ ][ffom `ilg[ncih: 
R_m_[l]b ch^c][n_m nb[n nb_ ch]iljil[ncih i` BRm chni 
ncmmo_ ]ofnol_ n_]bhcko_m b[m \__h jlip_h ni [oag_hn 

S. 
Ni. 

Crij P[rts i` ]rij Tyj_s i` 
Tr_[tg_ht 

Eff_]t ih [hy [ttrc\ut_s R_acih i` tb_ _xj_rcg_ht 
]ih^u]t_^ 

R_`_r
_h]_ 

1. Gl[j_ B_llc_m Sjl[s 
Ehb[h]_^ lcj_hcha 

mcahc`c][hnfs C[fc`ilhc[, USA (46) 

    B_llc_m Sjl[s 
Ih]l_[m_^ \_lls j__f ]ifiol 

[h^ [hnbi]s[hch ]ihn_hn Jchas[ha, Cbch[ (32) 

    B_llc_m 
Dcjjcha 

[jjfc][ncih 

Ih]l_[m_^ `locn `clgh_mm 
[h^ g[chn_h[h]_ i` 

_f_p[n_^ TSS [h^ 
Tcnl[n[\f_ A]c^cns (TA) 

Sb[hrc, Cbch[ (33) 

2. M[hai Flocnm Sjl[s H[mn_h_^ `locn lcj_hcha Gchach [h^ Diha[l[, Aomnl[fc[ (34) 

3. Snl[q\_lls L_[p_m [h^ `locnm Sjl[s H_fj_^ ch lcj_hcha Ho_fp[, Sj[ch (47) 

    Flocnm Ihd_]ncih Flocn lcj_hcha Pihn[ Glimm[, Bl[tcf (48) 

4. P[j[s[ L_[p_m Sjl[s 
H[mn_h_^ nb_ l[n_ i` 

m_h_m]_h]_ Pilnoao_m, Bl[tcf (49) 

5. Sq__n Cb_lls 
V_a_n[ncp_ j[lnm 

[h^ `locnm Sjl[s 

M[chn[ch_^ bcab_l TA [h^ 
TSS; ch]l_[m_^ `locn 
`clgh_mm; cgjlip_^ 

[hnbi]s[hchm, j__f ]ifiol, 
[m]il\c] []c^, [h^ ila[hc] 

[]c^m; ch]l_[m_^ 
jimnb[lp_mn fc`_ 

K_lg[h, Il[h (38) 

6. Lcn]bc L_[p_m [h^ `locnm Sjl[s Ih]l_[m_^ `locn `clgh_mm 
[h^ ^_]l_[m_^ `locn ^lij 

Sb_htb_h, Cbch[ (50) 

7. Ol[ha_ Flocnm Sjl[s 
Ih]l_[m_^ moa[l ]ihn_hn 

[h^ `locn q_cabn Fodc[h, Cbch[ (40) 

    
L_[p_m, `fiq_lm 

[h^ `locnm Sjl[s Ih]l_[m_^ `locn m_n Sbctoie[, J[j[h (51) 

8. P_[l Flocn Sjl[s 
Igjlip_^ TSS, [m]il\c] 
[]c^ ]ihn_hn, [h^ hih-

l_^o]cha moa[l 
Unn[l[eb[h^, Ih^c[ (42) 

9. P[mmcih Flocn V_a_n[ncp_ j[lnm Sjl[s Ih]l_[m_ ch sc_f^ Rci ^_ J[h_lci, Bl[tcf (41) 

T[\f_ 1: Lcmn i` Uncfct[ncih i` Bl[mmchimn_lic^m ch ^cff_l_hn `locn ]lijm [ff ip_l nb_ qilf^. 
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][ffom `ilg[ncih ch mj_]c`c] `locn ]lijm mo]b [m [jjf_ [h^ 
j_[l (54). C[ffom ^_hin_m [h [aal_a[n_ i` oh^cff_l_hnc[n_^ 
jf[hn ]_ffm nb[n bif^ jin_hnc[f `il [jjfc][ncihm ch a_h_nc] 

nl[hm`ilg[ncih [h^ ncmmo_ _hach__lcha (55). Nin[\fs, 
Atj_cnc[ _n [f. `ioh^ nb[n nb_ [jjfc][ncih i` BRm ni ]i]ihon 
_rjf[hnm l_mofn_^ ch [ `[pil[\f_ l_mjihm_, f_[^cha ni 
cgjlip_^ ][ffom jlifc`_l[ncih, _g\lsia_hc] ][ffom 
a_h_l[ncih, [h^ mig[nc] _g\lsi ^_p_fijg_hn (56). (^) 
Igjlip_^ mnl_mm nif_l[h]_: S]c_hnc`c] chp_mnca[ncihm b[p_ 
cffomnl[n_^ nb[n BR oncfct[ncih ][h b_cabn_h nb_ mnl_mm 
l_mcfc_h]_ i` ncmmo_ ]ofnol_m i` `locn ]lijm, \ifmn_lcha nb_cl 
[\cfcns ni qcnbmn[h^ _hpclihg_hn[f ]b[ff_ha_m fce_ m[fchcns, 
^lioabn, [h^ b_[n (5, 23). Tbcm _hb[h]_g_hn mo\m_ko_hnfs 
]ihnlc\on_m ni nb_ pc[\cfcns [h^ ip_l[ff _ff_]ncp_h_mm i` 
jf[hnm jli^o]_^ nblioab ncmmo_ ]ofnol_ g_nbi^m. Ih 
]ih]fomcih, nb_ jlimj_]ncp_ chn_al[ncih i` \l[mmchimn_lic^m 
chni ncmmo_ ]ofnol_ g_nbi^ifiac_m `il `locn ]lijm bif^m 

mcahc`c][hn jligcm_ ^o_ ni nb_ g[hc`if^ [^p[hn[a_m nb_s 
]ih`_l ih jf[hn aliqnb [h^ g[nol[ncih. Hiq_p_l, 
]igjl_b_hmcp_ ]igjl_b_hmcih i` nb_ jin_hnc[f i` BRm ch 
^cp_lm_ ncmmo_ ]ofnol_ ]ihn_rnm [h^ `il p[lciom `locn ]lijm 
h_]_mmcn[n_m `olnb_l _rn_hmcp_ l_m_[l]b. 

 

Cih]fuscih 

Nog_liom l_m_[l]b `ch^cham mojjiln nb_ hincih nb[n 
gi^_lh `locn jli^o]ncih \_h_`cnm hin ihfs `lig nl[^cncih[f 
aliqnb bilgih_m \on [fmi `lig nb_ ch]fomcih i` BRm [h^ 
nb_cl ^_lcp[ncp_m [m [ p[fo[\f_ mcrnb ][n_ails i` 
jbsnibilgih_m. Tb_ _rn_lh[f [jjfc][ncih i` BRm b[m \__h 
^_gihmnl[n_^ ni _r_ln ^cmnch]n jbsmcifiac][f _ff_]nm ih 
p[lciom [mj_]nm i` `locn ]lij ]b[l[]n_lcmnc]m, ch]fo^cha 

jf[hn aliqnb, gc]lijlij[a[ncih, [m q_ff [m nb_ ip_l[ff 
ko[fcns [h^ sc_f^ i` nb_ b[lp_mn_^ jli^o]_. 

 

A]ehiwf_^a_g_hts 

Tb_ [onbilm [l_ nb[he`of ni nb_ D_j[lng_hn i` 
Hilnc]ofnol_, Lip_fs Pli`_mmcih[f Uhcp_lmcns `il nb_cl 
[mmcmn[h]_. 
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