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A\str[]t 

Dolcha nb_ ^_p_fijg_hn i` [hacimj_lgm, ih_ i` nb_ gimn ]lcnc][f mn[a_m i` 

jf[hnm cm nb_ nl[hmcncih `lig p_a_n[ncp_ ni l_jli^o]ncp_ mn[a_, [h^ 
mo]]_mm`offs jli^o]cha m__^m cm h_]_mm[ls. Pf[hnm b[p_ ^_p_fij_^ [ ]igjf_r 
mcah[fcha j[nbq[s ni l_]iahct_ [h^ ]ig\ch_ _h^ia_hiom [h^ 
_hpclihg_hn[f mcah[fm. Pf[hn aliqnb l_aof[nilm (PGRm) jf[s [ lif_ ch 
l_aof[ncha `fiq_l aliqnb ih mbiinm. Pbsmcifiac][f [h^ \ci]b_gc][f jli]_mm_m 

qile nia_nb_l ni ^cff_l_hnc[n_ [h^ jli^o]_ `fiq_l \o^m. Tb_ cgj[]n i` PGRm 
ih `fil[f \o^ ^cff_l_hnc[ncih b[m \__h nb_ mo\d_]n i` m_p_l[f jo\fc][ncihm ch 
l_]_hn s_[lm. Ih [^^cncih, nb_ ^sh[gc] p[lc[ncihm ch ac\\_l_ffch (GA), [orch, 
[h^ ]sniechch f_p_fm ch \o^m [h^ nb_ bilgih[f-l_f[n_^ mcah[nol_m ch a_h_ 
l_aof[nils h_nqilem ch^c][n_ [ ]lo]c[f `oh]ncih `il nb_m_ bilgih_m ^olcha 
`fil[f \o^ ^_p_fijg_hn ch jf[hnm. Emj_]c[ffs nb_ `fiq_lcha bilgih_ GA b[m [ 
e_s lif_ ch l_aof[ncha nb_ []ncpcnc_m l_f[n_^ ni `fiq_lcha a_h_m [m q_ff [m 
]ihnliffcha nb_ []ncpcns i` nb_ DELLA jlin_ch. A\m]cmc] []c^ (ABA) [h^ _nbsf_h_ 
(ET) b[p_ [h chbc\cnils lif_ ch `fiq_lcha \on ch mig_ ][m_m mncgof[n_ 

`fiq_lcha ^_j_h^cha ih _hpclihg_hn[f ]ih^cncihm. Tbcm mno^s [cgm ni 
oh^_lmn[h^ nb_ l_aof[ncih i` jbsnibilgih_m ih `fiq_lcha i` jf[hnm [h^ cnm 
_ff_]nm ih jf[hn ^_p_fijg_hn ^olcha nb_ `fiq_lcha mn[a_. 

 

K_ywor^s  

`fiq_lcha ncg_, `fiq_l g_lcmn_g, Arabidopsis thaliana, ac\\_l_ffch 

 

Intro^u]tcon 

Ih [hacimj_lgm, nb_ chcnc[ncih i` nb_ `fil[f mn[a_ ch^c][n_m nb[n []ncp_fs 
^cpc^cha ]_ffm ]l_[n_ [ jlcgil^cog ih nb_ mbiin ^olcha `fiq_l chcnc[ncih, 
qbc]b aliqm gimnfs ch qbilfm \_achhcha qcnb nb_ m_j[fm, gipcha ih ni nb_ 
j_n[fm [h^ mn[g_hm, nb_h nb_ ][lj_fm (1). Tb_ chcnc[ncih i` nb_ `fil[f mn[a_ 
ch^c][n_m nb_ ]b[ha_ `lig nb_ p_a_n[ncp_ ni nb_ l_jli^o]ncp_ mn[a_. Ih 

[^^cncih ni [\cinc] _f_g_hnm, ch]fo^cha micf honlc_hn [p[cf[\cfcns, 
n_gj_l[nol_, mohmbch_ _rjimol_, ]b_gc][f [h^ jbsmc][f, [fmi jf[s [ 
mcahc`c][hn ch`fo_h]_ ch nb_ chcnc[ncih i` `fiq_lm (2). Tb_ jf[hn'm `fiq_lcha 
mn[a_ ^cff_l_hnc[ncih cm `[piol[\fs nlcaa_l_^ \s [ ]igj[l[ncp_fs bcab ][l\ih-
nitrogen l[nci (3). M[hs jf[hnm' `fil[f chcnc[ncih cm ^_f[s_^ c` nb_m_ mo\mn[h]_m 
[l_ chmoffc]c_hn ni g__n nb_ _h_las l_kocl_g_hnm i` _rj[h^cha ]_ffm (3). Tb_ 
mbiin [jc][f g_lcmn_g (SAM) `ilgm f_[p_m [h^ mbiinm ^olcha nb_ p_a_n[ncp_ 
jb[m_, qb_l_[m `fiq_lm [l_ ]l_[n_^ ^olcha nb_ l_jli^o]ncp_ jb[m_ (4). Tb_ 
SAM _rj[h^m qb_h nb_ jf[hn \_achm nb_ l_jli^o]ncp_ jb[m_, nb_h ]b[ha_ 
chni [h ch`fil_m]_h]_ g_lcmn_g (IM). Tb_ IM nl[hm`ilgm chni [ `fiq_l 
g_lcmn_g (FM) ch [ jli]_mm nbim_ l_mofnm ch [h ch`fil_m]_h]_ (1, 5). Dolcha 
`fiq_l `ilg[ncih, p[lciom ^_p_fijg_hnm i` `fiq_l ila[hm mo]b [m m_j[fm, 
j_n[fm, mn[g_hm [h^ jcmncfm [l_ mcahc`c][hnfs [ff_]n_^ \s PGR mcah[fcha, 
ch]fo^cha ac\\_l_ffch (GA3), [orch, ]sniechch, [\m]cmc] []c^ [h^ inb_l 
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bilgih_m (6). Hilgih_m [jjfc_^ _ria_hiomfs jf[s 
^cff_l_hn `oh]ncihm ch l_aof[ncha jf[hn aliqnb [h^ 
^_p_fijg_hn, ch]fo^cha nb_ `fiq_lcha jli]_mm (6, 7). Ih nb_ 

GA j[nbq[s, DELLA jlin_chm [l_ ih_ i` m_p_l[f gif_]of_m 
nb[n [l_ cgjiln[hn ch l_aof[ncha GA ]ihh_]ncih qcnb 
cgjiln[hn l_aof[nilm ch jf[hn bilgih_ mcah[ffcha 
j[nbq[sm (8). A msmn_gc] mcah[f ][ff_^ `filca_h _h]iol[a_m 
\fiigcha (9). Tb_ `fil[f nl[hmcncih cm mn[ln_^ \s FLOWERING 
LOCUS T (FT) protein, qbc]b cm _rjl_mm_^ ch nb_ f_[` 
jbfi_g [h^ nl[hm`_ll_^ ni nb_ mbiin [jc][f g_lcmn_g (10). 
Dcff_l_hn bilgih_m jli]_mm [h^ cgj[]n; _nbsf_h_ [h^ ABA 
l_aof[n_ nb_ `fil[f'm chbc\cncih qbcf_ ]sniechchm [h^ [orchm 
[l_ ]lo]c[f `il `fiq_lcha (11). Ih nbcm mno^s, q_ ^cm]omm 
[\ion nb_ gimn l_]_hn ^_p_fijg_hnm ch iol ehiqf_^a_ i` 
biq PGR mcah[ffcha j[nbq[sm [ff_]n `fiq_lcha l_aof[ncih. 

 

M_tbo^oloay 

W_ om_^ W_\ i` S]c_h]_, Giiaf_ S]bif[l, [h^ S]ijom [m 
q_ff [m inb_l m_[l]b _hach_m ni ][lls ion nbcm chp_mnca[ncih. 
Do_ ni nb_cl _rn_hmcp_ [][^_gc] [h^ m]c_hnc`c] fcn_l[nol_ 
]ip_lcha [ p[lc_ns i` mo\d_]nm, ch]fo^cha jf[hn \cifias [h^ 
nb_ `fiq_lcha jf[hn, nb_m_ jf[n`ilgm q_l_ ]bim_h. Tb_ [cg 
i` iol m_[l]b ]lcn_lc[ q[m ni `ch^ l_f_p[hn [lnc]f_m nb[n 
]ihh_]n_^ ni iol [l_[ i` chn_l_mn. S_[l]b jbl[m_m fce_ 
"`fiq_lcha ncg_," "`fiq_l g_lcmn_g," "jbsnibilgih_m," 
[h^ "`filca_h" q_l_ ][l_`offs ]bim_h ni g[e_ mol_ nb_s 
]ill_]nfs l_jl_m_hn_^ nb_ ]il_ i` nb_ mo\d_]n. Ih [^^cncih, 
q_ m_[l]b_^ nb_ gimn l_]_hnfs jo\fcmb_^ l_f_p[hn 
l_`_l_h]_m `il ch]fomcih ch nbcm j[j_l. 

 

R_sults 

Gibberellins (GAs) [n^ `low_rcna 

Pf[hnm b[p_ \__h mbiqh ni b[p_ [ f[la_ hog\_l i` GAm, \on 
ihfs GA1, GA3, GA4, [h^ GA7 ij_l[n_ [m bilgih_m nb[n [l_ 
\ci[]ncp_ (12). Pf[hn bilgih_m ehiqh [m GAm [l_ pcn[f [h^ 
_ff_]ncp_ l_aof[nilm i` jf[hn aliqnb [h^ ^_p_fijg_hn[f 
[]ncpcnc_m, mo]b [m jligincha m__^ a_lgch[ncih, 
f_hanb_hcha mn_gm, ]ihnliffcha \ifncha [h^ \fiigcha [h^ 
l_aof[ncha nb_ ^_p_fijg_hn i` `locn [h^ m__^m (13, 14). 
Eria_hiom GA3 mjl[scha chbc\cnm Fodc [jjf_ nl__ `fiq_lm 
`lig ^_p_fijcha (15) \on ][om_m _[lfs `fiq_lcha ch pch_m 
(16). In in vitro culture, when exogenous GA3 addition 
affected flowering quality and related gene expression in 
peony (17). DELLA jlin_chm, [ alioj i` l_jl_mmilm nb[n 
]ihnlif GA mcah[fcha, [l_ cgjiln[hn chbc\cnilm i` GA 
mcah[fcha, nbom ]ihnliffcha \fiigcha il m__^ a_lgch[ncih 
(18). Ih [^^cncih ni qilecha pc[ DELLAm, GA-g_^c[n_^ `fil[f 
]ihnlif cm []]igjfcmb_^ nblioab mj[nc[f [h^ n_gjil[f 
l_aof[ncih i` GA jli^o]ncih [h^ nl[hmcn (17). Mil_ip_l, nb_ 
ch[]ncp[ncih i` [hs i` nb_ ]igjih_hnm i` GA jli^o]ncih 
[h^ mcah[fcha gcabn l_mofn ch `fiq_lcha [\hilg[fcnc_m (1). 
The application of GA3 at 50 ppm resulted in early 
flowering and reduced flowering time in cashew (19). Ih 
SD, GA f_p_fm lcm_ mcahc`c][hnfs \_`il_ `fil[f chcnc[ncih [h^ 
jligin_ `fiq_lcha \s ch^o]cha `fil[f chn_al[nil a_h_m, FT 
(20), [h^ SUPPRESSOR OF OVEREXPRESSION OF CONSTANS1 
(SOC1) (21). GA jligin_m `fiq_lcha \s []ncp[ncha `fil[f 
]iil^ch[nil a_h_m; nb_ _r[]n \ci]b_gc][f j[nbq[s cm 
oh]f_[l.  

 

Cytokcncns (CKs) [n^ `low_rcna 

Csniechchm [l_ [ nsj_ i` jf[hn bilgih_ nb[n [l_ ^_lcp_^ 
`lig [^_hch_ [h^ b[p_ mj_]c`c] mo\mncnoncihm [nn[]b_^ ni 
nb_ N6 jimcncih i` nb_ [^_hch_ lcha (22). Tb_m_ bilgih_m 
jf[s [ mcahc`c][hn lif_ ch p[lciom jli]_mm_m l_f[n_^ ni jf[hn 
^_p_fijg_hn, mo]b [m ]_ff ^cpcmcih, mbiin aliqnb [h^ 
chcnc[ncih, [jc][f ^igch[h]_, jbsffin[rcm, [h^ honlc_hn 
ojn[e_ (23). Ih j[lnc]of[l, ]sniechchm [l_ chpifp_^ ch 
]ihnliffcha nb_ ^cpcmcih [h^ ^cff_l_hnc[ncih i` ]_ffm ch nb_ 
`fil[f g_lcmn_g (23). Ih Arabidopsis, Csniechch big_imn[mcm 
ch`fo_h]_m Csniechch []]ogof[ncih ch nb_ g_lcmn_g, 
]ihnliffcha nb_ mct_ [h^ []ncpcns i` nb_ SAM (24). Csniechchm 
have been researched for their role in flower transition. It 
has been discovered that they play a significant role in cell 
division and differentiation within the floral meristem (25). 
Inflorescence meristem (IM) cytokinin signaling 
significantly reduces the rate of cell division, which is 
associated with decreased WUS (WUSCHEL) expression 
(7,26). Csniechch mncgof[n_m ]_ff ^cpcmcih [h^ WUS 
_rjl_mmcih ni ]ihnlif SAM mct_ [h^ []ncpcns (26). When the 
floral stimulus begins in Arabidopsis, the concentration of 
Ck in the leaves and phloem sap increases quickly (27,28). 
According to the expression analysis, the CK signal 
establishes the stem cell niche and slows cellular 
differentiation (29). Csniechch ^_`c]c_h]s ]ihnlc\on_m ni 
ch`fil_m]_h]_ [ll_mn \s l_^o]cha IM []ncpcns [h^ bch^_lcha 
`fiq_l ij_hcha (9). Mon[hnm qcnb ]sniechch ^_`c]c_h]c_m 
[fmi _rj_lc_h]_ mcahc`c][hn ^cmlojncihm ch ch`fil_m]_h]_ 
^_p_fijg_hn. (9). 

Auxcn [n^ `low_rcna 

Aorch cm [ nchs gif_]of_, qbc]b cm l_f[n_^ ni nlsjnijb[h, 
[h^ g[h[a_m ni ]iil^ch[n_ [ p[mn [ll[s i` oh^_lfscha 
jli]_mm_m \s jlcg[lcfs ]ihnliffcha ho]f_[l a_h_ _rjl_mmcih 
(30). Tb_ bilgih_ [orch, qbc]b l_aof[n_m [ p[lc_ns i` 
^_p_fijg_hn[f jli]_mm_m ch]fo^cha ]_ff _fiha[ncih [h^ 
^cpcmcih, [h^ ila[h `ilgcha (31), cm [fmi _mm_hnc[f `il 
[jjlijlc[n_ jf[hn aliqnb [h^ ^_p_fijg_hn (32). Aorch 
jf[sm [ ]lo]c[f lif_ ch nb_ l_jli^o]ncp_ ^_p_fijg_hn i` 
jf[hnm, cgj[]ncha p[lciom mn[a_m mo]b [m nb_ chcnc[ncih i` 
ch`fil_m]_h]_m, nb_ `ilg[ncih i` `fil[f ila[hm, nb_ aliqnb 
i` `locnm, [h^ _g\lsia_h_mcm. Inm mj[nc[f [h^ n_gjil[f 
_rjl_mmcih cm _pc^_hn ch [ff nb_m_ jli]_mm_m. (33). Ih nig[ni 
jf[hnm, [orch jf[sm [ lif_ ch nb_ ^_p_fijg_hn i` 
l_jli^o]ncp_ ila[hm, mj_]c`c][ffs `lig IM ni `fiq_l ila[h 
giljbia_h_mcm (34). Ah [orch mcah[f q[m m__h ch `iol 
qbilfm i` `fiq_l ^olcha _[lfs `fiq_l ^_p_fijg_hn [h^ 
mo\m_ko_hnfs \_][g_ ^igch[hn ch nb_ l_jli^o]ncp_ 
ila[hm i` nig[ni_m (34, 35). In cm [fmi chn_l_mncha ni hin_ 
nb[n [orch nl[hmcn ch nb_ ch`fil_m]_h]_ ^_]l_[m_m [m nb_ 
ch`fil_m]_h]_ ^_p_fijm [h^ nb[n [orch m__gm ni 
[]]ogof[n_ ch nb_ `fiq_l mn_g (36). Tb_l_ cm f_mm ^[n[ nb[n 
[orch cm nb_ g[ch ch`fo_h]_ i` `fiq_lcha ncgcha ch 
Arabidopsis (37).  

A\s]csc] []c^ (ABA) [n^ `low_rcna 

A\m]cmc] []c^ cm [ bilgih_ ^_lcp_^ `lig m_mkocn_lj_hic^m 
[h^ cm [ pcn[f jf[hn bilgih_ `il l_mjih^cha ni mnl_mm, mo]b 
[m ^ilg[h]s [h^ f_[` mb_^^cha (38). A\m]cmc] []c^ chbc\cnm 
nb_ `fil[f nl[hmcncih ch Arabidopsis, gimn fce_fs \s 
ch]l_[mcha nb_ _rjl_mmcih i` nb_ `fil[f l_jl_mmil 
FLOWERING LOCUS C (FLC) (38). Tbcm q[m ]ih`clg_^ \s nb_ 
ip_l_rjl_mmcih i` nb_ ABA mcah[ffcha ]igjih_hn ABSCISIC 
ACID INSENSITIVE 5 (ABI5), ABSCISIC ACID INSENSITIVE 4 
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(ABI4), qbc]b ch Arabidopsis ^_f[s_^ \fiigcha \s 
ojl_aof[ncha FLC (39). In im cgjiln[hn ni g_hncih nb[n nb_ 
FLC a_h_ cm gimnfs `ioh^ ch nb_ Bl[mmc][]_[_, mi cn g[s hin 
\_ [jjfc][\f_ ni inb_l mj_]c_m (40). Sno^c_m b[p_ mbiqh 
nb[n ABA b[m [h chbc\cnils _ff_]n ih `fil[f nl[hmcncih, 
j[lnc]of[lfs ch ABA-^_`c]c_hn gon[hnm (41). Cihnl[lcfs, cn b[m 
\__h ^_gihmnl[n_^ nb[n ch ^lioabn mnl_mm ]ih^cncihm, ABA 
b[m jimcncp_ cgj[]nm ih `fil[f nl[hmcncihm (42). C_ln[ch 
jf[hn mj_]c_m, ch]fo^cha lc]_ [h^ A. thaliana, _rbc\cn _[lfs 
`fiq_lcha [m [ l_mjihm_ ni ^lioabn mnl_mm.; nbcm cm ][ff_^ [m 
nb_ ^lioabn _m][j_ (DE) l_mjihm_ (41). ABA g[s \_ 
cgjfc][n_^ ch nb_ DE l_mjihm_ nblioab l_]_hnfs ^cm]ip_l_^ 
a_h_m mo]b [m SUPPRESSOR OF OVEREXPRESSION OF 
CONSTANS1, FLOWERING LOCUS T [h^ TWIN SISTER OF FT 
(43). Tbcm q[m [fmi ^_gihmnl[n_^ ch lc]_, qbc]b `fiq_l_^ 
_[lfs oh^_l ^lioabn mnl_mm (41). 

Etbyl_n_ (ET) [n^ `low_rcna 

Ern_hmcp_ l_m_[l]b b[m \__h ]ih^o]n_^ ih _nbsf_h_, [ a[m-
\[m_^ jbsnibilgih_, [m [ l_aof[nil `il `fiq_lcha ch jf[hnm 
(44). Enbsf_h_ cm pcn[f ch nb_ l_aof[ncih i` m_h_m]_h]_, 
mnl_mm l_mjihm_, [h^ `fiq_lcha j_lci^ ch _nbsf_h_-m_hmcncp_ 
`fiq_lm (45). Enbsf_h_ b[m \__h mbiqh ni fcgcn \fiigcha ch 
Arabidopsis [h^ P. niloticus (46). Enb_jbih, [ nchs gif_]of_ 
nb[n jf[hnm ]ihp_ln chni _nbsf_h_, b[m \__h om_^ 
]igg_l]c[ffs ni mncgof[n_ jch_[jjf_ `fiq_lcha (47). Uh^_l 
SD, nb_ lif_ i` _nbsf_h_ ch ch`fo_h]cha `fiq_lcha ncg_ b[m 
\__h ^_gihmnl[n_^ ch P. niloticus (1,46). M[hai_m [l_ [fmi 
jli^o]_^ ]igg_l]c[ffs pc[ _nbsf_h_-g_^c[n_^ chcnc[ncih 
i` `fiq_lcha (48). Tb_l_ cm _pc^_h]_ nb[n _nbsf_h_ ]ihnlifm 
`fil[f aliqnb [h^ `fiq_lcha ncg_ ch lim_m (Rosa hybrida 
S[g[hnb[) (49). The change in the pattern of flowers in 
ethylene-related mutants was also linked to the 
expression of the FT gene, which regulates the timing of 
flowering (21). In Arabidopsis, there is a connection 
between GA and ethylene where ethylene slows down the 
degradation of DELLA proteins, resulting in delayed 
flowering (50).  

Florca_n [n^ `low_rcna 

Tb_ \fimmigcha i` m_p_l[f jf[hn nsj_m cm ch`fo_h]_^ \s nb_ 
]iij_l[ncih \_nq__h \[mc] f_o]ch_ tcjj_l (\ZIP) 
nl[hm]lcjncih `[]nilm [h^ `filca_h jlin_chm nb[n [l_ 
nl[hmjiln_^ nblioabion nb_ msmn_g (51). Ffilca_h, [ 
jlin_ch bilgih_, b[m nqi lif_m ch `fiq_l jf[hnm: msmn_gc] 
`fiq_lcha _hb[h]_g_hn ch [jc][f g_lcmn_gm [h^ aliqnb 
chbc\cncih ch inb_l p_a_n[ncp_ g_lcmn_gm (52). A mcah[f nb[n 
gi\cf_ FT jlin_ch, l[nb_l nb[h cnm RNA, a_h_l[n_^ ch f_[p_m 
[h^ nl[hmjiln_^ ni mbiin [j_r b[m \__h jlijim_^ [m [ 
\li[^ msmn_gc][ffs ch^o]_l i` `fiq_lcha (53). Tb_l_ [l_ 
[fmi l_jilnm nb[n [^^cncih[f "`fiq_lcha a_h_m," fce_ LEAFY, 
b[^ p_a_n[ncp_ lif_m [n `clmn [h^ q_l_ _hfcmn_^ ni ]ihnlif 
p[lciom `[]_nm i` nb_ h_qfs _g_la_hn `fiq_lcha msmn_g 
(54). B_mc^_m nb[n, `filca_h ch jin[ni_m nlcaa_lm nb_ 
^_p_fijg_hn i` no\_lm, qbc]b [l_ ^_n_lgch[n_ mnlo]nol_m, 
[n nb_ ncjm i` mnifihm (55). Hcab `filca_h f_p_fm ch nig[ni_m 
jligin_ _[lfs jlcg[ls \fiigcha, \on nb_ l[n_ i` `fiq_lcha 
^olcha nb_ msgji^c[f jb[m_ cm ihfs l_f[ncp_fs cgj[]n_^ 
(56).  

 

Con]luscon 

V[fo[\f_ chmcabnm chni nb_ cgj[]n i` bilgih_m [h^ inb_l 
chn_lh[f g_n[\ifcn_m b[p_ \__h a[ch_^, \on nb_ chcnc[ncha 

`[]nilm nb[n ]ihnlif `fiq_lcha nblioab bilgih_m b[p_ hin 
\__h `offs c^_hnc`c_^. Some factors that influence the 
timing of flowering are cytokinins and auxins, which tend 
to promote it, while ABA acts as an inhibitor. In 
Arabidopsis, ethylene can break dormancy in buds but 
may also hinder the transition to flowering. On the other 
hand, GAs are generally considered to be stimulators of 
flowering in annual plants. With the acceleration of climate 
change, it is essential to gain a better understanding of the 
shared and distinct characteristics of floral transition in 
plants. 
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