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A\str[]t   

Tb_ ]ig\ch_^ cgj[]nm i` ]fcg[n_ ]b[ha_ [h^ ch]l_[m_^ ]b_gc][f `_lncfct_l 

om_ [l_ ^cgchcmbcha micf `_lncfcns, nb_l_\s l_^o]cha [alc]ofnol[f jli^o]ncpcns 

[h^ `[lgf[h^ sc_f^ jin_hnc[f. Tbcm mno^s chp_mnca[n_m nb_ _ff_]n i` chn_al[n_^ 

honlc_hn g[h[a_g_hn ih \[\s ]ilh. R_mofnm mbiq_^ nb[n nb_ bcab_mn ]i\ 

f_hanb (14.28 ]g) [h^ al__h `i^^_l sc_f^ (45.56 n b[-1) q_l_ []bc_p_^ omcha 

_f_p[n_^ f_p_fm i` hcnlia_h (160 ea b[-1) [h^ jbimjbilom (120 ea b[-1), 

mojjf_g_hn_^ qcnb tch] (6 ea b[-1) [h^ Azotobacter. Sicf honlc_hn [p[cf[\cfcns 

q[m [mm_mm_^, ch^c][ncha nb[n nl_[ng_hn qcnb 160 ea N + 100 ea P + 6 ea Zh + 

Azotobacter l_mofnm ch [p[cf[\f_ hcnlia_h f_p_fm i` 277.2 ea b[-1 [h^ nb_ 

bcab_mn ila[hc] ][l\ih ]ihn_hn (0.26%). Ap[cf[\f_ jbimjbilom ]ihn_hn 

(l[hacha `lig 24.1 ni 24.3 ea P b[-1) cm i\m_lp_^ qcnb 120 ea P. Nonlcncih[f 

ko[fcns j[l[g_n_lm q_l_ [fmi ch`fo_h]_^ \s honlc_hn f_p_fm, qcnb nb_ 

nl_[ng_hn i` 160 ea N + 120 ea P + 6 ea Zh + Azotobacter mbiqcha nb_ bcab_mn 

nin[f mifo\f_ mifc^m (11.2% \lcr) [h^ jlin_ch ]ihn_hn (17.9%). Tb_ nl_[ng_hn 

i` 140 ea N + 100 ea P + 6 ea Zh _rbc\cnm nb_ g[rcgog `c\_l ]ihn_hn (26.5%). 

Ih mogg[ls, nb_ mno^s oh^_lm]il_m nb_ jimcncp_ cgj[]n i` \ci`_lncfct_lm [h^ 

tch] ih `i^^_l sc_f^ [h^ micf jlij_lnc_m. Ihn_al[ncha \ci`_lncfct_lm [h^ 

gc]lihonlc_hnm cm l_]igg_h^_^ `il momn[chcha [alc]ofnol_ [h^ g[chn[chcha 

micf b_[fnb ip_l nb_ fiha n_lg. 

 

K_ywir^s   

]fcg[n_ ]b[ha_; ]b_gc][f `_lncfct_lm; micf `_lncfcns; [alc]ofnol[f f[h^; 

chn_al[n_^ honlc_hn g[h[a_g_hn; al__h `i^^_l sc_f^; \[\s ]ilh  

 

Ihtri^u]tcih   

Tb_ _m][f[ncha afi\[f jijof[ncih [h^ nb_ j_lp[mcp_ cgj[]nm i` ]fcg[n_ 

]b[ha_ b[p_ _g_la_^ [m ]lcnc][f ]ih]_lhm, ]igj_ffcha `[lg_lm ni mnlcp_ `il 

_hb[h]_^ `ii^ jli^o]ncih. Ih nbcm jolmocn i` g__ncha nb_ _m][f[ncha 

^_g[h^m `il `ii^ [h^ fcp_mni]e `__^, [alc]ofnol[f jl[]ncncih_lm b[p_ 

ch]l_[mchafs l_miln_^ ni nb_ [jjfc][ncih i` ]b_gc][f `_lncfct_lm, 

jl_^igch[hnfs mojjfscha _mm_hnc[f honlc_hnm fce_ hcnlia_h, jbimjbilom, [h^ 

jin[mmcog. Hiq_p_l, nbcm jl_p[cfcha jl[]nc]_ b[m ch[^p_ln_hnfs f_^ ni 

cg\[f[h]_m ch gc]lihonlc_hn f_p_fm [h^ [ ]ihm_ko_hnc[f ^_]fch_ ch micf 

`_lncfcns (1). Tbcm, ch nolh, jim_m [ mcahc`c][hn [h^ fiigcha nbl_[n ni ip_l[ff 

[alc]ofnol[f jli^o]ncpcns [h^ momn[ch[\cfcns. 

 Wcnbch nbcm ]ihn_rn, nb_ ]ofncp[ncih i` \[\s ]ilh _g_la_m [m [ 

gofnc`[]_n_^ mifoncih. B_sih^ cnm jlcg[ls om_ [m [ ]ihmog[\f_ p_a_n[\f_, 

\[\s ]ilh jf[hnm, jimn-]i\ b[lp_mn, ][h \_ l_joljim_^ [m p[fo[\f_ `il[a_ 

`il fcp_mni]e (2). Wcnb [ l_g[le[\fs mbiln aliqnb ]s]f_ i` 60–70 ^[sm, nb_ 

`_[mc\cfcns i` b[lp_mncha oj ni `iol ]lijm [hho[ffs \_]ig_m [ n[hac\f_ 
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bnnjm://jf[hnm]c_h]_ni^[s.ihfch_ 

l_[fcns. Nin[\fs, nb_ aliqnb [h^ ^_p_fijg_hn i` g[ct_ 

]lijm, `lig qbc]b \[\s ]ilh cm ^_lcp_^, bcha_ ojih 

mj_]c`c] gicmnol_ [h^ n_gj_l[nol_ nbl_mbif^m. 

 B[\s ]ilh, l_hiqh_^ `il cnm [nnlc\on_m, mn[h^m [m [ 

jcpin[f p_a_n[\f_ ]lij. Inm [\\l_pc[n_^ ]ofncp[ncih 

^ol[ncih, ]iojf_^ qcnb cnm ]igg_h^[\f_ honlcncih[f 

jli`cf_ ([jjlircg[n_fs 15–18% jlin_chm, 2% `[n, 6% ]lo^_ 

`c\_l, [h^ [ hin[\f_ ]ihn_hn i` [m]il\c] []c^, l[hacha 

\_nq__h 75 ni 80 ga/100 ga ]i\), oh^_lm]il_m cnm 

mcahc`c][h]_. Tbcm ]igjimcncih []]_hno[n_m cnm lif_ [m [ 

p[fo[\f_ ^c_n[ls ]igjih_hn (3). Mil_ip_l, cnm _]ihigc] 

sc_f^ ]ihnlc\on_m ni cnm [nnl[]ncp_h_mm ch [alc]ofnol[f 

_h^_[pilm. Cilh `c\_l ][h \_ oncfct_^ ni `ilg 

\ci^_al[^[\f_ ]igjimcn_m qbc]b cgjlip_ nb_ g_]b[hc][f 

jlij_lnc_m i` nb_ ]igjimcn_ (4). B[\s ]ilh cm [ b_[fnbs 

jli^o]_ \_][om_ i` nb_ f_mm_l om_ i` j_mnc]c^_m [m chm_]n 

ch`_mn[ncih cm fiq_l [m ]igj[l_^ ni inb_l ]lijm f_[pcha 

fiq_l j_mnc]c^_ l_mc^o_m ch nb_ ]i\m.  

 Ihn_al[n_^ honlc_hn g[h[a_g_hn chpifp_m nb_ 

mnl[n_ac] [g[fa[g[ncih i` ila[hc], chila[hc], [h^ 

\ci`_lncfct_lm ni _hb[h]_ micf `_lncfcns [h^ ijncgct_ ]lij 

jli^o]ncpcns. Tbcm bifcmnc] [jjli[]b gcnca[n_m nb_ h_a[ncp_ 

]ihm_ko_h]_m [mmi]c[n_^ qcnb _r]fomcp_ l_fc[h]_ ih 

chila[hc] `_lncfct_lm. Sicf jlij_lnc_m [l_ ]lo]c[f [h^ 

[]]ol[n_ ]igjon[ncihm i` nb_ ko[hncns i` `_lncfct_lm ni \_ 

acp_h cm h_]_mm[ls. N cm nb_ _mm_hnc[f chal_^c_hn \_][om_ cn 

ch`fo_h]_m nb_ jf[hn-q[n_l ]ihh_]ncihm [h^ \cin[ ch nb_ 

lbctimjb_l_ (5). Tb_ ^_`c]c_h]s i` hcnlia_h b[m \__h `ioh^ 

ch Ih^c[h micf qbc]b p[lc_m `lig mn[n_ ni mn[n_. Ih Ih^c[h 

micf, nb_ hcnlia_h om_ _ffc]c_h]s cm \_nq__h 30–35% ch 

]_l_[f ]lijm [h^ nb_ l_g[chcha cm fimn (6). In cm [ pcn[f j[ln i` 

g[hs ^cff_l_hn \cifiac][f gif_]of_m nb[n [l_ cgjiln[hn `il 

jbinimshnb_nc] []ncpcns [h^ [alc]ofnol[f ionjon. Gl[ch 

ionjon [h^ jf[hn ^_p_fijg_hn ch g[ct_ ][h \_ cgj[]n_^ 

\s hcnlia_h [p[cf[\cfcns. Pbsmcifiac][f _f_g_hnm ch]fo^cha 

l[^c[ncih chn_l]_jncih [h^ _ffc]c_hn oncfct[ncih, [m q_ff [m 

hcnlia_h j[lncncihcha ni l_jli^o]ncp_ ila[hm, g[s \_ om_^ 

ni [mm_mm nb_ cgj[]n i` hcnlia_h mojjfs ih g[ct_ al[ch 

ionjon (7). Wcnbch [alc]ofnol[f ]lijjcha msmn_gm, 

jbimjbilom (P) cm ih_ i` nb_ gimn l_mnlc]ncp_ honlc_hnm (8). 

Ah _mncg[n_^ 67% i` nb_ qilf^'m f[h^ om_^ `il [alc]ofnol[f 

jli^o]ncih cm nbioabn ni b[p_ P ^_`c]c_h]s (9). 

Cihm_ko_hnfs, ih_ gomn n[e_ ]lijm' P l_kocl_g_hnm chni 

[]]iohn. Cigj[l_^ ni j_l_hhc[f ]lijm, jf[hnm qcnb 

chn_hmcp_ [h^ mbiln fc`_ ]s]f_m, fce_ ]ilh (Zea mays L.), h__^ 

gil_ P ch mifoncih [h^ [\mil\ P l_jf_hcmbg_hn gil_ 

koc]efs (10). A hin[\f_ ]ih]_lh ch Ih^c[h [alc]ofnol[f 

f[h^m][j_m cm nb_ _m][f[ncha jl_p[f_h]_ i` tch] (Zh) 

^_`c]c_h]s, qbc]b ]oll_hnfs [fffc]nm 48% i` micfm [h^ cm 

jlid_]n_^ ni `olnb_l _m][f[n_. Ih nb_ ]ihn_rn i` \[\s ]ilh 

]ofncp[ncih, Zh ^_`c]c_h]s ][h jl_]cjcn[n_ nb_ ihm_n i` 

qbcn_ \o^ ^cm_[m_, oh^_lm]ilcha nb_ h_]_mmcns i` Zh 

mojjf_g_hn[ncih `il ]ofncp[ncha [ li\omn [h^ b_[fnbs ]lij 

(11). Do_ ni cnm chpifp_g_hn ch m_p_l[f pcn[f ]_ffof[l 

[]ncpcnc_m, ch]fo^cha cih big_imn[mcm, _htsg_ []ncp[ncih, 

[h^ g_n[\ifc] [h^ jbsmcifiac][f jli]_mm_m, tch] (Zh) cm [h 

_mm_hnc[f _f_g_hn `il jf[hnm (12). Zch] `oh]ncihm [m [ 

`oh^[g_hn[f il ][n[fsnc] _htsg_ nb[n [ff_]nm nb_ []ncpcns, 

mnlo]nol[f chn_alcns, [h^ `if^cha i` g[hs jlin_chm (13). Si, 

nb_ [jjfc][ncih i` Zh cm h_]_mm[ls `il \_nn_l ]lij aliqnb. 

 Somn[chcha micf jli^o]ncpcns ch nb_ \[]e^lij i` 

chn_hmc`c_^ ]lijjcha jl[]nc]_m [h^ _f_p[n_^ ]b_gc][f 

`_lncfct_l om[a_ h_]_mmcn[n_m nb_ jligincih i` ila[hc] 

mo\mn[h]_m mo]b [m `_lncfct_lm, chm_]nc]c^_m, [h^ 

\ci`_lncfct_lm (14). Agiha nb_m_, \ci`_lncfct_lm jf[s [ jcpin[f 

lif_ ch ojbif^cha micf `_lncfcns [h^ ]lij jli^o]ncpcns. 

Rhizobium, `il chmn[h]_, ]ihnlc\on_m [ mo\mn[hnc[f 50–100 

ea i` hcnlia_h j_l b_]n[l_, qbcf_ Azotobacter mojjf_g_hnm 

nb_ micf qcnb [h [^^cncih[f 20 ni 40 ea i` hcnlia_h j_l 

b_]n[l_ (15). 

 Egjfischa [h chn_al[n_^ [jjli[]b nb[n 

ch]iljil[n_m hcnlia_h, jbimjbilom, tch], [h^ Azotobacter 

]ofgch[n_m ch [ hin[\f_ [oag_hn[ncih i` \[\s ]ilh ]lij 

sc_f^m. Tb_ [^ijncih i` chn_al[n_^ honlc_hn g[h[a_g_hn 

hin ihfs [fcahm qcnb nb_ jlch]cjf_m i` momn[ch[\f_ 

[alc]ofnol_ \on [fmi m[`_ao[l^m micf ko[fcns `il `onol_ 

a_h_l[ncihm. Tb_ do^c]ciom ]ig\ch[ncih i` hcnlia_h qcnb 

Azotobacter, ]iojf_^ qcnb nb_ chn_al[ncih i` tch] [m [ 

gc]lihonlc_hn [h^ p[lscha jbimjbilom f_p_fm, 

msh_lacmnc][ffs _hb[h]_m \inb sc_f^ [h^ `_lncfct_l oncfct[ncih 

_ffc]c_h]s (16). 

 B[\s ]ilh cm [ l_f[ncp_fs h_q_l ]lij [m ]igj[l_^ ni 

g[ct_, nbom fcgcn_^ l_m_[l]b qile cm [p[cf[\f_ ch Ih^c[h 

]ih^cncihm (17). Si, `ch^cha [^_ko[n_ honlc_hn f_p_fm oh^_l 

Ih^c[h ]ih^cncihm cm h_]_mm[ls `il nb_ qc^_mjl_[^ 

[^ijncih i` \[\s ]ilh ]lijm \s `[lg_lm qcnbion h_a[ncp_fs 

cgj[]ncha nb_ micf [h^ _hpclihg_hn. Mincp[n_^ \s nb_ 

[`il_g_hncih_^ ]b[ff_ha_m [h^ l_g_^c_m, nbcm mno^s 

[cg_^ ni c^_hnc`s [h ijncg[f honlc_hn g[h[a_g_hn msmn_g 

nb[n ]iof^ _ff_]ncp_fs _f_p[n_ \[\s ]ilh jli^o]ncpcns. 

 

M[t_rc[fs [h^ M_tbi^s 

Tb_ _rj_lcg_hn[f mno^s q[m ]ih^o]n_^ ^olcha nb_ R[\c 

m_[mih i` 2021–22 [n nb_ l_m_[l]b `[lg mcno[n_^ qcnbch 

Lip_fs Pli`_mmcih[f Uhcp_lmcns, Pb[aq[l[, Pohd[\. Tb_ micf 

]igjimcncih i` nb_ `[lg _rbc\cn_^ [ m[h^s fi[g n_rnol_, 

[]]igj[hc_^ \s [ jH p[fo_ i` 8.5. Tb_ _rj_lcg_hn[f m_noj 

_gjfis_^ [ R[h^igct_^ Bfi]e D_mcah, qcnb nbl__ 

l_jfc][ncihm `il _[]b i` nb_ hch_ nl_[ng_hnm. Tb_m_ 

nl_[ng_hnm _h]igj[mm_^ [ l[ha_ i` p[lc[ncihm acp_h ch 

T[\f_ 1.  

 Tb_ honlc_hn l_kocl_g_hn i` \[\s ]ilh cm bcab_l 

nb[h hilg[f g[ct_ ]lijm. Si, ni `ch^ nb_ [jjlijlc[n_ ^im_m 

i` honlc_hnm, nb_ RDF i` g[ct_ [h^ ch]l_[m_^ N [h^ P ^im_m 

q_l_ om_^. Hiq_p_l, nb_ jin[mmcog [p[cf[\cfcns oh^_l nb_ 

Pohd[\ ]ih^cncih cm [fl_[^s bcab, nb_ l_]igg_h^_^ K (60 

ea/b[) ^im_ q[m om_^ ch [ff nl_[ng_hnm. Tb_ jfin 

^cg_hmcihm q_l_ m_n [n 5 g ch f_hanb [h^ 4 g ch qc^nb. 

Ncnlia_h chjonm q_l_ chnli^o]_^ omcha ol_[, qbcf_ 

jbimjbilom q[m miol]_^ `lig DAP, qbc]b ch]c^_hn[ffs 

]ihn[chm hcnlia_h [m q_ff. A^domng_hnm ch ol_[ ^im[a_m 

q_l_ g[^_ []]il^chafs. Foff ^im_m i` DAP [h^ MOP q_l_ 

[jjfc_^ [n nb_ ncg_ i` miqcha, ol_[ q[m [jjfc_^ ch nqi 

mjfcnm [n 10 DAS [h^ 25 DAS. Zch] ^_`c]c_h]s cm [ ]iggih 

jli\f_g oh^_l Pohd[\ ]ih^cncihm, mi nb_ l_]igg_h^_^ 

^im_ i` tch] cm 6 ea (PAU, Lo^bc[h[) q[m oncfct_^ ni ]b_]e 

nb_ ^cff_l_h]_ qcnb [h^ qcnbion nb_ om_ i` Zh. 

Ajjlircg[n_fs 80% Zh q[m [jjfc_^ nblioab micf 
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[jjfc][ncih [h^ ni [pic^ nb_ Zh ^_`c]c_h]s [n [ f[n_l mn[a_ 

mjl[scha i` Zh EDTA q[m ^ih_. Zch] mojjf_g_hn[ncih 

chpifp_^ nb_ [jjfc][ncih i` 5.33 ea Zh/b[ nblioab micf 

ch]iljil[ncih qbc]b q[m ^ih_ [n 15 DAS, mojjf_g_hn_^ 

qcnb [h [^^cncih[f 0.61 ea Zh/b[ pc[ `ifc[l mjl[s omcha Zh 

EDTA [n 30 DAS. Nin[\fs, Azotobacter \ci`_lncfct_l 

(Azotobacter mjj.) cm [ hih-msg\cinc] [ngimjb_lc] 

hcnlia_h `cr_l. Tb_ gchcgog \[]n_lc[f ]iohn q[m 5 × 107 

]_ffm a-1 [h^ ][llc_lm q_l_ 1 × 108 ][llc_l gL-1. In q[m [jjfc_^ 

[m [ m__^ nl_[ng_hn [n [ l[n_ i` 250 a i` \ci`_lncfct_l/10 ea 

m__^. Tb_ 250 a i` \ci`_lncfct_l q[m gcr_^ ch 1 L i` q[n_l, 

[h^ nb_h nbilioabfs gcr_^ qcnb nb_ m__^. In q[m nb_h f_ft 

ch nb_ mb[^_ `il 2 blm ni ^ls [h^ nb_h m__^ miqcha q[m 

^ih_. 

 O\m_lp[ncihm q_l_ l_]il^_^ `lig `iol l[h^igfs 

m_f_]n_^ jf[hnm qcnbch _[]b jfin. Fil ^[n[ ]ih]_lhcha \[\s 

]ilh ]i\m, nb_ b[lp_mn_^ ]i\m `lig ^_mcah[n_^ jf[hnm 

oh^_lq_hn nbl__ m_j[l[n_ jc]echam. Sicf n_mncha chpifp_^ 

nb_ ]iff_]ncih i` m[gjf_m `lig _[]b jfin ni [ ^_jnb 

l[hacha \_nq__h 15 ni 20 ]g. Tb_h, _[]b m[gjf_ q[m ^lc_^ 

ch nb_ bin [cl ip_h [n 105°C [h^ mc_p_^ qcnb [ 2 gg mc_p_ 

`il `olnb_l jli]_mmcha. Tb_m_ m[gjf_m q_l_ mo\d_]n_^ ni 

NPK [h[fsmcm, [fihamc^_ g_[mol_g_hnm i` micf jH, 

_f_]nlc][f ]ih^o]ncpcns (EC), [h^ ila[hc] ][l\ih ]ihn_hn. 

Tb_ ]iff_]n_^ ^[n[ oh^_lq_hn g_nc]ofiom [h[fsmcm ni 

^cm]_lh nb_ p[lscha _ff_]nm i` nb_ ^cff_l_hn nl_[ng_hnm ih 

[ff nb_ i\m_lp_^ j[l[g_n_lm l_f[n_^ ni \[\s ]ilh aliqnb 

[h^ ^_p_fijg_hn.  

Prit_ch ]iht_ht (%) 

1 a ^lc_^ ]i\ m[gjf_ q[m n[e_h [h^ ^ca_mn_^ ch [ Kd_f^[bf 

`f[me qcnb 1:10 i` ]ojlc] mofjb[n_ [h^ jin[mmcog mofjb[n_ 

[h^ 10 gL ]ih]_hnl[n_^ H2SO4 q[m [^^_^. Dcmncff[ncih qcnb 

N[OH q[m ^ih_ qbc]b l_f_[m_m [ggihc[ `iffiq_^ \s 

ncnl[ncih. 

Plin_ch ]ihn_hn = P_l]_hn N2 × `[]nil om_^ 6.25 (Ekh. 1) 

TSS (Tit[f sifu\f_ sifc^s) 

A b[h^ l_`l[]nig_n_l (1° – 30°) q[m om_^ ni g_[mol_ nb_ 

TSS. Tb_ doc]_ i` nb_ m[gjf_ q[m jon ih [ l_`l[]nig_n_l ni 

]b_]e nb_ l_mofn. Tb_ l_`l[]nig_n_l q[m b_f^ [a[chmn nb_ 

fcabn. 

Fc\r_ ]iht_ht (%) 

S[gjf_m q_l_ ip_h-^lc_^ [n 1000°C `il 20 gch. Aft_l 

]iifcha, 2 a i` nb_ m[gjf_ q[m q_cab_^, jon ch nb_ ][jmof_, 

[h^ nl[hm`_ll_^ ni nb_ _rnl[]ncih ]oj. 200 gL i` 1.25% 

H2SO4 q[m [^^_^ ni cn. Fil []c^-`l__ l_mc^o_, \icfcha `il 

b[f` [h biol  ch bin q[n_l q[m ^ih_. Fiffiq_^ \s [fe[fc 

q[mbcha qcnb 1.20% N[OH `il 30 gch [h^ [a[ch q[mbcha 

qcnb bin q[n_l. Aft_l nb[n ][jmof_ q[m ip_h-^lc_^ `il 2 blm 

[n 1300°C [h^ nb_h jf[]_^ ch [ gofff_ `olh[]_ `il 5 blm [n 

550°C. Aft_l ]iifcha, nb_ m[gjf_ q[m q_cab_^ `il ]lo^_ 

`c\_l. 

Clo^_ `c\l_ (%) = q_cabn [ft_l ^lscha × 100 (Ekh. 2)                                              

             chcnc[f m[gjf_ q_cabn 

St[tcstc][f [h[fyscs 

Tb_ mn[ncmnc][f ^[n[ [h[fsmcm q[m ]ih^o]n_^; nb_ g_[h [h^ 

mn[h^[l^ ^_pc[ncih q_l_ ]igjon_^. Tb_ ^[n[ q_l_ 

mo\d_]n_^ ni [h Ah[fsmcm i` V[lc[h]_ (ANOVA) omcha nb_ 

OPSTAT miftq[l_. Fil [ff nb_ ^[n[, [ 5% f_p_f i` 

mcahc`c][h]_ q[m om_^. Tb_ ^[n[ cm jl_m_hn_^ [m g_[h 

[fiha qcnb mn[h^[l^ _llil (SEM±) [h^ ]lcnc][f ^cff_l_h]_ 

(C.D.). 

 

R_sufts   

W_cabt i` ]i\ wctbiut sb_[tb (a) 

Tb_ l_mofnm, [m mogg[lct_^ ch T[\f_ 2, oh^_lm]il_^ nb_ 

jlihioh]_^ cgj[]n i` nb_ ^cff_l_hn nl_[ng_hnm ih ]i\ 

q_cabn qcnbion mb_[nb. Nin[\fs, [ mcahc`c][hn ch`fo_h]_ q[m 

i\m_lp_^ []limm [ff nl_[ng_hnm. Agiha nb_ nbl__ b[lp_mn 

lioh^m, Tl_[ng_hn 9 (160 ea N + 120 ea P + 6 ea Zh + 

Azotobacter) ]ihmcmn_hnfs sc_f^_^ nb_ bcab_mn ]i\ q_cabn 

qcnbion mb_[nb, `iffiq_^ ]fim_fs \s Tl_[ng_hn 7 (160 ea N 

+ 100 ea P + 6 ea Zh + Azotobacter), [h^ Tl_[ng_hn 8        

(160 ea N + 120 ea P + 6 ea Zh) m_]olcha nb_ nbcl^ jimcncih. 

Cihp_lm_fs, nb_ fiq_mn ]i\ q_cabnm qcnbion mb_[nb q_l_ 

l_]il^_^ oh^_l nb_ ]ihnlif Tl_[ng_hn 1 (NPK 120:80:60 

ea/b[). Ih nb_ `clmn [h^ nbcl^ jc]echam, Tl_[ng_hn 2 (140 ea 

N + 100 ea P + 6 ea Zh) _rbc\cn_^ l_f[ncp_fs fiq_l ]i\ 

q_cabnm, qbcf_ ch nb_ m_]ih^ jc]echa, nbcm nl_h^ q[m 

gcllil_^ \s Tl_[ng_hn 2 (140 ea N + 100 ea P + 6 ea Zh).  

 Ihn_l_mnchafs, ^olcha nb_ `clmn [h^ `ch[f jc]echa 

mn[a_m, Tl_[ng_hnm T6 (160 ea N + 100 ea P + 6 ea Zh), T7 

(160 ea N + 100 ea P + 6 ea Zh + Azotobacter), [h^ T8        

(160 ea N + 120 ea P + 6 ea Zh) ^_gihmnl[n_^ mn[ncmnc][ffs 

]igj[l[\f_ ]i\ q_cabnm. Hiq_p_l, ^olcha nb_ m_]ih^ 

jc]echa, hi mcahc`c][hn ^cmj[lcnc_m q_l_ hin_^ [giha nb_ 

nl_[ng_hnm. 

 Tb_ i\m_lp_^ nl_h^ i` ch]l_[m_^ ]i\ q_cabn qcnbion 

mb_[nb ch nl_[ng_hnm `_[nolcha bcab_l hcnlia_h [h^ 

jbimjbilom f_p_fm, ]iojf_^ qcnb tch] mojjf_g_hn[ncih, 

l_mih[n_m qcnb _mn[\fcmb_^ ehiqf_^a_. Tb_ ]ihnlc\oncih i` 

Azotobacter, `[]cfcn[ncha _hb[h]_^ hcnlia_h [p[cf[\cfcns 

[h^ ojn[e_, fce_fs ][n[fst_^ cgjlip_^ g_n[\ifc] 

jli]_mm_m, mo\m_ko_hnfs l_`f_]ncha ch [oag_hn_^ ]i\ 

q_cabn. Tbcm `ch^cha [fcahm qcnb jl_pciom l_m_[l]b \s (18), 

qbi l_jiln_^ mcgcf[l ion]ig_m ch^c][ncha nb[n b_cabn_h_^ 

hcnlia_h [jjfc][ncih ch \[\s ]ilh ]ill_mjih^_^ qcnb 

ch]l_[m_^ `l_mb ]i\ q_cabnm, qcnb nb_ j_[e i\m_lp_^ [n 200 

T[\f_ 1. V[lciom nl_[ng_hn ]ig\ch[ncihm i` nb_ _rj_lcg_hn. 

Sr. Ni. Syg\if Tr_[tg_ht 

1 T1 NPK (120:80:60 ea b[-1) 

2 T2 140 ea N + 100 ea P + 6 ea Zh 

3 T3 
140 ea N + 100 ea P + 6 ea Zh + 

Azotobacter 

4 T4 140 ea N + 120 ea P + 6 ea Zh 

5 T5 
140 ea N + 120 ea P + 6 ea Zh + 

Azotobacter 

6 T6 160 ea N + 100 ea P + 6 ea Zh 

7 T7 
160 ea N + 100 ea P +6 ea Zh + 

Azotobacter 

8 T8 160 ea N + 120 ea P + 6 ea Zh 

9 T9 
160 ea N + 120 ea P + 6 ea Zh + 

Azotobacter 
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ea N/b[. Folnb_l ]illi\il[ncih [lcm_m `lig mno^c_m 

ch^c][ncha nb[n ]i\ q_cabn ch \[\s ]ilh lcm_m ch n[h^_g 

qcnb _f_p[n_^ hcnlia_h ^im[a_m (19, 20). Zh [jjfc][ncih ch 

micf cgjlip_m jiff_h pc[\cfcns, e_lh_f hog\_l, [h^ e_lh_f 

q_cabn i` g[ct_ ^o_ ni ch]l_[m_^ _htsg[nc] []ncpcnc_m (21). 

L_hatb i` ]i\s wctbiut sb_[tb (]g) 

Tb_ f_hanb i` ]i\m qcnbion mb_[nbm p[lc_^ mcahc`c][hnfs 

[]limm nb_ p[lciom nl_[ng_hnm [m mbiqh ch T[\f_ 3.                  

Am ^_n[cf_^ ch T[\f_ 2, nb_ f_hanb i` ]i\m qcnbion mb_[nb 

q[m hin[\fs _f_p[n_^ ch Tl_[ng_hn T9 (160 ea N + 120 ea P 

+ 6 ea Zh + Azotobacter) ^olcha [ff jc]echa mn[a_m. 

A^^cncih[ffs, Tl_[ng_hnm T7 (160 ea N + 100 ea P + 6 ea Zh 

+ Azotobacter), T8 (160 ea N + 120 ea P + 6 ea Zh), [h^ T6 

(160 ea N + 100 ea P + 6 ea Zh) mbiq][m_^ [ mn[ncmnc][ffs 

]igj[l[\f_ j_l`ilg[h]_ ch nb_ `clmn [h^ m_]ih^ jc]echam. 

Hiq_p_l, [ ^_pc[ncih q[m i\m_lp_^ ch nb_ nbcl^ jc]echa, 

qcnb Tl_[ng_hn T6 (160 ea N + 100 ea P + 6 ea Zh) 

^cmjf[scha hih-j[l j_l`ilg[h]_. Ih ]ihnl[mn, nb_ gchcgog 

f_hanb i` ]i\m qcnbion mb_[nb q[m ]ihmcmn_hnfs l_]il^_^ ch 

Tl_[ng_hn T1 (NPK 120:80:60 ea/b[), `iffiq_^ \s 

Tl_[ng_hn T2 (140 ea N + 100 ea P + 6 ea Zh) []limm [ff 

jc]echam. 

 Nin[\fs, nb_ i\m_lp_^ ch]l_[m_ ch ]i\ f_hanb 

qcnbion mb_[nb ][h \_ [nnlc\on_^ ni nb_ chn_hmc`c_^ 

[jjfc][ncih i` hcnlia_h [h^ tch]. R_m_[l]b ch^c][n_m nb[n 

tch] mojjf_g_hn[ncih, [fiha qcnb bcab_l hcnlia_h ^im[a_m, 

]ill_f[n_m jimcncp_fs qcnb nb_ [oag_hn[ncih i` ]i\ f_hanb 

qcnbion bome (22). Mil_ip_l, nb_ ]ogof[ncp_ _ff_]n i` 

_f_p[n_^ NPK [jjfc][ncih ]ihnlc\on_m ni nb_ _fiha[ncih i` 

\[\s ]ilh ]i\m. Tb_ ch`fo_h]_ i` jbimjbilom f_p_fm ih ]i\ 

f_hanb cm [fmi _pc^_hn ch nb_ fcn_l[nol_ (23). Sj_]c`c][ffs, nb_ 

chnli^o]ncih i` jbimjbilom ch \[\s ]ilh ]ofncp[ncih b[m [ 

^cm]_lhc\f_ cgj[]n ih ]i\ f_hanb, qcnb [h i\m_lp_^ 

jimcncp_ ]ill_f[ncih \_nq__h jbimjbilom ^im[a_ [h^ ]i\ 

f_hanb (24). Tb_ lcm_ g[s \_ nb_ l_mofn i` tch]'m _ff_]n ih 

m_p_l[f _htsg[nc] j[nbq[sm, qbc]b [c^ ch []]_f_l[ncha 

aliqnb l_[]ncihm [h^ ofncg[n_fs ^_p_fijcha gil_ sc_f^-

[nnlc\oncha ]b[l[]n_lcmnc]m (25). 

Ci\ acrtb (gg) 

Tb_ ]igjl_b_hmcp_ [h[fsmcm jl_m_hn_^ ch T[\f_ 3 

oh^_lm]il_^ nb_ mcahc`c][hn cgj[]n i` p[lciom nl_[ng_hnm 

ih ]i\ aclnb. Ci\ aclnb q[m [jjl_]c[\fs ch`fo_h]_^ []limm 

nb_ ^cp_lm_ nl_[ng_hn l_acg_hm. Nin[\fs, Tl_[ng_hn T1 

(NPK 120:80:60 ea/b[) sc_f^_^ nb_ gchcgog ]i\ aclnb, 

]fim_fs `iffiq_^ \s Tl_[ng_hn T2 (140 ea N + 100 ea P + 6 

ea Zh). Cihp_lm_fs, Tl_[ng_hn T9 (160 ea N + 120 ea P + 6 

ea Zh + Azotobacter) ]ihmcmn_hnfs sc_f^_^ nb_ g[rcgog 

]i\ aclnb ^olcha [ff b[lp_mncha ]s]f_m. Mil_ip_l, 

Tl_[ng_hnm T6 (160 ea N + 100 ea P + 6 ea Zh), T7 (160 ea N 

+ 100 ea P + 6 ea Zh + Azotobacter), [h^ T8 (160 ea N + 120 

ea P + 6 ea Zh) _rbc\cn_^ mn[ncmnc][ffs _kocp[f_hn ]i\ aclnbm, 

jimcncihcha nb_g ch [ mcgcf[l ][n_ails. Agiha nb_m_, 

Tl_[ng_hn T7 (160 ea N + 100 ea P + 6 ea Zh + Azotobacter) 

m_]ol_^ nb_ m_]ih^ jimcncih, qcnb Tl_[ng_hn T8 (160 ea N 

+ 120 ea P + 6 ea Zh) `iffiqcha [m nb_ nbcl^. 

 Nin[\fs, nb_ i\m_lp_^ p[lc[ncihm ch ]i\ aclnb ][h \_ 

[nnlc\on_^, ch j[ln, ni nb_ f_p_fm i` jbimjbilom. Pl_pciom 

l_m_[l]b bcabfcabnm nb_ jimcncp_ ]ill_f[ncih \_nq__h 

ch]l_[mcha jbimjbilom f_p_fm [h^ ]i\ aclnb ch g[ct_, 

l_ch`il]cha nb_ _ff_]n i\m_lp_^ ch nbcm mno^s (24). 

Folnb_lgil_, nb_ [oag_hn_^ hcnlia_h [p[cf[\cfcns ni nb_ 

]lijm fce_fs ]ihnlc\on_^ ni nb_ i\m_lp_^ ch]l_[m_ ch ]i\ 

aclnb. Scgcf[l `ch^cham b[p_ \__h l_jiln_^, ch^c][ncha nb[n 

bcab_l hcnlia_h f_p_fm ch \[\s ]ilh ]ofncp[ncih ]ill_f[n_ 

qcnb ch]l_[m_^ ]i\ aclnb (19). Sno^c_m b[p_ ch^c][n_^ nb[n 

hcnlia_h ^im_m [n 90 ea b[-1 ch^o]_ al_[n_l ]i\ aclnb 

]igj[l_^ ni fiq_l hcnlia_h ^im_m (23). Zch] [jjfc][ncih 

[fmi jf[s_^ [ hin[\f_ lif_ ch ]i\ aclnb _hb[h]_g_hn. Tb_ 

nl_[ng_hnm ch]iljil[ncha tch] _rbc\cn_^ moj_lcil ]i\ aclnb 

qb_h ]igj[l_^ ni hih-tch] nl_[n_^ jfinm, jimmc\fs ^o_ ni 

nb_ b_cabn_h_^ ]bfilijbsff ]ih]_hnl[ncih [h^ 

]ihm_ko_hnc[f cgjlip_g_hnm ch sc_f^ ]b[l[]n_lcmnc]m 

l_mofncha `lig tch] mojjf_g_hn[ncih (26). 

 

 

Syg\if Tr_[tg_ht 
W_cabt i` ]i\s (a) L_hatb i` ]i\s (]g) 

1st jc]echa 2h^ jc]echa 3r^ jc]echa 1st jc]echa 2h^ jc]echa 3r^ jc]echa 

T1 NPK (120:80:60) 15.61 16.87 10.9 12.17 12.60 10.51 

T2 140 ea N + 100 ea P + 6 ea Zh 16.16 16.73 12.46 13.12 12.84 10.94 

T3 
140 ea N + 100 ea P + 6 ea Zh + 

Azotobacter 16.51 17.00 13.56 13.49 13.36 11.19 

T4 140 ea N + 120 ea P + 6 ea Zh 16.96 17.10 14.81 13.60 13.69 11.10 

T5 
140 ea N + 120 ea P + 6 ea Zh + 

Azotobacter 17.99 17.54 15.65 13.78 13.77 11.23 

T6 160 ea N + 100 ea P + 6 ea Zh 18.46 17.87 17.41 14.63 13.98 11.53 

T7 
160 ea N + 100 ea P + 6 ea Zh + 

Azotobacter 20.03 18.76 18.32 15.11 14.39 11.82 

T8 160 ea N + 120 ea P + 6 ea Zh 18.89 18.12 18.06 14.96 14.35 11.65 

T9 
160 ea N + 120 ea P + 6 ea Zh + 

Azotobacter 21.44 18.90 19.31 15.47 15.27 12.13 

M_[h   18.01 17.65 15.61 14.04 13.80 11.34 

SEM ±   0.82 0.88 0.82 0.54 0.48 0.18 

C.D. (5%)   2.47 NS 2.47 1.61 1.43 0.53 

T[\f_ 2. W_cabn (a) [h^ f_hanb (]g) i` ]i\m qcnbion bome [n 1mn, 2h^ [h^ 3l^ jc]echa [m ch`fo_h]_^ \s p[lciom nl_[ng_hnm. 
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Gr__h `i^^_r yc_f^ (t b[-1) 

Tb_ ^_n[cf_^ [h[fsmcm jl_m_hn_^ ch T[\f_ 3 oh^_lm]il_^ nb_ 

hin[\f_ p[lc[\cfcns ch al__h `i^^_l sc_f^ []limm nb_ 

^cff_l_hn nl_[ng_hnm. Tb_ jl_-_gch_hn al__h `i^^_l sc_f^ 

_g_la_^ ch Tl_[ng_hn T9 (160 ea N + 120 ea P + 6 ea Zh + 

Azotobacter), ]fim_fs `iffiq_^ \s Tl_[ng_hnm T7 (160 ea N 

+ 100 ea P + 6 ea Zh + Azotobacter) [h^ T8 (160 ea N + 120 

ea P + 6 ea Zh). R_g[le[\fs, nb_ f[nn_l nqi nl_[ng_hnm 

_rbc\cn_^ mn[ncmnc][ffs ]igj[l[\f_ sc_f^m qcnb Tl_[ng_hn 9. 

Cihp_lm_fs, nb_ gchcgog al__h `i^^_l sc_f^ q[m l_]il^_^ 

oh^_l Tl_[ng_hn T1 (NPK 120:80:60 ea/b[), `iffiq_^ \s 

Tl_[ng_hn T2 (140 ea N + 100 ea P + 6 ea Zh).  Tb_ 

nl_[ng_hnm, T3 (140 ea N +100 ea P + 6 ea Zh + 

Azotobacter), T4 (140 ea N + 120 ea P + 6 ea Zh) [h^ T5 (140 

ea N + 120 ea P + 6 ea Zh + Azotobacter) jli^o]_^ gil_ 

nb[h 40 n b[-1 i` al__h `i^^_l sc_f^. Tb_ i\m_lp_^ 

_m][f[ncih ch al__h `i^^_l sc_f^ i` \[\s ]ilh l[ha_^ `lig 

6.54% ni [h cgjl_mmcp_ 22.30% qb_h ]ihnl[mn_^ [a[chmn 

nb_ ]ihnlif Tl_[ng_hn T1. 

 Tb_ [oag_hn ch al__h `i^^_l sc_f^ ]iof^ \_ 

[nnlc\on_^ ni chn_hmc`c_^ hcnlia_h mojjfs nblioab hcnlia_h 

`_lncfct_lm il nb_ chnli^o]ncih i` Azotobacter. So]b 

chn_lp_hncihm gcabn b[p_ []]_f_l[n_^ ^cp_lm_ jbsmcifiac][f 

jli]_mm_m qcnbch nb_ jf[hn, g[hc`_mncha ch hin[\f_ 

_hb[h]_g_hnm ch sc_f^ ]b[l[]n_lcmnc]m (19). Tb_ msh_las i` 

]b_gc][f hcnlia_h [jjfc][ncih ch n[h^_g qcnb Azotobacter 

]iof^ jin_hnc[ffs b[p_ [gjfc`c_^ aliqnb [h^ sc_f^ 

j[l[g_n_lm, ofncg[n_fs ]ofgch[ncha ch cgjlip_^ `i^^_l 

sc_f^ (27, 28). R_m_[l]b j_ln[chcha ni mq__n ]ilh 

oh^_lm]il_m nb_ ]ill_f[ncih \_nq__h _f_p[n_^ hcnlia_h 

f_p_fm [h^ ch]l_[m_^ al__h `i^^_l sc_f^. Ihnlcaochafs, nb_ 

[jjfc][ncih i` Azotobacter ch ]ig\ch[ncih qcnb 100% RDF 

(R_]igg_h^_^ Dim_ i` F_lncfct_lm) `il m__^ nl_[ng_hn ch 

\[\s ]ilh l_mofn_^ ch b_cabn_h_^ al__h `i^^_l sc_f^, 

j[l[ff_fcha nb_ ion]ig_m i\m_lp_^ qcnb 125% RDF (29, 30). 

 Folnb_lgil_, jbimjbilom'm lif_ ch `[]cfcn[ncha 

_h_las nl[hm`_l fce_fs ]ihnlc\on_^ ni nb_ _hb[h]_^ al__h 

`i^^_l sc_f^. Igjlip_^ jbinimshnb[n_ nl[hmfi][ncih 

[mmi]c[n_^ qcnb [jjfc_^ tch] gcabn b[p_ mjoll_^ ch]l_[m_^ 

al__h `i^^_l jli^o]ncih, nb_l_\s mo\mn[hnc[ncha cnm _ff_]n 

ih honlc_hn f_p_fm (26, 31). Tb_ [jjfc][ncih i` tch] ni \[\s 

]ilh, nblioab \inb micf [h^ `ifc[l [jjli[]b_m, _g_la_m [m 

[ mcahc`c][hn `[]nil, [oag_hncha al__h `i^^_l sc_f^ ch [ 

mn[ncmnc][ffs mcahc`c][hn g[hh_l (31). 

Prit_ch ]iht_ht (%) 

Tb_ chnlc][n_ chn_ljf[s i` nl_[ng_hn ]ig\ch[ncihm 

mcahc`c][hnfs ch`fo_h]_^ nb_ jlin_ch ]ihn_hn, [m ^_fch_[n_^ 

ch T[\f_ 4. Nin[\fs, nb_ g[rcgog jlin_ch ]ihn_hn qcnbch 

]i\m q[m l_]il^_^ ch Tl_[ng_hn T9 (160 ea N + 120 ea P + 6 

ea Zh + Azotobacter), ]fim_fs nl[cf_^ \s Tl_[ng_hnm T7 (160 

ea N + 100 ea P + 6 ea Zh + Azotobacter) [h^ T8 (160 ea N + 

120 ea P + 6 ea Zh). Tb_m_ nl_[ng_hnm, qcnb l_mj_]n ni 

jlin_ch ]ihn_hn, q_l_ mn[ncmnc][ffs [h[fiaiom ni Tl_[ng_hn 

9. Ih ]ihnl[mn, nb_ ]ihnlif Tl_[ng_hn T1 (NPK 120:80:60 ea/

b[) l_acmn_l_^ nb_ gchcgog jlin_ch ]ihn_hn j_l]_hn[a_, 

`iffiq_^ \s Tl_[ng_hn T2 (140 ea N + 100 ea P + 6 ea Zh). 

Tb_ l_mofnm ch^c][n_ nb[n qb_h gil_ nb[h 140 ea N q[m 

om_^, nb_ jlin_ch ]ihn_hn (%) q[m gil_ nb[h 14%.  

 Plin_ch ]ihn_hn ^sh[gc]m g[s \_ nl[]_^ \[]e ni 

hcnlia_h f_p_fm qcnbch nb_ jf[hn. Tb_ [jjfc][ncih i` 

_f_p[n_^ hcnlia_h f_p_fm, ]iojf_^ qcnb Azotobacter-

_hb[h]_^ hcnlia_h [p[cf[\cfcns, fce_fs \ifmn_l_^ hcnlia_h 

ojn[e_ \s ]lij jf[hnm, nbom _ha_h^_lcha b_cabn_h_^ 

jlin_ch ]ihn_hn qcnbch \[\s ]ilh ]i\m. Tb_ om_ i` 

\ci`_lncfct_lm mo]b [m Azotobacter ch m__^ chi]of[ncih b[m 

]ihmcmn_hnfs ^_gihmnl[n_^ [ `[piol[\f_ cgj[]n ih ]lij 

jlin_ch ]ihn_hn (32). Tbcm jimcncp_ ch`fo_h]_ cm `olnb_l 

oh^_lm]il_^ \s mno^c_m mbiq][mcha nb_ jlin_ch ]ihn_hn 

cgjlip_g_hn l_mofncha `lig ch]l_[m_^ hcnlia_h f_p_fm [h^ 

m__^ nl_[ng_hnm chpifpcha \ci`_lncfct_lm fce_ Azotobacter il 

Azospirillium (29). Lce_qcm_, [h [ll[s i` mno^c_m b[m 

]ihmcmn_hnfs l_p_[f_^ nb_ jlin_ch ]ihn_hn'm l_mjihmcp_h_mm 

ni mbcftcha hcnlia_h ^im_m ch \[\s ]ilh (33–36). 

R_g[le[\fs, jlin_ch ]ihn_hn _hb[h]_g_hn cm [fmi hin_^ 

qcnb p[lc[ncihm ch jbimjbilom f_p_fm (37). 

Syg\if Tr_[tg_ht 1st jc]echa 2h^ jc]echa 3r^ jc]echa Gr__h `i^^_r  yc_f^ (t b[-1) 

T1 NPK (120:80:60) 14.85 14.43 13.76 37.25 

T2 140 ea N + 100 ea P + 6 ea Zh 14.99 14.75 14.11 39.69 

T3 140 ea N +100 ea P +6 ea Zh + Azotobacter 15.62 15.49 14.39 40.85 

T4 140 ea N + 120 ea P + 6 ea Zh 15.40 15.18 14.23 40.08 

T5 140 ea N +120 ea P +6 ea Zh + Azotobacter 15.79 15.47 14.73 41.08 

T6 160 ea N + 100 ea P + 6 ea Zh 16.39 15.83 14.99 43.63 

T7 160 ea N +100 ea P +6 ea Zh + Azotobacter 16.77 16.35 15.35 45.07 

T8 160 ea N + 120 ea P + 6 ea Zh 16.63 16.14 15.16 44.61 

T9 160 ea N +120 ea P +6 ea Zh + Azotobacter 17.28 16.97 15.59 45.56 

M_[h   15.97 15.62 14.70 41.98 

SEM ±   0.46 0.41 0.28 1.46 

C.D. (5%)   1.38 1.23 0.84 4.38 

T[\f_ 3. Ci\ aclnb (gg) [n 1mn, 2h^ [h^ 3l^ jc]echa [h^ al__h `i^^_l sc_f^ (n b[-1) [n b[lp_mn [m ch`fo_h]_^ \s p[lciom nl_[ng_hnm. 
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 Zch]'m lif_ _rn_h^m ni jlin_ch ]ihn_hn 

cgjlip_g_hn, [m cn [gjfc`c_m hcnlia_h ojn[e_ \s jf[hnm. 

Tbcm, ch nolh, gcabn b[p_ ]ihnlc\on_^ ni nb_ i\m_lp_^ 

jlin_ch ]ihn_hn _f_p[ncih ch \[\s ]ilh ]i\m. Tb_ jlin_ch 

]ihn_hn-tch] ]ih]_hnl[ncih h_rom cm `olnb_l l_ch`il]_^ \s 

`ch^cham ch^c][ncha nb[n tch] [jjfc][ncih mb[j_m \inb 

jlin_ch ]ihn_hn [h^ tch] ]ih]_hnl[ncih ch nb_ \[\s ]ilh 

]lij (38). Tb_ ]iff_]ncp_ ch`fo_h]_ i` ch]l_[m_^ hcnlia_h, 

jbimjbilom, [h^ tch] cm _pc^_hn ch nb_ cgjlip_^ jlin_ch 

]ihn_hn i\m_lp_^ ch nb_ ]i\m i` mq__n ]ilh (39). 

Tit[f sifu\f_ sifc^s (TSS % \rcx) 

Tb_ ^cp_lm_ nl_[ng_hn ]ig\ch[ncihm sc_f^_^ mn[ncmnc][ffs 

mcahc`c][hn p[lc[ncihm ch nin[f mifo\f_ mifc^m (TSS). Am 

jl_m_hn_^ ch T[\f_ 4, Tl_[ng_hn T9 (160 ea N + 120 ea P + 6 

ea Zh + Azotobacter) _g_la_^ [m nb_ `lihnlohh_l, 

l_]il^cha nb_ bcab_mn TSS f_p_f i` 11.2% \lcr. Tl_[ng_hn 

T8 (160 ea N + 120 ea P + 6 ea Zh) ]fim_fs g[n]b_^ 

Tl_[ng_hn T9 ch TSS p[fo_. Tb_ ]iff_]ncp_ TSS l[ha_ 

mj[hh_^ `lig 8.5% ni 11.2% \lcr. An nb_ fiq_l _h^ i` nbcm 

mj_]nlog, Tl_[ng_hn T1 (NPK 120:80:60 ea/b[) m_]ol_^ 

nb_ fiq_mn TSS p[fo_ i` 8.5% \lcr, qcnb Tl_[ng_hn T2 (140 

ea N + 100 ea P + 6 ea Zh) ]fim_fs `iffiqcha. Tb_ TSS p[fo_ 

ch]l_[m_^ qcnb ch]l_[mcha f_p_fm i` hcnlia_h, nb_ p[fo_m 

q_l_ l_]il^_^ ch _r]_mm i` 10 ch nb_ nl_[ng_hn qb_l_ 160 

ea N q[m [jjfc_^ qcnb il qcnbion Azotobacter. 

 Tb_ i\m_lp_^ _f_p[ncih ch nin[f mifo\f_ moa[l 
]ihn_hn ch \[\s ]ilh ][h \_ [nnlc\on_^ ni m_p_l[f `[]nilm. 

Ah _hb[h]_^ jbinimshnb_nc] l[n_, _f_p[n_^ ]bfilijbsff 

]ihn_hn, [h^ nb_ bs^lifsmcm i` mn[l]b chni mifo\f_ moa[lm 

]iff_]ncp_fs ]ihnlc\on_ ni nbcm _ff_]n. Tb_ msh_las i` 

hcnlia_h mojjf_g_hn[ncih, ch]fo^cha nb_ ]ihnlc\oncih 

`lig Azotobacter, cm jcpin[f ch \ifmn_lcha TSS f_p_fm (20). 

Binb ]b_gc][f [h^ \ci`_lncfct_l chn_lp_hncihm [oag_hn TSS 

f_p_fm, oh^_lm]ilcha nb_ ]iff[\il[ncp_ cgj[]n i` hcnlia_h 

miol]_m (Azotobacter) ih nbcm ion]ig_. Tb_ m__^ 

nl_[ng_hn i` \[\s ]ilh qcnb Azotobacter l_acmn_lm [ gcf^ 

s_n ^cm]_lhc\f_ _hb[h]_g_hn ch TSS p[fo_m. 

 Folnb_lgil_, nb_ ch`fo_h]_ i` hcnlia_h f_p_fm ih TSS 

]ihn_hn cm _pc^_hn, qcnb fiq_l hcnlia_h ^im_m nl[hmf[ncha 

ni l_^o]_^ TSS ]ihn_hn ch \[\s ]ilh (40). Tbcm jl_gcm_ cm 

mo\mn[hnc[n_^ \s l_m_[l]b cffomnl[ncha nb_ [gjfc`c][ncih i` 

nin[f mifo\f_ mifc^m nblioab nb_ m__^ chi]of[ncih i` \[\s 

]ilh qcnb Azotobacter, [ mnl[n_as nb[n _ff_]ncp_fs _f_p[n_m 

TSS ]ihn_hn ch ]igj[lcmih ni hih-nl_[n_^ m__^ 

nl_[ng_hnm (41). 

Fc\r_ ]iht_ht (%) 

Tb_ bcab_mn `c\l_ ]ihn_hn [giha nb_ ]i\m q[m jligch_hnfs 

i\m_lp_^, [m ^_jc]n_^ ch T[\f_ 4, oh^_l Tl_[ng_hn T2 (140 

ea N + 100 ea P + 6 ea Zh). Ih nb_ bc_l[l]bs i` nl_[ng_hnm, 

Tl_[ng_hn T4 (160 ea N + 100 ea P + 6 ea Zh + Azotobacter) 

m_]ol_^ nb_ m_]ih^ jimcncih, ]fim_fs nl[cf_^ \s Tl_[ng_hn 

T3 (140 ea N + 100 ea P + 6 ea Zh + Azotobacter). 

Tl_[ng_hnm T4 (140 ea N + 120 ea P + 6 ea Zh), T3 (140 ea N 

+ 100 ea P + 6 ea Zh + Azotobacter), [h^ T5 (140 ea N + 120 

ea P + 6 ea Zh + Azotobacter) []bc_p_^ mn[ncmnc][f j[lcns 

qcnb Tl_[ng_hn T2 (140 ea N + 100 ea P + 6 ea Zh). 

R_g[le[\fs, nb_ fiq_mn `c\_l ]ihn_hn q[m l_]il^_^ oh^_l 

nb_ ]ihnlif Tl_[ng_hn T1 (NPK 120:80:60 ea/b[). Wbcf_ 

mo\mn[hnc[f ^cff_l_h]_m q_l_ i\m_lp_^ [giha nb_ p[lciom 

nl_[ng_hnm, nb_ p[lc[h]_ ch `c\_l ]ihn_hn q[m hin[\fs 

gi^_mn []limm [ff nl_[ng_hn aliojm. Tb_ fiq_mn p[fo_ 

l_]il^_^ q[m 24.1% ch T1 [h^ nb_ g[rcgog ]ihn_hn q[m 

26.5% ch T2. 

 Ef_p[n_^ micf `_lncfcns f_p_fm, ^lcp_h \s _hlc]b_^ 

hcnlia_h, jbimjbilom, [h^ jin[mmcog [p[cf[\cfcns, gcabn 

b[p_ `imn_l_^ nb_ _hb[h]_^ jl_m_h]_ i` g_n[\ifcn_m [h^ 

honlc_hnm. Zch]'m ]ihnlc\oncih, fce_fs [mmi]c[n_^ qcnb 

cgjlip_^ hcnlia_h ojn[e_, ]iof^ b[p_ msh_lacmnc][ffs 

]ihnlc\on_^ ni nb_ ip_l[ff honlcncih[f ko[fcns _hb[h]_g_hn 

i` \[\s ]ilh. Tb_ [jjfc][ncih i` `ifc[l tch] [h^ NPK 

`_lncfct_lm b[m \__h jl_pciomfs [mmi]c[n_^ qcnb _f_p[n_^ 

`c\_l ]ihn_hn ch nb_ \[\s ]ilh ]lij (42). 

 Hiq_p_l, cn'm hin_qilnbs nb[n nl_[ng_hnm sc_f^ f_mm 

`c\_l ]ihn_hn gcabn \_ [nnlc\on_^ ni bcab_l jlin_ch ]ihn_hn 

ch nb_ ]i\m (26, 43). Tb_ chnlc][n_ \[f[h]_ \_nq__h nb_m_ 

honlcncih[f ]igjih_hnm q[ll[hnm `olnb_l _rjfil[ncih ni 

^_]cjb_l nb_ chn_ljf[s ch`fo_h]cha nb_ ]lij'm ip_l[ff 

honlcncih[f jli`cf_. Hiq_p_l, f_mm `c\_l ]ihn_hn ch mig_ 

nl_[ng_hnm ][h \_ ^o_ ni bcab_l jlin_ch ]ihn_hn ch nb_ 

]i\m (26, 43).  

Syg\if Tr_[tg_ht Prit_ch (%) TSS  (% \rcx) Fc\r_ ]iht_ht (%) 

T1 NPK (120:80:60) 12.7 8.5 24.1 

T2 140 ea N + 100 ea P + 6 ea Zh 13.4 8.7 26.5 

T3 140 ea N + 100 ea P + 6 ea Zh + Azotobacter 14.2 8.9 26.0 

T4 140 ea N + 120 ea P + 6 ea Zh 14.1 8.9 26.2 

T5 140 ea N + 120 ea P + 6 ea Zh + Azotobacter 15.1 9.1 25.5 

T6 160 ea N + 100 ea P + 6 ea Zh 16.1 10.2 25.1 

T7 160 ea N + 100 ea P + 6 ea Zh + Azotobacter 16.9 10.5 24.9 

T8 160 ea N + 120 ea P + 6 ea Zh 16.8 10.8 25.0 

T9 160 ea N + 120 ea P + 6 ea Zh + Azotobacter 17.9 11.2 24.8 

M_[h   15.24 9.6 25.35 

SEM ±   0.32 0.20 0.36 

C.D. (5%)   0.97 0.61 1.07 

T[\f_ 4. Plin_ch ]ihn_hn (%), TSS (% \lcr) [h^ `c\l_ ]ihn_hn (%) i` ]i\m [m ch`fo_h]_^ \s p[lciom nl_[ng_hnm. 
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Nutrc_ht st[tus i` sicf (Pist-H[rv_st) 

Tb_ ^[n[m_n ionfch_^ ch Fca. 1 l_p_[f_^ nb[n nb_ ^cp_lm_ 

nl_[ng_hnm sc_f^_^ hih-mcahc`c][hn _ff_]nm ih _f_]nlc][f 

]ih^o]ncpcns (EC), [h^ ila[hc] ][l\ih (OC) f_p_fm `iffiqcha 

b[lp_mn. T[\f_ 5 l_p_[f_^ nb[n, micf jH cm hin [ff_]n_^ 

mcahc`c][hnfs. Dcff_l_hnc[f jH p[fo_m ]iof^ \_ [nnlc\on_^ ni 

p[lscha hcnlia_h f_p_fm ch nb_ micf, [m hcnlia_h [^^cncih 

n_h^m ni fiq_l micf jH. Tb_ i\m_lp_^ `fo]no[ncihm ch EC [h^ 

OC f_p_fm g[s mn_g `lig ^cmj[l[n_ honlc_hn f_p_fm [h^ nb_ 

[jjfc][ncih i` Azotobacter. Nin[\fs, jH, EC, [h^ OC 

l_g[ch_^ l_f[ncp_fs oh[ff_]n_^ \s nb_ [jjfc][ncih i` 

^cff_l_hn honlc_hn f_p_fm (44). Ih [^^cncih, ila[hc] ][l\ih 

]ihn_hn _rbc\cn_^ [h ch]l_[m_ qcnb Azotobacter 

chi]of[ncih. 

 Er[gchcha hcnlia_h [p[cf[\cfcns, Tl_[ng_hn T9 (160 

ea N + 120 ea P + 6 ea Zh + Azotobacter) sc_f^_^ nb_ bcab_mn 

[p[cf[\cfcns, ^lcp_h \s _f_p[n_^ hcnlia_h f_p_fm [h^ nb_ 

jl_m_h]_ i` Azotobacter [m ^_jc]n_^ ch T[\f_ 5. Tbcm q[m 

]fim_fs `iffiq_^ \s Tl_[ng_hnm T7 (160 ea N + 100 ea P + 6 

ea Zh + Azotobacter) [h^ T8 (160 ea N + 120 ea P + 6 ea Zh). 

Ihn_l_mnchafs, hcnlia_h [p[cf[\cfcns ch Tl_[ng_hn T7 

molj[mm_^ nb[n i` Tl_[ng_hn T8, ^_mjcn_ nb_ f[nn_l b[pcha 

bcab_l hcnlia_h f_p_fm. Tbcm ^cp_la_h]_ ]iof^ \_ [nnlc\on_^ 

ni Azotobacter'm m__^ nl_[ng_hn, ehiqh ni [oag_hn micf 

hcnlia_h [p[cf[\cfcns. Cihp_lm_fs, nb_ f_[mn hcnlia_h 

[p[cf[\cfcns q[m hin_^ ch nb_ ]ihnlif Tl_[ng_hn T1 (NPK 

120:80:60 ea/b[). 

 Am jl_m_hn_^ ch T[\f_ 5, jbimjbilom [p[cf[\cfcns 

[fmi ^_gihmnl[n_^ hin_qilnbs p[lc[ncih [giha 

nl_[ng_hnm. Tl_[ng_hn T9 (160 ea N + 120 ea P + 6 ea Zh + 

Azotobacter) _rbc\cn_^ nb_ bcab_mn jbimjbilom [p[cf[\cfcns, 

[f\_cn qcnb gchil ^cff_l_h]_m [giha nb_ nij `iol 

nl_[ng_hnm - Tl_[ng_hn T9, Tl_[ng_hn T5 (140 ea N + 120 

ea P + 6 ea Zh + Azotobacter), Tl_[ng_hn T8, [h^ 

Tl_[ng_hn T4 (140 ea N + 120 ea P + 6 ea Zh). Nin[\fs, nb_ 

^cff_l_h]_m q_l_ g[lach[f, [n 0.2 ea/b[. Tb_ fiq_mn 

jbimjbilom [p[cf[\cfcns q[m qcnh_mm_^ ch nb_ ]ihnlif 

Tl_[ng_hn T1. 

 T[\f_ 5 l_p_[f_^ nb[n jin[mmcog [p[cf[\cfcns 

^cmjf[s_^ h_afcac\f_ p[lc[ncih [giha nl_[ng_hnm, 

]ihmcmn_hn qcnb nb_ [jjfc][ncih i` [ ohc`ilg jin[mmcog 

^im_ []limm [ff nl_[ng_hnm. Tb_ i\m_lp_^ ^cm]l_j[h]c_m ch 

jin[mb [p[cf[\cfcns gcabn \_ [nnlc\on_^ ni nb_ ]ih]oll_hn 

[jjfc][ncih i` inb_l honlc_hnm. Nin[\fs, bcab_l hcnlia_h 

f_p_fm' [jjfc][ncih ^_gihmnl[n_^ [ gi^_mn jimcncp_ cgj[]n 

ih micf hcnlia_h [p[cf[\cfcns (45). Folnb_lgil_, nl_[ng_hnm 

`_[nolcha _f_p[n_^ jbimjbilom f_p_fm mbiq][m_^ bcab_l 

[p[cf[\f_ jbimjbilom ]igj[l_^ ni nb_cl fiq_l-

jbimjbilom ]iohn_lj[lnm (46). 

Tr_[tg_ht jH Av[cf[\f_ N (ea b[-1) Av[cf[\f_ P (ea b[-1) Av[cf[\f_ K (ea b[-1) 

T1 8.52 253.2 18.2 224.0 

T2 8.5 256.6 20.3 225.2 

T3 8.48 261.8 20.5 225.2 

T4 8.49 259.0 24.1 224.6 

T5 8.43 267.0 24.2 224.7 

T6 8.34 272.4 20.6 225.0 

T7 8.31 277.2 20.9 225.1 

T8 8.24 272.1 24.1 224.9 

T9 8.17 277.1 24.3 225.1 

M_[h 8.39 266.3 21.9 224.9 

SEM ± 0.08 4.10 0.82 0.80 

C.D. (5%) NS 12.31 2.45 NS 

T[\f_ 5. Ap[cf[\f_ N, [p[cf[\f_ P, [h^ [p[cf[\f_ K ch micf [m ch`fo_h]_^ \s p[lciom nl_[ng_hnm. 

Fca. 1. Ef_]nlc][f ]ih^o]ncpcns [h^ ila[hc] ][l\ih [m ch`fo_h]_^ \s p[lciom nl_[ng_hnm. 
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Cih]fuscih   

Ih mogg[ls, nb_ chn_al[ncih i` e_s honlc_hnm, ]iojf_^ qcnb 

tch] mojjf_g_hn[ncih [h^ nb_ ch]fomcih i` \ci`_lncfct_l 

Azotobacter, hin ihfs _rbc\cn_^ [ jimcncp_ cgj[]n ih nb_ 

al__h `i^^_l sc_f^ i` nb_ \[\s ]ilh ]lij \on [fmi 

]ihnlc\on_^ ni [ ^cm]_lhc\f_ ch]l_[m_ ch micf ila[hc] ][l\ih 

f_p_fm [h^ [p[cf[\f_ micf hcnlia_h ]ihn_hn. Tbcm chn_al[n_^ 

[jjli[]b jl_m_hnm [ jligcmcha [p_ho_ `il `imn_lcha 

momn[ch[\f_ [alc]ofnol[f jl[]nc]_m. A^^cncih[ffs, nb_ 

[mmcgcf[ncih i` honlc_hnm sc_f^_^ [ hin[\f_ _hb[h]_g_hn 

ch nb_ ko[fcns i` \[\s ]ilh ]i\m, ]ihm_ko_hnfs _f_p[ncha 

nb_cl honlcncp_ p[fo_. Clo]c[ffs, nb_ oncfct[ncih i` chn_al[n_^ 

honlc_hn g[h[a_g_hn ch nb_ ]ofncp[ncih i` \[\s ]ilh 

^_gihmnl[n_^ cnm moj_lcilcns ip_l mif_ l_fc[h]_ ih 

]b_gc][f `_lncfct_lm. Wbcf_ ]b_gc][f `_lncfct_lm g[s iff_l 

cgg_^c[n_ sc_f^ a[chm, nb_s ][lls nb_ lcme i` fiha-n_lg micf 

`_lncfcns ^_al[^[ncih [h^ ^_]l_[m_^ jli^o]ncpcns. Ih 

]ihnl[mn, chn_al[n_^ honlc_hn g[h[a_g_hn m[`_ao[l^m 

\inb bcab_l sc_f^ f_p_fm [h^ cgjlip_^ ko[fcns qbcf_ 

`imn_lcha bcab_l micf ko[fcns, [ff qbcf_ gchcgctcha 

_hpclihg_hn[f [h^ micf jiffoncih. Bs _g\l[]cha chn_al[n_^ 

honlc_hn g[h[a_g_hn, `[lg_lm ][h [nn[ch [ b[lgihciom 

\[f[h]_ \_nq__h jli^o]ncpcns, _hpclihg_hn[f 

]ihm_lp[ncih, [h^ fiha-n_lg micf b_[fnb, nb_l_\s mn__lcha 

[alc]ofnol[f jl[]nc]_m niq[l^ [ momn[ch[\f_ [h^ l_mcfc_hn 

`onol_. 

 

A]ehiwf_^a_g_hts 

Tb_ [onbilm [l_ p_ls nb[he`of ni nb_ Lip_fs Pli`_mmcih[f 

Uhcp_lmcns `il jlipc^cha nb_ \[mc] l_miol]_m ni _rj_lcg_hn. 

Tb[hem ni [ff `c_f^ qile_lm [h^ f[\ n_]bhc]c[hm `il nb_ b_fj, 

nb_s jlipc^_^ ^olcha nb_ l_m_[l]b _rj_lcg_hn. 
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[onbilm l_[^ [h^ [jjlip_^ nb_ `ch[f g[hom]lcjn. 

 

Cigjfc[h]_ wctb _tbc][f st[h^[r^s 

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

chn_l_mn ni ^_]f[l_.  

Etbc][f cssu_s: Nih_. 

  

R_`_r_h]_s   

1. R[q[f N, P[h^_ KR, Sbl_mnb[ R, Vcmn[ SP. Sicf honlc_hn \[f[h]_ 
[h^ micf `_lncfcns mn[nom oh^_l nb_ ch`fo_h]_ i` `_lncfct[ncih ch 

M[ct_-Wb_[n ]lijjcha msmn_g ch N_j[f. Ajjfc_^ [h^ 
Ehpclihg_hn[f Sicf S]c_h]_. 2022;pif. 2022:, jj. 11. Alnc]f_ ID 

2607468.  bnnjm://^ic.ila/10.1155/2022/2607468. 

2. Schab AK, Kog[l R, Bibl[ JS, Kog[q[n N. Fi^^_l sc_f^, honlc_hn 
ojn[e_ [h^ ko[fcns i` \[\s ]ilh (Z_[ g[sm L.) [m ch`fo_h]_^ \s 

NPKS [h^ Zh `_lncfct[ncih. R_m_[l]b ih Clijm. 2015;16(2):243-49. 
bnnjm://^ic.ila/10.5958/2348-7542.2015.00036.4 

3. Hii^[ S, K[q[nl[ A. Nonlcncih[f _p[fo[ncih i` \[\s ]ilh (Z_[ 

g[sm). Nonlcncih [h^ Fii^ S]c_h]_. 2013;43(1):68-73. bnnjm://
^ic.ila/10.1108/00346651311295932 

4. Kog[l RN, R[i CHR, Slce[hn P, R[i BR. M_]b[hc][f jlij_lnc_m i` 
]ilh `c\_l l_ch`il]_^ jifsjlijsf_h_ ]igjimcn_m omcha T[ao]bc 

g_nbi^. M[n_lc[fm Ti^[s: Pli]__^cham. 2015;2(4-5):3084-92. 

bnnjm://^ic.ila/10.1016/d.g[njl.2015.07.251 

5. H[gg[^ HM, Cb[qf[ MS, J[q[^ R, Afbok[cf A, B[eb[n HF, 
F[lb[^ W _n [f. Ep[fo[ncha nb_ cgj[]n i` hcnlia_h [jjfc][ncih ih 

aliqnb [h^ jli^o]ncpcns i` g[ct_ oh^_l ]ihnlif ]ih^cncihm. 
Flihnc_lm ch Pf[hn S]c_h]_. 2022;13:885479. bnnj://^ic.ila/ 

10.3389/`jfm.2022.885479. 

6. Kog[l R, P[le[mb RN, P[^b[h BK. Ah chmc^_ chni hcnlia_h om_ 
_ffc]c_h]s [h^ cnm cgjiln[h]_ ch ]lij jli^o]ncih. Jiolh[f i` 

Pb[lg[]iahims [h^ Pbsni]b_gcmnls. 2019;8(3):2652-57. 

7. S[h^bo N, S_nbc M, Kog[l A, D[ha D, Schab J, Cbboh_d[ P. 
Bci]b_gc][f [h^ a_h_nc] [jjli[]b_m cgjlipcha hcnlia_h om_ 

_ffc]c_h]s ch ]_l_[f ]lijm: A l_pc_q. Flihnc_lm ch Pf[hn S]c_h]_. 
2021;12:657629. bnnj://^ic.ila/ 10.3389/`jfm.2021.657629. 

8. Kb[h A, Lo G, As[t M, Zb[ha H, W[ha R, Lp F. Pbimjbilom 
_ffc]c_h]s, micf jbimjbilom ^sh[gc]m [h^ ]lcnc][f jbimjbilom 

f_p_f oh^_l fiha-n_lg `_lncfct[ncih `il mchaf_ [h^ ^io\f_ 

]lijjcha msmn_gm. Aalc] E]imsmn Ehpclih. 2018;256:1-11. bnnj://
^ic.ila/ 10.1016/d.[a__.2018.01.006. 

9. Dbcffih J, Till_m G, Dlcp_l E, Fcao_cl_^i B, R[oh WR. Wilf^ 

jbimjbilom om_ _ffc]c_h]s ch ]_l_[f ]lijm. Aalihigs Jiolh[f. 
2017;109:1670-77. bnnj://^ic.ila/10.2134/[alihd2016.08.0483. 

10. Lchi ACM, Bot_nnc S, T_cr_cl[ FMCM, G[fch^i FS, M[_mnl_fi PR, 
Ri^lcao_m MAC. Eff_]n i` jbimjbilom [jjfc_^ [m gihi 

[ggihcog jbimjb[n_-]i[n_^ jifsg_lm ch ]ilh ]ofnol_ oh^_l 

hi-ncff[a_ msmn_g. S_gch[. 2018;39:99-112. bnnj://
^ic.ila/10.5433/1679-0359.2018p39h1j99. 

11. Pl__nb[ PS, Sn[fch O. R_mjihm_ i` g[ct_ ni micf [jjfc_^ tch] 

`_lncfct_l oh^_l p[lscha [p[cf[\f_ tch] mn[nom i` micf. Ih^c[h 
Jiolh[f i` S]c_h]_ [h^ T_]bhifias. 2014;7(7):939-44. bnnjm://

^ic.ila/10.17485/cdmn/2014/p7c7.19 

12. Y[ha M, Lc Y, Lco Z, Tc[h J, Lc[ha L, Qco Y. A bcab []ncpcns tch] 
nl[hmjiln_l OmZIP9 g_^c[n_m tch] ojn[e_ ch lc]_. Pf[hn Jiolh[f. 

2020;103:1695-709. bnnj://^ic.ila/ 10.1111/njd.14855. 

13. Z[b__l IE, Afc S, S[f__g MH, Almf[h AM, Afc Q, A\\[m Z _n [f. Zch]-
fsmch_ mojjf_g_hn[ncih gcnca[n_m irc^[ncp_ mnl_mm ch l[j_m__^ 

(Bl[mmc][ h[jom L.) \s jl_p_hncha jbsninirc]cns i` ]bligcog, 
qb_h cllca[n_^ qcnb n[hh_ls q[mn_ q[n_l. Pf[hnm. 2020;9(9):1145. 

bnnjm://^ic.ila/10.3390/jf[hnm9091145. 

14. L[o^c]ch[ VA, B[^[fo]]i L, P[f[ttifi E. Eff_]nm i` ]igjimn chjon 
[h^ ncff[a_ chn_hmcns ih micf gc]li\c[f \cig[mm [h^ []ncpcns 

oh^_l M_^cn_ll[h_[h ]ih^cncihm. Bcifias [h^ F_lncfcns i` Sicfm. 
2011;47:63-70. bnnjm://^ic.ila/10.1007/m00374-010-0502-8 

15. Kctcfe[s[ R. Ncnlia_h `cr[ncih ][j[]cns i` Atini\[]n_l mjj. 

mnl[chm cmif[n_^ `lig micfm ch ^cff_l_hn _]imsmn_gm [h^ 
l_f[ncihmbcj \_nq__h nb_g [h^ nb_ gc]li\cifiac][f jlij_lnc_m 

i` micfm. Jiolh[f i` Ehpclihg_hn[f Bcifias. 2009;30(1):73-82. 

16. S[a[l A, S[ss_^ RZ, R[gn_e_ PW, R[g[elcmbh[ W, Pi]t[c P, Af 
O\[c^ S, Ahm[lc MJ. Ssh_lacmnc] _ff_]n i` Atini\[]n_l hcalc][hm 

[h^ hcnlia_h jbimjbilom jin[mmcog `_lncfct_l ih [alihigc] [h^ 
sc_f^ nl[cnm i` g[ct_ (Z_[ g[sm L.). Flihn Pf[hn S]c. 2022 Aoa 

3;13:952212. bnnj://^ic.ila/10.3389/`jfm.2022.952212. PMID: 
35991457; PMCID: PMC9384888. 

17. Kog[l R, Kog[q[hn N, Kog[l S, Schab AK, Bibl[ JS. Eff_]n i` 

NPKS [h^ tch] `_lncfct[ncih ih aliqnb, sc_f^ [h^ ko[fcns i` \[\s 
]ilh- A l_pc_q. Ihn_lh[ncih[f Jiolh[f i` Coll_hn Mc]li\cifias 

[h^ Ajjfc_^ S]c_h]_m. 2017;6(3):1392-428. bnnjm://
^ic.ila/10.20546/cd]g[m.2017.603.161 

18. Bcmq[m PK, S[lh[ NJ, Sbig_ S. Ih`fo_h]_ i` hcnlia_h ^im_ [h^ 

[jjfc][ncih g_nbi^ ih aliqnb [h^ sc_f^ i` \[\s ]ilh. 

https://plantsciencetoday.online
https://doi.org/10.1155/2022/2607468
https://doi.org/10.5958/2348-7542.2015.00036.4
https://doi.org/10.1108/00346651311295932
https://doi.org/10.1108/00346651311295932
https://doi.org/10.1016/j.matpr.2015.07.251
http://Doi.org/%2010.3389/fpls.2022.885479
http://Doi.org/%2010.3389/fpls.2022.885479
http://doi.org/%2010.3389/fpls.2021.657629
http://doi.org/%2010.1016/j.agee.2018.01.006
http://doi.org/%2010.1016/j.agee.2018.01.006
http://doi.org/10.2134/agronj2016.08.0483
http://doi.org/10.5433/1679-0359.2018v39n1p99.
http://doi.org/10.5433/1679-0359.2018v39n1p99.
https://doi.org/10.17485/ijst/2014/v7i7.19
https://doi.org/10.17485/ijst/2014/v7i7.19
http://doi.org/%2010.1111/tpj.14855
https://doi.org/10.3390/plants9091145
https://doi.org/10.1007/s00374-010-0502-8
http://doi.org/10.3389/fpls.2022.952212
https://doi.org/10.20546/ijcmas.2017.603.161
https://doi.org/10.20546/ijcmas.2017.603.161


9 

Pf[hn S]c_h]_ Ti^[s, ISSN 2348-1900 (ihfch_) 

B[haf[^_mb Aalihigs Jiolh[f. 2021;24(2):83-90. bnnjm://

^ic.ila/10.3329/\[d.p24c2.58015 

19. Gif[^[ SL, Sb[lg[ GL, J[ch HK. P_l`ilg[h]_ i` \[\s ]ilh (Z_[ 
g[sm L.) [m ch`fo_h]_^ \s mj[]cha, hcnlia_h `_lncfct[ncih [h^ 
jf[hn aliqnb l_aof[nilm oh^_l mo\ bogc^ ]ih^cncih ch 

R[d[mnb[h, Ih^c[. A`lc][h Jiolh[f i` Aalc]ofnol[f R_m_[l]b. 

2013;8(12):1100-107. bnnjm://^ic.ila/10.5897/AJAR12.1920 

20. Mo\[lie S, Nol[chc A, Wc][emihi FY, Qihcn MAH. Eff_]nm i` 
]igjimn [h^ jbimjbilom ih aliqnb [h^ sc_f^ i` mq__n ]ilh 

(Z_[ g[sm m[]]b[l[n[). R_m_[l]b ih Clijm. 2020;21(4):671-75. 
bnnjm://^ic.ila/10.31830/2348-7542.2020.104 

21. Lco DY, Zb[ha W, Lco YM, Cb_h XP, Zio CQ. Sicf [jjfc][ncih i` 
tch] `_lncfct_l ch]l_[m_m g[ct_ sc_f^ \s _hb[h]cha nb_ e_lh_f 

hog\_l [h^ e_lh_f q_cabn i` ch`_lcil al[chm. Flihnc_lm ch Pf[hn 

S]c_h]_. 2020;Pj. 188. bnnjm://^ic.ila/10.3389/
FPLS.2020.00188.  

22. Tb[l[e[ M, R[pcCb[h^l[ K, Schab V. Ih`fo_h]_ i` hcnlia_h [h^ 

tch] ih aliqnb [h^ sc_f^ i` \[\s ]ilh (Z_[ g[sm L.). 
Ihn_lh[ncih[f Jiolh[f i` Pf[hn [h^ Sicf S]c_h]_. 2021;33(23):64-

70. bnnjm://^ic.ila/10.9734/cdjmm/2021/p33c2330719 

23. Lih_ AA, Aff[c BA, N_bpc FA. Gliqnb, sc_f^ [h^ _]ihigc]m i` 
\[\s ]ilh (Z_[ g[sm L.) [m ch`fo_h]_^ \s Ihn_al[n_^ Nonlc_hn 

M[h[a_g_hn (INM) jl[]nc]_m. A`lc][h Jiolh[f i` Aalc]ofnol[f 
R_m_[l]b. 2013;8(37):4537-40. bnnjm://^ic.ila/10.5897/

AJAR08.335 

24. Hclj[l[ DS, V_e[lcs[ PD, Ae\[lc KN, Son[lc[ GS, V_lg[ HP. Eff_]n 
i` hcnlia_h [h^ jbimjbilom ih sc_f^ [h^ sc_f^ [nnlc\on_m i` 

g[ct_ ch Sionb S[ol[mbnl[, Ih^c[. Ihn_lh[ncih[f Jiolh[f i` 
Coll_hn Mc]li\cifias [h^ Ajjfc_^ S]c_h]_m. 2017;6(3):1945-49. 

bnnjm://^ic.ila/10.20546/cd]g[m.2017.603.221 

25. Kog[l D, Db[l S, Kog[l S, M__h[ DC, M__h[ RB. Eff_]n i` tch] 
[jjfc][ncih ih sc_f^ [nnlc\on_m [h^ sc_f^ i` g[ct_ [h^ qb_[n ch 

g[ct_-qb_[n ]lijjcha msmn_g. Ihn_lh[ncih[f Jiolh[f i` Coll_hn 
Mc]li\cifias [h^ Ajjfc_^ S]c_h]_m. 2019;8(1):1931-41. bnnjm://

^ic.ila/10.20546/cd]g[m.2019.801.203 

26. Cb[h^ SW, Somb__f[ R, Sl__f[nb[ D, Sb[hnc M, Homm[ch SA. Eff_]n 
i` tch] `_lncfct[ncih ih sc_f^ [h^ _]ihigc]m i` \[\s ]ilh (Z_[ 

g[sm L.). Jiolh[f i` Pb[lg[]iahims [h^ Pbsni]b_gcmnls. 
2017;6(5): 989-92. bnnjm://^ic.ila/10.20546/cd]g[m.2017.610.290 

27. M[b^c SS, H[m[h B, Schab L. Ih`fo_h]_ i` m__^ l[n_, hcnlia_h [h^ 

tch] ih `i^^_l g[ct_ (Z_[ g[sm L.) ch n_gj_l[n_ ]ih^cncihm i` 
q_mn_lh Hcg[f[s[m. Ih^c[h Jiolh[f i` Aalihigs. 2012;57:85-88. 

bnnjm://^ic.ila/10.59797/cd[.p57c1.4604 

28. Schab U, S[[^ AA, R[g T, Cb[h^ LMSA, Aa[ AA. Pli^o]ncpcns, 
_]ihigc]m [h^ hcnlia_h-om_ _ffc]c_h]s i` mq__n ]ilh (Z_[ g[sm 

m[]bb[l[n[) [m ch`fo_h]_^ \s jf[hncha a_ig_nls [h^ hcnlia_h 
`_lncfct[ncih. Ih^c[h Jiolh[f i` Aalihigs. 2012;57:43-48. bnnjm://

^ic.ila/10.59797/cd[.p57c1.4613 

29. Jimbc G, Cbcfq[f A. Eff_]n i` chn_al[n_^ honlc_hn g[h[a_g_hn ih 
aliqnb j[l[g_n_lm i` \[\s ]ilh (Z_[ g[sm L.). Ihn_lh[ncih[f 

Jiolh[f i` A^p[h]_m ch Aalc]ofnol[f S]c_h]_ [h^ T_]bhifias. 
2018;5(7):216-25. 

30. K[h^b[l M, R[g H, Kog[l R, M__h[ RK, Kog[l U, M[hdoh[nb[ 

SK. Nonlcncih[f ko[fcns i` \[\s ]ilh `i^^_l [m ch`fo_h]_^ \s 
ncff[a_ jl[]nc]_m [h^ hcnlia_h g[h[a_g_hn. Tb_ Ih^c[h Jiolh[f 

i` Ahcg[f S]c_h]_m. 2019;89(8):889-93. bnnjm://^ic.ila/10.56093/
cd[hm.p89c8.93026 

31. W[mcg S. Eff_]n i` tch] `_lncfct[ncih ih sc_f^ i` \[\s ]ilh (Z_[ 
g[sm L.). Jiolh[f i` Pf[hn Bcin_]bhifias [h^ Mc]li\cifias. 
2016;3(S4):7. 

32. M__h[ MD, Tcq[lc DD, Cb[o^b[lc SK, Bcmq[m DR, N[ld[ls B, 

M__h[ AL _n [f. Eff_]n i` \ci`_lncfct_l [h^ honlc_hn f_p_fm ih sc_f^ 
[h^ honlc_hn ojn[e_ \s g[ct_ (Z_[ g[sm L.). Ahh[fm i` Aalc-Bci 

R_m_[l]b. 2013;18(2):176-81. 

33. Monboeog[l VB, V_f[so^b[g K, Tb[p[jl[e[[mb N. Pf[hn aliqnb 

l_aof[nilm [h^ mjfcn [jjfc][ncih i` hcnlia_h cgjlip_m nb_ ko[fcns 
j[l[g_n_lm [h^ al__h ]i\ sc_f^ i` \[\s ]ilh (Z_[ g[sm L.). 

Jiolh[f i` Aalihigs. 2017;6(1):208-11. bnnjm://^ic.ila/10.3923/
d[.2007.208.211 

34. Oen_g A, Oen_g AG, Eg_efc_l HY. Eff_]n i` hcnlia_h ih sc_f^ [h^ 

mig_ ko[fcns j[l[g_n_lm i` mq__n ]ilh. Ciggohc][ncihm ch Sicf 
S]c_h]_m [h^ Pf[hn Ah[fsmcm. 2010;41:832-47. bnnjm://

^ic.ila/10.1080/00103621003592358 

35. V_lg[ NK, P[h^_s BK, Schab UP, Li^bc MD. Eff_]n i` miqcha 
^[n_m ch l_f[ncih ni chn_al[n_^ hcnlia_h g[h[a_g_hn ih aliqnb, 

sc_f^ [h^ ko[fcns i` l[\c g[ct_. Tb_ Jiolh[f i` Ahcg[f [h^ Pf[hn 
S]c_h]_m. 2012;22(2):324-29. 

36. Kb[h ZH, Sb[bc^ I, Ik\[f A, Ae\[l N, Jih_m LD. R_mjihm_ i` 

g[ct_ (Z_[ g[sm L.) p[lc_nc_m ni ^cff_l_hn f_p_fm i` hcnlia_h. Clij 
Ehpclihg_hn. 2011;2:15-19. 

37. R[mbc^ M, Ik\[f M. Eff_]n i` jbimjbilom `_lncfct_l ih nb_ sc_f^ 

[h^ ko[fcns i` g[ct_ (Z_[ g[sm L.) `i^^_l ih ]f[s fi[g micf. 
Jiolh[f i` Ahcg[f [h^ Pf[hn S]c_h]_m. 2012;22(1):199-203. 

38. Agonb[g GT, K[lnbce_s[h R, Tb[p[jl[e[[mb N, Bb[l[nbc C. 
Aalihigc] \ci`ilnc`c][ncih qcnb tch] ih sc_f^, honlcncih[f ko[fcns, 

honlc_hn ojn[e_ [h^ _]ihigc]m i` \[\s ]ilh. Jiolh[f i` Ajjfc_^ 

[h^ N[nol[f S]c_h]_. 2021;13(S1):80-85. bnnjm://
^ic.ila/10.31018/d[hm.p13cSI.2804 

39. N[la MM, B[fio]bc HR, F[l[d__ H, Y[^[pc AR. Tb_ _ff_]n i` 

hcnlia_h [h^ jbimjbilom ]b_gc][f [h^ \cifiac][f `_lncfct_lm ih 
al[ch sc_f^ [h^ ko[fcn[ncp_ nl[cnm i` mq__n ]ilh. Jiolh[f i` 

Somn[ch[\f_ Aalc]ofnol_ [h^ Pli^o]ncih S]c_h]_. 2013;23(3):89-
104. 

40. P[f MS, Jimbc G. Eff_]n i` chn_al[n_^ honlc_hn g[h[a_g_hn ih 

sc_f^, ko[fcns [h^ m_hmils _p[fo[ncih i` \[\s ]ilh (Z_[ g[sm L.). 
Jiolh[f i` Clij [h^ W__^. 2018;14(3):123-29. 

41. P[h]b[f BH, P[n_f VK, P[n_f KP, Kbcg[hc RK. Eff_]n i` 

\ci`_lncfct_lm, ila[hc] g[hol_m [h^ ]b_gc][f `_lncfct_lm ih 
gc]li\c[f jijof[ncih, sc_f^ [h^ sc_f^ [nnlc\on_m [h^ ko[fcns i` 

mq__n ]ilh (Z_[ g[sm L., m[]]b[l[n[) ]p. M[^bolc. Ihn_lh[ncih[f 
Jiolh[f i` Coll_hn Mc]li\cifias [h^ Ajjfc_^ S]c_h]_m. 2018;7

(9):2423-31. bnnjm://^ic.ila/10.20546/cd]g[m.2018.709.301 

42. Kog[l P, L[fcnb[ BS, B_aog SS, Sig[mb_e[l KS. Eff_]n i` `ifc[l 
honlcncih ih honlcncih[f ko[fcns i` \[\s ]ilh (Z_[ g[sm L.) [h^ 

^_bs^l[n_^ \[\s ]ilh _hlc]b_^ jli^o]nm. Ihn_lh[ncih[f Jiolh[f 
i` Pol_ [h^ Ajjfc_^ Bcim]c_h]_. 2018;6(2):107-13. bnnjm://

^ic.ila/10.18782/2320-7051.6334 

43. Sb_n[ BT, K[fs[h[moh^[l[g NK, P[n_f KC. Qo[fcns j[l[g_n_lm 
[h^ jf[hn honlc_hn l[ncim i` `il[a_ j_[lf gcff_n [m ch`fo_h]_^ \s 

hcnlia_h, jin[mmcog [h^ mofjbol f_p_fm ch fi[gs m[h^ micfm i` 
Ah[h^. Ah Amc[h Jiolh[f i` Sicf S]c_h]_. 2010;5(1):116-21. 

44. J[^b[p MB, Ih^ofe[l BS, D_mbgoeb AV, P[q[l VS. Eff_]n i` 

ila[hc] [h^ chila[hc] `_lncfct_lm ih aliqnb j[l[g_n_lm i` mq__n 
]ilh. Jiolh[f i` Pb[lg[]iahims [h^ Pbsni]b_gcmnls. 2019;8

(5):1505-09. 

45. T[i H, Millcm TF, Ksp_lsa[ P, M]Gocl_ J. F[]nilm _ff_]ncha 
hcnlia_h [p[cf[\cfcns [h^ p[lc[\cfcns ch ]ilh`c_f^m. Sicf F_lncfcns 

[h^ Clij Nonlcncih. 2018;110(5):1974-86. bnnjm://
^ic.ila/10.2134/[alihd2017.11.0631 

46. M[nb_q EE, W[`of[ WN, Kilcl NK, Gq_sc-Ohs[hai JP. Eff_]n i` 

jbimjbilom f_p_fm ih micf jlij_lnc_m [h^ jf[hn ncmmo_m i` nqi 
h_lc][ p[lc_nc_m. Amc[h Sicf R_m_[l]b Jiolh[f. 2018;1(3):1-9. 

bnnjm://^ic.ila/10.9734/[mld/2018/p1c3682 

https://doi.org/10.3329/baj.v24i2.58015
https://doi.org/10.3329/baj.v24i2.58015
https://doi.org/10.5897/AJAR12.1920
https://doi.org/10.31830/2348-7542.2020.104
https://doi.org/10.3389/FPLS.2020.00188
https://doi.org/10.3389/FPLS.2020.00188
https://doi.org/10.9734/ijpss/2021/v33i2330719
https://doi.org/10.5897/AJAR08.335
https://doi.org/10.5897/AJAR08.335
https://doi.org/10.20546/ijcmas.2017.603.221
https://doi.org/10.20546/ijcmas.2019.801.203
https://doi.org/10.20546/ijcmas.2019.801.203
https://doi.org/10.20546/ijcmas.2017.610.290
https://doi.org/10.59797/ija.v57i1.4604
https://doi.org/10.59797/ija.v57i1.4613
https://doi.org/10.59797/ija.v57i1.4613
https://doi.org/10.56093/ijans.v89i8.93026
https://doi.org/10.56093/ijans.v89i8.93026
https://doi.org/10.3923/ja.2007.208.211
https://doi.org/10.3923/ja.2007.208.211
https://doi.org/10.1080/00103621003592358
https://doi.org/10.1080/00103621003592358
https://doi.org/10.31018/jans.v13iSI.2804
https://doi.org/10.31018/jans.v13iSI.2804
https://doi.org/10.20546/ijcmas.2018.709.301
https://doi.org/10.18782/2320-7051.6334
https://doi.org/10.18782/2320-7051.6334
https://doi.org/10.2134/agronj2017.11.0631
https://doi.org/10.2134/agronj2017.11.0631
https://doi.org/10.9734/asrj/2018/v1i3682

