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A\str[]t   

Sis\_[h (Glycine max (L.) M_llcff.) cm [h _mm_hnc[f `ii^ [h^ ch^omnlc[f ]lij, 

\on cn ][h \_ b_[pcfs [ff_]n_^ \s ^lioabn, _mj_]c[ffs ^olcha nb_ ji^ aliqnb 

mn[a_. Bl[mmchimn_lic^m (BRm) [l_ l_jiln_^ ni [ff_pc[n_ ^lioabn mnl_mm, \on 

nb_ _ff_]ncp_h_mm g[s ^_j_h^ mnlihafs ih BR ]ih]_hnl[ncih [h^ ncgcha i` 

nb_ [jjfc][ncih, [h^ hi l_m_[l]b b[m chp_mnca[n_^ nbcm cmmo_. Tbcm mno^s 

[cg_^ ni ^_n_lgch_ nb_ mocn[\f_ ]ih]_hnl[ncih i` BRm [h^ ncg_ i` nl_[ng_hn 

ni b_fj mis\_[h jf[hnm qcnbmn[h^ ^lioabn ]ih^cncihm ^olcha ji^ aliqnb. 

Tb_ _rj_lcg_hn q[m ]ih^o]n_^ qcnb [ ]igjf_n_fs l[h^igct_^ ^_mcah, qcnb 

`iol ]ih]_hnl[ncihm i` BRm: 0 jjg (q[n_l) (B0), 0.1 jjg (B1), 0.2 jjg (B2), 

0.3 jjg (B3), [h^ nbl__-ncg_ jichnm `il nb_ [jjfc][ncih i` BR nl_[ng_hn: 

mi[echa \_`il_ miqcha (T1), f_[` mjl[s qb_h 50% i` jf[hnm `fiq_l_^ (T2), 

f_[` mjl[s qb_h 50% i` nb_ jf[hnm b[^ ji^ [n f_[mn 0.5 ]g ch f_hanb (T3). Tb_ 

l_mofnm mbiq_^ nb[n BRm 0.2 jjg a[p_ nb_ bcab_mn jf[hn `l_mb [h^ ^ls 

\cig[mm, [m q_ff [m liin f_hanb [h^ mn_g ^c[g_n_l. Tl_[ng_hn B2T2 b[^ nb_ 

bcab_mn nin[f hog\_l i` `clg ji^m [h^ nb_ bcab_mn hog\_l i` `clg m__^m [n 

22.2 [h^ 44.6, l_mj_]ncp_fs, qcnb nb_ q_cabn i` 100 m__^m l_[]bcha 17.9 a, 

f_[^cha ni nb_ bcab_mn []no[f sc_f^ i` 97.0 a/jfin. Tb_m_ l_mofnm ch^c][n_ nb[n 

qcnb [jjlijlc[n_ ]ih]_hnl[ncih [h^ ncgcha (0.2 jjg ^olcha `fiq_lcha), nb_ 

[jjfc][ncih i` BRm ][h mcahc`c][hnfs [ff_pc[n_ ^lioabn mnl_mm _ff_]nm ih 

mis\_[h jf[hnm ^olcha ji^ aliqnb, cgjlipcha m__^ sc_f^ [h^ ko[fcns. 

 

K_ywor^s   

\l[mmchimn_lic^; ^lioabn; mis\_[h; m__^ ko[fcns; sc_f^  

 

Intro^u]tcon   

Sis\_[h (Glycine max (L.) Merrill.) jf[sm [h cgjiln[hn lif_ ch afi\[f 

[alc]ofnol_ [m \inb [h cgjiln[hn ch^omnlc[f ]lij [h^ [h _mm_hnc[f `ii^ 

miol]_, []]iohncha `il 27.7% i` afi\[f ]iiecha icf (ihfs [ft_l j[fg nl__), 

[h^ 69.8% i` afi\[f jlin_ch g_[f (1). Hiq_p_l, cnm jli^o]ncih cm [fq[sm 

nbl_[n_h_^ \s ^lioabn mnl_mm, qbc]b mis\_[h jf[hnm [l_ j[lnc]of[lfs 

mom]_jnc\f_ ni (2). Wcnb gi^_l[n_ ni m_p_l_ ^lioabn, nb_ fimm ch sc_f^ i` 

mis\_[h ]iof^ l_[]b 1.56 ni 3.25 ncg_m bcab_l nb[h nb[n i` g[ct_ (3). 

Dlioabn ^olcha nb_ l_jli^o]ncp_ mn[a_ cm _mj_]c[ffs ^[g[acha ni mis\_[hm 

[h^ ][h ][om_ oj ni 74% fimm ch sc_f^ ]igj[l_^ ni 24% `il ^lioabn ^olcha 

p_a_n[ncp_ aliqnb (4). Do_ ni nb_ ch]l_[mchafs ]igjfc][n_^ mcno[ncih i` 

]fcg[n_ ]b[ha_, ^lioabnm [l_ \_]igcha gil_ [h^ gil_ m_lciom [h^ 

qc^_mjl_[^, nbl_[n_hcha mis\_[h jli^o]ncih [h^ `ii^ m_]olcns ch g[hs 

l_acihm (2). 
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PHAN ET AL  2     

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

 Ti gchcgct_ nb_ [^p_lm_ _ff_]nm i` ^lioabn ih 

mis\_[h ]ofncp[ncih, l_m_[l]b_lm b[p_ _rjfil_^ [ p[lc_ns i` 

mnl[n_ac_m, ch]fo^cha nb_ [jjfc][ncih i` jf[hn aliqnb 

l_aof[nilm. Agiha nb_m_, \l[mmchimn_lic^m (BRm) [l_ 

mn_lic^ bilgih_m nb[n jf[s [ e_s lif_ ch g[hs 

jbsmcifiac][f jli]_mm_m, ch]fo^cha ]_ff _fiha[ncih, 

^cpcmcih, ^cff_l_hnc[ncih, jbinimshnb_mcm, [h^ mnl_mm 

nif_l[h]_ g_]b[hcmgm (5). R_a[l^cha ^lioabn mnl_mm ch 

j[lnc]of[l, BRm b[p_ \__h mbiqh ni gcnca[n_ nb_ h_a[ncp_ 

_ff_]nm ih nb_ a[m _r]b[ha_ i` Brassica juncea jf[hnm, 

ch]l_[mcha nb_ jbinimshnb_nc] l[n_, mnig[n[f ]ih^o]n[h]_, 

[h^ q[n_l-om_ _ffc]c_h]s (6). 

 Tb_ om_ i` BRm ch [ff_pc[ncha nb_ [^p_lm_ _ff_]nm i` 
^lioabn mnl_mm ih mis\_[hm b[m \__h nb_ mo\d_]n i` m_p_l[f 

mno^c_m (7, 8). Hiq_p_l, ]biimcha nb_ [jjlijlc[n_ 

]ih]_hnl[ncih [h^ ncgcha i` BR [jjfc][ncih cm cgjiln[hn ni 

[]bc_p_ ijncg[f _ff_]ncp_h_mm ch cgjlipcha nb_ aliqnb [h^ 

sc_f^ i` mis\_[hm oh^_l ^lioabn ]ih^cncihm, s_n hi 

l_m_[l]b b[m \__h ^ih_ ih nbcm nijc]. Tb_l_`il_, nbcm mno^s 

q[m ]ih^o]n_^ ni chp_mnca[n_ nb_ ijncg[f BR 

]ih]_hnl[ncih [h^ ncgcha i` [jjfc][ncih `il ^lioabn 

gcnca[ncih ch mis\_[hm, [cgcha ni jlipc^_ jl[]nc][f 

l_]igg_h^[ncihm `il `[lg_lm [h^ [alihigcmnm ni 

ijncgct_ mis\_[h ]ofncp[ncih jl[]nc]_m, gchcgct_ nb_ 

cgj[]n i` ^lioabn mnl_mm, [h^ _hmol_ `ii^ m_]olcns ch nb_ 

`[]_ i` ]b[hacha ]fcg[n_ ]ih^cncihm. 

 

M[t_rc[ls [n^ M_tbo^s 

Tcm_ [n^ lo][tcon 

Tb_ _rj_lcg_hn q[m ]ih^o]n_^ [n nb_ Erj_lcg_hn[f F[lg 

i` nb_ F[]ofns i` Aalihigs [n Niha L[g Uhcp_lmcns Hi Cbc 

Mchb Ccns, Vc_nh[g `lig D_]_g\_l 2022 ni M[s 2023. 

M[t_rc[ls 

Tb_ mis\_[h p[lc_ns HLDN 910 q[m m_f_]n_^ `lig [ bs\lc^ 

]ig\ch[ncih (HL 203 × OMDN 1). V[lc_ns ]b[l[]n_lcmnc]m: 

jlin_ch ]ihn_hn 34.7%; fcjc^m 19%; ]ih]_hnl[n_^ ji^ 

lcj_hcha; fiq ji^ ^_bcm]_h]_; l_mcmn[hn ni lomn, \[]n_lc[f 

f_[` \fcabn, [h^ ji^ lin. 

Bf[]e jf[mnc] jinm q_l_ 28 × 23 × 23 ]g (nij ^c[g_n_l × 

\innig ^c[g_n_l × b_cabn) ch mct_. 

Sicf cm n[e_h `lig Xo[h Tbic Tboiha ]iggoh_, Hi] Mih, 

Hi Cbc Mchb Ccns, qcnb 10 ea micf/jin. Sicf m[gjf_m q_l_ 

[h[fst_^ [n nb_ R_m_[l]b Ihmncnon_ `il Bcin_]bhifias [h^ 

Ehpclihg_hn, Niha L[g Uhcp_lmcns Hi Cbc Mchb Ccns ch 

2022 (T[\f_ 1).  

Exp_rcm_nt ^_scan 

Tb_ nqi-`[]nil _rj_lcg_hn q[m [ll[ha_^ ch [ ]igjf_n_fs 
l[h^igct_^ ^_mcah (CRD), qcnb 3 l_jfc][ncihm, _[]b qcnb 12 

jinm (3 jf[hnm j_l jin). Tb_ _rj_lcg_hn ]ihmcmn_^ i` nb_ 

`iffiqcha _rj_lcg_hn[f `[]nilm: ]ih]_hnl[ncih i` BRm (B 

`[]nil) qcnb 4 f_p_fm: B0: 0 jjg (q[n_l), B1 (0.1 jjg), B2 

(0.2 jjg), B3 (0.3 jjg); [h^ ncg_ i` BR [jjfc][ncih (T 

`[]nil) qcnb 3 f_p_fm: T1 (\_`il_ miqcha, \s m__^ mi[echa), 

T2 (qb_h 50% i` nb_ jf[hnm `fiq_l_^, \s f_[` mjl[s), T3 

(qb_h 50% i` nb_ jf[hnm b[^ ji^m fiha_l nb[h 0.5 ]g, \s 

f_[` mjl[s). 

M_tbo^s 

Tb_ `_lncfct_l `ilgof[ (ea/b[) i` 40-40-60 (N - P2O5 - K2O) 

q[m om_^ `il [ff nl_[ng_hnm, _kocp[f_hn ni 0.84 a ol_[, 3.6 a 

moj_ljbimjb[n_, [h^ 0.96 a jin[mmcog ]bfilc^_ j_l jin. Aff 

nb_ jbimjb[n_ `_lncfct_l q[m gcr_^ qcnb nb_ micf \_`il_ 

jinncha. H[f` nb_ [giohn i` hcnlia_h [h^ jin[mmcog q[m 

[jjfc_^ \s nij-^l_mmcha qb_h nb_ jf[hnm b[^ 1–2 nlo_ 

f_[p_m. Tb_ l_g[chcha `_lncfct_l q[m [jjfc_^ qb_h nb_ 

jf[hnm b[^ 4–5 nlo_ f_[p_m. 

 B_`il_ nb_ ^lioabn, jf[hnm q_l_ q[n_l_^ _p_ls ^[s 

ni `off micf ][j[]cns (ch^c][n_^ \s f_[echa). Dlioabn 

]ih^cncih q[m [jjfc_^ \s qcnbbif^cha q[n_l `il 8 ^[sm, 

mn[lncha `lig qb_h 50% i` nb_ jf[hnm b[^ ji^m fiha_l nb[h 

0.5 ]g, ]ill_mjih^cha ni 49 ^[sm [ft_l miqcha (DAS). Sicf 

q[n_l ]ihn_hn (SWC) q[m gihcnil_^ _p_ls ^[s ^olcha nb_ 

^lioabn j_lci^. Pinm q_l_ l_q[n_l_^ ni `off micf ][j[]cns 

qb_h nb_ ^lioabn j_lci^ q[m ip_l [h^ l_]_cp_^ hilg[f 

cllca[ncih `lig nb_h ohncf b[lp_mn. Fil T1 nl_[ng_hnm, 

\_`il_ miqcha, nb_ m__^m q_l_ mi[e_^ `il 8 biolm ch BR 

mifoncihm (M_l]e, G_lg[hs) i` ^cff_l_hn ]ih]_hnl[ncihm 

^_j_h^cha ih nl_[ng_hnm. Ih nb_ l_g[chcha nl_[ng_hnm, BR 

mifoncihm i` ^cff_l_hn ]ih]_hnl[ncihm q_l_ mjl[s_^ _p_hfs 

ih nb_ ojj_l mc^_ i` nb_ f_[p_m (100 gL j_l _rj_lcg_hn[f 

jfin) [n nb_ ncg_m ^_mcah_^. 

M_[sur_m_nts 

Gliqnb, sc_f^ ]igjih_hnm, [h^ jbsmcifiac][f nl[cnm q_l_ 

g_[mol_^ l[h^igfs ih `cp_ jf[hnm ch `cp_ ^cff_l_hn jinm ch 

_[]b jfin. Tb_ jf[hn b_cabn, mn_g ^c[g_n_l, [h^ hog\_l i` 

jlcg[ls \l[h]b_m q_l_ g_[mol_^ 14 ^[sm [ft_l nb_ ihm_n 

i` nb_ ^lioabn j_lci^. Oh 60 DAS, nb_ `l_mb [h^ ^ls 

\cig[mm q[m i\n[ch_^. Tb_ q_cabn i` 100 m__^m (a) q[m 

g_[mol_^ \s q_cabcha 3 m[gjf_m, _[]b qcnb 100 m__^m, 

[h^ n[echa [p_l[a_. Tb_ []no[f sc_f^ q[m ][f]of[n_^ [m nb_ 

nin[f q_cabn i` [ff nb_ m__^m ch nb_ qbif_ _rj_lcg_hn[f 

jfin. Plifch_ ]ihn_hn i` nb_ f_[p_m q[m ^_n_lgch_^ 

[]]il^cha ni P[koch [h^ L_]b[mm_ol (9). 

St[tcstc][l [n[lyscs 

Aff ^[n[ q_l_ ][f]of[n_^ omcha Mc]limift Er]_f 2010, [h^ 

[h[fsm_m i` p[lc[h]_ (ANOVA) q_l_ j_l`ilg_^ omcha 

RSno^ci 4.1.0 miftq[l_ (Pimcn, PBC, USA). Tb_ nl_[ng_hnm 

q_l_ l[he_^ omcha nb_ f_[mn mcahc`c][h]_ ^cff_l_h]_ (LSD) 

n_mn [n nb_ jli\[\cfcns i` 0.05. 

 

T_xtur_ (%) 

pH 
Ora[nc] m[t-

t_r (%) 
Tot[l N (%) 

Tot[l P2O5 
(%) 

Tot[l K2O 
(%) 

Cl[y Sclt Fcn_ s[n^ Co[rs_ s[n^ 

11.47 18.68 31.89 37.96 8.04 2.62 0.10 0.24 0.23 

T[\l_ 1. Pbsmc][f [h^ ]b_gc][f jlij_lnc_m i` micf om_^ ch nb_ _rj_lcg_hn 
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R_sults  [n^ Dcs]usscon 

Socl w[t_r ]ont_nt ^urcna ^rouabt p_rco^ 

Tb_ mocn[\f_ SWC `il mis\_[h jf[hnm [n nb_ ji^ aliqnb 

mn[a_ cm 70–80%. Hiq_p_l, [m mbiqh ch Fcaol_ 1, ih nb_ 

`iolnb ^[s mch]_ q[n_l qcnb^l[q[f, nb_ SWC [fl_[^s 

^lijj_^ \_fiq 70%, qbc]b [ff_]n_^ ji^ aliqnb. An nb_ 

_h^ i` nb_ ^lioabn j_lci^ (8 ^[sm i` q[n_l qcnb^l[q[f), 

nb_ SWCm ch [ff nl_[ng_hnm ^lijj_^ \_fiq 50% (T[\f_ 2). 

Ihn_l_mnchafs, nb_ [jjfc][ncih i` BRm, l_a[l^f_mm i` 

]ih]_hnl[ncih, f_^ ni mn[ncmnc][ffs bcab_l SWCm ]igj[l_^ 

ni nl_[ng_hnm qcnb hi BR [jjfc][ncih. Tbcm l_mofn mbiqm 

nb[n nb_ [jjfc][ncih i` BRm ch^o]_^ nb_ jf[hnm ni l_^o]_ 

q[n_l ]ihmogjncih, qbc]b ]iof^ b_fj nb_g qcnbmn[h^ 

^lioabn ]ih^cncihm \_nn_l. Hiq_p_l, nb_l_ q[m hi 

mn[ncmnc][f ^cff_l_h]_ ch SWC [giha nl_[ng_hnm qcnb 

^cff_l_hn ncg_m i` BR [jjfc][ncih, ch^c][ncha nb[n nbcm _ff_]n 

i` BRm ch ch^o]cha q[n_l ]ihm_lp[ncih oh^_l ^lioabn ch 

mis\_[h cm fiha-f[mncha, [h^ ]iof^ \_ l_n[ch_^ `lig nb_ 

ncg_ nb_ m__^m q_l_ jlcg_^ qcnb BRm ohncf ji^ aliqnb 

mn[a_. P_l_t-Billini _n [f. (7), qbcf_ chp_mnca[ncha nb_ 

_ff_]nm i` [ `oh]ncih[f BR [h[fia DI-31 ih mis\_[h ^lioabn 

nif_l[h]_, [fmi mbiq_^ nb[n DI-31 jl_p_hn_^ nb_ ^_]fch_ ch 

][hijs aliqnb [h^ _hb[h]_^ nb_ q[n_l _ffc]c_h]s i` 

mis\_[h jf[hnm mch]_ nb_ _[lfs mn[a_m i` q[n_l ^_jlcp[ncih. 

Eff_]t o` ]on]_ntr[tcon [n^ tcm_ o` \r[sscnost_roc^ 

tr_[tm_nt on b_cabt, st_m ^c[m_t_r, [n^ num\_r o` 

prcm[ry \r[n]b_s o` soy\_[n pl[nts 

Tb_ [jjfc][ncih i` BRm ^c^ hin [ff_]n jf[hn b_cabn [h^ 

hog\_l i` jlcg[ls \l[h]b_m oh^_l ^lioabn ]ih^cncihm, 

l_a[l^f_mm i` nb_ BR ]ih]_hnl[ncih [h^ ncg_ i` [jjfc][ncih 

(T[\f_ 3). Tb_ jf[hn b_cabn l[ha_^ `lig 82.1 ]g ni 114.1 

]g. Tb_ hog\_l i` jlcg[ls \l[h]b_m l[ha_^ `lig 2.1 

\l[h]b_m/jf[hn ni 3.0 \l[h]b_m/jf[hn. Tbcm ]iof^ \_ 

\_][om_, \s nb_ ncg_ nb_ jf[hnm _rj_lc_h]_^ ^lioabn, nb_s 

b[^ [fl_[^s ]igjf_n_^ nb_ p_a_n[ncp_ aliqnb ]s]f_. 

Tb_l_`il_, hi mcahc`c][hn [^p_lm_ _ff_]nm i` ^lioabn, [h^ 

]ihm_ko_hnfs hi cgjlipcha _ff_]nm i` BRm, q_l_ i\m_lp_^ 

ch nb_m_ g_[mol_g_hnm.  

 Hiq_p_l, nb_ ]ih]_hnl[ncih i` BRm q[m mbiqh ni 

b[p_ mn[ncmnc][ffs mcahc`c][hn _ff_]nm ih mn_g ^c[g_n_l. 

Uhfce_ mn_g _fiha[ncih [h^ \l[h]b ^_p_fijg_hn, mn_g 

bilctihn[f _rj[hmcih cm gil_ l_f[n_^ ni m_]ih^[ls aliqnb 

nb[n i]]olm [ft_l _fiha[ncih nblioab nb_ ^_p_fijg_hn i` 

nb_ p[m]of[l ][g\cog f[s_l (10, 11), [h^ ]iof^ mncff \_ 

b[jj_hcha ^olcha nb_ ^lioabn j_lci^ ch nbcm _rj_lcg_hn, 

qbc]b ]iof^ _rjf[ch nb_ ^cff_l_h]_m [giha nl_[ng_hnm. 

Tb_ chcnc[ncih [h^ ^cff_l_hnc[ncih i` p[m]of[l ][g\cog [l_ 

mnlihafs [ff_]n_^ \s _hpclihg_hn[f `[]nilm, j[lnc]of[lfs 

q[n_l [p[cf[\cfcns (12,13), nbom nb_ ^lioabn j_lci^ ]iof^ 

b[lg mn_g _rj[hmcih [h^ ^_p_fijg_hn i` mis\_[h jf[hnm 

ch nbcm _rj_lcg_hn. BR [jjfc][ncih q[m mbiqh ni b_fj 

gcnca[n_ nb_m_ [^p_lm_ _ff_]nm. Tb_ fiq_mn mn_g ^c[g_n_l 

Fca. 1. Sicf q[n_l ]ihn_hnm ch [ff nl_[ng_hnm ^olcha ^lioabn j_lci^ 

Tcm_ o` 
[pplc][tcon 

(T) 

BR ]on]_ntr[tcon (B) 
Av_r[a_ 

T 
B0 B1 B2 B3 

T1 42.9 46.8 47.5 46.8 46.0 

T2 43.5 46.5 46.2 45.7 45.5 

T3 43.1 47.6 47.3 45.2 45.8 

Ap_l[a_ B 43.2 B(1) 46.9 A 47.0 A 45.9 A   

CV (%) = 2.4; FB = 22.3***(2); FT = 0.7 hm; FBT = 1.2 hm 

T[\l_ 2. Sicf q[n_l ]ihn_hn i` nb_ nl_[ng_hnm [n nb_ _h^ i` nb_ ^lioabn 
j_lci^ 

(2): hm, *** ^_hin_ hihmcahc`c][hn il mcahc`c][hn ^cff_l_h]_ [n α = 0.001, 
l_mj_]ncp_fs, []]il^cha ni nqi-q[s ANOVA; 

(1): Nog\_lm qcnb nb_ m[g_ [fjb[\_n [l_ hin mn[ncmnc][ffs ^cff_l_hn []]il^cha 
ni nb_ LSD n_mn [n α = 0.05. 

M_[sur_m_nts 

Tcm_           
o` 

[pplc][tcon 
(T) 

BR ]on]_ntr[tcon (B) 
Av_r[a_ 

T B0 B1 B2 B3 

Pf[hn b_cabn 
(]g) 

T1 82.1 103.4 112.1 106.8 101.1 

T2 97.6 101.4 114.1 95.6 102.2 

T3 90.2 97.6 90.7 94.4 93.2 

Ap_l[a_ B 89.9 100.8 105.6 98.9   

CV (%) = 17.4; FB = 1.3 hm(1); FT = 0.9 hm; FBT = 0.6 hm 

Nog\_l i` 
jlcg[ls 

\l[h]b_m 
(\l[h]b_m/

jf[hn) 

T1 2.3 2.7 2.4 2.5 2.5 

T2 2.5 2.6 3.0 2.5 2.7 

T3 2.1 2.4 2.7 2.6 2.4 

Ap_l[a_ B 2.3 2.5 2.7 2.5   

CV (%) = 13.3; FB = 2.7 hm; FT = 1.7 hm; FBT = 0.9 hm 

Sn_g 
^c[g_n_l 

(gg/jf[hn) 

T1 3.5 4.8 4.7 4.6 4.4 

T2 4.2 4.1 4.9 4.2 4.3 

T3 3.8 4.8 4.2 4.3 4.2 

Ap_l[a_ B 3.8 B(2) 4.6 A 4.6 A 4.3 AB   

CV (%) = 13.6; FB = 3.3*; FT = 0.1hm; FBT = 0.3 hm 

Riin f_hanb 

(]g/jf[hn) 

T1 21.0 22.8 27.2 22.2 23.2 

T2 20.0 23.1 28.1 25.9 24.3 

T3 21.2 22.7 25.5 22.1 22.8 

Ap_l[a_ B 20.7 B 22.5 B 26.9 A 23.4 AB   

CV (%) = 11.3; FB = 8.5***; FT = 1.0 hm; FBT = 0.6 hm 

T[\l_ 3. Eff_]n i` ]ih]_hnl[ncih [h^ ncg_ i` BR nl_[ng_hn ih b_cabn, mn_g 
^c[g_n_l, [h^ hog\_l i` jlcg[ls \l[h]b_m i` mis\_[h jf[hnm oh^_l 
^lioabn 

(1): hm, *, *** ^_hin_ hihmcahc`c][hn il mcahc`c][hn ^cff_l_h]_ [n α = 0.05 il 
0.001, l_mj_]ncp_fs, []]il^cha ni nqi-q[s ANOVA; 

(2): ch nb_ m[g_ liq, hog\_lm qcnb nb_ m[g_ [fjb[\_nm [l_ hin mn[ncmnc][ffs 
^cff_l_hn []]il^cha ni nb_ LSD n_mn [n α = 0.05. 
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q[m ch mis\_[h jf[hnm oh^_l ^lioabn ]ih^cncihm qcnbion 

BRm (3.8 gg/jf[hn) [h^ q[m mcahc`c][hnfs ^cff_l_hn `lig 

nb[n i` mis\_[h jf[hnm mjl[s_^ qcnb BRm [n nqi 

]ih]_hnl[ncihm i` 0.1 jjg (4.6 gg/jf[hn) [h^ 0.2 jjg (4.6 

gg/jf[hn). Ih nolh, gil_ ^_p_fij_^ p[m]of[l ncmmo_m 

[ffiq_^ \_nn_l q[n_l [h^ honlc_hn nl[hmjiln[ncih, qbc]b 

]iof^ b_fj qcnb jf[hn nif_l[h]_ ni ^lioabn [h^ 

mo\m_ko_hn l_]ip_ls, ch]l_[mcha sc_f^. Tb_m_ l_mofnm q_l_ 

mcgcf[l ni (14), qbi mbiq_^ nb[n ]bc]ej_[m (Cicer 

arietinum) _rjim_^ ni q[n_l mnl_mm [h^ nl_[n_^ qcnb BRm 

b[^ mcahc`c][hn ch]l_[m_m ch mn_g nbc]eh_mm [m q_ff [m `l_mb 

[h^ ^ls q_cabn, hog\_l i` ncff_lm, liin []ncpcns, [h^ hcnl[n_ 

l_^o]n[m_ []ncpcns. 

 Scgcf[lfs, liin f_hanb q[m `ioh^ ni \_ bcab_mn qb_h 

BR mifoncih [n nb_ ]ih]_hnl[ncih i` 0.2 jjg q[m [jjfc_^, 

l_[]bcha 26.9 ]g (T[\f_ 2 [h^ Fca. 2), [fnbioab nb_ 

^cff_l_h]_ q[m hin mn[ncmnc][ffs mcahc`c][hn ]igj[l_^ ni nb_ 

nl_[ng_hn qcnb 0.3 jjg BRm. Tb_ ncg_ i` BR [jjfc][ncih 

[h^ nb_ chn_l[]ncih \_nq__h nb_ nqi `[]nilm ^c^ hin 

jli^o]_ mcahc`c][hn _ff_]nm. R_^o]ncih ch liin f_hanb cm ih_ 

i` nb_ g[dil [^p_lm_ _ff_]nm i` ^lioabn (15). Cb_h _n [f. 

b[p_ mbiqh nb[n gon[hn ]innih jf[hnm (Gossypium 

hirsutum L.) qcnb BR ^_`c]c_h]s b[^ mbiln_l jlcg[ls liinm 

[h^ `_q_l f[n_l[f liinm, [h^ q_l_ ]ihm_ko_hnfs gil_ 

m_hmcncp_ ni ^lioabn mnl_mm (16). Am mbiqh ch iol mno^s, [ 

mocn[\f_ ]ih]_hnl[ncih i` BRm ]iof^ b_fj gcnca[n_ nb_ 

h_a[ncp_ cgj[]n i` ^lioabn ih liin f_hanb, qbc]b, ch nolh, 

]iof^ b_fj jf[hnm []]_mm gil_ q[n_l ch nb_ micf, [ffiqcha 

`il \_nn_l nif_l[h]_ ni ^lioabn.  

Eff_]t o` ]on]_ntr[tcon [n^ tcm_ o` \r[sscnost_roc^ 

tr_[tm_nt on tb_ \com[ss o` soy\_[n pl[nts 

Ajjfc][ncih i` BRm [n nb_ ]ih]_hnl[ncih i` 0.2 jjg 

l_mofn_^ ch nb_ bcab_mn `l_mb [h^ ^ls \cig[mm i` mis\_[h 

jf[hnm, mcahc`c][hnfs ^cff_l_hn `lig inb_l BR 

]ih]_hnl[ncihm. Ih j[lnc]of[l, jf[hnm nl_[n_^ qcnb 0.2 jjg 

BR b[^ nbl__ `if^m bcab_l `l_mb [h^ ^ls q_cabnm ]igj[l_^ 

ni nbim_ nl_[n_^ qcnb ihfs q[n_l (Fca. 3). Tbcm ch^c][n_m nb[n 

jbinimshnb_mcm [h^ \cig[mm []]ogof[ncih q_l_ 

g[chn[ch_^ q_ff ch nb_m_ jf[hnm oh^_l ^lioabn ]ih^cncihm, 

[h^ bcabfcabncha nb_ _ff_]ncp_h_mm i` BRm ch gcnca[ncha 

^lioabn ^[g[a_ ch mis\_[h jf[hnm. According to Krishna 

(17), BRs help increase plant tolerance to drought by 

increasing water uptake and membrane stability and 

maintaining higher carbon dioxide and nitrogen 

assimilation rates. A mno^s ih nig[ni_m \s Yo[h _n [f. (18) 

mbiq_^ nb[n nb_ jbinimshnb_nc] l[n_ mcahc`c][hnfs 

^_]l_[m_^ oh^_l q[n_l mnl_mm ^o_ ni [ l_^o]ncih ch 

mnig[n[f ]ih^o]n[h]_, [h^ BR ]iof^ [ff_pc[n_ q[n_l mnl_mm 

[h^ ch]l_[m_ jbinimshnb_mcm. Scgcf[lfs, Ho[ha _n [f. (19) 

mbiq_^ nb[n BRm ]iof^ _fcgch[n_ nb_ ^lioabn-ch^o]_^ 

^iqh l_aof[ncih i` a_h_m chpifp_^ ch jbinimshnb_mcm [h^ 

jf[hn aliqnb l_aof[nil mcah[fcha, g[chn[chcha 

jbinimshnb_nc] l[n_, aliqnb, [h^ sc_f^ oh^_l gi^_l[n_ 

^lioabn. Hiq_p_l, hi mcahc`c][hn ^cff_l_h]_m q_l_ `ioh^ [m 

[ l_mofn i` ^cff_l_hn BR [jjfc][ncih ncg_m []limm nl_[ng_hnm 

i` nb_ m[g_ BR ]ih]_hnl[ncihm ch iol mno^s, _r]_jn [n [ BR 

]ih]_hnl[ncih i` 0.2 jjg \_nq__h BR [jjfc][ncih [n 

`fiq_lcha ncg_ (T2) [h^ ji^ aliqnb ncg_ (T3). 

Eff_]t o` ]on]_ntr[tcon [n^ tcm_ o` \r[sscnost_roc^ 

tr_[tm_nt on yc_l^ ]ompon_nts o` soy\_[n pl[nts 

D[g[a_ ^o_ ni ^lioabn mnl_mm ^olcha nb_ p_a_n[ncp_ 

aliqnb mn[a_ ][h \_ ]igj_hm[n_^ ni mig_ _rn_hn qcnb 

moffc]c_hn q[n_lcha ^olcha nb_ l_jli^o]ncp_ aliqnb mn[a_. 

Hiq_p_l, ^lioabn mnl_mm ^olcha nb_ l_jli^o]ncp_ aliqnb 

mn[a_ n_h^m ni l_^o]_ sc_f^ cll_p_lmc\fs (20). R_^o]ncih ch 

m__^ `cffcha qbc]b f_[^m ni `f[n m__^m, m__^ [\ilncih, [h^ 

`f[n ji^m cm [ g[dil [^p_lm_ _ff_]n i` ^lioabn ih f_aog_ 

jf[hnm, j[lnc]of[lfs mis\_[hm. Do _n [f. (21) l_jiln_^ nb[n 

^lioabn mnl_mm cgj_^_m nb_ []ncp[ncih i` mo]lim_ 

g_n[\ifcmg [h^ nb_ jf[hn’m ][j[]cns ni ohfi[^ mo]lim_ 

chni m__^m ^olcha _[lfs m__^ ^_p_fijg_hn ch mis\_[hm. An 

nb_ gc^^f_ [h^ f[n_ mn[a_ i` m__^-`cffcha, mo]lim_ `fiq `lig 

f_[p_m ni m__^m q[m ^cgchcmb_^, [h^ nb_ \[f[h]_ i` 

mo]lim_ g_n[\ifcmg q[m cgj[cl_^ ch m__^m, l_mofncha ch 

m__^ g[mm l_^o]ncih. Tb_ chnli^o]ncih i` ^lioabn [n nb_ 

m__^ aliqnb mn[a_ hin ihfs l_^o]_m m__^ aliqnb \on (][h 

[fmi ^_]l_[m_ nb_ jlin_ch [h^ fcjc^ ]ihn_hnm i` nb_ m__^m, 

f_[^cha ni ^cgchcmb_^ m__^ ko[fcns (22). 

Fca. 2. Riin f_hanb ch [ff nl_[ng_hnm ih 60 DAS 
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 Ool l_mofnm ^_gihmnl[n_ nb[n BR [jjfc][ncih ]iof^ 

gcnca[n_ nb_m_ h_a[ncp_ cgj[]nm i` ^lioabn, [h^ nb_ 

_ff_]ncp_h_mm ^_j_h^_^ ih BR ]ih]_hnl[ncih. T[\f_ 4 [h^ 

Fca. 4 mbiq nb_ nin[f hog\_l i` `clg ji^m [h^ `clg m__^m i` 

mis\_[hm l_[]b_^ nb_ bcab_mn i` 22.2 ji^m/jf[hn [h^ 44.6 

m__^m/jf[hn, l_mj_]ncp_fs, qb_h nb_ jf[hnm q_l_ nl_[n_^ 

qcnb 0.2 jjg BRm [n nb_ ncg_ i` `fiq_lcha (T2), qbc]b q[m 

mn[ncmnc][ffs bcab_l nb[h [ff inb_l nl_[ng_hnm _r]_jn `il 

nl_[ng_hn B3T1. Wbcf_ ^cff_l_h]_m ch n_lgm i` nb_ q_cabn i` 

100 m__^m q_l_ f_mm ]f_[l, nl_[ng_hn B2T2 q[m mncff l[he_^ 

[giha nb_ \_mn nl_[ng_hnm. Tb_m_ l_mofnm ]ofgch[n_^ ch 

nb_ bcab_mn []no[f sc_f^ ch nbcm nl_[ng_hn (97.0 a), 

l_jl_m_hncha 62–83% ch]l_[m_m ]igj[l_^ ni nl_[ng_hnm 

qcnb hi BR [jjfc][ncihm, [h^ mn[ncmnc][ffs bcab_l nb[h [ff 

inb_l nl_[ng_hnm. Onb_l mno^c_m b[p_ l_jiln_^ mcgcf[l 

cgjlip_g_hn _ff_]nm i` BRm il nb_cl [h[fiam ih nb_ sc_f^ i` 

mis\_[hm oh^_l ^lioabn (7) (8). 

Fca. 3. Eff_]n i` ]ih]_hnl[ncih [h^ ncg_ i` BR nl_[ng_hn ih nb_ \cig[mm i` mis\_[h jf[hnm oh^_l ^lioabn. 

(1): ch nb_ m[g_ g_[mol_g_hn, hog\_lm qcnb nb_ m[g_ [fjb[\_n [l_ hin mn[ncmnc][ffs ^cff_l_hn []]il^cha ni nb_ LSD n_mn [n α = 0.05; B[lm l_jl_m_hn mn[h^[l^ _llilm. 

Fca. 4. S__^m i` mis\_[h jf[hnm oh^_l ^lioabn mnl_mm qcnb ^cff_l_hn BR ]ih]_hnl[ncihm [h^ ncg_m i` [jjfc][ncih ih 60 DAS. 
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 Tb_ sc_f^ ^[n[ q_l_ f[la_fs ch [al__g_hn qcnb nb_ 

^[n[ i` jf[hn \cig[mm ch n_lgm i` BR ]ih]_hnl[ncih, c._., 

0.02 jjg BRm q[m nb_ gimn _ff_]ncp_ [n gcnca[ncha ^lioabn 

_ff_]nm ch mis\_[hm. Hiq_p_l, nb_s [fmi bcabfcabn nb_ 

cgjiln[h]_ i` jlij_l [jjfc][ncih ncg_ `il nb_ g[rcgog 

_ff_]n i` BRm. Ajjfc][ncih i` 0.02 jjg BRm [n nb_ `fiq_lcha 

ncg_ mcahc`c][hnfs cgjlip_^ nb_ _ff_]ncp_h_mm i` BRm, acpcha 

[h []no[f sc_f^ (97.0 a) nb[n q[m 22% bcab_l nb[h nb_ 

m_]ih^-\_mn nl_[ng_hn (B3T3, qcnb nb_ []no[f sc_f^ i` 79.8 

a). Ti iol ehiqf_^a_, nbcm mno^s cm nb_ `clmn ni mbiq nb_ 

ch`fo_h]_ i` [jjfc][ncih ncg_ ih nb_ _ffc][]s i` BRm ch 

`[]cfcn[ncha ^lioabn nif_l[h]_ ch mis\_[hm. Hiq_p_l, gil_ 

^_n[cf_^ mno^c_m [l_ h__^_^ ni ^_n_lgch_ qb_nb_l nbcm 

ch`fo_h]_ cm gil_ [mmi]c[n_^ qcnb nb_ l_f[ncpcns \_nq__h 

nb_ [jjfc][ncih ncg_ [h^ nb_ ^lioabn j_lci^ (c._., jl_-

_gjncp_ [jjfc][ncih 7 ^[sm \_`il_ nb_ ^lioabn), il cm ^o_ 

ni nb_ [jjfc][ncih [n nb_ ]ill_]n ^_p_fijg_hn[f mn[a_ i` 

nb_ jf[hnm (^olcha `fiq_lcha) ni ch^o]_ ji^ aliqnb [h^ 

cgjlip_ sc_f^.  

 In cm [fmi cgjiln[hn ni hin_ nb[n m__^ mi[echa qcnb 

BR mifoncihm q[m mncff ][j[\f_ i` mcahc`c][hnfs gcnca[ncha 

^lioabn ^[g[a_ [h^ cgjlipcha sc_f^. A jl_pciom mno^s \s 

Ho[ha _n [f. (19) [fmi ^_gihmnl[n_^ nb_ jimmc\cfcns i` 

[jjfscha m__^ jlcgcha qcnb BRm ni cgjlip_ nb_ aliqnb [h^ 

sc_f^ i` j_[honm oh^_l ^lioabn ]ih^cncihm. Tb_m_ l_mofnm 

mbiq nb_ fiha-f[mncha _ff_]n i` BRm ch ch^o]cha ^lioabn 

nif_l[h]_ ch jf[hnm, [ffiqcha `il gil_ ijncihm ch nb_ 

jl[]nc][f [jjfc][ncih i` BRm.  

M_[sur_m_nts Tcm_ o` [pplc][tcon (T) 

BR ]on]_ntr[tcon (B) 

Av_r[a_ T 

B0 B1 B2 B3 

Nog\_l i` `clg ji^m         
(ji^m/jf[hn) 

T1 10.7 _`(1) 15.5 \] 15.2 \] 18.6 [\ 15.0 A 

T2   9.4 ` 13.3 ]^_ 22.2 [ 11.8 ^_` 14.2 A 

T3   8.4 ` 11.6 ^_` 11.0 _` 11.2 _` 10.5 B 

Ap_l[a_ B   9.5 C 13.4 B 16.1 A 13.9 B   

CV (%) = 8.6; FB = 49.8***(2); FT = 49.3”*”; FBT = 23.3*** 

Nog\_l i` `clg m__^m 
(m__^m/jf[hn) 

T1 18.7 _ 29.7 \] 30.6 \ 39.3 [ 29.5 A 

T2 17.0 _ 26.8 \]^ 44.6 [ 23.2 ]^_ 27.9 A 

T3 16.7 _ 22.0 ^_ 21.8 ^_ 23.0 ]^_ 20.9 B 

Ap_l[a_ B 17.4 C 26.1 B 32.3 A 28.5 B   

CV (%) = 8.9; FB = 65.1***; FB = 46.1***; FBT = 27.4*** 

W_cabn i` 100 m__^m (a) 

T1 12.9 ]^ 14.5 \]^ 13.3 ]^ 18.0 [ 14.7 B 

T2 12.2 ^ 16.1 [\] 17.9 [ 17.3 [\ 15.8 A 

T3 12.9 ]^ 18.1 [ 15.1 [\]^ 16.8 [\ 15.7 A 

Ap_l[a_ B 12.7 C 16.2 AB 15.5 B 17.4 A   

CV (%) = 6.4; FB = 35.5**; FT = 5.1*; FBT = 7.3*** 

A]no[f sc_f^ (a) 

T1 52.9 _ 74.8 \] 68.9 \]^ 68.2 \]^_ 66.0 B 

T2 58.1 ^_ 62.1 \]^_ 97.0 [ 73.2 \]^ 72.8 A 

T3 59.9 ]^_ 68.7 \]^ 67.1 \]^_ 79.8 \ 68.9 AB 

Ap_l[a_ B 57.0 C 68.5 B 77.7 A 73.7 AB   

CV (%) = 7.2; FB = 29.1***; FT = 5.6**; FBT = 12.5*** 

T[\l_ 4. Eff_]n i` ]ih]_hnl[ncih [h^ ncg_ i` BR nl_[ng_hn ih sc_f^ ]igjih_hnm i` mis\_[h jf[hnm oh^_l ^lioabn 

(2): hm, *, **, *** ^_hin_ hihmcahc`c][hn il mcahc`c][hn ^cff_l_h]_m [n α = 0.05, 0.01, il 0.001, l_mj_]ncp_fs, []]il^cha ni nqi-q[s ANOVA; 

(1): Ih nb_ m[g_ g[nlcr, hog\_lm qcnb nb_ m[g_ [fjb[\_n [l_ hin mn[ncmnc][ffs ^cff_l_hn []]il^cha ni nb_ LSD n_mn [n α = 0.05. 
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Eff_]t o` ]on]_ntr[tcon [n^ tcm_ o` \r[sscnost_roc^ 

tr_[tm_nt on prolcn_ ]ont_nt o` soy\_[n pl[nts 

T[\f_ 5 mbiqm nb[n qb_h [h[fst_^ `il mchaf_-`[]nil _ff_]nm, 

nb_ jlifch_ ]ihn_hn ch f_[p_m n_h^_^ ni ^_]l_[m_ [m nb_ BR 

]ih]_hnl[ncih ch]l_[m_^. Wbcf_ nb_ ncg_ i` BR [jjfc][ncih 

[fih_ ^c^ hin ch`fo_h]_ jlifch_ []]ogof[ncih, nb_ 

chn_l[]ncih \_nq__h nbcm `[]nil [h^ BR ]ih]_hnl[ncih [fmi 

mbiq_^ mn[ncmnc][ffs mcahc`c][hn _ff_]nm ih f_[` jlifch_ 

]ihn_hn, \on hi ]f_[l nl_h^m q_l_ i\m_lp_^. 

 Plifch_ cm [h [gchi []c^ omo[ffs []]ogof[n_^ qb_h 

jf[hnm _rj_lc_h]_ mnl_mm_m, [h^ b[m gofncjf_ lif_m ch jf[hn 

l_mjihm_ ni mnl_mm_m, j[lnc]of[lfs ^lioabn, mo]b [m 

mn[\cfctcha jlin_ch [h^ jl_p_hncha jlin_ch [aal_a[ncih, 

[]ncha [m imgifsn_, m][p_hacha ROS [h^ jl_p_hncha 

irc^[ncp_ ^[g[a_, mn[\cfctcha ]_ffof[l big_imn[mcm, _n]. 

(23). R_^o]ncih ch jlifch_ ]ihn_hn [m nb_ BR ]ih]_hnl[ncih 

ch]l_[m_^ ]iof^ \_ [h ch^c][ncih nb[n nb_ h_a[ncp_ _ff_]nm 

i` ^lioabn q_l_ [ff_pc[n_^ gil_ qcnb bcab_l BR 

]ih]_hnl[ncih, qbc]b cm f[la_fs ch [al__g_hn qcnb aliqnb 

[h^ sc_f^ ^[n[. Tb_m_ l_mofnm mbiq nb[n BRm gcnca[n_ 

^lioabn mnl_mm ch mis\_[hm hin \s ch^o]cha []]ogof[ncih 

i` jlifch_ ni ]ig\[n ^lioabn ^[g[a_ \on \s [ ^cff_l_hn 

g_]b[hcmg ch^_j_h^_hn i` jlifch_. Hiq_p_l, cn cm 

chn_l_mncha ni hin_ nb[n nbcm nl_h^ i` jlifch_ ]ihn_hn 

l_^o]ncih ]ihncho_^ qb_h nb_ BR ]ih]_hnl[ncih ch]l_[m_^ 

ni 0.3 jjg, qbcf_ jf[hn aliqnb [h^ sc_f^ [n nbcm BR 

]ih]_hnl[ncih q_l_ fiq_l nb[h [n nb_ BR ]ih]_hnl[ncih i` 

0.2 jjg. Tbcm moaa_mnm nb[n BRm b[p_ inb_l ^cl_]n 

ch`fo_h]_m ih jlifch_ mshnb_mcm [h^ []]ogof[ncih \_mc^_m 

nb_ ch^cl_]n _ff_]nm nblioab [ff_pc[ncha jf[hn mnl_mm. Mil_ 

^_n[cf_^ mno^c_m [l_ h__^_^ ni ]ih`clg [h^ _rjf[ch nb_m_ 

i\m_lp[ncihm.   

 

Con]luscon   

Ajjfc][ncih i` BRm [n nb_ ]ih]_hnl[ncih i` 0.2 jjg 

mcahc`c][hnfs cgjlip_^ aliqnb g_[mol_g_hnm, mo]b [m 

mn_g ^c[g_n_l, liin f_hanb, [h^ `l_mb [h^ ^ls q_cabn, i` 

mis\_[h jf[hnm mo\d_]n_^ ni ^lioabn mnl_mm ^olcha nb_ jin 

aliqcha mn[a_. Tb_ [jjfc][ncih i` nbcm BR ]ih]_hnl[ncih [n 

nb_ ]ill_]n ncg_, c._., ^olcha nb_ `fiq_lcha mn[a_ i` nb_ 

jf[hnm, ch]l_[m_^ nb_ _ff_]ncp_h_mm i` BRm ch ^lioabn mnl_mm 

gcnca[ncih, [h^ al_[nfs cgjlip_^ [ff sc_f^ ]igjih_hnm, 

acpcha nb_ bcab_mn []no[f sc_f^ i` 97.0 a, qbc]b q[m 62–83% 

bcab_l nb[h nb[n i` jf[hnm qcnb hi BR [jjfc][ncih. 

Hiq_p_l, nb_ _ff_]nm i` BRm ch gcnca[ncha ^lioabn mnl_mm 

q_l_ hin ^_j_h^_hn ih nb_ ch^o]ncih i` jlifch_ 

[]]ogof[ncih ch nb_ f_[p_m. 
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VHP ^_mcah_^ nb_ mno^s [h^ j[lnc]cj[n_^ ch nb_ aliqnb 

[h^ \ci]b_gc][f g_[mol_g_hnm [h^ [h[fsm_m. TTHL 

]ih^o]n_^ nb_ ]ofncp[ncih, mnl_mm, [h^ BR [jjfc][ncih, [h^ 

j[lnc]cj[n_^ ch aliqnb g_[mol_g_hn. DMP j[lnc]cj[n_^ ch 

nb_ mn[ncmnc][f [h[fsmcm [h^ qlcncha g[hom]lcjn. LTTN 

j[lnc]cj[n_^ ch \ci]b_gc][f [h[fsmcm. KCN j[lnc]cj[n_^ ch 

nb_ ]ofncp[ncih [h^ aliqnb [h[fsm_m. TMB j[lnc]cj[n_^ ch 

nb_ ^_mcahcha [h^ ]iil^ch[ncih i` nb_ mno^s, [h^ qlcncha 
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g[hom]lcjn. 
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