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A\str[]t   

Hogc] []c^ (HA) cm [h ila[hc] jli^o]n nb[n cm [jjfc_^ [m [ `ifc[l mjl[s ni 

mncgof[n_ nb_ aliqnb [h^ b_[fnb i` p[lciom bilnc]ofnol[f [h^ [alc]ofnol[f 

]lijm. Hiq_p_l, cnm cgj[]n ih nb_ aliqnb, sc_f^, [h^ b_[fnb i` _rinc] 

p_a_n[\f_ ]lijm mo]b [m \ie ]bis (Brassica rapa L.) [h^ l_^ f_[` f_nno]_ 

(Lactuca sativa L.) h__^m ni \_ `olnb_l _rjfil_^. Tb_ ]oll_hn mno^s [cg_^ ni 

[mm_mm nb_ cgj[]n i` `ifc[l [jjfc][ncih i` HA ih nb_ aliqnb [h^ \cig[mm 

jli^o]ncih i` \ie ]bis [h^ l_^ f_[` f_nno]_. Nin[\fs, nb_ `ifc[l mjl[s i` 2% 

HA l_mofn_^ ch ch]l_[m_^ jf[hn b_cabn, f_[` f_hanb [h^ qc^nb, f_[` [l_[, [h^ 

ip_l[ff jf[hn \cig[mm jli^o]ncih ch \inb \ie ]bis [h^ l_^ f_[` f_nno]_ 

]igj[l_^ ni nb_ ]ihnlif alioj. Hiq_p_l, nb_ `ifc[l mjl[s i` HA ^c^ hin 

mcahc`c][hnfs [ff_]n nb_ mbiin [h^ liin f_hanb, hil nb_ hog\_l i` f_[p_m i` 

\ie ]bis ]igj[l_^ ni [ ]ihnlif. Mil_ip_l, nb_ [jjfc][ncih i` HA 

mcahc`c][hnfs cgjlip_^ nb_ mbiin f_hanb [h^ nb_ hog\_l i` f_[p_m i` l_^ f_[` 

f_nno]_ ]igj[l_^ ni nb_ ]ihnlif alioj. H_h]_, HA _g_la_m [m [ jligcmcha 

h[nol[f l_miol]_ `il _hb[h]cha [alc]ofnol[f jli^o]ncih momn[ch[\fs. In ]iof^ 

m_lp_ [m [ moj_lcil aliqnb _hb[h]_l `il \inb \ie ]bis [h^ l_^ f_[` f_nno]_. 

 

K_ywir^s   

bogc] []c^; `ifc[l [jjfc][ncih; \ie]bis; l_^ f_[` f_nno]_; aliqnb; \cig[mm  

 

Ihtri^u]tcih   

Do_ ni nb_ ]ihmn[hn om_ i` chila[hc] `_lncfct_lm [h^ ]b_gc][fm ch ]lij 

]ofncp[ncih, [alc]ofnol_ ][h f_[^ ni p[lciom ^_nlcg_hn[f _ff_]nm ih micf 

ko[fcns [h^ _]imsmn_g `oh]ncih, ch]fo^cha _hpclihg_hn[f jiffoncih, 

l_^o]ncih i` micf gc]li\c[f jijof[ncih, fiq_lcha i` micf ila[hc] g[nn_l, 

l_^o]ncih i` mifo\cfcns [h^ gi\cfcns i` micf gc]li [h^ g[]lihonlc_hnm, [h^ 

gil_ (1). Afn_lh[ncp_fs, nb_ om_ i` ila[hc] `_lncfct_lm ch ]lij jli^o]ncih cm nb_ 

\_mn q[s ni l_^o]_ nb_ oncfct[ncih i` mshnb_nc] `_lncfct_lm [h^ [ali]b_gc][fm 

qbcf_ cgjlipcha nb_ jbsmci]b_gc][f [h^ \cifiac][f jlij_lnc_m i` nb_ micf (2). 

Hogc] []c^ (HA) cm [h cgjiln[hn ila[hc] `_lncfct_l qc^_fs [jjfc_^ ch 

[alc]ofnol_ msmn_gm ni _hb[h]_ micf `_lncfcns [h^ ko[fcns, honlc_hn ojn[e_ 

_ffc]c_h]s, [m q_ff [m nb_ aliqnb, b_[fnb, [h^ sc_f^ i` p[lciom cgjiln[hn `c_f^ 

]lijm (3). In cm nb_ g[ch ]igjih_hn i` bogc] mo\mn[h]_m (HS) [fiha qcnb 

bogch [h^ `ofpc] []c^, qbc]b [l_ h[nol[ffs mshnb_mct_^ `lig nb_ 

^_]igjimcncih i` ila[hc] g[nn_l mo]b [m jf[hnm [h^ [hcg[fm (4). Nin[\fs, 

HA ]ihmcmnm i` 37.2 ni 75.8% ][l\ih, 7.9 ni 56.6% irsa_h, 1.6 ni 11.7% 

bs^lia_h, 0.5 ni 10.5% hcnlia_h, 0.1 ni 8.3% mofjbol, [h^ inb_l mo\mn[h]_m 
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ANANDAKUMAR ET AL  2     

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

nb[n mncgof[n_ jf[hn aliqnb [h^ b_[fnb, ch [^^cncih ni 

cgjlipcha micf ko[fcns (5).  

 Plcg[lcfs, HA [jjfc][ncih cgjlip_^ nb_ jbsmci-

]b_gc][f [h^ \cifiac][f jlij_lnc_m i` micf \s l_aof[ncha nb_ 

`ilg[ncih i` micf q[n_l-mn[\f_ [aal_a[n_m, [_l[ncih, [h^ 

jH, ch]l_[mcha q[n_l bif^cha [h^ ][ncih _r]b[ha_ ][j[]cns 

i` nb_ micf, [m q_ff [m _hb[h]cha nb_ lc]bh_mm [h^ []ncpcns i` 

micf gc]liila[hcmgm (6, 7). B_mc^_m cgjlipcha micf ko[fcns, 

cn jligin_m jf[hn aliqnb [h^ b_[fnb \s _hb[h]cha nb_ 

ojn[e_ i` honlc_hnm, m__^ a_lgch[ncih, `ilg[ncih [h^ 

^_p_fijg_hn i` liinm, [m q_ff [m jligincha liin [h^ mbiin 

aliqnb (8, 9). Igjlipcha micf `_lncfcns [h^ mncgof[ncha jf[hn 

aliqnb \s [jjfc][ncih i` HA ]ihm_ko_hnfs ch]l_[m_m nb_ 

sc_f^ [h^ ko[fcns i` ]lijm (10, 11). A^^cncih[ffs, HA 

[jjfc][ncih q[m `ioh^ ni cgjlip_ nb_ jf[hn'm nif_l[h]_ ni 

mnl_mm ]ih^cncihm mo]b [m ^lioabn, fiq n_gj_l[nol_, [h^ 

m[fchcns (9, 12–14), [m q_ff [m l_mcmn[h]_ ni ^cm_[m_m [h^ 

]lij j_mnm (8, 15, 16). Nog_liom l_jilnm moaa_mn nb[n HA 

[jjfc][ncih b[m jimcncp_ _ff_]nm ih nb_ aliqnb, b_[fnb, [h^ 

sc_f^ i` p[lciom ]lijm, ch]fo^cha j_[hon (11), \[h[h[ (16), 

qb_[n (17), g[ct_ (18), moa[l][h_ m__^fcham (19), ]o]og\_l 

(20), [h^ nig[ni (21). Ih l[l_ ][m_m, HA [jjfc][ncih 

cgjlip_^ nb_ micf jbimjbilom [p[cf[\cfcns i` f_nno]_ oh^_l 

]ofncp[ncih (22).  

 Bie ]bis (Brassica rapa L.) [fmi ehiqh [m mjiih 

][\\[a_ il Cbch_m_ ]b[l^, \_fiham ni nb_ `[gcfs 

Bl[mmc][]_[_ [h^ nblcp_m \_mn ch n_gj_l[n_ [h^ 

mo\nlijc][f l_acihm qcnb [h ijncgog n_gj_l[nol_ i` 18–

20ºC (23). In cm [ \c_hhc[f al__h-f_[` p_a_n[\f_ ]lij 

]f[mmc`c_^ oh^_l nb_ Cbch_m_ ][\\[a_ p[lc_ns, qcnb [ afi\[f 

jli^o]ncih i` 70.84 g_nlc] nihm ch 2018 (24). Bie]bis cm [ 

bcab-p[fo_ p_a_n[\f_, ]ihn[chcha `c\_l, jlin_ch, pcn[gchm 

(A, B, B2, B6, [h^ C), [m q_ff [m ][f]cog, `ifc] []c^, 

g[ah_mcog, ]ijj_l, [h^ clih (25). Scgcf[lfs, f_nno]_ 

(Lactuca sativa L.) cm [h cgjiln[hn f_[`s p_a_n[\f_ 

\_fihacha ni nb_ `[gcfs Amn_l[]_[_ [h^ alioj_^ chni m_p_h 

^cff_l_hn nsj_m, ch]fo^cha l_^-f_[` f_nno]_. A]]il^cha ni 

^[n[ jo\fcmb_^ \s nb_ Fii^ [h^ Aalc]ofnol_ Ola[hct[ncih 

(FAO), f_nno]_ qilf^qc^_ jli^o]ncih _r]__^_^ 20 gcffcih 

nihm j_l s_[l ch 2022 (26). In cm [fmi [h cgjiln[hn miol]_ i` 

gch_l[fm, pcn[gchm, [h^ jbsnihonlc_hnm mo]b [m 

][lin_hic^m, `f[pihic^m, [h^ jb_hifc] []c^m, ch]fo^cha 

]s[hc^ch, ko_l]_nch, ][ft[lc] []c^, ]bfilia_hc] []c^, 

cmi]bfilia_hc] []c^, [h^ ]bc]ilc] []c^ (27). Tb_m_ nqi f_[`s 

p_a_n[\f_m [l_ cgjiln[hn ^c_n[ls miol]_m i` _mm_hnc[f 

honlc_hnm [h^ [hncirc^[hnm, ]ihnlc\oncha ni bog[h b_[fnb 

(25–27). Ihn_l_mnchafs, [ `ifc[l [jjfc][ncih i` 2% HA q[m 

`ioh^ ni cgjlip_ nb_ aliqnb [h^ sc_f^ i` goha\_[h [h^ 

ifcp_ (28, 29). H_h]_, [ 2% HA mjl[s ]iof^ \_ [h ijncgog 

]ih]_hnl[ncih `il _hb[h]cha nb_ aliqnb [h^ sc_f^ i` f_[`s 

p_a_n[\f_m. Bocf^cha ih nbcm ]ihh_]ncih, [ 2% HA `ifc[l 

mjl[s q[m om_^ ch nbcm chp_mnca[ncih.  Hiq_p_l, nb_ _ff_]n i` 

HA ih nb_ aliqnb [h^ sc_f^ i` _rinc] p_a_n[\f_ ]lijm mo]b 

[m \ie ]bis [h^ l_^ f_[` f_nno]_ cm hin q_ff _rjfil_^ [h^ 

h__^m `olnb_l mno^s. Wcnb nbcm l[ncih[f_, nb_ ]oll_hn mno^s 

q[m ]ih^o]n_^ ni [mm_mm nb_ _ff_]n i` `ifc[l [jjfc][ncih i` 

HA ih nb_ aliqnb [h^ \cig[mm cgjlip_g_hn i` \ie ]bis 

[h^ l_^ f_[` f_nno]_. 

 

M[t_rc[fs [h^ M_tbi^s 

Pf[htcha g[t_rc[f, bugc] []c^, [h^ ariwtb g_^c[ 

R_^ f_[` (RZ-Cb_lie__) [h^ \ie ]bis (Tiecni-Cbiei) 

m__^fcham q_l_ aliqh ch 98-]_ff jfoa jilnl[s ]ihn[chcha [ 

gcrnol_ i` ]i]i j_[n [h^ p_lgc]igjimn gcrnol_ (3:1). 

Sj_]c`c][ffs, m__^m q_l_ miqh ch^cpc^o[ffs ch _[]b ]_ff i` 

nb_ jilnl[s ]ihn[chcha nb_ aliqnb g_^c[. Aft_l m__^ 

a_lgch[ncih, m__^fcham q_l_ q[n_l_^ ih]_ _p_ls nqi ^[sm 

\s mjlchefcha [h^ mojjfc_^ qcnb [ 100 jjg q[n_l-mifo\f_ 

NPK (19:19:19) `ifc[l mjl[s [n `cp_-^[sm chn_lp[fm oj ni 20 

^[sm i` miqcha (DOS), [m om_^ `il nb_ mno^s. Tb_ bogc] 

[]c^ (HA) om_^ `il nb_ mno^s q[m jol]b[m_^ `lig Scag[-

Af^lc]b (CAS hog\_l: 1415-93-6). A 2% HA mifoncih q[m 

jl_j[l_^ [h^ om_^ `il `ifc[l mjl[s. Tb_ micf om_^ `il 

aliqcha nb_ jf[hnm q[m ]iff_]n_^ `lig [ `[lg_l'm `c_f^ 

fi][n_^ [n Kiie[fnbil[c, Kinb[aclc, Ncfaclcm. Tb_ jbsmci-

]b_gc][f ]b[l[]n_lcmnc]m i` ]iff_]n_^ micf om_^ `il nb_ mno^s 

q_l_ _r[gch_^, [h^ nb_ l_mofnm [l_ jlipc^_^ ch T[\f_ 1. 

Exj_rcg_ht[f ^_scah, tr_[tg_hts, [h^ jf[ht ariwtb  

A jin ]ofnol_ _rj_lcg_hn q[m ]ih^o]n_^ omcha [ 

R[h^igct_^ Cigjf_n_ Bfi]e D_mcah (RCBD) qcnb nqi 

nl_[ng_hnm [h^ mcr l_jfc][ncihm ch [ Pifsbiom_ [n 

Kiie[fnbil[c, Kinb[aclc, Ncfaclcm. Tb_ _rj_lcg_hn[f 

nl_[ng_hnm ch]fo^_^ [ ]ihnlif alioj qcnbion HA `ifc[l 

mjl[s (CT) [h^ [ alioj qcnb [ 2% HA `ifc[l mjl[s (HA). 20 

^[sm if^ m__^fcham q_l_ nl[hmjf[hn_^ chni 2.5 ea jf[mnc] 

jin ]ihn[chcha 2.0 ea i` micf gcrnol_ jl_j[l_^ \s gcrcha 

l_^ micf [h^ m[h^ [n [ l[nci i` 3:1. Ih [ nin[f i` 24 jinm, 12 

jinm q_l_ [ffi][n_^ `il _[]b l_^ f_[` [h^ \ie ]bis. 10 ^[sm 

[ft_l nl[hmjf[hncha, [ 2% HA `ifc[l mjl[s q[m [jjfc_^. Aff 

nb_ jinm q_l_ q[n_l_^ ih]_ _p_ls nqi-^[s qcnb 100 gL i` 

Hi[af[h^'m honlc_hn mifoncih [h^ 200 gL q[n_l. Pf[hn 

aliqnb-l_f[n_^ i\m_lp[ncihm `il l_^ f_[` f_nno]_ [h^ \ie 

]bis q_l_ l_]il^_^ 5 ^[sm [ft_l nb_ HA mjl[s. 

Griwtb [ttrc\ut_s  

Pf[hnm q_l_ a_hnfs ojliin_^ qcnb gchcgog ^cmnol\[h]_ ni 
nb_ liinm [h^ q[mb_^ qcnb lohhcha n[j q[n_l ni l_gip_ 

micf j[lnc]f_m [^b_lcha ni nb_ liin mol`[]_. Fclmn, aliqnb-

l_f[n_^ jbsnigiljbifiac][f j[l[g_n_lm mo]b [m mbiin 

f_hanb (]g), liin f_hanb (]g), jf[hn b_cabn (]g), f_[` f_hanb 

(]g), f_[` qc^nb (]g), f_[` hog\_l, [h^ f_[` [l_[ (]g2) 

q_l_ l_]il^_^. So\m_ko_hnfs, nb_ jf[hn m[gjf_m q_l_ 

^lc_^ ch [ bin [cl ip_h [n 78ºC `il 3 ^[sm. Pf[hn \cig[mm 

jli^o]ncih q[m g_[mol_^ [h^ _rjl_mm_^ [m ga a-1 DW (30

–32). 

St[tcstc][f [h[fyscs 

Sn[ncmnc][f [h[fsmcm q[m ]ih^o]n_^ omcha nb_ miftq[l_ SPSS 

(p_lmcih 16.0). Tb_ _ff_]nm i` `ifc[l [jjfc][ncih i` HA ih nb_ 

aliqnb i` l_^ f_[` f_nno]_ [h^ \ie ]bis ]igj[l_^ ni nb_ 

]ihnlif q_l_ [h[fsm_^. Scahc`c][hn ^cff_l_h]_m \_nq__h nb_ 

nl_[ng_hnm q_l_ [mm_mm_^ omcha [h ch^_j_h^_hn m[gjf_ 

mno^_hn’m n-n_mn [n j > 0.05 [h^ j > 0.01 f_p_fm i` 

mcahc`c][h]_. Aff ^[n[ q_l_ mogg[lct_^ omcha ^_m]lcjncp_ 

mn[ncmnc]m [h^ jl_m_hn_^ ch \[l ^c[al[gm qcnb mn[h^[l^ 

_llil \[l, _rjl_mmcha nb_ g_[h p[fo_ [h^ mn[h^[l^ _llil 

(g_[h ± SE). P_[lmih'm ]ill_f[ncih [h[fsmcm (j < 0.05) q[m 

j_l`ilg_^ ni _r[gch_ nb_ l_f[ncihmbcj \_nq__h nb_ 
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p[lc[\f_m ch`fo_h]_^ \s nb_ `ifc[l [jjfc][ncih i` HA ch l_^ 

f_[` [h^ \ie ]bis.  
 

R_sufts  [h^  Dcs]usscih 

Ajjfc][ncih i` HA, qb_nb_l [m micf [g_h^g_hn, m__^ 
nl_[ng_hn, il `ifc[l mjl[s, b[m \__h  `ioh^ ni cgjlip_ 

aliqnb, b_[fnb, sc_f^, [h^ ko[fcns i` p[lciom [alc]ofnol[f 

[h^ bilnc]ofnol[f ]lijm. Tbcm cgjlip_g_hn cm [nnlc\on_^ ni 

_hb[h]_^ m__^ a_lgch[ncih, liin aliqnb, honlc_hn ojn[e_, 

q[n_l om_ _ffc]c_h]s, [h^ jbinimshnb_nc] _ffc]c_h]s. 

Hiq_p_l, nb_ _ff_]n i` `ifc[l mjl[s i` HA ih nb_ aliqnb [h^ 

sc_f^ i` \ie ]bis [h^ l_^ f_[` f_nno]_ l_g[chm [ a[j ch nb_ 

l_m_[l]b [h^ h__^m `olnb_l _rjfil[ncih (10, 11, 19, 21, 29, 

33–35). H_h]_, nb_ jl_m_hn mno^s ^_gihmnl[n_m nb[n `ifc[l 

[jjfc][ncih i` 2% HA _hb[h]_m nb_ aliqnb [h^ \cig[mm 

jli^o]ncih i` f_[`s p_a_n[\f_m mo]b [m \ie ]bis [h^ l_^ 

f_[` f_nno]_.  

Pbytigirjbifiac][f tr[cts i` \ie ]biy [h^ r_^ f_[` 

f_ttu]_ 

Miljbifiac][f nl[cnm i` jf[hnm [l_ cgjiln[hn `[]nilm nb[n 

^_n_lgch_ nb_ _ffc]c_h]s i` jf[hnm ch oncfctcha [p[cf[\f_ 

fcabn _h_las [h^ a[m _r]b[ha_ ][j[]cns. A^^cncih[ffs, nb_s 

]ihnlc\on_ ni nb_ mj[nc[f ]ih`caol[ncih i` jf[hnm, qbc]b, ch 

nolh, ch`fo_h]_m sc_f^ [h^ ko[fcns cgjlip_g_hn (31). Ih 

j[lnc]of[l, nb_ sc_f^ i` f_[`s p_a_n[\f_m cm ^cl_]nfs l_f[n_^ 

ni giljbifiac][f nl[cnm mo]b [m jf[hn b_cabn, mbiin [h^ 

liin f_hanb, hog\_l i` f_[p_m, [h^ \cig[mm []]ogof[ncih 

(16, 31, 33).  HA cm qc^_fs om_^ ch [alc]ofnol_ [h^ \lcham 

[\ion giljbifiac][f ]b[ha_m ch p[lciom ]lijm \s 

mojjfscha _mm_hnc[f honlc_hnm [h^ aliqnb `[]nilm nb[n 

_hb[h]_m aliqnb, b_[fnb, [h^ sc_f^ (3, 20). Ih nb_ jl_m_hn 

mno^s, ]igj[l_^ ni nb_ ]ihnlif, `ifc[l [jjfc][ncih i` 2% HA 

mcahc`c][hnfs cgjlip_^ nb_ jf[hn b_cabn i` \ie ]bis \s 

8.77%; biq_p_l, mbiin [h^ liin f_hanb q_l_ hin 

mn[ncmnc][ffs [ff_]n_^ (T[\f_ 1 [h^; Fca. 1). Scgcf[lfs, nb_ 

`ifc[l mjl[s i` HA mcahc`c][hnfs _hb[h]_^ mbiin f_hanb 

(18.84%) [h^ jf[hn b_cabn (13.60%) i` nb_ l_^ f_[` f_nno]_ 

]igj[l_^ ni nb_ ]ihnlif, qbcf_ liin f_hanb q[m hin 

[ff_]n_^ (Fca. 1). Tbcm _hb[h]_g_hn ch jf[hn b_cabn i` f_[`s 

p_a_n[\f_m \s HA [jjfc][ncih cm ehiqh ni jligin_ mbiin 

[h^ liin aliqnb \s mojjfscha honlc_hnm [h^ l_aof[ncha nb_ 

[\cfcns i` jf[hnm ni ojn[e_ honlc_hnm, [m q_ff [m [oag_hncha 

nb_ mshnb_mcm i` jf[hn aliqnb-mncgof[ncha _h^ia_hiom 

bilgih_m mo]b [m [orch [h^ ]sniechchm [h^ g_n[\ifc] 

_htsg_m (20, 36, 37). Scgcf[lfs, HA-nl_[n_^ \[h[h[ 

jf[hnf_nm l_]il^_^ bcab_l jm_o^i-mn_g b_cabn, aclnb, [h^ 

q_cabn, [m q_ff [m liin f_hanb [h^ q_cabn (16). Tb_ 

[jjfc][ncih i` HA _rnl[]n_^ `lig \inb jca g[hol_ [h^ 

`ii^ q[mn_-\[m_^ p_lgc]igjimn mcahc`c][hnfs cgjlip_^ 

nb_ aliqnb i` nig[ni [h^ ]o]og\_l \s _hb[h]cha jf[hn 

b_cabn ^o_ ni bilgih_-fce_ []ncpcns (38). A^^cncih[ffs, 

g[ct_ jf[hnm nl_[n_^ qcnb HA l_]il^_^ bcab_l ch^o]ncih i` 

f[n_l[f liinm, [m q_ff [m liin ^c[g_n_l [h^ f_hanb, l_mofncha 

ch ch]l_[m_^ ojn[e_ i` [p[cf[\f_ micf honlc_hnm (37). Tb_m_ 

cgjlip_g_hnm ch jf[hn b_cabn [h^ liin f_hanb i` \ie ]bis 

[h^ l_^ f_[` f_nno]_ \s `ifc[l [jjfc][ncih i` HA b[p_ [ 

jimcncp_ cgj[]n ih \cig[mm jli^o]ncih, qbc]b ]iof^ f_[^ 

ni sc_f^ _hb[h]_g_hn (16, 36). 

Umo[ffs, nb_ f_[` [l_[ ch^_r (LAI) cm ]ihmc^_l_^ [h 

cgj_l[ncp_ j[l[g_n_l ni ^_n_lgch_ nb_ jbinimshnb_nc] 

_ffc]c_h]s i` jf[hnm, qbc]b cm [h cgjiln[hn sc_f^-

]ihnlc\oncha ]b[l[]n_lcmnc] (39). Ih nb_ jl_m_hn mno^s, f_[` 

f_hanb (16.43%), f_[` qc^nb (23.61%), [h^ f_[` [l_[ 

(26.30%) q_l_ mcahc`c][hnfs cgjlip_^ ch \ie ]bis \s nb_ 

`ifc[l [jjfc][ncih i` 2% HA ]igj[l_^ ni nb_ ]ihnlif, qbcf_ 

nb_ hog\_l i` f_[p_m (6.52%) q[m hin ch`fo_h]_^ \s HA 

[jjfc][ncih (T[\f_ 1 [h^ 2; Fca. 2). Scgcf[lfs, `ifc[l 

[jjfc][ncih i` 2% HA mcahc`c][hnfs cgjlip_^ f_[` f_hanb 

(21.78%), f_[` qc^nb (56.86%), f_[` [l_[ (65.59%), [h^ nb_ 

hog\_l i` f_[p_m (21.88%) ch l_^ f_[` ]igj[l_^ ni nb_ 

]ihnlif (Fca. 2). Tbcm ch]l_[m_^ f_[` [l_[ [h^ l_f[n_^ 

j[l[g_n_lm mo]b [m f_[` qc^nb, f_[` [l_[, [h^ nb_ hog\_l 

i` f_[p_m [l_ [nnlc\on_^ ni nb_ jli^o]ncih i` _hf[la_^ 

jlcgil^cog ]_ffm [h^ jlial_mmcp_ ch]l_[m_ ch nb_ mct_ i` 

nb_ ]_ffm ^olcha chcnc[ncih [n nb_ g_lcmn_g [h^ mo\m_ko_hn 

aliqnb. Tbcm jli]_mm cm mncgof[n_^ \s nb_ mshnb_mcm i` 

_h^ia_hiom jf[hn aliqnb bilgih_m [h^ _htsg_m, [m q_ff 

[m nb_ mojjfs i` honlc_hnm nblioab nb_ [jjfc][ncih i` HA 

mo\mn[h]_m [m [ `ifc[l mjl[s (38, 40). HA-nl_[n_^ \[h[h[ 

jf[hnf_nm [fmi l_]il^_^ [ bcab_l hog\_l i` f_[p_m (16). 

Folnb_lgil_, [jjfc][ncih i` HA nblioab m__^ nl_[ng_hn 

ch]l_[m_^ nb_ hog\_l i` f_[p_m j_l ]ilh jf[hn (18). 

A^^cncih[ffs, ifcp_ ]onncham nl_[n_^ qcnb HA [fiha qcnb GA3 

mcahc`c][hnfs cgjlip_^ f_[` [l_[ [h^ f_[` `l_mb [h^ ^ls 

q_cabn, ]ihm_ko_hnfs ch]l_[mcha ]bfilijbsff ]ihn_hn [h^ 

jin_hnc[ffs [ff_]ncha nb_ jbinimshnb_mcm l[n_ (28).     

Pf[ht \cig[ss jri^u]tcih i` \ie ]biy [h^ r_^ f_[` 

f_ttu]_ 

Tb_ jl_m_h]_ i` p[lciom honlcncih[f [h^ aliqnb `[]nilm ch 

HA ]iof^ ch]l_[m_ jf[hn aliqnb (38). HA ]ihmcmnm i` 37.2 ni 

75.8% ][l\ih, 7.9 ni 56.6% irsa_h, 1.6 ni 11.7% bs^lia_h, 

0.5 ni 10.5% hcnlia_h, 0.1 ni 8.3% mof`ol, [h^ inb_l 

mo\mn[h]_m l_mjihmc\f_ `il mncgof[ncha jf[hn aliqnb (5). Ih 

nb_ jl_m_hn mno^s, ]igj[l_^ ni nb_ ]ihnlif, `ifc[l 

[jjfc][ncih i` 2% HA mcahc`c][hnfs cgjlip_^ jf[hn \cig[mm 

jli^o]ncih (26.88%) i` \ie ]bis (T[\f_ 1 [h^ 3; Fca. 2). 

Scgcf[lfs, `ifc[l mjl[scha i` 2% HA mcahc`c][hnfs cgjlip_^ 

jf[hn \cig[mm jli^o]ncih (27.71%) i` nb_ l_^ f_[` 

]igj[l_^ ni nb_ ]ihnlif (T[\f_ 1 [h^ 2; Fca. 2). Tb_ 

ch]l_[m_^ jf[hn \cig[mm jli^o]ncih \s `ifc[l [jjfc][ncih 

i` HA cm [nnlc\on_^ ni _hb[h]_^ ojn[e_ [h^ mojjfs i` 

honlc_hnm [h^ mncgof[ncih i` jf[hn aliqnb bilgih_m [h^ 

_htsg_m (30, 38). Lce_qcm_, \[h[h[ jf[hnf_nm nl_[n_^ qcnb 

HA l_]il^_^ bcab_l jm_o^i-mn_g q_cabn [m q_ff [m liin 

q_cabn (16). Mil_ip_l, micf [jjfc][ncih i` bogc] []c^ [n nb_ 

l[n_ i` 60 ea b[-1 q[m `ioh^ ni cgjlip_ jf[hn b_cabn [h^ 

^ls q_cabn i` Zea mays L. (32). Tb_ mbiin [h^ liin q_cabn 

Sicf jrij_rtc_s   

Cifil R_^ micf 

T_rnol_ S[h^s ]f[s 

jH 5.38 (±0.02) 

Ef_]nlc][f ]ih^o]ncpcns (^S g-1) 0.35 (±0.01) 

Sicf ila[hc] ][l\ih (ga a-1 micf) 2.36 (±0.06) 

Ap[cf[\f_ hcnlia_h (ga ea-1 micf) 176.0 (±1.12) 

Ap[cf[\f_ jbimjbilom (ga ea-1 micf) 212.5 (±2.73) 

Ap[cf[\f_ jin[mmcog (ga ea-1 micf) 275.0 (±2.92) 

T[\f_ 1. Pbsmc][f [h^ ]b_gc][f jlij_lnc_m i` micf om_^ `il nb_ mno^s. 
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V[rc[\f_s Cihtrif HA MDP t j 

Sbiin f_hanb (]g) 8.24 (±0.30)[ 8.68 (±0.30)[ 5.32 -1.02 0.331 

Riin f_hanb (]g) 8.26 (±0.21)[ 9.27 (±0.43)[ 12.21 -2.13 0.059 

Pf[hn b_cabn (]g) 16.50 (±0.19)\ 17.95 (±0.21)[ 8.77 -5.13 < 0.001 

Ni. i` f_[p_m 9.20 (±0.26)[ 9.80 (±0.50)[ 6.52 -1.06 0.315 

L_[` f_hanb (]g) 14.00 (±0.32)\ 16.30 (±0.39)[ 16.43 -4.53 < 0.001 

L_[` qc^nb (]g) 7.20 (±0.24)\ 8.90 (±0.21)[ 23.61 -5.31 0.001 

L_[` [l_[ (]g2) 136.03 (±1.16)\ 171.82 (±4.84)[ 26.30 -7.19 < 0.001 

Pf[hn \cig[mm jli^o]ncih (a) 6.48 (±0.36)\ 8.22 (±0.32)[ 26.88 -3.59 0.005 

T[\f_ 2. Fifc[l [jjfc][ncih i` HA ih aliqnb [h^ \cig[mm jli^o]ncih i` \ie ]bis. D[n[ ch nb_ n[\f_ [l_ _rjl_mm_^ [m g_[h ± SE. M_[h p[fo_m i` nb_ nqi nl_[n-
g_hnm q_l_ ]igj[l_^ \s ch^_j_h^_hn m[gjf_ mno^_hn n-n_mn [n j ≤ 0.05. MD- g_[h ^cff_l_h]_ \_nq__h, HA- bogc] []c^ [jjfc_^, n- n-n_mn p[fo_, j- jli\[\cfcns i` 
mcahc`c][h]_ [n nqi-n[cf_^ n_mn. 

Fca. 1. Eff_]n i` `ifc[l [jjfc][ncih i` HA ih (A) mbiin f_hanb, (B) liin f_hanb, (C) jf[hn b_cabn, [h^ (D) hog\_l i` f_[p_m i` \ie ]bis [h^ l_^ f_[` f_nno]_. D[n[ ch 
nb_ `caol_ [l_ _rjl_mm_^ [m g_[h ± SE. M_[h p[fo_m i` nb_ nqi nl_[ng_hnm q_l_ ]igj[l_^ \s ch^_j_h^_hn m[gjf_ mno^_hn n-n_mn [n j ≤ 0.05 [h^ j ≤ 0.01. 
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V[rc[\f_s Cihtrif HA MDP t j 

Sbiin f_hanb (]g) 3.99 (±0.10)\ 4.74 (±0.22)[ 18.84 -3.148 0.010 

Riin f_hanb (]g) 4.63 (±0.18)[ 5.05 (±0.18)[ 9.08 -1.637 0.133 

Pf[hn b_cabn (]g) 8.62 (±0.10)\ 9.72 (±0.18)[ 13.60 -5.743 <0.001 

Ni. i` f_[p_m 6.40 (±0.10)\ 7.80 (±0.01)[ 21.88 -11.299 <0.001 

L_[` f_hanb (]g) 7.50 (±0.20)\ 9.13 (±0.28)[ 21.78 -4.675 0.001 

L_[` qc^nb (]g) 5.10 (±0.01)\ 8.00 (±0.18)[ 56.86 -15.229 <0.001 

L_[` [l_[ (]g2) 56.50 (±1.57)\ 93.55 (±1.32)[ 65.59 -18.122 <0.001 

Pf[hn \cig[mm jli^o]ncih (a) 6.16 (±0.26)\ 7.87 (±0.35)[ 27.71 -3.910 0.003 

T[\f_ 3. Fifc[l [jjfc][ncih i` HA ih aliqnb [h^ \cig[mm jli^o]ncih i` l_^ f_[` f_nno]_. D[n[ ch nb_ n[\f_ [l_ _rjl_mm_^ [m g_[h ± SE. M_[h p[fo_m i` nb_ nqi 
nl_[ng_hnm q_l_ ]igj[l_^ \s ch^_j_h^_hn m[gjf_ mno^_hn n-n_mn [n j ≤ 0.05. MD- g_[h ^cff_l_h]_ \_nq__h, HA- bogc] []c^ [jjfc_^, n- n-n_mn p[fo_,                           
j- jli\[\cfcns i` mcahc`c][h]_ [n nqi-n[cf_^ n_mn. 

Fcaur_ 2. Eff_]n i` `ifc[l [jjfc][ncih i` HA ih (A) f_[` f_hanb, (B) f_[` qc^nb, (C) f_[` [l_[, [h^ (D) \cig[mm jli^o]ncih i` \ie ]bis [h^ l_^ f_[` f_nno]_. D[n[ ch nb_ 
`caol_ [l_ _rjl_mm_^ [m g_[h ± SE. M_[h p[fo_m i` nb_ nqi nl_[ng_hnm q_l_ ]igj[l_^ \s ch^_j_h^_hn m[gjf_ mno^_hn n-n_mn [n j ≤ 0.05 [h^ j ≤ 0.01. 
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i` nig[ni [h^ ]o]og\_l q_l_ l_jiln_^ ni \_ [oag_hn_^ 

\s nb_ [jjfc][ncih i` HA _rnl[]n_^ `lig \inb jca g[hol_ 

[h^ `ii^ q[mn_-\[m_^ p_lgc]igjimn, qbc]b, ch nolh, 

cgjlip_^ nb_ aliqnb i` jf[hnm (38). Op_l[ff, HA q[m `ioh^ 

ni mncgof[n_ nb_ aliqnb i` n_mn_^ f_[`s p_a_n[\f_m fce_ \ie 

]bis [h^ l_^ f_[` \s [oag_hncha jf[hn b_cabn, mbiin [h^ 

liin f_hanb, f_[` [l_[ [h^ \cig[mm jli^o]ncih.  

Cirr_f[tcih [h[fyscs 

Fifc[l [jjfc][ncih i` 2% HA mbiq_^ [ jimcncp_ ]ill_f[ncih 

qcnb nb_ aliqnb j[l[g_n_lm i` \ie ]bis (T[\f_m 4 [h^ 5). 

Ih \ie ]bis, jf[hn b_cabn q[m jimcncp_fs ]ill_f[n_^ qcnb 

nb_ liin f_hanb, ch`fo_h]_^ \s HA [jjfc][ncih. Mil_ip_l, 

jf[hn \cig[mm jli^o]ncih, liin f_hanb, jf[hn b_cabn, 

hog\_l i` f_[p_m, [h^ f_[` qc^nb [h^ f_hanb i` \ie ]bis 

q_l_ jimcncp_fs ]ill_f[n_^ qcnb f_[` [l_[. Ih l_^ f_[` 

f_nno]_, jf[hn \cig[mm jli^o]ncih q[m jimcncp_fs 

]ill_f[n_^ qcnb jf[hn b_cabn, hog\_l i` f_[p_m, f_[` qc^nb, 

[h^ f_[` [l_[. A^^cncih[ffs, mbiin f_hanb, jf[hn b_cabn, 

hog\_l i` f_[p_m, f_[` f_hanb [h^ qc^nb, [h^ jf[hn 

\cig[mm jli^o]ncih i` l_^ f_[` f_nno]_ q_l_ jimcncp_fs 

]ill_f[n_^ qcnb f_[` [l_[. HA [jjfc][ncih jimcncp_fs 

ch`fo_h]_^ nb_ aliqnb-l_f[n_^ p[lc[\f_m i` \ie ]bis [h^ 

l_^ f_[` f_nno]_ \s mncgof[ncha nb_ jli^o]ncih i` ch^if_-3-

[]_nc] []c^, ]sniechchm, [h^ inb_l honlcncih[f `[]nilm (20, 

38). Scgcf[lfs, jf[hn b_cabn [h^ nin[f ^ls g[nn_l jli^o]ncih 

i` Tectona grandis q_l_ jimcncp_fs ]ill_f[n_^ qcnb nb_ l[n_ 

i` HA [jjfc][ncih (41). Folnb_lgil_, HA [jjfc][ncihm q_l_ 

`ioh^ ni jligin_ liin aliqnb ch g[ct_, mcahc`c][hnfs 

]ill_f[n_^ qcnb HA bs^lijbi\c]cns [mmi]c[ncih ch nb_ 

lbctimjb_l_ l_acih, qbc]b f_[^m ni nb_ l_f_[m_ i` [orch-fce_ 

jf[hn aliqnb jligin_lm [h^ mncgof[n_m \ci]b_gc][f 

[]ncpcns ch jf[hnm (42). 

 

Cih]fuscih   

Hogc] []c^ (HA) cm qc^_fs oncfct_^ ch [alc]ofnol[f 
jli^o]ncih msmn_gm ni _hb[h]_ micf ko[fcns, honlc_hn 

ojn[e_ _ffc]c_h]s, [m q_ff [m aliqnb, b_[fnb, [h^ sc_f^ i` 

p[lciom cgjiln[hn [alc]ofnol[f [h^ bilnc]ofnol[f ]lijm. 

Nin[\fs, HA ]ihmcmnm i` p[lciom honlc_hnm [h^ jf[hn aliqnb

-jligincha mo\mn[h]_m nb[n ]ihnlc\on_ ni cgjlip_^ jf[hn 

aliqnb. Tb_ jl_m_hn mno^s ]ih]fo^_m nb[n `ifc[l 

[jjfc][ncih i` 2% HA _hb[h]_^ jbsnigiljbifiac][f nl[cnm, 

f_[` [l_[ ch^_r, [h^ \cig[mm jli^o]ncih i` f_[`s 

p_a_n[\f_m mo]b [m \ie ]bis, [h^ l_^ f_[` f_nno]_. 

Tb_l_`il_, HA l_jl_m_hnm [ jligcmcha ila[hc] `ilgof[ncih 

[h^ [ jl_`_ll_^ [fn_lh[ncp_ ni mshnb_nc] ]b_gc][f `_lncfct_lm 

`il momn[ch[\f_ [alc]ofnol[f jli^o]ncih msmn_gm. 

 

A]ehiwf_^a_g_hts 

Tb_ [onbilm [l_ nb[he`of ni nb_ T[gcf N[^o Aalc]ofnol[f 

Uhcp_lmcns, Cicg\[nil_, [h^ SRM Ihmncnon_ i` S]c_h]_ [h^ 

T_]bhifias, Cb_ha[fj[nno, T[gcf N[^o, Ih^c[ `il jlipc^cha 

`[]cfcnc_m ni ][lls ion nb_ l_m_[l]b. 

 

Autbirs' ]ihtrc\utcihs 

SA, SR, DS, GR, [h^ KS ]ih]_cp_^ nb_ c^_[, jf[hh_^ nb_ 

qile, [h^ ^l[ft_^ nb_ g[hom]lcjn. SA ][llc_^ ion nb_ 

_rj_lcg_hnm [h^ mn[ncmnc][f [h[fsmcm. Aff [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_mnm ni ^_]f[l_. 

Etbc][f cssu_s: Nih_.  

V[rc[\f_s 
Pf[ht 

\cig[ss 
jri^u]tcih 

Sbiit f_hatb 
Riit 

f_hatb Pf[ht b_cabt Ni. i` f_[v_s 
L_[` 

f_hatb L_[` wc^tb 
L_[` 
[r_[ 

Pf[hn \cig[mm jli^o]ncih 1 0.265 0.228 0.465 -0.025 0.797** 0.802** 0.620* 

Sbiin f_hanb   1 -0.466 0.344 0.125 0.113 0.108 0.165 

Riin f_hanb     1 0.670* 0.274 0.472 0.516 0.606* 

Pf[hn b_cabn       1 0.396 0.596* 0.638* 0.782** 

Ni. i` f_[p_m         1 -0.258 -0.174 0.630* 

L_[` f_hanb           1 0.990** 0.582* 
L_[` qc^nb             1 0.652* 
L_[` [l_[               1 

T[\f_ 4. Eff_]n i` `ifc[l [jjfc][ncih bogc] []c^ ih jf[hn aliqnb [h^ jf[hn \cig[mm jli^o]ncih i` \ie ]bis. 

*. Cill_f[ncih cm mcahc`c][hn [n nb_ 0.05 f_p_f (2-n[cf_^); **. Cill_f[ncih cm mcahc`c][hn [n nb_ 0.01 f_p_f (2-n[cf_^) 

V[rc[\f_s 
Pf[ht \cig[ss 

jri^u]tcih Sbiit f_hatb Riit f_hatb Pf[ht b_cabt Ni. i` f_[v_s L_[` f_hatb L_[` wc^tb L_[` [r_[ 

Pf[hn \cig[mm 
jli^o]ncih 1 0.386 0.416 0.592* 0.784** 0.529 0.795** 0.761** 

Sbiin f_hanb   1 -0.093 0.733** 0.667* 0.750** 0.582* 0.693* 

Riin f_hanb     1 0.609* 00.528 0.433 0.474 0.509 

Pf[hn b_cabn       1 0.892** 0.893** 0.787** 0.900** 

Ni. i` f_[p_m         1 0.879** 0.926** 0.990** 

L_[` f_hanb           1 0.721** 0.893** 

L_[` qc^nb             1 0.950** 

L_[` [l_[               1 

T[\f_ 5. Eff_]n i` `ifc[l [jjfc][ncih bogc] []c^ ih jf[hn aliqnb [h^ jf[hn \cig[mm jli^o]ncih i` l_^ f_[` f_nno]_. 

*. Cill_f[ncih cm mcahc`c][hn [n nb_ 0.05 f_p_f (2-n[cf_^); **. Cill_f[ncih cm mcahc`c][hn [n nb_ 0.01 f_p_f (2-n[cf_^).  
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