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[h^ ncn[hcog ^circ^_ h[hig[n_lc[fm [h^ nb_cl 
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A\str[]t   

In cm cgj_l[ncp_ ni ]igjl_b_hmcp_fs [mm_mm nb_ cgj[]n i` h[hi-\[m_^ 

n_]bhifiac_m ih jf[hnm [h^ _hmol_ nb_cl m[`_ns \_`il_ chn_al[ncha nb_g chni 

[alc]ofnol[f jl[]nc]_m. Ih nbcm ]ihn_rn, nb_ jl_m_hn mno^s ^_gihmnl[n_m nb_ _ff_]n 

i` h[himct_^ ]bcnim[h (CS), ncn[hcog ^circ^_ (TcO2), [h^ CS/TcO2 

h[hi]igjimcn_m (NCPm) ih Sorghum bicolor (L.) Mi_h]b, nb_ `cftb gimn 

cgjiln[hn al[ch ]lij afi\[ffs. Tb_ h[hig[n_lc[fm q_l_ ]b_gc][ffs mshnb_mct_^ 

[h^ ]b[l[]n_lct_^ ch n_lgm i` mct_, mol`[]_ giljbifias, mnlo]nol_, `oh]ncih[f 

aliojm, [h^ bs^li^sh[gc] ^c[g_n_l. S. bicolor jf[hnm q_l_ ]ofncp[n_^ ch micf 

mjce_^ qcnb nb_m_ h[hig[n_lc[fm [n nqi ^cff_l_hn ]ih]_hnl[ncihm (100 [h^ 200 

jjg) `il oj ni 30 ^[sm. Cigj[l_^ ni ]ihnlif jf[hnm, [ff nbl__ h[hig[n_lc[fm 

mncgof[n_^ nb_ aliqnb i` S. bicolor \s 3-23% [h^ _hb[h]_^ honlc_hn ojn[e_. 

A^^cncih[ffs, nb_s ch]l_[m_^ nb_ ]ih]_hnl[ncihm i` ]bfilijbsff (35-94%), mn[l]b 

(13-19%), ]_ffofim_ (12-56%), [h^ jlin_ch (3-119%) ch nb_ mbiinm, qbcf_ l_^o]cha 

nb_ g[fih^c[f^_bs^_ (MDA) ]ihn_hn. Hiq_p_l, _f_p[n_^ MDA f_p_fm ch nb_ liinm 

i` jf[hnm nl_[n_^ qcnb TcO2 h[hij[lnc]f_m [h^ CS/TcO2 NCPm ch^c][n_^ nb[n gcf^ 

irc^[ncp_ mnl_mm b[^ i]]oll_^, qbc]b nb_ jf[hn g[h[a_^ ni ]iohn_l[]n \s 

_hb[h]cha [hncirc^[hn _htsg_ []ncpcnc_m. Tb_ `ch^cham i` nbcm mno^s ]ih`clg nb_ 

m[`_ns i` omcha nb_m_ h[hig[n_lc[fm [h^ jlipc^_ [ `ioh^[ncih `il `onol_ 

l_m_[l]b [cg_^ [n _hb[h]cha nb_ aliqnb, [^[jn[\cfcns, [h^ sc_f^ i` S. bicolor. 
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Intro^u]tcon   

Tb_ j[l[giohn ]b[ff_ha_ ch ni^[s'm ]ihn_rn cm _hmolcha nb_ `ii^ m_]olcns i` 

nb_ l[jc^fs aliqcha afi\[f jijof[ncih. F[]nilm mo]b [m lcmcha n_gj_l[nol_m, 

_ll[nc] l[ch`[ffm, h[nol[f ^cm[mn_lm, honlc_hn-jiil micf, [h^ j_mn ch`_mn[ncih, 

]iojf_^ qcnb ]ihp_hncih[f `[lgcha g_nbi^m, [^p_lm_fs [ff_]n nb_ sc_f^ i` 

_]ihigc][ffs mcahc`c][hn ]lijm (1). H_h]_, cn cm ]lcnc][f ni _rjfil_ [fn_lh[ncp_ 

mnl[n_ac_m nb[n ][h \iimn [alc]ofnol[f jli^o]ncpcns. Tbcm h_]_mmcn[n_m 

lcailiom l_m_[l]b [h^ nb_ [^ijncih i` _g_lacha n_]bhifiac_m, mo]b [m 

h[hin_]bhifias, ni ^_p_fij pc[\f_ mifoncihm. 

 N[hin_]bhifias b[m nb_ jin_hnc[f ni l_pifoncihct_ nb_ [alc]ofnol[f 

msmn_g, g[echa cn gil_ l_mcfc_hn qbcf_ [fmi _hmolcha `ii^ m_]olcns ch nb_ 

h_[l `onol_. Cihm_ko_hnfs, h[hij[lnc]f_m (NPm) [l_ a[chcha jijof[lcns [m [ 

]onncha-_^a_ g[n_lc[f qcnb nb_ jin_hnc[f ni nl[hm`ilg ]oll_hn [alc]ofnol[f 

ij_l[ncihm. V[lciom h[hij[lnc]f_-\[m_^ m_hmilm, `_lncfct_lm, [h^ j_mnc]c^_ 

`ilgof[ncihm b[p_ \__h mo]]_mm`offs mshnb_mct_^ [h^ om_^ `il jf[hn [h^ micf 

b_[fnb g[h[a_g_hn (2). Hiq_p_l, ni `offs _rjficn h[hin_]bhifias ch 

[alc]ofnol_, cn cm ]lo]c[f ni ^_p_fij [ ]igjl_b_hmcp_ oh^_lmn[h^cha i` jf[hn-
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RANI  ET AL  2     

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

h[hij[lnc]f_ (NP) chn_l[]ncihm [h^ _hmol_ nb_cl m[`_ om_. 

Tb_ _ff_]n i` NPm ih jf[hnm p[lc_m ^_j_h^cha ih nb_cl mct_, 

mb[j_, _rjimol_ ^ol[ncih, [h^ ]ih]_hnl[ncih. 

Folnb_lgil_, cn cm hiq qc^_fs []ehiqf_^a_^ nb[n nb_ 

_ff_]nm i` NPm [l_ [fmi jf[hn mj_]c_m-mj_]c`c]. A j[lnc]of[l 

nsj_ i` NP g[s mncgof[n_ nb_ aliqnb i` ih_ jf[hn mj_]c_m 

[h^ chbc\cn nb_ aliqnb i` [hinb_l, _p_h c` [ff inb_l 

p[lc[\f_m l_g[ch ]ihmn[hn. N[hig[n_lc[fm ][h b[p_ 

p[lciom _ff_]nm ih jf[hnm, l[hacha `lig jimcncp_ ni h_onl[f 

ni b[lg`of, qcnbion `iffiqcha [hs ]f_[l j[nn_lh. Tbcm 

p[lc[\cfcns ch jf[hn-NP chn_l[]ncihm b[m chnlcao_^ nb_ 

m]c_hnc`c] ]iggohcns, bcabfcabncha nb_ h__^ `il jl_fcgch[ls 

l_m_[l]b ih _p_ls NP-jf[hn ]ig\ch[ncih \_`il_ nb_ 

\li[^_l [jjfc][ncih i` [^p[h]_^ h[hin_]bhifiac_m ch 

[alc]ofnol_ (3-5).   

 Sorghum bicolor (L.) Mi_h]b, ]iggihfs ehiqh [m 

dq[l, gcffi, mq__n milabog, [h^ ^oll[, cm nb_ qilf^'m `cftb 

gimn mcahc`c][hn al[ch ]lij [h^ m_lp_m [m [ jligcmcha 

\ci`o_f `__^mni]e [^[jn_^ ni ^lsf[h^m. Ih [^^cncih ni \_cha 

[ pcn[f `ii^ miol]_ `il bog[hm, cn cm [fmi ]ofncp[n_^ [m 

`il[a_, jlipc^cha `i^^_l `il ][nnf_ [h^ nb_l_\s [^^l_mmcha 

nb_ `ii^-p_lmom-`o_f ^cf_gg[ `[pil[\fs. Hiq_p_l, cnm sc_f^ 

b[m \__h m_p_l_fs [ff_]n_^ \s p[lciom ]fcg[nc] `[]nilm [h^ 

_hpclihg_hn[f ]ihmnl[chnm ip_l nb_ s_[lm. Gfi\[f 

jli^o]ncih ^_]l_[m_^ ni 62 gcffcih nihm ch 2020 `lig 64.58 

gcffcih nihm ch 2008, qbcf_ cnm jli^o]ncih ch Ih^c[ ^lijj_^ 

ni 4.7 gcffcih nihm ch 2020 `lig 7.4 gcffcih nihm ch 2008 (6). 

Scgof[ncih mno^c_m ih nb_ cgj[]n i` ]fcg[n_ ]b[ha_ ih 

milabog jli^o]ncih ch Ih^c[ b[p_ ch^c][n_^ nb[n sc_f^m [l_ 

fce_fs ni ^_]fch_ \s 11% ch 2050 [h^ \s 32% ch 2080 (7). 

S_p_l[f [nn_gjnm b[p_ \__h g[^_ ni _hb[h]_ nb_ aliqnb 

[h^ sc_f^ i` milabog nblioab nb_ om_ i` h[hig[n_lc[fm 

[h^ inb_l h[hin_]bhifias-\[m_^ chn_lp_hncihm. Tb_ 

mncgof[nils _ff_]nm i` tch] irc^_ [h^ ]ijj_l irc^_ NPm [n 

750 ga ea-1 [h^ i` mcfp_l NPm [n 750, 1000, [h^ 1250 ga ea-1 

ih nb_ mbiin [h^ liin f_hanb i` S. bicolor, q_l_ l_jiln_^ \s 

M[cns _n [f. (8). C_lcog NPm [n 10 ga L-1 b[p_ \__h mbiqh 

ni [ff_pc[n_ ^lioabn mnl_mm \s l_^o]cha irc^[ncp_ ^[g[a_ 

[h^ ch]l_[mcha ][l\ih [mmcgcf[ncih l[n_m ch S. bicolor (9).  

 Ih nbcm ]ihn_rn, nb_ om_ i` ]bcnim[h (CS) [h^ 

ncn[hcog ^circ^_ (TcO2) NPm jl_m_hnm hog_liom 

ijjilnohcnc_m [h^ jimmc\cfcnc_m. Wbcf_ nb_ [jjfc][ncih i` CS 

NPm ni p[lciom jf[hn mj_]c_m b[m mbiqh jligcmcha l_mofnm, 

cnm _ff_]n ih milabog b[m s_n ni \_ chp_mnca[n_^. Cbcnim[h, 

[ h[nol[f \cijifsg_l ^_lcp_^ `lig ]lomn[]_[hm [h^ nb_ 

`oha[f ]_ff q[ff, ]ihmcmnm i` β-1,4-afo]im[gch_ [h^ β-1,4-N-

[]_nsf afo]im[gch_ l_mc^o_m ]ihh_]n_^ \s afs]imc^c] 

\ih^m. Inm jifs][ncihc] h[nol_ ]ihnlc\on_m ni cnm 

\ci[]ncpcns, m_lpcha `oh]ncihm mo]b [m [hncgc]li\c[f 

[]ncpcns, _hb[h]_g_hn i` jf[hn aliqnb, ch]l_[m_^ 

jli^o]ncih i` m_]ih^[ls g_n[\ifcn_m, [h^ ch`fo_h]_ ih 

jbinimshnb_mcm [h^ _htsg_ []ncpcnc_m (4). Fil chmn[h]_, CS 

NPm b[p_ jimcncp_fs [ff_]n_^ nb_ mbiin f_hanb, hog\_l i` 

f_[p_m, [h^ gch_l[f ]ihn_hn ch `cha_l gcff_n [n 0.1% `ifc[l 

[jjfc][ncih (5). TcO2 NPm, ehiqh `il nb_cl jbini][n[fsnc] 

jlij_lnc_m, b[p_ \__h `ioh^ ni \iimn nb_ aliqnb i` p[lciom 

jf[hn mj_]c_m \s _hb[h]cha nb_cl jbinimshnb_nc] ][j[]cns 

(10). L_c _n [f. (11) l_jiln_^ nb[n TcO2 NPm cgjlip_^ nb_ 

[]ncpcns i` lo\cm]i [h^ inb_l [hncirc^[hn _htsg_m, 

ch]l_[m_^ ]bfilijbsff ]ihn_hn, [h^ _hb[h]_^ nb_ 

jbinimshnb_nc] l[n_, f_[^cha ni [ bcab_l sc_f^ ch mjch[]b. 

Scgcf[lfs, \li[^ \_[h jf[hnm nl_[n_^ qcnb TcO2 NPm 

_rbc\cn_^ \_nn_l aliqnb, qcnb ch]l_[m_^ f_p_fm i` mifo\f_ 

moa[l, [gchi []c^m, [h^ jlifch_ (12), [fihamc^_ cgjlip_^ 

[hncirc^[hn jin_hnc[f [h^ l_^o]_^ f_p_fm i` bs^lia_h 

j_lirc^_ (H2O2) [h^ g[fih^c[f^_bs^_ (MDA). 

 Afnbioab `_q mno^c_m b[p_ l_jiln_^ nb_ jimcncp_ 
_ff_]nm i` TcO2 NPm ih milabog jf[hnm, ch]fo^cha 

mncgof[nils _ff_]nm ih mbiin f_hanb [n 1250 ga ea-1 [h^ 

cgjlip_g_hnm ch aliqnb j[l[g_n_lm, ]bfilijbsff ]ihn_hn, 

[h^ [hncirc^[hn _htsg_ []ncpcnc_m qcnb ^s_-]i[n_^ TcO2 

NPm [n 500 jjg (8, 13), nb_m_ _rj_lcg_hnm ift_h chpifp_^ 

mol`[]_-gi^c`c_^ TcO2 NPm il om_^ _r]_mmcp_ [giohnm, 

f_[^cha ni jin_hnc[f _hpclihg_hn[f ]ihn[gch[ncih. Tb_l_ 

b[m \__h hi _ffiln ni _p[fo[n_ nb_ _ff_]nm i` ohgi^c`c_^ 

TcO2 NPm ih milabog [n fiq_l ]ih]_hnl[ncihm, qbc]b cm 

mcahc`c][hn ]ihmc^_lcha nb_ [p_l[a_ a_ia_hc] \[]ealioh^ 

i` TcO2 ch micfm cm [\ion 0.5%, [ `[]nil l_f_p[hn ni 

_hpclihg_hn[f m[`_ns (14).  

 R_]_hnfs, TcO2 NPm b[p_ \__h om_^ [m h[hi`cff_lm ni 

l_ch`il]_ nb_ CS jifsg_lc] g[nlcr [h^ ^_p_fij 

h[hi]igjimcn_m (NCPm) qcnb cgjlip_^ g_]b[hc][f, 

nb_lg[f, [h^ [hncirc^[hn jlij_lnc_m. Dcp_lm_ mo]]_mm`of 

[jjfc][ncihm i` CS/TcO2 NCPm ch nb_ _hpclihg_hn[f, `ii^, 

[h^ g_^c]ch_ m_]nilm, mo]b [m nb_ l_gip[f i` ^s_, 

jolc`c][ncih i` q[n_l (15), [m [h [hncgc]li\c[f [a_hn (16), 

]i[ncham `il `ii^ jl_m_lp[ncih (17), ^loa ^_fcp_ls, [h^ 

cgjf[hn ]i[ncham (18), b[p_ \__h l_jiln_^. Tb_cl 

qc^_mjl_[^ [jjfc][ncih ch inb_l `c_f^m b[m ^l[qh 

oh_kocpi][f [nn_hncih ni nb_ jimmc\cfcns i` nb_cl om_ ch nb_ 

[alc]ofnol_ m_]nil nii. Hiq_p_l, nb_l_ cm hin _p_h [ mchaf_ 

l_jiln ih nb_cl _ff_]nm ih jf[hn aliqnb [h^ ^_p_fijg_hn.  

 H_h]_, cn g[s \_ chn_l_mncha ni l_jiln c` CS [h^ TcO2 

NPm [h^ CS/TcO2 NCPm ][h \_ om_^ [m aliqnb _hb[h]_lm 

`il S. bicolor. Ti []bc_p_ nbcm, nb_m_ h[hig[n_lc[fm q_l_ 

]b_gc][ffs mshnb_mct_^, ]b[l[]n_lct_^, [h^ [jjfc_^ ni nb_ 

micf [n nqi ^cff_l_hn ]ih]_hnl[ncihm, pct., 100 [h^ 200 jjg. 

Tb_ cgj[]n i` mo]b h[hig[n_lc[fm ih nb_ aliqnb, honlc_hn 

mn[nom, ]bfilijbsff, jlin_ch, mn[l]b, [h^ ]_ffofim_ ]ihn_hnm 

i` S. bicolor q[m _p[fo[n_^. Tb_ [hncirc^[hn mn[nom i` 

jf[hnm q[m [fmi g_[mol_^ \s chp_mnca[ncha g_g\l[h_ 

^[g[a_ [h^ nb_ []ncpcnc_m i` [hncirc^[hn _htsg_m.  

 

M[t_rc[ls [n^ M_tbo^s 

Cb_mc][ls 

Aff nb_ oncfct_^ ]b_gc][fm q_l_ i` [h[fsnc][f al[^_ [h^ 

mojjfc_^ \s Hc-M_^c[ L[\il[nilc_m Ppn. Ln^., Mog\[c; 

Scag[-Af^lc]b Cb_gc][fm Ppn. Ln^., Mog\[c; Mifs Cb_g, 

Mog\[c; M_l]e Lc`_ S]c_h]_ Ppn. Ln^., Mog\[c; B_ha[f 

Cb_gc][fm & Pb[lg[]_onc][fm Ln^., Mog\[c; Tbig[m B[e_l 

Cb_gc][fm Ppn. Ln^., Mog\[c [h^ Li\[ Cb_gc_ Ppn. Ln^., 

Mog\[c. S__^m i` S. bicolor, a_hinsj_ SSG 59-3 q_l_ 

jli]ol_^ `lig Cb[o^b[ls Cb[l[h Schab (CCS) H[ls[h[ 

Aalc]ofnol[f Uhcp_lmcns, Hcm[l, H[ls[h[, Ih^c[. 

Syntb_scs o` NPs [n^ NCPs 

CS (0.25 a) q[m ^cmmifp_^ ch 50 gL i` 2% []_nc] []c^ oh^_l 

mncllcha ]ih^cncihm (T[lmihm, SPINOT DIGITAL-MC02, Ih^c[) 
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`iffiq_^ \s mihc][ncih (Q-Sihc][, Q125, USA) `il 15 gch. 

Tb_h, 20% mi^cog mofjb[n_ (N[2SO4) q[m [^^_^ ^lijqcm_ 

ni nb_ [ko_iom CS mifoncih oh^_l nb_ m[g_ ]ih^cncih [h^ 

mihc][n_^ [a[ch `il 15 gch. Tb_ mifoncih q[m f_ft 

oh^cmnol\_^ `il 2 b [h^ ]_hnlc`oa_^ (Pf[mni Cl[ftm, Rin[ 4R-

V/FM, Ih^c[) [n 5009 ×a ni ]iff_]n nb_ CS NPm (19). 

 TcO2 NPm q_l_ mshnb_mct_^ \s nb_ jlini]if i` Gbiqm 
[h^ Ehn_t[lc (20). Dcmncff_^ q[n_l (50 gL) q[m gcr_^ 

qcnb af[]c[f []_nc] []c^ (0.2 gL) [h^ mihc][n_^ `il 10 gch. 

Folnb_l, 5 gL i` _nb[hif [h^ 2 gL i` ncn[hcog n_nl[-

cmijlijirc^_ q_l_ [^^_^ ^lijqcm_ [h^ nb_h mihc][n_^ `il 

3b. Tb_ jl_]cjcn[n_m `ilg_^ q_l_ l_]ip_l_^ \s 

]_hnlc`oa[ncih (17608×a `il 20 gch [n 25 ºC) [h^ l_j_[n_^fs 

q[mb_^ qcnb ^cmncff_^ q[n_l [h^ _nb[hif. Tb_ jl_]cjcn[n_m 

q_l_ ^lc_^ `il 6 b [n 40 ºC ch [ bin [cl ip_h (MAC, M[]li 

S]c_hnc`c] Wilem, Ih^c[) ni i\n[ch TcO2 NPm. 

 Ti jl_j[l_ CS/TcO2 NCPm, 1 a i` TcO2 NPm q[m 
^cmj_lm_^ ch 100 gL i` 1% []_nc] []c^. Tbcm q[m ]ig\ch_^ 

qcnb 1 a i` \ofe CS [h^ mihc][n_^ `il 30 gch qbcf_ \_cha 

]ihnchoiomfs mncll_^ ni i\n[ch [ ]f_[l mifoncih. Tb_h 

mi^cog bs^lirc^_ (N[OH) mifoncih (1 M) q[m [^^_^ 

^lijqcm_ ohncf nb_ mifoncih [nn[ch_^ [ jH i` 10. Tb_ 

jl_]cjcn[n_ q[m b_[n_^ `il 5 b [n 80 ºC, `cfn_l_^, [h^ 

nbilioabfs q[mb_^ qcnb q[n_l. Aft_l q[mbcha, cn q[m ^lc_^ 

ip_lhcabn ch [ bin [cl ip_h [n 60 ºC (16). Sihc][ncih q[m 

][llc_^ ion [n 25 ºC [h^ 20 eHt (125 W, 70% [gjfcno^_) `il 

[ff nb_ _rj_lcg_hnm. 

Cb[r[]t_rcz[tcon o` NPs [n^ NCPs 

Tb_ mshnb_mct_^ j[lnc]f_m q_l_ ]b[l[]n_lct_^ \s 

nl[hmgcmmcih _f_]nlih gc]lim]ijs (TEM, Hcn[]bc: H-7500, 

120 eV), `c_f^-_gcmmcih m][hhcha _f_]nlih gc]lim]ijs 

(FESEM, Hcn[]bc: SU8010 S_lc_m), [h^ X-l[s ^cffl[]ncih 

(XRD, P[h[fsnc][f'm X'P_ln Pli) n_]bhcko_m [n Pohd[\ 

Uhcp_lmcns, Cb[h^ca[lb. Fiolc_l nl[hm`ilg ch`l[l_^ 

mj_]nlim]ijs (FTIR, Bloe_l Afjb[II) [h^ t_n[mct_l (M[fp_lh 

P[h[fsnc][f) [h[fsmcm q_l_ j_l`ilg_^ [n nb_ C_hnl[f 

Ihmnlog_hn[ncih L[\il[nils, M[b[lmbc D[s[h[h^ 

Uhcp_lmcns, Ribn[e. 

Exp_rcm_nt[l ^_scan 

Tb_ S. bicolor jf[hnm q_l_ aliqh ch _[lnb_h jinm `cff_^ qcnb 

NPm/NCPm mjce_^ micf. Tb_ ]ihnlif jf[hnm (qcnbion NPm/

NCPm) q_l_ [fmi l[cm_^ ch j[l[ff_f oh^_l nb_ m[g_ 

]ih^cncihm. Tb_ ohmjce_^ micf m[gjf_m q_l_ [h[fst_^ `il 

nb_ f_p_f i` honlc_hnm [h^ inb_l ]b_gc][f jlij_lnc_m \s [h 

ICP mj_]nlijbinig_n_l (ICAP 6000 S_lc_m, Tb_lgi 

S]c_hnc`c]) [n nb_ Sicf [h^ W[n_l Ah[fsmcm L[\il[nils, Klcmbc 

Vcas[h K_h^l[, Ribn[e.  

 Ti ]l_[n_ [ nin[f i` 6 nl_[ng_hn aliojm, nb_ 

l_kocmcn_ ]ih]_hnl[ncihm (100 il 200 jjg) i` CS il TcO2 

NPm, il nb_cl NCPm q_l_ [^^_^ m_j[l[n_fs ni _[]b jin 

bif^cha ~5 ea i` micf. A nin[f i` 5 jinm (l_jfc][n_m) i` _[]b 

nl_[ng_hn alioj q_l_ l[cm_^. E[]b jin ]ihn[chm 5 m__^m, 

nbom g[echa [ nin[f i` 25 jf[hnm/alioj.  

 Tb_ ]ih]_hnl[ncihm i` NPm q_l_ m_f_]n_^ [ft_l [ 

nbilioab fcn_l[nol_ l_pc_q, qb_l_ch m_p_l[f mno^c_m 

^_gihmnl[n_^ nb[n CS [h^ TcO2 NPm b[^ mncgof[nils 

_ff_]nm ih jf[hnm [n ]ih]_hnl[ncihm \_nq__h 30-200 jjg, 

qb_l_[m bcab_l ko[hncnc_m q_l_ l_jiln_^ ni \_ b[t[l^iom 

[h^ chbc\cn jf[hn aliqnb (21-24). Aft_l mn_lcfct[ncih qcnb 

0.1% g_l]olc] ]bfilc^_ `il 2 gch, S. bicolor m__^m q_l_ 

nbilioabfs q[mb_^ qcnb ^cmncff_^ q[n_l [ft_l 2 gch i` 

mn_lcfct[ncih qcnb 0.1% g_l]olc] ]bfilc^_. Tb_h, nb_ m__^m 

q_l_ bs^lijlcg_^ `il 6 b [h^ a_lgch[n_^ `il 48 b [n 30 ºC 

ch [h ch]o\[nil. Pf[hnm q_l_ nl[hm`_ll_^ `olnb_l ni jinm 

]ihn[chcha micf [h^ i\m_lp_^ `il 30 ^[sm. Tb_ jinm q_l_ 

e_jn ch nb_ ij_h _rj_lcg_hn[f [l_[, l_]_cpcha [ 

jbinimshnb_nc] jbinih `for ^_hmcns i` [jjlircg[n_fs 1480 

ni 1850 µgif/g2/m oh^_l [ \lcabn mohhs ^[s ch M[s (13 b 

fcabn [h^ 11 b ^[le j_lci^). Tb_ jf[hnm q_l_ cllca[n_^ qcnb 

n[j q[n_l, qb_h_p_l l_kocl_^. Oh nb_ 30nb ^[s, nb_ ]ihnlif 

[h^ nl_[n_^ jf[hnm q_l_ b[lp_mn_^ m_j[l[n_fs, [h^ nb_ 

f_hanb, `l_mbh_mm, [h^ ^ls q_cabn i` nb_ mbiin [h^ liin 

q_l_ g_[mol_^.  Mil_ip_l, ]bfilijbsff, jlin_ch, mn[l]b, 

[h^ ]_ffofim_ ]ihn_hnm, fcjc^ j_lirc^[ncih, [h^ nb_ 

[]ncpcnc_m i` [hncirc^[hn _htsg_m q_l_ [fmi chp_mnca[n_^. 

Sn[ncmnc][f [h[fsmcm q[m j_l`ilg_^ ih ^[n[ i\n[ch_^ `lig 

`cp_ l_jfc][n_m i` _[]b _rj_lcg_hn[f alioj (h = 5). 

D_t_rmcn[tcon o` nutrc_nt upt[k_  

Nonlc_hn ojn[e_, mo]b [m hcnlia_h (N), jbimjbiliom (P), 

jin[mmcog (K), [h^ g[ah_mcog (Ma), \s nb_ ]ihnlif [h^ 

nl_[n_^ S. bicolor jf[hnm q[m ]igj[l_^. Tb_ mbiinm [h^ 

liinm i` nb_ ]iff_]n_^ jf[hn m[gjf_m q_l_ ip_h ^lc_^ `il 48 

b [n 80 ºC. Tb_ jiq^_l_^ m[gjf_m q_l_ mjl_[^ ih ][l\ih 

mno\m [h^ ]i[n_^ qcnb Ao qcnb nb_ b_fj i` [ mjonn_l ]i[n_l. 

Tb_ _f_g_hn[f [h[fsmcm i` nb_ ^lc_^ m[gjf_m q[m ^ih_ 

omcha _h_las ^cmj_lmcp_ X-l[s (EDX; Hcn[]bc, SU8010 S_lc_m) 

[n nb_ mijbcmnc][n_^ [h[fsnc][f chmnlog_hn[ncih `[]cfcns, 

Pohd[\ Uhcp_lmcns, Cb[h^ca[lb. Tb_ m[gjf_m q_l_ _rjim_^ 

ni X-l[sm, [h^ nb_ _gcmmcihm q_l_ ][jnol_^ \s [h _h_las-

^cmj_lmcp_ ^_n_]nil. Tb_ ]igj[lcmih i` nb_ l_mofncha 

mj_]nlog qcnb jl_^_`ch_^ mn[h^[l^m [ffiq_^ `il nb_ 

jl_]cm_ ^_n_lgch[ncih i` nb_ _f_g_hn[f ]igjimcncih i` nb_ 

m[gjf_. 

Tot[l ]bloropbyll [n^ prot_cn ]ont_nt 

Tb_ nin[f ]bfilijbsff ]ihn_hn i` nb_ S. bicolor mbiinm q[m 
g_[mol_^ [m ^_m]lc\_^ \s Tb[eol _n [f. (25). Blc_`fs, 0.5 a 

i` nb_ jf[hn m[gjf_ (\inb f_[` [h^ mn_g) q[m ]lomb_^ ch 

80% []_nih_ [h^ ]_hnlc`oa_^ [n 5009×a `il 20 gch. Tb_ 

m[gjf_ [\mil\[h]_ q[m n[e_h [n 643 [h^ 663 hg. Tb_ 

]bfilijbsff ]ihn_hn q[m ][f]of[n_^ omcha _ko[ncih (c) [h^ 

nb_ l_mofnm q_l_ _rjl_mm_^ [m ga a-1 i` nb_ mbiin. 

Tin[f ]bfilijbsff = (20.2×(A645)+8.02×(A663))×V   <<<<(c) 

                                                       1000 × W 

Wb_l_, V = pifog_ i` []_nih_ om_^, [h^ W = [giohn i` nb_ 

m[gjf_ n[e_h. 

 Tb_ ]ihn_hn i` jlin_ch ch nb_ mbiin [h^ liin 

m[gjf_m q[m _mncg[n_^ \s nb_ Bl[^`il^ [mm[s (26) [h^ 

_rjl_mm_^ [m ga a-1 i` `l_mb jf[hn g[n_lc[f. 

St[r]b [n^ ]_llulos_ ]ont_nt 

Tb_ ^lc_^ g[n_lc[f (0.1 a) q[m ^cmmifp_^ ch 10 gL i` bin 

_nb[hif (80%) ni l_gip_ [ff moa[lm. N_rn, 6.5 gL i` 

j_l]bfilc] []c^ (52%) q[m [^^_^ ni ]ihp_ln nb_ mn[l]b chni 

afo]im_ ohcnm (27). Tb_ [giohn i` afo]im_ ohcnm q[m 

_mncg[n_^ omcha nb_ jb_hif g_nbi^. Fil ]_ffofim_ ]ihn_hn 

_mncg[ncih, 0.1 a i` nb_ m[gjf_ q[m ^ca_mn_^ ch 6 gL i` 
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hcnlc] []c^ (28). Tbcm ^ca_mncih jli]_mm _fcgch[n_^ [ff moa[lm 

_r]_jn ]_ffofim_, qbc]b q[m nb_h ko[hnc`c_^ \s nb_ 

[hnblih_ [mm[s. A afo]im_ mn[h^[l^ ]olp_ (10-100 a gL-1) 

q[m oncfct_^ ni ko[hnc`s mn[l]b [h^ ]_ffofim_, qcnb nb_ 

l_mofnm l_jl_m_hn_^ [m ga a-1 i` jf[hn _rnl[]n. 

Lcpc^ p_roxc^[tcon 

MDA q[m oncfct_^ [m [ g[le_l i` fcjc^ j_lirc^[ncih. Tb_ 

g_nbi^ _gjfis_^ \s Tb[eol _n [f. (25) q[m `iffiq_^ ni 

g_[mol_ jf[hn fcjc^ j_lirc^[ncih. Tb_ MDA p[fo_m q_l_ 

_rjl_mm_^ [m µM MDA a-1 i` `l_mb q_cabn.  

Antcoxc^[nt _nzym_s 

Ih nb_ jl_m_hn mno^s, q_ g_[mol_^ nb_ _ff_]n i` CS [h^ 

TcO2 NPm [h^ CS/TcO2 NCPm ih nb_ []ncpcnc_m i` `iol 

[hncirc^[hn _htsg_m, h[g_fs moj_lirc^_ ^cmgon[m_ (SOD), 

][n[f[m_ (CAT), [m]il\[n_ j_lirc^[m_ (APr), [h^ 

afon[nbcih_ j_lirc^[m_ (GPr). Ti jl_j[l_ jf[hn _rnl[]nm, 

jf[hn ncmmo_ (0.5 a) q[m alioh^ qcnb 5 gL i` jin[mmcog 

jbimjb[n_ \off_l (0.1 M, jH 7.0). Tb_ bigia_h[n_ q[m 

nb_h ]_hnlc`oa_^ [n 4 ºC, 17608 ×a `il 10 gch. Tb_ l_mofncha 

moj_lh[n[hn q[m om_^ [m [h _htsg_ miol]_ `il `olnb_l 

chp_mnca[ncihm. Ih nb_ l_[]ncih gcrnol_ i` nb_ ]ihnlif 

jf[hnm, nb_ jf[hn _rnl[]n q[m l_jf[]_^ qcnb _ko[f pifog_m 

i` jin[mmcog jbimjb[n_ \off_l (0.1 M, jH 7.0). 

 SOD []ncpcns q[m ^_n_lgch_^ \[m_^ ih cnm [\cfcns ni 

chbc\cn hcnli\fo_ n_nl[tifcog (NBT) jbinil_^o]ncih, 

`iffiqcha nb_ g_nbi^ ionfch_^ \s  Dbch^m[ _n [f. (29). Tb_ 

[]ncpcns i` CAT q[m g_[mol_^ \s nb_ ^_]l_[m_ ch 

[\mil\[h]_ i` nb_ l_[]ncih gcrnol_ [n 240 hg ^o_ ni nb_ 

^_]igjimcncih i` H2O2 (30). APr []ncpcns q[m [mm_mm_^ \s 

gihcnilcha nb_ ^_]l_[m_ ch [\mil\[h]_ [n 290 hg 

[]]il^cha ni nb_ g_nbi^ ^_m]lc\_^ \s N[e[hi [h^ Am[^[ 

(31). Tb_ GPr [mm[s chpifp_^ g_[molcha nb_ [\mil\[h]_ i` 

[ fcabn jche-]ifiol_^ mifoncih [n 412 hg l_mofncha `lig nb_ 

]ifilcg_nlc] l_[]ncih \_nq__h l_^o]_^ afon[nbcih_ 

[h^ nb_ 5,5’-^cnbcif-\cm (2-hcnli\_htic] []c^) l_[a_hn (30). 

Uh^_l nb_ mn[h^[l^ [mm[s ]ih^cncihm, ih_ _htsg_ ohcn q[m 

^_`ch_^ [m nb_ [giohn i` SOD l_kocl_^ ni chbc\cn NBT 

l_^o]ncih \s 50%, nb_ ko[hncns i` CAT l_kocl_^ ni 

^_]igjim_ 1.0 μM i` H2O2,, nb_ [giohn i` APr h__^_^ ni 

]ihp_ln 1 µM i` H2O2 chni H2O, il nb_ [giohn i` GPr 

h__^_^ ni a_h_l[n_ 1.0 M i` irc^ct_^ afon[nbcih_ j_l gch. 

St[tcstc][l [n[lyscs 

Ah _hncl_fs l[h^ig ^_mcah q[m _gjfis_^. Ih nb_ al[jbm, 
mn[h^[l^ _llil (SE) p[fo_m q_l_ oncfct_^ ni ^_jc]n ^[n[ 

p[lc[\cfcns, [h^ nb_ l_mofnm q_l_ jl_m_hn_^ [m nb_ g_[h i` 

`cp_ m_j[l[n_ l_jfc][n_m `il [ff aliojm. Tb_ ^[n[ [h[fsmcm 

q[m ]ih^o]n_^ omcha ih_-q[s [h[fsmcm i` p[lc[h]_ 

(ANOVA) [h^ Toe_s'm n_mn omcha IBM 26 SPSS miftq[l_. Tb_ 

^[n[ q[m [h[fst_^ [n [ 5 % f_p_f i` mcahc`c][h]_. 

 

R_sults [n^ Dcs]usscon   

Cb[r[]t_rcz[tcon o` NPs 

Am j_l nb_ TEM cg[a_m, CS NPm _rbc\cn_^ [ mct_ l[ha_ i` 4-
8.5 hg (Fca. 1A), qbcf_ TcO2 NPm `_ff qcnbch nb_ 35-76 hg 

l[ha_ (Fca. 1B). Tb_ mct_ mj_]nlog `il CS/TcO2 NCPm 

mj[hh_^ 60-80 hg (Fca. 1C). Tb_ mol`[]_ giljbifias, [m 

l_p_[f_^ \s FESEM cg[a_m, mbiq_^ nb[n CS NPm b[^ [ 

lioab, f[s_l_^, [h^ [aal_a[n_^ mnlo]nol_, l_m_g\fcha nb_ 

hin]b_^ mol`[]_ i` m_^cg_hn[ls li]e (Fca. 1D). Ih ]ihnl[mn, 

TcO2 NPm [mmog_^ [ jifsaih[f mb[j_ (Fca. 1E), qb_l_[m CS/

TcO2 NCPm g[hc`_mn_^ [ hip_f mnlo]nol_ l_m_g\fcha [ ]il[f-

l__` g[^_ oj i` qbilfm i` j_n[f-fce_ mnlo]nol_m qcnb p[mn 

pic^m ch \_nq__h nb_ qbilfm (Fca. 1F).  

 Tb_ bs^li^sh[gc] ^c[g_n_l [h^ t_n[ jin_hnc[f i` 

CS NPm, TcO2 NPm [h^ CS/TcO2 NCPm [m ^_n_lgch_^ \s nb_ 

t_n[ mct_l, q_l_ `ioh^ ni \_ 437.7, 369.1, [h^ 2030 hg, [h^ 

11.4, 38.2, [h^ -4.95, l_mj_]ncp_fs (Fca. 2 A-F). Ih nb_ NCPm, 

nb_ chn_l[]ncih \_nq__h TcO2 NPm [h^ CS fce_fs _rjim_^ 

h_a[ncp_ ]b[la_m ih nb_ mol`[]_ i` CS/TcO2 NCPm, l_mofncha 

ch nb_cl h_a[ncp_ t_n[ jin_hnc[f. B[m_^ ih nb_ t_n[ 

jin_hnc[f p[fo_m, cn q[m ]ih]fo^_^ nb[n \inb CS NPm [h^ 

CS/TcO2 NCPm q_l_ ohmn[\f_. Tbcm chmn[\cfcns ]iof^ \_ 

[nnlc\on_^ ni nb_ jl_m_h]_ i` p[lciom `oh]ncih[f aliojm, 

mo]b [m -NH2 [h^ -OH, ih nb_cl mol`[]_, qbc]b cgj[ln 

]b[la_m ni nb_ h[hij[lnc]f_m. Tb_ chmn[\cfcns i` nb_m_ 

h[hig[n_lc[fm cm ]fim_fs fche_^ ni nb_cl [\cfcns ni [aal_a[n_ 

[h^ l_[]n qcnb inb_l []ncp_ mo\mn[h]_m ni [nn[ch [ 

l_f[ncp_fs gil_ mn[\f_ mn[n_. Cihmcmn_hn qcnb nb_m_ 

`ch^cham, [aal_a[ncih i` CS NPm [h^ CS/TcO2 NCPm q[m [fmi 

i\m_lp_^ ch nb_cl FESEM cg[a_m (Fca. 1D [h^ 1F, 

l_mj_]ncp_fs). 

 Tb_ XRD n_]bhcko_ q[m oncfct_^ ni [h[fst_ nb_ 

]lsmn[ffial[jbc] mnlo]nol_ i` nb_ mshnb_mct_^ NPm [h^ 

NCPm [m mbiqh ch Fca. 3 A, B [h^ C. CS NPm _rbc\cn_^ [ 

l[ha_ i` chn_hm_ j_[em [n 18.66, 22.75, 32.19, 38.16, [h^ 

46.51 2nb_n[ ^cffl[]ncih [haf_m, ]ill_mjih^cha ni 001, 100, 

110, 111, [h^ 200 bef p[fo_m, l_mj_]ncp_fs (Fca. 3A) (32). Fil 

TcO2 NPm, j_[em q_l_ i\m_lp_^ [n 25.26, 37.86, 47.53, 

54.30, [h^ 62.28 2nb_n[ ^cffl[]ncih [haf_m, qcnb bef p[fo_m 

i` 101, 004, 200, 105, [h^ 204, ]ihmcmn_hn qcnb JCPDS C[l^ 

Ni. 21-1272 (Fca. 3B). Tb_ XRD [h[fsmcm i` CS/TcO2 NCPm 

l_p_[f_^ j_[em [n 20.14, 25.32, 29.61, 38.03, 47.99, 54.30, 

62.81, [h^ 69.41 2nb_n[ p[fo_m, qcnb bef p[fo_m i` 001, 101, 

110, 004, 200, 211, 002 [h^ 116, l_mj_]ncp_fs (Fca. 3C).Tb_m_ 

`ch^cham q_l_ ch aii^ [al__g_hn qcnb nb_ jl_pciomfs 

l_jiln_^ j_[em `il nb_m_ NCPm (15). Tb_ jl_m_h]_ i` 

p[lciom chn_hm_ j_[em ch nb_ XRD al[jbm i` [ff 

h[hig[n_lc[fm ch^c][n_m nb_cl ]lsmn[ffch_ h[nol_, [h^ hi 

cgjolcnc_m q_l_ l_jiln_^. Tb_ bef p[fo_m q_l_ ][f]of[n_^ 

omcha _ko[ncih (cc) [h^ g[n]b_^ qcnb nbim_ `ioh^ ch 

jl_pciom fcn_l[nol_ [h^ nb_cl l_mj_]ncp_ JCPDS ][l^m. 

            1    =    b2 + e2   + f2 

            ^2                    [2           ]2        <<<<<<..(cc)  

Tb_ [p_l[a_ ]lsmn[ffch_ mct_ i` [ff nb_ h[hig[n_lc[fm q[m 

][f]of[n_^ omcha S]b_ll_l’m _ko[ncih [h^ q[m `ioh^ ni \_ 

6.90, 9, [h^ 71 hg `il CS NPm, TcO2 NPm, [h^ CS/TcO2 NCPm, 

l_mj_]ncp_fs.  

 Tb_ FTIR mj_]nl[ `il nb_ CS [h^ TcO2 NPm [h^ nb_ CS/

TcO2 NCPm [l_ jl_m_hn_^ ch Fca. 3(D-F). Ih nb_ FTIR mj_]nl[ i` 

CS NPm (Fca. 3D), nb_ j_[em [n 3436 [h^ 3285 ]g-1 q_l_ 

[nnlc\on_^ ni mnl_n]bcha pc\l[ncihm i` -OH [h^ -NH2, 

l_mj_]ncp_fs, qbcf_ nb_ j_[e [n 2923 ]g-1 q[m [mmi]c[n_^ 

qcnb -CH alioj mnl_n]bcha. Tb_ ^cmnch]ncp_ j_[e i\m_lp_^ [n 

1648 ]g-1 q[m [mmcah_^ ni nb_ jl_m_h]_ i` nb_ CONH2 
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([gc^_) alioj. A^^cncih[ffs, nb_ j_[em [n 1530]g-1 `il -NH 

^_`ilg[ncih, 1077 ]g-1 `il C-O-C mnl_n]bcha, [h^ 886 ]g-1 

`il afo]ijsl[him_ lcha i` nb_ CS g[nlcr q_l_ c^_hnc`c_^ (33). 

Tb_ j_[em [lioh^ 500 ]g-1 ]ill_mjih^ ni ion i` jf[h_ 

\_h^cha i` -NH [h^ C-O aliojm ch CS (34). Ih nb_ FTIR 

mj_]nl[ i` TcO2 NPm (Fca. 3E), nb_ j_[em [n 3378 [h^ 3251 ]g-1 

q_l_ ^o_ ni nb_ mnl_n]bcha i` nb_ -OH alioj, nb_ j_[e [n 

1650 ]g-1 q[m [nnlc\on_^ ni \_h^cha gi^_m i` [ko_iom Tc-

OH, [h^ nb_ j_[em [n 1083 [h^ \_nq__h 700-500 ]g-1q_l_ 

ch^c][ncp_ i` Tc-O \ih^ mnl_n]bcha, ]ih`clgcha nb_ `ilg[ncih 

i` TcO2 NPm (35). Ih nb_ FTIR mj_]nlog i` nb_ CS [h^ TcO2 

NCPm (Fca. 3F), j_[em ]ill_mjih^cha ni \inb CS [h^ TcO2 NPm 

q_l_ i\m_lp_^, [h^ nb_ j_[em [mmi]c[n_^ qcnb CS mbiq_^ [ 

mfcabn mbcft ^o_ ni nb_ `ilg[ncih i` NCPm. Tb_ j_[em [n 3327, 

1639, [h^ 1077 ]g-1 q_l_ fche_^ ni mnl_n]bcha i` nb_ -OH 

aliojm, [h [gc^_ \ih^, [h^ C-O-C mnl_n]bcha, l_mj_]ncp_fs, 

ch^c][ncp_ i` nb_ CS ]igjih_hn. Tb_ mnl_n]bcha pc\l[ncihm i` 

nb_ Tc-O \ih^ ch TcO2 q_l_ i\m_lp_^ [n 760 [h^ 580 ]g-1.  

Socl [n[lyscs 

S. bicolor jf[hnm q_l_ aliqh ch jinm `cff_^ qcnb micf b[pcha [ 

jH i` 7.02, [h _f_]nlc][f ]ih^o]ncpcns i` 0.29 ^S g-1, [h^ [h 

ila[hc] ][l\ih ]ihn_hn i` 0.66%. Tb_ g[]lihonlc_hn 

jli`cf_ i` nb_ micf mbiq_^ ]ih]_hnl[ncihm i` 20 jjg N, 11 

jjg P, 54 jjg K, [h^ 13.23 jjg mofjbol (S). A^^cncih[ffs, 

nb_ gc]lihonlc_hn [h[fsmcm l_p_[f_^ nb_ jl_m_h]_ i` 2.73 

jjg tch] (Zh), 19.62 jjg clih (F_), 4.20 jjg g[ha[h_m_ 

(Mh), [h^ 1.04 jjg ]ijj_l (Co). Fil ijncg[f jf[hn aliqnb, 

nb_ micf jH mbiof^ l[ha_ `lig 6.5 ni 8.5, nb_ _f_]nlc][f 

]ih^o]ncpcns mbiof^ \_ \_fiq 0.8 ^S g-1, [h^ nb_ ila[hc] 

][l\ih ]ihn_hn mbiof^ \_ f_mm nb[h 0.4%. Emm_hnc[f micf 

gc]lihonlc_hnm mbiof^ g[chn[ch gchcgog f_p_fm i` 0.6 

jjg i` Zh, 4.5 jjg `il F_, 2 jjg `il Mh, 0.2 jjg `il Co, 

[h^ 10 jjg `il S. bicolor nblcp_m ch micfm qcnb [ jH \_nq__h 

6 [h^ 7.5, [ l[ha_ nb[n _h[\f_m jf[hn liinm ni [\mil\ 

honlc_hnm gil_ _ffc]c_hnfs. Tb_ _f_]nlc][f ]ih^o]ncpcns, 

ila[hc] ][l\ih, [h^ honlc_hn f_p_fm i` nb_ micf q_l_ qcnbch 

nb_ c^_[f l[ha_ `ilS. bicolor ]ofncp[ncih. Tb_ ila[hc] g[nn_l 

ch nb_ micf jf[sm [ ]lo]c[f lif_ ch e__jcha NPm ^cmj_lm_^, 

jl_p_hncha nb_cl [aafig_l[ncih, [h^ `[]cfcn[ncha _[ms 

ojn[e_ \s jf[hnm (36).  

Eff_]t on arowtb p[r[m_t_rs 

Tb_ aliqnb i` 30-^[s-if^ S. bicolor jf[hnm q[m i\m_lp_^ ni 

\_ mncgof[n_^ [n \inb ]ih]_hnl[ncihm (100 [h^ 200 jjg) i` 

CS NPm, TcO2 NPm, [h^ nb_cl NCPm ]igj[l_^ ni ]ihnlifm 

(T[\f_ 1). Agiha CS NPm, TcO2 NPm, [h^ CS/TcO2 NCPm, nb_ 

g[rcgog mncgof[ncih ch mbiin [h^ liin aliqnb i` S. 

bicolor q[m i\m_lp_^ qcnb TcO2 NPm. CS NPm ch]l_[m_^ nb_ 

f_hanb, `l_mbh_mm, [h^ ^ls q_cabn i` mbiinm \s 

[jjlircg[n_fs 10% [n 100 jjg, qbcf_ nb_ ch]l_[m_ mfcabnfs 

^lijj_^ [n 6%, 7%, [h^ 5%, l_mj_]ncp_fs, [n 200 jjg. 

Scgcf[lfs, nb_ f_hanb [h^ `l_mb q_cabn i` nb_ liinm 

ch]l_[m_^ \s 8% [n 100 jjg, [h^ \s ihfs 3% [n 200 jjg. 

An 200 jjg i` CS NPm, liin ^ls q_cabn q[m ]igj[l[\f_ ni 

]ihnlif jf[hnm, qb_l_[m [n 100 jjg, cn ch]l_[m_^ mfcabnfs \s 

6%. Pl_pciom mno^c_m b[p_ [fmi l_jiln_^ nb_ mncgof[nils 

_ff_]nm i` CS ih jf[hn aliqnb. S[nbcs[\[g[ [h^ 

M[hce[h^[h (5) `ioh^ nb[n `ifc[l [jjfc][ncih i` 0.1% CS 

_hb[h]_^ nb_ aliqnb i` `cha_l gcff_n jf[hnm. Dcps[ _n [f. 

(37) l_jiln_^ [h ch]l_[m_ ch aliqnb i` lc]_ jf[hnm \s 1 ga 

gL-1 CS NPm, moaa_mncha nb[n nb_ _hb[h]_g_hn ch nb_ jf[hn 

aliqnb q[m ^o_ ni CS NPm-ch^o]_^ _hb[h]_g_hn ch 

honlc_hn ojn[e_. 

 TcO2 NPm mncgof[n_^ \inb mbiin [h^ liin aliqnb [n 
]ih]_hnl[ncihm i` 100 [h^ 200 jjg. Tb_ mbiin f_hanb, 

`l_mb q_cabn, [h^ ^ls q_cabn ch]l_[m_^ \s [jjlircg[n_fs 

23% [n 100 jjg [h^ 15% [n 200 jjg, l_mj_]ncp_fs. 

A^^cncih[ffs, TcO2 NPm ch]l_[m_^ liin f_hanb [h^ liin `l_mb 

q_cabn \s 22% ]igj[l_^ ni nb_ ]ihnlif jf[hnm, [h^ liin 

^ls q_cabn \s 19% [n 100 jjg. An 200 jjg, nb_ j_l]_hn 

_hb[h]_g_hn ch liin f_hanb, `l_mb q_cabn [h^ ^ls q_cabn 

q[m [jjlircg[n_fs 13%. Tb[eol _n [f. (25) [fmi l_jiln_^ 

ch]l_[m_^ \cig[mm, liin, [h^ mbiin f_hanb ch goha \_[h 

jf[hnm aliqh ch [ bs^lijihc] m_noj qcnb nqi ^cff_l_hn 

]ih]_hnl[ncihm i` TcO2 NPm (10 [h^ 100 ga L-1). Tb_ 

bs^lirs l[^c][fm jli^o]_^ \s TcO2 NPm ][om_ nb_ ]_ff q[ff 

ni fiim_h, f_[^cha ni ]_ff _hf[la_g_hn [h^ aliqnb (25).  

 CS/TcO2 NCPm [fmi ^_gihmnl[n_^ [ jimcncp_ cgj[]n 

ih mbiin [h^ liin aliqnb. Tb_ mbiin f_hanb, mbiin 

`l_mbh_mm, [h^ ^ls q_cabn q_l_ ch]l_[m_^ \s 

[jjlircg[n_fs 15% [n 100 jjg [h^ \s 16% [n 200 jjg. An 

S. 
No. 

Tr_[tm_nts 
(ppm) 

Sboot l_natb 
(]m) 

Sboot `r_sb 
w_cabt (a) 

Sboot ^ry 
w_cabt (a) 

Root l_natb
(]m) 

Root `r_sb 
w_cabt (a) 

Root ^ry 
w_cabt (a) 

1. Cihnlif (0) 73.3±3.24\ 6.66±0.09^ 0.80±0.02\ 32.26±2.52[ 0.90±0.03\ 0.16±0.04[ 

2. 
  

CS NPm 

100 80.88±3.52[\ 7.35±0.12\] 0.88±0.04[\ 34.94±2.56[ 0.97±0.03\ 0.17±0.04[ 

200 77.42±1.92[\ 7.13±0.16]^ 0.84±0.05[\ 33.14±2.61[ 0.93±0.02\ 0.16±0.004[ 

3. 
  

TcO2 
NPm 

100 90.14±3.27[ 8.17±0.08[ 0.98±0.02[ 39.32±1.00[ 1.10±0.02[ 0.19±0.02[ 

200 84.2±0.44[\ 7.65±0.09[\] 0.92±0.02[\ 36.3±1.97[ 1.02±0.03[\ 0.18±0.04[ 

4. 

  

CS/
TcO2 

NCPm 

100 
84.52±2.43[\ 

  
7.68±0.1[\] 0.92±0.02[\ 

33.18±1.14[ 

  
0.93±0.02\ 0.16±0.004[ 

200 
85.46±3.86[\ 

  
7.76±0.25[\ 0.93±0.04[\ 

35.44±1.63[ 

  
0.98±0.03\ 0.17±0.004[ 

T[\l_ 1. Eff_]n i` CS NPm, TcO2 NPm [h^ CS/TcO2 NCPm ih nb_ aliqnb i` 30-^[sm-if^ S. bicolor jf[hnm 

D[n[ cm jl_m_hn_^ [m g_[h ± S.E. (h = 5) [h^ ^cff_l_hn f_nn_lm ch^c][n_ nb_ mcahc`c][hn ^cff_l_h]_ [n j<0.05  
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[ ]ih]_hnl[ncih i` 100 jjg, nb_ _hb[h]_g_hn ch liin 

f_hanb [h^ liin `l_mb q_cabn q[m 3%, qbcf_ nb_l_ q[m hi 

mcahc`c][hn ^cff_l_h]_ ch liin ^ls q_cabn ]igj[l_^ ni nb_ 

]ihnlif jf[hnm. An 200 jjg, nb_l_ q[m [h [jjlircg[n_fs 

10% ch]l_[m_ ch liin f_hanb, [ 9% ch]l_[m_ ch liin `l_mb 

q_cabn, [h^ [ 6% ch]l_[m_ ch liin ^ls q_cabn. 

Eff_]t o` NPs on upt[k_ o` nutrc_nts 

CS NPm, TcO2 NPm [h^ CS/TcO2 NCPm q_l_ `ioh^ ni _hb[h]_ 

nb_ ojn[e_ i` honlc_hnm `lig nb_ micf (T[\f_ 2). Tb_ N [h^ K 

]ihn_hn q[m bcab_mn ch nb_ mbiin [h^ liinm i` TcO2NPm 

nl_[n_^ jf[hnm, `iffiq_^ \s nbim_ nl_[n_^ qcnb CS/TcO2 

NCPm [h^ CS NPm nl_[n_^ jf[hnm. Cihp_lm_fs, Ma [h^ P 

f_p_fm q_l_ bcab_mn ch nb_ mbiin [h^ liinm i` jf[hnm nl_[n_^ 

qcnb CS/TcO2 NCPm, `iffiq_^ \s TcO2 NPm [h^ CS NPm 

nl_[n_^ jf[hnm. N_p_lnb_f_mm, [ff nl_[ng_hn aliojm 

_rbc\cn_^ mcahc`c][hnfs bcab_l honlc_hn []]ogof[ncih 

]igj[l_^ ni ]ihnlif jf[hnm. Tb_m_ `ch^cham q_l_ 

]ihmcmn_hn qcnb jl_pciom fcn_l[nol_.  

 Tb_ f[la_l mol`[]_ [l_[ i` NPm, qbc]b ][h l_n[ch 

honlc_hnm ih nb_cl mol`[]_ [h^ ch]l_[m_ nb_cl 

\ci[p[cf[\cfcns, fce_fs ]ihnlc\on_m ni _hb[h]_^ honlc_hn 

[\miljncih ch nb_ jl_m_h]_ i` NPm (38). A mno^s \s 

O'H_lfcbs _n [f. (39) ^_gihmnl[n_^ nb[n jin[ni jf[hnm 

mcahc`c][hnfs ch]l_[m_^ nb_cl ojn[e_ i` jf[hn honlc_hnm 

`iffiqcha nb_ [jjfc][ncih i` CS mifoncih. Scgcf[lfs, nb_ 

[^^cncih i` 1% CS ni `_lncfct_l \iimn_^ nb_ N [h^ P ]ihn_hn 

i` Eustoma grandiflorum (R[`) jf[hnm ]igj[l_^ ni nbim_ 

aliqh ch micf qcnbion CS (40). CS ]ihn[chm hog_liom 

[gchi aliojm, ch]fo^cha N, moaa_mncha cn g[s m_lp_ [m [ 

miol]_ i` N `il jf[hnm (41). Folnb_lgil_, CS b[m 

^_gihmnl[n_^ [ jimcncp_ cgj[]n ih nb_ aliqnb i` 

lbcti\[]n_lc[, [m cn `ilgm [ msg\cinc] l_f[ncihmbcj qcnb 

lbcti\[]n_lc[ nb[n jligin_m jf[hn honlc_hn ojn[e_ (42). 

A^^cncih[ffs, mno^c_m b[p_ `ioh^ nb[n TcO2 NPm ][h cgjlip_ 

nb_ ojn[e_ i` hcnl[n_m, f_[^cha ni ch]l_[m_^ N ]ihn_hn ch 

nl_[n_^ mjch[]b jf[hnm (10). 

Tot[l ]bloropbyll ]ont_nt 

Oh_ i` nb_ gimn ]lo]c[f _f_g_hnm h__^_^ ni momn[ch 

jbinimshnb_nc] ][j[]cns cm nb_ ]ihn_hn i` ]bfilijbsff. 

Cbfilijbsff f_p_fm mcahc`c][hnfs ch]l_[m_^ ch [ff nb_ nl_[n_^ 

jf[hnm, ch^c][ncha nb[n nb_ jl_m_h]_ i` CS [h^ TcO2 NPm, 

[h^ CS/TcO2 NCPm cgjlip_^ nb_ a_h_l[f b_[fnb [h^ 

jbinimshnb_nc] ][j[]cns i` jf[hnm (Fca. 4A). Tb_ bcab_mn 

]bfilijbsff ]ihn_hn q[m `ioh^ ch CS/TcO2 NCPm nl_[n_^ S. 

bicolor jf[hnm, qb_l_ nb_ [giohn i` ]bfilijbsff [fgimn 

^io\f_^ qcnb [h ch]l_g_hn i` 93% [n 100 jjg [h^ 94% [n 

200 jjg ]ih]_hnl[ncih. Cbfilijbsff ]ihn_hn ch TcO2 NPm 

nl_[n_^ jf[hnm ch]l_[m_^ \s 75% [n 100 jjg [h^ 62% [n 

200 jjg. Tb_ f_[mn ch]l_[m_ ch ]bfilijbsff q[m i\m_lp_^ 

`il CS NPm nl_[n_^ jf[hnm, qb_l_ ]bfilijbsff ]ihn_hnm 

ch]l_[m_^ \s 57% [h^ 35% [n 100 [h^ 200 jjg, 

l_mj_]ncp_fs. Cigj[l_^ ni nb_ ]ihnlif alioj, [h ch]l_[m_ 

ch nb_ ]bfilijbsff ]ihn_hn i` [ff nb_ nl_[n_^ jf[hnm 

]ill_f[n_m q_ff qcnb nb_ ch]l_[m_^ ojn[e_ i` N [h^ Ma \s 

nb_m_ jf[hnm. 

 V[h _n [f. (43) `ioh^ nb[n `ifc[l mjl[scha i` CS NPm 

(30-50%) ch]l_[m_^ ]bfilijbsff ]ihn_hn ch ]iff__ jf[hnm. 

Scgcf[lfs, \inb micf [h^ `ifc[l [jjfc][ncih i` CS NPm 

_hb[h]_^ nb_ ]bfilijbsff ]ihn_hn i` Triticum aestivum L. 

(41), [h^ Catharanthus roseus (L.) G. Dih (44), qb_h aliqh 

oh^_l ^lioabn ]ih^cncihm. CS NPm g[s _hb[h]_ nb_ 

[p[cf[\cfcns i` `l__ [gchi ]igjioh^m [h^ nb_ chn_lh[f 

]sniechch f_p_fm, nb_l_\s nlcaa_lcha nb_ jli^o]ncih i` 

]bfilijbsff mshnb_mcm a_h_m [h^ ch]l_[mcha ]bfilijbsff 

f_p_fm (45). Folnb_lgil_, nb_ [hncirc^[hn []ncpcns i` CS 

chbc\cnm nb_ ^_al[^[ncih i` jbinimshnb_nc] jcag_hnm [h^ 

m][p_ha_m l_[]ncp_ irsa_h mj_]c_m (ROS) ch nbsf[eic^m. 

A^^cncih[ffs, nb_m_ NPm g[s cgjlip_ jbinimshnb_nc] 

_ffc]c_h]s \s \iimncha nb_ []ncpcns i` Ro\cm]i ][l\irsf[m_ 

[h^ \s chbc\cncha _nbsf_h_, qbc]b mncgof[n_m 

]bfilijbsff[m_ (46). 

  

Tr_[tm_nts 
(ppm)/

Nutrc_nts (%) 
Control (0) 

CS NPs TcO2 NPs CS/TcO2 NCPs 

100 200 100 200 100 200 

N Sbiin 1.60±0.012` 2.14±0.017_ 
2.09±0.004_ 

  
3.01±0.026[ 2.26±0.017^ 2.53±0.004] 2.83±0.013\ 

N Riin 2.81±0.006_ 2.93±0.008] 2.84±0.004^ 3.98±0.007[ 3.3±0.006\ 2.94±0.005] 2.84±0.007^ 

K Sbiin 2.94±0.016` 3.86±0.007^ 3.80±0.012^_ 5.45±0.011[ 4.42±0.004] 4.90±0.026\ 3.79±0.009_ 

K Riin 2.13±0.004a 4.31±0.02] 3.08±0.007` 4.84±0.006[ 3.18±0.007_ 4.11±0.005^ 4.47±0.004\ 

Ma Sbiin 0.34±0.003` 0.45±0.005^_ 0.42±0.005_ 0.53±0.005\ 0.49±0.005] 0.59±0.012[ 0.46±0.01]^ 

Ma Riin 0.24±0.007^ 0.45±0.006\ 0.55±0.009[ 0.53±0.003[ 0.35±0.009] 0.44±0.009\ 0.24±0.005^ 

P Sbiin 0.22±0.003]^ 0.23±0.004] 0.20±0.006^_ 0.23±0.004] 0.18±0.004_ 0.31±0.004\ 0.37±0.007[ 

P Riin 0.20±0.003` 0.29±0.004_ 0.28±0.01_ 0.40±0.005] 0.35±0.003^ 0.75±0.009[ 0.56±0.005\ 

T[\l_ 2. Ujn[e_ i` honlc_hnm ch ]ihnlif [h^ nl_[n_^ S. bicolor jf[hnm [ft_l 30 ^[sm i` aliqnb 

D[n[ cm jl_m_hn_^ [m g_[h ± S.E. (h = 5) [h^ ^cff_l_hn f_nn_lm ch^c][n_ nb_ mcahc`c][hn ^cff_l_h]_ [n j<0.05 
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Siha _n [f. (21) l_jiln_^ ch]l_[m_^ ]bfilijbsff ]ihn_hn ch 

Lemna minor L. jf[hnm [n p[lciom ]ih]_hnl[ncihm i` TcO2 NPm, 

`lig 10, 50, 100, 200, 500, 1000 [h^ 2000 ga L-1. TcO2 NPm 

q_l_ [fmi `ioh^ ni mncgof[n_ ]bfilijbsff ]ihn_hnm ch Mentha 

piperita L. (47). Afnbioab nb_ mj_]c`c] g_]b[hcmg `il TcO2 

NPm ch^o]_^ lcm_ ch ]bfilijbsff ]ihn_hn cm oh]_ln[ch, cn b[m 

\__h moaa_mn_^ nb[n cn g[s i]]ol ^o_ ni _hb[h]_^ F_ 

ojn[e_ (25), qbc]b cm h__^_^ `il nb_ ]ihp_lmcih i` 

jlinijiljbslch ni [ ]bfilijbsff jl_]olmil. Tb_ ch]fomcih i` 

\inb CS [h^ TcO2 NPm ch nb_ NCPm g[s b[p_ msh_lacmnc] 

_ff_]nm, f_[^cha ni [ mo\mn[hnc[f ch]l_[m_ ch nb_ ]bfilijbsff 

]ihn_hn i` jf[hnm nl_[n_^ qcnb CS/TcO2 NCPm.  

St[r]b [n^ ]_llulos_ ]ont_nt  

Cigj[l_^ ni ]ihnlif jf[hnm, nb_ mn[l]b ]ihn_hn ch nb_ 

mbiinm i` 30-^[sm-if^ S. bicolor jf[hnm q[m ch]l_[m_^ \s CS 

NPm, TcO2 NPm, [h^ nb_cl NCPm [n \inb ]ih]_hnl[ncihm. 

Hiq_p_l, [ mcahc`c][hn ch]l_[m_ q[m i\m_lp_^ ihfs `il nb_ 

jf[hnm nl_[n_^ qcnb CS/TcO2 NCPm (Fca. 4B). Tb_ CS/TcO2 

NCPm ch]l_[m_^ nb_ mn[l]b ]ihn_hn ch nb_ mbiinm i` S. 

bicolor \s 19% [n \inb 100 [h^ 200 jjg ]ih]_hnl[ncihm. 

Tblioab jbinimshnb_mcm, ]bfilijbsff jli^o]_m _h_las ch 

nb_ `ilg i` ][l\ibs^l[n_m, mnilcha nb_ moljfom [m mn[l]b 

(21). Tb_ ch]l_[m_ ch ]bfilijbsff ]ihn_hn gcabn b[p_ 

ch]l_[m_^ nb_ jbinimshnb_nc] [mmcgcf[ncih ch nb_m_ jf[hnm, 

l_mofncha ch \_nn_l moa[l [h^ b_h]_, mn[l]b jli^o]ncih. Ih 

[^^cncih ni ]bfilijbsff ]ihn_hn, mn[l]b ]ihn_hn cm [fmi 

ch`fo_h]_^ \s K ojn[e_ \s jf[hnm. Tb_ mbiinm i` [ff NP-

nl_[n_^ jf[hnm mbiq_^ bcab_l K ojn[e_, qbc]b gcabn b[p_ 

f_^ ni ch]l_[m_^ mn[l]b mshnb_mcm [m K cm [h []ncp[nil i` nb_ 

mn[l]b mshnb[m_ _htsg_ (48). Ef_p[n_^ mn[l]b f_p_fm ch nb_ 

mn_g [h^ f_[p_m i` bcab \cig[mm ]lijm mo]b [m S. bicolor 

cgjlip_ `il[a_ ko[fcns [h^ nb_ _ffc]c_h]s i` \cig[mm 

]ihp_lmcih ni \ci`o_fm [h^ \cijli^o]nm. 

 Sch]_ S. bicolor \[a[mm_ ]ihn[chm oj ni 31.42% 

]_ffofim_, cn _g_la_m [m [ jin_hnc[f miol]_ i` ]_ffofim_ 

`c\l_. Tsjc][ffs om_^ ch nb_ jli^o]ncih i` `c\l_-\[m_^ 

jli^o]nm [h^ inb_l fiq-p[fo_ [jjfc][ncihm mo]b [m 

]ig\omncih, b[s `il [hcg[f `__^ [h^ \_^^cha, \ci]b_gc][f 

jli^o]ncih, [h^ [m [ miol]_ i` ila[hc] g[nn_l ni _hb[h]_ 

micf q[n_l l_n_hncih, `_lncfcns, [h^ ni jl_p_hn micf _limcih. S. 

bicolor iff_lm p_lm[ncf_ oncfcns. Ih nb_ jl_m_hn qile, [h 

ch]l_[m_ ch nb_ ]_ffofim_ ]ihn_hn i` S. bicolor mbiinm q[m 

i\m_lp_^ `il [ff nb_ nl_[ng_hn aliojm ]igj[l_^ ni nb_ 

]ihnlif alioj (Fca. 4C).CS NPm ch]l_[m_^ nb_ ]_ffofim_ 

]ihn_hn \s 20% [n 100 jjg [h^ \s 26% [n 200 jjg 

]ih]_hnl[ncih. TcO2 NPm l_mofn_^ ch [ 13% [h^ 18% 

ch]l_[m_ ch ]_ffofim_ ]ihn_hn [n 100 [h^ 200 jjg 

]ih]_hnl[ncihm, l_mj_]ncp_fs. Ih ]ihnl[mn, CS/TcO2 NCPm 

mcahc`c][hnfs [oag_hn_^ nb_ ]_ffofim_ ]ihn_hn [n 36% [h^ 

56% [n 100 [h^ 200 jjg ]ih]_hnl[ncihm, l_mj_]ncp_fs, ch 

nb_ mbiinm i` S. bicolor jf[hnm. C_ffofim_ cm ]lcnc][f `il 

g[chn[chcha nb_ chn_alcns i` jf[hn ]_ff q[ffm [h^ mojjilncha 

aliqnb. Tbom, nb_ _hb[h]_g_hn i` ]_ffofim_ ]ihn_hn cm 

]ihmcmn_hn qcnb nb_ i\m_lp_^ aliqnb jligincih i` S. 

bicolor ch nb_ jl_m_h]_ i` NPm. 

Prot_cn ]ont_nt  

CS/TcO2 NCPm mcahc`c][hnfs ch]l_[m_^ nb_ jlin_ch ]ihn_hn ch 

nb_ mbiinm i` 30-^[s-if^ S. bicolor jf[hnm (Fca. 4D). Plin_ch 

]ihn_hn ch]l_[m_^ \s 119% [n 100 jjg [h^ 78% [n 200 

jjg ]ih]_hnl[ncihm i` NCPm. Scgcf[lfs, TcO2 NPm _hb[h]_^ 

nb_ jlin_ch ]ihn_hn i` nb_ mbiin, qbcf_ nb_ jlin_ch ]ihn_hn 

ch nb_ mbiin i` CS NPm nl_[n_^ jf[hnm l_g[ch_^ 

]igj[l[\f_ ni nb[n i` nb_ ]ihnlif jf[hnm. Mil_ip_l, nb_ 

jlin_ch ]ihn_hn i` nb_ liinm ch [ff nl_[n_^ jf[hnm ^c^ hin 

mbiq [ mcahc`c][hn ^cff_l_h]_ `lig nb[n i` nb_ ]ihnlif 

jf[hnm. Tb_ ch]l_[m_^ jlin_ch ]ihn_hn [nnlc\on_^ ni CS/

TcO2 NCPm [h^ TcO2 NPm g[s l_mofn `lig cgjlip_^ N 

ojn[e_, qbc]b cm ]lo]c[f `il mshnb_mctcha jlin_chm [h^ 

[gchi []c^m (45). A^^cncih[ffs, TcO2 NPm `[]cfcn[n_ nb_ 

nl[hm`ilg[ncih i` NH4
+-N chni ila[hc] hcnlia_h (10). 

Scgcf[l l_mofnm q_l_ l_jiln_^ \s Diqig _n [f. (46), qbi 

i\m_lp_^ hi mcahc`c][hn ch]l_[m_ ch jlin_ch ]ihn_hn qcnb CS 

NPm [n ]ih]_hnl[ncihm i` 30, 60, [h^ 90 jjg ch Salvia 

abrotanoides (K[l.) Ssnmg[. Folnb_lgil_, TcO2 NPm 

ch]l_[m_^ nb_ jlin_ch ]ihn_hn i` nb_ mjch[]b jf[hn [n [ 

]ih]_hnl[ncih i` 0.25% [h^ Cicer arietinum L. jf[hnm [n 

1000 jjg (3, 10).  

Lcpc^ p_roxc^[tcon 

Lcjc^ j_lirc^[ncih, ch^c][ncp_ i` ]_ffof[l irc^[ncp_ ^[g[a_, 

][h \_ [mm_mm_^ \s g_[molcha nb_ MDA ]ihn_hn ch nb_ 

]_ffm. Ih iol mno^s, \inb CS NPm, [h^ TcO2 NPm, [m q_ff [m 

CS/TcO2 NCPm [n ]ih]_hnl[ncihm i` 100 [h^ 200 jjg, 

^_gihmnl[n_^ [ l_^o]ncih ch MDA ]ihn_hn ch nb_ mbiinm i` 

S. bicolor jf[hnm (Fca. 4E). Cihp_lm_fs, nb_l_ q[m [h 

ch]l_[m_ ch nb_ MDA ]ihn_hn ch nb_ liinm i` nb_ nl_[n_^ 

jf[hnm. Sj_]c`c][ffs, nb_ mbiinm i` 30-^[s-if^ S. bicolor 

jf[hnm _rbc\cn_^ [ mcahc`c][hn l_^o]ncih ch MDA ]ihn_hn \s 

24% [h^ 22% [n ]ih]_hnl[ncihm i` 100 [h^ 200 jjg i` CS 

NPm, l_mj_]ncp_fs. Nin[\fs, nb_ bcab_mn f_p_fm i` MDA q_l_ 

^_n_]n_^ ch nb_ liinm i` TcO2 NPm nl_[n_^ jf[hnm, `iffiq_^ 

\s nbim_ nl_[n_^ qcnb CS/TcO2 NCPm. An ]ih]_hnl[ncihm i` 

100 [h^ 200 jjg i` TcO2 NPm [h^ CS/TcO2 NCPm, nb_ 

j_l]_hn ch]l_[m_ ch MDA ]ihn_hn q[m 75 [h^ 80 [h^ 44 [h^ 

41, l_mj_]ncp_fs.  

 Tb_ i\m_lp_^ ch]l_[m_ ch MDA ]ihn_hn ch liinm 

moaa_mnm nb[n NPm jlcg[lcfs [ff_]n liin ]_ffm. Hiq_p_l, nbcm 

^c^ hin chbc\cn liin aliqnb, jimmc\fs ^o_ ni nb_ _ffc]c_hn 

h_onl[fct[ncih i` ROS \s nb_ [hncirc^[hn g[]bch_ls i` nb_ 

]_ff. Tbcm `ch^cha cm ]ihmcmn_hn qcnb jl_pciom l_m_[l]b; `il 

chmn[h]_, F[ct[h _n [f. (24) l_jiln_^ nb[n [ `ifc[l mjl[s i` CS 

NPm (100 µa gL-1) l_^o]_^ MDA ]ihn_hn ch nig[ni f_[p_m. 

Cihp_lm_fs, Mib[gg[^c _n [f. (49) l_jiln_^ [h ch]l_[m_ ch 

MDA ]ihn_hn ch^o]_^ \s TcO2 NPm ch Dracocephalum 

moldavica L. liinm [n ]ih]_hnl[ncihm i` 10 [h^ 20 jjg. 

A^^cncih[ffs, qbcf_ nb_ MDA ]ihn_hn i` i[ef_[` f_nno]_ 

jf[hnm ^c^ hin chcnc[ffs ch]l_[m_ qcnb TcO2 NPm [n [ 

]ih]_hnl[ncih i` 0.75%, cn ^c^ mi ih nb_ 7nb ^[s jimn 

[jjfc][ncih (50). Ih ]ihnl[mn, L[n_` _n [f. (12) `ioh^ hi 

^cm]_lhc\f_ ^cff_l_h]_ ch MDA f_p_fm ch \li[^ \_[h jf[hnm 

nl_[n_^ qcnb 0.01 ni 0.03% TcO2 NPm. 

Antcoxc^[nt _nzym_s 

V[lciom nsj_m i` ROS [l_ a_h_l[n_^ ch jf[hn ncmmo_m 
nblioab g_n[\ifc] l_[]ncihm, jbinimshnb_nc] l_[]ncihm, 

[h^ j_lci^m i` mnl_mm. Ti ]iohn_l[]n nb_ b[lg`of _ff_]nm i` 

ROS, ]_ffm ^_jfis [hncirc^[hn gif_]of_m, qbc]b jf[s [ 

]lo]c[f lif_ ch g[chn[chcha big_imn[mcm qcnbch jf[hn 

ncmmo_m. Ih nb_ jl_m_hn mno^s, nb_ ^_n_lgch[ncih i` 

[hncirc^[hn _htsg_m, ch]fo^cha SOD, CAT, APr, [h^ GPr, 

https://plantsciencetoday.online
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Fca. 4. B[l al[jb mbiqcha nb_ _ff_]n i` CS NPm, TcO2 NPm, [h^ CS/TcO2 NCPm ih ]bfilijbsff (A), mn[l]b (B), ]_ffofim_ (C), jlin_ch (D) [h^ MDA (E) ]ihn_hnm i` 30-
^[sm-if^ S. bicolor jf[hnm. Tb_ l_mofnm [l_ jl_m_hn_^ [m g_[hm i` `cp_ ^cff_l_hn l_jfc][n_m, qcnb nb_ p[lc[\cfcns i` ^[n[ l_jl_m_hn_^ \s mn[h^[l^ _llil \[lm. 
Dcff_l_hn f_nn_lm ch^c][n_ nb_ mcahc`c][hn ^cff_l_h]_m [n j<0.05 
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jlipc^_^ p[fo[\f_ chmcabnm chni nb_ ]b[ha_m ch nb_ 

[hncirc^[hn mn[nom i` nb_ jf[hnm `iffiqcha nl_[ng_hn.  

 Sfcabn `fo]no[ncihm, ch]fo^cha \inb ch]l_[m_m [h^ 

^_]l_[m_m, q_l_ i\m_lp_^ ch mbiin SOD []ncpcns []limm [ff 

nl_[ng_hn aliojm, qcnb hi mn[ncmnc][ffs mcahc`c][hn 

^cff_l_h]_m ]igj[l_^ ni nb_ ]ihnlif jf[hn SOD []ncpcns ch 

nb_ mbiin. Hiq_p_l, [ mcahc`c][hn ch]l_[m_ ch liin SOD 

[]ncpcns q[m hin_^ ch TcO2 NPm [h^ CS/TcO2 NCPm nl_[n_^ 

jf[hnm [n \inb 100 [h^ 200 jjg ]ih]_hnl[ncihm (Fca. 5A). 

Tb_ CAT []ncpcns q[m mcahc`c][hnfs bcab_l ch nb_ mbiinm i` 

TcO2 NPm [h^ CS/TcO2 NCPm nl_[n_^ jf[hnm [n \inb 100 [h^ 

200 jjg ]ih]_hnl[ncihm, qbcf_ l_f[ncp_fs fcnnf_ p[lc[ncih 

q[m i\m_lp_^ ch nb_ CAT []ncpcns i` nb_ liinm i` nb_ nl_[n_^ 

jf[hnm, ]igj[l[\f_ ni nb_ []ncpcns i` CAT ch ]ihnlif jf[hn 

liinm (Fca. 5B). Cihp_lm_fs, APr []ncpcns ^_]l_[m_^ 

mcahc`c][hnfs ch \inb nb_ liinm [h^ mbiinm i` [ff nb_ nl_[n_^ 

jf[hnm (Fca. 5C). GPr []ncpcns ch]l_[m_^ mcahc`c][hnfs ch nb_ 

mbiinm i` CS/TcO2 NCPm nl_[n_^ jf[hnm [n \inb 

]ih]_hnl[ncihm, qbcf_ hi mcahc`c][hn ^cff_l_h]_m q_l_ 

i\m_lp_^ ch GPr []ncpcns ch inb_l nl_[n_^ jf[hnm ]igj[l_^ 

ni ]ihnlif jf[hnm (Fca. 5D).  

 Afn_l[ncih ch nb_ []ncpcns i` [hncirc^[hn _htsg_m cm [ 

h[nol[f g_]b[hcmg [^ijn_^ \s jf[hnm ni g[chn[ch H2O2 

big_imn[mcm. Wcnbch nb_ ]_ff, SOD ]ihp_lnm mchaf_n irsa_h 

[h^ moj_lirc^_ l[^c][fm ni H2O2, qbcf_ CAT [h^ GPr qile 

nia_nb_l ni h_onl[fct_ [h^ _fcgch[n_ H2O2. SOD m_lp_m [m 

nb_ jlcg[ls ^_`_hm_ _htsg_ [a[chmn b[lg`of l[^c][fm, 

_fcgch[ncha moj_lirc^_ [h^ gchcgctcha ^[g[a_ ni 

g_n[\ifc] jli]_mm_m. Afnbioab nb_ mbiinm i` CS [h^ TcO2 

NPm, [h^ CS/TcO2 NCPm nl_[n_^ S. bicolor jf[hnm _rbc\cn_^ 

l_^o]_^ ROS jli^o]ncih, [m ch^c][n_^ \s ^_]l_[m_^ MDA 

]ihn_hnm, [h ch]l_[m_ ch mbiin CAT \s TcO2 NPm [h^ ch 

mbiin CAT [h^ GPr \s CS/TcO2 NCPm moaa_mnm ch]l_[m_^ 

H2O2 jli^o]ncih ch nb_m_ jf[hnm. Scgcf[lfs, nb_ bcab MDA 

]ihn_hn [h^ b_h]_ bcab ROS ]ih]_hnl[ncih ch nb_ liinm i` 

TcO2 NPm [h^ CS/TcO2 NCPm nl_[n_^ jf[hnm, [fiha qcnb nb_ 

ch]l_[m_^ []ncpcns i` liin SOD, ch^c][n_ [ ]igj_hm[nils 

[hncirc^[hn ^_`_hm_ g_]b[hcmg [^ijn_^ \s jf[hnm. ROS 

jli^o]ncih cm ift_h _r[]_l\[n_^ ch []ncp_fs 

jbinimshnb_mctcha jf[hnm ^o_ ni nb_ jbinifsmcm i` q[n_l.  

 Ih^__^, [^^cncih[f `[]nilm ]ihnlc\on_ ni nb_ 

ip_ljli^o]ncih i` ROS ch jf[hnm. Tb_m_ ch]fo^_ nb_ 

Fca. 5. B[l al[jb mbiqcha nb_ _ff_]n i` CS NPm, TcO2 NPm, [h^ CS/TcO2 NCPm ih nb_ []ncpcnc_m i` [hncirc^[hn _htsg_m i` 30-^[sm-if^ S. bicolor jf[hnm: SOD (A), CAT 
(B), APr (C) [h^ GPr (D). Tb_ p[fo_m [l_ g_[hm i` `cp_ l_jfc][n_m, p[lc[\cfcns i` ^[n[ cm l_jl_m_hn_^ \s mn[h^[l^ _llil \[lm.Dcff_l_hn f_nn_lm ch^c][n_ nb_ mcahc`c][hn 
^cff_l_h]_m [n j<0.05 
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nl[hmjiln i` _f_]nlihm nblioab F_-S ]_hnl_m, nb_ 

`_ll_^irch/ nbcil_^irch l_^ir msmn_g, mncgof[ncih i` 

NADPH irc^[m_, [h^ inb_l \cifiac][f l_^ir l_[]ncihm. 

Tb_m_ jli]_mm_m ift_h f_[^ ni ch]l_[m_^ ROS f_p_fm, qbc]b 

[l_ nsjc][ffs ]iohn_l[]n_^ \s ojl_aof[ncha nb_ []ncpcnc_m i` 

[hncirc^[hn _htsg_m. Mil_ip_l, chn_l[]ncihm \_nq__h 

nbsf[eic^ g_g\l[h_ jcag_hnm [h^ irsa_h ][h a_h_l[n_ 

mnliha irc^[hnm. Tb_ bcab_l ]bfilijbsff f_p_fm i\m_lp_^ ch 

TcO2 NPm [h^ CS/TcO2 NCPm nl_[n_^ jf[hnm g[s b[p_ 

^cl_]nfs ch]l_[m_^ ROS jli^o]ncih, nb_l_\s [oag_hncha 

nb_ []ncpcnc_m i` SOD ch liinm [h^ CAT [h^ GPr ch nb_ 

mbiinm i` nb_m_ jf[hnm. A]]il^cha ni m_p_l[f mno^c_m, 

h[hig[n_lc[fm b[p_ \__h mbiqh ni ch]l_[m_ [hncirc^[hn 

_htsg_ []ncpcnc_m, nb_l_\s l_^o]cha ROS []]ogof[ncih [h^ 

_hb[h]cha aliqnb [h^ jbinimshnb_mcm. SOD, CAT, [h^ GPr 

qile nia_nb_l ni h_onl[fct_ mchaf_n irsa_h [h^ H2O2, 

jl_p_hncha nb_ a_h_l[ncih i` gil_ b[lg`of l[^c][fm [h^ 

mn[\cfctcha ]_ffof[l []ncpcns. Tb_ `ch^cham i` nbcm mno^s [l_ 

]ihmcmn_hn qcnb nbim_ i` H[mm[h _n [f. (13), qbi 

^_gihmnl[n_^ nb[n nb_ `ifc[l [jjfc][ncih i` m[fflih ^s_-

]i[n_^ TcO2 NPm [n 500 jjg _hb[h]_^ nb_ []ncpcns i` 

[hncirc^[hn _htsg_m, ch]fo^cha CAT, ch S. bicolor. TcO2 NPm 

b[p_ [fmi \__h `ioh^ ni ch]l_[m_ SOD [h^ CAT []ncpcnc_m ch 

L. minor L. (21) [h^ goha \_[h (25). Scgcf[lfs, CS NPm ^c^ 

hin mcahc`c][hnfs ch]l_[m_ nb_ SOD []ncpcnc_m ch S. 

abrotanoides (K[l.) Ssnmg[ (46). 

 

Con]luscon   

Ih ]ih]fomcih, nb_ jimcncp_ cgj[]n i` CS NPm, TcO2 NPm, [h^ 

nb_cl l_mj_]ncp_ NCPm ih nb_ aliqnb i` S. bicolor cm 

[nnlc\on_^ ni _hb[h]_^ ojn[e_ i` pcn[f honlc_hnm, ch]fo^cha 

N, K, Ma, [h^ P. Tbcm cgjlip_^ honlcncih[f mn[nom, [fiha 

qcnb ch]l_[m_^ ]bfilijbsff f_p_fm, l_mofn_^ ch _f_p[n_^ 

mn[l]b [h^ ]_ffofim_ ]ihn_hn ch nb_ nl_[n_^ jf[hnm 

]igj[l_^ ni nb_ ]ihnlif alioj. In cm hin_qilnbs nb[n gcf^ 

irc^[ncp_ mnl_mm q[m i\m_lp_^ ch nb_ liinm i` TcO2 NPm (200 

jjg) [h^ CS/TcO2 (100 [h^ 200 jjg) NCPm nl_[n_^ jf[hnm, 

qbc]b q[m _ff_]ncp_fs g[h[a_^ \s nb_ [hncirc^[hn 

g[]bch_ls i` nb_ nl_[n_^ jf[hnm. Tb_m_ `ch^cham jlipc^_ 

p[fo[\f_ chmcabnm `il `onol_ l_m_[l]b _h^_[piolm _rjfilcha 

nb_ [jjfc][ncih i` h[hig[n_lc[fm ch [alc]ofnol_. 

 

A]knowl_^a_m_nts  

Tb_ [onbilm []ehiqf_^a_ nb_ `ch[h]c[f mojjiln `lig DST, 
N_q D_fbc (FIST al[hn hi. SR/FST/LS1-529/2012(C)) [h^ 

HSCSIT, P[h]beof[, H[ls[h[ (Eh^mn. Ni. HSCSIT/

R&D/2020/474). 

 

Autbors' ]ontrc\utcons  

VH ]ih]_cp_^ nb_ c^_[ [h^ `ch[fct_^ nb_ mno^s ^_mcah. NR 

]ih^o]n_^ \[]ealioh^ mno^s, _rj_lcg_hnm, [h^ ]iff_]n_^ 

nb_ ^[n[. NR [h^ KK ][llc_^ ion nb_ ^[n[ [h[fsmcm. KK 

[mmcmn_^ ch al[jbc][f l_jl_m_hn[ncih i` nb_ ^[n[. NR qlin_ 

nb_ ilcach[f g[hom]lcjn ^l[ft, qbcf_ VH l_pc_q_^, _^cn_^, 

]ill_]n_^ [h^ `ch[fct_^ cn. Aff nb_ [onbilm [jjlip_^ nb_ 

g[hom]lcjn ch cnm jl_m_hn `ilg. 
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Con`lc]t o` cnt_r_st: Aonbilm ^i hin b[p_ [hs ]ih`fc]n i` 
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Etbc][l cssu_s: Nih_.  
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