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A\str[]t 

C[^gcog (C^) cm [ b_[ps g_n[f, qbc]b cm m__h ch nb_ ]ihn[gch[n_^ micfm [h^ 

m_p_l_fs [ff_]nm nb_ aliqnb [h^ ^_p_fijg_hn i` jf[hnm ch l_]_hn s_[lm. Tb_ 

mno^s ih nb_ m__^ a_lgch[ncih [h^ giljbi-jbsmcifiac][f aliqnb ]b[l[]n_l-

cmnc]m i` \[lhs[l^ gcff_n (Echinochloa frumentacea Lche) ]ofncp[l CO (KV) 2 

nl_[n_^ qcnb ^cff_l_hn ]ih]_hnl[ncihm (50, 100, 150, 200 [h^ 250 ga/ea i` 

micf) i` C^ q_l_ _p[fo[n_^ [n 15nb, 30nb [h^ 45nb ^[s i` chn_lp[f. Tb_ `ch^cham 

i` nbcm l_m_[l]b ^_gihmnl[n_ nb[n nb_ g[rcgog ^im[a_ i` C^ (250 ga/ea i` 

micf) [ff_]nm nb_ a_lgch[ncih j_l]_hn[a_ (65%) i` \[lhs[l^ gcff_n. S__^fcha 

pcail ch^_r b[m \__h h_a[ncp_fs ch`fo_h]_m [ ^lij ch a_lgch[ncih j_l]_hn-

[a_. Ih]l_[mcha ]ih]_hnl[ncihm i` C^ l_p_[fm nb_ aliqnb i` liin [h^ mbiin 

f_hanb [h^ nb_ ko[hncns i` `l_mb [h^ ^ls q_cabn [ff_]n_^. Tb_ jbsninirc]cns 

j_l]_hn[a_ i` liinm [h^ mbiinm [fmi ch]l_[m_m qcnb ch]l_[mcha ]ih]_hnl[-

ncihm i` C^, qb_l_[m nb_ nif_l[h]_ ch^_r f_p_f ^_]l_[m_m qcnb ch]l_[mcha 

]ih]_hnl[ncihm i` C^. Ih liin [h^ mbiin, nb_ l_f[ncp_ aliqnb ch^_r q[m l_-

^o]_^ ch bcab_l ]ih]_hnl[ncih i` C^. Tb_ l_f[ncp_ q[n_l ]ihn_hn l_g[chm 

bcab ch nb_ chcnc[f mn[a_m i` f_[` ^_p_fijg_hn [h^ ^_]fch_m qb_h nb_ f_[` g[-

nol_m. Flig nbcm mno^s, cn q[m `ioh^ nb[n nb_ ch]l_[m_ ch nb_ ]ih]_hnl[ncih i` 

C^ f_[^m ni ^_]l_[m_ nb_ a_lgch[ncih j_l]_hn[a_ [h^ giljbi-jbsmcifiac][f 

aliqnb j[l[g_n_lm [m ]igj[l_^ ni ]ihnlif.  

 

K_ywor^s  

B[lhs[l^ gcff_n, ][^gcog, b_[ps g_n[fm, jbsninirc]cns, m__^ a_lgch[ncih 

 

Intro^u]tcon 

Op_l g[hs ^_][^_m, b_[ps g_n[f ]ihn[gch[ncih b[m f_^ ni m_p_l_ _hpclih-

g_hn[f jiffoncih ch gi^_lh bog[h mi]c_ns \_][om_ i` ch^omnlc[fct[ncih, 

om_ i` ]b_gc][f j_mnc]c^_m [h^ `_lncfct_lm ch [alc]ofnol_, qc^_mjl_[^ gch-

cha, g_n[f mg_fncha, _r]_mmcp_ l_fc[h]_ ih `immcf `o_fm [h^ nb_ jli^o]ncih 

i` \[nn_lc_m [h^ inb_l g_n[f aii^m [ff ]ihnlc\on_ ni afi\[f q[lgcha (1). 

Tb_l_`il_, h[nol[f \cia_i]b_gc][f ]s]f_m b[p_ \__h ^cmlojn_^ (2, 3), l_-

mofncha ch jiffoncih i` [cl, q[n_l [h^ micf. A]]ogof[ncihm i` b_[ps g_n[fm 

jim_ [ nbl_[n ni nb_ _]ifiac][f, ^c_n[ls [h^ _hpclihg_hn[f \[f[h]_m (4, 5).  

H_[ps g_n[fm ch micf g[s jim_ m_lciom b_[fnb [h^ _hpclihg_hn[f lcmem ni 

j_ijf_ [h^ nb_ _]imsmn_g pc[ nb_ `ii^ ]b[ch, jiffon_^ alioh^q[n_l, jbs-

ninirc]cns [h^ ^_]l_[m_^ ]lij jli^o]ncih ]ihnlc\oncha ni `ii^ chm_]olcns 

(6). Bcifiac][f ]l_[nol_m, mo]b [m bog[h \_cham, [hcg[fm [h^ jf[hnm, [l_ [ff 

mom]_jnc\f_ ni nb_ ]sninirc], a_hinirc] [h^ gon[a_hc] cgj[]nm i` b_[ps 

g_n[f jiffoncih (7, 8).   
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 bnnjm://jf[hnm]c_h]_ni^[s.ihfch_ 

C[^gcog (C^) cm ih_ i` nb_ gimn jicmihiom 

b_[ps g_n[fm, ][omcha \inb jf[hn [h^ bog[h b_[fnb jli\-

f_gm (9). M[hs mnl_mm msgjnigm ch jf[hnm [l_ ][om_^ \s 

bcab f_p_fm i` C^ ch micf [h^ nb_m_ ch]fo^_ mnohn_^ liin 

^_p_fijg_hn,gch_l[f `__^cha ^c``c]ofnc_m [h^ afo]im_ g_-

n[\ifcmg cgj[clg_hnm (10), [ff i` qbc]b g[s ^l[g[nc][ffs 

l_^o]_ \cig[mm ionjon. R_gipcha _r]_mm b_[ps g_n[fm 

`lig q[n_l [h^ micf cm _[mc_l qcnb jbsnil_g_^c[ncih (nb_ 

om_ i` jf[hnm ch g_n[f _rnl[]ncih) (11).  C[^gcog nirc]cns 

b[lgm jf[hnm \s ^cmnol\cha nb_cl jbsmcifiac][f msmn_gm [m 

[ qbif_, [m cm q_ff-ehiqh (12). H_[ps g_n[fm b[p_ \__h 

mbiqh ni ch]l_[m_ nb_ jli^o]ncih i` l_[]ncp_ irsa_h mj_-

]c_m (ROS) ch jf[hnm. D[g[a_ ni nb_ g_g\l[h_, j_lirc^[-

ncih i` fcjc^m [h^ _htsg_ ch[]ncp[ncih [l_ [ff ]ihm_ko_h]-

_m i` nb_ jli^o]ncih i` ROS, qbc]b chn_l[]n qcnb jlin_chm, 

fcjc^m, ho]f_c] []c^m [h^ inb_l gif_]of_m (13). Tb[n cm ][^-

gcog nirc]cns ^cmnol\m nb_ _kocfc\lcog \_nq__h nb_ msh-

nb_mcm i` [hncirc^[hnm [h^ a_h_l[ncih i` ROS [h^ _hb[h]-

_m ROS []]ogof[ncih ch jf[hnm, qbc]b mncgof[n_m irc^[ncp_ 

mnl_mm. Op_l-[]]ogof[ncih i` ROS ch jf[hnm [fn_lm nb_ msh-

nb_mcm i` jlin_chm [h^ fcjc^m, [``_]nm _htsg[nc] []ncpcns 

nb[n f_[^m ni fcjc^ j_lirc^[ncih [h^ l_^o]_m ]_ff ^cpcmcih 

ni h_a[ncp_fs cgj[]n ]lij jli^o]ncpcns (13). 

Mcff_nm g[s nif_l[n_ m_p_l[f b_[ps g_n[fm [h^ nbcm 

nif_l[h]_ cm fche_^ ni [ l_^o]ncih ch g_n[f nl[hmfi][ncih 

`lig nb_ mbiinm ni nb_ f_[p_m (14).  Emj_]c[ffs, \[lhs[l^ 

gcff_n ][h jli^o]_ f[la_ hog\_l i` m__^m [h^ aliq \_nn_l 

nb[h inb_l ]lijm ch [^p_lm_ _hpclihg_hnm, `il _r[gjf_, 

]ihn[gch[n_^ micfm (14, 15). Ih n_gj_l[n_ [h^ q[lg fi][-

ncihm, \[lhs[l^ gcff_n cm [ jl_p[f_hn q__^, _mj_]c[ffs ch 

Cbch[, Kil_[ [h^ J[j[h (16).  “S[q[” cm [fmi [ jl_p[f_hn 

h[g_ `il cn ch Ih^c['m hilnb_lh l_acihm, ch]fo^cha `lig 

K[mbgcl ni Sceecg, qb_l_ cn cm aliqh [\oh^[hnfs (17).  Ih 

mionb_lh mn[n_m, cn cm gimnfs aliqh ch T[gcf N[^o [h^bl[ 

Pl[^_mb [h^ K[lh[n[e[ (18).  Cicg\[nil_, N[g[ee[f, R[-

g[h[nb[jol[g, Vcfojol[g, M[^ol[c, S[f_g, Dch^oa[f [h^ 

Eli^_ ^cmnlc]nm ch T[gcf N[^o [l_ nb_ jlcg[ls l_acihm 

qb_l_ cn cm aliqh (19). B[lhs[l^ gcff_n (Echinochloa fru-

mentacea Lche) \_fiham ni nb_ Pi[]_[_ `[gcfs (Fca. 1A, B) 

[h^ cn cm [ m_f`-jiffch[n_^ ]lij.  V[lciom Amc[h nlc\[f j_ijf_ 

l[cm_ cn `il `ii^ [h^ `i^^_l oh^_l nb_ ]iggih h[g_ 

“Ih^c[h \[lhs[l^ gcff_n” (16).  Wb_h ]igj[l_^ ni inb_l 

]_l_[fm, mo]b [m lc]_ [h^ qb_[n, \[lhs[l^ gcff_n cm [ ]lcnc-

][f miol]_ i` jlin_ch, ]lo^_ `c\l_, fiq `[n [h^ ][l\ibs-

^l[n_ ]ihn_hn, pcn[gchm [h^ gch_l[fm (20-22). Ahnchonlc-

ncih[f ]igjioh^m mo]b jb_hifc] []c^m, `f[pihic^m [h^ 

n[hhchm (23), [ff i` qbc]b [l_ _``_]ncp_ miol]_m i` [hncirc-

^[hnm, [l_ `ioh^ ch cn. Ihn_l_mnchafs, nb_l_ cm ch]l_[m_^ _pc-

^_h]_ mbiqcha nb[n \[lhs[l^ gcff_n g[s jf[s [h cg-

jiln[hn lif_ ch cgjlipcha b_[ps g_n[f-]ihn[gch[n_^ micf 

(15). 

Tb_ jl_m_hn mno^s q[m j_l`ilg_^ ni _hb[h]_ iol 

oh^_lmn[h^cha i` nb_ [\cfcns i` ]lijm ni aliq ch nb_ jl_m-

_h]_ i` g_n[ffc] mnl_mm [h^ ni cgjlip_ iol ehiqf_^a_ i` 

jf[hn l_[]ncihm qb_h nb_s [l_ _rjim_^ ni p[lciom ]ih]_h-

nl[ncih f_p_fm i` b_[ps g_n[f ]ihn[gch[ncih. H_l_, q_ 

mno^c_^ nb_ m__^ a_lgch[ncih [h^ giljbi-jbsmcifiac][f 

aliqnb j[l[g_n_lm i` \[lhs[l^ gcff_n qcnb nb_ _``_]n i` 

^c``_l_hn ]ih]_hnl[ncihm i` b_[ps g_n[f ][^gcog.  

M[t_rc[ls [n^ M_tbo^s   

Seed procurement and experimental site 

Tb_ m__^m i` [ jijof[l ]ofncp[l i` \[lhs[l^ gcff_n, h[g_fs 
CO (KV) 2 (m__^ fin hog\_l: EF 79; ^[n_: Ajlcf 15, 2021; a_l-

gch[ncih j_l]_hn[a_: 96%), q_l_ jli]ol_^ `lig nb_ C_hnl_ 

`il Er]_ff_h]_ ch Mcff_nm, T[gcf N[^o Aalc]ofnol[f Uhcp_lmc-

ns, Anbcs[h^[f, Tbclop[hh[g[f[c, T[gcf N[^o, Ih^c[. A jin 

_rj_lcg_hn q[m ][llc_^ ion ch Nolm_ls, D_j[lng_hn i` 

Bin[hs, M[^l[m Cblcmnc[h Ciff_a_ (Aonihigiom), Cb_hh[c, 

T[gcf N[^o, Ih^c[. 

Soil preparation 

Tb_ m[h^s fi[g micf q[m om_^ `il nbcm _rj_lcg_hn. E[]b jin 

]ihn[chm 5 ea i` [cl-^lc_^ micf. Tb_ micf q[m [h[fst_^ `il 

mj_]c`c] a_h_l[f ]b[l[]n_lcmnc]m mo]b [m micf nsj_, ]ifil, jH, 

Fca. 1A 

Fca. 1B 

Fca. 1. (A) H[\cn i` \[lhs[l^ gcff_n [h^ (B) ch`fil_m]_h]_ i` \[lhs[l^ gcff_n. 
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i^il, gch_l[fm [h^ nb_ nl[]_ i` b_[ps g_n[fm, gicmnol_ 

]ihn_hn, b[l^h_mm, j_lg_[\cfcns, m[fchcns, n_gj_l[nol_ [h^ 

micf q[n_l ]ihn_hn. 

Screening test (paper cup assay) 

Tb_ m__^m q_l_ m]l__h_^ `il nb_cl l_f[ncp_ nif_l[h]_ ni nb_ 
b_[ps g_n[f C^ [m C^Cf2 oh^_l p[lscha ]ih]_hnl[ncih f_p-

_fm, mo]b [m 0, 50, 100, 150, 200, 250, 300, 350, 400, 450 [h^ 

500 ga/ea i` micf. Fcft__h m__^m q_l_ aliqh ch _[]b ]oj 

[h^ gihcnil_^ ^[cfs ni hin_ nb_cl giljbifiac][f ]b[l[]-

n_lcmnc]m [h^ nb_ jf[hn aliqnb q[m i\m_lp_^ `il 10 ^[sm. 

B[m_^ ih nb_ l_mofnm (c._., aliqnb i` nb_ jf[hnm qb_h ]ig-

j[l_^ qcnb ]ihnlif), nb_ ]ih]_hnl[ncihm i` “50, 100, 150, 

200 [h^ 250 ga/ea” i` micf q_l_ `ch[fct_^ `il `olnb_l mno^-

c_m. 

Pot experiment 

A`n_l [h[fsmcm i` micf [h^ m]l__hcha n_mn, m__^m [l_ mol-

`[]_-mn_lcfct_^ qcnb 0.1% g_l]olc] ]bfilc^_ `il 2 gch 

[h^ q[mb_^ qcnb q[n_l. Ih _[]b jin, 15 mn_lcfct_^ m__^m 

q_l_ miqh. B_`il_ miqcha nb_ m__^m, nb_ ^c``_l_hn ]ih-

]_hnl[ncihm i` C^ (50, 100, 150, 200 [h^ 250 ga/ea i` 

micf) ch nb_ `ilg i` C^Cf2 q_l_ gcr_^ nbilioabfs qcnb 

micf, biq_p_l, nb_ micf qcnbion C^ q[m nl_[n_^ [m [ ]ih-

nlif. Tb_ jf[hnm q_l_ aliqh oh^_l h[nol[f jbinij_lci^ 

`il nblioabion nb_ mno^s j_lci^ (c._. 45 ^[sm). Dolcha 

nb_ aliqnb j_lci^ (Jofs ni Aoaomn), jf[hnm q_l_ l_aof[l-

fs gihcnil_^ `il [hs giljbifiac][f ]b[ha_m [h^ jbsni-

nirc]cns msgjnigm. Aff jinm q_l_ q[n_l_^ \[m_^ ih nb_ 

`c_f^ ][j[]cns i` nb_ micf. Fiol l_jfc][m q_l_ g[chn[ch_^ 

`il _[]b nl_[ng_hn. 

Sample collection 

Fil nb_ mno^s i` giljbi-jbsmcifiac][f j[l[g_n_lm, mo]b [m 

a_lgch[ncih j_l]_hn[a_, f_hanb i` liin [h^ mbiin, `l_mb 

q_cabn (FW) [h^ ^ls q_cabn (DW) i` liin [h^ mbiin [m q_ff [m 

j_l]_hn jbsninirc]cns, nif_l[h]_ ch^_r (TI), l_f[ncp_ aliqnb 

ch^_r (RGI) [h^ l_f[ncp_ q[n_l ]ihn_hn (RWC), nb_ jf[hn m[g-

jf_m q_l_ ]iff_]n_^ _p_ls 15nb, 30nb [h^ 45nb  ^[s i` chn_lp[f.  Ih 

il^_l ni l_gip_ nb_ micf j[lnc]f_m nb[n b[^ \__h []]ogof[n_^ 

ih nb_ jf[hnm, nb_s q_l_ `clmn l_gip_^ `lig nb_ micf. Tb_h, 

omcha [ `om_^ \finncha j[j_l, nb_ q[n_l ^lijf_nm q_l_ ^lc_^. 

V[lciom giljbi-jbsmcifiac][f ]b[l[]n_lcmnc]m q_l_ g_[mol_^ 

ch nb_ _[lfs blm i` nb_ gilhcha. 

Seed germination 

Ih il^_l ni jl_p_hn `oha[f ch`_]ncih, nb_ m__^m i` \[lhs[l^ 

gcff_n q_l_ nl_[n_^ `il 3 gch qcnb 5% mi^cog bsji]bfilcn_ 

[h^ nb_h q[mb_^ qcnb ^cmncff_^ q[n_l. Tb_ micf qcnbion C^ q[m 

e_jn [m [ ]ihnlif qbcf_ 15 m__^fcham al_q ih [ j[j_l ]oj qcnb 

^c``_l_hn ]ih]_hnl[ncihm i` C^ [m g_hncih_^ [\ip_. An 27 °C, 

nb_ a_lgch[ncih n_mn q[m ][llc_^ ion. T_h ^[sm i` ^[cfs 

m__^ a_lgch[ncih n[ffc_^, [ft_l qbc]b nb_l_ q[m hi gil_ 

m__^ a_lgch[ncih. Tb_ hilg[f a_lgch[ncih j_l]_hn[a_ i` 

\[lhs[l^  gcff_n cm 96% (24). B_qf_s [h^ Bf[]e'm g_nbi^ 

`il ][f]of[ncha a_lgch[ncih j_l]_hn[a_ q[m om_^ ni ^_n_l-

gch_ nb_ hog\_l i` m__^m nb[n a_lgch[n_^ mo]]_mm`offs ih 

nb_ 10nb ^[s (25).  

 

Seedling vigor index  

A]]il^cha ni Dbch^q[f _n [f. (26), m__^fcha pcail ch^_r q[m 

]igjon_^ omcha nb_ `iffiqcha `ilgof[: liin [h^ mbiin 

f_hanb ih nb_ 10nb ^[s i` a_lgch[ncih. 

Root and shoot length 

Ti g_[mol_ nb_ f_hanb i` _[]b jilncih, [ m][f_ q[m om_^ ni 

m_j[l[n_ nb_ m__^fcham chni liinm [h^ mbiinm. An nb_ liin-

mn_g chn_lm_]ncih, nb_ mbiln_mn f_[` ncj q[m om_^ ni ][f]o-

f[n_ nb_ mn_g'm b_cabn. Tb_ liin [h^ mbiin f_hanb q_l_ 

g_[mol_^ ch ]_hncg_n_lm.  

Fresh and dry weight 

FW [h^ DW p[fo_m q_l_ jligjnfs l_]il^_^ `il [ff jf[hnm 

(nl_[n_^ [h^ ohnl_[n_^) [n _p_ls m[gjf_ mn[a_ (c._., 15nb, 

30nb [h^ 45nb ^[s i` chn_lp[f) [ft_l liinm [h^ mbiinm q_l_ 

][l_`offs m_j[l[n_^ [h^ nb_cl FW q[m l_]il^_^ cgg_^c[n_-

fs. Fil DW, [ bin [cl ip_h [n 80 °C q[m om_^ ni ^ls nb_ liinm 

[h^ mbiinm `il 48 blm, [ft_l qbc]b nb_s q_l_ mnil_^ ch mg[ff 

f[\_ff_^ j[j_l ]ip_lm (27). FW [h^ DW q_l_ l_]il^_^ ch 

al[gm. 

Percent phytotoxicity 

C[^gcog'm jbsninirc] cgj[]n ih liin [h^ mbiin aliqnb 

q[m g_[mol_^ omcha nb_ mn[h^[l^ g_nbi^ (28). 

 
Tolerance index 

TI i` nb_ g_[h liin [h^ mbiin f_hanb i` _[]b ]ih]_hnl[-
ncih q[m ^_n_lgch_^ \[m_^ ih nb_ mn[h^[l^ `ilgof[ (29). 

 
Relative growth index 

Ih liin [h^ mbiin, ]ih]_hnl[ncihm i` RGI q_l_ ^_n_l-

gch_^ omcha nb_ n_]bhcko_ i` P[fciolcm [h^ Hon]bchmih 

(30).  

 
Relative water content 

A]]il^cha ni nb_ mn[h^[l^ `ilgof[ (31), 1 a i` f_[` 

^cm] q[m jl_j[l_^ `lig nb_ ]ihnlif [h^ C^-nl_[n_^ 

jf[hnm. Dcm]m q_l_ cgg_lm_^ ch 10 gf i` q[n_l [h^ 

e_jn `il 3 bl [n liig n_gj_l[nol_. A`n_l nb_ m[gjf_m 

b[^ \__h \fin ^lc_^, nb_ nolail q_cabn q[m ][f]of[n-

_^.  An 65 °C, nb_ m[gjf_m q_l_ nb_h ip_l -^lc_^ ohncf 

nb_s b[^ l_[]b_^ [ mn[\f_ q_cabn Tb_ `iffiqcha `il-

gof[ q[m om_^ ni ^_n_lgch_ RWC `lig nb_ DW i` nb_ 

m[gjf_m.  

Statistical analysis 

Tb_ ^[n[ q_l_ acp_h ch nb_ `ilg i` nb_ g_[h ± mn[h^[l^ 

_llil (SE).  M_[mol_g_hnm q_l_ n[e_h ih _[]b i` nb_ `iol 

l_jfc][m. ANOVA q[m j_l`ilg_^ ih nb_ ^[n[ omcha SPSS 

p_lmcih 22.0.  
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R_sults [n^ Dcs]usscon    

Tb_ jl_m_hn mno^s jlipc^_m nb_ ^_n[cf_^ ch`ilg[ncih 

[\ion nb_ _``_]n i` ^c``_l_hn ]ih]_hnl[ncihm i` C^ mnl_mm 

(50, 100, 150, 200 [h^ 250 ga/ea i` micf) ih nb_ aliqnb 

j[l[g_n_lm i` \[lhs[l^ gcff_n qbc]b ch]fo^_m m__^ a_l-

gch[ncih, m__^fcha pcail ch^_r, nb_ f_hanb i` liin [h^ 

mbiin, FW [h^ DW i` liin [h^ mbiin, jbsninirc]cns, TI, 

RGI [h^ RWC. 

Effect of cadmium on seed germination 

S__^ a_lgch[ncih q[m ^_]l_[m_^ ch nb_ m]l__hcha n_mn 

qb_h C^ ]ihn_hnm q_l_ _f_p[n_^ [h^ jf[hn ^_p_fij-

g_hn q[m mo\mn[hnc[ffs b[gj_l_^ [n nb_m_ _f_p[n_^ f_p-

_fm (Fcam. 2, 3).  Tb[n cm qbs C^ p[fo_m `lig 50 ga/ea i` 

micf ni 250 ga/ea i` micf q_l_ m_f_]n_^ `il nb_ ]oll_hn 

chp_mnca[ncih. Fil nb_ \[lhs[l^ gcff_n ]ofncp[l CO (KV) 2, 

C^ b[^ [ mcahc`c][hn cgj[]n ih m__^ a_lgch[ncih [h^ 

mo\m_ko_hn aliqnb. Am nb_ C^ ]ihn_hn lim_, nb_ m__^ 

a_lgch[ncih j_l]_hn[a_ l_^o]_^ [m q_ff. Cihnlif b[^ 

nb_ bcab_mn l[n_ i` m__^ a_lgch[ncih (100%), qbcf_ nb_ 

fiq_mn l[n_ i` m__^ a_lgch[ncih q[m l_jiln_^ [n 250 

ga/ea micf (65%), `iffiq_^ \s 200 (75%) [h^ 150 (80%) 

[h^ 100 (85%) [h^ 50 (90%) ga/ea micf (Fca. 4).  Wb_h C^ 

cm jl_m_hn ch m__^ _g\lsim, nb_ \l_[e^iqh i` nb_ m__^'m 

l_m_lp_ `ii^ mojjfs gcabn l_^o]_ a_lgch[ncih. Tb_ a_l-

gch[ncih i` m__^, nb_ a_lgch[ncih ch^_r [h^ nb_ m__^-

fcha pcail ch^_r i` m_p_l[f ]lijm q_l_ [ff l_^o]_^ \s C^ 

mnl_mm, [m b[m \__h l_jiln_^ \_`il_ (32-35). Tb_ ][j[]cns 

i` nb_ m__^ ni a_lgch[n_ ch [ g_^cog ]ihn[chcha Cl cm 

[h ch^c][ncih i` nb_ nif_l[h]_ f_p_f i` nb_ m__^ ni Cl 

(36). Ihbc\cncih il l_mnlc]ncih i` [gsf[m_ [ [h^ \ []ncpcns, 

qbc]b bs^lifst_m mn[l]b chni moa[l l_kocl_^ \s aliqcha 

_g\lsim, cm nbioabn ni \_ nb_ ][om_ i` Cl'm l_^o]_^ 

m__^ a_lgch[ncih. Am [ l_mofn i` nb_ ch]l_[m_ ch jlin_[m_ 

[]ncpcns m__h [m [ l_mofn i` nb_ ch]l_[m_^ Cl mnl_mm, Cl-

nl_[n_^ m__^m q_l_ f_mm [\f_ ni a_lgch[n_ (37). 

Effect of cadmium on seedling vigor index 

B[lhs[l^ gcff_n'm m__^fcha pcail ch^_r b[m mo``_l_^ \_-

][om_ i` [ ^_]fch_ ch a_lgch[ncih j_l]_hn[a_ [h^ _[lfs 

m__^fcha ^_p_fijg_hn. An 250 ga/ea i` micf, nb_ m__^fcha 

pcail ch^_r ^_]l_[m_^ mcahc`c][hnfs (1370) [h^ nb_ al_[n-

_mn m__^fcha pcail ch^_r q[m l_jiln_^ ch nb_ ]ihnlif 

alioj (2390).  S__^fcha pcail ch^_r ^lijj_^ `lig 1998 

[n 50 ga/ea i` micf ni 891 [n 250 ga/ea i` micf ch nb_ _r-

j_lcg_hn[f aliojm (Fca. 5).  In cm ]lo]c[f ni [mm_mm m__^ 

jbsmcifiac][f jin_hnc[f nblioabion nb_ ^c``_l_hn jb[m_m 

i` m__^ `ilg[ncih pc[ nb_ _p[fo[ncih i` m__^fcha pcail 

ch^_r. In cm [fmi h_]_mm[ls ni g_[mol_ m__^fcha pcail j[-

l[g_n_lm ch il^_l ni [mm_mm nb_ g_n[\ifc] mn[nom i` 

m__^m [h^ ni ^_n_lgch_ nb_ mom]_jnc\cfcns i` m__^m ni 

p[lciom mnl_mm_m.  Ih il^_l `il m__^m ni j_l`ilg nb_cl `oh-

^[g_hn[f []ncpcnc_m ch \inb `[piol[\f_ [h^ oh`[piol[\f_ 

_hpclihg_hn[f mcno[ncihm, [ p[lc_ns i` p[lc[\f_m ch`fo-

_h]_ nb_cl jbsmcifiac][f jin_hnc[f, ch]fo^cha m__^ a_lgc-

h[ncih [h^ m__^fcha pcail ch^_r (38).   

Effect of cadmium on root and shoot length 

B[lhs[l^ gcff_n liinm [h^ mbiinm q_l_ g_[mol_^ _p_ls 

15nb, 30nb [h^ 45nb ^[s i` chn_lp[f. Wb_h ]igj[l_^ ni 

nb_ ]ihnlif, liin [h^ mbiin f_hanbm q_l_ mcahc`c][hnfs 

l_^o]_^ ch [ff mn[a_m i` m__^fcha ^_p_fijg_hn. Oh nb_ 

15nb ^[s, 250 ga/ea i` micf (5.2 ]g) b[^ nb_ mbiln_mn 

liin f_hanb, qb_l_[m ]ihnlif b[^ nb_ fiha_mn liin 

f_hanb (9.4 ]g).  Oh nb_ 15nb, 30nb [h^ 45nb ^[s i` nb_ 

_rj_lcg_hn, nb_ mbiin f_hanb q[m g_[mol_^ [m 14.5, 

48.5 [h^ 77.5 ]g ch nb_ ]ihnlif alioj, qb_l_[m nb_ 

mbiin f_hanb q[m g_[mol_^ [m 8.5, 27.9 [h^ 44 ]g ch 

nb_ 250 ga/ea alioj (Fca. 6A, B).  A]]il^cha ni nb_ 

`ch^cham, liin f_hanb ^_]l_[m_^ gil_ l[jc^fs nb[h 

mbiin f_hanb ^c^. C^ g[s b[p_ \__h l_n[ch_^ ch nb_ 

liin iqcha ni ]limm-fchecha i` C^ ni ][l\irsf aliojm i` 

nb_ ]_ff q[ff (39) [h^/il ]ihn[]n qcnb nbcif l_mc^o_m i` 

mifo\f_ jlin_chm (40). 

Fca. 2. S]l__hcha i  ̀^c``_l_hn ]ih]_hnl[ncihm i` ][^gcog ih m__  ̂a_lgch[ncih.  

Fca. 3. S__^fcha aliqnb i  ̀\[lhs[l  ̂gcff_n qcnb ^c``_l_hn ]ih]_hnl[ncihm i  ̀][^gc-
og ih nb_ 10nb ^[s.  

Fca. 4. Eff_]n i` ][^gcog ih nb_ a_lgch[ncih j_l]_hn[a_ i` \[lhs[l^ gcff_n. 
V_lnc][f \[lm l_jl_m_hn g_[h ± SE.  

Fca. 5. Eff_]n i` ][^gcog ih m__^fcha pcail ch^_r i` \[lhs[l^ gcff_n. V_lnc][f 
\[lm l_jl_m_hn g_[h ± SE.  
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Effect of cadmium on the fresh and dry weight of root 

and shoot 

Ih [ff mn[a_m i` m__^fcha aliqnb, nb_ FW [h^ DW i` liin 
[h^ mbiin q_l_ l_^o]_^ qcnb ch]l_[mcha ]ih]_hnl[ncihm 

i` C^. Ih FW i` liin [h^ mbiin, nb_ l_]il^_^ ^_]l_[m_ 

q[m `ioh^ ch nb_ ]ih]_hnl[ncih i` 250 ga/ea (0.022 [h^ 

0.091 a/jf[hn l_mj_]ncp_fs) (Fca. 7A, B). Tb_ DWm i` \inb 

nb_ liin [h^ nb_ mbiin q_l_ p_ls fiq. An 250 ga/ea i` 

micf, nb_ liin [h^ mbiin DWm i` 15-^[s-if^ jf[hnm q_l_ 

0.0079 [h^ 0.059 a/jf[hn l_mj_]ncp_fs (Fca. 8A, B).  Erji-

mol_ ni C^ ^_]l_[m_^ liin [h^ mbiin f_hanbm [m q_ff [m 

FW [h^ DW mcahc`c][hnfs (41). A l_^o]ncih ch liin [h^ 

mbiin f_hanbm [h^ q_cabnm q[m [fmi i\m_lp_^ [h^ hin_^ 

[ mcgcf[lcns ni nb_ _``_]nm i` C^ ch inb_l jf[hn mj_]c_m fce_ 

]o]og\_l (42). A]]il^cha ni ih_ l_jiln, jf[hnm' l_mjihm-

_m ni g_n[f nirc]cns g[s \_ g_[mol_^ omcha nb_m_ aliqnb 

[fn_l[ncihm (43). Ih [^^cncih, nb_ ^_al__ i` C^ nirc]cns ch 

jf[hnm p[lc_m qcnb l_mj_]n ni aliqcha ]cl]ogmn[h]_m [h^ 

_rj_lcg_hn m_nncha, [m q_ff [m nb_ [giohn i` C^ [p[cf[-

\f_, nb_ ^ol[ncih i` _rjimol_ [h^ nb_ [a_ i` jf[hnm (44).  

Effect of cadmium on phytotoxicity 

M[hs ila[hcmgm [l_ jicmih_^ \s ][^gcog, qbc]b cm hin 

l_kocl_^ `il jf[hn ^_p_fijg_hn. Tb_ jbsninirc]cns j_l-

]_hn[a_ i` liinm [h^ mbiinm nl_[n_^ qcnb C^ lim_ ch nb_ 

jl_m_hn l_m_[l]b [m C^ ]ih]_hnl[ncihm ch nb_ \[lhs[l^ 

gcff_n ]ofncp[l CO (KV) 2 lim_. 250 ga/ea i` micf q[m ^cm-

]ip_l_^ ni \_ nb_ bcab_mn jbsninirc] j_l]_hn p[fo_ `il 

liinm [h^ mbiinm. Riin jbsninirc]cns q[m 8.51% [n 50 

ga/ea micf [h^ 44.68% [n 250 ga/ea micf ih nb_ 15 nb ^[s, 

\on ch mbiinm, nb_ fiq_mn q[m `ioh^ [n 50 ga/ea micf 

(6.2%) [h^ nb_ bcab_mn q[m ^cm]ip_l_^ [n 250 ga/ea micf 

(41.37%) ih nb_ 15nb ^[s (Fca. 9A, B).  Riinm b[^ [ bcab_l 

jbsninirc]cns % nb[h \[lhs[l^ gcff_n mbiinm. In q[m 

`ioh^ nb[n Cl ]ih]_hnl[ncih _hb[h]_^ nb_ jlijilncih i` 

jbsninirc]cns ch nb_ liinm [h^ mbiinm i` miol il[ha_ (45). 

Tb_ 200-jjg Cl ]ih]_hnl[ncih q[m ^_n_lgch_^ ni b[p_ 

nb_ al_[n_mn j_l]_hn[a_ i` jbsninirc]cns ch liinm [h^ 

mbiinm. Ih liinm, 50 jjg b[^ [ jbsninirc]cns i` 39.3% 

[h^ 200 jjg i` 90.4%, qb_l_[m ch mbiinm, 50 jjg b[^ [ 

Fca. 6A Fca. 6B 

Fca. 6. Eff_]n i` ][^gcog ih (A) liin f_hanb [h^ (B) mbiin f_hanb i` \[lhs[l^ gcff_n [n ^cff_l_hn mn[a_m i` m__^fcha aliqnb. V_lnc][f \[lm l_jl_m_hn g_[h ± SE.  

Fca. 7A Fca. 7B. 

Fca. 7. Eff_]n i` ][^gcog ih nb_ `l_mb q_cabn i` (A) liinm [h^ (B) mbiinm i` \[lhs[l^ gcff_n [n ^cff_l_hn mn[a_m i` m__^fcha aliqnb. V_lnc][f \[lm l_jl_m_hn g_[h ± SE  

Fca. 8A Fca. 8B 

Fca. 8. Eff_]n i` ][^gcog ih nb_ ^ls q_cabn i` (A) liinm [h^ (B) mbiinm i` \[lhs[l^ gcff_n [n ^cff_l_hn mn[a_m i` m__^fcha aliqnb. V_lnc][f \[lm l_jl_m_hn g_[h ± SE.  
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jbsninirc]cns i` 66.02% [h^ 200 jjg i` 97.67%.  

Effect of cadmium on tolerance index 

A bcab TI q[m `ioh^ ch nb_ mbiinm i` 15-^[s-if^ jf[hnm, 
\on [ fiq ih_ ch nb_ liinm. Hiq_p_l, nb_ TI q[m ]ih]_h-

nl[n_^ ch nb_ liinm i` 30- [h^ 45-^[s-if^ jf[hnm. Ih liinm, 

TI q[m bcab_mn ch nb_ ]ihnlif, `iffiq_^ \s 50 (91.4%) ga/

ea i` micf ih nb_ 15nb ^[s [h^ fiq_mn [n 250 (51.41%) ga/

ea i` micf ih nb_ 45nb ^[s. Ih mbiinm, [ TI i` 93.7% q[m ^_-

n_]n_^ ih nb_ 15nb ^[s ch 50 ga/ea i` micf, qb_l_[m [ TI i` 

56.77% q[m ^cm]ip_l_^ ih nb_ 45nb ^[s ch 250 ga/ea i` 

micf (Fca. 10A, B). Wb_h nb_ jf[hn ^_p_fijm, nb_ TI i` nb_ 

liinm qcff \_ bcab_l nb[h nb_ TI i` nb_ mbiinm. Tif_l[hn 

jf[hnm [l_ `l_ko_hnfs _r]fomcih[ls, jl_p_hncha b_[ps 

g_n[fm `lig _hn_lcha [h^ gipcha `lig nb_ liinm ni nb_ 

mbiinm (46). Tb_ liin i` Virola surinamensis b[m [ bcab 

]ih]_hnl[ncih i` C^, qbc]b moaa_mnm nb_ jf[hn'm [\cfcns ni 

[\mil\ [h^ l_n[ch C^ `lig nb_ mifoncih, _mj_]c[ffs ch nb_ 

liinm, qbc]b ch nolh ch^c][n_m nb_ _r]fomcih [h^ ]b_f[ncih 

i` nb_ g_n[f ch nb_ liin msmn_g'm ]_ffof[l [h^ mo\]_ffof[l 

]igj[lng_hnm. Am [ n[]nc] ni jlin_]n nb_ jf[hn'm jbini-

mshnb_nc] _kocjg_hn [h^ [fmi l[cm_ cnm nif_l[h]_ ni C^, 

nbcm g[s l_mofn ch [ l_mnlc]n_^ gip_g_hn i` C^ `lig nb_ 

liin ni nb_ mbiin (47). Wb_h cn ]ig_m ni inb_l nl__ mj_-

]c_m, cn q[m nb_cl liinm qb_l_ nb_ bcab_mn ]ih]_hnl[ncih i` 

C^ q[m `ioh^ (48, 49). Pf[hn ]_ff q[ff ]igjih_hnm, mo]b 

[m nbcifm (50) [h^ inb_l ]b_gc][fm, mo]b [m afon[nbcih_ 

(51),g_n[ffinbcih_chm [h^ jbsni]b_f[nchm (52), ch^o]_ nb_ 

l_n_hncih i` C^ ch liinm \s \ch^cha ni nb_ g_n[f. Riin ]_ff 

q[ffm `lig jf[hnm _rjim_^ ni g_n[f (53), mo]b [m V. surina-

mensis, q_l_ `ioh^ ni ]ihn[ch mig_ i` nb_m_ ]b_gc][fm, 

moaa_mncha nb_ liin ]_ff q[ff g[s b[p_ `oh]ncih_^ [m [h 

i\mn[]f_ `il C^ nl[hmfi][ncih, mojjilncha f[la_l ]ih]_h-

nl[ncihm i` g_n[f nb_l_. Do_ ni nb_ fcahc`c][ncih, nb_ ]_ff 

g_g\l[h_ cm f_mm j_lg_[\f_, `ilgcha [ \[llc_l [a[chmn 

C^ chjon [h^ nb_ fcahc`c_^ g_n[f \ih^m qcnb nb_ g_n[f 

(54).  

Effect of cadmium on relative growth index 

Ih liinm [h^ mbiinm, RGI q[m l_^o]_^ ch nb_ bcab_l ]ih]_h-

nl[ncihm i` C^ [n 15nb, 30nb [h^ 45nb ^[s i` chn_lp[f. Aj[ln 

`lig ]ihnlif, nb_ g[rcgog RGI q[m i\m_lp_^ ch 50 

(96.9%) ga/ea i` micf ch nb_ liin i` nb_ 15-^[s-if^ jf[hn, 

qb_l_[m nb_ gchcgog RGI q[m hinc]_^ ch 250 (46.2%) ga/

ea i` micf ch nb_ liin i` nb_ 45-^[s-if^ jf[hn (Fca. 11A). Ih 

mbiinm, nb_ bcab_mn RGI q[m `ioh^ ch 50 (96.2%) ga/ea i` 

micf i` nb_ 30-^[s-if^ jf[hn [h^ nb_ fiq_mn RGI q[m l_]il^-

_^ ch 250 (61.4%) ga/ea i` micf i` nb_ 45-^[s-if^ jf[hn (Fca. 

11B). Tb_ bcab [giohn i` C^ ch nb_ micf f_[^m ni g[hs nirc] 

msgjnigm ch jf[hnm, mo]b [m ^cgchcmb_^ aliqnb, j[lnc]o-

f[lfs aliqnb i` nb_ liin (55), bch^l[h]_m ch gch_l[f honlc-

ncih [h^ ][l\ibs^l[n_ g_n[\ifcmg (10) [h^ g[s b_h]_ 

mcahc`c][hnfs \lcha ^iqh \cig[mm jli^o]ncih. 

Effect of cadmium on relative water content 

Wb_h ]igj[l_^ ni [ ]ihnlif, nb_ RWC q[m fiq_l [n nb_ bcab-

_mn ]ih]_hnl[ncih. Aff i` nb_ C^-nl_[n_^ jf[hnm mbiq_^ [ fiq-

_l ^_]l_[m_ j_l]_hn[a_ nb[h nb_ ]ihnlif. Am [ ^lioabn-

l_mcmn[hn jf[hn, cn'm l_[mih[\f_ ni [mmog_ nb[n \[lhs[l^ gcf-

f_n [fmi [pic^m ]_ff q[n_l fimm \s ]fimcha cnm mnig[n[. Ih nb_ 

_[lfs mn[a_m i` f_[` `ilg[ncih, RWC mn[sm bcab, \on [m ^ls 

g[nn_l []]ogof[n_m [h^ nb_ f_[` ^_p_fijm, cn ^_]l_[m_m. Oh 

nb_ 15nb ^[s, nb_ RWC q[m 91.8% ch ]ihnlif, qbcf_ 89.4% ch 50 

ga/ea i` micf, `iffiq_^ \s 100 (87.2%), 150 (85.1%), 200 

(83.2) [h^ 250 (81.1) ga/ea i` micf. Tb_ f_[mn RWC q[m i\-

m_lp_^ ch 250 (78.2%) ga/ea i` micf ih nb_ 45nb ^[s (Fca. 12).  In 

b[m \__h mbiqh nb[n nb_ jf[hn'm RWC g[s \_ g[chn[ch_^ [n 

[ bcab f_p_f [n fiq q[n_l jin_hnc[f \s imginc] [^domng_hn 

(56) Folnb_lgil_, cn q[m `ioh^ nb[n RWC cm [ mcahc`c][hn 

g_[mol_ `il [mm_mmcha nb_ q[n_l jimcncih ch jf[hnm \_][om_ cn 

ch^c][n_m nb_ \[f[h]_ \_nq__h nb_ mojjfs i` q[n_l ni f_[` 

ncmmo_ [h^ nb_ nl[hmjcl[ncih l[n_ (57). R_^o]ncih ch RWC cm 

fche_^ ni [ ^_]l_[m_ ch jf[hn pcail, qbc]b b[m \__h mno^c_^ ch 

[ p[lc_ns i` jf[hnm (58). 

Fca. 9A Fca. 9B 

Fca. 9. E``_]n i  ̀][^gcog ih nb_ j_l]_hn jbsninirc]cns ch (A) liinm [h  ̂(B) mbiin i  ̀\[lhs[l^ gcff_n [n ^c``_l_hn mn[a_m i  ̀m__^fcha aliqnb. V_lnc][f \[lm l_jl_m_hn g_[h ± SE  

Fca. 10A Fca. 10B 

Fca. 10. E``_]n i` ][^gcog ih nif_l[h]_ ch^_r ch (A) liinm [h^ (B) mbiinm i` \[lhs[l^ gcff_n [n ^c``_l_hn mn[a_m i` m__^fcha aliqnb. V_lnc][f \[lm l_jl_m_hn g_[h ± SE.  
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Con]luscon 

Tb_ b_[ps g_n[f C^ cm g[dil ]ih]_lh qbc]b [ff_]nm a_lgc-

h[ncih, aliqnb [h^ sc_f^ ch ]lij jf[hnm. In b[m \_]ig_ ch-

_pcn[\f_ ni mno^s nb_ _ff_]n i` mo]b b_[ps g_n[fm fce_ C^ ni 

oh^_lmn[h^ qb_nb_l nb_s [l_ nif_l[hn il mom]_jnc\f_ nb_s 

[l_ [a[chmn nbcm g_n[f. Ih nbcm chp_mnca[ncih, [h [nn_gjn 

q[m g[^_ ni oh^_lmn[h^ nb_ _ff_]n i` ^cff_l_hn ]ih]_hnl[-

ncihm i` C^ ih nb_ m__^ a_lgch[ncih [h^ giljbi-

jbsmcifiac][f ]b[ha_m ch \[lhs[l^ gcff_n. Ah[fsmcm i` nb_ 

^[n[ l_p_[f_^ nb[n nb_ ch]l_[m_ ch nb_ ]ih]_hnl[ncih i` C^ 

f_[^m ni ^_]l_[m_ ch nb_cl []ncpcns \s chbc\cncha nb_ aliqnb 

[h^ ^_p_fijg_hn i` \[lhs[l^ gcff_n \_][om_ i` nb_ bcab 

nirc]cns f_p_f i` C^. C[^gcog mnl_mm ][om_m giljbi-

jbsmcifiac][f [fn_l[ncihm [h^ [ff_]nm nb_ mbiin [h^ liin 

g_n[\ifc] msmn_gm. Folnb_l chp_mnca[ncih qcff b_fj om ni 

oh^_lmn[h^ nb_ []]ogof[ncih i` C^ ch f_[p_m il m__^ mi 

nb[n cn ][h \_ oncfct_^ [m `__^ il `ii^ `il ]ihmogjncih.  
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