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A\str[]t  

Rhyzopertha dominica F. (f_mm_l al[ch \il_l) cm [h cgjiln[hn jlcg[ls j_mn i` 

mnil_^ lc]_ nb[n ][om_m mo\mn[hnc[f _]ihigc] fimm. Tbcm j_mn ^_p_fij_^ l_-

mcmn[h]_ ni [ qc^_ l[ha_ i` b[t[l^iom ]b_gc][f j_mnc]c^_m ^o_ ni cnm al_[n 

^_al__ i` [^[jn[\cfcns. Tbcm mno^s jlijim_^ ni jl_j[l_ Vitex negundo icf 

h[hi_gofmcih (VNO NE) ni cgjlip_ cnm _ffc][]s [a[chmn nbcm n[la_n j_mn. Vitex 

negundo icf (VNO) ]ihn[chm e_s ]igjioh^m mo]b [m Alig[h^_h^l_h_,          

β-][lsijbsff_h_, Sko[f_h_, 3-i]n_h-5-sh_,2,7-^cg_nbsf-,(E)-,5-(1-cmijli-

j_hsf-4,5-^cg_nbsf\c]s]fi*4.3.0+hih[h-5-sf)-3-g_nbsf-2-j_hn_hif []_n[n_, 

F[lh_msf \ligc^_, 4-n_ljch_if [h^ Ef_gif. VNO NEm q_l_ jl_j[l_^ omcha [ 

bcab-mj__^ bigia_hct_l `lig qbc]b h[hi_gofmcih b[pcha 5% VNO gcr_^ 

[n [ 1:2 (q/q) l[nci qcnb nq__h80 q[m `ioh^ ni \_ ijncgog ]ihmc^_lcha 

^cff_l_hn ]b[l[]n_lct[ncih j[l[g_n_lm. Tb_ g_[h t_n[ jin_hnc[f, jifs^cmj_l-

mcns ch^_r [h^ bs^li^sh[gc] ^c[g_n_l i` nb_ h[hi_gofmcih q_l_ -3.4 gV, 

0.263 [h^ 166.62 hg l_mj_]ncp_fs. Fil ]ihn[]n nirc]cns f_nb[f ^im_ 50 (LD50) 

p[fo_ i` VNO NE q[m 0.517 μL ]g-2 [a[chmn R. dominica qbc]b q[m 46.03% 

f_mm, ]igj[l_^ ni \ofe VNO. LD50 p[fo_ i` VNO NE `il `ogca[hn nirc]cns 

[a[chmn R. dominica q[m 245.38 μL L-1 qbc]b q[m 32.05% f_mm nb[h nb[n i` 

]lo^_ icf. Tb_ bcab_mn l_j_ff_h]s ch]l_[m_^ \s 30.14% nb[h VNO, qb_h nl_[n-

_^ qcnb VNO NE ch R. dominica. Scahc`c][hn chbc\cncih i` afon[nbcih_ nl[hm`_l-

[m_ _htsg_ q[m [fmi ^_n_]n_^ ch chm_]nm nl_[n_^ qcnb VNO NE nb[h VNO [h^ 

]ihnlif. Tb_m_ l_mofnm ch^c][n_^ nb[n VNO NE cm [h _ff_]ncp_ hip_f j_mnc]c^_ 

nb[n ][h \_ l_]igg_h^_^ `il nb_ g[h[a_g_hn i` R. dominica ch mnil_^ lc]_.   

 

K_ywir^s  

Vitex negundo icf; GC-MS; h[hi_gofmcih; ]ihn[]n nirc]cns; `ogca[hn nirc]cns;  

l_j_ff_h]s   

 

Ihtri^u]tcih  

Rc]_ cm ]ihmog_^ \s gil_ nb[h b[f` i` nb_ qilf^'m jijof[ncih. Gl[ch mnil[a_ 
[ft_l b[lp_mncha cm l_kocl_^ `il `onol_ om[a_ [h^ ni _hmol_ `ii^ m_]olcns. 

Ajjlircg[n_fs, 70% i` `[lg ionjon cm mnil_^ \s `[lg_lm `il ^cff_l_hn joljim-

_m (1). Ih jimnb[lp_mn []ncpcnc_m, [\ion 1/3l^ i` `ii^ cm fimn il q[mn_^, qbc]b cm 

mncff [ g[dil afi\[f jli\f_g (2). 

 Ihm_]n ch`_mn[ncihm l_mofn_^ ch oj ni 3.9-6% mnil[a_ fimm ch ]_l_[fm [h^ 

ch Ih^c[ mnil[a_ fimm ch lc]_ cm 3.51% ^o_ ni j_mnm (3, 4). Aj[ln `lig ^cl_]n 

ko[hncn[ncp_ fimm_m, ko[fcn[ncp_ fimm_m mj[qh_^ ^o_ ni ]b[ha_m ch ]b_gc][f 

]ihmncno_hnm fce_ jlin_chm, ][l\ibs^l[n_m [h^ [gchi []c^m nb[n l_mofn_^ ch 
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nb_ honlcncih[f ^_jf_ncih i` al[chm. A^^cncih[f fimm_m mo]b 

[m `ii^ ]ihn[gch[ncih \s [ff_la_hm (fce_ olc] []c^, ^_[^ 

\i^c_m, ][mn mechm [h^ _r]l_n[) jim_ mcahc`c][hn i\mn[]f_m 

ni nb_ `ii^ ch^omnlc_m [h^ nb_ _rjiln i` `ii^ ]iggi^cnc_m 

(5). Tb_l_ [l_ [lioh^ [ nbiom[h^ mj_]c_m i` mnil_^ al[ch 

j_mnm ch`_mncha p[lciom mnil_^ ]iggi^cnc_m qilf^qc^_ 

`lig qbc]b 2 il^_lm, Cif_ijn_l[ [h^ L_jc^ijn_l[ g[e_ oj 

nb_ g[dilcns i` mnil_^ al[ch j_mnm (6). 

 Rhyzopertha dominica (F[\lc]com) (Cif_ijn_l[: Bim-

nlc]bc^[_), ift_h ehiqh [m f_mm_l al[ch \il_l cm [h cg-

jiln[hn jlcg[ls j_mn i` ]_l_[f ]lijm ch g[hs j[lnm i` nb_ 

qilf^ (7, 8). Tbcm j_mn ][h ][om_ mo\mn[hnc[f _]ihigc] fimm-

_m ch mn[l]b-]ihn[chcha mo\mnl[n_m fce_ lc]_, g[ct_ [h^ 

qb_[n (7, 9). A^ofn chm_]nm ]ihmog_ nb_ al[ch _rn_lh[ffs 

[h^ bc^_ nb_gm_fp_m ch ]l[]em (7, 10). Ih [^^cncih ni al[ch 

q_cabn fimm, cn [fmi ][om_m al[ch ch`_mn[ncih \s ]ijciom 

[giohnm i` `l[mm ]ihn[chcha f[lp[f _ropc[_, `_]_m, jc_]_m i` 

cgg[nol_ chm_]nm [h^ inb_l q[mn_m (7). Aff_]n_^ al[chm 

jli^o]_ ohjf_[m[hn mg_ff [h^ f[]e honlc_hnm nb[n [l_ hin 

`cn `il bog[h ]ihmogjncih (9). 

 Sshnb_nc] j_mnc]c^_m [l_ `l_ko_hnfs om_^ `il ]ihnlif-

fcha mnil[a_ j_mnm ch]fo^cha R. dominica (11). Tb_ qc^_-

mjl_[^ om[a_ i` nb_m_ ]b_gc][fm f_^ ni [^p_lm_ ]ihm_-

ko_h]_m ih _hpclihg_hn[f ]ihn[gch[ncih [m q_ff [m bo-

g[h b_[fnb (11-13). R. dominica cm l_mcmn[hn ni [ qc^_ l[ha_ 

i` ]b_gc][f aliojm, ch]fo^cha jsl_nblic^m, ila[hijbim-

jb[n_m [h^ chm_]n aliqnb l_aof[nilm ^o_ ni cnm al_[n ^_-

al__ i` [^[jn[\cfcns (9, 14-16). R_mcmn[h]_ ni jbimjbch_ 

`ogca[ncih cm [ g[nn_l i` ]ih]_lh mch]_ nb_ qilf^'m mnil_^ 

]iggi^cnc_m gimnfs ^_j_h^ ih nbcm `ogca[hn [m [ j_mn 

jlin_]n[hn. Tb_m_ ^l[q\[]em f_^ ni l_jf[]cha g[hs ]b_gc-

][f j_mnc]c^_m qcnb gil_ momn[ch[\f_ [h^ _]i-`lc_h^fs [f-

n_lh[ncp_m `lig h[nol[f miol]_m qbc]b ][h \_ l_`_ll_^ ni [m 

al__h ]b_gcmnls.  

 Bin[hc][fm qcnb [ mj_]c[f _gjb[mcm ih _mm_hnc[f icfm 

`cn j_l`_]nfs chni nb_ nb_g_ i` ila[hc] `ii^ jli^o]ncih. 

Emm_hnc[f icfm b[p_ mnliha [lig[nc] \ci[]ncp_ ]igjioh^m 

nb[n [l_ pif[ncf_ ch h[nol_ [h^ mbiq nirc], l_j_ff_hn [h^ 

[hnc`__^[hn jlij_lnc_m [a[chmn mnil_^ al[ch j_mnm (17). Pi-

n_hnc[f _mm_hnc[f icfm `lig jf[hnm fce_ Eucalyptus floribunda, 

Acorus calamus, Mentha pulegium, Lavandula stoechas, 

Ruta chalepensis [h^ Ocimum gratissimum mbiq chm_]nc-

]c^[f jlij_lnc_m [a[chmn mnil[a_ j_mnm. 

 Vitex negundo L. (`[gcfs: L[gc[]_[_), cm [ f[la_-mct_^ 

g_^c]ch[f mblo\ qcnb [lig[nc] h[nol_ `ioh^ []limm Ih^c[. 

Nog_liom jbsni]b_gc][fm, ch]fo^cha fcah[hm, n_lj_h_m, 

clc^ic^m, `f[pihic^m [h^ mn_lic^m [l_ jl_m_hn qcnbch cn (18). 

Tbcm mblo\ jimm_mm_m j_mnc]c^[f jlij_lnc_m [a[chmn p[lciom 

mnil_^ al[ch j_mnm fce_ Sitophilus zeamais, Tribolium casta-

neum, Oryzaephilus surinamensis, Callosobruchus chinensis 

[h^ S.  oryzae (19-21).  

 D_mjcn_ nb_cl jligcmcha chm_]nc]c^[f jlij_lnc_m, nb_ 

al_[n_mn \[llc_lm ni nb_ jl[]nc][f [jjfc][ncih i` _mm_hnc[f 

icfm [l_ nb_cl fiq q[n_l mifo\cfcns, f[]e i` jbsmc][f mn[\cfcns 

[h^ ^_al[^[ncih (22). N[hi_gofmcih `ilgof[ncih i` _mm_h-

nc[f icf cm [ moj_lcil q[s ni a_n lc^ i` [ff nb_ [\ip_-

g_hncih_^ fcgcn[ncihm mch]_ cn b[m cgjlip_^ jlij_lnc_m 

iqcha ni cnm ]ihnliff_^ l_f_[m_ (23). Tb_ mg[ff_l j[lnc]f_ 

mct_ i` h[hi_gofmcih b[m [ mcahc`c][hn cgj[]n ih j_mnc]c^_ 

[]ncpcns \s []]_f_l[ncha chm_]nc]c^_ j_h_nl[ncih nblioab 

nb_ chm_]n ]onc]f_ (24). Ih nb_ ]oll_hn mno^s, q_ ^_p_fij_^ 

VNO NE omcha [ bcab-mj__^ bigia_hct_l [h^ _p[fo[n_^ cnm 

_ffc][]s [a[chmn R. dominica ch ]igj[lcmih ni \ofe icf.   

 

M[t_rc[fs [h^ M_tbi^s 

Plant material      

Vitex negundo (L.) f_[p_m q_l_ a[nb_l_^ `lig [ pcff[a_ h_[l 

ICAR-N[ncih[f Rc]_ R_m_[l]b Ihmncnon_, Conn[]e, O^cmb[, 

Ih^c[ (20°45' N f[ncno^_, 85°93′ E fihacno^_ [h^ 36 g [fnc-

no^_). Conn[]e ^cmnlc]n cm mcno[n_^ ch nb_ E[mn [h^ Sionb 

]i[mn[f jf[chm tih_ i` O^cmb[. 

Chemicals     

Egofmc`c_l Tq__h 80 c._ jifsirs_nbsf_h_ mil\cn[h 

gihiif_[n_ l_kocl_^ `il h[hi_gofmcih q[m jli]ol_^ 

`lig M_l]e, Ih^c[ [h^ Gfon[nbcih_-S-nl[hm`_l[m_ (GSTm) 

[mm[s ecn q[m jli]ol_^ `lig Scag[-Af^lc]b, M_l]e, Ih^c[.  

Oil extraction      

Ocf _rnl[]n_^ `lig V. negundo f_[p_m `iffiqcha nb_ bs^li-

^cmncff[ncih g_nbi^. Cf_p_ha_l [jj[l[nom q[m om_^ `il nbcm 

g_nbi^ qb_l_ f_[p_m q_l_ \icf_^ [n 70 οC `il 4 b. Ocf cm 

l_f_[m_^ `lig icf af[h^m ch p[jil `ilg [fiha qcnb q[n_l 

^o_ ni \icfcha. Tbcm p[jil gcrnol_ j[mm_^ nblioab [ ]iif_^ 

]ih^_hm_l ni m_j[l[n_ [h^ ]iff_]n icf. Tb_ icf ]iff_]n_^ q[m 

g_[mol_^ [h^ ko[hnc`c_^ ch a [n nb_ _h^ i` nbcm g_nbi^. 

Tb_ icf i\n[ch_^ q[m ]ihp_ln_^ ni [ % (25). 

        

 

 

Chemical characterization of Vitex negundo oil        

Tb_ _rnl[]n_^ icf q[m ]b_gc][ffs ]b[l[]n_lct_^ omcha GC-

MS/MS _kocjg_hn (Sbcg[^to TQ8040, Sbcg[^to Ciljil[-

ncih, Ksini, J[j[h). Tb_ Rrc-5-Scf MS ][jcff[ls ]ifogh      

(30 g×0.25 gg, 0.25 µg) q[m _gjfis_^ ch nb_ a[m ]bli-

g[nial[jbs msmn_g. Pol_ b_fcog (99.99%) q[m oncfct_^ [m 

nb_ ][llc_l a[m. E[]b ]b_gc][f ]igjioh^ q[m c^_hnc`c_^ \s 

]igj[lcha cnm l_n_hncih ch^_r ni nb_ C8-C40 [fe[h_ mn[h^-

[l^m [h^ cnm MS mj_]nl[ ni nb_ l_`_l_h]_ mj_]nl[ ch nb_ N[-

ncih[f Ihmncnon_ i` Sn[h^[l^m [h^ T_]bhifias (NIST) ]iff_]-

ncih (26). 

Insect culture       

R. dominica (f_mm_l al[ch \il_l) q[m i\n[ch_^ `lig nb_ 

Gl[ch Ehnigifias L[\il[nils i` Clij Plin_]ncih Dcpcmcih, 

N[ncih[f Rc]_ R_m_[l]b Ihmncnon_. Op_l nb_ ]iolm_ i` nb_ 

mno^s j_lci^, n_mn chm_]nm q_l_ ]ofnol_^ [h^ g[chn[ch_^ ch 

[ f[\il[nils m_nncha [n 65 ± 5% RH [h^ 28 ± 2 °C [h^ lc]_ [m 

`__^cha g[n_lc[f. S[g_-[a_ [^ofnm i` 7-10 ^[sm if^ q_l_ 

om_^ ch iol l_m_[l]b. 

Preparation of nanoemulsion       

Ti ]l_[n_ ^cff_l_hn VNO NEm, [ p[lc_ns i` VNO ]ih]_hnl[-

ncihm (2.5, 5 [h^ 7.5%) q_l_ om_^. Tq__h 80 q[m om_^ [m [ 

mol`[]n[hn ni `ilgof[n_ VNO NE, \[m_^ ih nb_ bs^lijbcfc]-
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fcjijbcfc] \[f[h]_ i` nb_ VNO. VNO [h^ _gofmc`c_lm q_l_ 

gcr_^ [n ^cff_l_hn l[ncim ih [ q_cabn \[mcm mn[lncha `lig 1:1 

ni 1:3 (q/q). Ti jl_j[l_ [h _gofmcih, nb_ l_kocl_^ [giohn 

i` q[n_l q[m [^^_^ ni nb_ gcrnol_ [h^ nb_ gcrnol_ q[m 

piln_r_^ (M[rc Mcr II, Tb_lgifsh_, USA) `il 2-3 gch. Umcha 

[ bcab-mj__^ bigia_hct_l (IKA T25 ^cacn[f ULTRA TURRAX, 

T 25 D S22, G_lg[hs), nb_ \ofe _gofmcih q[m bigia_-

hct_^ [n 3 ^cff_l_hn lin[ncih mj__^m (10000, 15000 [h^ 

20000 ljg) [h^ 3 ^cff_l_hn ^ol[ncihm (10, 15 [h^ 20 gch). 

Characterization of nanoemulsions       

St[\cfcty stu^y       

H_[ncha ]iifcha `l__tcha [h^ nb[qcha mnl_mm n_mnm q_l_ 

]ih^o]n_^ ni ]b_]e nb_ mn[\cfcns i` VNO NEm (27, 28). Fil-

gof[n_^ h[hi_gofmcihm q_l_ ]_hnlc`oa_^ [n 3000 ljg `il 

30 gch ni m__ [hs jb[m_ m_j[l[ncih. Ih nb_ [fn_lh[n_ b_[n-

cha [h^ ]iifcha ]s]f_, VNO NEm `clmn b_[n_^ [n 40 °C `if-

fiq_^ \s ]iifcha [n 4 °C [h^ _[]b n_gj_l[nol_ q[m [fn_l_^ 

[ft_l 48 b. Scgcf[lfs, `il [fn_lh[n_ `l__tcha [h^ nb[qcha 

]s]f_m, 2 n_gj_l[nol_m c._. -21 °C [h^ 25 °C q_l_ n[e_h [h^ 

_[]b n_gj_l[nol_ q[m [fn_l_^ [ft_l 48 b. Binb ]s]f_m q_l_ 

l_j_[n_^ nqc]_ [h^ nb_ _rj_lcg_hn q[m j_l`ilg_^ ch nlcj-

fc][n_. Aft_l nb_ chp_mnca[ncih, jb[m_ m_j[l[ncih, `linb jli-

^o]ncih _n]. q_l_ l_]il^_^. Sn[\f_ VNO NEm nb[n j[mm_^ 

nb_ mnl_mm n_mnm q_l_ _r[gch_^ `olnb_l. 

Dyh[gc] fcabt s][tt_rcha (DLS)       

Tb_ bs^li^sh[gc] ^c[g_n_lm, jifs^cmj_lmcns ch^c]_m (PDI) 

[h^ t_n[ jin_hnc[f p[fo_m (ζ-jin_hnc[f) i` VNO NEm q_l_ 

g_[mol_^ omcha [ j[lnc]f_ mct_ [h[fst_l (M[fp_lh Ihmnlo-

g_hnm Ppn Ln^, UK). 

Biotoxicity of V. negundo oil         

Ciht[]t tixc]cty          

Cihn[]n nirc]cns i` VNO [a[chmn R. dominica q[m ][llc_^ ion 

(29). Tb_ ]ihn[]n nirc]cns [mm[s q[m j_l`ilg_^ ih ]_g_hn-

_^ j_nlc jf[n_m qcnb [ 64 ]g2 mol`[]_ [l_[. A ]igjf_n_fs 

l[h^igct_^ ^_mcah (CRD) q[m `iffiq_^ ni ]ih^o]n nbcm 

_rj_lcg_hn. Dim_m i` VNO `il ^cff_l_hn nl_[ng_hnm [a[chmn 

R. dominica q_l_ 0.2, 0.4, 0.6, 0.8, 1.0, 1.5 μL ]g-2 [h^ ]ih-

nlif. Tb_m_ ^im_m q_l_ ^cfon_^ ch mis\_[h icf ni [ jl_^_n_l-

gch_^ [giohn i` 500 μL _[]b `il mgiinb [jjfc][ncih ch 

]_g_hn_^ j_nlc jf[n_m. T_h [^ofn chm_]nm q_l_ l_f_[m_^ 

chni _[]b j_nlc jf[n_ qcnb 1 a i` lc]_. Ti jl_p_hn chm_]nm 

`lig _m][jcha, j_nlc jf[n_m q_l_ m_[f_^ qcnb j[l[ffch `cfg 

[h^ jch bif_m q_l_ g[^_ `il [cl gip_g_hn. E[]b nl_[n-

g_hn q[m l_jfc][n_^ nblc]_ [h^ giln[fcns q[m l_]il^_^ [n 

24 [h^ 48 b [ft_l nl_[ng_hn (HAT). L_nb[f ^im_m (LD) q_l_ 

][f]of[n_^ omcha 1.5EPA jli\cn [h[fsmcm miftq[l_. Dim_m i` 

nl_[ng_hnm, nb_ nin[f hog\_l i` chm_]nm (30 j_l nl_[ng_hn) 

[h^ nb_ hog\_l i` ^_[^ chm_]nm j_l nl_[ng_hn q_l_ ch-

jonn_^ chni nbcm miftq[l_ ni i\n[ch f_nb[f ^im_m. 

Fugca[ht tixc]cty       

Fogca[ncih nirc]cns n_mnm q_l_ j_l`ilg_^ omcha 1150 gL 

`ogca[ncih ]b[g\_lm (30). T_h [^ofnm i` R. dominica q_l_ 

e_jn ch [ j_l`il[n_^ jio]b qcnb 1 a lc]_, nc_^ qcnb lo\\_l 

\[h^m [h^ jf[]_^ chmc^_ nb_ `ogca[ncih ]b[g\_l. Fcfn_l 

j[j_l (Wb[ng[h Ni. 1) q[m ]on chni 64 ]g2 jc_]_m [h^ q[m 

jon [n nb_ nij i` nb_ [cl-ncabn `ogca[ncih ]b[g\_l ]fim_ ni 

nb_ fc^ [ft_l \_cha nl_[n_^ qcnb VNO. Dcff_l_hn ^im_m i` VNO 

om_^ `il nl_[ng_hn q_l_ 300, 400, 500 [h^ 600 µL j_l fcn_l 

[cl (µL L-1) [h^ ]ihnlif. E[]b nl_[ng_hn q[m l_jfc][n_^ 

nblc]_ [h^ [^ofn giln[fcns q[m l_]il^_^ 5 ^[sm [ft_l nl_[n-

g_hn (DAT). L_nb[f ^im_m (LD) q_l_ ][f]of[n_^. 

R_j_ff_h]y stu^y       

A 64 ]g2 af[mm j_nlc jf[n_ qcnb `cfn_l j[j_l (Wb[ng[h Ni. 1, 

]on chni 64 ]g2 jc_]_m) q[m oncfct_^ `il nb_ l_j_ff_h]s ch-

p_mnca[ncih (31). Tb_ `cfn_l j[j_l q[m ^cpc^_^ chni 2 b[fp_m 

ch qbc]b ih_ q[m nl_[n_^ qcnb VNO nl_[ng_hn [h^ nb_ inb-

_l b[f` q[m ]ihnliff_^ c._. nl_[n_^ qcnb ihfs mis\_[h icf. A 

l_j_ff_h]s n_mn q[m ]ih^o]n_^ qcnb fiq icf ]ih]_hnl[ncihm 

(c._. 1, 3 [h^ 5% icf) ni [pic^ giln[fcns. A]]il^cha ni nb_m_ 

]ih]_hnl[ncihm, ^cff_l_hn ^im_m i` VNO (1.5, 4.5 [h^ 7.5 µL) 

q_l_ n[e_h [h^ gcr_^ qcnb mis\_[h icf ni jl_j[l_ VNO 

nl_[ng_hnm [h^ pifog_ ch _[]b nl_[ng_hn q[m g[^_ oj ni 

150 µL. P_nlc jf[n_m q_l_ mo\d_]n_^ ni `[h ^lscha [h^ ch-

m_]nm q_l_ l_f_[m_^ ch nb_ gc^^f_ [l_[ i` nb_ `cfn_l j[j_l. 

E[]b nl_[ng_hn q[m l_jfc][n_^ 7 ncg_m [h^ nb_ hog\_l i` 

chm_]nm jl_m_hn ch nb_ 2 j[lnm q[m l_]il^_^ [n 2, 6 [h^ 12 

HAT. Fil _p_ls ]ihmc^_l_^ ncg_ chn_lp[f, nb_ % l_j_ff_h]s 

i` ^cff_l_hn VNO nl_[ng_hnm q[m g_[mol_^ omcha nb_ `il-

gof[ (32): 

       

 

H_l_, N] cm nb_ hog\_l i` chm_]nm ch nb_ ohnl_[n_^ b[f` j[-

j_l [h^ Nn cm nb_ hog\_l i` chm_]nm ch nb_ nl_[n_^ b[f`. 

Bcitixc]cty i` VNO NE        

Tb_ m[g_ g_nbi^m q_l_ `iffiq_^ `il mno^scha nb_ ]ihn[]n, 

`ogca[hn [h^ l_j_ff_hn nirc]cns i` VNO NE [m ^_m]lc\_^ ch 

nb_ VNO \cinirc]cns n_mn. Dim_m i` VNO NE q_l_ n[e_h 

\[m_^ ih LD50 p[fo_m i` ]ihn[]n [h^ `ogca[hn nirc]cns i` 

VNO. Fil ]ihn[]n nirc]cns [a[chmn R. dominica ^im_m q_l_ 

0.7, 0.95, 1.2, 1.45 µL ]g-2 [h^ ]ihnlif. Ih nb_ ][m_ i` `ogc-

a[hn nirc]cns nl_[ng_hn ^im_m i` VNO NE q_l_ 250, 300, 

350, 400 µL L-1 [h^ ]ihnlif. L_nb[f ^im_m q_l_ ][f]of[n_^ ch 

[ff ][m_m. Fil nb_ l_j_ff_h]s mno^s, nb_ nl_[ng_hn i` ih_-

b[f` `cfn_l j[j_lm q[m VNO NEm (150 µL pifog_ i` VNO NEm 

qcnb ^cff_l_hn icf ]ih]_hnl[ncihm (1.5, 4.5 [h^ 7.5 µL) inb_l 

b[f` q[m ]ihnliff_^ c._. nl_[n_^ qcnb ihfs mis\_[h icf. E[]b 

nl_[ng_hn q[m l_jfc][n_^ 7 ncg_m [h^ nb_ hog\_l i` ch-

m_]nm jl_m_hn ch nb_ 2 j[lnm q[m l_]il^_^ [n 2, 6 [h^ 12 

HAT. Fil _p_ls ]ihmc^_l_^ ncg_ chn_lp[f, nb_ % l_j_ff_h]s 

i` ^cff_l_hn VNO NE nl_[ng_hnm q[m ][f]of[n_^. 

Glutathione-S-transferase (GSTs) assay       

Ehzyg_ _xtr[]tcih        

A^ofnm i` R. dominica q_l_ nl_[n_^ qcnb ^cff_l_hn ]ihn[]n 

nirc]cns nl_[ng_hnm (LD50 ^im[a_ i` ]lo^_ icf, LD50 i` 

h[hi`ilgof[n_^ icf [h^ ]ihnlif) [n p[lscha _rjimol_ ncg_m 

(1, 6 [h^ 24 HAT). B_`il_ _rjimcha nb_ [^ofnm ni \ci[mm[s, 

[ff nb_ \__nf_m q_l_ jl_-q_cab_^ [h^ nb_ q_cabn i` R. dom-

inica q[m 3.26 ga (j_l 3 chm_]nm) Aft_l nb_ _rjimol_ ncg_, 

\inb nb_ nl_[n_^ [h^ ohnl_[n_^ m[gjf_m q_l_ e_jn [n           

-80 °C [h^ nb_h ]lomb_^ qcnb 1 gL Dof\_]]i’m jbimjb[n_-

\off_l_^ m[fch_ (DPBS) ch Ejj_h^il` no\_. Tb_ ]lomb_^ 

m[gjf_m q_l_ ]_hnlc`oa_^ [n 10000 ljg [h^ nb_ moj_lh[-

n[hnm q_l_ ]iff_]n_^ ch nb_ `l_mb no\_ [h^ e_jn `il `olnb_l 

[h[fsmcm (36). 
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Ehzyg_ [ss[y        

Tb_ afon[nbcih_ S-nl[hm`_l[m_ (GSTm) _htsg_ []ncpcnc_m 

q_l_ g_[mol_^ \s omcha nb_ ]igg_l]c[ffs [p[cf[\f_ GST 

[mm[s ecn (CS0410, Scag[-Af^lc]b, M_l]e, Ih^c[). Tb_ l_[]-

ncih mifoncih b[^ 4 μL i` _htsg_ mifoncih, 196 μL i`       

mo\mnl[n_ mifoncih (192.08 μL i` DPBS, jH 7.2, 196 μL i` 

200 gM Gfon[nbcih_ l_^o]_^ [h^ 1.96 μL i` 100 gM CDNB 

(1-]bfili-2,4-^chcnli\_ht_h_). Tb_ GSTm' []ncpcnc_m q_l_ 

^i]og_hn_^ ch nb_ gc]lijf[n_ l_[^_l (Aacf_hn, USA; 

Eji]bTM2 gc]lijf[n_ l_[^_l) [n 340 gg [h^ 1 gch chn_l-

p[fm. An 5 gch chn_lp[fm, nb_ [\mil\[h]_ ]b[ha_ q[m hin_^. 

Tb_ CDNB (1-]bfili, 2,4-^chcnli\_ht_h_) _rnch]ncih ]i_ffc-

]c_hn (0.0096) q[m om_^ ni ^_n_lgch_ nb_ nin[f GST []ncpcns 

(33). 

Statistical analysis          

Tb_ Pli\cn l_al_mmcih [h[fsmcm q[m ^ih_ omcha 1.5 EPA Pli-

\cn Ah[fsmcm Plial[g miftq[l_ (24). L_nb[f ^im_m (LD10, LD50 

[h^ LD90) q_l_ _mncg[n_^. GST ^[n[ q_l_ i\n[ch_^ omcha 

GEN5 [\mil\[h]_ gc]lijf[n_ miftq[l_ [h^ [h[fst_^ omcha 

ih_-q[s ANOVA [n P<0.05 ch Mc]limift Er]_f p_lmcih 2016 

(34).   

 

R_sufts [h^ Dcs]usscih  

Chemical composition of VNO         

Tb_ [giohn i` icf l_]ip_l_^ `lig nb_ ^lc_^ f_[p_m i` V. 

negundo (L.) q[m 0.65% b[pcha [ j[f_ s_ffiq ]ifil[ncih 

(Fca. 1). Tbcm cm lioabfs ]igj[l[\f_ ni nb_ 0.5% icf _rnl[]n-

_^ ch jl_pciom mno^c_m (25). Am j_l m_p_l[f inb_l miol]_m, 

p[lscha ko[hncnc_m i` icf q_l_ _rnl[]n_^ (35, 36). Tb_m_ 

^cff_l_h]_m gcabn \_ ^o_ ni p[lc[ncihm ch _hpclihg_hn[f, 

micf, ]fcg[n_ ]ih^cncihm, _rnl[]ncih g_nbi^m [h^ a_h_nc] 

g[e_oj i` nb_ V. negundo (18). 

 G[m ]blig[nial[jbs-g[mm mj_]nlig_nls (GC-MS) 

n_]bhcko_ c^_hnc`c_^ [ nin[f i` 40 ]b_gc][fm `lig VNO, ch 

qbc]b g[dil ]igjioh^m q_l_ Alig[h^_h^l_h_,                  

β-][lsijbsff_h_, Sko[f_h_, 3-i]n_h-5-sh_,2,7-^cg_nbsf-,

(E)-,5-(1-cmijlij_hsf-4,5-^cg_nbsf\c]s]fi*4.3.0+hih[h-5-

sf)-3g_nbsf-2-j_hn[hif []_n[n_, F[lh_msf \ligc^_, 4-

n_ljch_if [h^ Ef_gif (Fca. 2). Sig_ ]igjioh^m `ioh^ ch 

iol l_mofnm, mo]b [m α-Pch_h_, β-Pch_h_, 3-i]n[hih_,            

j-]sg_h_, 1,8-]ch_if_, γ-n_ljch_h_, Lch[fiif, 4-n_ljch_if,  

α-n_ljch_if, β-_f_g_h_, β-][lsijbsff_h_, Ef_gif, 

N_lifc^if, C[lsijbsff_h_ irc^_, _jc-α-][^chif [h^ β-

_o^_mgif [l_ ]illi\il[n_^ qcnb jl_pciom mno^c_m (18, 37, 

38). E[lfc_l l_jilnm moaa_mn_^ nb_ jlcg[ls ]ihmncno_hnm i` 

VNO [m ][lsijbsff_h_ irc^_, T–_o^_mgif, β-][lsijbsff_h, 

nl[hm-β-`[lh_m_h_, β_o^_mgif, α-n_ljchif [h^ α-n_ljch_h_ 

(39). 

Preparation and characterization VNO NE         

S_p_l[f h[hi_gofmcihm q_l_ `ilgof[n_^ qcnb p[lciom icf 

]ih]_hnl[ncihm [h^ VNO, _gofmc`c_l l[ncim qbcf_ g[chn[ch-

cha [ ]ihmcmn_hn ncg_ (15 gch) [h^ lin[ncih mj__^ (20000 

ljg) (Fca. 3). VNO [h^ mol`[]n[hn [n 1:2 [h^ 1:1 l[ncim i` 5% 

VNO ]ih]_hnl[ncih q_l_ `ioh^ mn[\f_ h[hi_gofmcihm [m 

nb_s molpcp_^ nb_ mnl_mm n_mnm. Ih]l_[m_^ bigia_hct[ncih 

ncg_ f_^ ni nb_ l_^o]ncih ch ^lijf_n mct_ ch Momordica 

cochinchinensis icf _gofmcih (40). Tl[hmj[l_hn qbcn_,    mo-

j_l qbcn_ [h^ gcfes-]ifiol_^ _gofmcihm l_mofn_^ ch iol 

_rj_lcg_hn qbc]b gcabn \_ ^o_ ni nb_ fiq_l [p_l[a_ icf 
Fca. 1. V. negundo icf.  

Fca. 2. Cb_gc][f ]ihmncno_hnm i` V. negundo icf omcha GC-MS.  
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^lijf_n mct_ i` h[hi_gofmcihm [m ]igj[l_^ ni nb_ pcmc\f_ 

mj_]nlog q[p_f_hanbm _p_h [n `l[]ncihm i` f[la_ ^lijf_n 

pifog_ (41). Pb[m_ m_j[l[ncih q[m m__h qb_h nb_ VNO'm 

fi[^cha ][j[]cns q[m l[cm_^ ni 7.5%. Tb_m_ ohmn[\f_ 

h[hi_gofmcihm gcabn b[p_ l_mofn_^ `lig icf ]i[f_m]_h]_ 

[h^ \caa_l ^lijf_nm ]l_[n_^ \s Omnq[f^ lcj_hcha (42). 

 VNO NEm (VNO [h^ nq__h80 [n 1:1 [h^ 1:2 l[ncim i` 

5% icf ]ih]_hnl[ncih) nb[n j[mm_^ nb_ mnl_mm n_mnm q_l_ 

`olnb_l ]b[l[]n_lct_^ `il bs^li^sh[gc] ^c[g_n_l, PDI [h^ 

ζ-jin_hnc[f (T[\f_ 1).  Binb nb_ mn[\cfcns [h^ \cifiac][f []-

ncpcns i` h[hi-`ilgof[ncihm ^_j_h^ ih p[lc[\f_m mo]b [m 

^lijf_n mct_, jifs^cmj_lmcns ch^_r [h^ t_n[ jin_hnc[f (43). 

 Tb_ ^lijf_n mct_m i` VNO: mol`[]n[hn [n 1:1 [h^ 1:2 i` 

5% icf ]ih]_hnl[ncih q_l_ l_]il^_^ [n 185.41 [h^ 166.62 

hg l_mj_]ncp_fs (T[\f_ 1). Tb_ l_mofnm ]ih`ilg qcnb jl_pc-

iom l_jilnm nb[n nb_ j[lnc]f_ mct_ i` VNO NE q[m qcnbch 200 

hg (25). Tb_ _r]_mmcp_ g_]b[hc][f `il]_ ]l_[n_^ ^olcha 

bcab_l lin[ncih mj__^ gcabn \_ l_mjihmc\f_ `il nb_ f_mm_l 

^lijf_n mct_ i` h[hi_gofmcih (44). Tb_ lcm_ ch mol`[]n[hn 

]ih]_hnl[ncih f_^ ni [ ^lij ch chn_l`[]c[f `l__ _h_las, 

qbc]b ch nolh ch^o]_^ [ ^_]l_[m_ ch j[lnc]f_ mct_ [h^ mg[ff-

_l ^lijf_n mct_m f_^ ni q_[e_l [nnl[]ncp_ `il]_m [h^ gil_ 

mn[\f_ h[hi_gofmcihm (45). R_^o]_^ ^lijf_n mct_ f_^ ni 

cgjlip_^ mn[\cfcns [a[chmn ^lijf_n `fi]]of[ncih, ]i[f_m-

]_h]_ [h^ m_^cg_hn[ncih ^o_ ni q_[e_h_^ [nnl[]ncih `il]-

_m ij_l[ncha \_nq__h ^lijf_nm (46). N[hi-mct_^ icf ^lij-

f_nm ch h[hi_gofmcihm ]ihnlc\on_ ni nb_cl mn[\cfcns (47).  

 VNO: nq__h80 [n 1:1 [h^ 1:2 i` 5% icf ]ih]_hnl[ncih 

b[p_ PDI p[fo_m i` 0.281 [h^ 0.263 l_mj_]ncp_fs (T[\f_ 1). 

Tb_ `ilgof[ncih'm hih-ohc`ilg mct_ ^cmnlc\oncih q[m [m-

m_mm_^ omcha nb_ Pifs^cmj_lmcns ch^_r (48). A PDI m]il_ i` 

f_mm nb[h 0.6 ch^c][n_^ al_[n_l bigia_h_cns [h^ mn[\cfcns 

ch nb_ _gofmcih (43).  

 Tb_ t_n[ jin_hnc[f i` VNO: nq__h 80 [n 1:1 [h^ 1:2 

l[nci q_l_ -4.3 [h^ -3.4 gV l_mj_]ncp_fs (T[\f_ 1). Tbcm cm ch 

fch_ qcnb jl_pciom l_jilnm, nb[n nb_ bs^lirsf cih [^mil\_^ 

[n nb_ O/W chn_l`[]_ [h^ nb_ _nbsf_h_ irc^_ alioj ]ih-

n[ch_^ ch nq__h 80 _h[\f_ nb_ ^lijf_nm ni b[p_ bcab_l h_a-

[ncp_ ]b[la_m (49). N_a[ncp_ t_n[ jin_hnc[f l_mofn_^ `lig 

gil_ l_jofmcih \_nq__h ^lijf_nm nbom g[echa nb_ `ilgo-

f[ncih gil_ mn[\f_ (50). 

 VNO NE (VNO: nq__h 80 [n 1:2 l[nci qcnb 5% icf ]ih-

]_hnl[ncih) q[m `ioh^ ni \_ mn[\f_ ch gimn h[hi_gofmcihm 

[ft_l ]ihmc^_lcha [ff nb_ ]b[l[]n_lm. 

Biotoxicity study         

 A ]igj[lcmih \_nq__h nb_ \cinirc]cns i` VNO NE 

(VNO: nq__h 80 [n 1:2) [h^ \ofe icf q[m ^ih_. An 24 HAT, 

nb_ LD50 p[fo_m `il ]ihn[]n nirc]cns i` VNO NE ([.c.) [a[chmn 

R. dominica q[m 0.517 μL ]g-2, qbc]b q[m 46.03% f_mm ]ig-

j[l_^ ni VNO. Hiq_p_l, nb_ LD50 p[fo_ i` VNO NE ([.c.) [n 

48 HAT q[m 0.401 μL ]g-2 qbc]b q[m 41.88% f_mm nb[h nb_ 

]lo^_ icf (T[\f_ 2). Wbcf_ ]ihmc^_lcha nb_ `ogca[hn nirc]cns, 

nb_ LD50 p[fo_m i` VNO NE ([.c.) `il R. dominica (c._ 245.38 

µL L-1) q[m 32.05% f_mm nb[h nb[n i` ]lo^_ icf   (T[\f_ 3). 

Tb_ chm_]nc]c^[f jlij_lnc_m i` nb_ icf gcabn \_ ^o_ ni nb_ 

jl_m_h]_ i` m_]ih^[ls g_n[\ifcn_m (51). T_lj_h_m mj_]c`c-

][ffs gihin_lj_h_m q_l_ nbioabn ni \_ nb_ g[ch ]ig-

jioh^m l_mjihmc\f_ `il nb_ _mm_hnc[f icfm' _ffc][]s [a[chmn 

chm_]n j_mnm (52). Pl_pciomfs l_jiln_^ nb[n R. dominica mj_-

]c_m q_l_ gil_ mom]_jnc\f_ ni _mm_hnc[f icfm il nb_cl ]ih-

mncno_hnm (53). 

 Ool l_mofnm l_p_[f_^ nb[n nb_ f_nb[f ^im[a_m (LD50) i` 

Fca. 3. Dcff_l_hn V. negundo h[hi_gofmcihm (VNO NEm) (lin[ncih mj__^ : 20000 
ljg, ^ol[ncih : 15 gch).  

Tcg_ 
(HAT) 

Ni. i` 
chs_]ts 
t_st_^ 

L_tb[f ^is_ 
50 (LD50) (a.i.) 

(μL/Cg2) 

95% `c^u]c[f 
fcgcts L_tb[f ^is_ 

10 (LD10) (a.i.) 
(μL/Cg2) 

L_tb[f ^is_ 
90 (LD90) (a.i.) 

(μL/Cg2) 
Sfij_ St[h^[r^ 

_rrir Χ2 ][f]uf[t_^ ^
` P v[fu_ 

Liw_r Ujj_r 

*Bufe VNO 

24 180 0.958 0.596 1.541 0.154 5.952 1.616 0.105 1.000 4 0.909796 

48 180 0.690 0.407 1.167 0.087 5.459 1.429 0.117 0.998 4 0.910099 

*VNO NE 

24 180 0.517 0.368 0.728 0.198 1.349 3.120 0.076 0.995 2 0.608049 

48 180 0.401 0.270 0.597 0.147 1.090 3.002 0.088 0.990 2 0.609571 

T[\f_. 2. Cihn[]n nirc]cns i` Vitex negundo icf [h^ cnm h[hi_gofmcih [a[chmn Rhyzopertha dominica F. (L_mm_l al[ch \il_l). 

*Bulk VNO: Vitex negundo icf, VNO NE: Vitex negundo icf h[hi_gofmcih (5% VNO; VNO [h^ _gofmc`c_l q[m gcr_^ [n 1:2 l[nci),  HAT: Hiolm [ft_l nl_[ng_hn. 

  Hy^ri^yh[gc] 
^c[g_t_r   (hg) 

Pify^csj_r-
scty ch^_x 

M_[h z_t[ 
jit_htc[f (gV) 

*N[hi_gofmcih 1 185.41 0.281 -4.3 

*N[hi_gofmcih 2 166.62 0.263 -3.4 

T[\f_. 1. Hs^li^sh[gc] ^c[g_n_l, jifs^cmj_lmcns ch^_r [h^ t_n[ jin_hnc[f i` 
Vitex negundo icf h[hi-_gofmcihm (VNO NE)  

*N[hi_gofmcih 1: Cihn[ch 5% VNO [h^ VNO: _gofmc`c_l [n 1:1 l[nci, 
N[hi_gofmcih 2: Cihn[ch 5% VNO [h^ VNO: _gofmc`c_l [n 1:2 l[nci  
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VNO NEm q_l_ fiq_l nb[h nbim_ i` ]lo^_ icf, ch^c][ncha nb_ 

_hb[h]_^ _ff_]ncp_h_mm i` h[hi_gofmcih. Ool l_mofnm [l_ 

ch fch_ qcnb jl_pciom l_jilnm qb_l_ VNO NE mbiq_^ moj_lc-

il f[lpc]c^[f _ffc][]s nb[h nb[n i` VNO [a[chmn A. aegypti. 

Tb_ h[hi_gofmcih i` _mm_hnc[f icfm iff_l_^ [^^_^ [^-

p[hn[a_m fce_ l_aof[n_^ l_f_[m_, [pic^[h]_ i` koc]e p[jilc-

t[ncih, jligincih ch ]ihmcmn_h]s [h^ fiq_l_^ _ff_]ncp_ 

^im_ l_kocl_g_hn (54). Tb_ []ncp_ ]igjih_hnm i` 

h[hi_gofmcih mjl_[^ [h^ j_h_nl[n_ q_ff ch nb_ n[la_n mcn_ 

^o_ ni nb_cl mg[ff mct_ [m ]igj[l_^ ni \ofe icf (55). Tb_ 

mg[ff_l j[lnc]f_ mct_ i` h[hi_gofmcih b[m [ mcahc`c][hn cg-

j[]n ih j_mnc]c^_ []ncpcns \s []]_f_l[ncha chm_]nc]c^_ j_h_-

nl[ncih nblioab nb_ chm_]n ]onc]f_ (24). 

Repellency study        

Tb_ bcab_mn l_j_ff_h]s i` VNO NE `il R. dominica q[m 

30.14% gil_ nb[h VNO (T[\f_ 4.). Ool `ch^cham [l_ ]ih-

mcmn_hn qcnb j[mn l_m_[l]b mbiqcha nb[n h[hi_gofmcih i` 

Citrus sinensis (mq__n il[ha_) icf ^_gihmnl[n_^ gil_ l_-

j_ff_h]s nb[h il^ch[ls icf [a[chmn ]_ln[ch mnil[a_ j_mnm 

(31). In b[m [fmi \__h hin_^ nb[n nb_ gchn [h^ _o][fsjnom 

icf h[hi_gofmcih l_j_fm \_nn_l nb[h \ofe icf (56). 

 

Biochemical assay        

A mcahc`c][hn ^_]l_[m_ ch GST []ncpcns i` \inb VNO [h^ VNO 

NE q[m hinc]_^ [m ]igj[l_^ ni nb_ ]ihnlif [h^ VNO NE 

mbiq_^ mcahc`c][hnfs fiq_l GSTm []ncpcns ch \__nf_m nb[h 

\ofe VNO (Fca. 4). Tbcm cm ch fch_ qcnb _[lfc_l l_jilnm nb[n 

]_ln[ch ^_nirc`c][ncih _htsg_m ch nb_ ncmmo_m [h^ ila[hm i` 

n[la_n chm_]nm q_l_ _cnb_l l_gip_^ il bch^_l_^ `iffiqcha 

_rjimol_ ni jf[hn _rnl[]nm (57). Emm_hnc[f icf h[hi_gof-

mcihm mojjl_mm GST []ncpcns ch mnil[a_ j_mnm (58).   

 

Cih]fuscih  

S_]ih^[ls g_n[\ifcn_m ch V. negundo icf gcabn \_ nb_ l_[-
mih i` nb_cl chm_]nc]c^[f jlij_lnc_m. VNO NE ionj_l`ilg_^ 

VNO [a[chmn R. dominica ch n_lgm i` \cinirc]cns [h^ l_j_f-

f_h]s. GSTm _htsg_ chbc\cncih q[m mcahc`c][hnfs gil_ ch 

VNO NE-nl_[n_^ chm_]nm nb[h ch \ofe icf-nl_[n_^ chm_]nm. 

N[hi_gofmcih `ilgof[ncih i` _mm_hnc[f icf _g_la_^ [m [ 

hip_f mo\mncnon_ `il mshnb_nc] j_mnc]c^_m, iff_lcha fiq_l 

^im[a_m [h^ gil_ _ff_]ncp_ j_mn ]ihnlif [a[chmn mnil[a_ 

j_mnm.   

 

A]ehiwf_^a_g_hts  

Tb_ [onbilm [l_ nb[he`of ni nb_ Dcl_]nil, ICAR-N[ncih[f 

Rc]_ R_m_[l]b Ihmncnon_, Conn[]e `il nb_ `ch[h]c[f [h^ fi-

acmnc] mojjiln.   

 

Autbirs’ ]ihtrc\utcihs  

NB, PR [h^ TA ]ih]_jno[fcm_^ [h^ moj_lpcm_^ nb_ l_m_[l]b 
^_mcah [h^ _rj_lcg_hn[f jf[hhcha. PP ][llc_^ ion nb_ _r-

Tcg_ 
(DAT) 

Ni. i` 
chs_]ts 
t_st_^ 

L_tb[f ^is_ 
50 (LD50)  (μL/

L) 

95% `c^u]c[f fcgcts L_tb[f ^is_ 
10 (LD10) 
((μL/L) 

L_tb[f ^is_ 
90 (LD90) 

(μL/L) 
Sfij_ St[h^[r^ 

_rrir Χ2  ][f]uf[t_^ ^` P v[fu_ 
Liw_r Ujj_r 

*Bufe VNO 

5 120 361.16 267.89 486.90 137.65 947.59 3.094 0.066 0.928 2 0.628764 

*VNO NE 

5 120 245.38 209.12 290.47 153.60 391.85 6.371 0.035 0.955 2 0.620332 

T[\f_.3. Fogca[hn nirc]cns i` Vitex negundo icf [h^ cnm h[hi_gofmcih [a[chmn Rhyzopertha dominica F. (L_mm_l al[ch \il_l). 

*Bulk VNO: Vitex negundo icf, VNO NE: Vitex negundo icf h[hi_gofmcih (5% VNO; VNO [h^ _gofmc`c_l q[m gcr_^ [n 1:2 l[nci), DAT: D[sm [ft_l nl_[ng_hn. 

Cih]_htr[tcih 
(μL/64 Cg2) 2 HAT 6 HAT 12 HAT 

*Bufe VNO 

1.5 μL 25.71 22.86 14.28 

4.5 μL 38.57 31.43 20.00 

7.5 μL 51.43 42.86 31.42 

S.E(g) ± 3.93 4.29 3.56 

CD (0.05) 11.67 12.73 10.59 

*VNO NE 

1.5 μL 40.00 30.00 25.71 

4.5 μL 57.14 44.27 37.14 

7.5 μL 72.86 60.00 45.71 

S.E(g) ± 4.44 3.75 5.26 

CD (0.05) 13.19 11.14 15.63 

T[\f_ 4. P_l]_hn[a_ l_j_ff_h]s i` Vitex negundo icf [h^ cnm h[hi_gofmcih 
[a[chmn Rhyzopertha dominica F. (L_mm_l al[ch \il_l). 

*Bulk VNO: Vitex negundo icf, VNO NE: Vitex negundo icf h[hi_gofmcih (5% 
VNO; VNO [h^ _gofmc`c_l q[m gcr_^ [n 1:2 l[nci), HAT: Hiolm [ft_l nl_[ng_hn. 

Fca. 4. GSTm chbc\cncih []ncpcnc_m i` V. negundo icf [h^ cnm h[hi_gofmcih 

(CDNB jli^o]n/ga/gch) ch R. dominica [^ofnm.  
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j_lcg_hn [h^ [h[fsmcm. GP j[lnc]cj[n_^ ch nb_ GSTm _htsg_ 
[mm[s. BG, PG, SD [h^ PC j[lnc]cj[n_^ ch nb_ mn[ncmnc][f 
[h[fsmcm. Aff [onbilm l_[^ [h^ [jjlip_^ nb_ `ch[f g[ho-
m]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_. 
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