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A\mnl[]n  

Andrographis paniculata (Blog. `.) W[ff. _r N__m cm [h cgjiln[hn g_^c]ch[f 

jf[hn i` nlijc][f Amc[ [h^ b[m \__h om_^ qc^_fs `il [ fiha ncg_ `il ^cff_l_hn 

]fchc][f [cfg_hnm. D_mjcn_ jli`om_ `fiq_lcha [h^ [ bcab j_l]_hn[a_ i` `locn 

m_n, nb_ hog\_l i` m__^fcham ch nb_ h[nol[f jijof[ncih cm nb_ \[l_ gchcgog. 

Tb_ ehiqf_^a_ l_a[l^cha nb_ m__^ _]ifias [h^ m__^fcha jb_hifias i`  

A. paniculata, cm h__^_^ ni `ilgof[n_ ]ihm_lp[ncih mnl[n_ac_m `il nb_ mj_]c_m. 

Tb_l_`il_, [ ^_n[cf_^ mno^s ih m__^ _]ifias [h^ m__^fcha jb_hifias b[m 

\__h ]ih^o]n_^. Dolcha m__^ _]ifiac][f mno^c_m, m__^ jli^o]ncih, m__^-m_n 

j_l]_hn[a_, m__^-ipof_ l[nci, g_]b[hcmg i` m__^ ^cmj_lm[f, m__^ mnlo]nol_ 

[fiha qcnb a_lgch[ncih mn[nom, pc[\cfcns, ^ilg[h]s [h^ cnm \l_[echa, [h^ 

j_l]_hn[a_ i` gicmnol_ ]ihn_hn fimm b[p_ \__h mno^c_^. S__^m _rbc\cn mig_ 

ech^ i` ^ilg[h]s *a_lgch[ncih j_l]_hn[a_ (GP) = 28.51 ± 0.98, g_[h a_lgc-

h[ncih ncg_ (MGT) = 33.07±0.89 ^[sm, [h^ a_lgch[ncih ch^_r (GI) = 0.73 ± 

0.08+ qbc]b ][h \_ _ff_]ncp_fs ip_l]ig_ nblioab []c^ m][lc`c][ncih omcha 

H2SO4  [h^ bin q[n_l nl_[ng_hn. Tb_ mj_]c_m mbiqm _jca_[fjb[h_li]insf[l 

a_lgch[ncih. Tb_ bsji]insfm _rbc\cn l[jc^ aliqnb, [h^ ]insf_^ihm _g_la_^ 

[n 7.52 ± 0.27 TARA (Tcg_ Aft_l R[^c]f_ Ajj_[l[h]_ ch ^[sm). S__^fcha cm 

]b[l[]n_lcm_^ \s [ nbc]e_h_^, b[cls bsji]insf, [ ^cmnch]n ]iff_n, [ j[cl i` j[l-

[]insf_^ihm, [h^ nbl__ j[clm i` _ijbsffm ch ijjimcn_ ^_]omm[n_ jbsffin[rs. 

Tb_ mno^c_m ih m__^ _]ifias [h^ m__^fcha jb_hifias jf[s [ mcahc`c][hn lif_ 

ch oh^_lmn[h^cha biq nb_ mbiln_hcha i` nb_ ch]_jncih j_lci^ _hb[h]_m nb_ 

a_lgch[ncih mn[nom, [h^ ^cmnch]n m__^fcha giljbifias jlipc^_m nb_ ijjil-

nohcns ni `ilgof[n_ ]ihm_lp[ncih mnl[n_ac_m ch nb_cl qcf^ b[\cn[n.   

 

K_sqil^m  

_ijbsff; j[l[]insf_^ih; m][lc`c][ncih; m__^fcha jb_hifias; m__^ ^ilg[h]s; m__^ 

pc[\cfcns  

 

Ihnli^o]ncih  

Pf[hnm [l_ pcn[f miol]_m i` ^cff_l_hn ^loam (1). Tb_l_`il_, in-situ ]ihm_lp[ncih 

i` jf[hn mj_]c_m cm [h _mm_hnc[f ]lcn_lcih `il a_nncha [ ]ihnchoiom mojjfs i` 

^loam (2). Oh_ i` nb_ gimn `locn`of q[sm ni g[chn[ch nb_cl _rcmn_h]_ ch h[nol_ 

cm ni mno^s nb_ ^_n[cfm i` nb_cl m__^ _]ifias [h^ m__^fcha jb_hifias. Liha-

n_lg _rcmn_h]_ cm ihfs jimmc\f_ qb_h nb_m_ jf[hnm l_jli^o]_ m_ro[ffs, jli-

^o]_ m__^m, b[p_ mo]]_mm`of a_lgch[ncih (3), [h^ [l_ e_jn m[`_ ^olcha nb_cl 

chcnc[f mn[a_m i` ^_p_fijg_hn (4). Ih `fiq_lcha jf[hnm, nb_ m__^-ipof_ l[nci cm 

[h cgjiln[hn ch^_r ni ]ih]fo^_ nb_cl l_jli^o]ncp_ `[n_ (5). S__^ ^cmj_lm[f 

\_b[pciol, ^ilg[h]s j_lci^, a_lgch[ncih [\cfcns, [h^ nb_ pc[\cfcns mn[nom i` 
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[ jf[hn mj_]c_m [l_ nb_ cgjiln[hn j[l[g_n_lm nb[n jlipc^_ 

nb_ ijjilnohcns ni oh^_lmn[h^ nb_ mj_]c_m' m__^ _]ifias 

qcnb g[rcgog _ffc][]s (6). S__^ [h[nigs, _mj_]c[ffs nb_ 

m__^ ]i[n mnlo]nol_ ch g[hs ][m_m, cm l_mjihmc\f_ `il ^il-

g[h]s, pc[\cfcns, [h^ gicmnol_ l_aof[ncih (7). Tb_l_`il_, [ff 

[mj_]nm i` m__^ _]ifias [l_ p_ls mcahc`c][hn ch ^l[qcha [ 

`locn`of fch_ `lig [h _rcmncha ih_ ni nb_ h_rn (8). 

 B_mc^_m m__^m, m__^fcham [fmi moff_l g[rcg[ffs, qcnb 

nb_ bcab_mn giln[fcns l[n_ qcnbch nb_cl _hncl_ fc`_ ]s]f_ i` [ 

m_ro[ffs l_jli^o]_^ `fiq_lcha jf[hn (9). S__^fcham i` g[hs 

n[r[, g[chfs b_l\m, [l_ mi nchs nb[n nb_s fim_ iol [nn_hncih 

ch qcf^ b[\cn[nm (8). Pb_hifiac][f mno^c_m i` nb_ m__^fcham 

[l_ p_ls b_fj`of ch c^_hnc`scha nb_g ch nb_cl gchc[nol_ 

mn[n_. Tb_m_ ]b[l[]n_lcmnc]m [l_ kocn_ ^cff_l_hn `lig nb_cl 

[^ofn ih_m ch g[hs ][m_m [h^ jlipc^_ e_sm `il msmn_g[nc] 

[h^ jbsfia_h_nc] mno^c_m (10). A nsjc][f m__^fcha i` ^c]ins-

f_^ihm ]igjlcm_m [ jlcg[ls liin [fiha qcnb m_]ih^[ls, 

n_lnc[ls, [h^ mo\m_ko_hn \l[h]b_m, [ bsji]insf, [ ^cmnch]n 

]iff_n, [h _jc]insf, [ j[cl i` ]insf_^ih[ls f_[p_m, [h^ [ jfo-

gof[l \o^ qcnb `iffiqcha hi^_m [h^ chn_lhi^_m, [h^ _i-

jbsffm c` jl_m_hn. Tb_m_ ]b[l[]n_lm [l_ om_^ ch ][n_ailcm[-

ncih [h^ c^_hnc`c][ncih. Ih nb_ ]ihn_rn i` ]ihm_lp[ncih [h^ 

momn_h[h]_, m__^fcha _mn[\fcmbg_hn [h^ nb_cl ][l_ ch nb_cl 

b[\cn[n l_jl_m_hn nb_ gimn ]lo]c[f jb[m_ ch `locn`of l_a_h-

_l[ncih.  

 Andrographis paniculata (Blog. `.) W[ff. _r N__m cm 

[h cgjiln[hn g_^c]ch[f jf[hn ch nlijc][f Amc[, ch]fo^cha 

Ih^c[ (11). Sch]_ [h]c_hn ncg_m, nb_ jf[hn b[m \__h qc^_fs 

om_^ [m [ nl[^cncih[f g_^c]ch_ `il m_p_l[f ]fchc][f joljim_m 

(12). Tb_ g[nol_ f_[p_m [l_ om_^ ni nl_[n ^c[llbi_[, `_p_l, 

nbli[n ch`_]ncihm [h^ g[hs inb_l ch`_]nciom [h^ ]blihc] 

^cm_[m_m (11). In cm _nbhi\in[hc][ffs om_^ `il mh[e_ \cn_m, 

\oa \cn_m, ^sm_hn_ls, g[f[lc[, ^c[\_n_m, mech ch`_]ncih, b_l-

j_m, b_fgchnbc[mcm, [h^ _hn_lcncm(13, 14). Tb_ ^cff_l_hn jb[l-

g[]ifiac][f _ff_]nm [h^ cnm om_m b[p_ \__h l_jiln_^ \s 

g[hs l_m_[l]b_lm, mo]b [m [hnc-b_j[ncncm (15), [hncbsj_l-

afs]_gc] (16), [hncg[f[lc[f (17), [hnc-ch`f[gg[nils (18), 

][l^cip[m]of[l (19), [hncirc^[hn (20), b_j[nijlin_]ncp_ 

(21), [hnc-HIV (22), [hnc-][h]_l (23), cggohimncgof[nils 

(24) [h^ m_ro[f ^sm`oh]ncihm (25). D_mjcn_ cnm cgg_hm_ g_-

^c]ch[f om_, hi [nn_hncih q[m acp_h ni nb_ m__^ _]ifias [h^ 

m__^fcha jb_hifias i` nbcm g_^c]ch[ffs cgjiln[hn jf[hn 

mj_]c_m. Wcnb mo]b [h c^_[, nb_ jl_m_hn mno^s q[m j_l-

`ilg_^ ni jilnl[s [jl_]cm_ m]_h[lci i` m__^ [h[nigs, m__^ 

mnil[a_, m__^ pc[\cfcns, m__^ a_lgch[ncih, [h^ m__^fcha 

giljbifias.   

 

M[n_lc[fm [h^ M_nbi^m 

Fruit and seed collection 

M[nol_ `locnm i` A. paniculata q_l_ ]iff_]n_^ (ih nb_ 15nb 

^[s i` _[]b gihnb, O]ni\_l ni D_]_g\_l i` 2016 ni 2018 

[h^ J[ho[ls ni M[l]b i` 2017 ni 2019) `lig nb_ qcf^ b[\c-

n[n i` nb_ Mc^h[jil_ S[^[l [l_[ (22.4309º N-87.3215º E) i` 

W_mn Mc^h[jil_ ^cmnlc]n [h^ nb_ lol[f l_acihm i` Cb[h^[h-

h[a[lmo\-^cpcmcih (22.5153º N - 88.2147º E) i` Hiiabfs ^cm-

nlc]n, W_mn B_ha[f, Ih^c[. S__^m q_l_ ][l_`offs cmif[n_^ [h^ 

nb_h moh-^lc_^ (35 ± 2˚C) `il nqi ]ihm_]oncp_ ^[sm, 5 biolm 

_[]b ^[s. Tb_m_ moh-^lc_^ m__^m qcnb b_[fnbs ]ih^cncihm 

(pcmo[ffs l_]iahcm_^) q_l_ ^cpc^_^ chni m_p_l[f m__^ finm 

(_[]b qcnb 1000 m__^m) [h^ mnil_^ ch Bilimcf af[mm pc[fm ch [ 

[clncabn ]ihn[ch_l. Tb_s q_l_ e_jn ch f[\il[nils ]ih^cncihm 

(27 ± 2°C). 

Seed-ovule ratio and seed set 

S__^ jli^o]ncih q[m mno^c_^ \[m_^ ih `locnm ]iff_]n_^ 

l[h^igfs ch _[]b gihnb (O]ni\_l ni M[l]b) `il nbl__ ]ih-

m_]oncp_ s_[lm. Tb_ m__^-ipof_ l[nci q[m ^_n_lgch_^ \s 

chp_mnca[ncha nb_ hog\_l i` ipof_m j_l `fiq_l \s ]iff_]ncha 

nb_ `fiq_lm (20 `fiq_lm ch _[]b gihnb) l[h^igfs [h^ [h 

[p_l[a_ hog\_l i` m__^m j_l `locn (`fiq_l). Tb_ m__^ m_n 

j_l]_hn[a_ q[m ][f]of[n_^ \s gofncjfscha nb_ m__^-ipof_ 

l[nci \s 100.Tb_ q_cabn i` nb_ m__^m q[m g_[mol_^ \[m_^ 

ih m__^ finm (_[]b qcnb 1000 m__^m).  

Seed dispersal 

Tb_ ^cmn[h]_ i` ^cmj_lm_^ m__^ [n nb_ ncg_ i` `locn ^_bcm-

]_h]_ q[m g_[mol_^ `lig nb_ ginb_l jf[hn omcha [ g_[m-

olcha n[j_ ch `__n. Fil []]ol[n_ g_[mol_g_hn, nb_ ginb_l 

jf[hnm (N=20, ch _[]b s_[l) q_l_ ]ofncp[n_^ ch [lnc`c]c[f 

jinm [h^ e_jn ch ]f_[h mol`[]_ [l_[m ni l_]iahcm_ nb_ gc-

hon_ m__^m ^olcha ^cmj_lm[f. Tb_ ^[n[ q[m l_]il^_^ [ft_l 

]ihnchoiom 1 biol i\m_lp[ncih qcnb chn_lp[fm i` 2 biolm ih 

[ j[lnc]of[l ^[s (10.00 [.g. ni 5.00 j.g.) i` _[]b q__e 

(O]ni\_l ni M[l]b) ^olcha nb_ qile. Tb_ ^cmn[h]_ i` _[]b 

^cmj_lm_^ m__^ `il _[]b `locn q[m g_[mol_^ `lig nb_ 

ginb_l jf[hn. Fch[ffs, nb_ ^[n[ nb[n q_l_ l_]il^_^ `il [ff 

nb_ mno^c_^ `locnm q_l_ ]ihmc^_l_^, [h^ nb_ g_[h p[fo_ i` 

m__^ ^cmj_lm[f ^cmn[h]_ q[m ][f]of[n_^.  

Morphology and anatomy of seeds 

Tb_ giljbifias i` nb_ m__^ q[m mno^c_^ oh^_l [ ZEISS 

Sn_gc 305 mn_lci\chi]ofil gc]lim]ij_ qcnb [h Arci][g 

105 ]ifiol ^cacn[f ][g_l[ [nn[]bg_hn. Tb_ ^_n[cf_^ [h[-

nigc][f mnlo]nol_ q[m qile_^ ion \s m_]ncihcha, `iffiq_^ 

\s nb_ mno^s oh^_l [ L_c][ DMLB ]igjioh^ \lcabn `c_f^ 

gc]lim]ij_. Pbinigc]lial[jbm q_l_ n[e_h qcnb [ L_c][ 

DFC 295 ^cacn[f ][g_l[ [nn[]bg_hn. 

Seed germination, dormancy and scarification 

S__^ a_lgch[ncih _rj_lcg_hnm q_l_ j_l`ilg_^ [m j_l nb_ 
aoc^_fch_m i` nb_ Ihn_lh[ncih[f S__^ T_mncha Ammi]c[ncih 
(2015)(26). B_`il_ m__^ a_lgch[ncih, m__^m q_l_ mol`[]_ 
mn_lcfcm_^ qcnb 0.1% (q/p) HaCf2 mifoncih `il 90 m_]ih^m 
[h^ nb_h q[mb_^ nbilioabfs qcnb ^io\f_ ^cmncff_^ q[n_l ni 
l_gip_ nl[]_m i` HaCf2, c` [hs. Tb_m_ m__^m q_l_ e_jn ch 
^io\f_ ^cmncff_^ q[n_l ip_lhcabn, [h^ nb_h mo]b cg\c\_^ 
m__^m q_l_ miqh ih gicmn_h_^ `cfn_l j[j_l qcnb ^io\f_ 
^cmncff_^ q[n_l ch mn_lcfcm_^ P_nlc ^cmb_m. Tb_ P_nlc ^cmb_m 
q_l_ e_jn [n liig n_gj_l[nol_ qcnb ^cffom_^ h[nol[f fcabn. 
G_lgch[ncih mn[nom q[m l_]il^_^ [ft_l _[]b 24-biol chn_l-
p[f ch mcr l_jfc][n_m qcnb 20 m__^m ch _[]b m_n. W_ff-ehiqh 
m][lc`c][ncih n_]bhcko_m mo]b [m bin q[n_l nl_[ng_hn, [f-
n_lh[ncha bin-]if^ n_gj_l[nol_ nl_[ng_hn, [h^ []c^ m][lc-
`c][ncih nl_[ng_hn q_l_ _gjfis_^ (27). S__^m q_l_ mo\-
d_]n_^ ni bin q[n_l nl_[ng_hn qcnb ^cff_l_hn n_gj_l[nol_m 
(50˚C, 55˚C, 60˚C, 65˚C [h^ 70˚C) `il ^cff_l_hn j_lci^m    
(3 gch, 5 gch, 7 gch [h^ 10 gch). Afn_lh[ncp_ bin q[n_l [h^ 
]if^ q[n_l nl_[ng_hnm: m__^m nl_[n_^ qcnb bin q[n_l ch 
_[]b m[c^ ][n_ails q_l_ cgg_^c[n_fs `iffiq_^ \s _rji-
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mol_ ni ]if^ q[n_l (30˚C) `il [hinb_l 5 gch [h^ 10 gch. Ih 
[]c^ m][lc`c][ncih n_]bhcko_m, mofjbolc] []c^ (H2SO4) qcnb 
^cff_l_hn ]ih]_hnl[ncihm *12 (N), 16(N), 20(N), 24(N) [h^ 30
(N)+ *N = Nilg[fcns+ q[m om_^ `il p[lc[\f_ ncg_ ^ol[ncihm 
(2, 5, 7, 10, 12 [h^ 15 gch). G_lgch[ncih j_l]_hn[a_ [h^ T50 

p[fo_ (ncg_ l_kocl_^ `il 50% a_lgch[ncih) q_l_ ][f]of[n_^ 
ch ^cff_l_hn ][n_ailc_m [m j_l j_l`ilg_^ _rj_lcg_hnm. Tb_ 
M_[h G_lgch[ncih Tcg_ (MGT) [h^ G_lgch[ncih R[n_ (GR) 
q_l_ ][f]of[n_^ omcha nb_ `ilgof[_ [m jlijim_^ \s Effcm 
[h^ Ri\_lnm (1981), (28) [m `iffiqm: 

 

 

 

 

*h = hi i` m__^m a_lgch[n_^ ih _[]b ^[s. 

 ^ = hi i` ^[sm `lig nb_ \_achhcha i` nb_ 
n_mn. 

N = nin[f hi i` m__^m a_lgch[n_^ [n nb_ n_lgch[ncih i` nb_ 
_rj_lcg_hn.+ 

Tb_ G_lgch[ncih Ih^_r (GI) q[m ][f]of[n_^ [m ^_m]lc\_^ \s 
nb_ Ammi]c[ncih i` Offc]c[f S__^ Ah[fsmcm (AOSA, 1983), (29). 
Tb_ `ilgof[ cm g_hncih_^ \_fiq: 

 
Loss of moisture content under storage 

Tb_ fimm i` gicmnol_ ]ihn_hn i` m__^m q[m g_[mol_^ `lig 

nb_ ^cff_l_h]_ ch q_cabn \_nq__h nb_ `l_mbfs b[lp_mn_^ 

m__^m [h^ ^ls m__^m. Tb_ q_cabn i` nb_ m__^m q[m g_[m-

ol_^ \[m_^ ih m__^ finm, _[]b qcnb 1000 m__^m. S__^m q_l_ 

e_jn ch [ LABARD Hin Acl Op_h `il nqi ^[sm ]ihm_]oncp_fs 

[n 80 iC ni l_gip_ nb_ g[rcgog gicmnol_. Tb_ j_l]_hn[a_ 

i` fimm i` gicmnol_ ]ihn_hn qcnb l_mj_]n ni `l_mb q_cabn 

q[m ^_n_lgch_^ [m `iffiqm (30): 

 
Tb_ fimm i` gicmnol_ ]ihn_hnm i` mnil_^ m__^m q[m g_[m-
ol_^ [n [h chn_lp[f i` 90 ^[sm oj ni 360 ^[sm mch]_ mnil[a_. 

Viability of seeds under storage 

A TTC (2,3,5-Tnlcjb_hsf n_nl[tifcog ]bfilc^_) n_mn q[m j_l-
`ilg_^ ni [h[fsm_ nb_ m__^ pc[\cfcns mn[nom [n 90-^[s chn_l-
p[fm oj ni 360 ^[sm oh^_l mnil[a_ ]ih^cncihm, [h^ nb_ 
m[g_ q[m [fmi ]igj[l_^ \s j_l`ilgcha [ a_lgch[ncih n_mn 
[ft_l ijncgog m][lc`c][ncih nl_[ng_hn. Fl_mbfs b[lp_mn_^ 
m__^m q_l_ m][lc`c_^ qcnb 12 (N) H2SO4 `il 10 gch [h^ nb_h 
mnil_^ ch Bilimcf af[mm pc[fm ch [ ncabn [cl mn[n_. So]b m__^m 
q_l_ om_^ ni j_l`ilg a_lgch[ncih n_mnm `il oj ni 360 ^[sm 
[n [h chn_lp[f i` 90 ^[sm ni [h[fsm_ nb_cl pc[\cfcns oh^_l 
mnil[a_.   

Seedling phenology 

Tb_ jb_hifiac][f ]b[ha_m [mmi]c[n_^ qcnb m__^fcha ^_p_f-
ijg_hn i` A. paniculata q_l_ jlcg[lcfs mno^c_^ ch nb_ qcf^ 
b[\cn[n i` nb_ Mc^h[jil_ S[^[l [l_[ (22.4309º N - 87.3215º 
E) ch W_mn Mc^h[jil_ Dcmnlc]n [h^ lol[f l_acihm i`  Cb[h-
^[hh[a[l mo\-^cpcmcih (22.5153º N - 88.2147º E) ch Hiiabfs 

Dcmnlc]n, W_mn B_ha[f. D[s-ni-^[s ([n 12.00 hiih) ^_n[cf_^ 
^_p_fijg_hn[f ]b[ha_m q_l_ mno^c_^ `lig nb_ ncg_ [ft_l 
l[^c]f_ [jj_[l[h]_ ch ^[sm (TARA) `lig nb_ m__^fcham 
aliqh h[nol[ffs ch nb_ l_m_[l]b a[l^_h i` nb_ Bin[hs [h^ 
Fil_mnls D_j[lng_hn, Vc^sm[a[l Uhcp_lmcns ][gjom, Mc^h[-
jil_. Tb_ ch^cpc^o[f m__^fcham q_l_ n[aa_^ [h^ [jjlijlc-
[n_fs hog\_l_^ ni l_]il^ nb_cl ^[s-qcm_ giljbifiac][f 
]b[ha_m. O\m_lp[ncihm q_l_ \[m_^ ih 300 m__^fcham `il 
nbl__ ]ihm_]oncp_ s_[lm (2017-2019).Ti ^_m]lc\_ nb_ [l]bc-
n_]nol[f ^_n[cfm i` m__^fcham, q_ b[p_ om_^ nb_ n_lgchifi-
ac_m g_hncih_^ \s Hc]e_s (1973) (31), Via_f (1980) (32) [h^ 
LAWG (1999) (33). Pbinial[jbm q_l_ n[e_h omcha [ Nceih D 
5000 Dcacn[f C[g_l[ (J[j[h). 

Statistical analysis 

R[q ^[n[ q_l_ mn[ncmnc][ffs [h[fsm_^ \s omcha nb_ miftq[l_ 

Mc]limift Er]_f (p_l. 10) [h^ SPSS (p[l. 16.0) ni _rjfil_ nb_ 

Ah[fsmcm i` V[lc[h]_ (ANOVA) qcnb Doh][h’m gofncjf_ l[ha_ 

n_mn *DMRT+ (P˂0.05).   

 

R_mofnm   

Fruit morphology and seed set 

Tb_ `locn i` A. paniculata ^_p_fijm `lig [ nqi-]_ff_^ ip[ls. 
E[]b fi]of_ ]ihn[chm mcr ipof_m [nn[]b_^ ch [rcf_ jf[]_hn[-

ncih. Flocnm [l_ mcgjf_, ^ls, [h^ ^_bcm]_hn (][jmof_) ch h[-

nol_, mfcabnfs `f[nn_h_^ qcnb nqi fi\_m g[le_^ \s [ ]_hnl[f 

fihacno^ch[f ^_jl_mmcih. M[nol_ `locnm [l_ ^[le \liqh, 

jichn_^ [n nb_ [j_r, [h^ h[lliq_^ [n nb_ \[m_ (Fca. 1[). 

G_h_l[ffs, nb_ `locn ]ihn[chm 11 ni 12 m__^m, nbioab cn p[l-

c_m `lig 6 ni 12 m__^m j_l `locn. Tb_ `locnm qcnb mcr m__^m [l_ 

p_ls l[l_, [h^ m_p_h m__^_^ `locnm q_l_ hin `ioh^ ch nbcm 

mno^s. Tbioab _r]_jncih[ffs `_q `locnm (3.66%, N = 300) 

q_l_ `ioh^ qcnbion [hs m__^m. Tb_ ip_l[ff m__^ jli^o]-

ncih m]_h[lci j_l `locn q[m 10.10 ± 0.24 (M_[h ± SE,                

N = 300). Tb_ q_cabn i` nb_ m__^ finm (1000 m__^m) i` `l_mbfs 

b[lp_mn_^ m__^m p[lc_m `lig 1.69 a ni 1.85 a qcnb [ g_[h 

p[fo_ i` 1.765 ± 0.01a (M_[h ± SE, N = 18). Tbom, nb_ g_[h 

q_cabn i` ch^cpc^o[f m__^m q[m 1.765 ga. Tb_ mct_ i` nb_ 

`locnm l[ha_m `lig 16 ni 29 ggch f_hanb qcnb [ g_[h p[fo_ 

i` 20.05 ± 0.37gg (M_[h  ± SE, N=120) [h^ 2.5 ni 3.0 gg ch 

\l_[^nb qcnb [ g_[h p[fo_ i` 2.75±0.03gg (M_[h± SE,      

N =  120) (Fca.1[). 

Seed-ovule ratio and seed set 

Tb_ hog\_l i` ipof_m j_l ip[ls (`fiq_l) ch A. paniculata cm 

nq_fp_, nbioab nb_ mj_]c_m jli^o]_m 10.10 m__^m j_l `locn. 

Si, nb_ m__^-ipof_ l[nci i` nb_ mj_]c_m j_l `fiq_l cm 0.84:1, 

[h^ nb_ m__^ m_n j_l]_hn[a_ cm 84.16.  

Seed dispersal 

Tb_ m__^m [l_ [nn[]b_^ nblioab nb_ `ohc]ofom. Tb_ mf_h^_l 

_rn_hmcih i` nb_ `ohc]ofom, c._., d[]of[nil ( ± 2 gg ch 

f_hanb), l_g[chm [^jl_mm_^ qcnb nb_ m__^ f[n_l[ffs fce_ [ 

biie (Fca. 1\-]). Tbcm d[]of[nil cm l_mjihmc\f_ `il nb_ \[ffcm-

nc] ^cmj_lm[f i` m__^m [ft_l nb_ ]igjf_n_ g[nolcns i` nb_ 

`locn. H_l_, nb_ d[]of[ncih g_]b[hcmg cm i` nb_ r_limn[nc] 

nsj_. Tb_ d[]of[ncih i]]olm [ft_l []bc_pcha nb_ bcab_mn ^ls     

]ih^cncih i` nb_ `locn, nb[n `[]cfcn[n_m nb_ ^_a_h_l[ncih i` 

nb_ fihacno^ch[f ]_g_hncha ncmmo_m i` nb_ `locn q[ff. An nb[n 
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ncg_, nb_ jl_mmol_ a_h_l[n_^ \s nb_ d[]of[nilm qcnbch nb_ 

`locn ][om_m ijncgog mnl_mm nb[n f_[^m ni `locn ^_bcm]_h]_ 

ch nqi p[fp_m qcnb [ ]l[]echa mioh^. Tb_m_ nqi p[fp_m [l_ 

m_j[l[n_^ `lig nb_ [j_r ni nb_ \[m_ nblioab nb_cl j_lcjb-

_l[f q[ff, [n nb_ lcabn [haf_ ni nb_ fihacno^ch[f ^_jl_mmcih 

(Fca. 1\-]). Tb_ m__^m [l_ nchs, h_[lfs ]igjl_mm_^, fcabn 

q_cabn [h^ ^cmj_lm_ [_li^sh[gc][ffs. Tb_ m__^m q_l_ ^cm-

j_lm_^ 2 ft ni 7 ft `lig nb_ ginb_l jf[hn \s `il]_ a_h_l[n_^ 

\s nb_ d[]of[nil. In cm ][n_ailct_^ chni nbl__ nsj_m: fiq ^cm-

n[h]_ (2.14 ± 0.24 ft ^cmj_lm_^ m__^m), g_^cog ^cmn[h]_ 

(4.27 ± 0.19 ft ^cmj_lm_^ m__^m), [h^ fiha-^cmn[h]_ (6.25 ± 

0.21 ft ^cmj_lm_^ m__^m) (g_[h ± SE, N =  300).  

Morphology and anatomy of seeds 

Tbcm mj_]c_m ^_p_fijm nb_ m__^m `lig [h[nlijiom, ohcn_a-
gc], [h^ n_hocho]_ff[n_ ipof_m. An g[nolcns, m__^m [l_ s_f-

fiqcmb-\liqh ch ]ifiol, 1.35 ± 0.02 gg (f_hanb) × 

1.05±0.02 gg (\l_[^nb), [fgimn l_]n[haof[l, mig_qb[n 

`f[nn_h_^, loaim_, [h^ ^__jfs `olliq_^ \s nqi ]olp_^, 

oh_ko[ffs `f[nn_h_^ jilncihm. Tb_ h[lliq_l jilncih ]ig-

jlcm_m nb_ gc]lijsf[l l_acih, [h^ nb_ \li[^_l j[ln ch]fo^_m 

nb_ bcfog l_acih (Fca. 1^-`). Tb_ m__^m b[p_ [ jli`ioh^fs 

aliip_^ bcfog [h^ f[n_l[ffs jf[]_^ hin]b_^ gc]lijsf_, 

qb_l_[m nb_ ]b[f[t[f _h^ cm gil_ il f_mm `f[nn_h_^ (Fca. 1_). 

Tb_ m__^ mol`[]_ cm lioab [h^ q[lns, ^_pic^ i` q[rs ^_ji-

mcncih \on qcnb ^cm]l_n_ j[n]b_m i` go]cf[a_ (Fca. 1_-c).Tb_ 

m_]ncih[f pc_q i` nb_ m__^ mbiq_^ [ bcabfs nbc]e m__^ ]i[n 

qcnb [ ]_hnl[ffs mcno[n_^ _g\lsi (Fca. 1a). S__^m [l_ [f\o-

gchiom [h^ _r[lcff[n_. Ah[nigc][ffs, nb_ m__^ ]i[n cm bcab-

fs fcahc`c_^ [h^ ^_lcp_^ `lig nb_ ion_l _jc^_lgcm i` nb_ 

n_mn[. Tbcm fcahc`c_^ ncmmo_ ]ihmcmnm i` nbc]e-q[ff_^ j[fcm[^_ 

fce_ ]_ffm [ll[ha_^ ch g[hs f[s_lm (Fca. 1b-c).Tb_ _h^i-

mj_lg cm ]_ffof[l. Tb_ _g\lsi cm mnl[cabn qcnb nqi ^cmnch]n 

]insf_^ihm (Fca. 1a). 

Seed germination 

Tb_ `l_mbfs b[lp_mn_^ m__^m i` A. paniculata mbiq_^ [ 

g_[al_ j_l]_hn[a_ i` a_lgch[ncih. Tb_ m__^ ]i[n i` nb_ 

mj_]c_m cm lcac^ [h^ nbc]e; [ft_l \_cha moh-^lc_^, cn \_]ig_m 

gil_ b[l^_h_^. Tb_ l[n_ i` a_lgch[ncih i` mo]b cgg_^c-

[n_fs b[lp_mn_^ [h^ moh^lc_^ m__^m ch ^cmncff_^ q[n_l cm 

g_[al_ (26.66-30%) [h^ [fmi n[e_m [ jlifiha_^ ch]_jncih 

Fca.1. Flocn [h^ m__^ mnlo]nol_ i` A. paniculata: ([) M[nol_ `locn,(\) D_bcm]_^ `locn, (]) Ah _gjns `locn ][m_ mbiqcha nb_ [ll[ha_g_hnm i` d[]of[nilm,                 (^) 
Miljbifias i` m__^ qcnb ^__j `olliq [h^ mig_qb[n jichn_^ gc]lijsf[l _h^, (_) S__^ qcnb ^__jfs aliip_^ bcfog [h^ loaim_ mol`[]_, (`) S__^ qcnb `f[nn_h_^ 
]b[f[t[f _h^ [h^ hin]b_^ gc]lijsf[l _h^, (a) T.S. i` m__^ mbiqcha nbc]e m__^ ]i[n qcnb g_]b[hc][f f[s_l `iffiq_^ \s ]lomb_^ g_mijbsff, l_gh[hnm i` _h^imj_lg 
[h^ ]_hnl[ffs mcno[n_^ _g\lsi, (b) S__^ ]i[n qcnb nbc]e g_]b[hc][f f[s_l [h^ ]lomb_^ g_mbijbsff ncmmo_ [h^ (c) M_]b[hc][f f[s_l i` m__^ ]i[n qcnb j[fcm[^_ fce_ 
]_ffm [h^ mol`[]_ qcnb go]cf[achiom j[n]b_m. *m^– m__^, dk–d[]of[nil, ]b–]b[f[t[, `l–`olliq, bc–bcfog, g]l– gc]lijsf_, ml–mol`[]_, _h^– _h^imj_lg, ]f– ]insf_-
^ihm, ]g - ]lomb_^ g_mijbsff, gf - g_]b[hc][f f[s_l, g]f -go]cf[a_. S][f_ \[lm: 5 gg ([-]), 2 gg (^-a), [h^ 100 μg (b-c)+.  

https://plantsciencetoday.online
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j_lci^ `il ]igg_h]_g_hn (22.15 ± 0.81 ^[sm; g_[h±SE) 

[h^ ]igjf_ncih i` a_lgch[ncih (57.34 ± 1.42 ^[sm; g_[h ± 

SE). Tb_ [p_l[a_ g[rcgog a_lgch[ncih j_l]_hn[a_ ch 

nbl__ ]ihm_]oncp_ s_[lm cm ihfs 28.51 (T[\f_ 1). 

Dormancy and scarification 

Tb_ `l_mbfs b[lp_mn_^ m__^m ch hilg[f ]ih^cncihm mbiq_^ 
[ g[rcgog 28.51 ± 0.98% (g_[h±SE) i` a_lgch[ncih. 
Tbioab nb_ TTC (2,3,5-nlcjb_hsf n_nl[tifcog ]bfilc^_) n_mn 
j_l`ilg_^ cgg_^c[n_fs [ft_l b[lp_mn i` mo]b m__^m _rbc\cn-
_^ 95.92 ± 1.61% (g_[h ± SE) jimcncp_ l_mofnm nb[n ch^c][n_ 
nb_ jl_m_h]_ i` pc[\f_ _g\lsim qcnbch nb_m_ hih-
a_lgch[n_^ m__^m. Tbcm `ch^cha l_p_[fm nb[n nb_l_ q[m 
mig_ miln i` jlcg[ls ^ilg[h]s. Dcff_l_hn m][lc`c][ncih 
_rj_lcg_hnm q_l_ j_l`ilg_^ ni ip_l]ig_ mo]b ^ilg[h]s. 
S][lc`c][ncih nl_[ng_hnm qcnb bin q[n_l mbiq_^ mig_ 
jligcmcha l_mofnm. Tb_ nqi gimn _ff_]ncp_ bin q[n_l nl_[n-
g_hnm q_l_ m__^m jl_-nl_[n_^ [n 60 ˚C `il 5 gch, qbc]b 
_rbc\cn_^ 78.14 ± 1.96% (g_[h ± SE) a_lgch[ncih [h^ 50˚C 
`il 7 gch, _rbc\cn_^ 71.47±1.61% (g_[h  ±SE) m__^ a_lgc-
h[ncih. Tbioab bin q[n_l-]if^ q[n_l [fn_lh[n_ nl_[ng_hnm 
^c^ hin mbiq m[ncm`[]nils l_mofnm. Tb_ gimn mo]]_mm`of l_-
mofnm ][g_ `lig nb_ m][lc`c][ncih nl_[ng_hnm j_l`ilg_^ 
qcnb Cih]. H2SO4. Agiha nb_ ^cff_l_hn nl_[ng_hnm qcnb 
]ih]. H2SO4, nb_ gimn _ff_]ncp_ nbl__ nl_[ng_hnm q_l_ 12 
(N) `il 10 gch, 16 (N) `il 5 gch, [h^ 20 (N) `il 2 gch. Tb_ 
m__^m jl_-nl_[n_^ qcnb nb_m_ nbl__ nl_[ng_hnm mbiq_^ 
94.07 ± 2.25% (g_[h ± SE), 85.55 ± 1.92% (g_[h ± SE) [h^ 
79.25±1.33% (g_[h ± SE) i` a_lgch[ncih, l_mj_]ncp_fs. Tb_ 
^_n[cf_^ l_mofnm i` [ff `cp_ gimn _ff_]ncp_ (a_lgch[ncih j_l-

]_hn[a_ ˃ 70%) nl_[ng_hnm (nqi qcnb bin q[n_l [h^ nbl__ 

qcnb ]ih]. H2SO4) [l_ al[jbc][ffs jl_m_hn_^ ch Fca. 2. Tb_m_ 
m][lc`c][ncih nl_[ng_hnm ch]l_[m_^ nb_ a_lgch[ncih j_l-
]_hn[a_ gimn _ff_]ncp_fs [h^ l_^o]_^ nb_ ch]_jncih j_lci^ 
mcahc`c][hnfs (Fca. 2). 

 W_ ^c^ hin g_[mol_ nb_ a_lgch[ncih j_l]_hn[a_ 
(GP) ihfs; l[nb_l, q_ [fmi [h[fsm_^ m_p_l[f inb_l ilnbi^ir 
j[l[g_n_lm i` m__^ a_lgch[ncih ni _p[fo[n_ nb_ m][lc`c][-
ncih _ffc]c_h]s, pct., nb_ ncg_ l_kocl_^ `il 50 j_l]_hn a_lgc-
h[ncih (T50 p[fo_), g_[h a_lgch[ncih ncg_ (MGT), a_lgch[-
ncih l[n_ (GR) [h^ a_lgch[ncih ch^_r (GI). Aff nb_m_ j[l[g-

_n_lm q_l_ [h[fsm_^ mn[ncmnc][ffs. Tb_ gimn mcahc`c][hn 

_ff_]n (F5,12  = 1.7688, P ˂ 0.001, ANOVA ch l_mj_]n i` GP) 

q[m mbiqh \s nb_ 12(N) H2SO4
. In hin ihfs ch]l_[m_^ nb_ 

a_lgch[ncih j_l]_hn[a_ \on [fmi mcahc`c][hnfs l_^o]_^ nb_ 

g_[h a_lgch[ncih ncg_ (MGT=10.89, F5,12  = 281.32, P ˂ 

0.001) [h^ nb_ T50 p[fo_ (11.00, F5,12 = 213.30, P ˂ 0.001) 

ch^c][n_m [ boa_ mbiln_hcha i` nb_ ch]_jncih j_lci^. Tb_ 
gimn l_fc[\f_ j[l[g_n_l ch l_mj_]n i` a_lgch[ncih j_l]_hn-
[a_, a_lgch[ncih mj__^, [h^ ip_l[ff cgj[]n q[m [h[fsm_^ 
\s nb_ a_lgch[ncih ch^_r (GI). Tb_ bcab_mn GI q[m omo[ffs 

mbiqh \s m[c^ ih_ (GI = 8.78, F5,12  = 74.34, P ˂ 0.001) (T[\f_ 

2). Am j_l [ff nb_m_ j[l[g_n_lm, mo]b [g_fcil[ncha _ff_]n 
`iffiq_^ \s 16 (N) H2SO4 `il 5 gch, 24 (N) H2SO4 `il 2 gch, 
bin q[n_l (60˚C) `il 5 gch [h^ nb_h bin q[n_l (50˚C) `il 7 
gch, l_mj_]ncp_fs (Fca. 2). Tb_m_ g[hc`_mn nb_ ip_l[ff _ff_]-
ncp_h_mm i` _[]b nl_[ng_hn [h^ nb_cl mcahc`c][hn p[lc[ncih. 

Loss of moisture content of seeds under storage 

Fl_mbfs b[lp_mn_^ moh-^lc_^ m__^m mbiq_^ 8.20 ± 0.15% 
(g_[h ± SE), gicmnol_, qbc]b ^_]l_[m_^ al[^o[ffs ^olcha 
mnil[a_ oj ni 180 ^[sm. Aft_l nb[n, nb_ gicmnol_ f_p_f i` 
nbim_ m__^m l_g[ch_^ nb_ m[g_, [h^ nb_l_ q[m hi `olnb_l 
gicmnol_ fimm. Tb_ g[rcgog fimm i` gicmnol_ f_p_f, c._. 
3.07 ± 0.15% (g_[h ± SE), ^_]l_[m_^ ch nb_ `clmn nbl__ 
gihnbm ^olcha mnil[a_. Tb_h nb_ l[n_ i` gicmnol_ fimm q[m 
^cgchcmb_^. Ohfs 0.99±0.08% (g_[h ± SE), i` gicmnol_ q[m 
fimn ch nb_ h_rn nbl__ gihnbm. Aft_l nb[n, nb_ gicmnol_ f_p_f 
i` mo]b mnil_^ m__^m l_g[ch_^ oh]b[ha_^ (Fca. 3). 

Viability of seeds under storage 

Tb_ m__^m cgg_^c[n_fs [ft_l b[lp_mn, nl_[n_^ qcnb nb_ \_mn 
m][lc`c][ncih nl_[ng_hn *12 (N) H2SO4 `il 10 gch+, mbiq_^ 
94.07 ± 2.25% (g_[h ± SE), i` a_lgch[ncih. Aft_l 90 ^[sm i` 
mnil[a_, mo]b m__^m mbiq_^ 64.80 ± 3.03% (g_[h±SE), i` 
a_lgch[ncih. An nb_ _h^ i` nb_ 180 ^[sm i` mnil[a_, nb_ a_l-
gch[ncih \_][g_ 44.07 ± 3.23% (g_[h ± SE), [h^ [ft_l 270 
^[sm, cn \_][g_ 31.10 ± 1.69% (g_[h ± SE). Fch[ffs, [ft_l 
360 ^[sm i` mnil[a_, nb_ a_lgch[ncih j_l]_hn[a_ i` mo]b 
m__^m q[m 18.51 ± 0.98% (g_[h ± SE), ihfs. Tb_ l_mofnm 
]f_[lfs mbiq_^ nb[n nb_ m__^m _rbc\cn_^ [ al[^o[f fimm i` 
a_lgch[\cfcns qcnb ncg_ oh^_l mnil[a_ (Fca. 3). Tb_ l_mofn 
[fmi domnc`c_^ nb_ l_mofn i\n[ch_^ `lig nb_ TTC n_mn \s 
]iohncha nb_ mn[ch_^ m__^m.  

S__^ fin 
G_lgch[ncih (%) ch ^[sm 

1-10 11-20 21-30 31-40 41-50 51-60 61-70 

S_n-I (2016-2017) *N= 90+  0 0 12.22 23.33 26.66 28.88 28.88 

S_n-II (2017-2018) *N= 90+  0 0 8.88 25.55 26.66 26.66 26.66 

S_n-III (2018-2019) *N= 90+  0 0 15.55 24.00 28.88 27.00 27.00 

 M_[h ± SE *N= 270+ 0 ± 0 0 ± 0 12.21 ± 1.92 25.18 ± 0.97 27.40 ± 0.74 28.51 ± 0.98 28.51 ± 0.98 

T[\f_ 1. Cogof[ncp_ j_l]_hn[a_ i` a_lgch[ncih i` `l_mbfs b[lp_mn_^ ohm][lc`c_^ m__^m i` A. paniculata.  

SE - mn[h^[l^ _llil  

Fca. 2. P_l]_hn[a_ i` m__^ a_lgch[ncih i` A. paniculata [ft_l ^cff_l_hn m][lc`c-
][ncih nl_[ng_hnm ch ^[s qcm_ j_l`ilg[h]_.  



KUNDU ET AL   6  

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

Seedling phenology 

Aft_l m][lc`c][ncih nl_[ng_hn, nb_ m__^m niie 4-5 

(4.78±0.21) ^[sm `il nb_ ch]_jncih i` a_lgch[ncih. Tb_ 

]igg_h]_g_hn i` a_lgch[ncih q[m g[le_^ \s nb_ _g_l-

a_h]_ i` [ qbcncmb, kocn_ nbc]e_h_^ l[^c]f_ `lig nb_ m__^ 

]i[n (Fca. 4[). Tb_ bsji]insf _rbc\cn_^ l[jc^ aliqnb nb[n 

f_^ ni fcftcha nb_ m__^ ]i[n [\ip_ alioh^ f_p_f (h_[lfs            

3-5 gg; 4.12 ± 0.29). Tb_ a_lgch[ncih j[nn_lh q[m mnlc]nfs 

_jca_[f (Fca. 4\-]) [h^ nb_ _hncl_ ]insf_^ihm l_g[ch_^ 

qcnbch nb_ m__^ ]i[n. Tb_ bsji]insf q[m l_f[ncp_fs nbc]e-

_h_^, al__hcmb ch ]ifiol, b[^ [\oh^[hn qbcncmb b[clm, [h^ 

ift_h `ilg_^ [ \_h^cha [jj_[l[h]_ (Fca. 4\). 

 Tb_ al__hcmb ]insf_^ihm mn[ln_^ ni ]ig_ ion \s 
lojnolcha nb_ m__^ ]i[n nblioab nb_ ^__j `olliq [n 3-4 

(3.45±0.19) TARA (ncg_ [ft_l l[^c]f_ [jj_[l[h]_). Tb_ 

`f_mbs al__h bsji]insf l_[]b_^ [ b_cabn i` [\ion 5-7 

(6.14±0.12) gg, [h^ nb_ _g\lsihc] liin al_q oj ni [ 

f_hanb i` 4-6(5.09±0.17) gg (Fca.4]). Tb_ ]insf_^ihm (2 

gg × 1.5 gg), [fgimn _ko[f ch [jj_[l[h]_, ]ig_ _hncl_fs 

ion qcnb nb_ mb_^^cha i` m__^ ]i[nm [n 7-8 (7.52±0.27) TARA 

(Fca. 4^). Tbcm ech^ i` a_lgch[ncih j[nn_lh cm g_hncih_^ [m 

[ jb[h_li]insf[l-_jca_[f nsj_. Tb_ ]insf_^ihm q_l_ 

al__hcmb qcnb jli`om_ b[clm, `f_mbs, nbc]e, [h^ jbinimsh-

nb_nc], [ jlcg[ls liin b[^ aliqh ni 5-7 (6.26±0.22) gg, 

[h^ bsji]insf l_[]b_^ oj ni 5 gg (Fca.4_). Am nb_ ]insf_-

^ihm q_l_ jbinimshnb_nc], nb_s q_l_ ]ihmc^_l_^ j[l[]ins-

f_^ihm. So]b ]insf_^ihm [l_ g_hncih_^ [m _jca_[fjb[h_l-

i]insf[l qcnb [ `ifc[]_iom (EPF) h[nol_. An 15-17 

(16.25±0.41) TARA, nb_ jfogof_ q[m l_]iahcm_^ [m [ gc-

hon_ jlid_]ncih (1 gg) [n nb_ `f[j i` nb_ ]insf_^ihm       

(Fca. 4`). Fch[ffs, nb_ _g_la_h]_ i` jfogof_m l_p_[f_^ nb_ 

]igjf_ncih i` a_lgch[ncih [h^, mo\m_ko_hnfs, nb_ ]ig-

g_h]_g_hn i` nb_ m__^fcha jb[m_. 

 An 19-21 (20.31 ± 0.15) TARA, _jc]insf ^cff_l_hnc[ncih 

i]]oll_^ qcnb nb_ `ilg[ncih i` nb_ m_]ih^ hi^_ \s nb_ 

_g_la_h]_ i` nb_ `clmn j[cl i` `ifc[a_ f_[p_m (2 gg × 2 gg). 

Tb_ f_[p_m [l_ fcabn al__h ch ]ifiol, oh_ko[f ch mct_, [h^ 

[ll[ha_^ ch ijjimcn_ ^_]omm[n_ jbsffin[rs. Hsji]insf [n-

n[ch_^ [ 6-8(7.27 ± 0.31) gg qcnb [ al__hcmb, b[cls [jj_[l-

[h]_ [h^ [ nbc]e, ^cmnch]n ]iff_n (Fca. 4a). Tb_ ]insf_^ihm (5 

gg × 4 gg) q_l_ mncff aliqcha [h^ _rbc\cn_^ mig_qb[n 

oh_ko[f mct_, [h^ nb_ n[j liin al_q oj ni 6-8 (7.31 ± 0.22) 

gg ch f_hanb qcnb `cp_ ni hch_ m_]ih^[ls \l[h]b_m. An 25-

28 (26.84 ± 0.41) TARA, `ifc[a_ f_[p_m (1mn j[cl) l_[]b_^          

4 gg × 3 gg qcnb nb_ bsji]insf 7-9 (8.31 ± 0.34) gg ch 

b_cabn. Tb_m_ oh_ko[f j[l[]insf_^ihm l_[]b_^ nb_cl g[rc-

gog mct_, 10 gg × 8 gg (nb_ f[la_l ih_) [h^ 9 gg × 7 

gg (nb_ mg[ff_l ih_) ^olcha 32-35 (33.21 ± 0.51) TARA [h^ 

bsji]insf [fmi l_[]b_^ nb_cl g[rcgog b_cabn (12 gg). 

Tb_ j[l[]insf_^ihm q_l_ _ffcjmic^[f, qcnb _hncl_ g[lachm, 

lioh^_^-i\nom_ [j_r, [h i\nom_ \[m_, [h^ [ b[cls mol`[]_ 

qcnb q_[e \li]bc^i^ligiom p_h[ncih. An 37-40 (38.54 ± 

0.37) TARA, nb_ `clmn j[cl i` dop_hcf_ `ifc[a_ f_[p_m [j-

j_[l_^ mfcabnfs oh_ko[f [h^ [nn[ch_^ nb_cl mct_m i` 12 gg × 

8gg [h^ 9 gg × 6 gg qcnb [h _jc]insf b_cabn i` 7-9 (8.12 

± 0.29) gg. Tb_m_ dop_hcf_ `ifc[a_ f_[p_m q_l_ ^cff_l_hnc[n-

_^ chni [ mbiln j_ncif_ (2 gg) qcnb ip[n_ f[gch[, mcho[n_ 

g[lachm, i\nom_ ni mo\-[]on_ [jc]_m, lioh^_^ \[m_, af[-

\liom mol`[]_, [h^ \li]bc^i^ligiom p_h[ncih. Tb_ m_-

]ih^ j[cl i` dop_hcf_ `ifc[a_ f_[p_m [jj_[l_^ [m [ gchon_ 

jlid_]ncih `lig nb_ [rcfm i` nb_ `clmn j[cl [n 41-44 (42.35 ± 

0.61) TARA, qcnb [ b_cabn i` 9 (8.26 ± 0.23) gg i` nb_ _jc-

]insf (Fca. 4b). Tb_ ip_l[ff mbiin b_cabn l_[]b_^ oj ni 30 

(28.75±0.71) gg, [h^ nb_ jlcg[ls liin ch]l_[m_^ ch f_hanb 

ni 45 (43.19 ± 0.47) gg (Fca. 4c). Tb_ j[l[]insf_^ihm l_-

g[ch [nn[]b_^ [h^ \_][g_ s_ffiqcmb, ch^c][ncha nb_cl ncg_ 

i` m_h_m]_h]_. 

 An 45-50 (48.11 ± 0.71) TARA, \inb nb_ j[l[]insf_-

^ihm ^lijj_^ iff ch [h chn_lp[f i` 2-3 ^[sm, [h^ nb_ _jc]in-

sf l_[]b_^ cnm g[rcgog f_hanb (10 gg). Tb_ m_]ih^ j[cl 

i` dop_hcf_ `ifc[a_ f_[p_m q[m [fmi oh_ko[f ch mct_, l_[]bcha 

11 gg × 6 gg [h^ 9 gg × 5 gg [h^ [ll[ha_^ mcgcf[lfs ch 

nb_ ijjimcn_ ^_]omm[n_ j[nn_lh. Tb_ [l]bcn_]nol_ i` nb_m_ 

f_[p_m q[m jl_]cm_fs [fce_, [m g_hncih_^ `il nb_ `clmn j[cl.  

Tl_[ng_hn GP T50 MGT GR GI 

Cihnlif (Uhm][lc`c_^) 28.51_±0.98 -- 33.07[±0.89 0.0302_±0.00085 0.7317_±0.08 

Hin q[n_l (60˚C) `il 5 gch 78.14]±1.96 18.66[±0.33 16.26\±0.17 0.0615^±0.0063 4.8947]^±0.13 

Hin q[n_l (50˚C) `il 7 gch 71.47^±1.61 19.66[±1.61 17.47\±0.32 0.0572^±0.00104 4.2240^±0.28 

H2SO4 *12(N)+ `il 10 gch 94.07[±2.25 11.00^±0.0 10.80_±0.29 0.926[±0.00255 8.7833[±0.54 

H2SO4 *16(N)+ `il 5 gch 85.55\±1.92 13.33]±0.57 13.05^±0.37 0.0767\±0.00222 6.9080\±0.32 

H2SO4 *24(N)+ `il 2 gch 79.25]±1.33 15.66[±0.88 14.68]±0.42 0.0681]±0.00198 5.5667]±0.28 

T[\f_ 2. M_[h p[fo_ (M_[h ± SE, N= 270) i` ^cff_l_hn j[l[g_n_lm i` m__^ a_lgch[ncih mn[nom ch l_mj_]n ni ^cff_l_hn nl_[ng_hnm. Tb_ ^cff_l_hn fiq_l][m_ f_nn_l 
ch^c][ncha nb_ g_[hm (]ifogh qcm_) q_l_ mcahc`c][hnfs ^cff_l_hn \s DMRT(j ≤ 0.05), [giha nb_ nl_[ng_hnm `il nb_ m[g_ j[l[g_n_l *]ifogh qcm_ ^[n[     [h[fsmcm+.  

GP - a_lgch[ncih j_l]_hn[a_; T50 - ncg_ l_kocl_^ `il 50% a_lgch[ncih (ch ^[sm); MGT - g_[h a_lgch[ncih ncg_ (ch ^[sm); GR - a_lgch[ncih l[n_; GI - a_lgch[ncih 
ch^_r  

Fca. 3.S__^:P_l]_hn[a_ i` a_lgch[ncih [h^ j_l]_hn[a_ i` gicmnol_ ]ihn_hn i  ̀
A. paniculata oh^_l mnil[a_ ]ih^cncihm [ft_l 90 ^[sm i` chn_lp[fm.  

https://plantsciencetoday.online
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Fca. 4.S__^ a_lgch[ncih [h^ m__^fcha jb_hifias: S__^ a_lgch[ncih [h^ m__^fcha jb_hifias i` A. paniculata nblioab nb_ ‘Tcg_ Aft_l R[^c][f Ajj_[l[h]_ *TARA+.
([) S__^ mbiqcha _g_la_h]_ i` l[^c][f,(\) R[jc^ aliqnb i` bsji]insf fcft_^ nb_ m__^ ]i[n; (]) S__^ ]i[n qcnb _g_lacha ]insf_^ihm,(^-_)S__^fcha [n 7-8 TARA 
_rbc\cncha ]igjf_n_ _g_la_h]_ i` j[l[]insf_^ihm,(`) S__^fcha [n 15-17 TARA qcnb [ l_]iahct[\f_ jfogof_,(a) m__^fcha [n 19-21 TARA qcnb `clmn j[cl i`    _ijbsffm,
(b-c) S__^fcha [n 41- 44 TARA mbiqcha _g_la_h]_ i` m_]ih^ j[cl i` _ijbsffm ch ijjimcn_ ^_]omm[n_ ^cmjimcncih [h^ ip_l[ff m__^fcha aliqnb,(d) A m__^fcha [n 48-51 
TARA qcnb nb_ _g_la_h]_ i` nbcl^ j[cl i` _ijbsffm,(e) S__^fcha [n 54- 57 TARA mbiqcha _g_la_h]_ i` `iolnb j[cl i` `ifc[a_ f_[p_m qcnb ip_l[ff liin-mbiin aliqnb,
(f) S__^fcha [n 65- 68 TARA qcnb _g_la_h]_ i` `cftb j[cl `ifc[a_ f_[p_m,(g) A m__^fcha [n 77- 80 TARA mbiqcha _g_la_h]_ i` mcrnb j[cl i` `ifc[a_ f_[p_m [h^ g[rc-
gog mct_ []bc_p_^ \s `iolnb j[cl i` `ifc[a_ f_[p_m,(h) S__^fcha [n 86- 90 TARA qcnb _g_la_h]_ i` m_p_hnb j[cl i` `ifc[a_ f_[p_m [h^ ip_l[ff m__^fcha aliqnb ch 
l_mj_]n i` liin-mbiin f_hanb,(i) S__^fcha [n 97- 102 TARA mbiqcha _g_la_h]_ i` _cabnb j[cl i` `ifc[a_ f_[p_m qcnb nb_ `clmn j[cl i` _ijbsffm ch [fgimn m_h_m]_^ 
]ih^cncih,(j) A m__^fcha [n 141- 157 TARA qcnb nb_ _g_la_h]_ i` n_hnb j[cl i` `ifc[a_ f_[p_m [h^ [\m]cmmcih i` [ff nbl__ j[clm _ijbsffm ch^c][n_m ihm_n i` [^ofnbii^ 
[h^ (k) Ffiq_lcha nqca ^_p_fij_^ nblioab m__^ a_lgch[ncih qcnb ^_n[cfm l_]il^ i` m__^fcha jb_hifias mbiqcha b_n_ligiljbcmcg. *]f – ]insf_^ih, bjf – bsji]in-
sfm, _jf – _jc]insfm, _ijf 1-3: - `clmn ni nbcl^ j[cl i` _ijbsff, gf1-2: - `clmn [h^ m_]ih^ j[cl i` g[nol_ f_[`. S][f_ \[lm: 1 gg ([-b), [h^ 5 gg (c-k)+.  
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Tb_ nbcl^ j[cl i` `ifc[a_ f_[p_m domn _g_la_^ [m [ nchs f_[` 

\o^ (2 gg) [n nb_ 48-51 (49.31 ± 0.51) TARA, [h^ [n nb_ 

m[g_ ncg_, nb_ `clmn j[cl l_[]b_^ cnm g[rcgog mct_, c._.,    

20 gg × 16 gg [h^ 17 gg × 14 gg (Fca. 4d). Tb_ b_cabnm 

i` nb_ `clmn (\_nq__h 1mn [h^ 2h^ j[cl i` dop_hcf_ `ifc[a_ 

f_[p_m) [h^ m_]ih^ (\_nq__h 2h^ [h^ 3l^ j[cl i` dop_hcf_ 

`ifc[a_ f_[p_m) chn_lhi^_m q_l_ 9-11 (10.12 ± 0.14) gg [h^ 

1-2 (1.08 ± 0.08) gg, l_mj_]ncp_fs. An 54-57 (55.45 ± 0.61) 

TARA, nb_ `iolnb j[cl i` `ifc[a_ f_[p_m q[m ]ig_ ion (1 

gg) [h^ nb_ nbcl^ j[cl [nn[ch_^ 12 gg ×5ggch mct_, 

qb_l_ \inb f_[p_m [jj_[l_^ [fgimn ch _ko[f mct_, hinc]_[-

\fs kocn_ ^cff_l_hn `lig nb_ `clmn nqi j[clm. Tb_ [l]bcn_]nol_ 

i` nb_ nbcl^ j[cl i` f_[p_m q[m [fmi mig_qb[n ^cff_l_hn 

`lig nb_ `clmn nqi j[clm, [m f_[p_m q_l_ ip[n_-i\fiha ch 

mb[j_, mo\-[]on_ [jc]_m, g[lachm mfcabnfs oh^of[ncha, mol-

`[]_ af[\liom, [h^ q_[e \li]bc^i^ligiom p_h[ncih. Tb_ 

nbcl^ j[cl i` f_[p_m q[m ]ihmc^_l_^ nl[hmcncih[f \_nq__h 

nb_ dop_hcf_ `ifc[a_ f_[p_m (1mn [h^ 2h^ j[cl) [h^ nb_ [^ofn 

`ifc[a_ f_[p_m (4nb j[cl [h^ mi ih). An nbcm mn[a_, nb_ nin[f 

mbiin f_hanb l_[]b_^ 45-51 (48.15 ± 0.72) gg nbioab nb_ 

jlcg[ls liin al_q gil_ l[jc^fs [h^ []bc_p_^ [ f_hanb i` 

82-91gg qcnb `cp_ ni _f_p_h m_]ih^[ls \l[h]b_m (Fca. 4e). 

Tb_ m_]ih^ j[cl i` dop_hcf_ `ifc[a_ f_[p_m l_[]b_^ nb_cl 

g[rcgog mct_ i` 26 gg × 18 gg [h^ 22 gg × 16 gg, [h^ 

nb_ `clmn chn_lhi^_ [fmi [nn[ch_^ cnm g[rcgog b_cabn (19 

gg).    

 An 65-68 (66.41 ± 0.41) TARA, nb_ `cftb j[cl i` `ifc[a_ 

f_[p_m domn _g_la_^ (2 gg), [h^ [n nb_ m[g_ ncg_, nb_ 

nbcl^ j[cl i` `ifc[a_ f_[p_m [nn[ch_^ nb_cl g[rcgog mct_      

(36 gg × 14 gg) (Fca. 4f). Tb_ m_]ih^ chn_lhi^_ [fmi 

l_[]b_^ cnm g[rcgog b_cabn, 25 gg. Tb_ `iolnb j[cl i` 

`ifc[a_ f_[p_m b[m aliqh ni nb_ mct_ i` 38 gg × 14 gg. 

Miljbifiac][ffs, nb_m_ f_[p_m (4nb j[cl) q_l_ ^cmnch]n `lig 

nb_ dop_hcf_ ih_m ch n_lgm i` mb[j_ (f[h]_if[n_), [j_r 

([]on_), g[lachm (_hncl_), \[m_ (]oh_[n_), mol`[]_ 

(af[\liom), [h^ p_h[ncih (l_nc]ofi^ligiom). An 77-80 

(78.54 ± 0.55) TARA, nb_ mcrnb j[cl i` f_[p_m domn _g_la_^ 

`lig nb_ [rcfm i` nb_ `cftb j[cl. Tb_ 4nb j[cl i` f_[p_m 

l_[]b_^ nb_cl g[rcgog mct_ (41 gg × 15gg), [h^ nb_ 

nbcl^ chn_lhi^_ (\_nq__h nb_ 3l^ [h^ 4nb j[clm) [fmi [n-

n[ch_^ cnm g[rcgog b_cabn (35 gg) [h^ \_nq__h nb_ 4nb 

[h^ 5nb j[cl chn_lhi^_ ch]l_[m_^ ch f_hanb oj ni 15 gg. 

Tb_ 1mn [h^ 2h^ j[clm i` dop_hcf_ `ifc[a_ mn[ln_^ ni nolh s_f-

fiqcmb, ch^c][ncha nb_cl ihm_n i` m_h_m]_h]_ (Fca. 4g). Tb_ 

nin[f mbiin b_cabn l_[]b_^ 120-125 (123.14 ± 0.84) gg, 

[h^ nb_ jlcg[ls liin al_q ni 95-100 (97.16 ± 0.75) gg. Ih 

nbcm mn[a_, q_ i\m_lp_^ nb_ gil_ l[jc^ aliqnb i` nb_ mbiin 

nb[h nb_ liin, domn ijjimcn_ ni chcnc[f m__^fcha aliqnb.  

 An TARA 86-90 (88.42 ± 0.56), nb_ _g_la_h]_ i` nb_ 

m_p_hnb j[cl i` `ifc[a_ f_[p_m niie jf[]_, qcnb nb_ [nn[ch-

g_hn i` mbiin b_cabn 142-150 (146.52 ± 1.14) gg [h^ nb_ 

jlcg[ls liin ch]l_[mcha oj ni 102-110 (107.16 ± 1.08) gg 

qcnb jli`om_ m_]ih^[ls [h^ n_lnc[ls \l[h]bcha (Fca. 4h). 

Tb_ `cftb j[cl i` f_[p_m []bc_p_^ [ g[rcgog mct_ i` 50 gg 

× 15 gg, [h^ nb_ 4nb chn_lhi^_ [fmi [nn[ch_^ cnm `ch[f f_hanb 

i` 40 (38.42 ± 0.57) gg. Tb_ [l]bcn_]nol_ [h^ [ll[ha_-

g_hnm i` nb_ mo]]_mmcp_ `cftb [h^ mcrnb j[clm i` f_[p_m q_l_ 

jl_]cm_fs c^_hnc][f ni nbim_ i` nb_ _[lfc_l `iolnb j[cl. Tb_ 

_cabnb j[cl i` f_[p_m domn _g_la_^ ih 97-102 (100.29 ± 1.24) 

TARA, qcnb nb_ ip_l[ff ch]l_[m_ ch mbiin f_hanb 161-167 

(164.82 ± 1.31) gg [h^ liin f_hanb 106-112 (109.57 ± 1.14) 

gg (Fca. 4i). Tb_ mcrnb f_[` j[cl []bc_p_^ cnm `ch[f mct_       

(52 gg × 15 gg), [h^ nb_ `cftb chn_lhi^_ [fmi [nn[ch_^ cnm 

g[rcgog b_cabn ni 44 (42.39 ± 0.43) gg, [h^ nb_ mcrnb [h^ 

m_p_hnb chn_lhi^_m q_l_ 14 (12.72 ± 0.37) gg [h^ 2 gg, 

l_mj_]ncp_fs. Tb_ `clmn j[cl i` `ifc[a_ f_[p_m cm mncff [nn[]b_^, 

nbioab [fgimn ch m_h_m]_^ ]ih^cncih. An TARA110-115 

(113.14 ± 1.21), nb_ hchnb j[cl i` `ifc[a_ f_[p_m domn 

_g_la_^, [h^ nb_ mbiin f_hanb l_[]b_^ oj ni 175-184 

(180.35 ± 1.42) gg, [h^ nb_ _g_la_h]_ i` nb_ n_hnb j[cl i` 

f_[p_m niie jf[]_ [n 124-128 (126.35 ± 1.31) TARA [mmi]c[n-

_^ qcnb nb_ [\m]cmmcih i` nb_ `clmn j[cl i` dop_hcf_ f_[p_m 

(_ijbsffm). Wcnbch nbcm j_lci^, nb_ mcrnb [h^ m_p_hnb chn_l-

hi^_m l_[]b_^ nb_cl g[rcgog f_hanb i` 45 (43.41 ± 0.53) 

gg [h^ 47 (45.39 ± 0.41) gg, l_mj_]ncp_fs, [h^ ch [ `_q 

m__^fcham, \l[h]b_m mn[ln_^ ni ]ig_ ion `lig nb_ [rcfm i` 

nb_ `cftb hi^_ ihq[l^m. An 141-157 (150.43 ± 1.72) TARA, 

[fiha qcnb mo\m_ko_hn aliqnb i` nb_ n_hnb j[cl i` `ifc[a_ 

f_[p_m, [\m]cmmcih i` nb_ m_]ih^ [h^ nbcl^ j[clm i` _ijbsffm 

q[m i\m_lp_^, [h^ `ch[ffs, nb_ jf[hnf_n []bc_p_^ [^ofnbii^       

(Fca. 4j). In ^_hin_^ nb_ ]igjf_ncih i` nb_ m__^fcha jb[m_ 

[h^ nb_ ihm_n i` nb_ [^ofn jb[m_. Tb_ chn_l_mncha i\m_lp[-

ncih ch nb_ jl_m_hn qile cm nb[n `_q m__^fcham (3.36 ± 1.20%, 

g_[h ± SE, N= 300) ^_p_fij_^ nbl__ f_[p_m `lig _[]b hi^_ 

\_sih^ nb_ ]insf_^ih[ls hi^_, [h^ nbim_ f_[p_m q_l_ [l-

l[ha_^ ch qbilf_^ jbsffin[rs (Fca. 4k). Tbcm cm [ mcahc`c][hn 

i\m_lp[ncih g[le_^ [m m__^fcha b_n_ligiljbcmg.   

 

Dcm]ommcih 

A. paniculata b[m \__h nl[^cncih[ffs om_^ [m [h cgjiln[hn 

g_^c]ch[f jf[hn ch Ih^c[, ch]fo^cha W_mn B_ha[f. In cm hiq 

qc^_fs om_^ ch ^loa cmif[ncih `il m_p_l[f ]fchc][f nl_[n-

g_hnm. Hiq_p_l, jf[hn mj_]c_m [l_ ]oll_hnfs p_ls fcgcn_^ ch 

[ g[h[a_^ f[h^m][j_. Tb_ mj_]c_m' l_jli^o]ncp_ mo]]_mm 

cm p_ls m[ncm`[]nils l_a[l^cha nb_ `fil[f ^cmjf[s, `locn m_n, 

[h^ m__^ m_n. Tbom, q_ oh^_lniie [ ^_n[cf_^ mno^s ih m__^ 

_]ifias [h^ m__^fcha jb_hifias ni g[j nb_ [g\caocns nb[n 

]l_[n_m [ m_p_l_ nbl_[n ni _rcmn_h]_.  

 Tbioab A. paniculata mbiq_^ g[mmcp_ `fiq_l jli-
^o]ncih `il m_p_l[f gihnbm qcnb [ mn_[^s-mn[n_ `fiq_lcha 
j[nn_lh, cn ofncg[n_fs f_^ ni gi^_l[n_ `locn m_n [h^ m__^ 
m_n. Tb_ m__^ m_n ion]ig_ (84.16 %) q[m kocn_ m[ncm`[]nils, 
\on m__^fcha ^_p_fijg_hn ch nb_ h[nol[f jijof[ncih cm [f-
gimn h_afcac\f_. Tb_ qcf^ jijof[ncih'm m__^-ipof_ l[nci 
(0.84:1) [fmi ^i_m hin ch^c][n_ mo\mn[hnc[f l_jli^o]ncp_ 
`[cfol_. Tb_ g[nol_ [_li^sh[gc][ffs mocn[\f_ m__^m q_l_ 
^cmj_lm_^ g[chfs nblioab d[]of[ncih, fce_ g[hs inb_l 
g_g\_lm i` nb_ `[gcfs A][hnb[]_[_ (30). Tb_ mj_]c_m jl_-
]cm_fs `iffiq nb_ r_limn[nc] \[ffcmnc] ^cmj_lm[f g_]b[hcmg 
(34). Tbcm ^cmj_lm[f gi^_ g[s ]l_[n_ a[nb_lcha ch fcgcn_^ 
[l_[m (35) qcnb [ bcab giln[fcns l[n_ (36). Tbioab m__^ ^cm-
j_lm[f cm _hncl_fs ch^_j_h^_hn i` [hs p_]nilm, nb_l_ cm g[m-
mcp_ ]igj_ncncih qcnb nb_ j[l_hnm [h^/il mc\fcham `il m__^-
fcha _mn[\fcmbg_hn (37). S__^m [l_ nsjc][ffs [][hnb[]_iom 
ch h[nol_, qcnb nbc]e, fcahc`c_^ m__^ ]i[nm g[^_ oj i` m_p_l-
[f f[s_l j[fcm[^_ fce_ ]_ffm nb[n [l_ _rin_mn[f ch ilcach (38). 
Tb_ mol`[]_ i` m__^ ]i[nm cm q[lns, qcnb ^cm]l_n_ go]cf[ac-
hiom j[n]b_m ^_lcp_^ `lig nb_ jofj. Tb_ [^^cncp_ mnlo]nol_ 
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i` nbim_ m__^m l_`_ll_^ ni nb_g [m ‘^c[mjil_m’ l[nb_l nb[h 
m__^m (39). Do_ ni [ nbc]e g_]b[hc][f f[s_l ip_l nb_ m__^ 
]i[n, nb_ m__^ a_lgch[ncih j_l]_hn[a_ q[m fiq (28.51 ±  
0.98) qcnb [ jlifiha_^ ch]_jncih j_lci^ (40). Ti ip_l]ig_ 
nb_ a_lgch[ncih ^cffc]ofnc_m, ^cff_l_hn m][lc`c][ncih nl_[n-
g_hnm q_l_ j_l`ilg_^. Tb_ gimn _ff_]ncp_ nl_[ng_hn     

(GP ˃ 75.00) q[m \s m][lc`c][ncih omcha mofjbolc] []c^ 

(Cih].) [m l_]il^_^ ch inb_l m__^ mj_]c_m \s ^cff_l_hn 
qile_lm, mo]b [m ch Hyphaene thebaica  M[ln. (41) [h^ jl_-
nl_[ng_hn qcnb bin q[n_l. Tb_ gimn mcahc`c][hn _ff_]n ih 
m__^ a_lgch[ncih mn[nom q[m mbiqh \s m__^m nl_[n_^ qcnb 
]ih]. H2SO4 (12 N) `il 10 gch `iffiq_^ \s 16 (N) `il 5 gch 
[h^ 24 (N) `il 2 gch, [h^ bin q[n_l nl_[ng_hn [fmi mbiq_^ 
[ mcahc`c][hn _ff_]n. Hin q[n_l jl_-nl_[ng_hn jimcncp_fs 
[g_fcil[n_^ m__^m qcnb nioab, cgj_lg_[\f_ m__^ ]i[nm \s 
ch]l_[mcha q[n_l [h^ irsa_h j_lg_[\cfcns (42). Scgcf[l 
i\m_lp[ncihm q_l_ [fmi l_]il^_^ ch ^cff_l_hn jf[hn n[r[ pct. 
Acacia nilotica (L.) [h^ Leucaena leucocephala L[g. (^_ 
Wcn) \s Doaog[ et al. (43) [h^ [fmi ch Atropa belladonna L. 
j_l]_hn[a_ i` m__^ a_lgch[ncih _hb[h]_^ `lig ihfs 26% 
ni 82.5% nblioab ^cff_l_hn n_gj_l[nol_ nl_[ng_hnm l_jiln-
_^ \s G_hip[ et al. (44). 

 S__^m mnil_^ oh^_l ]ihnliff_^ ]ih^cncihm [fmi fim_ 
nb_cl gicmnol_ ]ihn_hn al[^o[ffs oj ni nb_ mcrnb gihnb 
(4.05%), nb_h l_g[ch oh]b[ha_^. Tb_ ^cm]l_n_ go]cf[ac-
hiom j[n]b_m ih nb_ m__^ ]i[n jf[s [ mcahc`c][hn lif_ ch 
gicmnol_ l_aof[ncih oh^_l mnil[a_ ]ih^cncihm (31). Scgcf[l-
fs, nb_ a_lgch[ncih j_l]_hn[a_ i` mnil_^ m__^m ^_]l_[m_^ 
al[^o[ffs `il oj ni ih_ s_[l. Hiq_p_l, nb_ g[rcgog l_-
^o]ncih ch a_lgch[ncih q[m `ioh^ ^olcha nb_ `clmn mcr 
gihnbm (50%), qbc]b q[m f[n_l l_^o]_^ ihfs \s [\ion 
25.56% `il nb_ h_rn mcr gihnbm. Tb_ l_mofn ch^c][n_m [ al[^-
o[f fimm i` m__^ pc[\cfcns oh^_l mnil[a_ ]ih^cncihm. Tb_l_-
`il_, q_ g[s m[s nb[n nb_ a_lgch[ncih j_l]_hn[a_, qbc]b 
ch^c][n_m nb_ pc[\cfcns mn[nom i` m__^m, [h^ nb_cl gicmnol_ 
]ihn_hn oh^_l mnil[a_ ]ih^cncihm, [l_ nqi j[l[ff_f jb_-
hig_h[, [h^ nb_l_ cm [ ]f_[l jimcncp_ ]ill_f[ncih \_nq__h 
nb_g (Fca.5) (45). 

 Tb_ fimm i` gicmnol_ ]ihn_hn [mmi]c[n_^ qcnb nb_ 
fimm i` pc[\cfcns oh^_l mnil[a_ q[m l_]il^_^ \s Effcm et al. 
(1991) (46). In cm omo[ffs g_hncih_^ [m nb_ nbcl^ ][n_ails i` 
m__^m, [h chn_lg_^c[ls \_nq__h ]ihp_hncih[f ilnbi^ir 
m__^m [h^ l_][f]cnl[hn m__^m. Tb_ chcnc[f fimm i` gicmnol_ 
]ihn_hn cgg_^c[n_fs [ft_l m__^ b[lp_mn ^c^ hin [ff_]n nb_cl 
a_lgch[ncih il pc[\cfcns, \on nb_ fimm i` gicmnol_ ]ihn_hn 
\_fiq nb_ nbl_mbif^ f_p_f _rbc\cn_^ cgg_hm_ _ff_]n.  

 A. paniculata _rbc\cn_^ [ jb[h_li]insf[l-_jca_[f 
nsj_ i` a_lgch[ncih qcnb p_ls mcahc`c][hn jb_hifiac][f ^_-
p_fijg_hnm ^olcha cnm m__^fcha jb[m_. So]b [ nsj_ i` a_l-
gch[ncih j[nn_lh cm ]ihmc^_l_^ [h [^p[h]_^ ]b[l[]n_lcmnc] 
i` nb_ jf[hn mj_]c_m (47). Pb[h_li]insfs cm [h cgjiln[hn 
]b[l[]n_lcmnc] i` b_l\[]_iom, mg[ff-m__^_^ jf[hnm qcnb 
m][hns _h^imj_lg. Tb_ mj_]c_m qcnb jb[h_li]insf[l ^_p_f-
ijg_hn _rbc\cnm gil_ m__^fcha aliqnb nb[h [hs inb_l nsj_ 
qb_h _rjim_^ ni ch]c^_hn fcabn. Tb_ m__^fcha q[m p_ls ^cm-
nch]n `lig cnm [^ofn ih_ \s [ j[cl i` al__h, `f_mbs, nbc]e, 
b[cls, m_mmcf_ j[l[]insf_^ihm (EPF). Tb_ EPF m__^fcham l_-
p_[f_^ [ qc^_ l[ha_ i` giljbi-jbsmcifiac][f ]b[l[]n_lcm-
nc]m nb[n `[piol nb_cl molpcp[\cfcns [m [h oh^_lmnils. Mimn 
chn_l_mnchafs, nb_ j[l[]insf_^ihm q_l_ oh_ko[f, c._., cmi-
]insf[l ch h[nol_ (32). Tb_m_ ]insf_^ihm q_l_ nlofs jbini-
mshnb_nc] [h^ l_n[ch_^ `il 45 ni 50 (48.11 ± 0.71) ^[sm `lig 
nb_ ihm_n i` nb_ m__^fcha jb[m_, [h^ qcnbch nbcm j_lci^, nb_ 
2h^ j[cl i` `ifc[a_ f_[p_m [fmi ^_p_fij_^. In ch^c][n_m nb_ 
lif_ i` nb_ j[l[]insf_^ihm ch nb_ chcnc[f _mn[\fcmbg_hn i` 
nb_ m__^fcham. Tb_ mj_]c_m g[le_^ \s b_n_li\f[mnc] ^_p_f-
ijg_hn b[m nbl__ j[clm i` _ijbsffm. Eijbsffm q_l_ gil-
jbifiac][ffs p_ls ^cmnch]n `lig nb_ [^ofn `ifc[a_ f_[p_m \s 
nb_cl ip[n_ f[gch[, mcho[n_ g[lachm, i\nom_ ni mo\-[]on_ 
[jc]_m, lioh^_^ \[m_, af[\liom mol`[]_, [h^ \li]bc^i^li-
giom p_h[ncih. Tb_m_ i\m_lp[ncihm ^cmnch]nfs mcahc`s nb_ 
b_n_li\f[mnc] ^_p_fijg_hn i` nb_ m__^fcha mj_]c_m. Tb_ 
mj_]c_m qcnb EPF [h^ b_n_li\f[mnc] ^_p_fijg_hn [l_ ]ih-
p_hncih[ffs g[le_^ [m a[j-^_j_h^_hn mj_]c_m, [h^ mcgcf[l 
i\m_lp[ncihm q_l_ l_]il^_^ ch m_p_l[f jf[hn mj_]c_m \_-
fihacha ni ^cff_l_hn `[gcfc_m, pct., L[gc[]_[_, Mil[]_[_, 
Ro\c[]_[_, [h^ M_f[mnig[]_[_ (48). S__^fcha giljbifias 
cm [ mn[\f_ [h^ l_fc[\f_ ]b[l[]n_lcmnc] `_[nol_ `il c^_hnc`scha 
jf[hn mj_]c_m [n nb_ dop_hcf_ mn[a_ (38), nbioab ch l[l_ ch-
mn[h]_m, b_n_ligiljbcmg q[m i\m_lp_^. Ih nbcm mj_]c_m, 
q_ ain m__^fcha b_n_ligiljbcmg ch [ mcahc`c][hnfs fiq_l 
j_l]_hn[a_ (3.66).  

 Ih nb_ _h^, q_ a_n m_p_l[f chncg[ncihm i` m__^ _]ifi-

as, pct., [ fcgcn_^ l[ha_ i` m__^ ^cmj_lm[f (2 ni 7 ft), [ g_[-

al_ j_l]_hn[a_ i` m__^ a_lgch[ncih (28.51), [h^ [ jli-

fiha_^ ch]_jncih j_lci^ (22.51±0.81 ^[sm). Tb_ fiq j_l-

]_hn[a_ i` m__^ a_lgch[ncih f_[^m ni [ fiq j_l]_hn[a_ i` 

m__^fcha ^_p_fijg_hn. Ah^ mo]b [ fiha ch]_jncih j_lci^ 

moff_lm `lig nb_ oh[p[cf[\cfcns i` q[n_l [m nb_ ncg_ i` m__^ 

m_n cm g[chfs ch nb_ qchn_l m_[mih. Ih nbcm j[ln i` nb_ ]ioh-

nls, l[ch`[ff cm mcahc`c][hnfs f_mm. I` nbim_ m__^m [l_ e_jn ch-

n[]n `il nb_ h_rn l[chs m_[mih, nb_s fim_ nb_cl pc[\cfcns \s 

[fgimn 50%. R_mnlc]n_^ ^cmj_lm[f [fmi ][om_m g[mmcp_ fimm 

i` m__^ a_lgch[ncih [h^ [ bcab j_l]_hn[a_ i` m__^fcha 

giln[fcns (36). Ih qcf^ ]ih^cncihm, q_ i\m_lp_^ nb[n nb_ 

m__^fcham [l_ p_ls nchs ch mct_ [h^ _h]fim_^ \s g[hs nsj_m 

i` al[mm il inb_l b_l\[]_iom mj_]c_m nb[n f_[^ ni nb_ fimm 

i` nb_ jijof[ncih _cnb_l \s b_l\cpil_m il [hnblijia_hc] 

[]ncpcnc_m. Si, q_ ][h ]ih]fo^_ nb[n mocn[\f_ m][lc`c][ncih 

*12(N) mofjbolc] []c^ `il 10 gch+ nl_[ng_hnm i` `l_mbfs b[l-

p_mn_^ m__^m mcahc`c][hnfs ch]l_[m_^ nb_ m__^ a_lgch[ncih 

j_l]_hn[a_ (94.07) [h^ [fmi g[rcg[ffs l_^o]_^ nb_ ch]_j-

ncih j_lci^ \s 4-5 (4.35 ± 0.44) ^[sm. Ihnli^o]cha mo]b 

nl_[n_^ m__^m chni nb_ ^cff_l_hn f[h^m][j_m g[s acp_ om [ 

`locn`of l_mofn ch nb_ l_mnil[ncih [h^ l_chnli^o]ncih i` qcf^ 

jijof[ncihm. R_]_hnfs, nb_ ]ihnliff_^ jf[]_g_hn i` _ff_]-

Fca.5. A ]ill_f[ncih \_nq__h a_lgch[ncih j_l]_hn[a_ [h^ gicmnol_ ]ihn_hn 
i` m__^m oh^_l mnil[a_ ]ih^cncih i` A. paniculata.  
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ncp_ m__^m [h^ m__^fcha _mn[\fcmbg_hn chni [ h[nol[f b[\c-

n[n il g[h[a_^ b[\cn[n b[p_ \__h om_^ [m nb_ gimn mo]-

]_mm`of niif `il jf[hn mj_]c_m ]ihm_lp[ncih (49). S__^fcha 

giljbifias qcnb ^cmnch]n, ohcko_ ]b[l[]n_lm [ffiqm ih_ ni 

i\n[ch [n f_[mn mig_ miln i` [nn_hncih ch nb_cl h[nol[f b[\c-

n[n. Tb_ ehiqf_^a_ i` m__^fcha jb_hifias cm pcn[f `il nb_cl 

momn_h[h]_ ch qcf^ b[\cn[nm, _mj_]c[ffs ch nlijc][f l[ch `il-

_mnm qcnb bcabfs gcr_^ [h^ ^sh[gc] mj_]c_m ]igjimcncihm. 

Si, nb_ jl_m_hn mno^s `ilgof[n_m [ q[s i` momn[chcha A. 

paniculata nblioab l_a_h_l[ncih, l_chnli^o]ncih, [h^ mo]-

]_mm`of _mn[\fcmbg_hn i` nb_ m__^fcham.  

 

Cih]fomcih  

A. paniculata _rbc\cnm m[ncm`[]nils l_jli^o]ncp_ mo]]_mm, 

nbioab cn b[m fcgcn_^ i]]oll_h]_ ch qcf^ b[\cn[n. Tbcm cm 

g[chfs ^o_ ni p_ls fiq m__^ a_lgch[ncih qcnb jlifiha_^ 

ch]_jncih j_lci^m. Tbc]e, b[l^, [h^ fcahc`c_^ m__^ ]i[nm 

gimnfs cgjim_^ mo]b ^ilg[h]s. Tbcm cm ip_l]ig_ nblioab 

[]c^ m][lc`c][ncih (Cih]. H2SO4) [h^ bin q[n_l nl_[ng_hn. In 

[fmi mbiln_hm nb_ ch]_jncih j_lci^. Ufncg[n_fs, nb_m_ nl_[n-

g_hnm g[s \_ om_^ ni _hb[h]_ m__^ a_lgch[ncih mn[nom, 

f_[^cha ni nb_ ^_p_fijg_hn i` g[hs m__^fcham ch qcf^ b[\-

cn[nm ni gcnca[n_ iol ^_g[h^m. Ahinb_l [jjli[]b cm ni 

c^_hnc`s nb_ jf[hn mj_]c_m ch cnm m__^fcha jb[m_ \s cnm dop_-

hcf_ ]b[l[]n_lm. In acp_m nb_ jf[hn gil_ [nn_hncih ch nb_cl 

qcf^ b[\cn[n ni jlin_]n nb_g `lig b_l\cpil_m [h^ [^p_lm_ 

[hnblijia_hc] []ncpcnc_m. Si nb_m_ [l_ nb_ `locn`of `ch^cham 

nb[n g[s \_ om_^ ni _hb[h]_ nb_ A. paniculata jijof[ncih 

ch qcf^ b[\cn[nm.   

 

A]ehiqf_^a_g_hnm  

Tb_ [onbilm [l_ [fmi nb[he`of ni nb_ [onbilcnc_m i` Vc^s[m[-

a[l Uhcp_lmcns (VU) `il jlipc^cha nb_ h_]_mm[ls f[\il[nils 

[h^ fc\l[ls `[]cfcnc_m. Tb[hem [l_ [fmi ^o_ ni nb_ USIC m_]-

ncih, VU, [h^ Ml. Dcj[he[l M[h^[f `il gc]lim]ijs.   

 

Aonbilm’ ]ihnlc\oncihm  

AK ^c^ nb_ g[n_lc[f ]iff_]ncih, `c_f^ ^[n[ ]iff_]ncih 

(Cb[h^[hh[a[l fi][fcns, W_mn B_ha[f, Ih^c[) [h^ jli-

]_mmcha, f[\il[nils _rj_lcg_hnm, n[echa jbinial[jbm, `ca-

ol_ ^l[qcha [h^ qlcncha nb_ g[hom]lcjn. SB ]iff_]n_^ nb_ 

`c_f^ ^[n[ (Mc^h[jil_ fi][fcns, W_mn B_ha[f, Ih^c[) [h^ j_l-

`ilg_^ f[\il[nils _rj_lcg_hnm. UL ^c^ nb_ gc]lim]ijc] 

[h[fsmcm, mn[ncmnc][f [h[fsmcm [h^ g[hom]lcjn _^cncha. PK 

]ih]_cp_^ nb_ c^_[ [h^ ^_mcah_^ nb_ _rj_lcg_hn[f qile, 

g[hom]lcjn qlcncha, `ch[f _^cncha [h^ _h^ilm_g_hn. Aff [o-

nbilm l_[^ [h^ [jjlip_^ nb_ `ch[f g[hom]lcjn.   

 

Cigjfc[h]_ qcnb _nbc][f mn[h^[l^m  

Cih`fc]n i` chn_l_mn: Aonbilm ^i hin b[p_ [hs ]ih`fc]n i` 

chn_l_mnm ni ^_]f[l_.  

Enbc][f cmmo_m: Nih_. 
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