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A\str[]t   

Ih nb_ jl_m_hn mno^s, ch^if_-3-[]_nc] []c^ (IAA) jli^o]cha jf[hn aliqnb jli-

gincha `ohaom q[m cmif[n_^ `lig lc]_ `c_f^ i` Pol\[ B[l^b[g[h ^cmnlc]n, 

W_mn B_ha[f, Ih^c[. Agiha nb_ cmif[n_^ 6 mnl[chm, AP2 (Aspergillus fumigatus) 

q[m m_f_]n_^ [m \_mn-j_l`ilgcha jf[hn aliqnb jligincha `oha[f mnl[ch [m cn 

q[m [h _ffc]c_hn ch^if_-3-[]_nc] []c^ jli^o]_l [m q_ff [m _rbc\cnm ^cff_l_hn 

jf[hn aliqnb jligincha [\cfcns pct, jbimjb[n_ mifo\cfct[ncih, mc^_lijbil_ 

jli^o]ncih, [ggihc[ [h^ bs^lia_h ]s[hc^_ jli^o]ncih _n]. M_^c[ [h^ 

^cff_l_hn aliqnb ]ih^cncihm (jH, n_gj_l[nol_, ]ih]_hnl[ncih i` mi^cog 

]bfilc^_) q_l_ ijncgct_^ `il [oag_hn[ncih i` nb_ ch^if_-3-[]_nc] []c^ jli-

^o]ncih. Tb_ a_hom i` nb_ m_f_]n_^ cmif[n_ AP2 q[m c^_hnc`c_^ [m Aspergillus 

fumigatus \inb \s 18S lDNA m_ko_h]_-\[m_^ bigifias [h^ MALDI-TOF 

[h[fsm_m i` lc\imig[f jlin_ch. Pf[hn aliqnb jligincha [\cfcns i` Aspergillus 

fumigatus b[m \__h ]ih`clg_^ \s g_[molcha ^cff_l_hn giljbifiac][f [h^ 

\ci]b_gc][f aliqnb j[l[g_n_lm ch Trigonella foenum-graecum L. Si, AP2 

(Aspergillus fumigatus)  ][h \_ ]ihmc^_l_^ [m hip_f jf[hn aliqnb jligincha 

`oha[f mnl[ch nb[n ][h \_ [jjfc_^ [m \ci-chi]of[hnm ih [alc]ofnol[f `c_f^.  

 

K_ywir^s   

Aspergillus, IAA jli^o]cha `ohac, ch^if_-3-[]_nc] []c^, jf[hn aliqnb jligin-

cha `ohac 

 

Ihtri^u]tcih   

Niq-[-^[sm, j_mnc]c^_m [h^ ]b_gc][f `_lncfct_lm [l_ _r]_mmcp_fs om_^ ch ]lij 

jli^o]ncih (1). Afnbioab, nb_m_ ]b_gc][f `_lncfct_lm g[s ch]l_[m_ ]lij honlc-

_hn ch [^p_lm_ ]ih^cncih \on cn b[m g[hs h_a[ncp_ cgj[]n ch iol _hpclih-

g_hn (2). Cb_gc][f `_lncfct_l g[^_ oj i` jbimjb[n_, jin[mmcog, hcnl[n_ m[fnm 

[l_ jin_hnc[f miol]_ i` b_[ps g_n[fm [h^ l[^ci-[]ncp_ _f_g_hnm nb[n g[s 

[]]ogof[n_ ch micf [h^ g[s _hn_l chni jf[hn \i^s (2). Ih nbcm jichn, nb_l_ cm 

[h _rnl_g_ nblomn `il [h [fn_lh[ncp_ _]i-`lc_h^fs [h^ _hpclihg_hn[ffs mom-

n[ch[\f_ g_nbi^. A momn[ch[\f_ [alc]ofnol[f jl[]nc]_ mcahc`c][hnfs l_^o]_m 

nb_ om_ i` b[t[l^iom ]b_gc][f chjon ni nb_ [alc]ofnol[f `c_f^ ni _hmol_ jli-

n_]ncih i` nb_ _hpclihg_hn \on mbiof^ g[chn[ch nb_ honlc_hn ko[fcns i` ]lijm 

(1).  

 Coll_hn l_m_[l]b b[m `i]om_^ ih ^cff_l_hn micf \ilh_ jf[hn aliqnb 

jligincha gc]li\_m nb[n ][h \_ [ aii^ [fn_lh[ncp_ i` nb_ b[lg`of ]b_gc][f 

`_lncfct_lm (1). S_p_l[f lbctimjb_l_ `ohac jf[sm cgjiln[hn lif_ ch aliqnb [h^ 

jli^o]ncpcns i` bimn jf[hn (3). Dcff_l_hn `oha[f mn[chm nb[n chb[\cn ch lbcti-

mjb_l_ l_acih i` bimn jf[hnm [l_ [\f_ ni ch]l_[m_ nb_ jf[hn aliqnb [h^ 

jli^o]ncpcns ch p[lciom q[sm (4). Sig_ ]iggihfs l_jiln_^ jf[hn aliqnb 
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jligincha `ohac (PGPF) mnl[chm [l_ Fusarium, Trichoderma, 

Aspergillus, Pho-ma, Penicillium nb[n ][h ch]l_[m_m jf[hn 

aliqnb ch ]ihmc^_l[\f_ [giohn (5-7). Pf[hn aliqnb jli-

gincha `ohac ][h mifo\fct_ chmifo\f_ `ilg i` ^cff_l_hn ho-

nlc_hn fce_, jbimjb[n_, tch], jin[mmcog, mofjbol, clih nb[n 

mnil_^ ch nb_ micf [h^ g[e_ cn [p[cf[\f_ ni nb_ jf[hn \s jli-

^o]cha ila[hc] []c^ (4).  M[hs PGPF mnl[chm b[p_ l_jiln_^ 

ni jf[s cgjiln[hn lif_ ch jf[hn ^cm_[m_ g[h[a_g_hn pct, 

Aspergillus mj. l_^o]_ j[nbia_hc]cns i` jf[hn liin ehin 

h_g[ni^_ Meloidogyne incognita (8). Aj[ln `lig nb[n, 

PGPF mncgof[n_ jf[hn aliqnb \s m_]l_ncha m_]ih^[ls g_-

n[\ifcn_m fce_ bs^lia_h ]s[hc^_, [ggihc[ [h^ jf[hn bil-

gih_m, g[chfs ch^if_-3-[]_nc] []c^ (IAA) (9). IAA b[m [ 

al_[n lif_ ch ]_ff ^cpcmcihm, ]_ff _fiha[ncih, f[n_l[f liin `il-

g[ncih [h^ liin b[cl ^_p_fijg_hn nb[n b_fjm ch honlc_hn 

ojn[e_ (9). IAA jli^o]_^ \s `oha[f mnl[chm ][h \ocf^ oj 

cggoh_ l_mjihm_ i` jf[hn [h^ g[e_ nb_ jf[hn l_mcmn[hn 

[a[chmn j[nbia_hc] gc]li\_m (9, 10). Cihmc^_lcha nb_ hip_f 

[jjfc][ncihm i` PGPF ch jf[hn aliqnb, iol g[ch i\d_]ncp_ 

q[m ni m_[l]b mig_ jin_hn jf[hn aliqnb jligincha `oha[f 

mnl[chm [h^ ni ]b_]e nb_ jin_hnc[fcns i` cmif[n_^ `oha[f 

mnl[ch [m jf[hn aliqnb jligin_l mi nb[n cn ][h \_ om_^ [m [ 

jin_hn \ci`_lncfct_l ch ]lij `c_f^. Ool jl_m_hn qile ^_[fm 

qcnb cmif[ncih, m]l__hcha, ]b[l[]n_lct[ncih [h^ c^_hnc`c][-

ncih i` jf[hn aliqnb jligincha `oha[f mnl[ch `lig lc]_ `c_f^ 

i` Pol\[ B[l^b[g[h ^cmnlc]n ch W_mn B_ha[f, Ih^c[; qcnb 

mj_]c[f _gjb[mcm ih nb_cl IAA jli^o]ncih [\cfcns. Gliqnb 

jligincih ][j[]cns i` cmif[n_^ PGPF mnl[chm b[m \__h 

]b_]e_^ ih Trigonella foenum-graecum L.  

 

M[t_rc[fs [h^ M_tbi^s   

Ciff_]tcih i` rbczisjb_r_ sicf s[gjf_  

Rbctimjb_l_ micf m[gjf_ q[m ]iff_]n_^ `lig lc]_ `c_f^ i` 

Pol\[ B[l^b[g[h ^cmnlc]n (L[ncno^_- N 23°14’20.86”, Lihac-

no^_- E 87°51’45.743”). Tb_ lc]_ jf[hnm q_l_ ojliin_^ [h^ 

nb_ micf [nn[]b_^ ni nb_ liinm q[m mnil_^ ch mn_lcf_ jifs-

nb_h_ \[am.   

Cb[r[]t_rcz[tcih i` ]iff_]t_^ sicf s[gjf_ 

Pbsmc]i-]b_gc][f jlij_lnc_m i` ]iff_]n_^ lbctimjb_l_ micf 
q_l_ ]b_]e_^ omcha nb_ mn[h^[l^ g_nbi^ (11). Ola[hc] 

][l\ih, nin[f hcnlia_h, nin[f jbimjbilom, nin[f mofjbol [h^ 

m[fchcns, jH, _f_]nlc][f ]ih^o]ncpcns q[m _mncg[n_^.  

Isif[tcih i` jf[ht ariwtb jrigitcha `uhac (PGPF) 

Pin[ni ^_rnlim_ [a[l g_^c[ *Pin[ni_m; ch`omcih `lig-200 

a.L-1, D_rnlim_- 20 a.L-1, [a[l- 20 a.L-1, jH-6.5±0.2+ q[m om_^ 

ni i\n[ch jol_ ]ofnol_ \s ^cfoncih jf[n_ n_]bhcko_ (12). 0.5 

a i` ]iff_]n_^ micf q[m ^cfon_^ ni 10 gf i` ^cmncff_^ q[n_l ch 

[ n_mn no\_ qbc]b m_lp_^ [m mni]e mifoncih. 9 gf i` q[n_l 

q_l_ [^^_^ ni l_g[chcha 10 n_mn no\_m. 1 gf i` mni]e mifo-

ncih q[m nl[hm`_ll_^ ni 9 gf i` mn_lcfct_^ ^cmncff_^ q[n_l 

sc_f^_^ 10-1 ^cfoncihm [h^ nb_ m_lc_m ]ihncho_^ oj ni 10-

7^cfoncihm. Tb_h, nb_ jf[n_m q_l_ ch]o\[n_^ [n 30 °C `il 48 

bl. Aft_l nb_ ch]o\[ncih, `oha[f ]ifihc_m i` ^cmnch]n gil-

jbifias q_l_ m_f_]n_^ `il `olnb_l mno^s. 

Mirjbifiac][f ]b[r[]t_rcz[tcih i` csif[t_^ PGPF str[chs 

Cifihs `_[nol_m fce_ mb[j_, mol`[]_, ]ifiol [h^ g[lach 

q_l_ l_]il^_^ i` nb_ 3-^[s if^ ]ifihs.  

In vitro ]b[r[]t_rcz[tcih i` jf[ht ariwtb jrigitcha 

tr[cts 

Estimation of indole acetic acid production 

Foha[f mnl[chm q_l_ [ffiq_^ ni aliq ch jin[ni ^_rnlim_ 

\linb *Pin[ni_m ch`omcih-200 a.L-1, D_rnlim_- 20 a.L-1, jH-

6.5±0.2+ mojjf_g_hn_^ qcnb 0.5% L-nlsjnijb[h `il 96 bl. 

Aft_l nb[n, ]ofnol_m q_l_ ]_hnlc`oa_^ [n 6000 ljg `il 15 

gch. 3-4 ^lijm i` ilnbijbimjbilc] []c^ q[m [^^_^ ni 2 gL 

moj_lh[n[hn i` _[]b m[gjf_ [fiha qcnb 2 gf i` S[feiqmes 

l_[a_hn *1% 0.5 M F_Cf3 ch 35% j_l]bfilc] []c^+. Tb_h, nb_ 

l_[]ncih gcrnol_ q[m e_jn [n ^[le ]ih^cncih ch nb_ ch]o\[-

nil (27 °C ± 2 °C) `il 20 gch. Ajj_[l[h]_ i` jche ]ifiol ch-

^c][n_^ nb_ jli^o]ncih i` IAA [h^ nb_ [\mil\[h]_ i` _[]b 

m[gjf_ q[m l_]il^_^ [n 533 hg (13). Tb_ ]ih]_hnl[ncih i` 

IAA q[m _mncg[n_^ [a[chmn nb_ mn[h^[l^ ]olp_ i` IAA 

(Scag[ Af^lc]b).  

Nitrogen fixing ability of the fungal isolates 

Tb_ [\cfcns ni `cr [ngimjb_lc] hcnlia_h q[m n_mn_^ \s chi]-

of[ncha nb_ cmif[n_ ch nb_ Am\[s’m g[hhcnif [a[l g_^c[ 

*M[hhcnif-20 a.L-1, ^c-jin[mmcog jbimjb[n_-0.2 a.L-1, g[a-

h_mcog mofjb[n_-0.2 a.L-1, mi^cog ]bfilc^_-0.2 a.L-1, jin[m-

mcog mofjb[n_-0.1 a.L-1, ][f]cog ][l\ih[n_-5.0 a.L-1, [a[l-

20 a.L-1, `ch[f jH ([n 25 °C) 7.4±0.2+ \_][om_ Amb\s’m g[hhc-

nif [a[l g_^c[ cm ^_pic^ i` [hs l_[^s hcnlia_h miol]_. Imi-

f[n_m q_l_ [ffiq_^ ni ch]o\[n_ [n 27±2 ºC n_gj_l[nol_ `il 

96 bl. O]]oll_h]_ i` `oha[f ]ifihs ch^c][n_m cnm [\cfcns ni `cr 

[ngimjb_lc] hcnlia_h. 

Quantitative estimation of phosphate solubilization of 

insoluble calcium phosphate 

Tbcm q[m ^ih_ `iffiqcha [ggihcog-gifs\^[n_ g_nbi^ 

(14). 96 bl if^ `oha[f ]ofnol_ aliqh ch Pceipme[s[ \linb 

g_^c[ q[m om_^. Aft_l ]_hnlc`oa[ncih [n 6000 ljg `il 15 

gch, 1 gf i` ]ofnol_ `cfnl[n_ q[m n[e_h ion [h^ gcr_^ qcnb 

2.5 gf B[lnih’m l_[a_hn *mifoncih A: [ggihcog gifs\^[n_ 

(25 a) q[m ^cmmifp_^ ch 400 gf ^cmncff_^ q[n_l; Sifoncih B: 

[ggihcog g_n[p[h[^[n_ (1.25 a) ch 300 gf \icf ^cmncff_^ 

q[n_l [h^ ]iif_^ nb_h 250 gf ]ih]_hnl[n_^ HNO3 q[m 

[^^_^. Sifoncih A [h^ B q_l_ gcr_^ [h^ nb_ pifog_ q[m 

g[^_ oj ni 1000 gf qcnb ^cmncff_^ q[n_l+ [h^ pifog_ g[^_ 

oj ni 5 gf. Aft_l 20 gch, OD p[fo_ i` _[]b m[gjf_ q[m n[e-

_h [n 430 hg q[p_ f_hanb [h^ ]ih]_hnl[ncih i` mifo\cfct_^ 

jbimjb[n_ q_l_ ^_n_lgch_^ qcnb nb_ mn[h^[l^ ]olp_ i` 

KH2PO4. 

Hydrogen cyanide (HCN) production 

Pin[ni ^_rnlim_ [a[l g_^c[ *jin[ni_m; ch`omcih `lig -

200 a.L-1, ^_rnlim_- 20 a.L-1, [a[l- 20 a.L-1, jH-6.5±0.2+ 

mojjf_g_hn_^ qcnb 4.4 a.L -1 Gfs]ch_ q[m om_^ ni ^_-

n_lgch_ HCN jli^o]cha [\cfcns i` `oha[f cmif[n_m. Foh-

a[f mnl[chm q_l_ mnl_[e_^ chni nb_ jf[n_m [h^ Wb[n-

g[h hi.1 `cfn_l j[j_l q[m ^cjj_^ ch 2% mi^cog ][l-

\ih[n_ ch 0.5% jc]lc] []c^ mifoncih qbc]b q[m jf[]_^ 

[n nb_ chh_l mol`[]_ i` nb_ fc^ i` nb_ P_nlc ^cmb_m. 

Pf[n_m q_l_ ][l_`offs ]ip_l_^ qcnb j[l[`cfg [h^ ch]o-

\[n_^ [n 27±2 ºC `il 7 ^[sm. D_p_fijg_hn i` il[ha_ ni 

\liqh ]ifil ch nb_ `cfn_l j[j_l ch^c][n_^ nb[n nb_ cmi-

f[n_ b[p_ nb_ ][j[\cfcns ni jli^o]_ bs^lia_h ]s[hc^_ 

(15).  
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Ammonia production 

Foha[f cmif[n_m q_l_ chi]of[n_^ ch j_jnih_ q[n_l [h^ ch-

]o\[n_^ `il 96 bl [n 27±2 ºC, [ft_l nb[n, 0.5 gf i` N_mm_f_l 

l_[a_hn q[m [^^_^ ni 1 gf i` _[]b ]ofnol_. Tb_ ^_p_fij-

g_hn i` s_ffiq ni ^[le il[ha_ ]ifil ch^c][n_^ nb_ jimcncp_ 

l_mofn i` [ggihc[ jli^o]ncih (16). 

Siderophore production 

 Tb_ mc^_lijbil_ []ncpcns i` m_f_]n_^ cmif[n_m q[m ^_n_l-

gch_^ `iffiqcha nb_ Cblig_ Atol[f S (CAS) [a[l jf[n_ 

g_nbi^ (17). Ti jl_j[l_ 1 f i` \fo_ [a[l, mifoncih I *6.05 ga 

CAS q[m ^cmmifp_^ ch 5 gL i` ^cmncff_^ q[n_l [h^ gcr_^ 

qcnb 1 gf i` clih (III) mifoncih (1 gM F_Cf3, 6H2O ch 10 gM 

HCf) qcnb mncllcha. Tbcm mifoncih q[m mfiqfs [^^_^ ni 7.29 

ga HDTMA ^cmmifp_^ ch 4 gf q[n_l+ [h^ mifoncih II *90 gf 

CAAB g_^c[ (][m[gchi []c^- 5 a.L-1, K2HPO4-1.18 a.L-1, 

MaSO4.7H2O- 0.25 a.L-1, jH-5.6); q[m jl_j[l_^ [h^ 2a.90gL
-1 [a[l q[m [^^_^ [ft_l [^domng_hn i` nb_ jH i` CAAB g_^c-

og. 3.024 a PIPES \off_l jiq^_l q[m gcr_^ qcnb nb_ 90 gf 

g_^c[+. Sifoncih I [h^ II q_l_ [oni]f[p_^ m_j[l[n_fs. Aft_l 

nb[n, \inb mifoncihm q_l_ ]iif_^ ^iqh ni 50 °C [h^ mifo-

ncih I q[m [^^_^ [fiha nb_ af[mm q[ff i` nb_ Elf_hg_s_l’m 

`f[me qcnb _hioab [acn[ncih ni []bc_p_ gcrcha qcnbion nb_ 

a_h_l[ncih i` `i[g. Tb_h, `ch[ffs jl_j[l_^ \fo_-CAS a[l 

g_^c[ jiol_^ ch j_nlc^cmb_m g[chn[chcha nb_ pifog_ i` 25 

gf [h^ `oha[f mnl[chm q_l_ chi]of[n_^ ch nb_ j_nlc^cmb. Sc-

^_lijbil_ jli^o]ncih q[m ko[hncn[ncp_fs _mncg[n_^ \s nb_ 

CAS-mbonnf_ [mm[s i` Psh_ (18). Tb_ j_l]_hn[a_ i` mc^_li-

jbil_ jli^o]ncih q[m ][f]of[n_^ \s nb_ `iffiqcha `ilgof[: 

% i` mc^_lijbil_ jli^o]ncih =  

Wb_l_, Al = [\mil\[h]_ i` l_`_l_h]_ (\f[he gchcg[f g_^c[ 

+ CAS [mm[s mifoncih) [h^ Am = [\mil\[h]_ i` m[gjf_. 

Exo-polysaccharide (EPS) production 

EPS jli^o]ncih q[m _mncg[n_^ `iffiqcha jb_hif mofjbolc] 

[]c^ g_nbi^ (19). Foha[f cmif[n_m q_l_ chi]of[n_^ ch jin[-

ni ^_rnlim_ \linb *jin[ni_m ch`omcih `lig-200 a.L-1, ^_r-

nlim_- 20 a.L-1, jH-6.5±0.2+, [ft_l ch]o\[ncih i` 96 bl, ]of-

nol_m q_l_ ]_hnlc`oa_^ [n 6000 ljg `il 15 gch. Tb_h, nb_ 

moj_lh[n[hn q_l_ [a[ch l_momj_h^_^ qcnb 3 gf i` A]_nih_ 

[h^ l_-]_hnlc`oa_^, nbcm jli]_mm q_l_ l_j_[n_^ `il 3 ncg_m. 

Aft_l nb[n, moj_lh[n[hn q[m momj_h^_^ qcnb ^cmncff_^ q[-

n_l. 1 gf i` 5% [ko_iom jb_hif q[m [^^_^ ni 1 gf i` nbcm 

momj_hmcih [fiha qcnb 5 gf ]ih]_hnl[n_^ H2SO4 [h^ e_jn 

`il 15 gch. D_p_fijg_hn i` il[ha_ l_^ ]ifiol ch^c][n_m nb_ 

jl_m_h]_ i` _ri-jifsm[]]b[lc^_m. OD p[fo_ q[m g_[mol_^ 

[n 490 hg q[p_ f_hanb [h^ ]ih]_hnl[ncih q[m ^_n_lgch_^ 

omcha nb_ mn[h^[l^ ]olp_ i` afo]im_. 

S_f_]tcih i` \_st-j_r`irgcha PGPF str[ch  

Cihmc^_lcha nb_ [\ip_ j_l`ilg_^ n_mn, ih_ \_mn-

j_l`ilgcha `oha[f mnl[ch b[m \__h m_f_]n_^ [h^ `olnb_l 

_rj_lcg_hnm ][llc_^ ion qcnb nb[n \_mn PGPF mnl[ch ihfs.  

Dcff_r_ht j[r[g_t_r ch`fu_h]cha IAA jri^u]cha [\cfcty 

IAA production with growth pattern of the selected iso-

late 

Gliqnb ]olp_ i` nb_ m_f_]n_^ cmif[n_ q[m jl_j[l_^ \s n[e-

cha nb_ ^ls q_cabn i` \cig[mm ch 2 ^[s chn_lp[f oj ni 10 

^[sm. IAA jli^o]ncih q[m g_[mol_^ (13) mcgofn[h_iomfs 

qcnb nb_ ^ls q_cabn i` \cig[mm ]ihn_hn i` nb_ m_f_]n_^ 

\_mn-j_l`ilgcha PGPF mnl[ch ni mno^s nb_ ]b[ha_m ch IAA 

jli^o]ncih ch l_f[ncih ni cnm aliqnb j[nn_lh. 

IAA production with different L-Tryptophan concentra-

tion 

Foha[f cmif[n_ q[m chi]of[n_^ ni jin[ni ^_rnlim_ \linb 

*jin[ni_m; ch`omcih `lig-200 a.L-1, ^_rnlim_ - 20 a.L-1, jH-

6.5±0.2+ mojjf_g_hn_^ qcnb ^cff_l_hn ]ih]_hnl[ncih i` L-

nlsjnijb[h (0.5%, 1%, 1.5%, [h^ 2%) [h^ IAA q[m g_[m-

ol_^ ch _[]b m[gjf_ i` 8 ^[s ]ofnol_ (13).  

Media optimization influencing IAA producing ability of 

the selected PGPF strain 

Ti ijncgct_ nb_ ][l\ih miol]_ i` nb_ g_^c[ `il bcab_mn 
jli^o]ncih i` IAA, ^cff_l_hn moa[lm i` gihim[]]b[lc^_ 

(afo]im_, a[f[]nim_, [l[\chim_ [h^ `lo]nim_) ^cm[]]b[lc^_ 

(f[]nim_, mo]lim_, g[fnim_) [h^ jifsm[]]b[lc^_ (]_ffofim_ 

[h^ mn[l]b) q_l_ om_^ ch Ct[j_r Dir \linb g_^c[. Aff moa-

[lm q_l_ acp_h [n 3% ]ih]_hnl[ncih ch Ct[j_r Dir g_^c[. 

Fil, `olnb_lgil_ ijncgct[ncih i` nb_ gimn mocn[\f_ ][l\ih 

miol]_, afo]im_ q[m mojjf_g_hn_^ qcnb 0.5%-3% ]ih]_h-

nl[ncih ch nb_ Ct[j_r Dir \linb g_^c[. S[g_ [m nb[n, `il 

nb_ m_f_]ncih i` nb_ \_mn hcnlia_h miol]_ ni a_n bcab_mn 

[giohn i` IAA, ^cff_l_hn hcnlia_h miol]_ q_l_ om_^ 

(j_jnih_, [mj[l[ach_, afs]ch_, L-afon[gc] []c^, [ggihcog 

mofjb[n_, mi^cog hcnl[n_ [h^ jin[mmcog hcnl[n_) ch 0.2% 

]ih]_hnl[ncih chmn_[^ i` mi^cog hcnl[n_. Aa[ch j_jnih_ 

q[m mojjf_g_hn_^ qcnb 0.2% ni 1% ]ih]_hnl[ncih ch nb_ 

g_^c[ [m j_jnih_ q[m `ioh^ ni \_ nb_ gimn mocn[\f_ hcnli-

a_h miol]_. IAA q[m g_[mol_^ ch _[]b ]ih^cncih `iffiqcha 

nb_ mn[h^[l^ g_nbi^ (13). 

Optimization of growth parameter of the selected strain 

Tb_ m_f_]n_^ \_mn-j_l`ilgcha `oha[f mnl[ch q[m [ffiq_^ ni 

aliq ch ^cff_l_hn jH (4-8) [h^ n_gj_l[nol_ (4 °C, 20 °C, 25 °

C, 30 °C, 37 °C, 50 °C) [h^ ch ^cff_l_hn N[Cf ]ih]_hnl[ncihm 

(2%, 4%, 6%, 8%, 10%) ni ijncgct_ nb_ aliqnb j[l[g_n_l 

[h^ mcgofn[h_iomfs jli^o]ncih i` IAA \s nb_ m_f_]n_^ 

mnl[ch q[m [fmi ]b_]e_^. 

I^_htc`c][tcih i` tb_ s_f_]t_^ \_st-j_r`irgcha str[ch 

18S rDNA sequencing 

Tb_ m_f_]n_^ `oha[f mnl[ch q[m c^_hnc`c_^ omcha 18S lDNA 

m_ko_h]cha g_nbi^. Sn[h^[l^ jb_hif/]bfili`ilg _rnl[]-

ncih g_nbi^ (20) q[m om_^ ni cmif[n_ a_higc] DNA, `if-

fiq_^ \s PCR [gjfc`c][ncih i` nb_ 18S lRNA a_h_ omcha 

ohcp_lm[f jlcg_lm 16F27 *5'-CCAGAGTTT GATCMTGGCTCAG

-3'+ [h^ 16R1492 *5'-TACGGYTACCTTGTTACGACTT-3'+. Tb_ 

[gjfc`c_^ 18S lRNA a_h_ PCR jli^o]n q[m jolc`c_^ \s PEG-

N[Cf jl_]cjcn[ncih [h^ ^cl_]nfs m_ko_h]_^ ih [h ABI® 

3730XL [onig[n_^ DNA m_ko_h]_l. S_ko_h]cha q[m ][l-

lc_^ ion `lig \inb _h^m omcha [^^cncih[f chn_lh[f jlcg_lm 

mi nb[n _[]b jimcncih q[m l_[^ [n f_[mn nqc]_. Amm_g\fs 

q[m ][llc_^ ion omcha L[m_l a_h_ j[]e[a_ `iffiq_^ \s 

c^_hnc`c][ncih omcha nb_ NCBI ^[n[\[m_. Joe_m [h^ C[hnil’m 

g_nbi^m q[m om_^ `il ]ihmnlo]ncha jbsfia_h_nc] nl__ ch 

MEGA X miftq[l_. Tb_ mcahc`c][h]_ i` \l[h]b jichn q[m 

][f]of[n_^ \s 1000 \iimnl[j l_m[gjfcham i` nb_ ^[n[ (21). 

Tbcm mnl[ch q[m m_hn ni N[ncih[f C_hnl_ `il Mc]li\c[f R_-

miol]_ (NCMR), Poh_ `il a_h_l[f ^_jimcncih.  
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MALDI-TOF analysis 

MALDI - TOF [h[fsmcm q[m ^ih_ `iffiqcha nb_ mn[h^[l^ 

g_nbi^ (22). Tb_ mj_]nl[ q_l_ ][fc\l[n_^ _rn_lh[ffs omcha 

nb_ mn[h^[l^ ][fc\l[ncih gcrnol_ (Escherichia coli _rnl[]nm 

ch]fo^cha nb_ [^^cncih[f jlin_chm RN[m_ A [h^ gsiafi\ch , 

[]]il^cha ni nb_ chmnlo]ncih g[ho[f i` Bloe_l D[fnihce 

Gg\H, G_lg[hs).MALDI Bcinsj_l 3.1 (Bloe_l D[fnihce 

Gg\H, G_lg[hs) [h^ Ff_rAh[fsmcm p_lmcih 3.4 (Bloe_l  D[f-

nihce Gg\H, G_lg[hs) miftq[l_ q[m om_^ `il mnl[ch c^_hnc-

`c][ncih. Tb_ mnl[ch mbiqcha ≥1.7 fia p[fo_ qcnb mnl[ch ch 

^[n[\[m_ q_l_ ]ih`clg_^ [m nb_ g_g\_l i` nb[n a_hom 

[h^ mnl[chm mbiqcha ≥2.0 fia p[fo_m q_l_ ]ih`clg_^ [m nb_ 

g_g\_l i` nb[n mj_]c_m.  

Pf[ht ariwtb jrigitcha [ss[y ih F_huar__e (Trigonella 

foenum-graecum L.) uscha tb_ s_f_]t_^  

M[nol_ F_hoal__e (Trigonella foenum-graecum L.) m__^m 

q_l_ mol`[]_ mn_lcfct_^ qcnb 1.5% mi^cog bsji]bfilcn_ 

(N[OCf) `il 10 gch, `iffiq_^ \s mo]]_mmcp_ q[mbcha qcnb 

mn_lcf_ ^cmncff_^ q[n_l [h^ nb_h nb_ q[n_l q[m ^_][hn_^. 

Tb_ m__^m q_l_ nb_h e_jn ih mn_lcfct_^ gicmn \finncha j[-

j_l [h^ ch]o\[n_^ ch ^[le [n 25±2 °C `il 2 ^[sm [h^ nb_h 

nbim_ [l_ nl[hm`_ll_^ ch [ aliqnb liig *RH- 70-80%, n_gj. 

27 °C ±2 °C, cffogch[ncih 270 gE g-2 m-1 (`il 12 bl)+. 5 gf i` 

]ihc^c[f momj_hmcih [n [ ]_ff ^_hmcns i` 1 × 108 mjil_.gL-1 i` 

AP2 (Aspergillus fumigatus) [h^ PS1 q[m m_j[l[n_fs [^^_^ 

ch nqi m_nm i` j_nlc^cmb (nl_[n_^ m_n). Tb_h, nb_ chi]of[n_^ 

m__^m q_l_ jf[]_^ ch lin[ls mb[e_l `il 6 bl [n 27 °C ±2 °C ni 

`[]cfcn[n_ nb_ j_h_nl[ncih i` ch^o]_l chmc^_ nb_ nl_[n_^ 

m__^m. Nih-chi]of[n_^ m__^m q_l_ nl_[n_^ qcnb mn_lcf_ ^cm-

ncff_^ q[n_l.  

S_p_l[f jf[hn aliqnb j[l[g_n_lm fce_, a_lgch[-
ncih j_l]_hn[a_, ^ls q_cabn [h^ `l_mb q_cabn i` nb_ m__^-

fcha, liin [h^ mbiin f_hanb, [giohn i` ]bfilijbsff q_l_ 

g_[mol_^ ch 15 ^[sm m__^fcha ch _[]b m_n. 

G_lgch[ncih j_l]_hn[a_ (GP) q[m ][f]of[n_^ `iffiqcha nbcm 
`ilgof[:  

Fil _rnl[]ncih i` ]bfilijbsff, 2a i` `l_mb f_[` ncmmo_ q[m 

n[e_h `lig _[]b m_n [h^ alioh^ qcnb 80% []_nih_ [h^ 

nb_h ]_hnlc`oa_^ [n 10000 ljg `il 10 gch, nbcm jli]_mm q[m 

l_j_[n_^ `il 3 ncg_m ohncf nb_ jl_]cjcn[n_ \_]ig_ ]ifiol-

f_mm. Tb_h, 3gf i` moj_lh[n[hn q[m n[e_h ion [h^ [\mil\-

[h]_ q[m n[e_h [a[chmn []_nih_ [n 645 hg [h^ 663 hg 

(23). Tb_ [giohn i` ]bfilijbsff [, ]bfilijbsff \ [h^ nin[f 

]bfilijbsff q[m ][f]of[n_^ \s nbcm `ilgof[:  

Tin[f Cbfilijbsff (ga.a-1 F.W):  

Cbfilijbsff [ (ga.a-1 F.W):  

Cbfilijbsff \ (ga.a-1 F.W):  

Estimation of IAA, total sugar and total protein of the 

seedling 

Fil _rnl[]ncih, 1 a i` m__^fcha `lig _[]b m_n q[m bigia_-

hct_^ ch 10 gM c]_-]if^ 50 gM N[-jbimjb[n_ \off_l (jH-

6.8±0.2) ]ihn[chcha 0.1 gM EDTA, 0.1 gM jb_hsfg_-

nb[h_mof`ihsf `foilc^_ (PMSF) [h^ 1% jifspchsfjifsjsllif-

c^ih_ jbimjb[n_ (PVPP). Aft_l ]_hnlc`oa[ncih [n 10000 ljg 

`il 15 gch, ]ih]_hnl[ncih i` IAA [h^ nin[f moa[l q_l_ _mnc-

g[n_^ \s nb_ mn[h^[l^ g_nbi^ (13, 19). Tin[f jlin_ch ]ih-

n_hn q[m g_[mol_^ (24). Tb_h, 5 gf i` Bl[^`il^ l_[a_hn 

q[m [^^_^ ni 0.1 gf i` moj_lh[n[hn. D_p_fijg_hn i` \fo_ 

]ifiol i]]olm [h^ OD n[e_h [n 595 hg. Khiqh ko[hncns i` 

Bipch_ m_log [f\ogch q[m om_^ ni jl_j[l_ mn[h^[l^ ]olp_ 

i` jlin_ch.  

St[tcstc][f [h[fyscs 

Aff ^[n[ jl_m_hn_^ ch nb_ l_mofn q_l_ nb_ g_[hm i` 3 l_jfc-

][n_m. Aff nb_ g_[hm q[m [h[fst_^ \s mchaf_ q[s ANOVA 

[h^ ]igj[l_^ [n 5% mcahc`c][h]_ f_p_f. 

 

R_sufts  

Isif[tcih [h^ s]r__hcha i` PGPF 

Scr `oha[f ]ifihc_m (AP1, AP2, PS1, PS2, PS3 [h^ PS4) qcnb 

^cmnch]n giljbifias q_l_ i\n[ch_^ `lig nb_ lbctimjb_l_ 

micf i` lc]_ jf[hn. Tb_ jbsmc]i-]b_gc][f ]b[l[]n_lm i` micf 

ch^c][n_ nb_ micf q[m mfcabnfs m[fch_ [h^ h_onl[f (T[\f_ 1). 

Miljbifiac][f ]ifihs ]b[l[]n_lcmnc]m i` 6 cmif[n_^ `oha[f 

]ifihc_m q_l_ l_]il^_^ (T[\f_ 2). Dcff_l_hn jf[hn aliqnb 

jligincha nl[cnm fce_ mifo\cfcm[ncih i` jbimjb[n_, IAA jli-

^o]ncih, N2 `cr[ncih, NH3 [h^ HCN jli^o]ncih, mc^_lijbil_ 

jli^o]ncih q_l_ n_mn_^ ch nb_ mcr cmif[n_^ mnl[chm (T[\f_ 3). 

AP2 (Aspergillus fumigatus) q[m `ioh^ ni jli^o]_ [ ]ijc-

iom [giohn i` IAA `iffiq_^ \s PS1 [h^ AP1 (Fca. 1A). AP2 

(Aspergillus fumigatus) mifo\cfct_ nb_ chmifo\f_ ][f]cog 

jbimjb[n_ i` Pceipme[s[ g_^c[ gimn _ffc]c_hnfs `iffiq_^ 

\s PS1 (Fca. 1B). Sc^_lijbil_ [h^ jifsm[]]b[lc^_ jli^o]-

ncih i` AP2 (Aspergillus fumigatus) [h^ PS3 q[m bcab_mn 

]igj[l_^ ni inb_l `iol cmif[n_m (Fca. 1C, 1D). AP2 

(Aspergillus fumigatus) q[m m_f_]n_^ [m \_mn PGPF mnl[ch [m 

cn mbiq_^ \_mn l_mofn ch [ff [\ip_ g_hncih_^ jf[hn aliqnb 

jligincha nl[cnm (T[\f_ 3).  

P[r[g_t_r ch`fu_h]cha IAA jri^u]tcih i` AP2 

(Aspergillus fumigatus) 

Wb_h gihcnilcha IAA jli^o]ncih [\cfcns qcnb ^ls q_cabn i` 

AP2 (Aspergillus fumigatus), cn q[m `ioh^ nb[n nb_ IAA jli-

^o]ncih [ft_l [ fcnnf_ f[a jb[m_ ch]l_[m_^ mcgofn[h_iomfs 

qcnb nb_ \cig[mm ]ihn_hn i` AP2 (Aspergillus fumigatus) 

Cb[l[]n_lm Sicf m[gjf_ 

Ef_]nlc][f ]ih^o]ncpcns (^S.g-1) 0.045 

jH 7.3 

Ola[hc] ][l\ih (%) 0.68 

Tin[f hcnlia_h (µa. a-1  ^ls q_cabn) 0.74 

Tin[f jbimjbilom (µa. a-1  ^ls 

q_cabn) 

0.48 

Tin[f mofjb[n_ (ga. a-1 ^ls q_cabn) 0.65 

T[\f_ 1. Pbsmci-]b_gc][f jlij_lnc_m i` nb_ micf. 
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ojni 8nb ^[s. Ih nb_ 8nb ^[s, \cig[mm_m [m q_ff [m [giohn i` 

IAA jli^o]ncih q_l_ bcab_mn, [h^ nb_h \inb mn[ln_^ ni ^_]fch_ 

(Fca. 2). In b[m \__h m__h nb[n, qbcf_ ^_[fcha qcnb nb_ g_^c[ 

ijncgct[ncih `il IAA jli^o]ncih, AP2 (Aspergillus fumigatus)  

Fca. 1. Dcff_l_hn jf[hn aliqnb [\cfcns i` mcr cmif[n_m *(A) IAA jli^o]ncih; (B) Sifo\cfcm[ncih i` chmifo\f_ jbimjb[n_; (C) Sc^_lijbil_ jli^o]ncih; (D) EPS jli^o]-
ncih+. Dcff_l_hn f_nn_lm ch^c][n_ mn[ncmnc][ffs mcahc`c][hn ^cff_l_h]_m \_nq__h aliojm (M_[h ± SD, h=3, ih_ q[s ANOVA, p < 0.05). 

Foha[f 

cmif[n_m 

Ncnlia_h 

`crcha 
[\cfcns 

Aggihc[ 

jli^o]ncih 

HCN jli-

^o]ncih 

EPS jli-

^o]ncih 

AP1 N P N P 

AP2 P P P P 

PS1 N P N P 

PS2 N N N N 

PS3 P P N N 

PS4 N P P N 

T[\f_ 3. Pf[hn aliqnb jligincha nl[cnm mbiqh \s `oha[f cmif[n_m. 

Foha[f 

mnl[chm 

Sb[j_ Sol`[]_ M[lach Cifiol 

AP1 Rioh^ Sgiinb Sgiinb D__j 

\liqh 
AP2 Rioh^ Rioab W[ps Gl__h 

PS1 Ill_aof[l Sgiinb W[ps R_^^cmb-

\liqh 

PS2 Rioh^ Rioab W[ps Lcabn 

Gl__h 

PS3 Rioh^ Sgiinb Sgiinb Wbcn_ 

PS4 Ill_aof[l Sgiinb Sgiinb R_^^cmb-

\liqh 

T[\f_ 2. Cifihs ]b[l[]n_lcmnc]m i` nb_ `oha[f cmif[n_m.  

(A) 

Fca. 2. Gliqnb ]olp_ i` m_f_]n_^ AP2 mnl[ch (Aspergillus fumigatus) [h  ̂Ih^if_
-3-[]_nc] []c^ (IAA) jli^o]ncih (µa.gf-1) \s nb_ m[g_ oj ni 12 ^[sm ch 2-^[s 
chn_lp[f. Dcff_l_hn f_nn_lm ch^c][n_ mn[ncmnc][ffs mcahc`c][hn ^cff_l_h]_m \_nq__h 
aliojm (M_[h ± SD, h=3, ih_ q[s ANOVA, p < 0.05). 

 ( *‘P’ ch^c][n_m jimcncp_ l_mofn;‘N’ ch^c][n_m h_a[ncp_ l_mofn) 
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om_^ afo]im_ [m ][l\ih miol]_ gimn _ffc]c_hnfs `iffiq_^ \s 

[l[\chim_; j_jnih_ q[m `ioh^ ni \_ [m \_mn hcnlia_h 

miol]_ `il jli^o]ncih i` IAA (Fca. 3A-B). Tb_ jli^o]ncih i` 

IAA q[m gil_ ch 1% afo]im_ [h^ 0.5% j_jnih_ mojjf_-

g_hn_^ g_^c[ (Fca. 4A-B).  

Ojtcgczcha ariwtb j[r[g_t_r i` AP2 (Aspergillus fumiga-

tus) 

IAA jli^o]ncih q[m []]_f_l[n_^ qcnb ch]l_[mcha cnm jl_]ol-
mil L-nlsjnijb[h ]ih]_hnl[ncih [h^ nb_ jli^o]ncih i` ch-

^if_ []_nc] []c^ q[m bcab_mn omcha 1.5% ]ih]_hnl[ncih i` L-

nlsjnijb[h, \on [\ip_ nbcm ]ih]_hnl[ncih i` L-nlsjnijb[h, 

nb_ jli^o]ncih i` IAA mn[ln_^ ni ^_]l_[m_^ (Fca. 

5A).Ojncgog n_gj_l[nol_ `il AP2 (Aspergillus fumigatus)

aliqnb q[m 25 °C nbioab cn ][h aliq ch n_gj_l[nol_ l[ha_ 

i` 20 °C ni 30 °C. (Fca. 5B). AP2 (Aspergillus fumigatus) b[^ 

jH nif_l[h]_ l[ha_ i` 4-8, \on jH 7 q[m ijncgog `il cnm 

aliqnb (Fca. 5C). AP2 ][h nif_l[n_ N[Cf ojni ]ih]_hnl[ncih 

i` 6%, [ft_l qbc]b AP2 (Aspergillus fumigatus) `[cf_^ ni 

aliq `olnb_l (Fca. 5D). IAA jli^o]ncih q[m ^_]l_[mcha qcnb 

nb_ ch]l_[mcha ]ih]_hnl[ncih i` N[Cf. Ih 2% N[Cf ]ih]_h-

nl[ncih, IAA jli^o]ncih q[m mig_qb[n mcgcf[l ni ]ihnlif 

m_n, [ft_l nb[n jli^o]ncih q[m mb[ljfs ^_]fch_^ (Fca. 5D). 

I^_htc`c][tcih [h^ jbyfia_h_tc] [h[fys_s i` AP2 [s [h 

Aspergillus sj.                                  

Mc]lim]ijc] pc_q i` `oha[f cmif[n_ AP2 (Fca. 6A) mbiq_^ 

_hncl_, mgiinb, bs[fch_ bsjb[_ qcnb ]ihc^cijbil_ (qc^nb 

3.8-5.6 μg), lioh^ p_mc]f_ (l[^com 10.4-13.41 μg) [h^ jbc-

[fc^_ (f_hanb 2.88-7.1μg); Cihc^c[ q_l_ lioh^, mgiinb qcnb 

l[^com 0.98-1.31μg l_m_g\fcha nb_ a_hom Aspergillus. S][h-

hcha _f_]nlih gc]lim]ijs i` AP2 q[m mbiqh ch Fca. 6B-C. 

Tb_ gif_]of[l ]b[l[]n_lcmnc]m i` AP2 q_l_ acp_h ch T[\f_ 4. 

Tb_ f_hanb i` 18S lDNA m_ko_h]_ i` nb_ AP2 mnl[ch cm 756 

ho]f_inc^_ \j. Tb_ 756 \j ho]f_inc^_ q_l_ ]igj[l_^ ni 

l_]il^_^ ^[n[ ch nb_ ho]f_inc^_ \[he mbiq_^ nb_ ]fim_mn 

h_cab\iol i` nb_ AP2 mnl[ch q[m Aspergillus fumigatus ATCC 

1022 (NR_121481.1) b[pcha 99% m_ko_h]_ mcgcf[lcns. MALDI

-TOF [h[fsmcm i` lc\imig[f jlin_ch ch^c][n_^ nb[n nb_ mnl[ch 

AP2 \_fiham ni nb_ a_hom Aspergillus mj. (Fca. 7A) [m cn 

mbiq_^ fia p[fo_ [\ip_ 1.7 ]ih`clgcha cnm a_hom c^_hncns [m 

Aspergillus mj. 18S lDNA m_ko_h]_ `lig nsj_ mnl[chm i` [ff 

Aspergillus mj. qcnb gil_ nb[h 98% m_ko_h]_ mcgcf[lcns q[m 

om_^ ni ][llc_^ ion jbsfia_h_nc] [h[fsmcm [h^ cn b[m \__h 

ch^c][n_^ nb_ jimcncih i` AP2 qcnbch nb_ a_hom Aspergillus. 

(Fca. 7B). AP2 ch nb_ jbsfia_h_nc] nl__ `ilg_^ [ ]f[^_ qcnbch 

nb_ ]fomn_l l_jl_m_hn_^ \s Aspergillus fumigatus 

(HQ026746) [h^ Aspergillus fumigatus (KR023997). Tb_ 

mnl[ch AP2 mbiq_^ 100% m_ko_h]_ mcgcf[lcns ni Aspergillus 

fumigatus (MT297633), Aspergillus fumigatus (KR023997 ), 

Aspergillus mj.(KF367498) [h^ Aspergillus fumigatus 

(HQ026746) `iffiq_^ \s 99.86% m_ko_h]_ mcgcf[lcns ni As-

pergillus mj. (MG674824) and Aspergillus fumigatus. 

(MK439477). Tb_ mnl[ch AP2 q[m ^_jimcn_^ ch Mc]li\c[f Cof-

nol_ C_hnl_ (MCC) qcnb nb_ []]_mmcih hog\_l MCC 1721.  

A B 

Fca. 3. M_^c[ ijncgct[ncih i` AP2 (Aspergillus fumigatus) `il IAA jli^o]ncih *(A) qcnb ^cff_l_hn ][l\ih miol]_m; (B) qcnb ^cff_l_hn hcnlia_h miol]_m+. Dcff_l_hn 
f_nn_lm ch^c][n_ mn[ncmnc][ffs mcahc`c][hn ^cff_l_h]_m \_nq__h aliojm (M_[h ± SD, h=3, ih_ q[s ANOVA, p < 0.05). 

Fca. 4. Ojncgct[ncih i` m_f_]n_^ ][l\ih [h^ hcnlia_h miol]_ j_l]_hn[a_ `il IAA jli^o]ncih *(A) j_l]_hn[a_ i` afo]im_ ch g_^c[; (B) j_l]_hn[a_ i` j_jnih_ ch 
g_^c[+. Dcff_l_hn f_nn_lm ch^c][n_ mn[ncmnc][ffs mcahc`c][hn ^cff_l_h]_m \_nq__h aliojm (M_[h ± SD, h=3, ih_ q[s ANOVA, p < 0.05). 

A B 
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R_sjihs_ i  ̀T. foenum-graecum L. s__ f̂cha [ t̀_r chi]uf[tcih wctb 

AP2 (Aspergillus fumigatus) str[ch ]igj[r_  ̂ti hih-chi]uf[t_̂  [h  ̂

PS1-chi]uf[t_  ̂s__ f̂chas 

Tb_ chi]of[ncih i  ̀AP2 (Aspergillus fumigatus) ih F_hoal__e m__ f̂cha 
mbiq_  ̂m[ncm`[]nils jligincih ch n_lgm i  ̀jf[hn aliqnb ]igj[l_  ̂ni 

hih-chi]of[n_  ̂[h  ̂PS1-chi]of[n_  ̂m__ f̂cham. Tb_ a_lgch[ncih j_l-

]_hn[a_, giljbifiac][f j[l[g_n_l i  ̀liin (liin ̀ l_mb q_cabn, liin ̂ ls 

q_cabn, liin f_hanb), mbiin giljbifiac][f j[l[g_n_lm (mbiin l̀_mb 

q_cabn, mbiin l̂s q_cabn, mbiin f_hanb) [h  ̂ ]bfilijbsff ]ihn_hn 

mbiq_  ̂bcab_mn l_mofn ch Aspergillus fumigatus (AP2)-chi]of[n_  ̂m__ -̂

fcha `iffiq_  ̂\s nb_ m__ f̂cham nl_[n_  ̂qcnb PS1 mnl[ch, mogg[lct_  ̂ch 

Fca. 8A-D. Ih ][m_ i  ̀IAA, nin[f moa[l [h  ̂nin[f jlin_ch ]ihn_hn, [ff j[-

l[g_n_lm [l_ ch]l_[m_^ ch m__^fcham nb[n q_l_ nl_[n_^ qcnb 

m_f_]n_^ AP2 mnl[ch (Aspergillus fumigatus) [h^ PS1 mnl[ch 

]igj[l_^ ni ]ihnlif m_n, \on AP2-nl_[n_^ m__^fcha a[p_ 

gimn jligcmcha l_mofn (Fca. 9A-C).  

Fca. 5. Eff_]n i` ^cff_l_hn `[]nilm ih aliqnb [h^ IAA jli^o]ncih i` AP2 cmif[n_ (Aspergillus fumigatus)  *(A) Eff_]n i` ^cff_l_hn L-nlsjnijb[h ]ih]_hnl[ncih; (B) 
Eff_]n i` n_gj_l[nol_; (C) Eff_]n i` jH; (D) Eff_]n i` N[Cf+. Dcff_l_hn f_nn_lm ch^c][n_ mn[ncmnc][ffs mcahc`c][hn ^cff_l_h]_m \_nq__h aliojm (M_[h ± SD, h=3, ih_ q[s 
ANOVA, p < 0.05). 

(A) (C) 

Mif_]of[l ]b[l[]n_lcmnc]m i`  AP2 mnl[ch 
MALDI-TOF [h[fsmcm i` lc\imig[f jlin_ch Mif_]of[l c^_hnc`c][ncih \s 18S lDNA 

I^_hnc`c][ncih i` 

nb_ mnl[ch (\_mn 
g[n]b) 

MALDI m]il_ i` 

nb_ mnl[ch 
(m_]ih^ g[n]b) 

I^_hnc`c][ncih i` 

nb_ mnl[ch (m_]ih^ 
g[n]b) 

MALDI m]il_ i` 

nb_ mnl[ch 
(m_]ih^ g[n]b) 

Cfim_mn mcgcf[lc-

ns *EtT[rih m_k. 
[]]. hi.+ 

P[clqcm_ mcgc-

f[lcns 
(%) 

Snl[ch 

m_ko_h]_ 
[]]_mmcih 

  
  

  
Aspergillus fu-

migatus 45_II VML 
  

  

1.753 

Aspergillus fu-

migatus 43_d VML 

  

1.726 

Aspergillus fu-

migatus 
ATCC1022 

  

  

  
99 

  

  

  
MCC 1721 

T[\f_ 4. Mif_]of[l ]b[l[]n_lcmnc]m i` AP2. 
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A 

B C 

Fca. 6. Miljbifiac][f ]b[l[]n_lcmnc]m i` AP2 (Aspergillus fumigatus) *(A) fcabn gc]lim]ijc] pc_q; (B) S][hhcha _f_]nlih gc]lim]ijc] pc_q i` bsjb[_ qcnb ]ih^ci-
jbil_; (C) m][hhcha _f_]nlih gc]lim]ijc] pc_q i` ]ih^c[+. 

(A) 
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Fca. 7. (A) MALDI-TOF mj_]nl[ [h[fsmcm i` nb_ lc\imig[f jlin_ch i` AP2 (Aspergillus fumigatus). (B) M[rcgog Lce_fcbii^ jbsfia_h_nc] nl__ mbiqcha nb_ jimcncih 
i` Aspergillus mnl[ch AP2 [giha nb_ l_f[n_^ n[r[ \[m_^ ih 18SlRNA a_h_ m_ko_h]_m. Tb_ nl__ q[m a_h_l[n_^ omcha MEGA X miftq[l_ qcnb Joe_m [h^ C[hnil'm 
]ill_]ncih (1969). Biinmnl[j p[fo_m i` 1000 l_jfc][ncihm _rjl_mm_^ [m j_l]_hn[a_m [l_ acp_h [n \l[h]b jichnm [h^ mnl[ch AP2 `ilg_^ [ ncabn ]fomn_l qcnb Aspergil-
lus fumigatus mnl[ch (HQ026746 [h^ KR023997). B[l 0.002 mo\mncnoncihm j_l mcn_. 

(B) 

Fca. 8. Dcff_l_hn jf[hn aliqnb jligincha _ff_]n i` F_hoal__e m__^fcham qcnb [h^ qcnbion AP2 (Aspergillus fumigatus)  [h^ PS1  chi]of[ncih ch ]ihnlif ]ih^cncih 
*(A) a_lgch[ncih j_l]_hn[a_; (B) liin f_hanb, `l_mb q_cabn & ^ls q_cabn (C) mbiin f_hanb, `l_mb q_cabn & ^ls q_cabn (D) ]bfilijbsff ]ihn_hn (Cbf [, Cbf \ [h^ nin[f 
Cbf). Dcff_l_hn f_nn_lm ch^c][n_ mn[ncmnc][ffs mcahc`c][hn ^cff_l_h]_m \_nq__h aliojm (M_[h ± SD, h=3, ih_ q[s ANOVA, p < 0.05). 
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Dcs]usscih 

Er]_mmcp_ om_ i` ]b_gc][f `_lncfct_lm []]_f_l[n_m l[jc^ 

aliqnb i` jf[hn \on honlcncih \_]ig_ p_ls jiil ch jf[hnm 

aliqh ch nbcm q[s (25). Ih l_]_hn s_[lm, [ n_]bhcko_ b[m 

\_]ig_ jijof[l ni om_ jf[hn aliqnb jligincha gc]li\_m 

(gimnfs \[]n_lc[ [h^ `ohac) ch [alc]ofnol[f `c_f^ ni jli-

gin_ jf[hn aliqnb [h^ [fmi ni ch]l_[m_ mnl_mm nif_l[h]_ 

l_mjihm_ (26). Tbioab jf[hn aliqnb jligincha \[]n_lc[ 

[l_ _rn_hmcp_fs mno^c_^ ch l_]_hn s_[lm \on nb_ chp_mnca[-

ncih ih `oha[f mnl[chm [m jf[hn aliqnb jligin_l cm fcg-

cn_^. Tb_ Rbctimjb_l_ cm nb_ \cifiac][ffs []ncp_ tih_ 

qb_l_ jf[hn-gc]li\_ chn_l[]ncihm n[e_ jf[]_ (27). Pf[hn 

liinm l_f_[m_m [ qc^_ l[ha_ i` ]b_gc][f _ro^[n_m nb[n cm 

nb_ e_s `[]nil i` nb_ lbctimjb_l_ jf[hn-gc]li\c[f chn_l[]-

ncih (27). Pf[hn aliqnb jligincha `ohac (PGPF) [l_ micf-

\ilh_ `ohac nb[n gcgc] nb_ _rn_hmcp_fs-mno^c_^ jf[hn 

aliqnb-jligincha lbcti\[]n_lc[ (PGPR) \s ch]l_[mcha 

jf[hn aliqnb [h^ ^_p_fijg_hn \s p[lciom g_[hm (26, 28-

30). PGPFm [l_ [\f_ ni mifo\cfct_ chmifo\f_ `ilgm i` jbim-

jb[n_, jli^o]cha mc^_lijbil_ [h^ IAA, HCN, [ggihc[ 

jli^o]ncih _n]., nb_l_\s ^cl_]nfs il ch^cl_]nfs ]ihnlc\-

oncha ni nb_ jf[hn aliqnb _hb[h]_g_hn (29-31). IAA ]ih-

nlc\on_m ni jf[hn aliqnb ni f[la_ _rn_hn, [h^ [fmi b_fjm ch 

gc]li\c[f ]ifihct[ncih \s fiim_hcha nb_ ]_ff q[ff i` jf[hn 

(32-34), nb_l_\s qbcf_ m]l__hcha `il m_f_]ncih i` \_mn-

j_l`ilgcha `oha[f mnl[ch, nb_ [\cfcns i` in vitro IAA jli^o]-

ncih ][h \_ n[e_h [m [h cgjiln[hn ]lcn_lcih. 

 Ih iol mno^s, AP2 (Aspergillus fumigatus) q[m m_-

f_]n_^ [m c^_[f PGPF mnl[ch [giha nb_ mcr cmif[n_^ `oha[f 

mnl[chm ih nb_ \[mcm i` cnm boa_ IAA jli^o]cha [\cfcns [m 

q_ff [m ]ihmc^_lcha inb_l jf[hn aliqnb jligincha [\cfc-

nc_m. Tb_ aliqnb i` AP2 (Aspergillus fumigatus) q[m bcab-

_mn ch 8nb ^[s i` ch]o\[ncih [h^ IAA jli^o]ncih q[m [fmi 

l_[]b_^ nb_ g[rcgog f_p_f [n nb_ m[g_ ^[s. M[hs inb_l 

l_jilnm mojjiln_^ nbcm ion]ig_ [m nb_l_ [fmi g[rcgog 

[giohn i` IAA q[m l_]il^_^ ch mn[ncih[ls jb[m_ i` `oha[f 

aliqnb ]olp_ (10, 35-36).  

Ih nbcm mno^s, ijncgog n_gj_l[nol_ `il g[rc-

gog IAA jli^o]ncih \s AP2 (Aspergillus fumigatus)  q[m 

25 °C nb[n mbiq_^ nb_ mcgcf[lcns qcnb jl_pciom inb_l l_-

jilnm nb[n l_p_[f_^ nb[n ijncgog n_gj_l[nol_ i` IAA jli-

^o]ncih \s `ohac fc_m \_nq__h 25 °C ni 30 °C (35, 37-41). 

Ih iol mno^s, IAA jli^o]ncih \s AP2(Aspergillus 

Fca. 9. Tin[f jlin_ch, nin[f moa[l, [h^ nin[f IAA ]ihn_hn i` F_hoal__e m__^fcha oh^_l ]ihnlif, chi]of[n_^ qcnb AP2 (Aspergillus fumigatus), chi]of[n_^ qcnb PS1 *(A) 
nin[f jlin_ch; (B) nin[f moa[l; (C) nin[f IAA+. Dcff_l_hn f_nn_lm ch^c][n_ mn[ncmnc][ffs mcahc`c][hn ^cff_l_h]_m \_nq__h aliojm (M_[h ± SD, h=3, ih_ q[s ANOVA, p < 
0.05). 

(B) 
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fumigatus) q[m [n j_[e [n jH 7, iol l_mofn cm ch []]il^-

[h]_ qcnb [h _[lfc_l mno^s (42), qb_l_ g[rcgog IAA 

jli^o]ncih q[m [n jH 7.5 ch ][m_ i` Pseudomonus 

putida UB-1 [h^ ch [ mno^s (43), g[rcgog jli^o]ncih 

q[m i\m_lp_^ ch jH 7.2. Ih ih_ mno^s (44), jH 8 q[m nb_ 

ijncgog jH `il bcab_mn IAA jli^o]ncih qbc]b cm p_ls 

mcgcf[l ni iol l_mofn. 

Ih iol mno^s, cn q[m `ioh^ nb[n, bcab_l [giohn 

i` IAA q[m i\n[ch_^ [n 0% [h^ 2% N[Cf ]ih]_hnl[ncih 

[h^ bcab_l [giohn i` N[Cf n_h^ ni chbc\cn nb_ IAA jli-

^o]ncih [m q_ff [m `oha[f aliqnb. Tbcm l_jiln cm ]ih-

]il^[hn qcnb [h _[lfc_l mno^c_m (45, 46), ch qbc]b IAA 

jli^o]ncih q[m ^_]l_[m_^ qcnb ch]l_[mcha m[fchcns.  

S_p_l[f mno^c_m l_p_[f_^ nb[n, L-nlsjnijb[h cm 

nb_ jl_]olmil i` IAA, mi nb[n, [^^cha nb_ L-nlsjnijb[h 

ch nb_ ]ofnol_ g_^c[ ch]l_[m_ nb_ jli^o]ncih i` IAA (47

-49). Ih nbcm mno^s, IAA jli^o]ncih q[m bcab_mn qcnb 

1.5% L-nlsjnijb[h ]ih]_hnl[ncih [`n_l nb[n nb_ jli-

^o]ncih l[n_ mfiqm ^iqh. Tbcm l_jiln g[n]b_m g[hs 

jl_pciom mno^s l_jilnm nb[n [fmi jlip_^ nb[n IAA \ci-

mshnb_mcm cm al_[nfs [``_]n_^ \s L-nlsjnijb[h ]ih]_h-

nl[ncih [m ch mno^s (40), ch qbc]b nb_ [giohn i` IAA 

jli^o]ncih \s Colletotrichum fructicola  CMU-AU 006 

[h^ Tulasnella mj. CMU-SLP 007 q[m ch]l_[m_^ qcnb 

ch]l_g_hn i` L-nlsjnijb[h ]ih]_hnl[ncih ojni [ ]_l-

n[ch f_p_f [h^ nb_h ^_]l_[m_^. Tb_ ijncgog ]ih]_h-

nl[ncih i` L-nlsjnijb[h q[m `ioh^ ni \_ 1 ga.gL -1 `il 

jli^o]ncih i` IAA \s Pleurotus ostreatus (50).  

Dc``_l_hn ][l\ih miol]_m ch ]ofnol_ g_^c[ 

q_l_ l_jiln_^ ni [``_]n nb_ [giohn i` gc]li\c[f IAA 

jli^o]ncih (42, 46, 48, 51). Ih nbcm mno^s, ^c``_l_hn 

gihim[]]b[lc^_ (Gfo]im_, a[f[]nim_, Al[\chim_, 

`lo]nim_) ^cm[]]b[lc^_ (f[]nim_, mo]lim_, g[fnim_) 

[h^ jifsm[]]b[lc^_ (]_ffofim_ [h^ mn[l]b) q_l_ 

om_^ ni ]b_]e nb_cl _``c]c_h]s ni []]_f_l[n_ IAA jli-

^o]ncih, [giha [ff afo]im_ q[m l_]il^_^ ni \_ nb_ 

\_mn-om_^ ][l\ih miol]_ [n 1% ]ih]_hnl[ncih \s 

AP2 (Aspergillus fumigatus)  `il IAA jli^o]ncih. In 

q[m l_p_[f_^ nb[n, mo]lim_ q[m nb_ gimn _``c]c_hnfs 

om_^ ][l\ih miol]_ \s Pseudomonus putida  `il IAA 

jli^o]ncih (42). Scgcf[l ni iol mno^s, [hinb_l mno^s 

mbiq_^ nb[n, `il IAA jli^o]ncih, afo]im_ q[m l_-

jiln_^ ni \_ nb_ \_mn ][l\ih miol]_ `il mnl[ch 

MJHN10 [h^ inb_l 2 mnl[chm MJHN1 [h^ MBN3 om_^ 

mo]lim_ [h^ g[hhcnif gimn jl_`_l[\fs [m ][l\ih 

miol]_ `il g[rcgog IAA jli^o]ncih (52). Ih [hinb_l 

l_jiln (51), cn q[m `ioh^ nb[n PGPR mnl[ch Rhizobium 

om_^ g[hhcnif [h^ L-afon[gc] []c^ gimn mocn[\fs.  

M[hs mno^s l_jiln_^ nb[n, fce_ ][l\ih miol]_m, 
hcnlia_h miol]_m ch ]ofnol_ g_^c[ [fmi ch`fo_h]_ gc-

]li\c[f IAA jli^o]ncih (51-53). Ih iol mno^s, ^c``_l_hn 

hcnlia_h miol]_m (j_jnih_, [mj[l[ach_, afs]ch_, L-

afon[gc] []c^, [ggihcog mofjb[n_, mi^cog hcnl[n_ 

[h^ jin[mmcog hcnl[n_) q_l_ om_^ ni _p[fo[n_ nb_cl 

_``_]n ih [giohn i` IAA jli^o]ncih [h^ j_jnih_ [n 

0.5% ]ih]_hnl[ncih q[m om_^ gimn jl_`_l[\fs \s AP2 

(Aspergillus fumigatus) [m hcnlia_h miol]_ `il g[rc-

gog IAA jli^o]ncih. Y_[mn _rnl[]n q[m gimn mocn[\f_ 

hcnlia_h miol]_ (54-56) [h^ [ggihcog mofjb[n_ q[m 

ch [h _[lfc_l mno^s (42). Sno^s l_jiln ih g_^c[ ijncgc-

t[ncih qcnb ^c``_l_hn ][l\ih [h^ hcnlia_h miol]_m `il 

bcab_mn jli^o]ncih i` IAA \s `oha[f miol]_m [l_ p_ls 

fcgcn_^.  

Aj[ln `lig IAA jli^o]cha [\cfcns, AP2 

(Aspergillus fumigatus) [fmi `ioh^ ni \_ [ nl_g_h^iom 

jbimjb[n_ mifo\cfct_l, cn ][h mifo\cfct_ 677±8.14 3µa/

gf chmifo\f_ jbimjb[n_. Tbcm `ch^cha q[m mojjiln_^ \s 

nb_ mno^s i` B[h_ld__ _n [f. qb_l_ cn jlip_^ nb[n PGPF 

][h mifo\cfcm_ chmifo\f_ jbimjb[n_m (12). Pbimjb[n_ 

mifo\cfct[ncih \s PGPF q[m [fmi mojjiln_^ \s [h _[lfc-

_l l_jiln (57). AP2 (Aspergillus fumigatus) ][h aliq ch 

Amb\s’m g[hhcnif [a[l g_^c[ qbc]b cm ^_pic^ i` hcnli-

a_h miol]_ ch^c][n_^ nb[n AP2 (Aspergillus fumigatus) 

][h `cr [ngimjb_lc] hcnlia_h. Ncnlia_h `cr[ncih \s `oh-

a[f mnl[ch q[m [fmi `ioh^ ch [h _[lfc_l mno^s (19). As-

pergillus fumigatus jli^o]_^ [ggihc[ [h^ HCN; nb_m_ 

nl[cnm i` PGPF q_l_ [fmi l_jiln_^ (12). AP2 m_]l_n_^ [ 

aii^ [giohn i` _ri-jifsm[]]b[lc^_m (998±6.11 µa.gf -

1) nb[n g[s b_fj ni nif_l[n_ mnl_mm (58-60). A]]il^cha ni 

nb_ l_jilnm, `oha[f mnl[chm ][h jli^o]_ aii^ [giohn 

i` _ri-jifsm[]]b[lc^_m (19, 61). Tb_ `oha[f mnl[ch AP2 

(Aspergillus fumigatus) mshnb_mct_^ [ boa_ [giohn i` 

clih ]b_f[ncha mc^_lijbil_ (72±4.35 µa.gf -1) nb[n b_fjm 

ch clih ojn[e_ i` jf[hnm (62). Tb_ [\cfcns i` `ohac ni 

jli^o]_ mc^_lijbil_m q[m jlip_^ _[lfc_l (19, 61).  

Tb_ m_f_]n_^ PGPF mnl[ch AP2 b[m \__h c^_hnc-

`c_^ [m Aspergillus sp. ih nb_ \[mcm i` cnm gc]lim]ijc] 

]b[l[]n_lcmnc]m, MALDI-TOF [h[fsm_m [h^ 18S lDNA m_-

ko_h]_ bigifias. Pl_pciomfs, g[hs l_jilnm jlip_^ 

nb[n ^c``_l_hn mj_]c_m i` Aspergillus [l_ ][j[\f_ i` 

jf[hn aliqnb jligincih. (63-64). 

Ihi]of[ncha nb_ m__^m i` Trigonella foenum-
graecum L. qcnb AP2 (Aspergillus fumigatus)  mnl[chm 

mbiq_^ ip_lqb_fgcha _hb[h]_g_hn ch a_lgch[\cfcns, 

liin f_hanb, ^ls [h^ `l_mb q_cabn i` liin, mbiin f_hanb, 

^ls [h^ `l_mb q_cabn i` mbiin [h^ ]bfilijbsff ]ihn_hn 

i` nb_ m__^fcham. Am AP2 (Aspergillus fumigatus) jli-

^o]_^ boa_ [giohn i` IAA, cn b_fjm ch liin aliqnb (65). 

Tin[f IAA ]ihn_hn i` m__^fcham q[m _hb[h]_^ mcahc`c-

][hnfs ch AP2 (Aspergillus fumigatus) nl_[n_^ m_n, gc-

]li\c[f _``_]n ih IAA ]ihn_hn q[m [fmi l_jiln_^ ch [h 

_[lfc_l mno^s (66).  Tin[f moa[l, nin[f jlin_ch ]ihn_hn i` 

nb_ bimn jf[hn q[m gil_ ch ][m_ i` PGPF nl_[n_^ m_n 

]igj[l_^ ni ]ihnlif m_n, nbcm `ch^cha q[m mojjiln_^ \s 

nb_ l_jiln, qb_l_ [fmi _hb[h]_^ honlcncp_ ]ihn_hn q[m 

m__h ch nb_ `ohac-nl_[n_^ (Aspergillus japonicas) m_n 

(67).   

Ih ]ih]fomcih, AP2 (Aspergillus fumigatus)  q[m 
IAA jli^o]cha hip_f PGPF Aspergillus mj. b[pcha ^c``_l-

_hn jf[hn aliqnb jligincha nl[cn pct., jbimjb[n_ mifo-

\cfct[ncih, Aggihc[ jli^o]ncih, HCN jli^o]ncih, mc-

^_lijbil_ jli^o]ncih _n]. Aspergillus fumigatus mo]-

]_mm`offs jligin_^ m__^ a_lgch[ncih, m__^fcha aliqnb 

[h^ honlcncp_ p[fo_m i` nb_ bimn jf[hn. H_h]_, AP2 

(Aspergillus fumigatus) ][h \_ [ aii^ [fn_lh[ncp_ i` 

]b_gc][f `_lncfct_lm [h^ j_mnc]c^_m gchcgctcha nb_ _h-

pclihg_hn[f jiffoncih. 
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Cih]fuscih  

Cihmĉ _lcha nb_ l_mofn, AP2 qbc]b q[m ĉ _hnc̀ c_  ̂ [m Aspergillus fu-

migatus, ][h \_ _[mcfs ]ihmĉ _l_  ̂[m [ jin_hn PGPF mnl[ch nb[n b[m 

g[hs jf[hn aliqnb jligincha ]b[l[]n_lm jlip_  ̂ \inb ch in vitro 

]ih ĉncih [h  ̂ ch jf[hn aliqnb jligincha [mm[s ih Trigonella foe-

num-graecum L. Aspergillus fumigatus jli^o]_ ]ijciom [giohn i  ̀

IAA ch f̀o_h]cha nb_ aliqnb i  ̀nb_ jf[hn. Am hiq-[-̂ [sm, ]lij m]c_h]_ 

cm ̀ i]ommcha ih \ci`_lncfct_lm ]ihmĉ _lcha nb_ b[lg`of _`̀ _]nm i  ̀]b_g-

c][f ̀ _lncfct_lm, ch nb[n ][m_, AP2 ][h \_ om_  ̂[m _`̀ c]c_hn \ci`_lncfct_l ch 

[alc]ofnol[f c̀_f̂  `il ^_p_fijg_hn i  ̀momn[ch[\f_ q[s i  ̀]lij jli-

^o]ncih. 

 

A]ehiwf_^a_g_hts  

W_ [l_ p_ls go]b al[n_`of ni D_j[lng_hn i  ̀Bin[hs, Tb_ Uhcp_lmcns 

i  ̀Bol̂ q[h `il jlipĉ cha l_kocl_  ̂`[]cfcnc_m `il ][llc_  ̂ion nbcm qile. 

W_ [l_ [fmi al[n_`of ni nb_ g_g\_lm i  ̀E[mn C[f]onn[ Gclfm’ Ciff_a_ 

`il b_fjcha om nblioabion iol mno^s. 
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1948; 1:142-46. bnnjm://̂ ic.ila/10.1111/d.1399-3054.1948.n\07118.r 

16. C[jjo]]chi JC, Sb_lg[h N. Ih: Mc]li\cifias, A L[\il[nils M[ho[f, 
3l  ̂_ .̂, B_hd[gch/Coggcham Po\. Ci., N_q Yile. 1992.  

17. S]bqsh B, N_cf[h^m JB. Uhcp_lm[f ]b_gc][f [mm[s `il nb_ ^_n_]ncih 
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[mmi]c[ncp_ hcnlia_h-̀ crcha \[]n_lc[. FEMS Mc]li\cif L_nn. 2004;233:15-

21. bnnjm://̂ ic.ila/10.1016/d.̀ _gmf_.2004.01.047 
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