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A\str[]t   

Tb_ lbctimjb_lc] micf cm nb_ b[\cn[n i` [ p[lciom ech^ i` gc]liila[hcmgm nb[n 

jf[s [ e_s lif_ ch nb_ _hb[h]_g_hn i` jf[hn aliqnb. Tb_ jl_m_hn mno^s q[m 

][llc_^ ion ni m]l__h nb_ [\oh^[h]_ i` `l__-fcpcha ^chcnlia_h-`crcha gc]liil-

a[hcmgm `lig nb_ nig[ni lbctimjb_l_ i` D[ld__fcha Hcffm. Tb_ \[]n_lc[ nb[n 

]iof^ `cr hcnlia_h `lig nb_ [ngimjb_l_ [h^ aliq ih g_^c[ ^_pic^ i` hcnli-

a_h q_l_ cmif[n_^. Oh_ i` nb_ jin_hn mnl[chm q[m m_f_]n_^ [h^ c^_hnc`c_^ [m 

Azotobacter beijerinckii nblioab gif_]of[l ]b[l[]n_lct[ncih omcha 16S lRNA 

bigifias [n NCMR-NCCS, Poh_. In-vitro jli^o]ncih i` IAA q[m 27 (μa/gL), 

Gc\\_l_ffc] []c^ q[m 48 (μa/gL) [h^ nb_ Pbimjb[n_ mifo\cfct[ncih ch^_r (SI) 

q[m 2.86. Tb_ jf[hn aliqnb jligincih n_mn q[m j_l`ilg_^ ih lc]_ m__^m  

omcha nb_ mnl[ch. Tb_ l_mofnm mbiq_^ nb[n nb_ % ch]l_[m_ ch a_lgch[ncih ip_l 

]ihnlif q[m 7.52%.  
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Ihtri^u]tcih   

Pf[hn aliqnb jligincha lbcti\[]n_lc[ [l_ `l__-fcpcha micf gc]liila[hcmgm 

nb[n h[nol[ffs ]ifihct_ nb_ lbctimjb_lc] tih_ i` jf[hn liinm. Pf[hn aliqnb 

jligincha lbcti\[]n_lc[ (PGPR) ][h ^cl_]nfs il ch^cl_]nfs _hb[h]_ nb_    

ko[fcns i` jf[hn aliqnb. Tb_ lbctimjb_lc] chn_l[]ncihm \_nq__h jf[hnm [h^ 

gc]li\_m ^_n_lgch_ nb_ b_[fnb i` jf[hnm [h^ nb_ `_lncfcns i` nb_ micf (1). 

 Op_l nb_ j[mn `_q ^_][^_m, [ qc^_ l[ha_ i` \[]n_lc[, ]igjlcmcha nb_ 

mj_]c_m Azotobacter, Azospirillum, Pseudomonas, Burkholderia, Bacillus, En-

terobacter, Klebsiella, Alcaligens, Arthobacter [h^ Serratia, b[p_ \__h ^cm-

]ip_l_^ [h^ ]f[cg_^ ni jligin_ jf[hn ^_p_fijg_hn (2-4). Tb_ ]l_[ncih i` 

hip_f ]igjioh^m [h^ ]b[l[]n_lcmnc]m nb[n [c^ ch jf[hn aliqnb b[m g[^_ 

gc]liila[hcmgm [h cgjiln[hn mo\d_]n i` mno^s. Dcff_l_hn nsj_m i` gc]li\_m, 

ch]fo^cha Azotobacter (5) [h^ Pseudomonas (6), ]l_[n_ nb_m_ ]igjioh^m. 

Nog_liom \[]n_lc[f mnl[chm a_h_l[n_ mc^_lijbil_m il ila[hc] []c^m, qbc]b 

chbc\cn nb_ aliqnb i` b[lg`of j[nbia_hm [h^ l[cm_ nb_ [p[cf[\cfcns i` clih (7, 

8). Tb_ mshnb_mcm i` jbsnibilgih_m, qbc]b [c^ ch hcnlia_h `cr[ncih, jbim-

jbilom l_f_[m_, [ggihc[ jli^o]ncih [h^ mc^_lijbil_ jli^o]ncih [l_ `_q 

_r[gjf_m i` jligincha jf[hn ^_p_fijg_hn (9).  

 Azotobacter mjj. [l_ [_li\c], al[g-h_a[ncp_, `l__-fcpcha, ip[f il 
mjb_lc][f-mb[j_^ [h^ micf-^q_ffcha \[]n_lc[ (10, 11). Dolcha nb_cl l_mncha 
jb[m_, nb_s `ilg [ nbc]e-q[ff_^ ]smn nb[n mbc_f^m nb_g `lig nb_ b[lmb       
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_hpclihg_hn (12). A Don]b m]c_hncmn [h^ \in[hcmn h[g_^ 
B_cd_lch]e `clmn ^cm]ip_l_^ nb_ Azotobacter ch 1917 (13). 
Tb_l_ [l_ 7 mj_]c_m ch nb_ a_hom Azotobacter: Azotobacter 
chroococcum, A. beijerinckii, A. armeniacus, A. vinelandii A. 
nigricans, A. salinestris [h^ A. paspali  (14, 15). Tb_s p[ls ch 
mct_ `lig 2 ni 10 µg ch f_hanb [h^ 1 ni 2 µg ch qc^nb (16). 

 Ih [^^cncih ni `crcha [ngimjb_lc] N2 oh^_l `l__-
fcpcha ]ih^cncihm, mno^c_m l_jiln_^ nb[n Azotobacter mbiqh 
ni b[p_ [ p[lc_ns i` inb_l jf[hn aliqnb-jligincha jli-
j_lnc_m, ch]fo^cha jbimjb[n_ mifo\cfct[ncih [h^ nb_ mshnb_-
mcm i` jf[hn aliqnb l_aof[nilm (PGRm) fce_ [orchm, ac\\_-
l_ffchm, ]sniechchm, pcn[gchm [h^ [gchi []c^m. In b[m \__h 
`ioh^ nb[n m_p_l[f Pf[hn aliqnb-jligincha lbcti\[]n_lc[          
jli^o]_ [orchm, qbc]b [l_ _mm_hnc[f `il ]ihnliffcha liin 
^_p_fijg_hn [h^ [l]bcn_]nol_ (17).  Tb_m_ [fmi jli^o]_ 
mc^_lijbil_m [h^ [hnc\cinc]m nb[n cgj_^_ nb_ aliqnb i` 
jbsnij[nbia_hm (18-20). Folnb_lgil_, nb_ [jjfc][ncih i` 
Azotobacter b[m mbiqh jligcm_ [m [ jon[ncp_ [a_hn `il 
]ihp_lncha ohom_^ f[h^ ni `_lncf_ f[h^ [h^ b[m \_]ig_ 
om_`of ch micf l_]f[g[ncih (21). Tb_ _[lfc_l mno^c_m l_jiln_^ 
nb[n nb_ [mmi]c[ncih i` Azotobacter mj_]c_m qcnb bimn jf[hn 
C[hif[ (Brassica napus) m_]l_n_^ aliqnb mo\mn[h]_m fce_ 
IAA, Gc\\_l_ffch, Kch_nch, jbimjb[n_ [h^ [hncirc^[hn      
[]ncpcns qbc]b b_fj_^ ch _hb[h]cha jf[hn aliqnb [h^       
molpcp[f (22, 23). 

 Sj_]c_m i` Azotobacter ][h \_ `ioh^ ch [ p[lc_ns i` 
b[\cn[nm, ch]fo^cha micf, q[n_l, nb_ mol`[]_m i` f_[p_m, liinm 
[h^ inb_l jf[hn mol`[]_m. Sig_ mj_]c_m ][h [fmi \_ `ioh^ 
ch nb_ jif[l [h^ nlijc][f tih_m. Ih p[lc_^ micfm, nb_cl        
`l_ko_h]s p[lc_m. Tb_s [l_ gil_ ]iggih ch h_onl[f ni  
[fe[fch_ micfm nb[h ch []c^c] micfm, qb_l_ nb_s [l_ ch`l_ko_hn 
(24). 

 Tb_ g[ch joljim_ i` iol l_m_[l]b mno^s q[m ni   
cmif[n_ Azotobacter mj_]c_m `lig nig[ni lbctimjb_l_ i` 
D[ld__fcha bcffm b[pcha nb_ [\cfcns ni jli^o]_ aliqnb       
bilgih_m, ^chcnlia_h `crcha [h^ mifo\cfct_ jbimjb[n_ 
qbc]b qcff b_fj ch nb_ ^_p_fijg_hn i` jin_hn ch^ca_hiom 
\ci`_lncfct_l ni \_ om_^ ch ojf[h^ [alc]ofnol[f msmn_g.           
A jl_pciom mno^s l_jiln_^ nb[n ch nb_ n_gj_l[n_ l_acih i` 
Sceecg, [ `c_f^ _rj_lcg_hn omcha 2 ]_lnc`c_^ hcnlia_h-`crcha 
\ci`_lncfct_lm (Azotobacter chroococcum [h^ Azospirillum 
brasilense) qcnb g[ct_ [m nb_ n_mn ]lij ^c^ hin cgjlip_ 
jf[hn j_l`ilg[h]_ (25). Fil l_f[ncp_fs bcab_l [fncno^_m, nb_ 
cmif[ncih [h^ c^_hnc`c][ncih i` nb_m_ h[ncp_ gc]liila[hcmgm 
mbiof^ n[e_ jl_]_^_h]_.  Tb_ jl_m_hn mno^s ih nb_ ]b[l[]-
n_lct[ncih i` PGP jlij_lnc_m i` Azotobacter beijerinckii mj_-
]c`c][ffs ch nb_ ]ihn_rn i` nb_ D[ld__fcha Hcffm' ohcko_ _hpc-
lihg_hn[f ]ih^cncihm ]iof^ f_[^ ni nb_ ^_p_fijg_hn i` 
h[ncp_ \ci`_lncfct_l. Uh^_lmn[h^cha nb_ PGP jin_hnc[f i` 
nb_m_ mnl[chm ][h f_[^ ni nb_ ^_p_fijg_hn i` momn[ch[\f_ 
[alc]ofnol[f jl[]nc]_m nb[n jligin_ jf[hn aliqnb [h^ l_-
^o]_    ^_j_h^_h]s ih ]b_gc][f `_lncfct_lm, ]ihnlc\oncha ni 
`ii^ m_]olcns [h^ _hpclihg_hn[f jlin_]ncih.   

 

M[t_rc[fs [h^ M_tbi^s 

Collection of soil sample       

Tb_ micf m[gjf_m l_kocl_^ `il nb_ mno^s q_l_ ]iff_]n_^ 
`lig [ ^_jnb i` oj ni 15 ]g `lig nb_ lbctimjb_lc] l_acih i` 

nig[ni `c_f^m `lig ^cff_l_hn mcn_m ch D[ld__fcha bcffm. C[l_ 
mbiof^ \_ n[e_h ni ]iff_]n micf c._., hin nii ^ls il q_n.    
Ojncg[f gicmnol_ ]ihn_hn cm l_kocl_^ `il nb_ molpcp[f i` 
Azotobacter. Mofncjf_ m[gjfcha jichnm qcnbch nb_ [l_[ q_l_ 
m_f_]n_^ ni _hmol_ l_jl_m_hn[ncp_m.  A\ion 10 ni 15 a i` micf 
m[gjf_m q_l_ ]iff_]n_^ qcnb nb_ b_fj i` [ mn_lcf_ mj[nof[ ch 
mn_lcf_ jifs\[am [h^ \lioabn ni nb_ f[\il[nils `il `olnb_l 
[h[fsmcm. B_`il_ jli]__^cha `olnb_l `il [h[fsmcm, micf m[g-
jf_m q_l_ mc_p_^ ni l_gip_ [ff ila[hc] g[nn_l [h^ ohq[hn-
_^ g[n_lc[fm. Sicf m[gjf_m `lig _[]b mcn_ q_l_ gcr_^ [h^ 
]igjimcn_^ \_`il_ [h[fsmcm.  

Isolation of free-living nitrogen-fixing bacteria from to-
mato rhizosphere        

Imif[ncih q[m ^ih_ ih nb_ Amb\s’m g_^cog \s m_lc[f       
^cfoncih g_nbi^. Uh^_l [m_jnc] ]ih^cncihm, 10 a i` micf 
m[gjf_m q_l_ momj_h^_^ ch hch_ns (90 gL) i` mn_lcf_       
^io\f_-^cmncff_^ q[n_l [h^ ]ihmc^_l_^ [m 10-1 ^cfcncihm.   
S_lc[f ^cfoncihm q_l_ g[^_ ohncf nb_ 10-5 ^cfoncihm q_l_ 
[]bc_p_^. Flig 10-4 [h^ 10-5 ^cfoncihm _hlc]bg_hn q[m 
^ih_ \s chi]of[ncha 10 gL jl_-mn_lcfct_^ Amb\s’m \linb 
*20.0 a M[hhcnif, 0.2 a jin[mmcog jbimjb[n_ ^c\[mc], 0.2 a 
g[ah_mcog mof`[n_, 0.2 a mi^cog ]bfilc^_, 0.1 a jin[mmcog 
mof`[n_, 5.0 a ][f]cog ][l\ih[n_, ^cmncff_^ q[n_l 1000 gL, 
jH [^domn_^ ni 7.4±0.2+ qcnb 0.1 gL i` m[gjf_. R_j_[n_^ 
nl[hm`_l i` 0.1 gL q[m g[^_ [ft_l [ `_q ^[sm i` aliqnb ni 
`l_mb jl_-mn_lcfct_^ Amb\s’m \linb. Flig 10-4 [h^ 10-5      
^cfoncihm mjl_[^ jf[n_m q_l_ g[^_ ih Amb\s’m [a[l         
g_^cog *Amb\s \linb qcnb 15 a [a[l (`il mifc^c`c][ncih)+ 
[h^ ch]o\[n_^ [n 28±º C `il 7 ^[sm `il nb_ ^_p_fijg_hn i` 
pcmc\f_ ]ifihc_m. B[]n_lc[f ]ifihc_m mbiqcha mfcgs, afcmn_h-
cha go]ic^ ]ifihc_m [h^ jli^o]cha jcag_hnm q_l_ m_f_]n-
_^, jolc`c_^ [h^ mo\-]ofnol_^ ch Amb\s’m mf[hn `il `olnb_l 
mno^c_m. Tb_ giljbifiac][f [h^ \ci]b_gc][f `_[nol_m i` 
nb_ \[]n_lc[f cmif[n_m q_l_ om_^ `il jl_fcgch[ls c^_hnc`c][-
ncih `iffiqcha B_la_s’m g[ho[f i` ^_n_lgch[ncp_ \[]n_-
lcifias (26). Tb_ jin_hn cmif[n_ q[m m_hn ni NCMR- NCCS  
Poh_, `il gif_]of[l ]b[l[]n_lct[ncih omcha nb_ 16SlRNA 
g_nbi^. 

Morphological characterization        

Tb_ giljbifiac][f [h^ aliqnb j[l[g_n_lm i` m_f_]n_^ 
cmif[n_ TDH-01, mo]b [m ]ifil, mb[j_ [h^ mct_, [jj_[l[h]_, 
]ifihs ^c[g_n_l, g[lach [h^ Gl[g h[nol_ q_l_ ^_n_l-
gch_^ `iffiqcha mn[h^[l^ jlini]if. Tb_ mnl[ch q[m chi]o-
f[n_^ ih Amb\s [a[l jf[n_m [h^ ch]o\[n_^ [n 28 ± ºC `il     
48 b. Tb_ ch]o\[ncih n_gj_l[nol_ `il nb_ _p[fo[ncih i` 
inb_l in vitro jlij_lnc_m i` Azotobacter q[m [fmi 28± ºC.  
Tb_ bcab_mn ^_hmcns i` Azotobacter mjj i]]olm [lioh^       28 
ºC [h^ nb_ ijncgog n_gj_l[nol_ `il nb_ aliqnb i`   Azoto-
bacter mjj q[m [lioh^ 30 ºC [m l_jiln_^ ch jl_pciom mno^-
c_m (27). 

Biochemical characterization and Measurement of pH    

Tb_ m_f_]n_^ cmif[n_ q[m ]b[l[]n_lct_^ \[m_^ ih \ci]b_gc-
][f `_[nol_m fce_ ][l\ibs^l[n_ `_lg_hn[ncih, Ih^if_ n_mn, 
]cnl[n_ oncfct[ncih, irc^[m_ n_mn, ][n[f[m_, bs^lia_h mof`c^_ 
jli^o]ncih [h^ Ncnl[n_ l_^o]ncih [m j_l `iffiqcha mn[h^[l^ 
g_nbi^m (28). Cb[ha_ ch nb_ jH i` nb_ chi]of[n_^ \linb 
q[m g_[mol_^ qcnb nb_ b_fj i` nb_ jH g_n_l [ft_l 7 ^[sm i` 
ch]o\[ncih. 

https://plantsciencetoday.online
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Characterization of the isolate for PGP traits      

S]r__hcha i` Nctria_h-`cxcha []tcvcty     

Tb_ hcnlia_h-`crcha []ncpcnc_m i` nb_ \[]n_lc[f cmif[n_ q_l_ 

i\m_lp_^ \s omcha [ afo]im_ hcnlia_h-`l__ gch_l[f (GNFM) 

[a[l g_^cog ]ihn[chcha BTB. Tb_ \[]n_lc[f cmif[n_m q_l_ 

chi]of[n_^ chni afo]im_ hcnlia_h-`l__ gch_l[f g_^c[ 

(GNFM) jl_j[l_^ jf[n_m [h^ ch]o\[n_^ `il m_p_h ^[sm [n  

28 ºC [h^ nb_ ]b[ha_ ch nb_ ]ifil i` ]ifihc_m q[m ^_n_l-

gch_^ (29). 

Ih^if_ []_tc] []c^ jri^u]tcih        

Tb_ \[]n_lc[f cmif[n_ q[m ]ofnol_^ ch J_hm_h M_^cog qcnb  

100 ga/L i` nlsjnijb[h [m mojjf_g_hn [h^ q[m ch]o\[n_^ 

`il 7 ^[sm [n 28 ºC. 2 gL i` ]ofnol_ q[m n[e_h ion `lig _[]b 

no\_ [ft_l 7 ^[sm i` ch]o\[ncih j_lci^ [h^ cn q[m ]_hnlc-

`oa_^ `il 15 gch [n 10000 ljg.  A h_q `l_mb no\_ q[m `cff_^ 

qcnb 1 gL i` moj_lh[n[hn `foc^ [h^ 100 µL i` 10 gM ilnbi-

jbimjbilc] []c^ [h^ 2 gL i` l_[a_hn ]ihmcmncha i` 1 gL i` 

0.5 F_Cf3 ch 50 gL i` 35% HCfO4 q_l_ [^^_^. A\mil\[h]_ i` 

nb_ ^_p_fij_^ jche ]ifil q[m l_[^ [n 530 hg [ft_l 25 gch. 

Tb_ IAA ]ih]_hnl[ncih ch nb_ ]ofnol_ q[m ^_n_lgch_^ \s 

omcha [ ][fc\l[ncih ]olp_ i` jol_ IAA [m [ mn[h^[l^, `iffiq-

cha fch_[l l_al_mmcih [h[fsmcm (30). 

Pbisjb[t_ sifu\cfczcha []tcvcty      

Sifo\cfct[ncih i` chila[hc] jbimjb[n_ \s nb_ cmif[n_ q[m 

^ih_ ih Pceipme[s[’m [a[l (PKV) \s nb_ Aa[l mjin g_nbi^. 

Pceipme[s[’m [a[l jf[n_m q_l_ chi]of[n_^ qcnb nb_ \[]n_lc[f 

cmif[n_ `iffiqcha nb_ Aa[l Sjin g_nbi^ [h^ q_l_ ch]o-

\[n_^ [n 28 °C `il 7 ^[sm. Tb_ \[]n_lc[f cmif[n_ jli^o]_m [ 

nl[hmj[l_hn tih_ i` ]f_[lcha [lioh^ nb_ ]ifihc_m ch^c][ncha 

mifo\cfct[ncih i` jbimjb[n_ \s cmif[n_m (12). Tb_ ^c[g_n_l 

i` nb_ ]ifihs i` jbimjb[n_ mifo\cfct_^ \s \[]n_lc[f cmif[n_ 

(b[fi tih_m) q[m g_[mol_^ qcnb nb_ b_fj i` [ g_nlc] m][f_. 

Sifo\cfct[ncih _ffc]c_h]s [h^ mifo\cfct[ncih ch^_r q_l_ [fmi 

][f]of[n_^ omcha nb_ `ilgof[. Sifo\cfct[ncih Effc]c_h]s (SE) 

= Sifo\cfct[ncih ^c[g_n_l/ Cifihs ^c[g_n_l r 100 [h^ Sifo-

\cfct[ncih Ih^_r (SI) = Cifihs ^c[g_n_l+ H[fi ^c[g_n_l/ 

Cifihs ^c[g_n_l (31-33). 

Qu[htc`c][tcih i` Pbisjb[t_ sifu\cfcz[tcih         

Sifo\f_ jbimjb[n_ ]ihn_hn ch nb_ ]_ff-`l__ _rnl[]n q[m _mnc-

g[n_^ in-vitro ch [ Pceipme[s[’m \linb mojjf_g_hn_^ qcnb [ 

ehiqh ko[hncns i` nlc][f]cog jbimjb[n_ [m [ mo\mnl[n_. 

Cihnlif qcnbion \[]n_lc[f chi]of[ncih q[m [fmi g[chn[ch_^. 

Tb_ chi]of[n_^ \linb q[m ch]o\[n_^ `il 7 ^[sm [n 28 °C [h^ 

]_hnlc`oa_^ `il 10-15 gch [n 10000 ljg. Pbimjbilom ch nb_ 

moj_lh[n[hn q[m ^_n_lgch_^ \s omcha B[lnih’m l_[a_hn 

(34). 

Gc\\_r_ffc] A]c^ jri^u]tcih        

Tb_ \[]n_lc[f cmif[n_ q[m aliqh ch Amb\s’m hcnlia_h-`l__ 

\linb [n 28 °C `il 3 ^[sm [h^ nb_ [giohn i` ac\\_l_ffc] []c^ 

q[m _mncg[n_^ \s [ mj_]nlijbinig_nlc] g_nbi^ omcha 

jbimjbigifs\^c] l_[a_hn. Aft_l ch]o\[ncih, nb_ m[gjf_ 

q[m ]_hnlc`oa_^ [n 3000 ljg `il 10 gch. Ih [ pifog_nlc] 

`f[me i` 25 gL, 1 gL i` moj_lh[n[hn [h^ 15 gL i` jbimjbi-

gifs\^c] []c^ l_[a_hn q_l_ [^^_^. Tb_ ]ihn_hn i` nb_ 

`f[me q[m nbilioabfs gcr_^ [h^ e_jn ch [ q[n_l \[nb 

(\icfcha) `il 60 gch. Tb_ `f[mem q[m n[e_h ion, nb_cl n_gj_l-

[nol_ q[m [ffiq_^ ni ]iif ni liig n_gj_l[nol_ [h^        

^cmncff_^ q[n_l q[m [^^_^ ni \lcha nb_ `ch[f pifog_ ni        

25 gL. Umcha ^cmncff_^ q[n_l [m [ \f[he, nb_ [\mil\[h]_ i` 

nb_ ]ifil ^_p_fij_^ q[m g_[mol_^ [n 780 hg ch [ mj_]nli-

jbinig_n_l. Umcha [ mn[h^[l^ ]olp_ g[^_ `lig nb_         

ac\\_l_ffc] []c^ mn[h^[l^ mifoncih, nb_ ]ih]_hnl[ncih q[m 

[m]_ln[ch_^ (35). 

Screening of Siderophore Production         

B[]n_lc[f cmif[n_ q[m [mm[s_^ `il nb_ jli^o]ncih i`          

mc^_lijbil_ ko[fcn[ncp_fs \s Cblig_ [tolif S (CAS) [a[l 

g_^cog. Tb_ jl_j[l_^ CAS [a[l jf[n_ q[m mjinn_^ \s   

\[]n_lc[f cmif[n_ [h^ ch]o\[n_^ `il 3 ^[sm [n 28 °C.           

Sc^_lijbil_ jli^o]ncih q[m ch^c][n_^ \s nb_ ^_p_fijg_hn 

i` [ b[fi tih_ [lioh^ nb_ ]ifihc_m (36). 

Hy^ria_h ]y[hc^_ jri^u]tcih        

Pli^o]ncih i` bs^lia_h ]s[hc^_ q[m n_mn_^ \s chi]of[ncha 

nb_ \[]n_lc[f cmif[n_ ch [mb\s [a[l jf[n_ qcnb 4.4 a/L  afs-

]ch_ (mojjf_g_hn_^). Wb[ng[h j[j_l Ni. 2 cgg_lm_^ qcnb 

jc]lc] []c^ (0.5%) [h^ mi^cog ][l\ih[n_ (2%) q[m ip_lf[c^ 

[n nb_ chi]of[n_^ jf[n_. Tb_ jf[n_m q_l_ ch]o\[n_^ `il 2-4 

^[sm [n 28 °C. Pli^o]ncih i` bs^lia_h ]s[hc^_ q[m ch^c][n-

_^ \s nb_ ]b[ha_m ch nb_ ]ifil i` nb_ `cfn_l j[j_l m[nol[n_^ 

qcnb nb_ l_[a_hn `lig s_ffiq ni     il[ha_-\liqh (37).  

Aggihc[ jri^u]tcih        

P_jnih_ q[n_l q[m om_^ `il n_mncha nb_ jli^o]ncih i`    

[ggihc[ \s \[]n_lc[f cmif[n_. Aft_l chi]of[ncha nb_          

\[]n_lc[f cmif[n_ ch j_jnih_ q[n_l, cn q[m ch]o\[n_^ [n 28 °C 

`il 48 b. [h^ [ft_l nb[n N_mm_f_l l_[a_hn (0.5 gL) q[m     

[^^_^ ni nb_ ]ofnol_. Pli^o]ncih i` [ggihc[ q[m ch^c][-

n_^ \s nb_ ^_p_fijg_hn i` s_ffiq ni ^[le il[ha_ ]ifil (30).  

Molecular Identification of bacterial strain TDH-01         

Tb_ \[]n_lc[f cmif[n_ TDH-01 q[m m_hn ni nb_ N[ncih[f    

C_hnl_ `il Mc]li\c[f R_miol]_ (NCMR), N[ncih[f C_hnl_ `il 

C_ff S]c_h]_ m_ko_h]cha `[]cfcns, fi][n_^ ch Poh_ `il gif_-

]of[l c^_hnc`c][ncih omcha 16SlRNA g_nbi^. Tb_ cmif[ncih 

i` a_higc] DNA q[m ^ih_ `iffiqcha nb_ mn[h^[l^ jb_hif/

]bfili`ilg _rnl[]ncih g_nbi^ (38), `iffiq_^ \s PCR [gjfc-

`c][ncih i` nb_ 16S lRNA a_h_ omcha ohcp_lm[f jlcg_lm 

16F27 *5'-CCA GAG TTT GAT CMT GGC TCA G-3'+ [h^ 

16R1492 *5'-TAC GGY TAC CTT GTT ACG ACT T-3'+. 

In vitro Plant growth promotion test on Rice seeds using 

TDH-01 strain         

Rc]_ m__^m q_l_ mol`[]_ mn_lcfct_^ qcnb HaCf2 (0.1%) `il        

3 gchm. [h^ q[m mo]]_mmcp_fs q[mb_^ qcnb mn_lcf_ ^cmncff_^ 

q[n_l. Oh_ `cfn_l j[j_l q[m jf[]_^ ch _[]b P_nlc ^cmb. Tb_ 

mn_lcf_ ^cmncff_^ q[n_l q[m om_^ ni gicmn_h nb_ `cfn_l j[j_l. 

Tb_ P_nlc ^cmb qcnb 15 m__^m ch _[]b q[m e_jn `il 24 b ch nb_ 

^[le [n 25 ºC [h^ nb_h nl_[n_^ qcnb 2 gL i` \[]n_lc[f      

]ofnol_ [n [ ]_ff ^_hmcns i` [\ion 1r 104]`o/ gL. ch _[]b  

j_nlc ^cmb [h^ ch]o\[n_^ [n liig n_gj_l[nol_. Cihnlif 

m__^m q_l_ nl_[n_^ qcnb [ mn_lcfct_^ g_^cog chmn_[^ i` 

\[]n_lc[f ]ofnol_. G_lgch[ncih q[m l_]il^_^ _[]b ^[s oj 

ni 14 ^[sm. Tb_ a_lgch[ncih j_l]_hn[a_ [h^ m__^fcha pcail 

ch^_r q_l_ ][f]of[n_^ (39). 
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 Tb_ j_l]_hn[a_ i` a_lgch[ncih [h^ m__^fcha pcail 

ch^_r q[m ][f]of[n_^ [m: 

Tin[f hi. i` m__^m a_lgch[n_^  
G_lgch[ncih % (GP) =                                                                  r 100 

Tin[f hi. i` m__^m < 
                                               ............ (c) 

 

S__^fcha pcail ch^_r (SVI) q[m ][f]of[n_^ omcha nb_ `ilgof[  
 

S__^fcha pcail Ih^_r (SVI) = *(g_[h liin f_hanb + g_[h 

mbiin f_hanb) r GP+............(cc)  

 

Greenhouse Pot experiment        

Rc]_ m__^m q_l_ nbilioabfs q[mb_^ qcnb ^cmncff_^ q[n_l 

(mn_lcf_) [h^ nl_[n_^ qcnb Amb\s \linb b[pcha ]ih`fo_hn 

aliqnb i` \[]n_lc[f cmif[n_ `il 2 b. G[l^_h micf om_^ `il [alc-

]ofnol[f joljim_m q[m mn_lcfct_^ [h^ `cff_^ ch _[lnb_h jinm. 

Tb_ nl_[n_^ m__^m i` lc]_ q_l_ a_lgch[n_^ ch _[lnb_h jinm 

]ihn[chcha mn_lcfct_^ micf [h^ e_jn `il 15 ^[sm oh^_l al__h-

biom_ ]ih^cncihm. W[n_lcha q[m ^ih_ l_aof[lfs.  Tb_    

g_[mol_g_hnm q_l_ l_]il^_^ `il nb_ 5nb, 10nb [h^ 15nb ^[sm. 

Riin f_hanb [h^ mbiin f_hanb q_l_ g_[mol_^ ch m][f_. 

Statistical analysis       

Tb_ i\m_lp[ncihm q_l_ l_]il^_^ [h^ n[\of[n_^. Tb_ `ch[f 

i\m_lp[ncihm q_l_ [h[fst_^ mn[ncmnc][ffs omcha Mc]limift 

Er]_f.   

 

R_sufts [h^ ^cs]usscih  

Morphological characterization      

B[]n_lc[f mnl[ch cmif[n_^ `lig nb_ nig[ni `c_f^ i` D[ld__fcha 

Hcffm mbiqm nb_ ]_ff mb[j_ \fohn li^ ni _ffcjmic^ ch           

giljbifias.  C_ffm q_l_ oj ni 2-4 µg ch f_hanb. Cifihc_m 

q_l_ `ioh^ ni \_ mgiinb, afcmn_hcha, go]ic^ [h^ \f[]e 

jcag_hnm jli^o]_^ ch if^ ]ofnol_ (Fca. 1). Tb_ cmif[n_ q[m 

al[g-h_a[ncp_ ch h[nol_ [h^ [_li\c]. Tb_ giljbifiac][f 

]b[l[]n_lcmnc]m i` nb_ cmif[n_ [l_ acp_h ch T[\f_ 1. 

 

Biochemical characterization        

 Tb_ \ci]b_gc][f ]b[l[]n_lct[ncih i` nb_ cmif[n_^ mnl[ch 
mbiqm nb_ jimcncp_ l_mofnm `il ][n[f[m_, irc^[m_, hcnl[n_ 
l_^o]ncih ni hcnlcn_m [h^ ol_[m_ (T[\f_ 2). Tb_ cmif[n_ ][h 
oncfct_ a[f[]nim_, afo]im_, `lo]nim_, g[hhcnif, f[]nim_ [h^ 
mo]lim_. Tb_ mnl[ch mbiqm h_a[ncp_ l_mofnm `il H2S jli^o]-
ncih, mn[l]b bs^lifsmcm, gincfcns [h^ ]cnl[n_ oncfct[ncih. Tb_ 
l_mofnm mbiq hi oncfct[ncih i` g[hhim_, rsfim_, lb[ghim_, 
l[ffchim_ [h^ g[fnim_. Tb_ \[]n_lc[f cmif[n_ q[m jl_fcgc-
h[lcfs c^_hnc`c_^ [m Azotobacter mj. \[m_^ ih giljbifiac][f 
[h^ \ci]b_gc][f `_[nol_m. 

Molecular characterization        

Tb_ cmif[n_ q[m c^_hnc`c_^ [m Azotobacter beijerinckii 
nblioab gif_]of[l ]b[l[]n_lct[ncih omcha 16SlRNA [n 
NCMR-NCCS, Poh_. Tb_ jbsfia_h_nc] nl__ i` nb_ \[]n_lc[f 
mnl[ch b[m \__h acp_h ch Fca. 2. 

Qualitative analysis of nitrogen-fixing activity        

Tb_ aliqnb i` cmif[n_ ih GNFM ]ihn[chcha BTB [a[l g_^c-
og mbiq_^ [ mcahc`c][hn ]b[ha_ ch nb_ ]ifil i` ]ifihc_m 
ch^c][ncha nb_ hcnlia_h-`crcha []ncpcns i` nb_ \[]n_lc[f cmi-
f[n_ (Fca. 3). Afgimn mcgcf[l l_mofn q[m `ioh^ ch jl_pciom 
mno^c_m (40-42). 

Production of IAA        

Tb_ cmif[n_ q[m [\f_ ni jli^o]_ IAA ch nb_ J_hm_h g_^cog 
[g_h^_^ qcnb nlsjnijb[h [h^ ^_p_fij_^ [ jche ]ifil 
qb_h l_[a_hnm q_l_ [^^_^ (Fca. 3). Tb_ [giohn i` IAA jli-
^o]_^ q[m `ioh^ ni \_ 27 µa/gL \s nb_ cmif[n_ [ft_l 7 ^[sm 
i` ch]o\[ncih. Tb_ l_mofnm [l_ mbiqh ch T[\f_ 2. Tb_ jli-
^o]ncih i` IAA q[m l_jiln_^ \s jl_pciom qile_lm (35, 38, 
43). 

 Sno^c_m l_jiln_^ nb[n Azotobacter mjj. jli^o]_^ 
38.82 µa/gL IAA ch [ ]ofnol_ g_^cog mojjf_g_hn_^ qcnb 
Tlsjnijb[h [n nb_ l[n_ i` 5 ga/gL (39). IAA jli^o]ncih \s 
Azotobacter mjj. ch nb_ l[ha_ i` 42.80-82.00 µa/gL q[m 
l_jiln_^ jl_pciomfs (44).  S_p_l[f inb_l mno^c_m b[p_ [fmi 
l_jiln_^ nb_ IAA jli^o]ncih ch Azotobacter cmif[n_m (12, 45-
47).  

Fca. 1. Miljbifiac][f ]b[l[]n_lct[ncih i` mnl[ch TDH-01; (A) Pf[n_ mbiqcha jcag_hn_^ ]ifihc_m (B) Gl[g-mn[ch_^ ]_ffm i` nb_ \[]n_lc[ oh^_l gc]lim]ij_.  

A A B 
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Solubilization of Phosphate        

Tb_ \[]n_lc[f cmif[n_ q[m [\f_ ni mifo\cfct_ jbimjb[n_ ni [ 

mcahc`c][hn f_p_f [m ch^c][n_^ \s \inb g_nbi^m i` [a[l mjin 

[h^ ko[hnc`c][ncih i` jbimjb[n_ mojjf_g_hn_^ qcnb  

nlc][f]cog jbimjb[n_ ch PKV \linb (Fca. 3). Tb_ SI [h^ SE i` 

nb_ \[]n_lc[f cmif[n_ q_l_ `ioh^ ni \_ [\ion 2.86 [h^ 185 

l_mj_]ncp_fs.  

 

Production of Gibberellic acid          

Tb_ \[]n_lc[f cmif[n_ q[m [\f_ ni jli^o]_ ac\\_l_ffc] []c^ 

(Fca. 3). Tb_ jli^o]ncih i` Gc\\_l_ffc] []c^ q[m `ioh^ ni \_ 

[\ion 48 µa/gL. In q[m l_jiln_^ nb_ jli^o]ncih i`          

Gc\\_l_ffc] []c^ \s nb_ Azotobacter mj. l[hacha \_nq__h   

02 µa/gL ni 62 µa/gL (48). Tb_ jli^o]ncih i` Gc\\_l_ffc] 

[]c^ \s Azotobacter b[m \__h jl_pciomfs l_jiln_^ \s g[hs 

qile_lm (49-51).  

 T[\f_ 3. Sogg[lct_m nb_ p[fo_m i` jbimjbilom mifo-

\cfct_^ (µa/gL) [h^ nb_ ]b[ha_ ch jH i` nb_ ]ill_mjih^cha 

g_^cog, in-vitro jli^o]ncih i` IAA [h^ Gc\\_l_ffc] []c^ 

[ft_l 7 [h^ 3 ^[sm l_mj_]ncp_fs. 

Screening of siderophore production         

Tb_ \[]n_lc[f cmif[n_ jli^o]_m [ ]f_[l b[fi [lioh^ nb_     

\[]n_lc[f ]ifihs ih nb_ Cblig_ [tolif S (CAS) [a[l         

g_^cog ch^c][ncha nb_ jli^o]ncih i` mc^_lijbil_ (Fca. 3). 

A mcgcf[l `ch^cha b[m \__h l_jiln_^ ch _[lfc_l mno^c_m (52, 

53). 

Hydrogen cyanide (HCN) production         

Tb_l_ q[m nb_ ^_p_fijg_hn i` il[ha_ ni \liqh ]ifil ch 

nb_ Wb[ng[h `cfn_l j[j_l nb[n q[m cgjl_ah[n_^ [n nb_    

chh_l mol`[]_ i` nb_ fc^ i` j_nlc jf[n_m. Tb_ ^_p_fijg_hn i` 

nb_ il[ha_ ]ifil ch^c][n_^ nb[n nb_ \[]n_lc[f cmif[n_ ][h 

jli^o]_ HCN (Fca. 3). Pli^o]ncih i` HCN \s Azotobacter mj. 

q[m [fmi l_jiln_^ ch _[lfc_l mno^c_m (54). 

Ammonia production        

B[]n_lc[f cmif[n_ aliqh ih j_jnih_ q[n_l mbiqm nb_       
jli^o]ncih i` [h il[ha_ ]ifil qcnb nb_ [^^cncih i`        

N_mmf_l’m l_[a_hn qbc]b ch^c][n_^ nb_ jimcncp_ l_mofn `il 

[ggihc[ jli^o]ncih (Fca. 3). A mcgcf[l `ch^cha q[m l_jiln-

_^ ch _[lfc_l mno^s (55).  

 T[\f_ 4. Sogg[lct_m nb_ ]b[l[]n_lcmnc] `_[nol_m i` 

jf[hn aliqnb-jligincha nl[cnm i` nb_ \[]n_lc[f cmif[n_. 

Isif[t_ Gr[g h[tur_ Sb[j_ Cifihy Sur`[]_ Cifihy M[rach Cifihy Cifiur Cifihy T_xtur_ Pcag_ht ]ifiur 

TDH-01 -p_ Bfohn Ri^ ni _ffcjmic^ Sgiinb afcmn_hcha Ehncl_ Off-qbcn_ Mo]ic^ Bf[]ecmb 

T[\f_ 1. Miljbifiac][f ]b[l[]n_lcmnc] i` nb_ cmif[n_^ mnl[ch TDH-01.  

Bci]b_gc][f ]b[r[]t_rcstc]s R_suft 

Uncfct[ncih i` moa[lm   

G[f[]nim_ + 

M[hhim_ - 

Gfo]im_ + 

Flo]nim_ + 

Xsfim_ - 

M[hhcnif + 

Rb[ghim_ - 

L[]nim_ + 

So]lim_ + 

R[ffchim_ - 

M[fnim_ - 

Ih^if_ + 

Ccnl[n_ - 

C[n[f[m_ + 

Ul_[m_ + 

Orc^[m_ + 

H2S jli^o]ncih - 

NO2 l_^o]ncih + 

Mincfcns - 

Sn[l]b bs^lifsmcm - 

T[\f_ 2. Bci]b_gc][f jlij_lnc_m i` nb_ cmif[n_^ mnl[ch TDH-01.  

Fca. 2.  Pbsfia_h_nc] l_f[ncih i` nb_ mnl[ch TDH-01 omcha nb_ h_cab\iol-dichcha g_nbi^.  
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In-vitro plant growth promotion test on Rice seeds   using 

TDH-01 strain        

Tb_ nl_[ng_hn i` lc]_ m__^m qcnb TDH-01 mnl[ch q[m `ioh^ 
ni \_ \_h_`c]c[f. % ch]l_[m_ ch a_lgch[ncih ip_l ]ihnlif 

q[m `ioh^ ni \_ 7.52% (Fca. 4 [h^ Fca. 5). Tb_ mnl[ch 

mbiq_^ cgjlip_^ m__^ a_lgch[ncih [h^ b[m [ \_h_`c]c[ls 

l_mjihm_ ih nb_ aliqnb i` mbiin [h^ liin f_hanb (Fca. 6 

[h^ Fca. 7). Tb_ pcail ch^_r ][f]of[n_^ q[m `ioh^ ni         

ch]l_[m_ ch nb_ nl_[n_^ m__^ ch ]igj[lcmih ni nb_ ]ihnlif 

A B C D 

E F G 

Fca. 3. Amm_mmg_hn i` PGP ]b[l[]n_lct[ncih i` mnl[ch TDH-01. (A) Pimcncp_ [h^ ]ihnlif m[gjf_ `il IAA []ncpcns, (B) Pimcncp_ [h^ ]ihnlif m[gjf_ `il Aggihc[   Pli^o]-
ncih, (C) Cihnlif [h^ jimcncp_ m[gjf_ `lig ]ifilcg_nlc] _mncg[ncih i` Gc\\_l_ffc] []c^ jli^o]ncih, (D) Cf_[l b[fi tih_ [lioh^ nb_ ]ifihc_m mbiqcha        Pbimjb[n_ 
mifo\cfct[ncih, (E) Pf[n_ mbiqcha ]ifil ]b[ha_m i` nb_ ]ifihs `il Ncnlia_h []ncpcns, (F) HCN jli^o]ncih \s \[]n_lc[f cmif[n_m, (G) Cf_[l tih_ [lioh^ nb_ ]ifihc_m 
mbiqcha mc^_lijbil_ jli^o]ncih.  

B[]t_rc[f 
str[ch  

jH i` tb_ 
g_^cug 

Av[cf[\f_ jbisjbirus (µa/gf) [ft_r 7 
^[ys i` ch]u\[tcih 

IAA jri^u]tcih (µa/gf) [ft_r 7 ^[ys i` ch]u-
\[tcih ch jr_s_h]_ i` tryjtijb[h 

Gc\\_r_ffc] []c^(µa/gf) jri^u]tcih 
[ft_r 3 ^[ys i` ch]u\[tcih 

TDH-01 5.5 25 27 48 

T[\f_ 3.  In vitro jbimjb[n_ mifo\cfcm[ncih, IAA jli^o]ncih [h^ Gc\\_l_ffc] []c^ jli^o]ncih \s nb_ mnl[ch TDH-01.  

Isif[t_ Nctria_h `cxcha []tcvcty Sc^_rijbir_ jri^u]cha 
[\cfcty 

Hy^ria_h ]y[hc^_ jri^u]-
cha []tcvcty 

Aggihc[ jri^u]cha []tcvc-
ty 

TDH-01 Pimcncp_ Pimcncp_ Pimcncp_ Pimcncp_ 

T[\f_ 4.  Cb[l[]n_lct[ncih i` jf[hn aliqnb jligincha nl[cnm i` nb_ cmif[n_^ mnl[ch TDH-01.  

Fca. 4. In vitro _ff_]n i` mnl[ch TDH-01 ih m__^ a_lgch[ncih [h^ pcail ch^_r. (A) Cihnlif [h^ \[]n_lc[f chi]of[n_^ m__^ a_lgch[ncih (B) Eff_]n i` \[]n_lc[f chi]of[ncih 
ih nb_ aliqnb i` liin [h^ mbiin i` Oryza sativa m__^m.  

A B 

 

 

TDH-01 
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(Fca. 8). Tb_ `ch^cha q[m [fmi mojjiln_^ \s nb_ l_jiln (56) 

nb[n Azotobacter chi]of[ncih _hb[h]_^ m__^ a_lgch[ncih 

i` lc]_, g[ct_ [h^ qb_[n. 

Greenhouse Experiment          

Ih nb_ al__hbiom_ jin _rj_lcg_hnm, [ft_l 15 ^[sm i` nb_ 

jf[hn[ncih, nb_ mnl[ch-nl_[n_^ m__^fcha mbiqm [ mcahc`c][hn 

ch]l_[m_ ch liin f_hanb [h^ mbiin f_hanb nb[h nb_ ]ihnlif 

(Fca. 9). Tb_ l_mofnm i` nb_ aliqnb j[l[g_n_lm i` nb_ nl_[n_^ 

[h^ ]ihnlif [l_ n[\of[n_^ (T[\f_ 5). Ah ch]l_[m_ ch mbiin 

f_hanb [h^ liin f_hanb \s Azotobacter chi]of[ncih ch nb_ 

g[ct_ m__^fcha b[m \__h l_jiln_^ ch _[lfc_l mno^c_m (57). 

 [: % ch]l_[m_ ch mbiin f_hanb qcnb l_mj_]n ni ]ihnlif 

 \: % ch]l_[m_ ch liin f_hanb qcnb l_mj_]n ni ]ihnlif   

 

Cih]fuscih   

In ][h \_ ]ih]fo^_^ `lig nb_ [\ip_ mno^s nb[n nb_ mnl[ch 

TDH-01 cmif[n_^ `lig nb_ nig[ni lbctimjb_l_ i` D[ld__fcha 

bcffm ][h jli^o]_ jf[hn aliqnb-jligincha mo\mn[h]_m fce_ 

IAA, ac\\_l_ffc] []c^ [h^ [fmi ][h mifo\cfct_ chila[hc] jbim-

jb[n_. Tb_ mnl[chm b[p_ nb_ jin_hnc[f ni \_ om_^ [m ch^ca_-

hiom \ci`_lncfct_lm `il nb_ cgjlip_g_hn i` aliqnb [h^ sc_f^ 

i` ]lijm [h^ bif^ mo\mn[hnc[f jligcm_ `il [^p[h]cha      

momn[ch[\f_ [alc]ofnol[f jl[]nc]_m [h^ _hpclihg_hn[f   

mn_q[l^mbcj ch nb_ l_acih. Tblioab nbcm mno^s, mcahc`c][hn 

chmcabnm chni nb_ jf[hn-aliqnb jligincih (PGP) jlij_lnc_m 

i` nb_ mnl[chm ][h \_ a[ch_^, jin_hnc[ffs f_[^cha ni nb_   

^_p_fijg_hn i` hip_f \cichi]of[hnm n[cfil_^ ni _hb[h]_ 

]lij jli^o]ncpcns ch nb_ ohcko_ [ali-_]ifiac][f ]ihn_rn i` 

D[ld__fcha bcffm. 
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Fca. 5. P_l]_hn[a_ i` m__^ a_lgch[ncih i` ]ihnlif [h^ nl_[n_^ m__^m `il 7 
^[sm.  
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Fca. 6. Amm_mmg_hn i` [p_l[a_ mbiin f_hanb i` Oryza sativa `il 7 ^[sm.  

0

1

2

3

4

5

6

7

Day 2 Day3 Day 4 Day 5 Day 6 Day 7

R
o

o
t 

le
n

gt
h

 (
cm

)

Days 

Control Treated
 

Fca. 7. Amm_mmg_hn i` [p_l[a_ liin f_hanb i` Oryza sativa `il 7 ^[sm.  

Fca. 8. Amm_mmg_hn i` [p_l[a_ Vcail ch^_r i` Oryza sativa `il 7 ^[sm.  
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Fca. 9. Gl__hbiom_ _rj_lcg_hnm (A) Cihnlif [h^ \[]n_lc[f chi]of[n_^ lc]_ 
m__^fcha (f_ft ]ihnlif) (B) Eff_]n i` chi]of[ncih i` \[]n_lc[f cmif[n_m ih nb_ 
aliqnb i` liin [h^ mbiin i` Oryza sativa m__^fcha (_rnl_g_ lcabn ]ihnlif).  

A B 

D[ys [ft_r 
a_rgch[tcih Tr_[tg_hts Sbiit f_hatb 

(]g) 
Riit 

f_hatb (]g) 

5 

Cihnlif 3.86±0.54 1.07±0.39 

Tl_[n_^ qcnb \[]n_lc[f 
cmif[n_ 

5.08±0.66  

31% [ 

1.98±0.33  

45% \ 

10 

Cihnlif 6.36±0.77 3.35±0.28 

Tl_[n_^ qcnb \[]n_lc[f 
cmif[n_ 

8.18±1.06  

28% [ 

4.38±0.40  

30% \ 

15 

Cihnlif 8.74±1.13 4.44±0.70 

Tl_[n_^ qcnb \[]n_lc[f 
cmif[n_ 

11.52±1.91  

31% [ 

6.26±0.91 

40% \ 

T[\f_ 5. Gliqnb j[l[g_n_lm i` mnl[ch nl_[n_^ lc]_ (Oryza sativa) m__^fcha [h^ 
j_l]_hn[a_ i` ch]l_[m_ ip_l ]ihnlif.  
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 Tb_ mno^s hin ihfs ]ihnlc\on_m ni nb_ oh^_lmn[h^cha 

i` lbctimjb_l_ gc]li\c[f ^cp_lmcns \on [fmi bcabfcabnm nb_ 

cgjiln[h]_ i` b[lh_mmcha ch^ca_hiom gc]li\c[f l_miol]_m 

`il [alc]ofnol[f cgjlip_g_hn. Bs `i]ommcha ih fi][ffs 

[^[jn_^ gc]li\c[f mnl[chm, nb_ l_m_[l]b b[m nb_ jin_hnc[f ni 

[^^l_mm mj_]c`c] ]b[ff_ha_m `[]_^ \s `[lg_lm ch D[ld__fcha 

bcffm, mo]b [m honlc_hn ^_`c]c_h]s, micf ^_al[^[ncih [h^   

momn[ch[\f_ l_miol]_ g[h[a_g_hn. 

 Hiq_p_l, ]ih^o]ncha l_m_[l]b ch nbcm [l_[ jl_m_hnm 

]b[ff_ha_m, ch]fo^cha []]_mm ni `c_f^ mcn_m, f[\il[nils     

`[]cfcnc_m [h^ _rj_lncm_. Ciff[\il[ncp_ j[lnh_lmbcjm,         

][j[]cns-\ocf^cha chcnc[ncp_m [h^ n_]bhifias nl[hm`_l 

_ffilnm [l_ ]lo]c[f `il ip_l]igcha nb_m_ ]b[ff_ha_m [h^ 

_hmolcha nb_ mo]]_mm [h^ momn[ch[\cfcns i` nb_ l_m_[l]b 

_h^_[pilm. 

 Op_l[ff, nb_ cmif[ncih [h^ ]b[l[]n_lct[ncih i`        

Azotobacter beijerinckii `il PGP jlij_lnc_m `lig nb_       ni-

g[ni lbctimjb_l_ i` D[ld__fcha bcffm l_jl_m_hn [ mcahc`c][hn 

mn_j niq[l^m nb_ ^_p_fijg_hn i` _hpclihg_hn[ffs `lc_h^fs 

[h^ _]ihigc][ffs pc[\f_ [alc]ofnol[f mifoncihm n[cfil_^ ni 

nb_ h__^m i` nb_ fi][f `[lgcha ]iggohcns. Bs [^^l_mmcha 

nb_m_ ]b[ff_ha_m [h^ f_p_l[acha nb_ l_acih’m gc]li\c[f ^c-

p_lmcns, nbcm l_m_[l]b b[m nb_ jin_hnc[f ni     ]ihnlc\on_ ni 

`ii^ m_]olcns, _hpclihg_hn[f ]ihm_lp[ncih [h^ momn[ch[\f_ 

^_p_fijg_hn ch D[ld__fcha Hcffm [h^      \_sih^.   
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