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A\str[]t   

Tbcm l_m_[l]b q[m [cg_^ ni m]l__h jf[hn aliqnb jligincha \[]n_lc[ (PGPB) 

`lig micf [h^ mno^s cnm _ff_]n ih g[ct_ jf[hn aliqnb. PGPB q_l_ cmif[n_^ 

`lig S[ol[mbnl[ ]i[mn[f l_acih micf [h^ ]ofnol_^ ch Ncnlia_h `crcha Amb\s’m 

g_^cog ni `ch^ jin_hn i` PGPBm, q_ ]ih^o]n_^ [ nbilioab m]l__hcha       

jli]_mm, [mm_mm_^ nb_cl [\cfcnc_m ch jbimjb[n_ [h^ tch] mifo\cfct[ncih, mc^_li-

jbil_ jli^o]ncih, bs^lia_h ]s[hc^_ (HCN) l_f_[m_ [h^ nb_ [hnc`oha[f     

[]ncpcns q[m j_l`ilg_^ [a[chmn Fusarium oxysporum, [ j[nbia_hc] `ohaom. 

Tb_m_ n_mnm b_fj_^ om c^_hnc`s \[]n_lc[ qcnb jf[hn aliqnb-jligincha ]b[l[]-

n_lcmnc]m `il jf[hnm. B[]n_lc[f cmif[n_m qbc]b jlipc^_^ \_nn_l l_mofnm q_l_ 

m_ko_h]_^ [h^ m_ko_h]_m q_l_ mo\gcnn_^ ni NCBI. B[]n_lc[f cmif[n_m        

m_f_]n_^ `il [jjfc][ncih ih g[ct_ ch jlcg[ls m]l__hcha mbiq_^ gimn nl_[n_^ 

m__^m ch]l_[m_^ nb_ m__^fcha pcail i` g[ct_. Ih nb_ f[nn_l mn[a_m i` m]l__hcha 

qb_l_ \[]n_lc[f ]ihmilnc[ q_l_ ^_p_fij_^ `lig jlcg[ls [h^ m_]ih^[ls 

m]l__hcha. Ih 30 ^[sm, nb_ _rj_lcg_hn ch g[ct_ jf[hn b_cabn, hog\_l i` 

f_[p_m, ]bfilijbsff ]ihn_hn [h^ [h[nigs q[m [h[fsm_^. Aff nb_ \[]n_lcog 

]ihmilncogm ^cmjf[s_^ [h ch]l_[m_ ch b_cabn (24.75%), hog\_l i` f_[p_m 

(47.77%) [h^ nin[f ]bfilijbsff ]ihn_hn (23.59%) [m ]igj[l_^ ni nb_ ]ihnlif 

g[ct_ jf[hn. A^^cncih[ffs, gc]lim]ijc] _r[gch[ncih i` nb_ nl_[n_^ jf[hnm 

mbiq_^ cgjlip_^ aliqnb, _mj_]c[ffs ch nb_ ch]l_[m_^ mn[l]b al[ch ]ihn_hn 

ch nb_ f_[p_m, mn_gm [h^ liinm. Oon i` nb_ _f_p_h PGPB ]ihmilnc[, 3 mj_]c`c] 

PGPB ]ihmilnc[ ch nbcm mno^s b[p_ mcahc`c][hnfs mo\mn[hnc[n_^ nb_ aliqnb i` 

g[ct_ jf[hnm [m _pc^_h]_^ \s nb_ ]igjl_b_hmcp_ [h[fsmcm i` [h[nigc][f 

`_[nol_m.   

 

K_ywor^s   

PGPBm; jbimjb[n_ mifo\cfct[ncih; mc^_lijbil_ jli^o]ncih; [hnc`oha[f g[ct_   

 

Intro^u]tcon   

Ih l_]_hn s_[lm, nb_l_ b[m \__h [ mnliha _gjb[mcm ih n[echa [^p[hn[a_ i` 

nb_ \_h_`cnm i` \_h_`c]c[f chn_l[]ncihm \_nq__h jf[hnm [h^ \[]n_lc[ ni       

jligin_ momn[ch[\f_ `[lgcha g_nbi^m. Pf[hn aliqnb-jligincha \[]n_lc[ 

(PGPB) [l_ [ p[lc_^ alioj i` gc]liila[hcmgm nb[n jf[s [h cgjiln[hn lif_ ch 

jf[hn aliqnb [h^ ^_p_fijg_hn. Tb_m_ \[]n_lc[ jlipc^_ g[dil ]ihnlc\oncihm 

\s _hb[h]cha jbimjb[n_ mifo\cfct[ncih, bilgih_ mshnb_mcm [h^ hcnlia_h 

`cr[ncih, [ff i` qbc]b b[p_ [ ^cl_]n cgj[]n ih jf[hn g_n[\ifcmg. Folnb_l-

gil_, PGPB []ncp_fs jligin_m _hb[h]_^ jf[hn q[n_l [h^ honlc_hn ojn[e_, 

\iimncha mnliha liin ^_p_fijg_hn [h^ ch]l_[mcha _htsg[nc] []ncpcns qcnbch 

nb_ jf[hn msmn_g honlc_hn [p[cf[\cfcns, ch^o]cha bilgih_ jli^o]ncih [h^ 

jlipc^cha l_mcmn[h]_ ni ^cm_[m_m [h^ _hpclihg_hn[f ]b[ff_ha_m ch nb_cl bimn 
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KANERIYA  ET AL   2     

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

jf[hnm (1). PGPR (Pf[hn Gliqnb-Pligincha Rbcti\[]n_lc[) 

_rbc\cn ^cmnch]n chn_l[]ncihm qcnb jf[hnm, ][n_ailct_^ chni 

msg\cinc] \[]n_lc[,  l_mc^cha qcnbch jf[hnm [h^ _ha[acha ch 

g_n[\ifcn_ _r]b[ha_ [h^ `l__-fcpcha lbcti\[]n_lc[, qbc]b 

chb[\cn nb_ _rn_lh[f _hpclihg_hn i` jf[hn ]_ffm nb_ ij_l[-

ncih[f g_]b[hcmgm i` PGPB ch]fo^_ ^cl_]n [h^ ch^cl_]n 

j[nbq[sm. Dcl_]n g_]b[hcmgm ch]fo^_ mnl[n_ac_m mo]b [m 

\ci`_lncfct[ncih, liin aliqnb mncgof[ncih, lbctil_g_^c[ncih 

[h^ jf[hn mnl_mm g[h[a_g_hn. Tb_ ch^cl_]n jli]_mm, ih nb_ 

inb_l b[h^, chpifp_m nb_ \cifiac][f l_aof[ncih cgjim_^ \s 

lbcti-\[]n_lc[ ni jligin_ jf[hn aliqnb. Tbcm cm []]ig-

jfcmb_^ \s \_b[pciolm mo]b [m [hnc\cimcm, ch^o]cha  

msmn_gc] l_mcmn[h]_ chmc^_ nb_ jf[hn [h^ ]igj_ncha `il 

\inb honlc_hnm [h^ _]ifiac][f hc]b_m. B[]n_lc[f mnl[chm nb[n 

b[p_ \__h qc^_fs mno^c_^ `il nb_cl lif_m ch nb_m_ jli]_mm_m    

ch]fo^_ Rhizobium mjj., Azotobacter mjj., Pseudomonas 

mjj., Bacillus mjj. [h^ Paenibacillus mjj. b[p_ \__h       

l_jiln_^ `il nb_cl PGP jin_hnc[fm (2). PGPB cmif[n_m b[p_ 

_g_la_^ [m [ jligcmcha [jjli[]b ni ^_p_fijcha momn[ch[-

\f_ [alc]ofnol_ jl[]nc]_m. Tb_ oncfct[ncih i` jf[hn PGPB, 

jf[hn aliqnb-jligincha gc]li\_m [h^ gs]illbct[f `ohac 

_hb[h]_ jf[hn aliqnb \s a_h_l[ncha mc^_lijbil_m, [hncirc-

^[hnm, mnl_mm-l_mcmn[hn l_mjihm_m [h^ hin[\fs, `[]cfcn[ncha 

honlc_hn [\miljncih `lig nb_ micf (3, 4). Cb_gc][f `_lncfct_lm 

[h^ j_mnc]c^_m mbiof^ \_ [pic^_^ ch momn[ch[\f_ [alc]of-

nol_ \_][om_ nb_s cgj[cl nb_ b_[fnb i` jf[hnm [m q_ff [m [ff 

inb_l fcpcha ila[hcmgm mo]b [m [hcg[fm [h^ bog[hm (5). 

M[ct_ [m ih_ i` nb_ gimn pcn[f ]_l_[f ]lijm cm _mn__g_^ `il 

cnm lc]b ]ihn_hn i` g[]lihonlc_hnm, ch]fo^cha mn[l]b, `c\l_, 

jlin_ch [h^ `[n. A^^cncih[ffs, cn jlipc^_m _mm_hnc[f gc]liho-

nlc_hnm fce_ nb_ B-]igjf_r pcn[gchm [h^ β-][lin_h_ [m q_ff 

[m ]lcnc][f gch_l[fm mo]b [m g[ah_mcog, tch], jbimjbilom 

[h^ ]ijj_l (6). Tb_ g[ch i\d_]ncp_ i` nbcm l_m_[l]b q[m ni 

^_n_lgch_ biq PGPB mnl[chm ]iof^ _ff_]n m__^ a_lgch[-

ncih, aliqnb j[l[g_n_lm i` g[ct_ [h^ sc_f^.   

 

M[t_rc[ls [n^ M_tbo^s 

Soil Sampling       

Sicf m[gjfcha q[m ]ih^o]n_^ qcnbch nb_ S[ol[mbnl[ 

Ci[mn[f R_acih i` God[l[n, Ih^c[, qb_l_\s m[gjf_m q_l_ 

msmn_g[nc][ffs ]iff_]n_^. E[]b ]iff_]n_^ m[gjf_ q[m [m-

mcah_^ [h []]_mmcih hog\_l `il []]ol[n_ f[\_ffcha [h^ 

mo\m_ko_hn jli]_mmcha ch nb_ f[\il[nils (T[\f_ 1). 

Isolation and screening of bacteria        

Imif[ncih q[m ][llc_^ ion omcha Amb\s’m [a[l jf[n_ q[m 

om_^ `il nb_ cmif[ncih i` nb_ \[]n_lc[, qbc]b q_l_ jf[n_^ ch 

nlcjfc][n_ [h^ ch]o\[n_^ [n 30±1 °C `il 48 b. Amb\s’m [a[l 

jf[n_m q_l_ om_^ ni mo\-]ofnol_ [h^ jolc`s nb_ \[]n_lc[ 

]ifihc_m. Fiffiqcha nb_ ch]o\[ncih j_lci^, nb_ ]ifihc_m i` 

\[]n_lc[ q_l_ mo\-]ofnol_^ [h^ jolc`c_^ omcha Amb\s’m [a[l 

jf[n_m. 

Screening of Phosphate solubilizing bacteria      

Pceipme[s[’m [a[l jf[n_m ch]iljil[n_^ qcnb nlc-][f]cog 

jbimjb[n_, q_l_ chi]of[n_^ qcnb nb_ cmif[n_m ni [mm_mm 

nb_cl [\cfcns `il jbimjb[n_ mifo\cfct[ncih qcnbch [h ch]o\[-

ncih j_lci^ i` 5 ^[sm [n [ ]ihnliff_^ n_gj_l[nol_ i`         

30±1 °C (7). 

Screening of Indole acetic acid-producing bacteria        

Tb_ ko[hnc`c][ncih i` Ih^if_-3-[]_nc] []c^ jli^o]_^ \s 

_[]b cmif[n_ q[m ]ih^o]n_^ _gjfischa [ ]ifilcg_nlc] 

g_nbi^ chpifpcha S[feiqmec l_[a_hn (8). Tb_ om_ i` nb_ 

S[feiqmec l_[a_hn [ffiq_^ `il nb_ g_[mol_g_hn [h^ 

ko[hnc`c][ncih i` IAA jli^o]_^ \s nb_ l_mj_]ncp_ cmif[n_m 

Ep_ls IAA ^_n_lgch[ncih _rj_lcg_hn q[m j_l`ilg_^ ch 

nlcjfc][n_. 

Screening of Siderophore-producing bacteria            

S]l__hcha `il mc^_lijbil_-jli^o]cha \[]n_lc[ q[m ][llc_^ 

ion \s omcha nb_ mn[h^[l^ n_]bhcko_ (9). 

Screening of Hydrogen cyanide (HCN) producing bacteria       

B[]n_lc[ q_l_ ]ofncp[n_^ ih [h LB [a[l g_^cog mojjf_-

g_hn_^ qcnb afs]_lch_. A g_nbi^ q[m _gjfis_^ ni [mm_mm 

bs^lia_h ]s[hc^_ (HCN) jli^o]ncih: Wb[ng[h `cfn_l j[j_l 

Ni. 1, m[nol[n_^ ch [ mifoncih i` 1% jc]lc] []c^ [h^        

gicmn_h_^ qcnb 10% mi^cog \c][l\ih[n_, q[m [ffcr_^ ni 

nb_ chh_l mol`[]_ i` nb_ j_nlc jf[n_ fc^. Tb_ P_nlc jf[n_ q[m 

m_[f_^ qcnb [ j[l[ffch `cfg [h^ nb_h ch]o\[n_^ [n [          

]ihnliff_^ n_gj_l[nol_ i` 30±1 °C `il [ ^ol[ncih l[hacha 

`lig 24 ni 48 b. Tb_ jl_m_h]_ i` [ ]ifiol ]b[ha_ `lig fcabn 

\liqh ni ^[le \liqh qcnbch nbcm ncg_`l[g_ ch^c][n_^    

_f_p[n_^ f_p_fm i` bs^lia_h ]s[hc^_ jli^o]ncih \s nb_ 

\[]n_lc[ (10). 

Screening of Zinc solubilizing bacteria        

S]l__hcha i` \[]n_lc[f cmif[n_m ni [mm_mm nb_cl ][j[]cns `il 
tch] mifo\cfct[ncih \s 2 chmifo\f_ tch] ]igjioh^m, tch] 
irc^_ (ZhO) [h^ tch] ][l\ih[n_ (ZhCO3), q_l_ oncfct_^ ch 
nb_ _rj_lcg_hn. Cofnol_m i` \[]n_lc[ [a_^ ih_ ^[s q_l_ 
mjin-chi]of[n_^ ihni [h LB g_^cog qcnb nb_m_ chmifo\f_ 
tch] ]igjioh^m. Tb_ chi]of[n_^ jf[n_m q_l_ mo\m_ko_hnfs 
ch]o\[n_^ [n [ ]ihmn[hn n_gj_l[nol_ i` 30±1 °C `il [      

Sr. B[]t_rc[l  str[cn no. L[tctu^_ Lonactu^_ Sr. B[]t_rc[l str[cn no. L[tctu^_ Lonactu^_ 

1 SCS01 20˚43'21.32'' N 70°55'45.84'' E 9 SCS09 22˚30'35.5"N 070˚01'48.5" E 

2 SCS02 20˚43'04.26'' N 70°53'58.19'' E 10 SCS10 22˚30'36.2" N 070˚01'52.4" E 

3 SCS03 20˚45'04.52'' N 70°54'02.31'' E 11 SCS11 22˚25'37.4" N 069˚43'32.4" E 

4 SCS04 20˚45'30.85'' N 70°56'38.91'' E 12 SCS12 22˚24'29.8" N 069˚43'16.4" E 

5 SCS05 22°13'57.3"N 68°58'56.5" E 13 SCS13 22˚36'08.7" N 070˚12'02.8" E 

6 SCS06 22°13'36.9" N 68°59'21.9" E 14 SCS14 22˚33'04.4" N 070˚12'08.5" E 

7 SCS07 22°13'33.5" N 68°59'31.2" E 15 SCS15 22˚35'08.7" N 070˚12'03.8" E 

8 SCS08 22°09'10.6" N 69°03'26.2" E         

T[\l_ 1. D_n[cfm i` nb_ Ciff_]n_^ micf m[gjf_m.  
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^ol[ncih i` 14 ^[sm. Nin[\fs, \[]n_lc[f mnl[chm ^_gihmnl[n-
cha nb_ [\cfcns ni mifo\cfct_ tch] mbiq][m_^ pcmc\f_ ]f_[l 
tih_m mollioh^cha nb_cl ]ifihc_m ih nb_ ]ofnol_ g_^cog 
]ihn[chcha chmifo\f_ tch] ]igjioh^m. Tbcm jb_hig_hih 
m_lp_^ [m [h ch^c][nil i` nb_cl ][j[\cfcns ni mifo\cfct_ tch] 
`lig nb_m_ mj_]c`c] ]igjioh^m (11). 

Antagonistic activity of bacterial isolates against fungi 
(Fusarium oxysporum)         

Ahn[aihcmnc] _ff_]nm i` \[]n_lc[f cmif[n_m [a[chmn nb_ jbsni-
j[nbia_hc] `ohaom F. oxysporum (NCIM A]]_mmcih hi. 1008) 
q_l_ _r[gch_^ omcha Pin[ni D_rnlim_ Aa[l jf[n_ om_ ni 
_p[fo[n_ nb_ [hn[aihcmnc] []ncpcns i` \[]n_lc[f cmif[n_m 
[a[chmn nb_ jbsnij[nbia_hc] `ohaom in vitro. Oh nb_ PDA 
jf[n_m, `oha[f [a[l ^cm]m q_l_ jimcncih_^ 3 ]g [j[ln `lig 
nb_ mcn_m i` \[]n_lc[f aliqnb. A^^cncih[ffs, [ h_a[ncp_     
]ihnlif q[m _mn[\fcmb_^, ]igjlcmcha `oha[f [a[l ^cm]m   
^_pic^ i` [hs \[]n_lc[f ]ofnol_ mjinm. So\m_ko_hnfs, nb_ 
P_nlc jf[n_m q_l_ ch]o\[n_^ `il [ ^ol[ncih i` m_p_h ^[sm [n 
[ n_gj_l[nol_ i` 30±1 °C. D[cfs i\m_lp[ncihm q_l_ g[^_ 
ip_l nb_ `iffiqcha _cabn ^[sm ni gihcnil [h^ [mm_mm nb_ 
chbc\cncih i` `oha[f aliqnb, nb_l_\s _p[fo[ncha nb_ chbc\c-
nils _ff_]nm i` nb_ \[]n_lc[f cmif[n_m ih nb_ jbsnij[nbi-
a_hc] `ohaom (12). 

1-aminocyclopropane-1-carboxylic acid (ACC) deaminase 
production by bacteria isolates        

B[]n_lc[f cmif[n_m q_l_ chi]of[n_^ ih nb_ gchcg[f m[fnm 
[a[l g_^cog, _hlc]b_^ qcnb 3 gM ACC (hcnlia_h miol]_). 
Tb_ gchcg[f m[fn [a[l jf[n_m q_l_ jf[]_^ ch [h ch]o\[nil 
m_n [n [ n_gj_l[nol_ i` 30±2 °C [h^ [ffiq_^ ni ch]o\[n_ `il 
[ j_lci^ i` 72 b. Cifihc_m aliqcha ih nb_ jf[n_m [l_ n[e_h 
[m ACC ^_[gch[m_ jli^o]_lm (13). 

Molecular Characterization         

Isol[tcon o` DNA [n^ 16S rDNA a_n_ [mplc`c][tcon           

Tb_ n[la_n_^ a_h_ [gjfc`c][ncih q[m ]ih^o]n_^ omcha nb_ 
ohcp_lm[f \[]n_lc[f jlcg_lm 1492 R (5'- GGTTACCTTGTTAC-
GACTT-3') [h^ 27 F (5'-AGAGTTTGATCCTGGCTCAG-3').  
So\m_ko_hnfs, m_ko_h]cha i` nb_ [gjfc`c_^ a_h_ `l[ag_hnm 
q[m j_l`ilg_^ oncfctcha [ 24-][jcff[ls _f_]nlijbil_mcm   
g[]bch_, mj_]c`c][ffs nb_ 3500 G_h_nc] Ah[fst_l g[ho`[]-
nol_^ \s Ajjfc_^ Bcimsmn_gm, [n nb_ `[]cfcns i` GBRC. Fil 
nb_ c^_hnc`c][ncih i` \[]n_lc[f mj_]c_m \[m_^ ih nb_         
i\n[ch_^ m_ko_h]_m, EtBciCfio^'m c^_hnc`c][ncih m_lpc]_ 
q[m oncfct_^. Tbcm m_lpc]_ _gjfism mcgcf[lcns-\[m_^    
m_[l]b_m [a[chmn ko[fcns-]ihnliff_^ ^[n[\[m_m mj_]c`c][ffs 
]ol[n_^ `il 16S lRNA m_ko_h]_m. Tbcm [jjli[]b [mmcmnm ch 
^_n_lgchcha nb_ ]fim_mn g[n]b_m il mcgcf[lcnc_m i` nb_     
m_ko_h]_^ a_h_ `l[ag_hnm ni ehiqh \[]n_lc[f mj_]c_m 
qcnbch nb_ ^[n[\[m_, [c^cha ch nb_ []]ol[n_ c^_hnc`c][ncih 
[h^ ]f[mmc`c][ncih i` nb_ \[]n_lc[f mnl[chm oh^_l chp_mnca[-
ncih (14). Tb_ jbsfia_h_nc] nl__ q[m ]ihmnlo]n_^, MEGA 
miftq[l_ p_lmcih 11 (15). Tb_ m_ko_h]_ p[lc[ncihm nb_ [h[-
fsm_^ \[m_^ ih 16S lDNA m_ko_h]_m.  

Preparation of inoculum and seed for pot trial         

B[]n_lc[f mnl[chm m_f_]n_^ \[m_^ ih nb_cl pcnli []ncpcns q_l_ 
]ofnol_^ ch LB \linb `il 24 b [n 30±1 °C ni a_h_l[n_         

\[]n_lc[f chi]ofog. M[ct_ m__^m i` nb_ K[p_lc-200 p[lc_ns 

q_l_ ]bim_h `il nb_ nlc[fm. Tb_ mol`[]_ mn_lcfct[ncih jli]_mm 

i` g[ct_ m__^m chpifp_^ [ 2 gch nl_[ng_hn omcha [ 0.02% 

mi^cog bsji]bfilcn_ mifoncih. Fiffiqcha mn_lcfct[ncih, nb_ 

m__^m oh^_lq_hn nbilioab q[mbcha qcnb mn_lcf_ ^cmncff_^ 

q[n_l ni _fcgch[n_ [hs l_mc^o[f mi^cog bsji]bfilcn_.    

Sol`[]_-mn_lcfct_^ m__^m q_l_ cgg_lm_^ ch momj_hmcihm i` 

\[]n_lc[f cmif[n_m qcnb [ ]ih]_hnl[ncih i` 1×108 CFU/gf `il 

[ ^ol[ncih i` 30 gch. Fil nb_ jlcg[ls m]l__hcha jb[m_, 

_[]b i` nb_ 3 nl_[ng_hnm chpifp_^ [ nlcjfc][n_ i` chi]of[n_^ 

m__^m jf[]_^ ch ^cff_l_hn ]ih^cncihm: mn_lcf_ micf, 1% q[n_l 

[a[l, [h^ hih-mn_lcf_ micf. Tb_ jinm ]ihn[chcha nb_m_ m__^m 

q_l_ nb_h ch]o\[n_^ [n [ n_gj_l[nol_ i` 30 °C `il 4 ^[sm ch 

nb_ [\m_h]_ i` fcabn ni jligin_ a_lgch[ncih. 

 Pin _rj_lcg_hnm q_l_ ]ih^o]n_^ \_nq__h Ajlcf 

2021 [h^ D_]_g\_l 2022 [h^ chpifp_^ mj_]c`c] \[]n_lc[f 

cmif[n_m `il 8 ^[sm, 15 ^[sm [h^ 30-^[s _rj_lcg_hnm. Tb_ 

mno^s chpifp_^ msmn_g[nc][ffs ]igjoncha p[lciom ]ig\ch[-

ncihm ^_lcp_^ `lig nb_m_ cmif[n_m. Agiha nb_ 7 \[]n_lc[f 

cmif[n_m \[m_^ ih Ek.1. B[]n_lc[f mn[ch ]ig\ch[ncih cm 

mbiqh ch (T[\f_ 2) Agiha nb_m_ 11 \[]n_lc[f ]ihmilnc[, 

`ch[ffs 6 \[]n_lc[f ]ihmilnc[ q_l_ m_f_]n_^ ih nb_ \[mcm i` 

g[ct_ jf[hn ni g_[mol_ jf[hn b_cabn, hog\_l i` f_[p_m [h^ 

]bfilijbsff ]ihn_hn ch nb_ jin _rj_lcg_hn (16).  

Nog\_l i` ]ig\ch[ncihm qcnbion l_j_ncncih =                  

 

 

 

<<<<.(Ekh. 1) 

qb_l_ nCr = hog\_l i` ]ig\ch[-

ncihm, n = hog\_l i`       i\d_]nm, r = 

m[g- jf_ mct_, ni = h `[]nilc[f, ri = l 

`[]nilc[f 

Microscopic analysis of plants        

Cihnlif [h^ nl_[n_^ g[ct_ jf[hnm j[lnm mn_g, f_[` [h^ liin 

q_l_ ]iff_]n_^, [h^ `cr_^ ch `ilg[fch-[]_nc] []c^-[f]ibif, 

D_bs^l[ncih q[m j_l`ilg_^ chni af[mm pc[fm, qcnb [ m_lc_m 

i` _nb[hif [h^ m[gjf_m q_l_ _g\_^^_^ ch j[l[ffch. Tl[hm-

ni 
nCr = 

(n-r )i ri     

Str[cns [n^  cts ]onsortc[ Com\cn[tcon o` 
B[]t_rc[l str[cn Not[tcons 

SCS03C1 S1 

  
SCS07C3 S2 

SCS12C2 S3 

SCS12C5 S4 

SCS03C1+ SCS07C3 S1 + S2=C1 Cihmilnc[ C1 

SCS03C1 + SCS12C2 S1+ S3=C2 Cihmilnc[ C2 

SCS03C1 + SCS12C5 S1 + S4=C3 Cihmilnc[ C3 

SCS07C3 + SCS12C2 S2 + S3=C4 Cihmilnc[ C4 

SCS07C3 + SCS12C5 S2 +S4=C5 Cihmilnc[ C5 

SCS12C2 + SCS12C5 S3 + S4=C6 Cihmilnc[ C6 

SCS03C1 + SCS07C3 + SCS12C2 S1+S2+S3=C7 Cihmilnc[ C7 

SCS03C1 + SCS07C3 + SCS12C5 S1+S2+S4=C8 Cihmilnc[ C8 

SCS07C3 + SCS12C2 + SCS12C5 S2 +S3 +S4=C9 Cihmilnc[ C9 

SCS03C1 + SCS12C2 + SCS12C5 S1 +S3+S4=C10 Cihmilnc[ C10 

SCS03C1 + SCS07C3 + SCS12C2 + 
SCS12C5 S1+S2+S3+S4=C11 Cihmilnc[ C11 

T[\l_ 2. B[]n_lc[f Ih^cpc^o[f mnl[chm [h^ cnm ]ihmilnc[ ]igjimcncih.  
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p_lm_ m_lc[f m_]ncihm nb_ bcmnifiac][f m_]ncihm q_l_          

]ihnl[mn_^, q_l_ ]on qcnb [ lin[ls gc]linig_ g_[molcha 

12 µg ni14 µg nbc]e ni pcmo[fct_ nb_ ncmmo_ mnlo]nol_m,   

bcmnifiac][f m_]ncihm oh^_lq_hn mn[chcha jli]_^ol_m     

oncfctcha 1% nifoc^ch_ \fo_ ^cmmifp_^ ch 1% [ko_iom \il[r 

mifoncih [m q_ff [m m[`l[hch O/`[mn al__h. Tb_m_ mn[ch_^ 

m_]ncihm q_l_ _r[gch_^ [h^ ][jnol_^ oh^_l p[lscha   

g[ahc`c][ncihm oncfctcha [ DME l_m_[l]b gc]lim]ij_ g[ho-

`[]nol_^ \s L_c][, G_lg[hs. 

Statistical analysis          

Tb_ jlcg[ls [h^ m_]ih^[ls m]l__hcha l_mofnm q_l_ mn[ncmnc-
][ffs [h[fsm_^ omcha nqi-q[s ANOVA [h^ Bih`_llihc     

jimn-n_mnm. Ih [^^cncih, Dohh_nn'm Mofncjf_ Cigj[lcmih 

T_mn [h^ [ ih_-q[s ANOVA q_l_ om_^ [n nb_ `ch[f      

m]l__hcha mn[a_ ni [mm_mm nb_ _ffc][]s i` nl_[n_^ [h^      

]ihnlif jf[hnm. Tb_ l_mofnm [l_ mbiqh [m g_[hm qcnb  

mn[h^[l^ _llil i` nb_ g_[h (SEM). Tb_ mn[ncmnc][f [h[fsmcm 

[h^ al[jb jfinncha q_l_ ][llc_^ ion omcha Gl[jbP[^ Plcmg 

9 miftq[l_, qbc]b _h[\f_^ [ nbilioab ^cmjf[s [h^ oh^_l-

mn[h^cha i` nb_ _rj_lcg_hn[f l_mofnm.   

 

R_sults [n^ Dcs]usscon  

Tb_ ]oll_hn chp_mnca[ncih `i]om_^ ih nb_ cmif[ncih [h^ 

m]l__hcha i` (PGPB) `lig nb_ ]i[mn[f l_acih i` S[ol[mbnl[. 

A nin[f i` 7 \[]n_lc[f mnl[chm q_l_ m]l__h_^ [h^ ]b[l[]n_l-

ct_^ \[m_^ ih nb_cl jf[hn aliqnb-jligincha []ncpcnc_m, [m 

ionfch_^ ch (T[\f_ 2). Oon i` 7 \[]n_lc[f mnl[chm, [ff \[]n_lc[f 

mnl[chm [l_ ][j[\f_ i` PS (jbimjb[n_ mifo\cfct[ncih), IAA 

(ch^if_ []_nc] []c^) [h^ Sc^_lijbil_ jli^o]ncih. Oon i` 7 

\[]n_lc[f cmif[n_m 4 \[]n_lc[f mnl[chm SCS03C1, SCS07C3, 

SCS12C1 [h^ SCS12C2, _rbc\cn_^ nb_ jli^o]ncih i` bs^li-

a_h ]s[hc^_ (HCN), _r]_jn `il mnl[chm SCS12C3 [h^ 

SCS06C1. Tb_ \[]n_lc[f mnl[chm q_l_ n_mncha `il nb_ [hnc`oh-

a[f []ncpcns [a[chmn F. oxysporum. Agiha nb_m_ 7 \[]n_lc[f 

mnl[chm 4 \[]n_lc[f mn[ch SCS03C1, SCS07C3, SCS12C2 [h^ 

SCS12C5 ^_gihmnl[n_^ [hnc`oha[f []ncpcns q_l_ [\f_ ni 

chbc\cn nb_ aliqnb i` F. oxyporum mj_]c_m. A^^cncih[ffs, nb_ 

mifo\cfct[ncih i` tch] q[m `[]cfcn[n_^ \s [ff \[]n_lc[f mnl[ch 

_r]_jn SCS06C1. 1-[gchi]s]fijlij[h_-1-][l\irsf[n_, [ 

jl_]olmil i` _nbsf_h_ jli^o]_^ \s SCS03C1, SCS07C3, 

SCS12C2, SCS12C3 [h^ SCS12C5     \[]n_lc[f mnl[ch.  

 Tb_ chp_mnca[ncih g_nc]ofiomfs ionfch_^ nb_           

^cmnch]ncp_ nl[cnm [h^ `oh]ncih[fcnc_m i` nb_ \[]n_lc[f mnl[chm 

cmif[n_^ `lig nb_ S[ol[mbnl[ ]i[mn[f l_acih. Tbcm ]igjl_-

b_hmcp_ [h[fsmcm jlipc^_^ chmcabnm chni nb_cl ^cp_lm_       

][j[]cnc_m [h^ ]ihmnl[chnm ]ih]_lhcha jf[hn aliqnb        

jligincih. B[m_^ ih nb_ jf[hn aliqnb-jligincha []ncpcns 

(T[\f_ 3), [ nin[f i` 7 \[]n_lc[f mnl[chm q_l_ m]l__h_^ [h^ 

]b[l[]n_lct_^ `il Pbsfia_h_nc] [h[fsmcm i` 16S lRNA-\[m_^ 

c^_hnc`c][ncih i` \[]n_lc[f cmif[n_m nblioab EtT[rih m_lp_l 

cm acp_h ch (T[\f_ 4). Tb_ gif_]of[l ]b[l[]n_lct[ncih i`   

cmif[n_^ \[]n_lc[ [c^m ch nb_ ]igjl_b_hmcih i` jb_hinsj_m 

[h^ b_n_lia_h_cns. Pbsfia_h_nc] [h[fsmcm l_p_[f_^ nb_  

l_f[ncihmbcj \_nq__h nb_ cmif[n_m (Fca. 1).  A nbilioab   

chp_mnca[ncih i` _[]b \[]n_lc[ nb_ chcnc[f m]l__hcha `il    

\[]n_lc[ nb[n mojjiln jf[hn aliqnb, A p[lc_ns i` \[]n_lc[f 

cmif[n_m, ch]fo^cha SCS03C1, SCS07C3, SCS06C1, SCS12C1, 

SCS12C2, SCS12C3 [h^ SCS12C5, q_l_ om_^ ni nl_[n g[ct_ 

m__^m. Tbl__ ^cmnch]n aliqnb g_^c[ q[n_l [a[l, mn_lcf_ micf 

[h^ micf q_l_ om_^ ni jligin_ aliqnb. Tb_ m__^ pcail  

ch^_r q[m ][f]of[n_^. A `ilgof[ q[m om_^ ni ][f]of[n_ nb_ 

m__^ pcail ch^_r, qbc]b q[m ^_n_lgch_^ [m nb_ m__^ f_hanb 

[h^ a_lgch[ncih %. 

PGP Tr[ct 

B[]t_rc[l str[cns 

Acinetobacter 
pitti   SCS03C1 

Pseudomonas    ex-
tremorientalis  

SCS07C3 

Bacillus        
licheniformis  

SCS12C1 

Bacillus 
haynesii  

SCS12C2 

Bacillus    
vallismortis  

SCS12C3 

Priestia    
aryabhattai  

SCS12C5 

Bacillus 
pumilus  

SCS06C1 

PS + + + + + + + 

IAA + + + + + + + 

Sc^_lijbil_ + + + + + + + 

HCN + + + + - + - 

Ahnc-`oha[f A]ncpcns + + - + - + - 

Zch] Sifo\cfct[ncih + + + + + + - 

ACC D_[gch[m_ + + - + + + - 

T[\l_ 3. Cb[l[]n_lct[ncih i` \[]n_lc[f cmif[n_m `il jf[hn aliqnb-jligincha []ncpcnc_m.  

+ ch^c][n_ jimcncp_ []ncpcns, - ch^c][n_ hi []ncpcns. HCN= Hs^lia_h ]s[hc^_ jli^o]ncih. IAA=Ih^if_ A]_nc] A]c^ jli^o]ncih. PS= Pbimjb[n_ mifo\cfct[ncih.  

G_n\[nk   A]]_sscon No. B[]t_rc[l Str[cn Top-bct t[xon Top-bct str[cn Scmcl[rcty (%) 

ON344839.1 Pseudomonas extremorientalis  (SCS07C3) Pseudomonas extremorientalis KMM 99.9 

ON146311.1 Priestia aryabhattai(SCS12C5) Priestia aryabhattai B8W22 100 

ON556603.1 Bacillus vallismortis (SCS12C3) Bacillus nakamurai NRRL B-41091 99.19 

ON545808.1 Bacillus pumilus(SCS06C1) Bacillus pumilus ATCC 7061 99.72 

ON533626.1 Bacillus licheniformis(SCS12C1) Bacillus licheniformis ATCC 14580 99.89 

ON514165.1 Bacillus haynesii( SCS12C2) Bacillus licheniformis ATCC 14580 99.79 

ON350852.1 Acinetobacter pitti(SCS03C1) Acinetobacter pittii CIP 70.29 100 

T[\l_ 4. 16S lRNA-\[m_^ c^_hnc`c][ncih i` \[]n_lc[f cmif[n_m nblioab EtT[rih m_lp_l. 
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Effect of Plant growth promoting bacteria isolates on 

Maize         

Prcm[ry s]r__ncna        

Plcg[ls S]l__hcha ch nbcm mno^s, [ft_l 8 ^[sm ni _p[fo[n_ nb_ 

nl_[ng_hnm l_mofnm. Fiol \[]n_lc[f cmif[n_m ion i` nb_              

7 mno^c_^ ^cmjf[s_^ jimcncp_ jf[hn aliqnb-jligincha      

[]ncpcns, []]il^cha ni nb_ jlcg[ls m]l__hcha l_mofnm. P[lnc]-

of[lfs, [m ]igj[l_^ ni nb_ ]ihnlif, SCS07C3, qbc]b mbiq_^ 

[m m (24.56%), SCS03C1 mbiq_^ [ mcahc`c][hn (23.10%), 

SCS12C1 [ (4.85%), SCS12C2 [ mcahc`c][hn cgjlip_g_hn 

qcnb [ 22.11% ch]l_[m_ ch m__^ pcail. A^^cncih[ffs, SCS12C5 

[h^ SCS06C1 \inb ^_gihmnl[n_^ mcahc`c][hn ch]l_[m_ ch 

m__^ pcail ch^_r [m ]igj[l_^ ni nb_ ]ihnlif (19.77%) [h^ 

(14.74%) l_mj_]ncp_fs.  

 Tb_m_ ion]ig_m ]f_[lfs p[fc^[n_ nb_ nl_[ng_hn'm 
_ffc][]s ch \iimncha m__^ pcail. Hiq_p_l, cn'm cgjiln[hn ni 

hin_ nb[n SCS12C3 mbiq_^ ^_]l_[m_ ch m__^ pcail ch^_r \s 

3.30% ]igj[l_^ ni nb_ ]ihnlif. Tbcm h_a[ncp_ [fn_l[ncih 

cgjfc_m nb[n nb_ nl_[ng_hn gcabn hin b[p_ \__h                

[jjlijlc[n_ il [^p[hn[a_iom `il nbcm j[lnc]of[l g[ct_ p[lc-

_ns. Tbcm `ch^cha acp_m nb_ q[s `il `olnb_l chp_mnca[ncih chni 

nb_m_ jligcmcha mnl[chm [h^ nb_cl jin_hnc[f [jjfc][ncihm ch 

m_]ih^[ls m]l__hcha _rj_lcg_hnm. 

Secondary screening          

Ih nbcm mno^s S__^ aliqnb _rj_lcg_hnm q_l_ ][llc_^ ion 

omcha q[n_l [a[l, mn_lcf_ micf [h^ l_aof[l micf, qcnb nb_ m__^ 

pcail ch^_r ][f]of[n_^ [ft_l [ 15-^[s j_lci^ (Fca. 2).  Ih nbcm 

jb[m_ i` nb_ mno^s, m__^ pcail m_lp_^ [m nb_ jlcg[ls ]lcn_lc-

ih, qcnb p[fo_m i` m__^ pcaiol ch^_r _r]__^cha 700 \_cha 

nb_ nbl_mbif^ `il m_f_]ncih ch nb_ m_]ih^[ls m]l__hcha. 

Agiha nb_ \[]n_lc[f cmif[n_m nb[n q_l_ chp_mnca[n_^, nb_ 

l_mofnm q_l_ SCS03C1 _rbc\cn_^ (34.88%), SCS07C3 mbiq_^ 

(45.86%), SCS12C2 mbiq_^ (40.18%) [h^ SCS12C5           

_rbc\cn_^ [ (38.37%) ch]l_[m_ ch nb_ m__^ pcail ch^_r     

]igj[l_^ ni nb_ ]ihnlif. Tb_m_ `ch^cham `olnb_l oh^_l-

m]il_ nb_ _ff_]ncp_h_mm i` nb_ nl_[ng_hn ch _hb[h]cha m__^ 

pcail. 

 

Fca. 1. Tb_ _pifoncih[ls bcmnils q[m ch`_ll_^ omcha nb_ N_cab\iol-Jichcha g_nbi^ (38). Tb_ ijncg[f nl__ cm mbiqh. Tb_ _pifoncih[ls ^cmn[h]_m q_l_ ]igjon_^ 
omcha nb_ M[rcgog Cigjimcn_ Lce_fcbii^ g_nbi^ (39) [h^ [l_ ch nb_ ohcnm i` nb_ hog\_l i` \[m_ mo\mncnoncihm j_l mcn_. Tbcm [h[fsmcm chpifp_^ 14 ho]f_inc^_ 
m_ko_h]_m. Aff [g\caoiom jimcncihm q_l_ l_gip_^ `il _[]b m_ko_h]_ j[cl (j[clqcm_ ^_f_ncih ijncih). Tb_l_ q_l_ [ nin[f i` 1599 jimcncihm ch nb_ `ch[f ^[n[m_n. 
Epifoncih[ls [h[fsm_m q_l_ ]ih^o]n_^ ch MEGA11.  

Fca. 2. Sbiqm nb_ S__^fcha pcail i` nb_ 8-^[s [h^ 15-^[s a_lgch[ncih j_lci^m, B[lm l_jl_m_hnm g_[h p[fo_m [h^ mn[h^[l^ _llilm [h^ g[le_^ qcnb * ch^c][n_   
mn[ncmnc][ffs mcahc`c][hn ^cff_l_h]_m omcha Bih`_llihc jimn-n_mnm (*-j<0.05;**-j<0.01;***-j<0.001;****-j<0.0001).h=3.  
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Tertiary screening          

Ih nbcm mno^s, \[]n_lc[f ]ihmilnc[ om_^ (Fca. 3) `il m__^     

a_lgch[ncih [h^ aliqnb `il 8 ^[sm _rj_lcg_hn. Tb_ bcab-

_mn j_l]_hn[a_ i` ch]l_[m_ q[m i\m_lp_^ ch ]ihmilncog       

5 (48.61%). Tb_ inb_l ]ihmilnc[ [fmi ^cmjf[s_^ jimcncp_ 

]b[ha_m ch f_hanb, l[hacha `lig (19.95%) ni (39.00%). Tb_ 

nl_[ng_hnm m__g ni b[p_ b[^ [ \_h_`c]c[f cgj[]n ih nb_ 

aliqnb i` nb_m_ g[ct_ p[lc_nc_m, qcnb ]ihmilncog 5 [h^ 

]ihmilncog 6 mbiqcha nb_ gimn mcahc`c][hn cgjlip_g_hnm.  

Quaternary screening        

Ih nbcm mno^s, f_hanb q[m n[e_h chni []]iohn [m [ ]lcn_lcih, 

[h^ [p_l[a_ f_hanb p[fo_m [\ip_ 7.3 ]g q_l_ ]bim_h i` 

g[ct_ jf[hn `lig n_lnc[ls m]l__hcha. Aff nb_ \[]n_lc[f       

]ihmilnc[ ^cmjf[s_^ [h ch]l_[m_ ch nb_ b_cabn i` nb_ g[ct_ 

[ft_l 15 ^[sm i` nl_[ng_hn (Fca. 4). Tb_ bcab_mn % i`         

ch]l_[m_ ch b_cabn (69.41%) [h^ hog\_l i` f_[p_m (34.16%) 

q[m i\m_lp_^ ch ]ihmilncog 5. Tb_ inb_l ]ihmilnc[ [fmi 

^cmjf[s_^ jimcncp_ ]b[ha_m ch f_hanb i` nb_ g[ct_. Tb_ 

nl_[ng_hnm m__g ni b[p_ b[^ [ \_h_`c]c[f cgj[]n ih nb_ 

aliqnb i` nb_m_ g[ct_ p[lc_nc_m, qcnb ]ihmilncog 5,        

]ihmilncog 6 [h^ ]ihmilncog 9 mbiqcha nb_ gimn mcahc`c-

][hn cgjlip_g_hnm.  

Quinary screening         

Ih nbcm mno^s, b_cabn [h^ hog\_l i` f_[p_m q_l_ n[e_h chni 
[]]iohn [m [ ]lcn_lcih, `lig ko[n_lh[ls m]l__hcha [h^   

]ihmilnc[ q_l_ m_f_]n_^ q_l_ ]bim_h `il Qoch[ls m]l__h-

cha. Ih nbcm m]l__hcha b_cabn i` nb_ jf[hn, hog\_l i` f_[p_m, 

]bfilijbsff ]ihn_hn i` f_[p_m [h^ [h[nigs i` jf[hn q_l_ 

[h[fsm_^ [ft_l 30 ^[sm (Fca. 5). Ni i` m_f_]n_^ \[]n_lc[f  

]ihmilnc[ ^cmjf[s_^ [h ch]l_[m_ ch nb_ b_cabn, hi i` f_[p_m 

[h^ ]bfilijbsff ]ihn_hn i` nb_ g[ct_ [m ]igj[l_^ qcnb nb_ 

]ihnlif [ft_l 30 ^[sm i` nl_[ng_hn. Cihmilncog 9 ^cmjf[s_^ 

bcab_mn j_l]_hn[a_ ch]l_[m_ ch b_cabn (38.90%), hog\_l i` 

f_[p_m (60.18%) [h^ nin[f ]bfilijbsff ]ihn_hn (32.52%) [m 

]igj[l_^ ni ]ihnlif g[ct_ jf[hn.  

Anatomical features of maize leaf, stem and root        

Ah[nigc][f [h[fsmcm i` nb_ g[ct_ jf[hn q[m ^ih_ i` nb_ 

]ihnlif [h^ ]ihmilncog nl_[n_^ g[ct_ jf[hnm 30-^[s       

j_lci^. Wb_h jf[hnm q_l_ nl_[n_^ qcnb ]ihmilnc[ cn q[m 

i\m_lp_^ nb[n nb_ p_chm ch nb_ f_[` a_n \caa_l, gil_ mn[l]b 

[]]ogof[n_m [h^ nb_ \oh^f_m nb[n ][lls honlc_hnm aliq 

f[la_l (Fca. 6). Tb_ mo\mn[hnc[f mn[l]b []]ogof[ncih m_lp_m 

[m [ ]f_[l ch^c][nil i` nb_ jf[hn'm l_g[le[\f_ jli`c]c_h]s ch 

b[lh_mmcha ][l\ih l_miol]_m [h^ jli^o]cha jbini [mmcgc-

f[n_m, qbc]b mcahc`c][hnfs ]ihnlc\on_ ni ijncgctcha jf[hn 

[l]bcn_]nol_ (17). Tbcm pcn[f jli]_mm bif^m cgg_hm_ mcahc`c-

][h]_ `il nb_ jf[hn'm ip_l[ff q_ff-\_cha [h^ molpcp[f, [m 

_pc^_h]_^ \s nb_ ]oll_hn `ch^cham ch nb_ mno^c_^ jf[hn   

mj_]c_m (18). Wb_h nb_ ]ihnlif g[ct_ jf[hn q[m ]igj[l_^ 

qcnb nb_ ]ihmilnc[-9 nl_[n_^ g[ct_, ^cff_l_h]_m ch nb_cl 

[h[nigs, j[lnc]of[lfs ch nb_ ko[hncns i` m]f_l_h]bsg[   

ncmmo_ mollioh^cha nb_ p[m]of[l \oh^f_m. S]f_l_h]bsg[ 

ncmmo_ iff_l_^ [^^cncih[f mnlo]nol[f mojjiln ni nb_ mn_g 

(Fca. 7).  

 A jf[hn'm liin ]igjlcm_^ 3 g[ch ]igjih_hnm nb_ 

ion_l f[s_l, l_`_ll_^ ni [m nb_ _jc^_lgcm, nb_ gc^^f_ f[s_l, 

Fca. 3. Sbiqm nb_ S__^fcha pcail i` nb_ 8-^[sm a_lgch[ncih j_lci^m. B[lm 
l_jl_m_hnm g_[h p[fo_m [h^ mn[h^[l^ _llilm [h^ g[le_^ qcnb * ch^c][n_ 
mn[ncmnc][ffs mcahc`c][hn ^cff_l_h]_m omcha Bih`_llihc jimn-n_mnm (*-j<0.05;        
**-j<0.01;***-j<0.001;****-j<0.0001).h=12.  

Fca. 4. H_cabn i` g[ct_ jf[hnm [h^ nb_ Nog\_l i` f_[p_m ih g[ct_ jf[hnm [ft_l [ 15-^[s j_lci^. Tb_ m[gjf_m q_l_ loh ch nlcjfc][n_, [p_l[a_^, [h^ nb_ _llil \[lm 
l_jl_m_hn mn[h^[l^ _llil. Bih`_llihc jimn-n_mnm (*-j<0.05;**-j<0.01;***-j<0.001;****-j<0.0001).h=12.  

https://plantsciencetoday.online
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]iln_r; [h^ nb_ chh_l p[m]of[l l_acih (Fca. 7). Wb_h          

]ihmilnc[-9 nl_[n_^ g[ct_ jf[hn, cn q[m i\m_lp_^ nb[n cn 

l_n[ch_^ mcgcf[l [h[nigc][f `_[nol_m ]igj[l_^ ni nb_     

ohnl_[n_^ jf[hn. Hiq_p_l, nb_l_ q[m [h ch]l_[m_ ch nb_ 

hog\_l i` g_n[rsf_g [h^ jlinirsf_g ]_ffm (19).  Tbcm    

ch]l_[m_ ch nb_m_ ]_ffm _hb[h]_^ nb_ liin'm ][j[]cns ni 

nl[hmjiln q[n_l, l_mofncha ch cgjlip_^ bs^l[ofc] ]ih^o-

]ncpcns. Xsf_g p_mm_fm jf[s [h _mm_hnc[f lif_ ch `[]cfcn[ncha 

nb_ jl_^igch[hn [rc[f gip_g_hn i` q[n_l [h^ _mm_hnc[f 

honlc_hnm []limm nb_ liin msmn_g (20).  

 Tb_ cgjiln[hn m]l__hcha ]lcn_lc[ `il nb_ m_f_]ncih i` 

jf[hn aliqnb-jligincha \[]n_lc[ l_jiln_^ jimcncp_ cgj[]n 

ih ch m_p_l[f jf[hn. Acinetobacter pitti (SCS03C1) q[m    l_-

Fca. 5. H_cabn i` g[ct_ jf[hnm, nb_ Nog\_l i` f_[p_m ih g[ct_ jf[hnm, [h^ nb_ Tin[f ]bfilijbsff ]ihn_hn ch g[ct_ jf[hnm [ft_l [ 30-^[s aliqnb j_lci^. B[lm l_jl_-
m_hnm g_[h p[fo_m [h^ mn[h^[l^ _llilm [h^ g[le_^ qcnb * ch^c][n_ mn[ncmnc][ffs mcahc`c][hn ^cff_l_h]_m omcha Bih`_llihc jimn-n_mnm (*-j<0.05;**-j<0.01;                     
***-j<0.001;****-j<0.0001).h=9.  

Fca. 6. Ah[nigc][f Cb[l[]n_lcmnc]m `_[nol_ i` g[ct_ f_[` [h^ mn_g. A-C: Tl[hmp_lm_ m_]ncih i` ]ihnlif f_[` jf[hn. D-F: Tl[hmp_lm_ m_]ncih i` nl_[n_^ (Cihmilncog-
9Tl_[n_^) Pf[hn f_[`. B, E: Sbiqm 1 V[m]of[l \oh^f_ ch f[gch[ l_acih. C,F: Sbiqm 2°V[m]of[l \oh^f_ ch f[gch[ l_acih. (B[l mct_ Fca. A & D, = 125 μg.    B, C, E, F, H, I, 
=12.5μg).  

Fca. 7. Ah[nigc][f Cb[l[]n_lcmnc]m `_[nol_m i` g[ct_ liin. A, B, C: Tl[hmp_lm_ 
m_]ncih i` ]ihnliff_^ jf[hn liin. Pf[hn liin. D,E,F: Tl[hmp_lm_ m_]ncih i` ]ih-
milncog-9 nl_[n_^ Pf[hn liin. A,D: mbiq ^cff_l_hn f[s_lm i` mbiin.               B,E: 
Sbiqm Ejc^_lg[f [h^ ]ilnc][f l_acih. C,F: Sbiqm V[m]of[l l_acih.   (A, D = 
125μg. B,C,E,F=12.5μg).  
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jiln_^ ni b[p_ \__h cmif[n_^ `lig nb_ g[ct_ lbctimjb_l_ 

[h^ `il aliqnb jligincih ch j[^^s jf[hnm (21, 22). Ih     

jl_m_hn mno^s cn q[m `ioh^ nb[n A. pitti q[m n_mn jimcncp_ ch 

[ff in vitro n_mncha. Nin ihfs in vitro, \on nbcm \[]n_lcog [fmi 

mbiq_^ jimcncp_ l_mofnm ch [ff jf[hn nlc[fm. Tb_ \[]n_lc[f 

cmif[n_ q[m [ j[ln i` [ ]ihmilnc[ [giha nb_ m_f_]n_^.          

B. pumilus (SCS06C1) cm nb_ q_ff-mno^c_^ PGPB. S_p_l[f 

mno^c_m mojjiln cnm ][j[\cfcns [h^ cn q[m l_jiln_^ nb[n        

B. pumilus  b[m [h _r]_ff_hn PGP jlij_lns (23). Tbcm \[]n_-

lcog b[m nb_ ][j[\cfcns i` bcab jli^o]ncih i` ac\\_l_ffchm, [ 

jf[hn aliqnb bilgih_ l_mjihmc\f_ `il ip_l[ff jf[hn 

aliqnb. B. pumilus q[m [fmi l_jiln_^ `il nb_ jli^o]ncih i` 

]bcnch[m_ [h^ [hnc`oha[f []ncpcns (24, 25).  

 P. extremorientalis (SCS07C3) b[m \__h q_ff          ^_-

m]lc\_^ [m PGPB. Inm PGP []ncpcns b[m \__h mno^c_^ ch [ p[lc-

_ns i` jf[hnm, ch]fo^cha, ]iggih \_[h, ]o]og\_l, Jon_ 

g[ffiq [h^ g[hs gil_ (26, 27). Ih nbcm mno^s, cnm _r]_ff_hn 

jf[hn aliqnb jligincha []ncpcns q[m hinc]_^. Oon i` 3 `ch[f 

m_f_]n_^ ]ihmilncogm, P. extremorientalis cm [ g_g\_l i` 2, 

qbc]b mbiq_^ cnm bcab jf[hn aliqnb jligincha jlij_lnc_m 

[a[chmn g[ct_ jf[hnm. B. licheniformis (SCS12C1) [m [ jf[hn 

aliqnb jligin_l i` jf[hnm (28, 29). B. haynesii (SCS12C2) 

PGP []ncpcns [a[chmn lc]_ q[m l_]_hnfs l_jiln_^  `lig bifs 

\[mcf jf[hnm (30). B. vallismortis (SCS12C3) PGP ]b[l[-

]n_lcmnc]m (IAA jli^o]ncih [h^ jbimjb[n_ mifo\cfcm[ncih) 

q_l_ l_jiln_^ (31). Tb_ [\cfcns i` B. vallismortis ni _hb[h]_ 

nb_ aliqnb i` g[ct_ q[m _r[gch_^ ch iol l_m_[l]b.        

Fch^cham moaa_mn B. vallismortis b[m jiil ion]ig_m [m ]ig-

j[l_^ ni inb_l cmif[n_m. P. aryabhattai (SCS12C5) cm q_ff 

mno^c_^ `il cnm jf[hn aliqnb [a[chmn [ p[lc_ns i` jf[hnm [h^ 

]lijm, ch]fo^cha qb_[n, mis[\_[h [h^ nig[ni (32, 33). Ih 

nbcm chp_mnca[ncih, cn q[m ^cm]ip_l_^ nb[n P. aryabhattai  cm 

[h _r]_ff_hn aliqnb jligin_l `il g[ct_ jf[hnm. In’m [ g_g-

\_l i` ]ih]fo^cha ]ihmilncogm 9. 

 Cihmilncog 5, Cihmilncog 6 [h^ Cihmilncog 9    
^cmjf[s_^ \_nn_l l_mofnm _[]b ch nb_ ][m_ i` b_cabn, hog\_l 

i` f_[p_m [h^ Cbfilijbsff i` nb_ jf[hn. Tb_m_ 3 ]ihmil-

ncogm ]f_[lfs mbiq_^ nb_ cgjlip_g_hn ch aliqnb i` nb_ 

g[ct_ jf[hn [m ch^c][n_^ \s om_ i` mno^s [h[nigc][f       

`_[nol_m. Tb_m_ ]ihmilncogm bif^ [ jligcmcha jin_hnc[f ch 

nb_ cgjlip_g_hn ch nb_ aliqnb i` nb_ g[ct_ ch `c_f^. In q[m 

l_jiln_^ nb[n nb_ aliqnb j[l[g_n_lm, ch]fo^cha f_[`, liin 

[h^ mn_g f_hanbm, jf[hn b_cabn [h^ f_[` ]iohn, ^_gih-

mnl[n_^ [ mcahc`c][hn ch]l_[m_ ch gc]li\c[f ]ihmilnc[ nl_[n-

g_hnm ]igj[l_^ ni mchaf_-chi]of[hn nl_[ng_hnm (34). 

Tb_l_ q[m [ l_jiln, mcahc`c][hnfs cgjlip_^ jf[hn []ncpcnc_m 

\s [^^cha i` \[]n_lc[ mo]b [m Azospirillum [h^                   

Azotobacter ni nb_ micf (35). PGPB b_fj_^ mcahc`c][hnfs \s 

_f_p[ncih i` ]bfilijbsff ]ihn_hn qcnb [h ch]l_[m_ l[hacha 

`lig 30% ni 45% ch f_[p_m (36) . Scgofn[h_iom [jjfc][ncih 

i` \[]n_lc[f ]ihmilnc[  l_mofn_^ ch [ mo\mn[hnc[f 90%        

ch]l_[m_ ch a_lgch[ncih %, jlin_ch ]ihn_hn ch g[ct_ jf[hnm 

[m ]igj[l_^ ni ]ihnlif jf[hn q[m l_jiln_^ [m _[lfc_l (37).   

 

Con]luscon   

Tbcm mno^s _gjb[mct_m nb_ ]lo]c[f lif_ i` jf[hn aliqnb-

jligincha \[]n_lc[ (PGPB) ch cgjlipcha g[ct_ aliqnb. 

B[m_^ ih iol mno^c_m, nb_ om_ i` PGPB cm jimcncp_fs          

]ill_f[n_^ qcnb _hb[h]_^ jf[hn b_cabn, honlc_hn ojn[e_ 

[h^ cgjlip_g_hn ch [h[nigc][f `_[nol_m. A jin_hnc[f     

[jjli[]b niq[l^ momn[ch[\f_ [alc]ofnol_ nb[n f_mm_hm   

^_j_h^_h]s ih ]b_gc][f chjonm [h^ f_mm_hm _hpclihg_h-

n[f _ff_]nm cm ni om_ PGPB [m \ci`_lncfct_lm. Tb_ jli^o]ncih 

i` g[ct_ ]lijm ][h \_ cgjlip_^ \s m_f_]ncp_ gc]li\c[f 

nl_[ng_hnm g[^_ jimmc\f_ \s nb_ c^_hnc`c][ncih i` j[lnc-

]of[l PGPB mnl[chm qcnb moj_lcil `_[nol_m. Ti oh^_lmn[h^ 

gif_]of[l j[nbq[sm [h^ chp_mnca[n_ jin_hnc[f msh_lac_m 

qcnb momn[ch[\f_ [alc]ofnol_ g_nbi^m, gil_ l_m_[l]b cm 

l_kocl_^. Ih nb_ ]b[hacha afi\[f ]ihn_rn, omcha PGPB-

\[m_^ `[lgcha jl[]nc]_m bif^m al_[n jligcm_ `il [nn[chcha 

_hpclihg_hn[f momn[ch[\cfcns [h^ `ii^ m_]olcns.   
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