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Table (1) Qualitative evaluation of zinc solubilization by isolates

Il el (e heo)dlla s (e o) SIS Jas Gragshs) S +4lla JLs (Response) x..,
Solu_bilization Halo diameter Colony diameter (mm) C_:olony+ha|o ESLus
index (mm) Diameter (mm) (Bacterial code )
. . . 0 Control

2.3 6.5 5 115 z1

2 4 4 8 z2

2.3 7.5 5.5 13 z3

2.18 6.5 5.5 12 z4

2 6 6 12 z5

2 55 5.5 11 z6

2 5 5 10 z7

2 5 5 10 z8

2.2 6 5 11 29

2 6 6 12 z10

2 55 5.5 11 z11

2.08 6.5 6 12.5 z12

2 6 6 12 z13

2.08 6.5 6 12.5 z14

2.3 6.5 5 115 z15

2 4.5 45 9 z16




114

WAV Ol ¥ o les FY o ((5555L5S" oo alona) ol omikige

Jglousl s 51 i Gl 53 age A& LB
Lo pH Hluds (V) S o L) Olas e
Sl S sty ol A 5 0ins OL bl Lo s
585 02t OV OLKGs 5 oo cddl o jind Pl
Sl 53 b S o g ot 5 JT (slaceal Ol e
los gi Mg 55t JT Gladed & Lo S
Ui (it 5 odd Lame p3PH 5 2 2ol o
My iols jolasl s 4 1) s S Jo
5 K ol (S5 5 g ol Wl ke (glatnd
Pl o 035 Ol 35 a4 S8
(YD) 335 g0 i J glousls LS 5

&l buzmo 53 il S (057 (U5

53 Cog,llS gl Lo 53 el Dol 05 b
ok 33T slty Oljn o 5 ol o 1)) P gl
St o p Ll Z13 5 72 Glaslie 4 by e
gl 53 PH 5 omly IVl pislie o ()l3 e ik
WS 5 o (r=052%) Wi edalive +/+) Jlazs|
» Bacillus megaterium Sws S i85 (¥
s8ade 5 JT et W5 4 556 Arthrobacter
Spole GilsliT 55 age B LIS o oS Lzes
5 5 Sasm SIS Sl a5 ol ely e
Sl by o Sl S el Slid oS
5 bl S SL 4 bles G5 G1 aly
o S SL (WY 5 YY) sls Gl elises g
SB S Az S Jglte Gl S sl
Ll LS il (b 55 Lol 425 55 age
lags STb Ul & Wlosls Ol Sladss .(FV) S
OFsp phf 5 M5 Lo a W5 o LGS 4 5o
o s Sl s by (JT ladn
WDalousl LS 5 Il (g, (FO 5 YF) sl Jshe
sl (glaas g O 48] o3 BLs1 PH 2887 ales
Dol sl 6,5 gl cul SKeo oS
Sl T (YY) il ails I glone@S™ b Jglomal LS5
ok 5 JT ool 05T o G557 Dol 5 5blans Sl

3 PH pslie 2alS oy (6ylsone (Simer i en
(r=-0.88**) WeT Cowsas bbaldr baw g (g5, D!
Wy e 4 Wlg o balds buyg s, Il
S Wil Al S8 S Y e 1 JT (sladn!
sl 53l Eel g das o ShalS |y Leses pH
SlasS 215 00) b mle Lo 53 (555 DLS 5
Pseudomonas . <" X555l 8 (0¥ o, Kan 5
s 4 ) sl .l (5, Pl Ul s ylssp
S b PH el 5 dl 5 5o gl GUls
padier Jsloual e S 6ss Lol 4 e
SAeS PH (bl Lo 55 (65, oS Jo o ST,
(FF) das o Ol dala b awslis s,
93 oW Jo Sladiluer (lwndion (bl
WV e Sl eds plasil a0 geT bl
o 4 Glase ald ¥ Bacillus e 4 Glate i
o 4 gl alds &K 5 Pseudomonas
5 b SL > slel s Stenotrophomonas
Wl 0l 05,5 5T ¥ Jgdm
(90 oS Jo 5 p dilur (J9090 (2Ll

165 IDNA I 5 aulie Sl oukaT Covwsty s bl
L gheys A sl Z13 a4l
ald- il Stenotrophomonas maltophilia g ;S
A3 & CINCBI ;5 MG263615 o jiws &S L 55" e
By las fawg @ud Sl o5 23

PRV gl Lo 3 laaghlor Lo 5 b SDlonil sl
Sd sl Ol e 5 i sl 0k 03,51 ¥ Uil s
e b s 5 4 Z12 371 Z5 ZA ghalir 4 by
cired s A 53 o5 e ADYY 5 AVAY QY QY
S PH i 28l sl 5 Cdte [ Staser
sl (r=-0.87*%) eTwsay jaud Plosil 253l
ol T Sl W5 o 4y Sd Jomals LS5
» Bacillus megaterium glaa g 31 & (YY)

- 230k 5 JT cladul W 5 4 B Arthrobacter

1- Rajkumar et al.



VY

wlls (35 Sygo A4S Syge 4 lisg balls
() OLSKar 5 4lsS g ST g @ 456 S
A5 4 56 Pseudomonas spp. « w3 85 i)l £

..\.::..MAJ:J\Q}«)}A

Sl o Sliwd b S0l b 0L, Ly
O Jdousl LS 5 (lsliT 5 Il sl
(BA) 3 55 dS” lind

O T gi (203
lils 8 Z13 alis by W 4S5 ¢, S o5l

2l b aslie 5 e ) &S e Do ses

&b o 33 89 Ml (o b5 (V) S
Table(2) Quantitative evaluation of zinc solubilization by isolates

Nl Ik pH (Response) sy
Solubilization amount (mg/L) C S
(Bacterial code)
14.70 7.20 Control
20.75 6.60 z1
23.2 6.50 22
15.95 6.70 z3
6.50 6.90 z4
14.65 6.73 z5
16.50 6.72 26
11.70 6.80 z7
14.15 6.70 z8
17.20 6.71 29
26.05 6.47 z10
12.80 6.42 z11
21.705 6.57 212
44.80 6.00 213
21.85 6.55 714
14.40 6.77 z15
11.65 6.79 z16
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Table(3) Quantitative evaluation of phosphorous solubilization by isolates

(a3 0,8 o) Ioonil ke pH
Solubilization amount (mg/L)

258 6.8
85.25 4.92
4133 5.53
41.33 5.42

93 4.89
93 4.85
25.833 5.4
38.75 5.34
18.08 5.83
69.75 4.99
67.16 4.93
49.08 4.93
87.83 4.9
38.75 5.72
38.75 5.43
67.16 4.88
10.33 6.17

e gl (Response) ..,
Name of genus ESLus
(Bacterial code)
- Control
Bacillus z1
Bacillus z2
Bacillus z3
Bacillus z4
Bacillus z5
Pseudomonas z6
Bacillus z7
Pseudomonas z8
Bacillus z9
Bacillus z10
Bacillus z11
Bacillus z12
Stenotrophomonas z13
Bacillus z14
Bacillus z15
Bacillus z16

S () o S el (YF)
511, Stenotrophomonas maltophilia
2315 058 Shle Eal By (gl Hle hus )
il s 03 5 6L ol sl 3 4l
) s S a5 1, s 68 s by S Lasls
Dl e S L3 8 0l (M) 0l 5 oS
5 T e Ol ek el OLalS s by NS
2P LS L Ll g, adex I Gdre olie
b bl Sl ol S ol oM olis 5 T
ol 551y (g s slge 5 ST JUl 5 das o 2530
m e My 531 oS 5 Sas i 53 5 g

(Fus

1- Islam et al.
2- Jenschke et al.

Ay ¢ Stenotrophomonas maltophilia w6
IR
J998 ol 5 S b

3 70LS 5ls Ol Laesls (sl 4 i s
Sl 53 s NS et ls s &S e 6 ST
Eel 6L 5,5, (0 Jgdr) Cnl Hls sme Ao s
33 Jds IS el s (P<0.05) s e 2ol5 sl
ol 0o (Y ) s (6 STL Oaels) dali b aus s
S LS 4 b e J35 85 Ole 0 i G
TS J W PSP SUPR ISP I A F DL
355 w5 S blime ST e (Y SE) s
580y DWW s 358 ) sl 3 Lol 55 )by dxe (555
o33 QLS Laesls )3 o YL fby IS jestls (o ST
5o ol CELE S UL ) e (ol 0
o Bl e (B35 Sl 3 5Ly 00 polie) 5

b 3 S Sl I sl s 5b
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&b bz )3 el Sl (57 (20501 () J90a
Table(4) Quantitative evaluation of potassium solubilization by isolates

) S INTR pH (Response) s\,
Solubilizing amount (mg/L) TR
(Bacterial code)
3.08 7.19 Control
10.28 6.54 z1
12.34 6.56 z2
10.28 6.63 z3
10.28 6.49 z4
10.28 6.50 z5
8.22 6.73 z6
8.22 6.67 z7
6.17 6.52 z8
10.28 6.44 29
10.28 6.73 z10
8.22 6.53 z11
8.22 6.56 z12
12.34 6.52 z13
6.17 6.65 z14
8.22 6.40 z15
8.22 6.57 z16

D5 0l (6 0N S T 39 ¢ b ylon by Dla o (uSile (0) J9urr
Table (5)Mean square of treatments effect on measured parameters of zea mays

el oSas 05y alm el 5 05 oL gle ahyy St 03 alyy 505 iy d Jos X8 ST ey s e
Dry ;/zecz)lgtht of Wet:;]/glg]tht of Shoot height Drc))/fvrvgcl)gt;ht Wgtf\pfcl)?ht Root length Chlorophyll DE SOV
241.98™ 67774.53 15.28 59797.03 338812.13 3.66™ 27.82™ -
2 (Fertilizer)
*k Kk Kk *k Kk Kk ‘-gffb.
10936.66 211344.13 42.48** 35226.13 368077.63 29.6 240.83 .
1 (Bacteri)
- S bws S
1467.6 4408.92™ 4.78™ 364.43"™ 22228.13™ 3.5™ 27.1"™
2 (Fer*Bac)
(P
270.26 21300.85 3.24 1964.95 21650.86 15 3.72
24 (Erorr)

™ Significant at p<0.01 Sl gmn s NS 5 2/ ozl o 53 (gl gme
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Figure (2) Mean comparison of Bacterium main effect on chlorophyll index of plant

dib ol (P<O.05) jls sme CoMastl (s)ls 02 pn 55 &S 2 (g > b (6l6 0 g2
Numbers followed by the same letter are not significantly different (P<0.05)

(555 s 53 ¢ S AS F) Z00,Les & by o oo
33 Ghoys YN S XYY Bl LSy oa &S sy
O ) G Opas 03ZN0 Hled b awlis
A T 53 6 el 5 bagw (B sde) Ll
S Lk a4 iy oS S5y DM 58
LOT pd e g 2 o8 plissl (2l el 55) 58
S oy e LSE e aly oS Ul a3
sk bl GBI G b DS ed e 5 lag 5T
Sl FA 0L 5 sl5 LS 83 olalE sl
Lils 5 1 byl il S s 5 0)s
555 Naes Ko 00 3,8 56 cow a&aleT
s S EANE ) g
Pl gl 5 03s SRl () OLSas 5 (Sl
Stenotrophomonas ~ Lws 1, Ll oS lse
0 55 5,15 soBS cis” s maltophilia

1- Sudha et al.
2- Nejad et al.

Bl gW 1 3 2l pll s 9 5 039
AL e sl 0L lasls il jls 4 s s
S o 53 glpn ol &S 055 1 gl 35
5559 SN e 5100 i) Sl ls fme Loy

As lsgme Bl gl Bl 5 055 (gbest
5@l el 5 05 S esle S L0 5u)
255355 sl Sl s g s gan &S5 el 55 Bl plis
B Chd); @lsm el el 5 5 05
Pl i 055 o2 i b G pl 3 (Odsue) s
35 (ZN0B2)555" 05k 5 S Sled & by (olsn
by dald boawlas jo (sl AV Ll Bl o«
e S8 38 (6358 sk pls s (Y S
oS SRIA o Wl eds glem plail i 05 il B
o3l Sl 5SKle 04037 5y (ZNOB2) ks
SSL b gae L6 edas Ol (PJsdr )l les
Sy olsn bl 5 55 s dle gLl 5IH , B2)ks)
58l il B3 el 5 sy Sl g 58T 03531

bl gLl 5 5 O3s (pihe A8 (2l bl 5 05
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o SRl o e ulg 3 523 o S g e
4 S5 sl 5l 53 8 e ol S sl
(eS| oGigt Ay &S e GO gy A5 dauly
(PY) 355 0 olS gLl 5 Ly Rl 31
W) Job 9 i 9 i Oig

Fize sl 0l besls Luilyls 4 s
sgne ey dgb 5 &Ss 5 5 055 0 38 56 S
038 52355 56, S eske Sl 1Ll o0 Jgda) 6350
039 I gae Mﬁéﬁicbﬂ):d.iw&ijj
J:Q)Jﬁéﬁpasu;\ﬁrﬁ.(b Jsd) ol
S SSe 03a3T el Sl snn s &S ke
S Sl gme LU ek OLiS (P gua) by jlas ol
039381 55 s i 5 5 O Sl (B2 k)
S g 5 05 SlB Sl 8 gy S 58
iy Job 4 by e laesls ke 05037 .S 4y
Lo isbe ) B2oled lsgme 26 edasolis
(f JS2) 5 5 (Stenotrophomonas maltophilia

Uls cpils s a4 way oS e sla ST
)3 ahss dsb 55 i S S (Y ST 5
2348 Kgd adyy dsb lagme SRl Lol Ll 5
SO &S ey Rl 55 4ty O35 Soppe o)
58 3ol L sy sy el p b S Bk
ol (BY) ST Ogaysn Citle 3G dauly

b oo olS Glaasy; sy Sl

5- Carlos et al.
6- Bath et al.

G LS S D) olSaas e
Jelse 8 L Stenotrophomonas  maltophilia
s pd g oS s Shoe 5 A5y 35 ol AL (STl
Sl Sl 36 SELT 5 (19) "0l 5 Skee gl
saryabhattai Bacillus Bacillus sp. (s s edS Sl
o &S Lsls ol o3 oS, Bacillus subtilis
WY 5 WE YV 5l 36 s o 4 dags ;ST
pde) dald b alie 55 D)5 Bl 5 055 e
A6 bl b S ol s s (S il
L3y Oyd e Jgb ko y3 VO 5 AVY 0¥ 05l
SR g Ay &S e Sl St 0 e 4 W5 e S
I s 3 OT 5 4 657 il Jb 5 5 gl gomn 1 (55
3 elE ke BlE & (5 (5B 2lpm 5 oo
bl GBSl gl 5 355 Jite Bl dlor
L eSS il 1 5e 4 sls 0lai (F0) "o
(Jds J5 Sl ek M (Gjhwsn, sl S
My I3 ol ssb & atyy Jib s Sl gl
5 0T 05y Ble 5 ady pli)l 53 SRl Lt S
S gliud 5 ok oS ey ibaals I
Pseudomonas Bacillus gl > jl Liy &S e sla
wlo ¢S g 5 Oy s il Bl el Paenibacillus
258 o 5wty b 5 algm ol il ety
93 S 36 oty 1 ) &7 s i L ag e
it 5 @M sols 5 OT e e 5T slac e
Cel g osh o e alsy bwyg & Cl ST g
e polie 5 OT G algins 5 aday pelaw 0131
M OLSas 5 &S (1) 358 o oS Luy
S e (SAs s SBSL M L ST SHIF
35 oS Sl obe ealp (Il o ol i,
psige 1 o Sas (BB e 5 ey
Lig > Loy M5 o GF Sees

1- Messiha et al.
2- Mumtaz et al.
3- Mohite et al.
4- Glick et al.
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Figure(3) Mean comparison of treatments effect on dry weight of aerial part

il gas (P<O.05) s me CoMstl (615 Ot 2 53 S e G > b (g2
Numbers followed by the same letter are not significantly different (P<0.05)
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Table (6) Mean comparison of the main effect of treatments on some characteristics of maize

Sl g i s ¢l 5 08 adyy S 03 Aty 505 S s
Shoot height  Aerial part wet weight Root dry weight Root wet weight Properties
(cm) (mg/pot) s
Treatment
11.93° 674.53" 105.8° 440.87° B1
14.31% 842 .4° 174.33% 662.4° B2
11.73° 697" 76.3° 436.1° Zno
13.55° 726.4a" 119.7° 454.9° Zn20
14.09° 852% 224.2° 763.9° Zn40
il a3 (P<O.05) jls me (oMl (glyls Sz 2 53 S e o > b (sl 2
Numbers followed by the same letter are not significantly different (P<0.05)
12
a
10 -
€ s
4 =
g 4
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4y Job 039 3 ST ool F1 pSile duylie 93T (£) o
Figure(4) Mean comparison of Bacterium main effect on root length
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growth and reproduction of plants. Zinc deficiency in plants

leads to reduced membrane integrity and synthesis of Key Words:
carbohydrates, auxins, nucleotides, cytochromes, and chlorophyll Fertilizer,

and develops susceptibility to heat stress. The solubility of Zn is Growth,

highly dependent upon soil pH and moisture and hence arid and Phosphorus,
semiarid areas are often zinc-deficient. The wuse of Potassium
microorganisms with the aim of improving nutrients availability . !

for plants is an important practice and necessary for agriculture. Zinc

Zinc-solubilizing microorganisms can solubilize zinc from

inorganic and organic pools of total soil zinc and can be utilized

to increase zinc availability to plants. Therefore, the present

study was carried out to isolate and characterize native zinc-

solubilizing bacteria from Zea mays rhizosphere and evaluate

their zinc-solubilizing potential and the effect of zinc solubilizing .

isolate on Zea mays growth. * Corresponding author
Materials and Methods In vitro zinc solubilization assay of n.enayatzamir@scu.ac.ir

isolates was done using 0.1% zinc from zinc oxide in both plate
and broth assays. Actively growing cultures of each isolates were
spot-inoculated (7 uL) onto the agar and plates were incubated at
28°C for 120 h. The clearing zone around colony was recorded.
Quantitative study of zinc solubilization was studied in 150 mL
conical flasks containing 50 mL of liquid mineral salt medium.
The broth was inoculated with 500 pL of overnight grown
bacterial inoculum and incubated for 120h at 160 rpm in an
incubator shaker at 28°C. After incubation, the culture broth was
centrifuged and the concentration of Zn in the supernatant was
estimated in atomic absorption spectrophotometer. Among these
isolates, 18 isolates with a solubility index of 1 and higher were
selected based on morphological, biochemical and physiological
characteristics for further studies. An isolate with more ability to
dissolve zinc, phosphorus, potassium and auxin production was
selected to investigate the effect of isolate on Zea mays growth.
Maize seeds of cultivable variety were surface sterilized with
10% sodium hypochlorite for 10 min and washed several times
with sterile distilled water. Seeds were treated with inoculum
containing 10° cfu-ml™" of isolate. A factorial experiment in a
completely randomized design with five replications was
conducted. The treatments included two levels of bacteria B1
(control), B2 (stenotrophomonas maltophilia) and zinc sulfate
fertilizer at three levels of Zn, (control), Zn,, (20 kg/ha) and Zn,g
(40 kg/ha). After 20 days of sowing, plants were removed from
the tubes carefully and biometric parameters like, Chlorophyll
index, root length, shoot length and dry mass of plants were
recorded as the indicative of plant growth.
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Results and Discussion A total of 50 bacterial isolates were
isolated from corn rhizosphere. Of all, sixteen isolates showed
solubilization halo on plate agar medium. Among the cultures,
Z1, Z3 and Z16 showed the highest solubilisation zone in ZnO
amended medium with maximum solubility index (1.3).
Quantitative assay for zinc solubilisation revealed that Z13 was
able to dissolve 44.8 ppm from ZnO in liquid medium while
solubility index of this isolate was lower than above the
mentioned isolates (1). Of all, isolate Z13 with the highest zinc
solubilisation by broth assay was characterized and identified as
Stenotrophomonas species based on Gram-negative reaction,
endospore-forming  cells, and other biochemical and
physiological properties. This isolate was able to produce auxin
and dissolve insoluble phosphorus and potassium from the source
tricalcium phosphate and vermiculte, respectively. One of these
strains (Z13), Stenotrophomonas, was used as inoculum in corn
culture.

Seed bacterization of maize with zinc solubilising
Stenotrophomonas enhanced the plant growth significantly after
15 days. Results indicated a significant interaction effect of
bacterium and fertilizer on shoot dry weight and chlorophyll
content (P<0.01). The maximum spad index and wet weight of
aerial part was obtained in the presence of bacterium and without
using of zinc sulfate. The main effect of bacterium on wet and
dry weight of root and wet weight of aerial part, root length and
shoot height was significant (P<0.01).The highest chlorophyll
index and aerial part dry weight were related to bacterial
treatments, which showed an increase of 34.7% and 87%,
respectively, compared to control (without fertilizer and
bacteria).

Conclusion PGPR is known as a group of useful rhizospheric
bacteria that increase plant growth. Today, the increasing use of
PGPRs in agriculture is an alternative to chemical fertilizers to
prevent environmental contamination..




