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1- Plant Growth Promoting Rhizobacteria
2- 1-aminocyclopropane-1-carboxylate
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Table 1. Selected plant growth promoting activities of fluorescent pseudomonads isolates.

ACC el s Sl AP s ::;: 1::
s e Zn Solubility P Solubility  IAA Production A i
Activity (mg LY ac;)ia:)nz:)erony
+ 3 0 705 2.99 2.09 pfi
- 1 40.9 412 1.21 2.67 pf
+ 1 2.58 404 16.6 1.47 pf3
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* (at tryptophan concentration of 100 mg L), ** score: 1(no production) and 3 (Relatively little), *** (+) containing

(-) not-containing ACC deaminase activity.
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Table 2. Selected physical and chemical properties of the soil used in the experiment.

g Al e .,
o o T S OM  CEC EC. il
Cu Mn Zn Fe K P Total Zn pH '

-1 o R Texture
mg kg % cmol; kg dSm
e
1.44 3.14 0.35 1.67 147 9.16 66 0.34 11.3 1.07 7.82 Sandy
Loam
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Table 3. Sequential extraction procedure for the chemical fraction of Zn in the rhizosphere soil (48).
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1 M MgCl, (pH 7.0) and shaking for 1 hat 25 'C

Water-soluble plus
exchangeable (WSEXC-Zn)

ol 0 ety Sed 5 gk 453 YO (glos 53 (PH=5) V0 ) deoclisd Jghoms 2 s A
1 M NaOAc (pH 5.0) and shaking for 5 h at 25 °C
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12 M HC1 + 16 M HNOjs and incubation for 16 h, and then gentle reflux for 2 h
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Table 4. Analysis of variance (mean of square) for measurement traits.

S X al=
SCoysx & SoX gl gopixaler . .
. Soph % e > o X3 Soy ol B
Zn x Isolate x Isolate Zn Salinit; Isolate Variable
Isolate X Zn  Salinity Zn Salinity Y
x Salinity
63')] a3
- 6 2 3 6 1 2 3
df
) ol 3 (g, clale
4.46 0.54%* 3.46%* 0.57™ 1.13%%* 52.6%* 142%* 55.2%%*
Zn Concentration in Shoot
bl 53 g5, e
5.39 33.4%* 1763%* 87.4%* 107%** 10012%*  15513%*  3077**
Zn Uptake by Shoot
4.51 0.021* 0.41%* 0.097%* 0.027* 56%* 4.24%* 1.13%%* DTPA-Zn
5.16 0.0017™ 0.019%* 0.026%* 0.0024™ 0.527%%* 0.27%%* 0.20%* WSEXC-Zn
4.29 0.0049™ 0.68%* 1.11%* 0.051™ 143%** 11.2%%* 16.8%* CA-Zn
4.58 0.0040™ 0.58%%* 0.064™ 0.14%* 13.4%%* 4.60%** 4.58%** FeMnOX-Zn
8.60 0.0022™ 0.096%* 0.21%* 0.0044™ 22.3%%* 2.16%* 1.20%* OM-Zn
1.15 0.16™ 1.91%* 2.13%%* 0.17" 2695%* 10.47%%  18.26%* RES-Zn

BIP e  N W EN ch.djzjlzd'.u Ao ys 0 ch.djzjlzd'.u NPV
* *% and ™ P<0.05, P<0.01 and no significant, respectively.

»DTPA L s, Se,las b6 ) SN 5 5555 5 Sa) gy pwligags g slaasli filize 31 Kle amglio 0 Jgd
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Table 5. Mean comparison of interactive effects of fluorescent pseudomonads isolates, Zn and salinity on the
DTPA extractable Zn content in the rhizospher soil of pistachio seedlings.

(S 4S 53 0 S o) gk LIS
NaCl (mg kg™) S0
[EY9NeS
2000 1000 0 (5548 53 ¢S )
— — — - Isolates
(eSS 53 p S Js) DTPA L (5, Soslae LU ) Zn (mg kg™
DTPA extractable Zn (mg kg
1.29 +0.03™ 0.92 + 0.02° 0.63 +0.31¢ 0
‘ pfo
291 +£0.14f 2.58 +0.158 2.11£0.16 5
1.41 £0.12" 1.07 £0.14™ 0.87 +0.04° 0
‘ pfi
3.27 +0.19% 3.09 +0.18° 223 +0.19" 5
1.84 +0.08’ 1.22 +0.04™ 1.06 + 0.04™ 0
pf2
3.85 +0.22° 3.41 +0.24% 2.69 +0.238 5
1.59 +0.03 1.12 £0.03" 0.94 + 0.07 0
pf3
3.44+0.15° 3.17 £0.16% 2.36+£0.24" 5

A3l e Sl (glels o RYVS BV I AW gl 52 b e B L S e 6 - SO il (1l Gl Sl e a3 "

* For each parameter, values having a common letter are not significantly different (P<0.05) according to Duncan’s
multiple range test.
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Figure 1. Mean comparison of interactive effects of fluorescent pseudomonads isolates and salinity (A) and Zn
and salinity (B) on the Fe and Mn oxide bound Zn content in the rhizospher soil of pistachio seedlings.
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Abstract

Background and Objectives: Soil salinity and Zn deficiency are among the most important
limiting factors for growth and yields of pistachio trees in many regions of Iran, especially in
the Rafsanjan area. The use of plant growth promoting rhizobacteria (PGPR) is new strategies to
reduce destructive effects of salinity and improvement of nutrient availability. This study
investigated the interactive effect of the fluorescent pseudomonads rhizobacteria and Zn on the
fractionation and availability of Zn in the rhizosphere soil and uptake of Zn by shoot of
pistachio seedlings (cv. Badami) under salinity condition.

Materials and Methods: A greenhouse experiment was conducted in a factorial experiment
based on completely randomized design with three replications in order to evaluate the
interactive effect of fluorescent pseudomonads rhizobacteria (pfy (non-inoculated control), pfj,
pfy and pfs) and Zn application (0 and 5 mg Zn kg') on the Zn fractionation in the different
levels of soil salinity (0 (1.46 dS m™), 1000 (7.32 dS m™) and 2000 (12.0 dS m") mg NacCl
kg soil) and its relationship with concentration and uptake of Zn in the pistachio seedlings
(Pistacia Vera L. cv. Badami) shoot.

Results: The results indicated that salinity and inoculation with fluorescent pseudomonads
increased the DTPA- extractable Zn (DTPA-Zn) content and the forms of water soluble plus
exchangeable (WSEXC) Zn, carbonate-bound (CA) Zn and organic matter-bound (OM) Zn, while
decreased Fe-Mn oxide-bound (FeMnOX) Zn and residual (RES) Zn in the rhizosphere soil.
Inoculation by fluorescent pseudomonads increased the DTPA-Zn, WSEXC-Zn, CA-Zn and
OM-Zn contents by 52, 26, 29 and 35%, respectively but decreased FeMnOX-Zn and RES-Zn
contents by 24 and 3%, respectively. Also, Zn application significantly increased all forms of Zn
(except residual form) in the soil. The results showed that salinity reduced the concentration and
uptake of Zn in the pistachio seedlings shoot, while inoculation with fluorescent pseudomonads
and treatment with Zn incrased its contents at all salinity levels. However, the combined
application of the fluorescent pseudomonads and Zn were more effective. There was a positive
and significant correlation between Zn uptakes by shoot and DTPA-Zn, WSEXC-Zn, CA-Zn and
FeMnOX-Zn. As well as, soil salinity and inoculation by fluorescent pseudomonads reduced pH
value of rhizosphere soil from 7.73 to 7.46 and 7.59, respectively.

Conclusion: The results showed that soil salinity increased Zn availability in the rhizosphere
soil, while reduced the concentration and uptake of Zn by pistachio seedlings shoot due to
reduction of root volume, water availability and high content of Na" ion. Thus, the use of
superior isolates-especially Zn solubilizing bacteria- can effectively increase the availability of
Zn in soil and uptake of Zn by plants through increasing root growth. However, WSEXC-Zn,
CA-Zn and FeMnOX-Zn could be used as available fractions of pistachio seedlings.
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