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1-Plant GrowthPromoting Rhizobacteria (PGPR)
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Table 1- selected physical and chemical properties of soil before cultivation
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Table 2- applied kinetic models in this experiment (17, 27)
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Parabolic diffusion
Al 9> Caspu
Two-constant rate
04 ool = 99”
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9t = o + kpto'5
Q= at’
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*q.: the amount of released Zn by DTPA (mgZn kg'!) after time t (h), qo: the amount of released Zn by DTPA (mgZn kg™) at t=0, ky:
constant of zero order equation (mg Zn kg™ h™"), k;: constant of first order equation (h™), ky: constant of second order equation (mg
Zn kg h'"), ks: constant of third order equation (mg Zn kg™ h?), k,: diffusion release rate constant (mg Zn kg h®%), a: initial
release rate constant (mg Zn kg™ h™), b: release rate coefficient, 1/B: Zn release rate constant (mg Zn kg’ h™"), a,: the amount of
initial release of Zn (mg Zn kg™).
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figure 1- Zinc release pattern as affected by microbial inoculation at S, salinity

( without salinity application)
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Table 3- The amount of release Zn (mg kg™”) at 2 hours, 24 hours and their ratio
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treat)m;n ts The amount of released Zn at The amount of released Zn at The ratio of released Zn at 2 hours to
2 hours 24 hours released Zn at 24 hours
CS, 0.676 0.855 0.79
CS; 0.718 0.904 0.80
CS, 0.791 0.908 0.87
BS, 0.713 0914 0.78
BS; 0.763 0.957 0.80
BS, 0.812 0.926 0.87
FS, 0.735 0.930 0.79
FS, 0.773 0.939 0.82
FS, 0.829 0.944 0.88
BFS, 0.765 0.964 0.79
BES, 0.842 0.973 0.86
BFS, 0.868 0.981 0.89
o 0.83
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Table 4- The mean and the range of determination coefficient (R?) and standard error of estimate (SE) of applied kinetic

models
O Gy o 3 labw! glas
R’ SE
s Y 3las awld JRYCE] ) wld ool
Kinetic equations Range Mean Range Mean
Zero order 0.57-0.86 0.70 0.043-0.12 0.077
First order 0.49-0.82 0.63 0.062-0.23 0.121
Second order 0.38-0.78 0.57 0.089-0.47 0.195
Third order 0.30-0.73 0.50 0.26-1.96 0.661
Parabolic diffusion 0.74-0.94 0.82 0.028-0.096 0.058
Two-constant rate 0.79-0.98 0.89 0.023-0.14 0.064
Simple Elovich 0.87-0.98 0.92 0.018-0.067 0.038
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Table 5- the mean squares of selected kinetic model constants as affected by microbial inoculation and soil salinity levels

&b &3l as a b qQ K, a, 1/p
source
d”_‘:”' RL"*" 2 0.035" 0.005 ™ 0.049 ™ 0.001 ™ 0.033 ™ 0.001 ™
salinity
) °"?’§“’;‘ &b ) 3 0.029 " 0.004 ™ 0.028 0.0001 ** 0.025 ™ 0.001 ™
Microbial inoculation
9559 Jlogi X (5595 sled . . . . 0.00001
Salinity x Microbial 6 0.001 0.001 0.002 0.001 ™ 0.001 e
inoculation
E”b 24 0.0000001  0.0000001  0.0000001  0.0000001 0.0000001  0.000001
ITor
ot 1.87 7.98 2.53 9.61 1.71 8.36
CV (%)

M re b 5 Moyd gy eiopd S a0 > dme i 5 amsy ¥ gFE

** * ns are significant at 1(%), 5(%) and not significant respectively.
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Table 6- Effect of plant growth promoting rhizobacteria, mycorrhizae fungi and salinity levels application on constants of
parabolic diffusion kinetic model

So S, S,
| el sl
mg Zn kg™! kel &l
Qo mg g) Main effects
C 0.4631 0.539 0.621 f 0.541 D
B 0.518k 0.5521 0.673d 0.581C
F 0.575h 0.638 ¢ 0.679b 0.630 B
B+F 0.618 g 0.678 ¢ 0.712 a 0.670 A
el I 0.543 C 0.602 B 0.671 A
Main effects
| el il
K, (mg Znkg'h?®° kel &l
p(mg & ) Main effects
C 0.08999 a 0.8026 ¢ 0.06624f 0.07883 A
B 0.08734b 0.08691 b 0.05800k 0.07741 B
F 0.07472¢ 0.06334 h 0.06157 i 0.06157 D
B+F 0.07628 d 0.06553 g 0.06019 j 0.06727 C
| el sl
kel &l 0.08280 A 0.07396 B 0.06150 C

Main effects

At )l im0 203 B s )3 (3lol i 5] Jgs (5t 53 slaws b (gt 0 3 Siide Sas 5 S By b slaSilen
*the means followed by same capital and minuscule letters in each columns or rows are not significantly differences statistically (p<0.05).
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* C, B, F, B+F, Sy, S; and S, letters show control, bacteria, fungi, fungi+bacteria, without salinity application, 15 and 30 meq salt kg’
"soil treatments at all tables respectively.

e & Cond Ky ol jlade (59,500 jlos dw p 305 L &S ol oL (99,50 Hlos ol Gl gl 1Sk dunlio gl picmen



IR0 599 50 — o100« Foslods « Fo il (S g ol ay i 4VY

3 5 s gl 381 L IS sk @l (Y Joa2)
48 el il o) adgl silwalil Shal 09)See (slasles
el (555 gl s3lodlil e Rl o e

Sl eiomed 9 (9,50 Clid 5 6598 o (ol 51
oy s)lal Jai 5l anligy e yuw dolae b ol p gl iz
Jlos kol Sl S0ke anolio (0 Joia) 45 55 sine 20> S
sob du b el jlade ()98 Zobaw (AL &S oy (LS ()9
o ol Ol (:0ke aulie Griomen (8l ialS () ixe
DL s (9)Sse Jless Ay 38 a8 0 (LIS (09)Sue
Ol i & psbod 5 LS Jlogd ) Cumd b il ixe
e 05 9 8L 9 @B Pl 38 o & Lo ialS
dnlio golis (V Joi2) 392 38k (sl 3 )8 o & bguye
9 w53 &80 (LS (9,50 5 6y98 e ST SSkie
AL < B < 8k < aald S0 4 b ol Hhie S
<SS bt Gypo 4 S) g)ed ghaw > & (Jb ) 09
U Sz 698 o > (pizmed 25 @)L < )-8
sob ar g alde 635k ol Yo b 638 5 )8 Pl clajles
Pb ol as bl g g8 5,8 jla 5l S (5l xe
L aS el ol oams lis ail Vo (0bgd ey dlolao
ol {1+) il Gl s (i ST s o Sl
alS 69y b Al e (g 398 oS B ol ke o o
305 5 r9d gl I8 Ly (S ol 4 (nlply b
il el g9y (il ey 29,500 sl e

e & bayye JidlS i &S (gyebay b lis (ials sals
sliome 308 Jloss 4 bgye (Al (oS 9 )6 liome 38
38 9 )98 ol (halidl culplis F Jgi) 392 S
LS BAD (ggy (Shity Saal Lials caw (9,500 sl les
kol 9 )95 Jlasl Sl 53 g2 o5 35 agi psbooul Olon
G el el @l (I3 g sl silusli] lade (29,840
L Gy g ol Jalgs aiwlS S Jglore Coanws 4 (g9 clale
b ol jles ool Jlesl b 59y Sy Sial
bga glacol ey a (g ob) dubsd cus yu adlre
Gilwdljl ey Cops g gl (gilunljl ey ol sy LS
9 95 9 )98 sbales ol SISV Jgi) w59,
A5l oed e g dilae @ ol p ol blite @l 3 pien
Silie dunlio (B Jgio) 1 45 dme duoyd K prdaw jd () lol
e (6)9d ok Ll L a5 o LS ()9 Jlogd ol ]
Ol 36Sle dunlie ol (8L iol38l o)l pxe job v a culs
(52950 sloss Ay 301 453l (LS (098 sless Lol
48 6y9b dn b el Hlas 4y Cand Culi ol Yo i34
5 6L o @8 plyf 2,0 slass 4 bgape Gl ke il
S92 S8 L (sliome 2,)LS Jlawd 4 bgspe Gl e o pieS
95w 9 $9=d Jolite S (Sl duglie gls (Y Jgu2)
G lizee gokew 0 9y S5y 2)8 45U &S sl ol
e (5y9- ol il 8L 5 Cogliste @ ol (I3l 2 (6)9

Wlgd C puw (St Jbo SBCWE 52 S1E (55900 Tobaww 9 5259500 5 ) S o0 (6551 3,28 J1-Y gaa
Table 7- Effect of plant growth promoting rhizobacteria, mycorrhizae fungi and salinity levels application on constants of
two-constant rate kinetic model

SO S1 Sz
Il
a(mg Zn kg'h? el <l
(mg & ) Main effects
C 0.5231 0.599 0.669 g 0.597 D
B 0.589 k 0.620 1 0.720d 0.643 C
F 0.644 h 0.697 ¢ 0.728 ¢ 0.690 B
B+F 0.688 f 0.733 b 0.760 a 0.727 A
el 0.611C 0.662 B 0.719 A
Main effects
b ol il
Main effects
C 0.173 a 0.137 ¢ 0.106 f 0.139 A
B 0.145b 0.139b 0.085j 0.123 B
F 0.110 e 0.088 1 0.090 h 0.09611 C
B+F 0.106 d 0.092 g 0.0851 0.09456 D
| el il
kel &l 0.09289 A 0.08431 B 0.07231 C

Main effects
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*the means followed by same capital and minuscule letters in each columns or rows are not significantly differences statistically (p<0.05)
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Table 8- Effect of plant growth
promoting rhizobacteria, mycorrhizae fungi and salinity levels application on constants of simple Elovich kinetic model

So Sy S,
1 el 31
a, (mg Zn kg! “’Lp >
« (mg g) Main effects
C 0.5411 0.610j 0.677 g 0.609 D
B 0.597 k 0.630 i 0.724 d 0.650 C
F 0.647 h 0.699 ¢ 0.732 ¢ 0.692 B
B+F 0.690 0.736 b 0.764 a 0.730 A
whet 0.619 C 0.669 B 0.724 A
Main effects
| el
1/ Znkg'h! el ol
B (mg Znkg™h') Main effects
C 0.1057 a 0.09294 ¢ 0.07902 0.09254 A
B 0.09984 b 0.09942 b 0.06751j 0.08880 B
F 0.08193 ¢ 0.06972 i 0.07230 h 0.07467 D
B+F 0.08449 d 0.07537g 0.07043 i 0.07666C
| el sl
el Sl 0.09289 A 0.08431 B 0.07231 C

Main effects

S I sine 103 O laws 53 (el i Sl g 5t )3 Sl b sty 53 S e S8 9 S)in By sl sl i Sibe
*the means followed by same capital and minuscule letters in each columns or rows are not significantly differences statistically (p<0.05)
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Table 9- Stepwise linear regression between Zn chemical fractions and constants of selected kinetic models as affected by
microbial inoculation and soil salinity levels

St Jko P8 4 pud (s (g )5 ) d3lae O oy

Kinetic model Stepwise linear regression R

Two-constant rate a=0.256 (WEx) _0.259 (OM) .. 0.048 (MnOx) . 0.600 0.85%*

b=-0.124 (WEx) , 0.110 (OM) , 0.125 0.70%*

Simple Elovich a, =244 (WEx) _ 0.264 (OM) . 0.0418 (MnOx) + 0.621 0.85%*

1/p=-0.049 (WEx) .. 0.071 (OM) . 0.072 0.56%*

Parabolic diffusion 9=0.347 (WEx) - 0297 (OM) . 0.568 0.80%*

K, =-0.0397 (WEx) . 0.0766 (OM) . 0.0533 0.54**

ke w1 4 Juate (59, JSb MNOX ¢ JT dlgo 4 Juaso (g5, JSi5 OM ¢ Jols g Jglome (595 WEX ()b ime yuf g duoyd iy chuoyd o whaws 10 )b ime cuiyp ayns o ¥ g%
** % ns are significant at 1(%), 5(%) and not significant respectively. WEx: Zn-water soluble, OM: Zn-organic matter, MnOx: Zn-manganese
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Introduction: Zinc (Zn) is an important nutrient element for humans and plants that controls many
biochemical and physiological functions of living organisms. Zinc deficiency is common in high pH, low
organic matter, carbonatic, saline and sodic soils. Salinity is a major abiotic environmental stresses that limits
growth and production in arid and semi-arid regions of the world. Bioavailability of Zn is low in calcareous and
saline soils having high levels of pH and calcium. Desorption of Zinc (Zn) from soil as influenced by biological
activities is one of the important factors that control Zn bioavailability. Few reports on the effects of salinity on
the availability and desorption kinetics of Zn are available. Rupa et al. (2000) reported that increasing the salt
concentration led to increase Zn desorption from soil due to ion competition on soil exchangeable sites. Different
kinetic equations have been used to describe the release kinetics of nutrients. Reyhanitabar and Gilkes (2010)
found that the power function model was the best equation to describe the release of Zn from some calcareous
soil of Iran, whereas Baranimotlagh and Gholami (2013) stated that the best model for describing Zn desorption
from 15 calcareous soils of Iran was the first-order equation.less attention has been paid to kinetics of Zn release
by DTPA extractant over time by inoculation of plant growth promoting rhizobacteria and mycorrhizae fungi in
comination with soil salinity.The objective of this study was to evaluate the effect of plant growth promoting
rhizobacteria (PGPR) and mycorrhizae fungi (MF) inoculation on release kinetic of Zn in a calcareous soil at
different salinity levels after in cornplantation

Materials and Methods: A composite sample of bulk soil from the surface horizon (0-30 cm) of a
calcareous soil from southern part of Iran was collected, air dried, passed through 2 mm sieve, and thoroughly

mixed. Routine soil analysis was performed to determine some physical and chemical properties. The
experiment was conducted in the greenhouse of agriculture college of Shahid Chamran University, Ahvaz, Iran.
A factorial experiment as a completely randomized design with three replications was conducted in greenhouse
conditions. The first factor consisted of salinity levels (0, 15 and 30 cmol, kg salt supplied as a 3:2:1
Na:Ca:Mg chloride salts) and the second factor was microbial inoculation (without inoculation, fungi, bacteria,
bacteria + fungi).Soil samples were extracted using DTPA extractant for periods of 0.5, 1, 2, 6, 12 and 24 hours.
Cumulative Zn released (q) as a function of time (T) was evaluated using seven different kinetic models. A
relatively high values of coefficient of determination (r*) and low values of standard error of estimate (SEE)
were used as criteria for the selection of the best fitted models. Statistical analysis of data was done using
MSTATC package (Mstatc, 1991). Comparison between means was performed using Duncan's multiple range
test (DMRT) at the significant level of P < 0.05. Also, charts were drawn by excel computer package.

Results and Discussion: Investigation of Zn release patterns showed that the control and all treated soils had
a uniform pattern of Zn release. Overall, Zn release patterns were generally characterized by an initial fast
reaction at first two hours, followed by slower continuing reaction. It seems likely that the release of zinc is
controlled by two different mechanisms. Two-step process of releases (rapid and subsequent slow) is attributed
to the existence of places with different energy. The use of all microbial treatments increased the initial release
of Zn compared to control. The most and the least Zn initial release observed in fungi-bacterial and bacterial
treatment respectively. By application of all microbial treatments, Zn release rate declined compared to control
and the lowest decrease observed in fungal treatment. In general, Zn initial release was increased and Zn
desorption rate was decreased by increasing of salinity levels. Also, soluble and exchangeable forms of Zn had
the highest influence on Zn release control.
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Conclusions: Results showed that simplified Elovich, two constant rate and parabolic diffusion kinetics

models showed good description of the Zn release. Based on the highest correlation coefficient and the lowest
mean standard error of the estimate, simplified elovich determined as the best kinetic model. So it seems that the
main mechanism controlling the Zn release in the tested soil is diffusion phenomena.
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