Journal of Water and Sail
Voal. 29, No. 6, Jan.-Feb. 2016, p. 1662-1673

(532818 gslo g pole) S g T @ i
EEY ISV o IFAF Wil — (page o 0 kois 14wl

< gl ‘_;Ladj.)lsja Sk giblkud cdld g oland cJJ.'SJ.‘» 6"“6;75“.’ J’LJSU-; IR

"S5k Sl o = Sl s 7 S sl L s

AA\YAA7AIN :s:,&t‘.‘r‘)b 'c:)u

WA/ YN 5y et

XV

ool 5o Clled g lind (ISUS S Caner g2 Slite oo 5 (S5 (05 5 Bl Sl ecilise (sl S U oy kite &

Syl me L8l 93 Ly (CiSpie § SME pgS) cilies (6 0)LS anyd (Bolad MlS )b il 1 Jygi816 90 @ il SB LB
9 29k yedos aldl 93 13 09,Ssn Cammen )lad Sl odel s> 4 gl b o (J)) —pnes dilaie SiSdos g glosid dilais 1ogl joderd)
Slind 0228 Jo sloe iSb S (i (iman 3> (U5 (7109 CFU/G 51 i) oS )8 53 1y (a9 ySee JS 3l (i (SiSdas
58 ol s (0¥ 10g CfUg) 1 saalis ()0 5 ez (s €08 (sl oyej) s yodos waldl Cod CulSpae (68 )3 Same g ]
S ol ) 48l aBls L33 s s 3905 (KLt dag 4y s s yodess maldl 13 (FF+ g PNPIGR) (sl 55l l5no a8 ol Lt
Cdleb i3l 595 48 Wl o g pedag bl 0 Y Jlolge liee g st LS Gidsy o] @ 5 S cash Sl ml ol cons )
Jlize Sl cos oUW 56land w3l @l ljee 487 5l L Baioo (ol ol (omizman 2yl JUis 4y, S ou 3T (clgie 9 S ]l 5,
PH (lso 1L (AV- UG PNP/GLh) 1 ssalie Suiddos waldl g o) (632)8 ot mopl ol cdled lie cp 3V a5 ol 030 ()8 5 wulll
J LB bl adge sl 5l ) QLS Jhwgi) Coles sl (Sae 09y il yal el > 1) S dass il > ST 5L

Burkholderia Rhizobium Bacillus Pseudomonas ¢L_»
o (Y#) Flavobacterium Achromobacter Agrobacterium
Corer o ()55 0l (wlul 10445 0 adaline (YY) Pantoea
29 S p olind oS > la sl (osite sl
L Giloim 9 ilgn sloaisS Jolis 45 315 2529 olS' jaw )
2 gy )3 ol Cumex piman Cusl gilgn (sladisS ol
(YF) adlo yidi Slpe &y (grhugi e SB L duslie
i oS35 5 gty 595 (Y0) (55 5 G5 5o
o ciiS slaSLs 3 1) (PSBT) clasd oS > (slav s ySL
Vb e bl (6 yhwgny S > PSB Cumer i3S (o)
Ragi ¢ yiwginy S 3 (Sis SB p )3 5 VA0 slas
PSB cenen ;o @l cpl.cusly 1y lass 68" )3 g psS yom
PH S i 0l SB oo )sS jl gylaw 4 ol (Sao
031> Cons (ol (slacllad 51 (30 gl oalo ¢ gl (slgiome
» 95 2lag 9y 2 GLAES (M) ohLSKes 5 ols 25
Sl e gl &S 03)S° (5155 9 31> ol (gl olS jhuogs)

4- Phosphate solubilizing bacteria
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1- Phosphate solubilizing fungi
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1- para-Nitrophenylphosphate
2- Modified Universal Buffer
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Figure 1- Organic and inorganic Sperber media to monitor and count organic and inorganic phosphate solubilizing micr oor ganisms
(respectively with the characteristic of blue phenotype and clear zone production)
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Table 1- The range of physicochemical properties of soils used

Clay Sit Sand ECe pH OC CaCOs P Cusb, Moisture
(%) (%) (%) (usem™) (%) (%)  (mgkg) (%)
(Max) Jslas 25.5 9.68 32.80 1114 6.02 0.68 0.75 16.1 5.67
(Min) Sl 56 35.66 62.82 717 7.82 4.38 17.25 39.7 33.03
(Mean) ,:Ske 34.78 16.75 4846 35836 7.31 191 8.09 28.26 16.12
Ol yss g i
)‘;‘(;'V))‘” 21.63 4557 17.63 45.22 799 6299 60.63 97.71 43.98
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Table 2- Analysis of variance the effect of climate, the usage and their interaction on the population of bacteria and soil phosphatase activity

(Mean of Square) Wiz po Sk

S Sl S sl

& g
Total bacteriawith
blue phenotype

5 oy Sl S ol
Sl b gl,ls
Total bacteria
with clear zone

2 e SSL S Corer
Total bacteriain
inorganic medium

5Ulwd o 35 Cudlad
Activity of alkaline
phosphatase

w3l Colad
Gl Gl
Activity of acid
phosphatase

2 ke ySL S Cunen
S o
Total bacteriain
organic medium

5.433™ 0.773™

0.097 ™ 1.345™

)8

5.406* 4.310*

Clim
atex

Land
use

18 1.615 1.188

Error

0.003™

0.427*

0.305*

0.081

0.581"™ 22321.120™ 358.787**

2.762** 66330.062"™ 64.939**

0.312™ 187457.48**7 343.491**

0.270 30593.729 6.206

cv

) 33.33

22.49

471

8.34 31.99 16.54

Msine p NS oyd B Jlaisl gdaw )3 (390 H5 ixe # do)d V Jlasin] gl )3 (39 45 gixe s
** Gignificant at the 1% level, * significant at the 5% level, ™ non-significant
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1- 5-Bromo-4-chloro-3-indolyl phosphate
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Figure2- Total number of bacteria in three different usagesin organic Sperber (right) and inorganic Sperber (left)
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Figrure 3- Interaction effect of climate and land uses on total number of bacteria in inorganic Sperber medium
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Figure 4- Interaction effect of climate and land uses on number of phosphate solublizing bacteria with blue phenotypein organic Sper ber
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Figure5- Acid phosphatase activity changesin two different climates (a) and three different land uses (b)
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Figure 6- Interaction effect of climate and land uses on soil acidic phosphatase (a) and alkaline phosphatase activity (b)
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Table 3- Stepwiseregression of soil physicochemical variables on acid and alkaline phosphatases
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Dependent variable Independent variable Standardized partial regression coefficient Standard Error  (P-value)
Organic carbon 0.64 0.173 0.002
CaCO; -0.21 0.100 0.05
e Clay 0.18 0.081 0.04
i silt 0.35 0.167 0.05
Acid phosphatase pH 0.16 0.109 0.159
0.92 ;005 Ay o
Adjusted coefficient of determination
ERINERENE Clay 0.42 0.162 0.018
Alkaline phosphatase Silt 0.94 0.200 0.0002
pH 0.76 0.187 0.0007
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Introduction: Phosphorous is one of the essential macronutrients for plant growth and development but its
mobility in soil is very low. The utilization of the soil biological potential, in particular phosphate solubilizing
bacteria, is an efficient way which can be used for exploiting available sources of phosphorous in the soil. The
principal mechanism for mineral phosphate solubilization is the production of organic acid, and acid and akaline
phosphatases play a major role in the mineralization of organic phosphorous in the soil. Presence and distribution
of phosphate solubilizing bacteria in the soil and soil phosphatase activities is influenced by soil conditions such
as climate, soil type, vegetation and land uses. In order to understand the relationships and considering the
importance of the subject, the soil samples were chosen from two different climates; semi-moist (Fandoghlou-
Ardabil) and semi-arid (Namin- Ardabil) under culture of legumes, cereals and uncultivated areas, in this
experiment.

Materials and Methods: In order to study the effects of different land uses, climate conditions and soil
physicochemical properties on phosphate solubilizing microorganism (PSM) distribiution and soil acid and
alkaline phosphatase activity, a factorial experiment based on completely randomized design was performed
with considering three different land uses (including legumes, cereals and wasteland) and two climate conditions
(semi-moist: Fandoghlu- Ardabil and semi-arid: Namin-Ardabil). Four composite soil samples (0-25 cm) were
taken from each land uses. Finally, a tota number of 24 soil samples were used to enumerate phosphate
solubilizng bacteria and evaluate soil phosphatase activities. The enumeration and selection of bacteria in the
mineral Sperber medium was done by attention to the clear zone production in the presence of tri-calcium
phosphate and in organic sperber (IHP+BCIP) due to blue phenotype of grown colonies. Also, phosphatase
activity of soil samples was assessed based on the usual methods for phosphatase assessment. Moreover, after
the evaluation of the physicochemical properties of the soil samples and soil enzyme activities and PSB
distribution, all data were analyzed by SPSS and MSTAT-C softwares.

Results and Discussion: The Sperber mediums containing mineral and organic phosphates were used in
counting the number of PSB. According to the results, the highest total number of bacteria (>6 log cfu/g) was
gained in legume land uses in both climate conditions. Furthermore, the highest numbers of organic and mineral
phosphate solubilizing bacteria (5.3 log cfu/g) were counted in samples taken from pastures, in other word in soil
samples which were collected from uncultured land in semi-moist climate conditions. Enzyme assay showed that
acid phosphatase activity (430 ug pNP/g.h) in semi-moist climate conditions were increased three times in
comparison to semi-arid climate conditions. Perhaps, this increase can be explained by parameters such as high
moisture content and organic matter which can cause an increase in the number of bacteria and soil enzyme
content. Our results showed that, akaline phosphatase activities (APAS) were affectd by interaction effects of
land uses and climate, wherein the highest APA (810 pg pNP/g.h) was measured in legume samples in semi-arid
climate conditions. The pH of these soil samples and supporting legume rhizospheres from AP producing
microorganisms may be the reasons of this increment.

Conclusion: The highest activity of the soil acid phosphatase was observed in soil samples which were taken
from uncultivated area under semi-moist climate conditions (namely pastures) (866.59 pgPNP/g.h) while the soil
alkaline phosphatase activity had high mean in legume land use soil samples under semi-arid climate conditions
(795.15 pPNP/g.h). The total number of bacteria was the highest in semi-arid leguminous land use (14.13x10°
cfu/g) but the total numbers of solubilizing bacteriain both mineral and organic media were the highest in semi-
moist uncultivated area (respectively 1.9 x10° and 1.48 x 10°cfu/g).
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