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1. Plant growth promoting rhizobactria
2. Plant Growth Promoting Bacteria
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Table 1. Some physical and chemical characterizes of the studied soil

Soils EC  pH  P-ava Clay Silt Sand CCE  SAR  ESP OC CEC
@S m?y mg kg™ % (meq IS % (cmol+ kg™?)

s1 2 8.1 5 35 30 35 95 21 3 016 19

s2 15 76 7 30 33 37 55 6.7 9 009 15
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EC=15dS.m™ |, Sl S2 EC= 2 dS.m™ |, S S1 (S 5515 10 5 oo oyt ok e LBy P-aVA « o)) doy

pH; soil reaction, EC: electrical conductivity (dS/m), P-ava: Olsen-P (mg/kg), CEC; cation-exchange capacity (cmol+/kg), OC: organic
carbon (%), ESP: Exchangeable Na percentage (%), SAR: Sodium adsorption ratio (%),CCE: Calcium carbonate equivalent (%),
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Table 2. Some chemical characterizes of the studied biochars

pH EC H N C P CEC
@Sm™) % @ kgt  (cmol.kg?)
Apple biochar 7.6 1.2 3.9 0.7 66 7.2 64.5
Grape biochar 8.2 1.6 3.6 0.85 76 12 59
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Table 3. Some plant growth promoting properties of used bacteria

Isolates Code wliblie solbilize ESP  HON  Siderophore 1A
(gL (mm) (ugmih
Pseudomonas aeruginosa + + 2.3 + + -
Pseudomonas fluorescens + + 2.3 + + +
Stenotrophomonas maltophilia + + 2.2 - - +
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Table 3. The values of used phosphate fertilizer forms (g P/100 soil)

Soails PSB BC BC-RP-PSB  BC-PSB TSP
Sl - 0.41 0.19 0.41 0.007
S2 - 0.33 0.15 0.33 0.006

—)1%5.3.3 :BC-RP-PSB .&lews oosss J.> LSL“LSJSSL 9 Lm)l?:}:.g Joj.l;m :BC-PSB .)jf.;l—w..n L;j.o.m )\.>5.~.| BC (wlawsd soss Ul:> (_;ngj..sl.\ PSB

Jiz s i g0 TSP (lid 0aisS J> (glas 551k 5 Slid S5 L oads i

BC-PSB-RP: Biochar-Phosphate solubilizing bacteria- rock phosphate, BC-PSB: Biochar-Phosphate solubilizing Bacteria, PSB:
Phosphate solubilizing bacteria, BC:Apple-Grap Biochar, TSP: Super phosphate triple, Count: Control.
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Table 4. Analysis of variance for P-Olsen and fractions phosphorus in soils

Soqrge of Df Mean Square
variation
pH P-olsen P-total Ca-P  Cag-P Al-P Fe-P Cap-P Rs-P
Soil (S) 1 346" 317 5867  922% 1486 329*  387* 1273 /7™
Treat (T) 5 327 2562%  ggns 2077  4834* 10  886%*  27** 204*
:Prr(;zb(?;lon 2 3924+ 2092+ 23 1s 479 1554 7.7% 57 823ns 700"
SxT 5 419* 625 341 45+ 153 4.4+  309* 134 284"
Sx| 2 957+ 25% 213 23 28.4# 1.2% 10**  128m™ 3490
TxI 10 495™ 452™ 16.3"  561™ 34.9™ 115" 732" 456* @ 321*
SxTxI 20 33# 440** 1234 83* 523+ 8.2%*  110* 412 288ns
Error 70 2.1 0.7 0.64 4.7 2.7 0.2 0.8 0.12 55
CV (%) 94 11.7 10.4 9.6 1.2 4.3 45 137 16.7
ns, * and ** respectively non-significant, significant at 1% and 5%
OgamwlgSl 030 Job 50 Gialol 8590 S PH 2 ulojT sloylowi S1-0 Jgua
Table 5. The effect of treatments on the pH of soils during the incubation
Treatments Incubation time (day)
7 30 60

Sl S2 S1 S2 S1 S2
Cont 8.1+0.02 7.54+0.04 8.0+0.01 7.6+0.06 8.2 +0.02 7.5+0.02
BC 8.1+0.02 7.6+0.03 8.12+0.012 7.6+£0.03 8.3+ 0.03 7.67 £ 0.02
PSB 8.0+0.01 7.47+0.06 7.9+0.016 7.43+0.02 7.87+0.01 7.39 £0.02
BC-PSB 8.1+0.01 7.5+0.01 7.8+0.05 7.4+0.01 7.8+0.02 7.35 £0.01
BC-PSB-RP  7.97+0.01 7.4+0.01 7.76+0.06 7.3+0.02 7.87+0.03 7.1+0.05
TSP 8.2+0.02 7.7+0.05 8.14+0.02 7.7+0.02 8.2+0.02 7.5+0.02
LSD 0.12 0.13 0.2 0.17 0.19 0.15
CV (%) 2.2 3.2 2.2 3.2 2.2 2.2

S o o ShoS BC-PSB-RP clid sloosisS o ylogn oSheaS BC-PSB clins (sloonisS Jo PSB ¢ )5Sk cars  Jgons ;o BC

a2Ls COUNt ¢ Ly 5 clind s TSP linsd glaonssS J —lid

BC-PSB-RP: Biochar-Phosphate solubilizing bacteria- rock phosphate, BC-PSB: Biochar-Phosphate solubilizing Bacteria, PSB:
Phosphate solubilizing bacteria, BC:Apple-Grap Biochar, TSP: Super phosphate triple, Count: Control.

ST slblins (43,8 Sone 5 53blans cudled o3l
S Pl 5 I slosel glgil s b (s
sl i ko sl 53315 00,5 23S b it
ol e (Namlietal,, 2017) wes oo il 1) S
HB s Jlaio ;3 5,55 BOC) Jlzsm S pae g,
Sade 09 oS el ol Jdo b cuila S Gde
OgemlsSil 0)9 Jobo 0392 oligS b g (Brae Jlzen
il

Jdo a ploy cldS b Sl B jals als
olad Gla 5 JSS 4 ogw) 5 odx slaasl)
Gl oals y5)l38 saxie Gldlas o (Ca-P) pudS
Huck et al., 2012; Sharpley, 1983: Opala et al., )
il Lwgie b L gl a5 Jl> s (2012

A0 0glisSil 59, # 0 5lan ) S8 s el
S1 S (pdsl joud lase BC-RP-PSB Lo Jles!
s YOI @ p,55LS jo p S eV 57 5l a5 4 S2 5
a8l Gl S s 5l o 65 e FVIY
<odled BC-RP-PSB [l 0 5,5 5l o Lol> Gudss
,los plo g sals b awslie jo SLIE jblaws o3l
15 o0 4] Laosls) cusls Ltalsél glalasde LG glay
oo Vb (SB Gl iagh aloms )3 oad 125 allie
55 2 sl BC-RPPSB Jlus ;o myl cpl codled
Syl collbd Rl a Yl (g |, SB-
Cenzy g aslllas cnl po eolainl 390 (5558 4 pylie
oals 09938l Jlosle 4y Zuly jo S 09,50 0043
b olawd oanS o slas St 5l (S o Cod



VFe )‘“"b Ay O)Lo..':; AR Al}

S 600,85 Clagss

Olsen-P (mg kg 1)

treatments

Olsen- P (mg kg -1)

& treatments

S ooliwl B yawd p iulosl Hlow pil uRKiloo dunglio ) JSio
Figure 1. Mean comparisons of treatments on the content of Olsen-P soil
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BC-PSB-RP: Biochar-Phosphate solubilizing bacteria- rock phosphate, BC-PSB: Biochar-Phosphate solubilizing Bacteria, PSB:
Phosphate solubilizing bacteria, BC:Apple-Grap Biochar, TSP: Super phosphate triple, Count: Control. Means with similar letters are
not significantly different at 1% probability level according to LSD tests
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Table 6. Mean comparison of the effect of treatments on P mineral forms in S1 soil during incubation period

After 7 days

Treatments Caz-P Cag-P Al-P Fe-P Cajo-P Residual-P
Cont 4.5b 28.8a 9.4a 11.6b 167.7a 57b
BC 3.6b 28.5a 10.4a 11.1b 166.6a 55.7b
BC-RP 3.5b 30.3a 10.3a 12.2b 165.3a 56b
PSB 45b 23.3b 10.3a 12b 166.3a 61b
BC-PSB 5.4ab 24.9b 10.1a 11.8b 165a 63a
BC-PSB-RP 6.5a 25.4b 9.3a 12b 155b 64a
TSP 4.6b 29.5a 9.2a 11.9b 168a 57b
After 30 days
Cont 4.8¢ 28.3b 9.4a 11.3a 168.2a 57b
BC 4.8c 29.6ab 9.4a 11.7a 170.3a 54b
BC-RP 9.3b 31.3a 10.3a 11.7a 166.3a 56b
PSB 11.3b 23.3a 6.5b 11.6a 152a 66b
BC-PSB 29.2a 19.7¢c 5.4¢c 11.5a 140b 70a
BC-PSB-RP 27a 21c 4.8c 11.5a 140b 71a
TSP 11.3b 30ab 7.8b 12.9a 164a 54b
After 60 days

Cont 3.6¢ 28.8b 9.4ab 11.3a 165b 60b
BC 4.5¢c 30.1b 10.4a 11.7a 167b 56b
BC-RP 12.2b 33.9a 10.3a 11.7a 179a 56b
PSB 16.2b 23.9a 5.1c 10.2a 179a 67a
BC-PSB 30.4a 20.3c 4.7¢c 11.6a 137.3c 78a
BC-PSB-RP 37.9a 19.8¢c 4.8c 12a 134c 8la
TSP 2.6¢ 30b 7.8b 9.9a 173a 58b

Sl oy oSLeoS BC-PSB-RP clid slaonisS o ylo gy (oSKhia BC-PSB wclivss sloonisS o PSB ¢ )5S s dpose ,lorsus BC

0ol COUNt ¢y 5 i g TSP i slooniS Jor ~lansd

BC-PSB-RP: Biochar-Phosphate solubilizing bacteria- rock phosphate, BC-PSB: Biochar-Phosphate solubilizing Bacteria, PSB:
Phosphate solubilizing bacteria, BC:Apple-Grap Biochar, TSP: Super phosphate triple, Count: Control
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Table 7. Mean comparison of the effect of treatments on P mineral forms in S2 soil during incubation

period
After 7 days
Treatments Cax-P Cas-P Al-P Fe-P Caio-P Residual-P
Cont 7.5b 46.0a 10.3a 7.5b 145.5a 85b
BC 6.6b 44.9a 10.4a 7.3b 149a 87b
BC-RP 5.9b 45.4a 10a 6.8b 144a 87b
PSB 7.9a 35.4a 10a 7.8b 147a 87a
BC-PSB 6.4b 39.6a 11a 8.2b 148a 90a
BC-PSB-RP 8a 40a 11.2a 9.5a 148a 9la
TSP 8.4a 45a 9.7a 6.2b 144.6a 87b
After 30 days
Cont 6.4c 44.6 10.3b 7.5a 147.2a 85b
BC 5.9¢c 53.2a 10.4b 7.3a 145.2a 87b
BC-RP 13.7b 46.3b 10.3b 6.8a 146.3a 87b
PSB 15.7b 26b 9b 7a 133b 94a
BC-PSB 24a 27.5¢ 9.7b 7.6a 121b 93a
BC-PSB-RP 32a 27¢ 9.7b 7.6a 117b 98a
TSP 4.7c 49.9ab 12a 7.2a 148.3a 87b
After 60 days
Cont 8.2¢c 46.3b 11.1b 7.5a 147 .4a 86b
BC 6cd 49.2b 12.4ab 7.3a 151a 87b
BC-RP 15.4b 47.4b 11.3b 6.8a 149.4a 87b
PSB 22.4b 25b 9.4b 7.4a 149a 93a
BC-PSB 34a 24c 8.5¢ Ta 113b 98a
BC-PSB-RP 43a 28c 7.6¢c 8.1a 114b 93a
TSP 4d 57.4a 13.5a 7.2a 148.5a 87b

lid g TSP (lincd 018 o (ela g5l —lind S — o gy oSLaS BC-PSB-RP (i S5 — o gy oSkaS BC-RP )5S Jgans g BC

ol (P<O.01) (Lol o ixe cglés baimd olis coglée gy . o 3

BC-PSB-RP: Biochar-phosphate solubilizing bacteria- rock phosphate, BC-PSB: Biochar-Phosphate solubilizing Bacteria, PSB:
Phosphate solubilizing bacteria, BC:Apple-Grap Biochar, TSP: Super phosphate triple, Count: Control. Means with similar letters are
not significantly different at 1% probability level according to LSD tests
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Figure 2. Relative contribution of phosphorus forms from sequential extraction in different treatments
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BC-PSB-RP: Biochar-Phosphate solubilizing bacteria- rock phosphate, BC-PSB: Biochar-Phosphate solubilizing Bacteria, PSB:
Phosphate solubilizing bacteria, BC:Apple-Grap Biochar, TSP: Super phosphate triple, Count: Control
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Table 8. Correlation coefficient (r) between different fractins of mineral P in different treatments

P-Olsen Cap-P Cag-P Al-P Fe-P Caio-P
P-Olsen 1 - - - - -
Ca-P 0.98** 1 - - - -
Cas-P -0.76** 0.93** 1 - - -
Al-P -0.75** 0.45™ -0.37™ 1 - -
Fe-P 0.41™ 0.41™ 0.76** -0.51* 1 -
Caio-P -0.79** -0.73 0.95** -0.33™ 0.74** 1
Residual-P 0.67** 0.82** -0.76** -0.28™ -0.79** -0.75**
ns, * and ** respectively non-significant, significant at 5% and 1%
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Effect of Enriched Biochar and Phosphate Solubilizing Bacteria
(PSB) on the Distribution of Phosphorus Forms in a Saline and non-
Saline Soil of Lake Urmia Basin
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Abstract

To study the effect of enriched biochar (EB) by phosphate solubilizing bacteria (PSB) on soil
phosphorus (P) fractionation and explain the change in soil phosphorus availability by
determining changes in different forms of phosphorus, a factorial incubation experiment in a
randomized complete design with six treatments (fertilizer treatments (control (count), biochar
(BC), phosphate fertilizer (TSP), Biochar-Rock phosphate (BC-RP), biochar- PSB (BC-PSB)
and enriched-biochar with rock phosphate and PSB (BC-RP-PSB) and two soil types with
different EC (2 and 15 dS m™) was studied in saline soils around Lake Urmia. Olsen-P, pH and
different forms of inorganic P were determined by sequential extraction method at 7, 30 and 60
days of incubation. The results showed that on average, the BC-PSB-RP and BC-PSB
treatments reduced the pH of soils Sland S2 0.1 and 0.4 unit, respectively. BC-PSB-RP
treatments reduced Olsen-P of S1 and S2 soils from 6 t035.3 mg.kg™? and 7 to 41.7 mg.kg™?,
respectively. Microbial treatments significantly (p <0.01) altered the distribution and amount
of inorganic P forms. BC-PSB-RP reatment increased the amount of Ca,-P fraction in S1 soil
by 10 and in S2 soil by 5.2 time. However, the amounts of Cas-P, Al —P and Caio-P fractions
reduced significantly. Olsen P positively and significantly correlated with Ca.-P, Fe-P, and
Caio-P fractions and suggesting that in the extraction of Olsen-P, phosphorus is released from
these mineral fractions. The results showed that the use EB by PSB can provide long-term P
supply to plants and had a better effect on increasing the availability of P in saline conditions.

Keywords: Inorganic phosphorus fractions, Phosphorus availability, Saline soils, Enriched-
biochar
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