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Table 1. Kinetic equations fitted with phosphorus release data

Model

Equation

First order

Second order
Simplified Elovich
Parabolic diffusion
Power function

In (Po—Pt):m Po—kit
UPo—P)=1/Po+kat
Ge= (1/B) In (ap) + (1/B) In (t)

gt = R t 2 + constant

Ingi=Ina+blint
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ki, ka2, a, B, R and b, are constants; a is intercept; Py is P released at equilibrium (mg kg™); Py is P released at
desired time (mg kg)
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Figure 1. Cumulative P release at various treatments at 60 days after planting
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Table 2. Cumulative released P in equilibrium time (5760 min) at three sampling times

Cumulative released P (mg kg™?)

Treatments

60 days after 95 days after 140 days after

planting planting planting
PoRo 22.69 ¢ 20.57°¢ 21.39 b
PsoRo 38.07 @ 28.06° 22.81°
P100Ro 42.84 @ 33.732 28.032
PoR13 26.14 ¢ 28.16° 22.85°
PsoR13 24.12bc 26.09 bed 20.35 ¢
P10oR13 40.74 2 30.25 % 28.862
PoR33 23.60 ¢ 21.45 % 16.99°¢
PsoR33 29.60° 22.76 ce 21.98°
P10oR33 29.78° 27.01°%¢ 31.63°
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Figure 2. Total phosphorus uptake by sugarcane in various treatments at three harvesting times
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Table 3. Rate coefficient of P release at second order and power function equations at three harvesting times

ngggrd Power Function ngg:rd Power Function Sgr;ggrd Power Function

ko *10°° a b ab ko *10° a b ab ko *10° a b ab
PoRo 4.4 2.42 0.26 0.63 5.2 1.51 0.31 0.47 5.1 1.03 0.36 0.37
PsoRo 3.2 3.49 0.29 1.00 4.9 1.15 0.39 0.44 5.1 1.68 0.31 0.52
P100Ro 3.2 3.00 0.32 0.96 2.9 1.72 0.35 0.61 3.7 1.35 0.36 0.49
PoR13 4.2 2.20 0.29 0.64 6.6 1.35 0.37 0.50 4.0 1.86 0.30 0.55
PsoRu3 4.1 1.99 0.29 0.58 3.9 2.04 0.30 0.61 4.3 121 0.33 0.40
P10oR13 2.3 3.29 0.29 0.97 41 2.16 0.32 0.68 25 3.20 0.55 1.75
PoR33 7.0 2.59 0.27 0.69 4.6 1.73 0.29 0.51 4.8 1.22 0.36 0.43
PsoR33 2.7 2.34 0.30 0.69 34 1.92 0.29 0.55 5.1 211 0.28 0.58
P1ooR33 4.4 2.37 0.30 0.71 34 1.23 0.37 0.45 35 1.15 0.43 0.50
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Table 4- Uptake of phosphorus from different source in soil

Auvailable P (Qz) (mg pot™?)

Diffused P (Q2) (mg pot™)

Non-soluble P (Qnon-oisen)

Treatments (mg pot™)
95 DAP 140 DAP 95 DAP 140 DAP 95 DAP 140 DAP”

PoRo 0.6 2™ 0.84°¢ 6.22 be 15.70 ¢ 16.26 be 11.76 ¢
PsoRo 0.54° 1.40 % 4.06°¢ 29.78 cde 22.72 @ 24.34 b¢
P10oRo 0.622 1.31° 11.83¢ 35.59 bed 17.24 be 25.62 be
PoR13 0.53° 1.11 %k 5.93 be 33.19 bede 20.62 @ 21.15 ke
PsoR13 0.61 @ 1.06 k¢ 418°¢ 52.26 @ 20.07 @ 547°¢
P1ooR13 0.872 1.692 7.20 be 21.98 de 27.632 52.322
PoR33 0.61 @ 1.19 ke 5.57 be 32.50 cde 26.402 40.18 2
PsoR33 0.60°P 1.29° 6.24 be 48.53 abc 17.91 be 10.90°¢
P10oR33 0.63 @ 1.32% 8.41%® 67.412 11.60°¢ 15.80°¢

“DAP: Day after planting «czS 5 L 39,

A5yl (S5 el Bk 5l ao,d mi mhaw 40 (g0 (cire BN aliel Bgy> o5t 0 40

:DAP

*

** In each column, the means with dissimilar letters are significantly different at p<0.05 (Tukey test)

\YY



WWAA lasls oF o)l oV ol S 50,8 Clades

PLS L ol b lg @l g 99 i jo WYSlee ey il pd G (S =0 Jgux
Table 5. Correlation between rate coefficient second order and power function equations with crop parameter

60 days after planting 95 days after planting 140 days after planting
Treatments
Second Power Function Second Power Function Second Power Function
Order Order Order

ko * 108 a b ab ko * 103 a b ab ko * 103 a b ab
Shoot biomass -0.566 0.438 0.825** 0.637 -0.145 0.425 -0.264  0.430 -0.519 0.478 0.476 0.534
Root biomass -0.560 0.502 0.560 0.633 -0.339 0.625 -0.280 0.718* -0.613 0.752* 0.583 0.770*
Phosphorus concentration 0.495 0.095 -0.703* -0.118 0.468 0.051 0.194 0.242 -0.327 0.410 0.039 0.311
Absorbed P-Olsen (Q1) -0.560 0.502 0.560 0.633 -0.339 0.625 -0.280 0.718* -0.613 0.752* 0.583 0.770*
Non-soluble P (Qnon-oisen) ND ND ND ND 0.291 0.422 -0.250 0.416 -0.536 0.611 0.670* 0.741*
Soil exploited with root -0.560 0.502 0.560 0.633 -0.339 0.625 -0.280 0.718* -0.613 0.752* 0.583 0.770*
Diffused P into rhizosphere (Q2) ND ND ND ND -0.533 0.047 0.211  0.293 -0.094 -0.288 -0.130 0.312
Released cumulative P -0.672* 0.821**  0.685*  0.949** -0.254 0.013 0.588  0.455 -0.750* 0.295 0.622 0.442

¢**: significant in 0.01) «/+\ mlaw jo s me ** ((* significant in 0.05) s xe +/+0 mhaw ,o * (ND: not determined) soss s :ND
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Effect of Phosphate Solubilizing Bacteria on Phosphorus Release Kinetic
in Rhizosphere of Sugarcane and Correlation with Various Source of
Phosphorus

Saeed Safirzadeh!, Mostafa Chorom?, Naeimeh Enayatizamir?
(Received: November 2017 Accepted: March 2018)

Abstract

The effect of sugarcane rhizospheric secretions and phosphate solubilizing bacteria on soil
phosphorus desorption kinetic was examined at greenhouse conditions. The experiment was carried
out with two treatments, including phosphorus levels (0% (blank, Po), 50% (Pso) and 100% (P1oo)
and phosphate solubilizing bacteria strains (Enterobacter cloacae Ris (Riz) and Enterobacter
cloacae Rs3 (Rs3). Soil sampling was conducted in 60, 95 and 140 days after planting. Statistical
evaluation was performed as completely randomized factorial design with three replicates. The
kinetics of phosphorus desorption was investigated by successive extraction method during 30 to
5760 min. According to results, high percentage of phosphorus fertilizer and phosphate solubilizing
bacteria lead to increase of phosphorus desorption. Desorption kinetics was described by second
order and power function equations well. Comparison of power function equation parameters
among various treatments showed that the maximum coefficients were obtained at the lowest
phosphorus fertilizer and phosphorus solubilizing bacteria. The reverse relationship was found
between soil available phosphorus concentration and kinetic power function parameters, based on
correlation analysis. Using of phosphorus solubilizing bacteria enhance the phosphorus
bioavailability for plant.
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