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Introduction

The availability of phosphorus (P) is a limiting factor for the production of crops due to its reactions with soil
components. Furthermore, there are concerns about the depletion of non-renewable global rock phosphate (the main
source of P) reserves because of the high demand for P fertilizers. Therefore, it is essential to revisit existing
agricultural practices to determine new resource management practices that utilize renewable resources. The
application of sewage sludge could be an alternative P source; contrary to inorganic fertilizers, sewage sludge is cheap,
contains nutrients, and improves soil quality due to contained organic matter. The total P content of sewage sludge
may vary from less than 0.1% to over 14% on a dry solid basis, depending on the nature of the raw sewage being
treated and the treatment process under consideration. However, the use of organic P resources can affect the soil
chemistry, leading to changes to the P fractions and their quantities. Hence, the objective of this study was to compare
the effect of the application of municipal sewage sludge and triple superphosphate on the distribution of soil-P
fractions under saline and non-saline conditions.

Materials and Methods

To investigate the effect of municipal sewage sludge and triple superphosphate on changes in P fractions an
incubation experiment was conducted in a completely randomized factorial design with three levels of triple
superphosphate (0, 75, and 100 Kg ha* which were named To, T1, and Ts, respectively), three levels of municipal
sewage sludge (0, 0.25 and 0.5% w/w which were named My, M; and M3, respectively), two levels of salinity of
irrigation water (2 and 12 dS m*, which were named saline and non-saline, respectively) and three replicates. The
total number of samples was 54. The treated soils were incubated for three months and maintained at field capacity
by adding the appropriate amount of saline and non-saline waters. P fractionated to KCI-P (soluble and exchangeable
P), NaOH-P (Fe- and Al bound P), HCI-P (Ca-bound P), Res-P (residual P), and organic-P by sequential extraction
method. Moreover, P percentage recovery for Olsen-P at each treatment was calculated. P concentration in samples
was determined by the molybdate method. Data analysis was performed by MSTAT-C software, and the means were
compared at 0=5% by Duncan test.
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Results and Discussion

The results showed that although the relative distribution of fractions followed the order of HCI-P > Organic-P >
KCI-P > NaOH-P >Res-P, the changes in each fraction were dependent on the type of treatment and fraction. The
amounts of KCI-P for application of municipal sewage sludge and fertilizer TSP combined, especially, T,M, were 3.1
and 2.3 times higher than T¢Mp in non-saline and saline conditions, respectively. The same result was obtained for
NaOH-P. The combined and separate application of municipal sewage sludge diminished the relative distribution of
HCI-P compared with triple superphosphate and control treatments in both salinities. However, the HCI-P in all
treatments was more than 57% of the total P, suggesting that most of the soil P was in the carbonate phase. The
treatments did not have a considerable impact on Res-P. The relative distribution of Organic-P increased by increasing
levels of salinity and municipal sewage sludge. Therefore, it seems that municipal sewage sludge addition along with
fertilizer P can reduce the negative effects of salinity and increase soil P availability compared with alone use of P
fertilizer through growing the contents of KCI-P, NaOH-P, and organic-P fractions and, consequently, decreasing P
entry into HCI-P fraction. Moreover, the application of municipal sewage sludge plus triple superphosphate increased
P recovery as Olsen-P compared to a separate application of triple superphosphate which confirmed the advantage of
the combined use of these sources.

Conclusion

The findings of this study indicate that the simultaneous application of municipal sewage sludge and triple
superphosphate can effectively improve phosphorus (P) availability in saline conditions. This enhancement is
attributed to the alteration of the relative distribution of non-stable P fractions, such as KCI-P and NaOH-P, which
increase, while stable P fractions like HCI-P decrease. Moreover, the addition of municipal sewage sludge into soils
led to a significant increase in organic C as well as the relative distribution of organic-P. Therefore, application of
municipal sewage sludge can improve the physico-chemical properties of saline soil along with increase of P
availability. Hence, further research on the growth response of halophyte plants as affected by these treatments is
recommended.
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Table 1- Some physicochemical properties of soil used

Kavailable Ptotal I3&vailable N

(mg kg ™) 0) (%)

OC CCE

ooy e o
(Clay) (Silt) (Sand)
(dsm™) %) (%)

EC  pH

172 2713 4.2 0.007  0.08

14 7.2 17.3 14 68.7

S WS 20 (lowsd (S S 31 (A 2 p23le -Y Jgsa
Table 2- Some physicochemical properties of municipal sewage sludge used

Pb Cd TotalK TotalP N oc ol osle s EC(1:10) pH (1:10)
Organic matter Ash
(mg kg™ (%) dSm?
386 nd® 6000 24000 60000 39.9 68.8 26 41 6.4

* :None-detected

Ssll T plond Oluogad 51 (A ol Y Jgoa
Table 3- Some physicochemical properties of irrigation water used

SAR SO HCOs CI

Nat Mg* Ca?* pH EC

meq I

dSm™

6.5 1.2 11 27.9
13.7 41 2.9 111

168 43 9.1 8 2

17 35 79 12
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Table 4- Analysis of variance for different forms of extracted phosphorus in the studied treatments

ok
JUEPRIR f"‘)‘d“?)’ Olaspo
(Sources) reedom) Mean of )
(Degrees of (Squares
KCI-P NaOH-P HCI-P Res-P  Organic-P
9 1 12.9%* 67.6** 2.8 2.7 143.1**
(Salinity)
oMl 2 99.3** 50.4** 705.9** 13.8** 235.3**
(Sewage sludge)
oty i pygu 2 15.2%* 6.5%* 161.6** 2.2 48.5%*
(Triple superphosphate)
oM o X (69 2 3.9** 3.8* 0.2 14 20.9*
(Salinity x Sewage sludge)
Ju g lind po X (0 2 0.5* 0.03 0.8 2.1 0.2
(Salinity x Triple superphosphate)
Joy Olawd pow x OB > 4 1.9% 16 23 19 2.6
(Sewage sludge x Triple superphosphate)
Juy ©land powx OMBB od X ()95 4 1.2%* 1.6 6.0 4.2* 0.7
(Salinity x Sewage sludge x Triple superphosphate)
[ 36 0.1 0.8 28.8 15 5.1
(Error)
() &y gy 4.8 13.3 8.1 14.6 23.1

(Coefficient of Variation)

2oy3 ) g a0y 0 Jlein] zolaw 53 (I3 dme i oy ¥F ¥
*and ** significant at 5% and 1% probability levels, respectively.

Hod GBS (o i 2 (50 WS (20 g S 5 Olind g BliSee olaw 9 (590 51 -0 Jgu
Table 5- Effect of salinity and different levels of triple superphosphate and municipal sewage sludge on distribution of Soil-P
fractions
54.3,79“,1,,.:@.:»@1&» (Z)aﬂd’;a)wdgel)b)mwdw
s NS o Distribution of Soil-P fractions

Sag
(dSm™)

Salinity Different levels of triple superphosphateand  kc|.p  NaOH-P HCI-P  Res-P  Organic-P
municipal sewage sludge

ToMo 3.8] 4.4% 77.7% 9.43> 489
T1Mo 6.2" 4.9¢0 72.4%c g4k 5.19
T.Mq 6.8 6.6¢ 70.0%cd g pabe 6.5%
ToM; 8.8° 8.3 67.50  g5bee 6.9°1
2 T:M; 9.9 10.32 62.9%  g3be 8.4°1
T.M; 10.2%¢ 8.4 625  ggabe 9.9 df
ToM; 10.3% 8.7° 63.6% 923 8.2°¢1
TiM; 10.6° 8.7b 62.6¢%  7.7bc 10.4 df
T:M, 11.9¢ 9.5® 57.8°¢ 750 13,33
ToMo 441 3.8¢9 76.9® 9.6%® 529
T1Mo 50° 407 72.7% 11,02 6.21
T.Mg 76° 460 71.6%  7.9bc 7.3¢
T0M1 74 fg 52 defg 67.2 bede 93 abc 10.9 cde
12 TiMy 80f 6.4% 65.2¢% 7,60 12.7bed
T.M; 8.8°¢ 6.7¢ 62.5%%€ 7.1« 14,93
ToM; 9.1¢% 5.5 df 65.8 ¢ 6.3¢9 13,33
T:M; 9.8°¢ 6.8¢ 60.3% 7.7« 15.4%
TM, 9.6 6.9« 58.8°¢ 7.7 170°

4.;M25M1 Mo 5 oy Olawd yow liSa o p)SekS Voo 5 VO oo t’hﬂ} W)JmTz 5T1 To bl e (P<005) I gre AU gl S e gy b (sla 1Sl (ygiw o 50

A (€0 BB o ((Sj9) Moyd /0 9 +IVD jro polaw i
In every column numbers followed by the same letter are not significantly different (P<0.05). To, T1, T, are 0, 75, and 100 Kg ha triple
superphosphate and My, M1, M, are 0, 0.25, 0.5% (w/w) municipal sewage sludge, respectively.
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Figure 1- Changes of soil organic carbon as affected by different treatments under two salinities of 2 and 12 dS m*
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Figure 2- Mean changes in phosphorus recovery as Olsen-P in municipal sewage sludge and triple superphosphate treatments
under two salinities of 2 and 12 dS m!
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