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Table 1. Sequential P fraction methodology (Olsen and Sommers, 1982).
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(Aluminium and iron-bound Pi (6))
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(Phosphate re-adsorbed to carbonate surfaces
during the preceding sodium hydroxide

extraction; also extracted are the labile
pedogenic Ca-rich phosphates (9))
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(Reductant-soluble P, mostly occluded in Fe
oxides; this fraction may also include a small
portion of labile Ca-P not removed in the
previous CB extraction (6))
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(Stable Ca phosphates, including lithogenic
apatite but excluding more labile Ca-P forms
removed in the previous CB and CBD fractions
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(Preheat 15 min at 85 °C after sodium
citrate + sodium bicarbonate addition;
additional 15 min after dithionite
addition)
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(0.3 M sodium citrate + 1 M
sodium bicarbonate + sodium
dithionite (1 g))
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Note: The re-adsorbed P is normally combined with the aluminium and iron bound Pi fraction to correctly estimate

non-occluded.
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Table 2. Physicochemical properties of the studied soils.
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(mg/kg) (emol./kg) dS/m)
24.7 3.1 421 37 35 28 14.2 0.36 8.0 1
15.9 5.0 162 48 40 13 23.7 0.38 8.0 2
17.5 43 410 45 33 42 10.3 0.46 8.0 3
19.1 4.1 475 49 56 14 12.4 0.42 8.0 4
18.1 54 388 52 43 50 29.4 0.46 8.0 5
22.4 8.4 267 55 30 15 333 0.59 7.9 6
40.1 5.1 325 37 44 19 16.3 0.36 8.1 7
32.0 13.9 266 49 39 12 259 0.59 8.1 8
71.9 10.4 210 37 47 16 18.9 0.61 8.0 9
16.8 7.0 190 13 25 62 10.3 0.26 8.0 10
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Table 4. Correlation coefficients between chemical and biological properties and different P fractions in the
rhizosphere and the bulk soils (n=30).

Sl ol 03 i3 sl JT o8 Lo S il (sl S
(Acid phosphatase) ~ (Microbial biomass P)  (Dissolved organic C)  (Environment) (P fractions)
-0.09 0.547%% 0.21 Bans s S) ) )
(Rhizosphere) sl 3 a1 (SlocdeST L st 5 s =)
024 0.41% 031 S 320 (Non-occluded P)
(Bulk)
0.03 0.29 0.03 TR )
(Rhizosphere) oal glad ST s el st il Y
0.10 027 20.01 A5 (occluded P)
(Bulk)
0.43* 0.13 0.54%% SR
(Rhizosphere) S i Y
022 029 0.19 A5 (Calcium P)
(Bulk)
0.00 -0.16 -0.30 TR )
(Rhizosphere) Sl aes =¥
0.21 0.11 20.17 A 350 55 (Organic P)
(Bulk)
-0.08 -0.40% 027 TR
(Rhizosphere) okile SL b -0
0.14 0.44% 017 S 32 (Residual P)
(Bulk)

Ao 5340 549 Jleat a3 Slsbiae 5 a T 5
** * are significant at probability levels 99, 95% (P<0.01, P<0.05), respectively.
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Table 5. Analysis of variance of the treatment effects over P fractionation.
Sl e o SSle

(Average of squares)

bl s

A L, e A 5 e
o 3L s [ el (Degree of (Source of variations)
slile BL e S b elS Slid ol a5 sladst i freedom) u A%
)
(Residual P)  (Organic P)  (Calcium P) o dl o sl
(Occluded P) rre o0
(Non-occluded P)
24103%* 49268** 0.12™ 9.91%* 16%* 1 o
(Sewage sludge)
42565%* 5134™ 0.02™ 0.11™ 0.04™ 1
(Environment)
boea x -
11035™ 352™ 0.03™ 0.001™ 0.004™ 1 ) o
(Sludge*environment)
et
3467 2066 0.05 0.13 0.10 116
(Error)

W Il Ao 53 40 ezl prlaw 3 0dd arlone F ™ 5 i lsline 4053 40 584 Jlazl e 3 0 4l F ¥ 5 7°
** * Calculated F is Significant at P<0.05 and P<0.01 respectively, "™ Non-significant.

S S 3 (0SS 10 S ) b s lae o plis p (hesiaspd 5 i) oo 5 20 e e 311 Jgi
Table 6. Interaction effects of sewage sludge and environment (rhizosphere o bulk soil) over P fractionation (mg/kg).

) b b el phes i b dag e i
s kile 3L i I s ) - L o
ST ol glalst s o Sl 5 el S|
(Residual P)  (Organic P) ) ’ - ? p o ool ek (Environment)  (Sewage sludge)
(Calcium P) (Occluded P) (Non-occluded P)
190(13%)b  145(44%)a  531(2%)a 78(71%)a 137(89%)a S ]
(Rhizosphere) K3 '%
3
s E
s 1 g
237(29%)a  155(32%)a  500(-9%)a 82(66%)a 145(98%)a SRR 5
(Bulk) =
oSSl
214Q21%)A  15037%)A  515(-5%)A 80(68%)A 141(94%)A
Mean
171b 101b 542a 46b 73b SR -
(Rhizosphere) R
A
L l <
181b 117b 548a 49b 73b il <
(Bulk)
Sl
176B 109B 545A 48B 73B o
(Mean)

Aoy 40 Jlazs! Cth»—/‘)ﬁ 6Jl>tuJ;L“ oels ol Jlade » sl o 3,8 e e OliS el e gl alie S5 Uy
A3 A0 ezl e 55 (g5loline Lsles il S e S S G G il lls S b Kol Ot o s 1wl 4zl

s o OLES 1y OBL o 055330 1 (Shs a usd ped doys 31 s slael 1w
Means followed by the same uppercase letter are not different (P<0.05) between treatments (un-amended, amended)
within columns; means followed by the same lowercase letter are not different (P<0.05) between environment types

(rhizosphere, bulk) within columns and treatments. Number in () showed relative changes in the value of indices
following application of sewage sludge.
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Table 7. Wheat plant indices in the studied soils.

@l el w5 il Ol

Lfi.)'A (..,\.:. Kis osle 3%

Gl bl i

Sk
Sbsrs p b S e oSk eSS PAAS o b p S e (Soil)
(P uptake mg/rhizobox) (Shoot g/rhizobox) (P concentration mg/kg)
9.7 4.1 2353 1
13.5 4.6 2953 2
15.9 4.7 3372 3
11.8 4.4 2661 4
16.3 5.4 3008 5
24.2 7.3 3300 6
30.4 7.6 4578 7
17.6 7.1 2483 8
335 5.7 5853 9
10.4 3.4 3104 10
5.2 1.3 667 LSD
22%* 9.8%* 22%* F

cJ.f ‘5)5.«‘9}1)1_.'9‘9 ‘5)5.«:‘9}5) ‘5‘.&55‘.4):}5.\*3’ Aises 6‘AJ$.§ b cJ.f BL_S/ dhd.a.‘;u ‘;:\M ;.a_lf.b—/\ J‘gb
Table 8. Correlation coefficients between plant indices and different P fractions determined in the rhizosphere

and the bulk soils.
Sd ol b Clale s pltl Ko sl Jas b Cils sla S
P uptake P concentration Shoot Environment P fractions
0.57%* 0.56%* 0.32 (Rhizosphere) i o 3 ghns i
0.53%* 0.51%* 0.22 (Bulk) w5, 5 (Non-occluded P)
0.66%* 0.29 0.65%* (Rhizosphere) i o 3gdes i
0.68%* 0.40%* 0.65%* (Bulk) iy, ¢ (occluded P)
0.50%* 0.72%* 0.09 (Rhizosphere) w5, S ol
0.47%% 0.73%* 0.05 (Bulk) a5, & (Calcium P)
20.10 0.45% 0.21 (Rhizosphere) s ST e
0.50%* 0.07 0.59%* (Bulk) a5, & (Organic P)
-0.04 0.16 -0.05 (Rhizosphere) jiv 5, oS3l i
0.19 0.30 0.14 (Bulk) w5, 5 (Residual P)
0.39% 0.15 0.29 (Rhizosphere) ,iws3:), sl
0.53%* 0.27 0.44%* (Bulk) w5, 5 (Olsen P)
s S S
Rhizosph i s T
0.31 0.33 0.04 (Rhizosphere) i3, Jsbos JT 8
0.05 0.07 0.06 (Bulk) jaws s 15 (Dissolved organic C)
Rhizosph Y . .
0.14 0.06 0.09 (Rhizosphere) w5, SIS 03 P )
027 0.10 0.20 (Bulk) Laws3; 08 (Microbial biomass P)
0.12 -0.24 0.14 (Rhizosphere) w5, el Solis
0.03 0.04 -0.05 (Bulk) a5, & (Acid phosphatase)

V€

Ao 5340 549 Jleat a3 Slsbiae 3 Sa T 5
** * are significant at probability levels 99, 95% (P<0.01, P<0.05), respectively.
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Abstract

Background and Objectives: The biological and chemical conditions of the rhizosphere are
known to considerably differ from those of the bulk soil, as a consequence of a range of
processes that are induced either directly by the activity of plant roots or indirectly by the
stimulation of microbial population and activity in the rhizosphere. Information about
phosphorus (P) fractionation in the rhizosphere soils amended with municipal sewage sludge
(MSS) is limited. Thus, the objectives of this research was to evaluate the rhizospheric effects of
wheat (Triticum aestivum L.) on the status of various inorganic P fractions, total organic P and
some biological properties in 10 calcareous soils amended with 1% (W/W) municipal sewage
sludge from the refinery of Shahrekord city under rhizobox conditions.

Materials and Methods: Wheat was planted in completely randomized design with three
replications. Eight weeks after germination, plants were harvested, rhizoboxes were dismantled
and the rhizosphere and bulk soils were separated. P fractions were determined by modified
Olsen and Sommers' sequential fractionation procedure. Also, acid (ACP) phosphatases,
available P were measured.

Results: The results showed that wheat rhizosphere showed a significant depletion of available
P, non-occluded P, occluded P, organic P and residual P fractions and a significant increase of
calcium phosphate fraction. Also, the results showed that the activity of acid phosphatas
considerably increased in wheat rhizosphere soils when compared to the bulk soils. Simple
correlation coefficients showed that plant indices have positive relationship with non-occluded
P, occluded P and calcium phosphate fractions in the rhizosphere and bulk soils (p<0.05).
Conclusion: The results indicated that in addition to Olsen P (labile-Pi) and non-occluded P,
occluded P, calcium phosphate could also act as a short-term source of wheat-available P in the
calcareous soils amended with MSS.
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