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Table 1- Physicochemical properties of the studied soils

S gle Sexdlcyle Sl ol cudyb vy S oS SluyS I oyS gl yhw
(Soil)  (pH) (EC) (CEC) (Clay)  (Silt) (CaCO0y) (0.0) (Potsen)
dsm? cmol. kg* % g kg? mg kgt

1 8.0 0.36 14.2 37 35 35 421 3.1 24.7
2 8.0 0.38 23.7 48 40 40 162 5.0 15.9
3 8.0 0.46 10.3 45 33 33 410 4.3 175
4 8.0 0.42 12.4 49 56 56 475 4.1 19.1
5 8.0 0.46 29.4 52 43 43 388 5.4 18.1
6 7.9 0.59 33.3 55 30 30 267 8.4 22.4
7 8.1 0.36 16.3 37 44 44 325 5.1 40.1
8 8.1 0.59 25.9 49 39 39 266 13.9 32.0
9 8.0 0.61 18.9 37 47 a7 210 104 719
10 8.0 0.26 10.3 13 25 25 190 7.0 16.8
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Table 2- The rhizosphere effects of bean over pH, dissolved organic carbon (DOC), solution phosphorus (P caci2) and organic
phosphorus (OP) in the soils un-amended and amended with sewage sludge

s E Uyl Jsbe J )5 e
(OP) (Pcaci2) (DOC) (pH)
mg-P kg.1 mg-P kg mg-C kg™
(soil) FLTYD) Amg 3y uf Az Ayt b FLTYD) Ay ypué Py Py 5 )l

rhizosphere bulk rhizosphere bulk rhizosphere bulk rhizosphere bulk

(un-amended) s.uis Lo

1 39 39 1.08 1.13 51 44 8.0 8.0
2 54 39 111 1.12 67 64 8.0 8.0
3 41 51 1.14 .34 57 45 8.0 8.0
4 58 51 1.21 1.27 69 52 8.1 8.1
5 65 53 1.22 1.26 88 52 7.9 8.0
6 96 71 111 1.22 84 80 7.9 8.0
7 88 61 1.13 1.30 91 79 8.1 8.1
8 63 95 111 1.34 214 142 8.2 8.2
9 98 92 2.17 3.15 110 71 7.9 8.1
10 36 26 0.81 0.85 47 48 8.1 8.0
oSk 64A 59A 1.2B 1.48A 88A 68B 8.0A 8.1A
2L
(amended) a4 jloud
1 86 44 2.21 2.65 87 56 7.9 8.0
2 72 39 2.28 2.46 105 78 8.0 8.1
3 84 49 1.72 2.24 78 68 7.9 8.0
4 63 58 1.68 2.20 105 88 7.9 8.2
5 63 48 1.66 1.94 115 107 7.9 8.1
6 108 71 1.59 1.93 104 95 8.0 8.2
7 93 77 1.63 2.43 114 91 7.9 8.1
8 153 98 1.58 1.58 110 82 8.3 8.3
9 152 86 3.41 7.17 106 86 8.2 8.2
10 51 41 1.90 3.00 67 56 8.0 8.0
oSk 92A 61B 2.0B 2.7A 99A 81B 8.1A 8.0A
(mean)

WAl e Soglite (S phuagi it 5 Sruginy SB om ho)> B Sl g 13 ()l e ysbas aSibe a0 i Copogad ya sl alis By
Means followed by the same letter are not different (P<0.05) between environment types (rhizosphere, bulk)
OP: organic P; DOC: dissolved organic C.
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Table 3- The rhizosphere effects of bean over some biological properties in the soils un-amended and amended with sewage

sludge
Sk U jblwd Sl Ulund 195590 039 Cm  Jand (29,540 0395 Cumnt 5 (325
(AIP) (AcP) (MBP) (MBC)
Hg PNP (g i)™ mg-P kg mg-C kg
(soil) Rwgity  Jwgiypé Awgry  JwgiupE wgiy  wgipmé gl fwgieé
rhizosphere bulk rhizosphere bulk rhizosphere bulk rhizosphere bulk
(un-amended) s.uis Lo
1 80 64 73 53 3.2 2.8 64 52
2 144 97 85 56 5.3 5.0 84 68
3 109 74 102 75 7.6 5.5 75 48
4 92 68 75 77 7.3 6.5 73 63
5 116 124 83 67 10.1 9.2 97 63
6 163 147 93 83 35 15 58 56
7 154 107 76 60 115 6.3 129 81
8 213 140 99 93 13.9 135 82 85
9 233 218 107 95 31.3 175 117 98
10 165 114 95 100 8.4 5.0 72 68
ke
147A 115B 89A 76B 10.2A 7.3B 85A 68B
R
(amended) a4 yloud
1 99 44 57 38 18 4 76 61
2 84 70 52 46 17 7 120 74
3 95 49 78 52 25 6 91 63
4 83 65 65 58 9 7 91 77
5 109 81 66 50 13 9 98 81
6 114 107 91 55 11 6 106 94
7 136 105 66 46 9 6 137 90
8 148 102 121 105 20 13 127 100
9 137 89 88 80 39 17 145 108
10 99 94 89 66 12 8 96 71
oS 10 818 77A 60B 17A 8B 109A 828
(mean)

A8l o Soglito (5 phusgin et 5 &gl SB o 203 90 Jlatsl s )3 (6l e ysbas aSilie 0103 LS Copoguas ya (sl alis g
means followed by the same letter are not different (P<0.05) between environment types (rhizosphere, bulk)
OP: organic P; AIP: alkaline phosphatase; AcP: acid phosphatase; MBP: microbial biomass P; MBC: microbial biomass C; DOC:

dissolved organic C.
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Table 4- The rhizosphere effects of bean over the ratio of microbial biomass phosphorus to organic phosphorus (MBP/OP)

and ratio of microbial biomass carbon to microbial biomass phosphorus (MBC/MBP) in the soils un-amended and amended
with sewage sludge

S 995500 0395 Cumd  yhund Ay 295540 0395 Commnd § (9155

() I s 51 (c29 5500 0355 Cumm 5 i

(MBC/MBP) (MBP/OP)
) PSS Koy FLNTSTS Hwg iy
(soil) rhizosphere bulk rhizosphere bulk
e B o (Un-amended)

1 20 19 8 7

2 16 14 10 10

3 10 9 18 12

4 11 10 13 13

5 10 7 16 18

6 17 38 4 2

7 11 13 13 10

8 6 7 22 14

9 4 6 33 19

10 9 15 23 19
(;“jal‘;’) 11A 14A 16B 13A

e (amended)esd Sl

1 4 16 22 10

2 7 11 25 17

3 4 11 31 12

4 10 12 14 12

5 8 9 20 20

6 10 15 10 9

7 15 15 10 8

8 6 8 13 14

9 4 6 26 20

10 8 9 24 21
(ﬁial‘;’) 8B 11A 19A 14B

w23l e Coglite (5 gt 5 S phagiy S o 203 90 Jlan) s )3 (5 stme sy aSike 01 S Copogiad ya sl o B o
.Means followed by the same letter are not different (P<0.05) between environment types (rhizosphere, bulk)
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Table 5- variance analysis of the treatment effects over some biological and chemical properties

JWECII D Oilryyo (pSibe
(Source of (Degree of (mean squeres)
variations) freedem) q
.. . [ [ yhud oS .
- e § (195590 (95590
(Pcace)  (OP) (AIP) (AcP) (MBP) (MBC) (BOC)
(sewagé Slu dge) 1 11.5%*  6954**  2.56** 5820** 6.09** 1.55%* 1.50%*
(envi]raégr;nent) 1 1.30**  9552**  2.60** 6970** 7.94%* 1.77%* 1.41%*
boeX o
(sludge*environment) 1 0.13ns 5078**  0.06 ns 152ns 1.04* 0.04n.s 0.001 n.s
: 116 0.12 707 0.11 340 0.33 0.06 0.13

(error)

G Y gxe 10,5 95 Lozl paws ;3 0.5 duloe F NS g ot I3 ine 203 95 99 Jlaznl oo ;5 01 dpasloa F 1% o **
** *: calculated F is Significant at P<0.05 and P<0.01 respectively, n.s= Non-significant
OP: organic P; AIP: alkaline phosphatase; AcP: acid phosphatase; MBP: microbial biomass P; MBC: microbial biomass C; DOC:

dissolved organic C.
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Table 6- Intraction effects of sewage sludge and environment over biological properties studied
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385
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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 indicies following application of sewage sludge.

OP: organic P; AIP: alkaline phosphatase; AcP: acid phosphatase; MBP: microbial biomass P; MBC: microbial biomass C; DOC:

dissolved organic C.
slamm sl el ials 5 iso JBhs wlgm e ond jle
(23) (hiSen 5 Lod ules a2 1y 015 jlas (slaSs p> jblans
(29,50 095 (S ONSB pd 2 b n)S ()5S
53 @5 (oriren 23l alS bl b Ll il gl
sLaSLs ) 5bland w3l cdls ol jl Sk (33) ollang
O ol sl S ) Lgw S (6t pf 5 SR
g 0085 jlag S 4y s LI
ISl o 3p)lS s ST il BaiS ) (JS)ob 4
5 Ll e e 18 5o 1y (S Sem c£lo s
B2 L bLo)l » abendon oy 9y (ite fl duyoo
aS ol Ll gl awyy Gl atib jauwd ales 5l Slie jolie
$oS Gyhwgny SLSE 55 lawd slae 5l clld Lials e
ool 5l jhwgiy ke cplpls ol (pugs pt GBS
oland (glaey 5T colleb 3 OB (o 3,1 e 51 5y oS
ol 4l
bgsyo ol 4055 10 youd 390aS prlaw &y (gl jUlawd colad
cdled (1) ohiSen 5 (lelisyo G315 ik (31 5 22) wsle
dgreS Laslyd Coui paS g poS) LS jhughn) ) (sped Ulaus
9 F OIS Bk g it apgS] )3 on g OME )3 ob Hhud
35 yicasiy 3 Ll 5 sl (sla i called (22) ol lSon
rf S L alio )3 3oS (pl )3 00d (ow)p B0 58
2 ol EBl Ghli 8l i hud 3508 Lot (bl
Syhgiy GBS 3 jiud Siml daw & o8 byl Guios

0395Cuj ()5 I3l e syl OUSB (d 5 )7L
Lol ccanl (s yhmginypé S | il Gyhwgi) S
5 S (s hmginy SLaSLS 5 Jolxe JI )8 Sl lade
2 his Jl g jhwgiy alpls cul (6ibmgn) e sSS
g Sl 1l 2980 035 g AL 2 28 55T
1y oblobeg (Sdplie slasuls 31,3 oas ol CluS 5 ke
(6 Jgus) cansl o3y Lials
5 lalh Bl el als a4y oo OMSB o 5,8
Mo Lol A (6 hug oy 9 (S gy SIS D (gl Uland
SLasSLs 1 iaS (gyhmgi) slasSLs > (ials 3l o
21 oS Mol 3l Jhg sy Lo el s g1 (6 phwg )
o 2l Bl el 5T el M o 3,8 it
5 g koo 95 5l laics, o a8 b Lt IS )y
2 el 2018 9, Ly 5l it baagte (i pé
2 235 o 238 5935 3008 ML 2 L ord e (slaS s
e bwgi (25l b ade b auglie )3 oS 39 pSlS
393 (p,55kS 2 £S5 e 1130) 005 Jlos slacS1S 51 150 lae
1 yid 03 S Cnilon y51 4t Clidos gub g ply 1/8
Sl Bland s jl canilae 35l ) pidin (gl SBland clled
31.(30) Leonid (orul jbland culled ) cunlas b a3l o s
G L SB g g ol clale @ dn Slawd e o5 B)b
Csilan Uil 0 ol 5 sauml slajllawd clad I Sglate
SLasS s )3 jiud g ool oy o 55 4l (18) w8



1394 LT - o0 < doylois 29 wlo S5 g f 4 pis 1042

O g ciS 53 ol adlhae 3 il oo (5yhg ) S
SLaSLE 3 ()80 03950 yid 5 (29,50 035 Cum )
Bl Gl OISl (o b ol jlad (5yhusg e 9 Srhwgi)
Srbwgiy G )3 03g5Cunj yhud Rl ke (pizen 5
S8y a8l (Ui gl dgr (gt LSl i
o9 b edd jlas oS )3 gl g oL jUlaws b Loy
38 A ST ecnlnle g o Jlos SlaSs 5l S AL
Ll ol 02y )13 3B |y (So5dm sloShg Ml o)
L bLs)l > olerdgn (slaye (s9) (shie Sl oo 55 &
5 Sriwgiy SLBS LS 3 jiud aler jl sy olie fSew

O 2 p)lS (e Sl (LiS0 (6 yhwg e sS4 s
Ol Gyagiy S )3 llaus o il clld j U

ol 0045

BTSN
CuiS )3 0l Hlawd g 0dils Hlawd Sy aS o Ll s
Sriwgi) SLaS S 3 (aud 5 (0)5) (29,50 0395w L

sisd i35 (P O/05) 59y (gyimginé sloss 5l it
Bliud cJlb 5l aslg e OB od 31,8 JLod 4 Jglo

oialS S (Sl s w3l g 5l Cailes Bayb I gl
Lgais b8 Jolomo JI OS5 by geod 9 Jolone youd
2 el blius el il s Vi) seame  Saiso

ol LB (6 w933 ) aE

&l

1-  Agbenin J.0., and Adeniyi T. 2005. The microbial biomass properties of a savanna soil under improved grass and
legume pastures in northern Nigeria. Agriculture, Ecosystems and Environment, 109: 245-254,

2- Balik J., Pavlikova D., Vanék V., Kulhinek M., and Kotkova B. 2007. The influence of long-term sewage sludge
application on the activity of phosphatases in the rhizosphere of plants. Plant and Soil Environment, 53: 375-381.

3- Bremner J.M. 1996. Nitrogen-total. p. 1085-1121. In: D.L. Sparks (ed.) Methods of Soil Analysis. Part 3 chemical
methods. SSSA, Madison, WI.

4- Brookes P.C., Powlson D.S., and Jenkinson D.S. 1982. Measurement of microbial biomass phosphorus in soil. Soil
Biology and Biochemistry, 14: 319-329.

5- Chauhan B.S., Stewart J.W.B., and Paul E.A. 1981. Effect of labile inorganic phosphate status and organic carbon
additions on the microbial uptake of phosphorus in soil. Canadian Journal of Soil Science, 61 373-385.

6- Cheng W., Zhang Q., and Coleman D.C. 1996. Is available carbon limiting microbial respiration in the
rhizosphere?. Soil Biology and Biochemistry, 28: 1283-1288.

7- Chpman H.D. 1965. Cation exchange capacity. p. 891-901. In: C.A. Black (ed.) Methods of Soil Analysis. Part 2
chemical methods. SSSA, Madison, WI.

8- Demoling, F., Figueroa, D., and Baath, E., 2007. Comparison of factors limiting bacterial growth in different soils.
Soil Biology and Biochemistry, 39: 2485-2495.

9- De Neergaard A., and Magid J. 2001. Influence of the rhizosphere on microbial biomass and recently formed
organic matter. Europian Journal of Soil Science, 52: 377-384.

10- Eivazi F., and Tahatahai M.A. 1977. Phosphatase in soils. Soil Biology and Biochemistry, 9: 167-172.

11- Fernandes S.A.P., Bettiol W., and Cerri C.C. 2005. Effect of sewage sludge on microbial biomass basal respiration
metabolic quotient and soil enzymatic activity. Applied Soil Ecology, 30: 65-77.

12- George T.S., Gregory P.J., Wood M., Read D., and Buresh R.J. 2002. Phosphatase activity and organic acids in the
rhizosphere of potential agroforestry species and maize. Soil Biology and Biochemistry, 34: 1487-1494.

13- Gee G.H., and Bauder J.W. 1986. Particle size analysis. p. 383-409. In: A. Klute (ed.) Methods of Soil Analysis.
Part 2 physical properties. SSSA, Madison, WI.

14- Hedley M.J., Stewart J.W.B., and Chauhan B.S. 1982. Changes in inorganic and organic soil phosphorus fractions
by cultivation practice and by laboratory incubations. Soil Science Society of America Journal, 46:970-976.

15- Helal H.M., and Sauerbeck D. 1989. Carbon Turnover in the Rhizosphere. Journal of Plant Nutrition and Soil
Science, 152: 211-216.

16- Hinsinger P. 1998: How do plant roots acquire mineral nutrients? Chemical processes involved in the rhizosphere.
Advances in Agronomy, 64: 225-26.

17- Jenkinson D.S., and Ladd J. N. 1981. Microbial biomass in soil: measurement and turnover. p. 415-471. In: E.A.
Paul and J.N. Ladd (eds.) Soil Biochemistry. Vol. 5 Marcel Dekker, New York.

18- Juma N.G., and Tabatabai M.A. 1977. Effects of trace elements on phosphatase activity in soils. Soil Science
Society of America Journal, 41: 343-346.

19- Khoshgoftarmanesh A.H. Advanced Topics in plant nutrition. Isfahan University of Technology Publisher,

Isfahan. (in Persian)



1043 . Su3sloms Sow ST 5 o5t 2 Ltg! (g0 1

20-

21-

22-

23-

24-

25-

26-

27-

28-

29-

30-

31-

32-

33-

34-

35-
36-

37-

38-
39-

40-

41-

42-

43-

44-

45-

Kuo S. 1996. Phosphorus. p. 869-920. In: D.L. Sparks (ed.) Methods of Soil Analysis. Part 3 chemical methods.
SSSA, Madison, WI.

Kwabiah A.B., Palm C.A., Stoskopf N.C., and Voroney R.P. 2003. Response of soil microbial biomass dynamics
to quality of plant materials with emphasis on P availability. Soil Biology and Biochemistry, 35: 207-216.

Li Y.F.,, Luo A.C., Wei X.H., and Yao X.G. 2008. Changes in phosphorus fractions pH and phosphatase activity in
rhizosphere of two rice genotypes. Pedosphere, 18: 785-794.

Lima J.A., Nahas E., and Gomes A.C. 1996. Microbial populations and activities in sewage sludge and phosphate
fertilizer-amended soil. Applies Soil Ecology, 4: 75-82.

Liu L., Gundersen P., Zhang T., andMo J.M. 2012. Effects of phosphorus addition on soil microbial biomass and
community composition in three forest types in tropical China. Soil Biology and Biochemistry, 44:31-38.

Loeppert R.H., and Sparks D.L. 1996. Carbonate and gypsum. p. 437-474. In: D.L. Sparks (ed.) Methods of Soil
Analysis. Part 3 chemical methods. SSSA, Madison, WI.

Lukito H.P., Kouno K., and Ando T. 1998. Phosphorus requirement of microbial biomass in a regosol and an
andosol. Soil Biology and Biochemistry, 30: 865-872.

Marschner P., Solaiman Z.M., and Rengel Z. 2005. Growth phosphorus uptake and rhizosphere microbial
community composition of a phosphorus-efficient wheat cultivar in soils differing in  pH. Journal of Plant
Nutrition and Soil Science, 168: 343-351.

Marschner P., Crowley D., and Rengel Z. 2011. Rhizosphere interactions between microorganisms and plants
govern iron and phosphorus acquisition along the root axis e model and research methods. Soil Biology and
Biochemistry, 43: 883-894.

Murphy J., and Riley J.P. 1962. A modified single solution method for the determination of phosphate in natural
waters. Analytical Chemical Acta, 27: 31-36.

Nelson D.W., and Summers L.E. 1996. Total carbon organic carbon and organic matter. p. 961-1011. In: D.L.
Sparks (ed.) Methods of Soil Analysis. Part 3 chemical methods. SSSA, Madison, WI.

Nuruzzaman M., Lambers H., Bolland M.D.A., and Veneklaas E.J. 2006. Distribution of carboxylates and acid
phosphatase and depletion of different phosphorus fractions in the rhizosphere of a cereal and three grain legumes.
Plant and Soil, 281: 109-12.

Olsen S.R., and L.E. Sommers. 1982. Phosphorus. p. 4013-430. In: A. Klute (ed.) Methods of Soil Analysis. Partl

chemical and biological properties. SSSA, Madison, WI.

Reddy G.B., Faza A., and Benneit R. 1987. Activity of enzymes in rhizosphere and non-rhizosphere soils amended
with sludge. Soil Biology and Biochemistry, 19: 203-205.

Rhoades J.D. 1996. Salinity Electerical conductivity and total dissolved solids. p. 417-437. In: D.L. Sparks (ed.)
Methods of Soil Analysis. Part 3 chemical methods. SSSA, Madison, WI.

Safari Senjani. 2003. Soil Biology and Biochemistry. Bu Ali Sina Univ. Press, Hamedan. in Persian)

Spiers G.A., and McGill W.B. 1979. Effects of phosphorus addition and energy supply on acid phosphatase
production and activity in soils. Soil Biology and Biochemistry, 11: 3-8.

Sposito G., Lund L.J., and Chang A.C. 1982. Trace Metal chemistry in aird-zone field soils amended sewage
sludge: I. Fractionation of Ni Cu Zn Cd Pb in solid phases. Soil Science Society of America Journal, 46: 260-264.
StatSoft, Inc. 2010. STATISTICA (data analysis software system), Version 10. www. Statsoft.com.

Tabatabai M.A., and Bremner J.M. 1969. Use of p-nitrophenyl phosphate for assay of soil phosphatase activity.
Soil Biology and Biochemistry, 1: 301-307.

Thomas G.W. 1996. Soil pH and soil acidity. p. 475-491. In: D.L. Sparks (ed.) Methods of Soil Analysis. Part 3
chemical methods. SSSA, Madison, WI.

USEPA. 1995. Land application of sewage sludge and domestic septage. Section 503. EPA/625/R-95/001 USEPA.
Washington.

Waldrip H., He M.Z., and Erich M.S. 2011. Effects of poultry manure amendment on phosphorus uptake by
ryegrass soil phosphorus fractions and phosphatase activity. Biology and Fertility of Soils, 47: 407-418.

Youssef R.A., and Chino M. 1988. Development of a new rhizobox system to study the nutrient status in the
rhizosphere. Soil Science of Plant Nutrition, 34: 461-465.

Zarenia M. 2011. Evaluation of different extractants for the determination of Pinto bean (Phaseolus vulgaris Var.
Chiti) available potassium in some chaharmahal va Bakhtiari province. MS. Thesis, Shahrekord Univ. Shahrekord,
Iran. (in Persian with English abstract)

Zhao Q., Zeng D., and Fan Z. 2010. Nitrogen and phosphorus transformations in the rhizospheres of three tree
species in a nutrient-poor



Journal of Water and Soil (3,9LaS @loo 5 psle) S 9 O 4 i
Vol. 29, No. 4, Sept.-Oct. 2015, p. 1033-1045 i 1033-1045 . p 1394 ;T — s b olas 29 alo

The Influence of Bean Rhizosphere on Some Chemical and Biological Properties
in Soils Amended with Municipal Sewage Sludge

T. Raiesi*” -A. Hosseinpur?F. Raiesi®
Received: 25-12-2013
Accepted: 15-08-2015

Introduction: 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 by the activity of rhizosphere microflora (16). Municipal sewage sludge (MSS) applied
to agricultural soils is a well known reusable source of phosphorus (P), nitrogen (N) and other macro- and micro-
nutrients (33). Sludge provides a short-term input of plant-available nutrients and stimulation of microbial
activity, and it contributes to long term maintenance of nutrient and organic matter pools (33). Availability of P
following application of MSS can be influenced by microbial and chemical properties of the soil, MSS
composition, and rhizosphere processes. The specific interrelationships between these components have proven
to be complex and, despite continued study, a thorough understanding of the interactions among plant roots,
manure P, and P solubility has yet to be achieved (42). Little quantitative information is available about the
chemical and biological properties in the rhizosphere of bean plant growing in soils un-amended and amended
with MSS. Therefore, the objectives of this research were to evaluate the rhizospheric effects of bean on
chemical and biological properties in 10 calcareous soils as amended with municipal sewage sludge (MSS) or
unamended (control) under rhizobox conditions.

Materials and Methods: Ten surface soil samples (0-30 cm) were collected from Chaharmahal-Va-
Bakhtiari province, in the central Iran. Municipal sewage sludge was used from the refinery of Shahrekord city,
central Iran. Air dried and sieved (<2 mm) samples (4 kg) of soils were mixed thoroughly with MSS at rates
equivalent to 10 g air-dried sludge kg™ soil, equivalent to an approximate field rate of 39 Mg dried sludge ha™ to
a soil depth of 30 cm. In control soils, to ensure a sufficient supply of essentlal nutrient elements, basal nutrlents
including nitrogen (20 mg kg N as urea), potassium (100 mg kg K as K,SO,), iron (5 mg kg™ Fe as
sequestrine), and zinc (2 mg kg® Zn as ZnSO,) were added to soils (44). In this study, rhizosphere properties
were studied using a rhizobox. The dimensions of the rhizobox were 180 x 132 x 160 (length x width x height,
mm). The rhizobox consisted of three compartments, central compartment or rhizosphere zone (32 mm in
length), which was surrounded by nylon cloth, and left and right non-rhizosphere zones (50 mm in length). Bean
plant was planted in completely randomized design with three replications. After the harvest, rhizoboxes were
dismantled. Alkaline phosphatase, acid phosphatase, dissolved organic carbon, microbial biomass carbon,
microbial biomass P, organic P, and available P (CaCl,-P) were determined in the rhizosphere and bulk soils. All
data are represented as mean of three replicates. In each of the treatments (un-amended or amended soils), the
significant differences between the studied properties in the rhizosphere and bulk soils were determined by using
paired-samples t-test. The effects of sewage sludge and environment (rhizosphere and bulk) over the chemical
and biological properties were evaluated using the two-ways ANOVA. The effects were considered statistically
significant at P<0.05. The Duncan's new multiple range tests were used to compare treatments means. The
statistical analyses were performed using STATISTICA 10.

Results and Discussion: The selected soils were alkaline (pH=7.9-8.1) and non- sallne (EC=0.26-0.61 dS m
Y. Clay content ranged from 13 to 55 %. The CEC ranged from 10.3 to 33.3 cmol, kg Organic carbon contents
ranged from 3. 1 to 13.9 g kg™*. The equivalent CaCOs ranged from 162 to 475 g kg™ .Olsen P ranged from 15.9
to 71.9 mg kg™ gTabIe 1). The used MSS were alkaline (pH=7.5) and saline (EC=2.25 dS m?). Also, the MSS
had 15.4 g N kg™ and 18 5 g P kg™*. The amount of total Zn, Cu, Cd and Pb in this organic source were 1370, 77,
0.91 and 267 mg kg™, respectively. The results of comparison of dissolved organic C, phosphatase enzymes,
microbial biomass carbon and microbial biomass P between the rhizosphere soils and the bulk soils illustrated
that the mentioned properties in the rhizosphere soils in comparison to the bulk soils were increased significantly
(Tables 2 and 3), with and without MSS application. The microbial biomass is a key factor in soil nutrient
cycling and in plant nutrition. The overall effect of plant-microbe interaction is an increase in microbial biomass
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in the rhizosphere, owing to the high supply of organic carbon by roots and soils (Table 2). Dissolved organic C
increase in the rhizosphere could be due to both plant root exudates and microbial populations. It is well known
that the root exudates serve as carbon source to heterotrophic microbial populations. The accumulation of
dissolved organic C and microbial biomass C in the rhizosphere compared to bulk soil reported in the other
studies (44). The contents of CaCl,-P in the rhizosphere were lower than those in the bulk soils due to the P
uptake by plant and microorganisms (Table 2). The main effects of sewage sludge and environment over CaCl,-
P, dissolved organic C, phosphatase enzymes, microbial biomass carbon and microbial biomass P were
significant, while the interaction effects of environment x sewage sludge only over microbial biomass P and
organic P were significant (Table 5 and 6).The values of dissolved organic carbon, microbial biomass carbon,
and available P significantly increased with the application of MSS, both in the rhizosphere and the bulk soils,
while phosphatase enzymes significantly decreased (Tables 6).

Conclusion: The results showed that phosphatase enzymes, dissolved organic carbon, microbial biomass
carbon and microbial biomass P strongly increased in the rhizosphere soil compared with the bulk soil, with and
without MSS. Also, the amount of P extracted with CaCl, in the rhizosphere was lower compared to the bulk
soils. The values of dissolved organic carbon, microbial biomass P, microbial biomass carbon, and available P
significantly increased with the application of MSS, both in the rhizosphere and the bulk soils, while
phosphatase enzymes significantly decreased.

Keywords: Available P, Calcareous soils, Microbial biomass, Phosphatase enzymes



