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1- Immobilization

2- Environmental Protection Agency
3- Organic carbon

4- Electerical Conductivity
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Table 1. Some chemical and physical properties of studied soil and sludge.

o 5 sl slee Ll

Standard concentration limit . .
(EPA, 1994) in sludge Sludge Soil Unit Property
- 7.04 7.74 - pH*
Sl W\M
- 3.4 2.45 ds m’
(EC)
_ _ e _ 8L NS
Sandy loam Soil texture
- - 1.39 gem? S ranlia
Bulk density
- - 2.45 goem® ST ErE T
Particle density
T .
- 20.54 1.17 % S ons
Organic carbon (C)
- - 7.25 % ol polS D5
Calcium carbonate equivalent
- 3.08 0.058 % Joa
Total nitrogen (N)
- 6.66 - - C/N
A
- 8340 52.51 mg kg
P)
L
e
- 4700 771.63 mg kg
&)
g
420 0.553 0.43 mg kg ,
(N1)
r):.aéls
85 0.2 0.019 mg kg
(Cd)
e
840 0.869 0.71 mg kg
(Pb)
£25
3000 0.159 0.29 mg kg
Cn)

A 6;”1.»\ (&_JIAJL)’J)O A.y\ a)Lﬂ&)CLr.Z‘JS/AJLMJ: g,._qu.v VPJJSL;-EC)IJH

pH and EC of soil and sludge were measured at saturated paste extra and 1:5 (sludge:water) extra, respectively.
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Table 2. Analysis of variance (mean squars) of sludge effect on some soil chemical properties.
Sl e (1 Sle

5 5 ol
Mean squares S S
. . L. P . 7. Degree of Sources of
g B ety g B A SO RS gl A oS fredom variations
Extractable K Extractable P Total N EC oC
_ _ _ _ s
10030.104* 30.648™ 0.0004™ 0.083™ 0.035™ 3 o
(Replication)
o sl
16296.996** 3343.752%* 0.019%* 10.350%** 2.144%%*
(Sludge rates)
ol
1844.925 40.089 0.0003 0.078 0.014 12
(Error)
)
4.39 7.50 13.834 6.11 6.81 -
cv)

# NS

Aoy ) 50 JL&:’“C?E»&_}}J‘:L;.JJ Ols sma \,._JJSA;.M) ¢

" %, ** non significant, significant at 5 and 1 percent probability level, respectively.
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Figure 1. Effect of sewage sludge on soil OC (A) and EC (B).
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Figure 2. Effect of sewage sludge on soil total N.

Ly Sl S 8 S 5 emman 33,5 o ilans
S S Al 5 OT L JTslge w52 51 el
s Sl glaSts s el ol 5 Ll o
WSJ:U':'\_’}"\_ADLFAU:%‘JJ\\)aﬂJQLfSJ:
Sl 5 Js (YY) Wb o a3 ol ol bl
3l as Bl s s, s Lg\_Auiﬂ.iLaﬂ): (YerY)
L it aS 55 b e Sl ol onasls
osliul LB 5 el (5,10 A5 AS sl
5 e Olpl 53 &S 0T 51.(F4) S g il 58l o
MQL?)J@L@JJ_LJL;@\)‘M)D_\'
Sl glasS s ans gl 5 (Y0) tien Sal
f}j/\. JJJ)[SL:ASJJJJS‘)L)‘Jf(Y'\Y)uL})
oS eslizal LG s Olpe (Sbs o S4LS 55
S e s 5 G e e st s

oy

aas 53 BB e 5 S 0lS eslizul LU jaud
ol LS s o o T Sl sl 4 slas
5> St aslial 0B b e i sae il
Ol 0y o (7 JS2) s 5 sl b a s
Olmma 5 ond JLS 53 5 VA Jled 5o jdud
o s A Jeols p SS 0s 6 S e MIAY
s isme OVl a3 a5 VAY 5T e
4Ol e Ly Ll ol el e i sdalie
5 S 5 SU ol 3 g se VL i
Q\}_:».:\sg;.fm_lo_?dﬁzj_q-}ﬂd_ﬂéu.l:_w\
Ve e T gladnl joam L olind b
Jw‘wjducj@MQY‘)’gljo‘M
(V) b alssl asls Yeve G il o T
sl oy 5l ol T glad ) 3L
Sl 50 b Sl (UK Jols & pon
) S LS e e 2l S ol e
eslil Sl Tl 4 e Syl s S S e



WAL (V) o jlond d0) s Jlasly adgi 9 S& Capprte g pul

Sl 5 mhw SUe s S Ol BB i
el s e s bay OALSB L s S
(LS 38 S S bt ol J1slse
o= slaslas 5 S aisly LS 5 K S eslanl

AFY) @l Jaalsl s e ) sboa

OS5 JBY [hagsy ol (V) sls OLAS Sl 5
ey OB d 58 &S sls OLis (Yo 8)
=B b Sl e SRl el SUSe s 5 8
5 G (1) A5 S oS iS5 S eslind
58 L ldlblS rasn G (Yo ) O s
o 1S S el e AL ) 5 Oy
(YA s S ool S 1 Lajles aen 5 jaud
S L5,S ol (YY) 0L 5 i oSl

140
- a
(=1 120 a
I
2 100 -
= TR — A b
D= 80
:; = c
= B 60 c
_; ‘=
- = |
5 = 40
=]
= 20
o
o an 60 120 180
ool _malia

sludge rates (ton ha1)

S eslizal BB iy OB el JI-T IS

Figure 3. Effect of sewage sludge on soil available P.
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Table 3. Analysis of variance (mean squars) of sludge effect on yield and some agronomic traits of wheat.
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S % ** non significant, significant at 5 and 1 percent probability level, respectively.
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Figure 5. Effect of sewage sludge on dry weight of shoot and 1000 Grain.
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Figure 6. Effect of sewage sludge on plant height and spike length.
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Figure 7. Effect of sewage sludge on leaf area index.
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Figure 8. Effect of sewage sludge on the number of grain per spike.
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Table 4. Analysis of variance (mean squars) of sludge effect on the concentration of macronutrients in wheat.
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S % ** non significant, significant at 5 and 1 percent probability level, respectively.
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Figure 9. Effect of sewage sludge on the concentration of plant N.
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Figure 10. Effect of sewage sludge on the concentration of plant P.
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Figure 11. Effect of sewage sludge on the concentration of plant K.
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Table 5. Analysis of variance (mean squars) of sludge effect on the extractable concentration of heavy metals
in soil.
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(Error)
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"™ non significant.
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Abstract

Background and Objectives: Application of sewage sludge as a cheap and waste material is
increasing for supporting plant essential elements especially in the soils of arid and semiarid
regions. The results of various researches have shown that application of sewage sludge
increased the content of organic carbon (OC), N, P and K in soil and plant and the yield of grain
and straw in wheat, barley and corn plants. The effect of sludge on the improvement of above
cited attributes mostly depends on the origin (urban or industrial) and used rate of sludge and
also plant type. Therefore, this study was conducted to investigate the effects of Ardabil
municipal sewage sludge at the used rates on some macronutrients and heavy metal
concentrations in soil and plant and also some agronomic traits of wheat.

Materials and Methods: The examined soil and sludge were prepared from a bare land in
Ardabil plain and waste-water refinery of Ardabil city, respectively. The pot study was carried
out as a randomized complete block design with 5 treatments and 4 replications. Treatments
were: zero (control), 30, 60, 120 and 180 tons of air-dry sludge/ha. Spring wheat was sown in
pots (diameter 20 cm and height 25 cm) then the soils were incubated at the temperature of
2244 °C and moisture of 60 to 80 percent of field capacity for 100 days. The yield of grain and
straw and also the concentration of N, P and K were determined in wheat components at the end
of growth season. Also, the values of soil electrical conductivity (EC), OC, N, P, K, Pb, Cr, Ni
and Cd were measured according to the standard methods.

Results: The results showed that application of sludge at the rates of 30 to 180 tons/ha
significantly increased OC (21.94 to 176 percent), total N (81 to 310.34 percent), extractable P
(16.7 to 123 percent) and extractable K (5.34 to 117.8 percent) in the soil under growth of
wheat. The concentration of N, P and K in grain increased significantly in 180 tons/ha treatment
about 36.04, 112.34 and 86.64 percent compared with control, respectively. Sewage application
increased grain yield and wheat growth indices such as shoot dry weight, height and grain
weight and leaf area. The effect of sludge application rates on the concentration of Pb, Cr, Ni
and Cd was not significant in soil.

Conclusion: The best improving effect of sludge on soil and plant attributes was obtained for
120 and 180 tons/ha treatments and significant difference was not observed between these
treatments. Therefore, with consideration of the high EC of used sludge, the 120 tons/ha
treatment can be recommended as suitable application rate for improving chemical quality of
the soil. Conducting field experiments is necessary for confirming the results of this study
especially with different soils and plants.
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