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Table 1. Physicochemical properties of sewage sludge
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Table 2. Effects of sewage sludge application on soil physicochemical properties (means £SE)
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S ey GOl @@ s Dok O S R A

m .

(mg/kg K (g/kg) P (g/kg) N (%) 0C (%) JESPRN pH Texture ewage sludge
(mg/kg) EC (ds/m) treatment
220.01 20.55+ 0.850 + 0.07 = 0.66 13+ 8.1+ Clay ol

10.58 ¢ 125a 0.070 ¢ 0.004 ¢ 0.072¢ 0.080a 0370a loam Control
406.17 + 20.01 + 140 + 0.19+ 240 = 1.6+ 7.7+ Clay IR AR N
17.59b 1364a 0.095 b 0.008 b 0.122b 0.098 a 0289a loam 10 ke/m?
547.01 + 19.75 + 218+ 028 + 318+ 14+ 75+ Clay Ere ey pSokS Y
33.51a 1.28a 0.110a 0.012 a 0.301 a 0.102 a 0.334a loam 20 kg/m?

6.87 5.51 14.64 15.88 17.96 0.401 0.564 - F-value F oLl
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Cd (mg/kg) Cr(mg/kg)  Ni(mg/kg) Mn(mgkg) Zn(mgkg) Cu(mgkg) Fe (g/kg) treatment
0.253 + 25.14 = 3555+ 38.28 + 895.83 £ 91.07 + 37.01 + 3132+ Qb
0.006 a 1.33b 1.60b 1.58b 21.20a 320b 1.57b 1.28a Control
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P <0.01, "P<0.05, P> 0.05; Different letters indicate significant differences between treatments.
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Table 3. Effect of sewage sludge application on growth parameters of P. alba trees (means +SE)

Py Ohigy Jab sy oo P9 ) Fab sty sl it Jol Gy b o2y sl e
growth parameters of the third growing growth parameters of the second growth parameters of the first growing
season growing season season AL o olo o
. s )| . L )| .
‘f/: @ glis) el S °*’; 5w e C ) el Seg:f;;;fge
\(/ml Y Height (cm) \</m1 & H(r.“g)h (cm) Volume H(’,“g)h (em)
olume m olume eight ‘m¥/ha eight
(iha) (m) DBH (cm) (inha) ) DBH (cm) (m’/ha) @) DBH (cm)
2126+ 6.08+ 572+ 653+ 4.65+ 3.69+ 1.55+ 3.02+ 208+ aals
211b 0218b 0.194b 0.536b 0.174a 0.187b 0.195a 0218a 0.194a Control
3040+ 6.77+ 6.6+ 9.61+ 472+ 423+ 1.74+ 3.10+ 226+ & e ppSoks )
201la 0.238 ab 0.124a 0.124a 0.122a 0.125a 0.190 a 0.238a 0.124a 10 kg/m?
3479+ 730+ 6.831+ 1091 + 491+ 434+ 1.54 + 320+ 211+ &ayo yo oS okS Yo
205a 0.1499a 0.152a 0.152a 0.1499a 0.128 a 0.164a 0249a 0.152a 20 kg/m?
1222 9.67 13.35 14.76 2.08 10.21 0.367 0.564 0.952 F-value F § LI
‘ .
0.000 ** 0.001 ** 0.001 ** 0.000 ** 0.131 0.000 ** 0.694 ns 0571 0.390 ns .‘5). e
ns ns Significance
413 16.6 15.10 40.8 10.40 15.40 269 16.11 23.6 CV olpuss oo

A3 o s ) bl o s ol o sime glis oglite  gmnedl CBg 2 106 Ll o sixe oglis 3905 ™ 10010 AB mlans 0 (5 o sime” 1o )d A9 rhans 3 (g o me
P <0.01, "P <0.05, ™P > 0.05; Different letters indicate significant differences among treatments.
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Figure 1. Macro-nutrient concentrations of plant tissues in P. alba trees affected by sewage sludge treatments
(means + SE); SS0: Control treatment, SS1: 10 kg/m? of sewage sludge treatment, SS2: 20 kg/m? of
sewage sludge treatment; in each tissue different letters indicate significant differences between

treatments; P < 0.01, *P < 0.05, ™P > 0.05
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Figure 2. Micro-nutrient concentrations of plant tissues in P. alba trees affected by sewage sludge treatments
(means + SE); SS0: Control treatment, SS1: 10 kg/m? of sewage sludge treatment, SS2: 20 kg/m? of

sewage sludge treatment; in each tissue different letters indicate significant differences between
treatments; **P < 0.01, * P <0.05, ns P> 0.05.
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Figure 3. Heavy metals concentrations of plant tissues in P. alba trees affected by sewage sludge treatments

means = SE); SS0: Control treatment, SS1: 10 kg/m? of sewage sludge treatment, SS2: 20 kg/m? of
g g g g

sewage sludge treatment; in each tissue different letters indicate significant differences between
treatments; ** P <0.01, * P <0.05,ns P> 0.05
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Abstract

Introduction: In tree plantations, like other agricultural activities, the use of chemical and organic fertilizers can
lead to an increase in wood production. Sewage sludge, as an important by-product resulting from wastewater
treatment processes, is a type of organic waste that can increase the organic matter and the concentration of the
macro and micro nutrients in the soil, and play a significant role in improving plant growth and performance.
Considering safe and sustainable disposal of sewage sludge is one of the important environmental concerns, and
as well as improving the physico-chemical properties of soil, the present study aims to investigate the effect of
application of the sewage sludge from South Wastewater Treatment Plant of Tehran on soil properties and
performance of three-year poplar trees (Populus alba L. "20/45").

Material and Methods: The present study was carried out in a completely randomized block design, with three
treatments of sewage sludge (0, 10, and 20 kg m™) and three plots 16 m? (9 trees in each plot with planting spacing:
2%2 m) in each block, in the Alborz Research Center of Research Institute of Forests and Rangelands, Tehran, Iran. At
the end of each growing season, the growth and increment variables (height and diameter at breast height) of all trees
were measured and wood production was calculated. In the middle of the third growing season, tree (root, stem and
leaf) and soil samples were taken from each treatment in three replicates. In the laboratory, the physico-chemical
properties of soil and nutrients and concentration of heavy metals in tree organs were determined.

Results: Fertilization with sewage sludge had a significant positive effect on the organic matter and the
concentration of nitrogen (N), phosphorus (P), sulfur (S), zinc (Zn) (P < 0.01) and copper (Cu) (P < 0.05) in the
soil. So that in the treatment of 20 kg m~2of sewage sludge, soil organic carbon showed an increase of 381.8%
compared to the control soil. Likewise, the treatment of 20 kg m~of sewage sludge led to a significant increase in
the concentrations of some heavy metals such as nickel (Ni), chromium (Cr) (P < 0.05) and lead (Pb) (P <0.01) in
the soil. The results showed that sewage sludge application had a positive significant impact on growth
performance of poplar trees. So that the treatment of 20 kg m~of sewage sludge led to an increase of 19, 20 and
63.5% in diameter, height, and volume per hectare of poplar trees, respectively, compared to the control treatment.
The analysis of plant samples showed that sewage sludge application significantly increased the concentration of N,
P and Zn (P £0.01) in root, stem and leaf and Cu and Ni (P <0.05) in root and leaf of poplar trees.

Conclusion: Considering an increasing growth performance of three-year-old poplar trees in the soil fertilized
with sewage sludge and no significant differences between the applied levels of sewage sludge, and increasing
level of some heavy metals in the treatment of 20 kg m~of sewage sludge, this study suggests that a reasonable
rate (10 kg m™) of sludge application can provide soil amendment and additional nutrients for fast-growing trees
without any threat to the food chain and pollution of soil by heavy metals. Of course, considering a rotation of
six to eight years for poplar plantations, it is necessary to investigate the effect of sewage sludge application at
least until the end of the sixth year on soil characteristics and growth performance of poplar trees.
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