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Table 1. Physico-chemical properties of municipal effluent

bl EC
’ pH N P K Ca Mg
Parameter (ds/m)
5 ol
“5*# - 7.13 1.12 24.92 1.96 12.4 64.6 9.22
Municipal effluent
G s hma a3l
Environmental (mg/1) 6.5-8.4 3 30 - - - -
Protection Agency
FAO? 6-8.5 0-3 0-15 0-2 - - -
US EPA3 6.5-8.4 0.7-3 5-30 0.04-0.4 10-20 40-70 5-20
2l 5L
s Fe Zn Cu Mn Ni cr Pb
Parameter
St ol
. ’ (na/l) 80 88 26 30 30 15.96 93
Municipal effluent
Gy 2 QL’}\M\
Environmental 5 2 0.2 0.2 0.2 0.1 5
Protection Agency (mg/l)
FAO? 5 2 0.2 0.2 0.2 0.1
US EPA® 5 2 0.2 0.2 0.2 0.1 5

! Environmental Protection Organization, (2016); 2 Ayers & Westcot (1985); * Environmental Protection Agency (2012)

oalizal 3550 SBSE Sland — S5 b S5y -Y Jsix
Table 2. Physico-chemical properties of soils

selb S cal . EC ) ST eske N P K
Parameter Soil texture P (ds/m) Organic matter (%) (%) (mg/kg) (mg/kg)
VS -
_ e 7.9 1.4 0.95 0.07 32 202
Soil 1 Clay Loam
Yy Sk -
_ e 8 1.61 1.23 0.11 50 256
Soil 2 Clay Loam
Sl b i _ B B _ _ _ _
World-soil average®
R Fe Zn Cu Mn Ni Cr Pb
Parameter (a/kg) (mg/kg) (mg/kg) (ma/kg) (ma/kg) (ma/kg) (ma/kg)
VS
. 17.93 78.10 36.30 322.13 22.10 33.13 20.78
Soil 1
Yy S
. 28.42 183.32 146.72 981.40 41.81 88.10 48.01
Soil 2
e baw gie ,lude
Ser Bse s - 70 38.9 488 29 59.5 27

World-soil average®

! Kabata-Pendias (2011) ¢s g ol b oa Gl Sy S casle S S
Soil 1: Control soil; Soil 2: Soil irrigated with municipal effluent
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Table 3. Analyses of variance (ANOVA) of soil and clone treatments and their interactions on growth parameters

Sl B ugv\w
eal3l as s Mean square
Source of
o df (mm) 3L L3 (em) a3lu Jb (8) adu ) 0355 (@) e oo
Variation
Diameter (mm) Height (cm) Root biomass (g) Stem biomass (g)
A) S
1 65.85* 13940.08** 1085.66** 1837.68**
Soil (A)
(B) N
1 20.25 252.08 41.14 309.08
Clone (B)
AxB 1 0.244 0.750 14.96 111.71
(178
8 8.08 891.50 29.76 39.38
Error
Slas o s
@35l as s Mean square
Source of P .
Variation df @) S o) @) JS 02565 adiy dy ol plal o 55 g5 o €m’) & phau
Leaf biomass (g) Total biomass (g) Biomassgqo/ BioMass, gt Leaf Area (cm?)
(A) S
) 1 237.63** 8323.44** 0.001 2470.20%*
Soil (A)
B) ¢
o 1 44,93 89.21 0.012* 214.01
Clone (B)
AxB 1 1.88 154.08 0.009 1.30
o
8 1041 52.10 0.002 15.72
Error

Ao, 44 plbl Cla.v. s \_;)\:Q;;u:;m Ao, 40 bl CL“ 23 old e *
Significant differences are indicated with * P < 0.05 and ** P < 0.01
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Figure 1. Growth parameters of two poplar clones of P. alba grown in soil affected by municipal effluent (T) and
control (C) (mean = SE); Different letters indicate significant differences.
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Table 4. The concentration of macro nutrients in plant tissues of two poplar clones of P. a/ba grown in soil
affected by municipal effluent (T) and control (C) (mean + SE)

: (A) S B) ¢
s P. alba 20/45 P. alba 44/13 o AxB
Clone Soil (A) Clone (B)
bl
o T C C P values
Treatments
) a b a b
Root 1.15+£0.12 0.78 £0.05 1.10+0.11 0.70 £ 0.07 0.000** 0.554 0.918
00
N a3l b b
0.84 +0.03? 0.57 £0.02 0.90 +0.02° 0.65+0.03 0.000** 0.125 0.332
(%) Stem
S b b
Leaf 2.16 +0.06% 1.59 £ 0.06 2.27 +0.03? 1.63 £0.04 0.000** 0.652 0.441
ea
Ada)
Root 0.24 +0.03% 0.17 +£0.02° 0.25 +0.02° 0.17 +£0.03° 0.000** 0.356 0.558
00
p a3l b b
0.23 +0.03? 0.16 £0.01 0.25+0.01° 0.19+0.01 0.000** 0.635 0.550
(%) Stem
‘fﬁ b b
Leaf 0.28 +0.01° 0.18 +£0.01 0.27 £0.03% 0.19+0.01 0.000** 0.452 0.509
ea
Ada)
Root 1.11 +0.12% 0.80 + 0.05° 1.19 +0.11% 0.87 £0.07° 0.000** 0.222 0.436
00
K Ft{w
0.93 +0.08? 0.78 +0.03" 0.93 +£0.07° 0.76 +0.04° 0.000** 0.450 0.658
(%) Stem
jjg b b
Leaf 1.05 +0.122 0.80 £0.05 1.12 +0.11% 0.84 £0.06 0.000** 0.513 0.441
ea

ey 5 Sl o Ul st sl (slie el Gy o Gy o 10055 48 pliabl e 53 ols e T g ol Lsad el ST ele S C

.MJ‘SGOL:.;‘)&))!J)‘,A

C: Control soil; T: Soil irrigated with municipal effluent; Significant differences are indicated with ** P < 0.01; Different letters indicate significant differences.

Ol 5 Sy wle s, 5o JS6 B me 5 ol
Rt 456)31’4: ey )‘ngu Al 0O L r)JS
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Table 5. The concentration of micro nutrients in plant tissues of two poplar clones of P. alba grown in soil
affected by municipal effluent (T) and control (C) (mean + SE)

. (A) S B) ¢
s P. alba 20/45 P. alba 44/13 o AxB
Clone Soil (A) Clone (B)
bl
T C T C P values
Treatments
Ay, 948.47 + 612.29 + 804.61 + 565.48 +
0.000%* 0.008** 0.112
Root 58.70° 59.08° 44,9 41.16°
Fe sl 14575 + 92.57 + 159.64 + 98.42 +
) 0.001** 0.379 0.714
(mg/kg) Stem 24.28° 16.76° 24.07° 11.41°
S, 542.59 + 295.9 + 501.19 + 332.24 +
0.001** 0.950 0.347
Leaf 50.10° 45.60° 58.07% 36.10°
Al 220.92 + 121.28 + 163.48 + 107.28 +
A 0.000** 0.016* 0.969
Root 23.01° 15.43° 14.93 12.02°
Zn 5L 188.82 + 123.45 + 138.88 + 100.93 +
X A 0.001** 0.008** 0.225
(mg/kg) Stem 18.40° 10.86™ 18.97 9.89c
S, 349.77 + 219.93 + 335.93 219.79 +
0.003** 0.820 0.824
Leaf 13.25° 24.01° 23.70° 24.50b
Ao 12.30 + 8.10 + 11.84 + 8.26 +
0.000** 0.766 0.541
Root 0.78 0.60° 1.23° 057"
Cu P 10.32 + 791+ 10.66 + 741+
. ) ) A 0.000** 0.824 0.244
(mg/kg) Stem 0.45 0.52 0.59 0.79
g 11.19 + 8.30 + 10.92 + 7.83+
0.000%* 0.186 0.700
Leaf 0.49% 0.69° 0.70% 0.58"
Ay, 126.63 + 96.21 + 104.31 + 81.34 +
0.000** 0.012* 0.534
Root 11.23° 8.55° 7.72° 6.89°
Mn sl 93.06 + 65.54 + 78.13 + 54.40 +
0.000%* 0.003** 0.556
(mg/kg) Stem 5.49% 6.67° 6.50° 5.68°
S, 120.07 + 89.73 + 156.67 + 100.56 +
0.000** 0.008** 0.095
Leaf 18.06b 11.43° 7.79° 9.21™

Oplaze ‘_;......K.J Gy windy b 53 o 44 pliebl CL‘" 23 Sls sme “ Ao, 40 olabl CL“ 23 Sls sma * (s ol boas &ﬂ.»._.ﬂ ST wsle S .C
z Z T .
A5 e ol e 2550 ey S Sl o 1 bl Ll e sl

C: Control soil; T: Soil irrigated with municipal effluent; Significant differences are indicated with * P < 0.05 and ** P < 0.01; Different letters indicate significant differences.
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Table 6. Analyses of variance (ANOVA) of soil and clone treatments and their interactions on concentration of

heavy metals in plant tissues

Olay e UKJL-«
Ol s C"\':"’ _ Mean square
sl a0
Source of df Ni (mg/kg) Cr (mg/kg) Pb (mg/kg)
Variation ady sl S, ads a3l S ady sl S
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Figure 2. The concentration of heavy metals in plant tissues of two poplar clones of P. alba grown in soil affected
by municipal effluent (T) and control (C) (mean + SE); Different letters indicate significant differences.
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Abstract

This study was carried out to study the performance of two-year old plants from two Populus
alba clones in soil irrigated by municipal effluent. For this purpose, a pot experiment was done
in a completely randomized design with two factors: 1) soil in two levels of irrigations and 2)
two clones of poplar. In both poplar clones, after two growth seasons, significant increase of
growth properties, leaf area, biomass and uptake and accumulation of micro and macro nutrients
and also heavy metals in organs (root, stem and leaf) of plants irrigated by municipal effluent
were observed compared to plants of control treatment. In both poplar clones, the highest uptake
and accumulation of Fe, Cu, Ni, Cr and Pb were measured in the roots and Zn and Mn in the
leaves. After two growth seasons, the two poplar clones did not demonstrate significant
differences in terms of growth and biomass parameters, however the effect of clone on uptake
and accumulation of micro nutrients and heavy metals in plant organs was significant. The
highest amounts of most micronutrients and heavy metals were determined in plants of P. alba
20/45 treated by municipal effluent. Tolerance Index of both poplar clones in soil affected by
municipal effluent after two growth seasons was above 100% and the effect of clone on this
Index was not significant. Due to the good performance of two-year-old plants of P. alba in soil
irrigated by municipal effluent, these poplar clones can be considered for wood farming in soil
under municipal effluent irrigation.

Keywords: Contaminated soil, Phytoremediation, Populus alba, wastewater, wood farming.
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