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Table 1- Selected physical and chemical properties of soil and amendments studied
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Bulk density 3
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S oS
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JS 03
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Jid g kg
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@
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CEC: cation exchange capacity, CCE: calcium carbonates equivalent, * Total amount of lead contaminated soil, (-): not measured
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Figure 1- Pb potential bioavailability in non-amended (C) soil and soils amended with pumice (P), leca (LE), biochar 640°C
(BI1), biochar 420°C (BI2), zeolite (Z), bentonite (BE) assessed by DTPA and EDTA extractions



IWAY Cuiguud ) = 995958 ) osles FY Wl (S g ol s pis \YY

oy cbale gals ol gals sals s 4 Caws Lo yd DAY
Cownd Jadd 4 cenl (1S oS zMosl jaas > S )
595 3ol LalS alog Ltal3sl 5 oab <8y 3 g il )
= lren e gghaw S (g b (YY) o)Sen 5 o5 (0A)
OB 3 o ClalE Blge (ul )5 45 K035 )5S galS olS
5 S ab ials sald jled 4 Cuwd doyn £o 1y olS len
oLS 5l oA duad slage 3o yd B s 233,87 ()15 (VY) (S
@ oS 4l > Cp g e ClalE 3 1) LS gyt Co
(Y JS5) 29y iy 51 eS8l F=F Bl 50 o cllale Ll
2 Jd 90 ds Oyl G o JSI e ol s a8
P S Lo ol 4 oy () il iy dBle 4 Caws ady
o Logas 5 (258 (Jsho 0)l923 )3 (Y 3580 Juato 4y daw
@ Algod Cp (e (B0) WS o gy @ p Dlid ©jg0
Olgms 4 pyo93l 15 395 Ligl 2]y b LS el 398 ) 2
o ol Jliml g Jsbow S5 a0 oy g5 5 e (sl wlo S5
Sl 3 s (YY) 45 e o LS a5
g ol ity Gt 5 g 485 SLS (5 jhmg5)
5 (0t 5 Loy iy o T slaswl danid daiwlgil)
ol S5 1 (e yeb 4 Cul (S oS

) iS4 55 o s Ji

]
<
]
W

B o D0O1% [B5%
b be

¥ [~
O O
1 1 1

P

Pb (ng/kg)
[ S R PR I
<

P

S oo cBle
<

[
(=]
1

<
I

C P TF. BNl B2 7z RE

140 7 a
120 -

b
100 - B

de

Ph(mg/kg)

PREPUWRTGALS

Ay

oliS o Oy uldlE g3 LAoWIAS ! i

o 40 b loss den oS ol L Liolejl opl 5l Juols ol
Al 4 Cans yd ol dBls 5 Sy 0 1) Gy clale (gl e
15 UnodiiS Mol o il 331 b cpuizmas ¥ JS0) Lol nls
ials olS 48l 5 S 10 Gy Hlis Mo B 4 dop ) IS
P¥e Laem o ¥V Jlasn Jlosd 40)d 0 aw .8l ()0 sine
)5 oS 4Bl g Sy > oy cale o 1y nlS 36 o i
o bjlogd ol 3, L olS S > o clale o lix il
P eSS e S e FF 3l o3 PV g o3 P35 L i
@ il 2 SolS p p)S o VYA 5 VY @ 5 & b jles
Jagn) N sloosiiS e Mol 5,08 izmen il (gl me oo
S (o gy) (Sime (slaodiiS Mol o )3 O paw ((FFr 4 ¥V
Mosine GEaLS Cu gy dop3 ) o g (Sigiis 9 Clgi;
JS) Bas aald jlewd b dunlie )3 )3 ol ady) g clale
¥

Jbos da bgye oLS i) > oy clale S (o ity
2l 4 Cad a0 pd VAAS &S ol )0 0 oo (3 ¥V - g
o 9 Coigiy (i) 28 () hlSen 5 gpmm sl a8
153)S )5S 5 e [ 3 olS algm pluil ) g el
gAYV ci s ly ol o ooy clale Cuigiy g lagw 305 &S

abc

de e d —._Cd

) B 0% 01% O5%
250 4 a bed,, abed dc —
T 200 - !

B 0% DO1% 30,

C P

80 4 = e

60 A

40

20 A

0 T T
T.F.

c
d dce d
e
‘f‘f‘|\
RE

BT RI2 7.

Oyd olS iy 9 S g Bl 4D O g (ot § ZoS g B 0 ALS Mol 3 S 1Y IS
Figure 2- Effect application of different amendments on Pb bioaccumulation in the shoots, leaves and roots of maize plant
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Table 2- Effect of different amendments on soil pH and plant growth parameters and biomass of maize plant
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Level Weight (g/pot) Dry lf: iz;;ltt N“Tel:;r of Leave area index
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Al

control 0 7.25¢ 3.28¢ 0.9238 46.54¢ 433¢ 810.8!

¥V- g

Biochar 420 1 7.31° 17.89% 2.16° 103.08° 6% 1530"
¥V g

Biochar 420 5 7.312° 24.14° 5.29° 124.79° 7.44° 3783
AR ™

Biochar 640 1 7.534 13.12¢ 1.62¢ 99.5% 6.94% 2535¢f
ARSI

Biochar 640 5 7.7 19.45° 3.96° 120° 8.66° 3435°

g

Zeolite 1 7.53¢ 12.89¢ 2.964 99.08* 7% 29774

cdg;
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Pumice 1 7.27% 12.15¢ 1.41¢" 77.77° 6.66% 19088

Pumice 5 7.29° 16.73¢ 2.05¢ 82.05% 6.88% 2272f

K

Leca 1 7.93° 13.57¢ 1.48¢8 91.16%c¢ 7% 2685%
K

Leca 5 8.24° 16.9° 2.744 ggdee 7.33 3021°

223l 0 (P<0.05) o sime M3 (gl ygian o 5> S yitio g > b sl

Numbersfollowed by the same letter are not significantly differents (P<0.05)
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Table 3- Effect aplication of different amendments on photosynthetic pigments [Chl a, b, total Chl and carotenoids], and
SPAD value of maize plant.
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treatment Level Chl a Chlb Total chl carotenoids SPAD value
mg g—1 FW mg g-1 FW mg g—1 FW mg g—1 FW
Al .
Control 0 2.18¢8 1.078 3270 7311 3.48"
¥V slgn
Biochar 420 1 3.81° 1.9° 5.326° 12.813% 5.4
FV- g
Biochar 420 5 3.39° 1.73¢ 5.14° 12.126° 6.64°
AR
Biochar 640 1 3.02¢ 1.49¢ 4524 9.74f 4.64%
AT
Biochar 640 5 3.48° 1.77° 5.32° 11.09¢ 7.98°
MJ,E) d d d f
Zeolite 1 2.98 1.49 4.53 10.49° 4.75%
g
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““"9“-’ h h h
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Cudgiy )
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i h h
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il f f fd
Pumice 5 251 1.24 3.778 9.098 5.01°%
Leca 1 2.82° 1.44% 4.33¢f 9.76' 4.6¢
&ﬁj ~ ~
Leca 5 2.77° 1.38° 4.19' 9.92" 5.6°
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Numbers followed by the same letter are not significantly differents (P<0.05)
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Figure 3- Application of different amendments on activities of superoxide dismutase (SOD), catalase (CAT), peroxidase (PX)
and ascorbate peroxidase (ASP) in leaves of maize plant
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Introduction: Soil pollution with heavy metals have become a global concern because of its damaging
effects on the environment, including human health, toxicity in plants and long-term effects on soil fertility.
Heavy metals stress in plants is characterized by decrease in photosynthesis, nutrient uptake, damaging of roots
and finally plant death. Lead (Pb) is found to be the most dangerous heavy metal, responsible for reduced soil
fertility and elevated environmental pollution. Lead toxicity causes the inhibition of seed germination and exerts
adverse effects on growth and metabolic processes of plants, which retards plant and crop production. The
overproduction of reactive oxygen species (ROS) is the best indicator for secondary stress, which results in a
number of toxic effects on biochemical processes in many plant cells. The overproduction of ROS due to Pb
stress brings about changes in cellular membrane permeability, which in turn damages organelles such as nuclei,
mitochondria, and chloroplasts in plant cells which decreased plant growth and yield. Chemical stabilization is
an in situ remediation method that uses inexpensive amendments to reduce contaminant availability in polluted
soil. The aim of this study was to investigate the immobilization of lead in a calcareous contaminated soil using
two types of biochar as organic and Pumice, Leca, Zeolite and Bentonite as inorganic amendments.

Materials and Methods: In order to investigate the effect of organic amendments (biochar 640°C, and
biochar 420°C) and inorganic amendments (Pumice, Leca, Zeolite and Bentonite) on Pb stabilization in a
contaminated soil (1500 mg/kg), a greenhouse experiment using maize plant was carried out. This experiment
was conducted in a completely randomized design consisting of 6 types of amendments (Pumice, Leca, Zeolite,
Bentonite, Biochar 420°C, and Biochar 640°C) and at 1% and 5% levels of each amendment (12 amendments
plus 1 control). The experimental treatments were incubated for 3 months. At the end of incubation time, the
potential bioavailability of Pb in non-amended and amended soils was assessed by chemical extractions, as:
extraction with DTPA, with ammonium acetate and with ethylenediaminetetraacetic acid (EDTA). After the end
of incubation time, the pots were transferred to a greenhouse and in each pot five maize seeds were planted and
then reduced to three seedlings in each pot after germination. After 3 months, all the plants were harvested. The
Pb concentration in each plant, its biomass, its chlorophyll and its antioxidant enzyme activities levels were
analyzed. All statistical analyses were performed using SAS software. Means of different treatments were
compared using LSD (P <0.05) test.

Results and Discussion: The results indicated that the addition of amendments to soils reduced the
concentration of Pb extracted with DTPA and EDTA. The 5% biochar 640 had the greatest reduction effect on
DTPA-extractable Pb. The smallest concentration of Pb in the leaves and root of maize plant was observed in
treated soil with organic amendments (biochar 640°C, and biochar 420°C) and treated with 5% zeolite,
respectively. The highest increase in plant growth parameters like SPAD value, leaf area, plant height, number of
leaves per plant, dry biomass yield and dry matter of roots were observed in organic amendments compared to
the control. The application of 5% amendments in soil caused a significant increase in plant height and number
of leaves as compared to control. The increase in growth and biomass of zea mays L. under various amendments
might be due to decreased bioavailable Pb concentrations in soil amended which may be attributed to reduced Pb
toxicity through improvement of soil fertility. Also, the application of amendments resulted in a significant
increase in antioxidant enzyme activities such as superoxide dismutase (SOD), catalase (CAT), peroxidase (PX),
and ascorbate peroxidase (ASP) in maize plants compared to the control. The increase of leaves enzyme
activities with addition amendments may be due to a lower Pb accumulation in leaves because excess Pb
generates free radicals and reactive oxygen species (ROS) those causes oxidative stress in plants.

Conclusions: The results indicated that the application of amendments were successful in lowering the
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potential bioavailability of Pb in the soils. The 5% biochar 640 treatment had the greatest reduction effect on
extractable Pb. The application of amendments decreased the uptake and accumulation of Pb in maize plants, via
the reduction of DTPA- extractable Pb. The amendments also significantly increased leaves antioxidant enzyme
activities and photosynthetic pigments compared to the control.
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