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Introduction

Soil contamination with heavy metals significantly threatens both environmental and human health.
Anthropogenic activities, including chemical fertilizers and pesticides, industrial processes, wastewater disposal,
and mining, contribute to the accumulation of heavy metals in soil. Plants can then taken up these contaminants
and enter the food chain, causing various health problems. Soil amendments such as biochar and activated carbon
offer a promising strategy for reducing the mobility and bioavailability of heavy metals in soil. This study
investigated the effectiveness of biochar and activated carbon derived from organic waste materials (wheat straw,
walnut shells, and almond shells) in immobilizing lead (Pb), zinc (Zn), and cadmium (Cd) and promoting corn
(Zea mays. L.) growth in a greenhouse setting using contaminated soil.

Materials and Methods

Three types of organic waste wheat straw, walnut shells and almond shells were pyrolyzed at two temperatures
(300 °C and 500 °C) under oxygen-free conditions for two hours to produce six types of biochar. The resulting
biochars were then activated with phosphoric acid at their respective production temperatures, yielding six types
of activated carbon. These organic waste materials, biochar, and activated carbons were added to soil contaminated
with lead, zinc and cadmium at four application rates (0, 2.5, 5, and 10% by weight) in triplicate, 4.5 Kg Pot™. The
pots were incubated for one month under controlled temperature and humidity to achieve a relative equilibrium.
Following incubation, the concentration of available heavy metals in the treated and control soils was measured.
Corn was then planted in the pots, and at the end of the growth period, plant growth parameters (dry weight of
shoots and roots) and heavy metal concentrations in plant tissues were determined. The data were analyzed using
a completely randomized factorial design, and treatment means were compared to each other and the control.

Results and Discussion

Increasing pyrolysis temperature resulted in increased biochar pH, electrical conductivity (EC), and ash
content, while the percentage of organic carbon, C/N ratio, and cation exchange capacity (CEC) decreased.
Activation with phosphoric acid lowered the pH, ash content, EC, and organic carbon content of the biochars,
while increasing their CEC. Amending the soil with biochar significantly increased soil pH and EC, whereas
activated carbon amendments decreased these parameters. All amendments (organic waste, biochar, and activated
carbon) significantly reduced the concentration of available heavy metals in the soil. Activated carbon had the
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greatest effect on immobilization, while organic waste had the least. The lowest concentrations of lead, cadmium,
and zinc extractable with DTPA were observed with the 500°C activated carbon derived from wheat straw at a
10% application rate, with values of 1.6, 4.5, and 464 mg kg™ soil, respectively, representing reductions of 99.46%,
83.67%, and 63.96% compared to the control treatment. This treatment also resulted in the lowest heavy metal
concentrations in both the aerial parts and roots of the corn plants. Specifically, the lowest concentrations of lead,
zinc, and cadmium in the aerial parts were 71.67, 490.67, and 1.67 mg kg* dry weight, respectively, while in the
roots, they were 206, 1095, and 20 mg kg™ dry weight, respectively. The highest dry weights of the aerial parts
and roots were also observed with this treatment and a 5% application rate, with values of 5.76 and 1.84 grams per
pot, respectively. The lowest concentration of heavy metals in corn tissues was observed in treatments with
activated carbon produced at 500 °C and applied at a rate of 10%.

Conclusion

This study demonstrates that activated carbon derived from organic waste materials can be an effective and
sustainable method for remediating soil contaminated with heavy metals and promoting plant growth. However,
the presence of detectable heavy metals in corn tissues following activated carbon application suggests that this
approach may be best suited for soils with low to moderate contamination levels.
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Table 1- The results of physical and chemical analysis of the soil used in the experiment
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% - aSmt - % mg kg
392 153 455 Sandy Clay 250 7.44 0.25 0.05 2250 25 250 2 3 2
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Table 2- Available and total concentration of heavy metals in the soil used in the experiment
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Concentration type Pb 7n cd
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Available concentration
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Total concentration
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Table 3- Some physical and chemical characteristics of the adsorbents used in the experiment
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Table 4- Comparison of the average interaction effects of type and levels of adsorbent on the amount of dry weight of different parts of

the corn plant

S 439
Dry weight (g pot?)
Adsorbent type b oo mhaw 2led sy Ay y S
(%) Consumption level Shoot Root
0 0.34r 0.15t
pAS IS 4 0l8 adgl 0395 Cnsj 25 0.47 rq 0.256 rst
Wheat straw Primary biomass 5 0.61rq 0.3 rstqp
10 0.52rq 0.17t
0 0.34r 0.15t
Yoo °C Jlogw 2.5 1.603 mkl 0.52 monlk
Biochar 300 °C 5 2.376 ij 0.56 mjnik
pAS logm 10 0.39r 0.16t
Wheat biochar 0 0.34r 0.15t
d++ °C gy 25 2.88 hg 0.676 hjigk
Biochar 500 °C 5 2.79ihg 0.72 hjig
10 1.02 nop 0.44 mongp
0 0.34r 0.15t
Yoo °C Jub op)S 25 3.863¢ 1.016 de
Active carbon 300 °C 5 4.436 cd 114d
paS b oS 10 2.61ihj 1.06d
Wheat active carbon 0 0.34r 0.15t
e+ °C b o8 25 5.126 b 1.546 b
Active carbon 500 °C 5 5.763a 184a
10 46¢C 1.48b
0 0.34r 0.15t
93,5 Cawrgy adol 0395 25 1.03 nop 0.223 st
Walnut shell Primary biomass 5 1.21 mno 0.58 mjnlk
10 0.67 rgp 0.456 monlp
0 0.34r 0.15t
Yoo °C Jlogw 25 2.653 ihj 0.58 mjnlk
Biochar 300 °C 5 2.79 ihg 0.756 hfig
93,5 slagm 10 0.46 rq 0.206 st
Walnut biochar 0 0.34r 0.15t
A+ °C g 25 1.226 mno 0.57 mjnlk
Biochar 500 °C 5 33f 0.79 hfg
10 1.423 mnl 0.456 monlp
0 0.34r 0.15t
Yoo °C Jlb o) 25 1.226 mno 0.356 rogp
Active carbon 300 °C 5 40le 0.82 fg
92,5 Jub ()8 10 2.49 ihj 0.42 ongp
Walnut active carbon 0 0.34r 0.15t
8-+ °C Jld o) 2.5 2.36) 0.446 mongp
Active carbon 500 °C 5 4led 0.896 fe
10 2.573ihj 0.8 fg
0 0.34r 0.15t
bl oy Al 0355 Canns 25 0.803 gp 0.286 rstq
Almond shell Primary biomass 5 1.01 0p 0.386 rogp
10 0.473rq 0.32 rstap
0 0.34r 0.15t
¥eo °C logu 25 1.886 k 0.566 mjnlk
Biochar 300 °C 5 2.656 ihj 0.63 hjik
ol o gm 10 1.37 mnol 0.56 mjnlk
Almond biochar 0 0.34r 0.15t
d++ °C logu 25 2.6 ihj 0.716 hjig
Biochar 500 °C 5 3.15fg 0.896 fe
10 2.316 0.6 mmijilk
0 0.34r 0.15t
Yoo °C Jub opsS 25 2.636 ihj 0.62 jilk
Active carbon 300 °C 5 3.31f 0.906 fe
ol Jud S 10 2.696 ihj 0.726 hjig
Almond active carbon 0 0.34r 0.15t
de+ °C Jub opsS 25 3.446 f 0.71 hjig
Active carbon 500 °C 5 4.21 ed 13c
10 1.686 ki 0.726 hjig

ol 5SSl (glasels sin ygeil il o 7 D s )3 o cime oglis odimd U5 g b y> Coglite By

Different letters in each column indicate a significant difference at the 5% level based on Duncan's multiple range test.
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Table 5- Comparison of the average interaction effects of type and levels of adsorbent on the concentration of heavy metals in the shoot
part of the corn plant

. mg kg*
o> g ;
Adsorbent type S e b S E9) e
(%) Consumption level Pb Zn Cd
0 288a 3006.67 a 29a
pAS IS 5 o8 gl 0395 Cunj 25 220 e 1914 ¢ 225b
Wheat straw Primary biomass 5 181 1799.33 e 20.11bc
10 166.55 mn 1206 p 18 dbecf
0 288a 3006.67 a 29a
Yoo °C Jlogw 25 206.66 f 1864 d 17.5 dgecf
Biochar 300 °C 5 168,51 1659.33 hi 15 hdgeif
Rt g 10 1255t 1282 0 11.66 hkjnImi
Wheat biochar 0 288a 3006.67 a 29a
04+ °C jlogn 25 183.33 ij 1632.67 i 15 hdgeif
Biochar 500 °C 5 153..3¢q 1171.33rq 11 kjnlmio
10 122,22 u 975u 9.16 gkrnimpo
0 288 a 3006.67 a 29a
Yoo °C Jb cpyS 25 196.67 g 1194.67 pqg 13.33 hkjglif
Active carbon 300 °C 5 163.330 963.33 u 7.50grnpo
S b oS 10 113.83vm 754.5 x 5.55 grsp
Wheat active carbon 0 288a 3006.67 a 29a
0++ °C Jlb )8 25 163.33 0 964.67 u 7 qrnpo
Active carbon 500 °C 5 125t 68544y 4.17rs
10 71.67 X 490.67 z 1.67 s
0 288 a 3006.67 a 29a
9205 Cuwgy gl 0395 Cannj 25 246.67 b 1753.33 f 19 dbe
Walnut shell Primary biomass 5 209 f 1665.33 h 17 dgecf
10 186 i 1438 k 14 hkjgeif
0 288 a 3006.67 a 29a
Yoo °C gy 25 232¢ 1560 11.67 hkjnimi
Biochar 300 °C 5 194.5 gh 1365 m 9.44 gknlmpo
93,5 sl>on 10 153.33¢q 1158 r 5.55 grsp
Walnut biochar 0 288a 3006.67 a 29a
0++ °C jlogn 25 209 f 1355 m 8.33 grnmpo
Biochar 500 °C 5 1721 1148 r 6.67 grpo
10 1457 852.5 vm 5qrsp
0 288 a 3006.67 a 29a
Yoo °C Jbb oS 25 194.11 gh 1375.33Im 8.33 grnmpo
Active carbon 300 °C 5 168.33 m 1157.5r 6.67 qrpo
93,5 Jbd )8 10 136.23 s 875.5v 5qrsp
Walnut active carbon 0 288a 3006.67 a 29a
0++ °C Jlb )8 25 181j 1150 r 6.11 grspo
Active carbon 500 °C 5 14411 r 838w 5qrsp
10 112w 745 x 4.5 qrs
0 288 a 3006.67 a 29a
phl Cussy gl 0358 Cannj 25 245b 2460.67 b 26.67a
Almond shell Primary biomass 5 230 cd 1815¢e 22.22b
10 1925h 1716.67 g 18.47 dbec
0 288 a 3006.67 a 29a
Yoo °C Jlogw 25 229.11 cd 1712g 16.11 hdgecf
Biochar 300 °C 5 186 i 1438 k 13.88 hkjgleif
pbl Jlgn 10 164 on 1165 rq 9 grnlmio
Almond biochar 0 288a 3006.67 a 29a
04+ °C jlogn 25 227.22d 1320.66 n 13 hkjglmi
Biochar 500 °C 5 177 k 1058 t 10 kjnlmio
10 144 r 865 vm 5qrsp
0 288 a 3006.67 a 29a
Yoo °C Jib oS 25 196.67 g 1397.331 14.67 hdjgeif
Active carbon 300 °C 5 157 p 12720 13.55 hkjglif
pholy Jld )8 10 127t 868 vm 5.83 qrsp
Almond active carbon 0 288a 3006.67 a 29a
0-+ °C Jlb op)S 25 177k 1102 s 11 kjnlmio
Active carbon 500 °C 5 134s 858 vm 8.33 grnmpo
10 116 v 748 X 5qrsp

ol 5S35 (glasaly s ygejl bl o 7 B s )3 I e gl odimd Ui gty 43 Coglite by >

Different letters in each column indicate a significant difference at the 5% level based on Duncan's multiple range test.
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Table 6- Comparison of the average interaction effects of type and levels of adsorbent on the concentration of heavy metals in the root

part of the corn plant

. mg kg™
> gg .
Adsorbent type < oo g & &9 el
(%) Consumption level Pb Zn Cd
0 4775a 4038.5a 155a
pAiS LS g olS gl 0395 25 440.52 b 2612.67b 93 be
Wheat straw Primary biomass 5 3%e 2002 j 65.83 hgif
10 350.21 g 1568 st 55 Ikij
0 4775a 4038.5a 155a
Yoo °C Hlgw 25 370.28 f 2159 h 70 hgf
Biochar 300 °C 5 291.67 kml 1745.33n 46.67 lomn
pAS o 10 268.43 op 1466 u 35 posrq
Wheat biochar 0 4775a 4038.5 a 155 a
0++ °C ogm 25 289.17 nml 1855 | 68.33 hgf
Biochar 500 °C 5 245,55 qr 1648 qr 46.22 lomn
10 216 vtu 1352.5 x 27.91 tsr
0 4775a 4038.5a 155a
Yoo °C Jubd )8 25 327.66 hi 1925.33 k 62.62 hgij
Active carbon 300 °C 5 271.66 onp 1707.33 0 42.16 pomn
paiS b oS 10 232 bstr 1458.66 u 32.22 psrq
Wheat active carbon 0 477.5a 4038.5a 155a
0++ °C Jlb (8 25 282.5 onml 1700 0 50.88 Ikmn
Active carbon 500 °C 5 230.62 str 1388 w 35 posrq
10 206 v 1065 z 20t
0 4775a 4038.5a 155 a
93,5 Cawgy adgl 0395 o 25 4345b 2555 ¢ 83.33 edc
Walnut shell Primary biomass 5 402 de 2145 hi 62.5 hgij
10 359 fg 1589.33 s 46.66 lomn
0 4775a 4038.5a 155a
Yoo °C Jlogw 25 414.27 dc 2389.33d 85dc
Biochar 300 °C 5 371f 1863.33 1 63.75 hgij
93,5 5250 10 296.66 jkml 1583 s 46.67 lomn
Walnut biochar 0 4775a 4038.5 a 155a
0+ °C Jlogn 25 346.11¢ 2153.33 hi 82.5edc
Biochar 500 °C 5 328.33 h 1856.33 | 52.5 Ikmj
10 280 onm 1468.66 u 30 tsrq
0 4775a 4038.5a 155 a
Yoo °C Jlb )8 25 299.27 jkI 2194.33 g 68.33 hgf
Active carbon 300 °C 5 268 op 1863.66 | 59.99 hklj
53,5 b ()8 10 226.97 stu 1568.33 st 41.67 pomng
Walnut active carbon 0 4775a 4038.5a 155a
Be °C Jlb oS 2.5 270.42 onp 1914.67 k 55 Ikij
Active carbon 500 °C 5 245 sqr 1635.44 ¢ 36 porq
10 209.37 vu 1227.67y 23.88 ts
0 4775a 4038.5a 155a
bl Casgy gl 035 Canj 25 4775a 2614 b 9 b
Almond shell Primary biomass 5 429 be 2315¢ 75.83 edf
10 390 e 2128 65 hgif
0 4775a 4038.5a 155a
Yoo °C Jlogw 25 364.17 fg 2233.33f 90.83 bc
Biochar 300 °C 5 327.71 hi 1912 k 73.33 egf
gl jlagm 10 281.46 onml 1665 gp 40 ponq
Almond biochar 0 4775a 4038.5 a 155a
0+« °C bgu 25 348.33¢g 1935.33 k 66 hgif
Biochar 500 °C 5 311 jhi 1680 op 42.5 pomn
10 240 sqr 1428 v 30.55 ptsrq
0 4775a 4038.5a 155 a
Yoo °C Jud o8 25 350.49¢ 2128 66 hgif
Active carbon 300 °C 5 309.44 jki 18721 46 lomn
el Jlb oS 10 258 gp 1553 t 36 porg
Almond active carbon 0 4775a 4038.5 a 155a
0++ °C Jlb op)S 25 314 jhi 1802 m 56 Ikij
Active carbon 500 °C 5 246.67 qr 1458 u 35 posrq
10 220 vtu 1240y 25 tsr

ol 5S35 (glasals s g0l bl o 7 0 s )3 I e gl odimd LS gty 40 Coglite by >

Different letters in each column indicate a significant difference at the 5% level based on Duncan's multiple range test.
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Table 7- Comparison of the average interaction effects of type and levels of adsorbent on the concentration of heavy metals extracted with
DTPA in the soil at the end of the plant cultivation period

. mg kg™
o> g ;
Adsorbent type S e b Pl S E9
(%) Consumption level Cd Pb Zn
0 27.55a 297.16 a 1287.33 a
pAS LS 5 olS adgl 0355 Can 2.5 18.3d 180 ¢ 1024.64 d
Wheat straw Primary biomass 5 15.65 gh 1384 f 914.48 gh
10 13 mlk 88.33 ij 812.32 jk
0 27.55a 297.16 a 1287.33 a
Yoo °C Jlogw 25 16.6 ef 158.5d 914.48 gh
Biochar 300 °C 5 11.8 pon 84.4] 835.2
pAS jlgm 10 9.4 vut 32 pq 712.72 nm
Wheat biochar 0 27.55a 297.16 a 1287.33 a
8++ °C jloge 25 1351k 13757 f 869.28 i
Biochar 500 °C 5 10 sut 84.4] 705.44 nm
10 8.5 vw 26.33p 628.64 p
0 27.55a 297.16 a 1287.33a
Yoo °C JWb op)S 25 16.9 ef 133.2f 832.32j
Active carbon 300 °C 5 10.7 srq 61.21m 725 nlm
S Jlb o8 10 74X 16.4r1 628.64 p
Wheat active carbon 0 27.55a 297.16 a 1287.33 a
8-+ °C Jld o) 25 12.5mn 57.4 nlm 814.24 jk
Active carbon 500 °C 5 8.5 vw 30.8p 712.72 nm
10 45y 16s 464 r
0 27.55a 297.16 a 1287.33a
93)5 Covgy adgl 0395 25 20.2¢ 179.4 ¢ 1052.08 d
Walnut shell Primary biomass 5 17e 136.4 f 958.32 ef
10 15 hi 110.8 gh 835.20
0 27.55a 297.16 a 1287.33a
Yoo °C Jbgw 25 14.6 ji 150 e 954.8 f
Biochar 300 °C 5 12.6 min 92.93i 878
55,5 oo 10 8.1 wx 34.2p 726.88 nlm
Walnut biochar 0 27.55a 297.16 a 1287.33 a
8++ °C jloge 25 13.3 mlk 116.26 g 895.6 ih
Biochar 500 °C 5 9.2vu 745k 750.24 1
10 75X 33.05p 709.2 nm
0 27.55a 297.16 a 1287.33a
Yoo °C Jlb oS 25 145 ji 64.531 934.4 gf
Active carbon 300 °C 5 10.8 srq 52n 825.6 ]
93,5 Jlad o)S 10 7.5X 19.95 rq 634.96 p
Walnut active carbon 0 27.55a 297.16 a 1287.33 a
B+ °C Jkb )8 2.5 12.4 mon 4340 872.72i
Active carbon 500 °C 5 9.4 vut 27.5pq 750.241
10 43y 445 565 q
0 27.55a 297.16 a 1287.33a
ol g adgl 0395w 25 21.3b 190.2 b 1160 b
Almond shell Primary biomass 5 19d 130.93 f 1098 ¢
10 16 gf 107 h 983.84 ¢
0 27.55a 297.16 a 1287.33a
Yoo °C logu 25 18.86 d 175¢ 944.96 f
Biochar 300 °C 5 15.5gh 111 gh 895.6 ih
ol o gm 10 11.1 prq 33.66 pq 735.44 Im
Almond biochar 0 27.55a 297.16 a 1287.33 a
8e+ °C jloses 25 16 gf 147e 891.68 ih
Biochar 500 °C 5 11.5 poq 87.51j 751.841
10 10.2 srt 26.33p 696.88 n
0 27.55a 297.16 a 1287.33a
Yoo °C Jub op)S 25 16.4 gef 84.2j 869.28 i
Active carbon 300 °C 5 12 pon 55.4nm 705.44 nm
ol Jud S 10 9.5 ut 16r 6650
Almond active carbon 0 27.55a 297.16 a 1287.33 a
0e+ °C JUb op)S 25 13.8 Jk 53.9nm 812.08 Jk
Active carbon 500 °C 5 9.1vu 16t 785.44 k
10 43y 3.2s 578.8q

ol 5S35 (glasaly s ygejl bl o 7 B s )3 I e gl odimd Ui gty 43 Coglite by >
Different letters in each column indicate a significant difference at the 5% level based on Duncan's multiple range test.
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Table 8- The percentage of immobilization of heavy metals due to the application of adsorbents at the consumption level of 10% in the soil

%
dus o g OO £45
Adsorbent“t : e{nd’cfr: arison e o v
P P cd Pb zn
T C e i Ve TC 8 21.28 4875 1180
Activated carbon 300 °C compared to biochar 300 °C
D C e i 00 TC 8 47.06 9400 2619
Activated carbon 500 °C compared to biochar 500 °C
D C e i Ve TC 8 12.94 37.72 0
Activated carbon 300 °C compared to biochar 500 °C
o T O U S it TC e 0 39.19 9024 2619
Activated carbon 500 °C compared to activated carbon 300 °C
. oo C oo & Cund b0 _C o 9.60 17.71 11.80
puS LS g olS Biochar 500 °C compared to biochar 500 °C
Wheat straw _ sl & G ¥ C Jlub 008 73.14 94.48 51.17
Activated carbon at 300°C compared to the control
el aeed TC 8 S 83.67 9946 6396
Activated carbon at 500°C compared to the control
|l T ks 65.88 8023  44.63
Biochar 300 °C compared to the control
| eliece0n T ks 69.14 9113 5116
Biochar 500 °C compared to the control
b o ey 52.81 7027 36.90
Primary biomass compared to the control
T C e i Ve TC 8 7.41 3064  12.64
Activated carbon 300 °C compared to biochar 300 °C
D TC e e i 00 TC b 8 4267 87.13 2033
Activated carbon 500 °C compared to biochar 500 °C
D TC e i Ve TC 8 0 4166 1046
Activated carbon 300 °C compared to biochar 500 °C
_ Voo PO S i 00 TC LS 8 42,67 7794 1101
Activated carbon 500 °C compared to activated carbon 300 °C
Ve C kg i 000 °C g 7.40 3.36 2.43
90,5 Cuvgy Biochar 500 °C compared to biochar 500 °C
Walnut shell _ sl 4 s ¥ C Jlab 008 72.78 9329 5067
Activated carbon at 300°C compared to the control
_ 28l & Cui0-2 °C Jlb 08 84.39 9852  56.11
Activated carbon at 500°C compared to the control
o eld e ¥er °C gy 70.60 88.50 43.53
Biochar 300 °C compared to the control
o eliacenidee °C gy 72.77 88.87 44.90
Biochar 500 °C compared to the control
el e adi g 45.55 62.71 35.12
Primary biomass compared to the control
o T e e ¥ °C b )8 14.41 52.47 9.58
Activated carbon 300 °C compared to biochar 300 °C
o0 C ok & i 000 °C b )8 57.84 87.85 16.94
Activated carbon 500 °C compared to biochar 500 °C
BT ks & i Ve TC L 0 6.86 39.23 457
Activated carbon 300 °C compared to biochar 500 °C
_ Yoo PO Jlb oS 4 i 0- °C JUb 8 54.73 80.00 12.96
Activated carbon 500 °C compared to activated carbon 300 °C
ST Clogm & Cuud b0 _C o 8.10 21.77 5.24
Ny Biochar 500 °C compared to biochar 500 °C
Almond shell . sl 4 o Yoo °C b o) 65.63 94.62 18.34
Activated carbon at 300°C compared to the control
_ b & Coui B:- °C Jlb ()3 84.39 98.92 55.04
Activated carbon at 500°C compared to the control
_ b 4 Coud Yo v °C g 59.70 88.67 42.87
Biochar 300 °C compared to the control
_ 1l 4 Cond 00+ °C g 62.97 91.13 45.86
Biochar 500 °C compared to the control
205 & S &yl 0357 o 41.92 64.00 27.07

Primary biomass compared to the control

bl e S p3 13)8 Syt saimd i CwdMe oy
no sign indicates immobilization in the soil.
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oplplo (Zhang et al., 2022) s> o il cada sy Y
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O gmdas 430 B+ clod 50 0 W slaylagn (Ul 0gub o
oY Jgds 53 zydie gl 38 e sliie )] 03,58 (B o ]
2o oL |y el ol ggdoar Y

byl olg it ol Sojand ol byl g (g5luw Jlsd
655 2 556 b Al b 5 Jleb (Daffalla, 2023) 55 5 0
o) &5 395 0 T LIS rolas Ltlidl el bl g lozs Lo
Laosi¥l Gir (sl |y a5 JLsb slagS wicr cdls o
o5 35 JU8 oS s s ) gl 3o il
(PO&3) Sland iy (3,5 3,lg WS ooyt 048 b 03lo £95 &
il (53l Jlb 23 o Sy el Lo g s 53
P9 g0 (SHlwlg S 5955 1 3 b sloog B i
LS o b i |y (Shg cpl 008 (LD e dloul egMeay
ole sl I3l 5 1 g il g3l b
Sl s cpends S o 8Ll Lala g 4 Lalgi 1) e o
awglie > (gpuin 538 slapn wir U155 Golpea 0y Sl
(Shao et al., 2024; Han et al., 2024) 1,ls o l>50 L

Ol 59 SBEC gpH (lie 51 ila lals g ¢ 53 ol 5l
CudiS 64 90

Ay il O Jlesis] e j3 osld sl lg 450 guls

el b e S EC 5 pH l5s0 g0 Ola jlade 5 go5 31 a8

b s pSo)lmas B (s9) 5 poedls oy cdale o oS
ol pgadow 423 80+ Jld ()5 o 4 bgr o DTPA
VoG ae mhaw g (gl 423 00 v puS IS 5 ol g
NMEF s e jled cpl 2 oad S5 8w wlls clale gy dus)d
i an 45 1035 pSojll p)SelS 3 p)S e YEY 5 Y0
Hewi pd Olild len cdale 4y Cund oy FY/AF 5 AV/FY AQ/FS
ya8 2gud o 0dbliio A gV Joda )3 S jobo lon gy jieS bl
poxodlS o puos (1S l3ld 3,8 (S yoeie e )d Calises gladls
Sl S gl 4y S slod sl S oole g i s (59
(e g bamogio S Sl 8) cdlSla S glod Ll £ o]
018 Jlud o3l g5 wdlSlo)S (slod > J luls (¢ Buile o
25 0 318 il ]l gy 9 ylegn (il Jld slod log
Slge il Hlage Wgi oy o Jeles ! .(Bousdra et al., 2023)
Oliwe) Bjlargn (o )b (i sy syl g PH sl
i Lol 58l Jols )18 g Lajlagn lole Lol
425 plp 0 bjlase s)luls dojlygn (B e g Job5s
A6 g M a0 5 01 g Sl e g (29,54
ol (Kotodynska et al., 2017) ), Ken 5 Kuis2slS™ 35,135 o
WAl 9 o slp Clals g Lds vl Glwgas a5 W50
5 (PHZPC) ji—o abii )3 )b Jo—uiliy 0}y o s bgiye
PHZPC I 1S pH &5 (85 il oo (oo Jlole (slaog)S
b ol (S8l g8> &y oo g ALl Cute )l Bl o il
S PH &8 (B9 O3> s (e sl 2980 (i 30
9 b gaw (43l (69585 s NS (o0 g2 23l PHZPC
e PH Gl b oo (Rl e g posedl (sg) oy 30
O Ol Ol gl lagn mhaw it bl G140
g 4 SB (ol copte )3 Jub 008 5 s (b 250
shole slaog)S g (SeslS Lo cud)bs ddlio ojluil @5 w0g
D)l (S Jlrgm (v
il slocdle bl 48 ol Sl omed A g gl
29 ol S Ol b ) i ©pa (35 S et sl
3 poeedlS g Sl (2 yieS (g9 (1w 3B sl 2Ly cnl Se
P9 P p 38 i B g nlplly 25 o0 5118 po3 plie
o JSb o S Lis cdlfle )8 glod 20)l08 o il Ll
LS ol slales 45 (He et al., 2019) 5,05 gy ol
ol 5 el i adgl JIolgo 5l cud g ke Ysane
slople) JPoj—st Jole Glagli j5 oad g e
Ol 35yl (g iy (FCOOH J—uS5)S 5 —OH )00
sy LBl oo s 5 o0 SSE &5 Sboj (Jole slaplin
S e o |y gl g 03,87 8 (Slialy oIl digey (o518
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Table 9- Mean comparison of adsorbent type and surface interaction effects on soil pH and EC

X pH EC
P> g4 .
Adsorbent type ke - (dsm™)
(%) Consumption level
7.44 mnpo 2.50 vwu
pAS LS 5 0lS adgl 0355w 25 7.41 gnpo 4.66 hg
Wheat straw Primary biomass 5 7.30 gsrp 5.72e
10 7.20 gsrt 6.75d
0 7.44 mnpo 2.50 vwu
Yoo °C Jlgw 25 7.85 fge 5.80e
Biochar 300 °C 5 8.01d 6.67d
a5 Jlagus 10 8.50 b 7.77h
Wheat biochar 0 7.44 mnpo 2.50 vwu
0++ °C lagu 25 7.95 de 6.42d
Biochar 500 °C 5 8.23¢ 7.22¢
10 8.80a 1352a
0 7.44 mnpo 2.50 vwu
Yoo °C Jld o) 25 7.24 usrt 2.57 vwuts
Active carbon 300 °C 5 7.02vw 2.72 vwuts
puS Jld o) 10 6.94 W 2.84 vrwuts
Wheat active carbon 0 7.44 mnpo 2.50 vwu
0++ °C Jld o)S 25 7.14 uvt 2.92 vrquts
Active carbon 500 °C 5 6.96 w 2.96 vrquts
10 6.65y 3.10 rgpts
0 7.44 mnpo 2.50 vwu
93,5 Cawrgy adgl 0395 Cansy 25 7.50 mnkl 3.23 rqpos
Walnut shell Primary biomass 5 7.46 mnlo 3.43 gpon
10 7.25 usrt 4.26 ihkj
0 7.44 mnpo 2.50 vwu
Yoo °C gy 25 7.68 ijh 3.39 rgpon
Biochar 300 °C 5 7.76 fgh 3.82mlkjn
5355 o 10 7.90 fde 4.2 ihkj
Walnut biochar 0 7.44 mnpo 2.50 vwu
d++ °C Jlogy 25 7.74igh 3.45 mgpon
Biochar 500 °C 5 7.90 fde 3.98 mlkj
10 8.02d 4.85fg
0 7.44 mnpo 2.50 vwu
Yoo °C Jld oS 25 7.42 gnpo 3.10 rgpts
Active carbon 300 °C 5 7.29 gsrp 233w
93,5 Jld )8 10 6.88 xw 3.74 mlkon
Walnut active carbon 0 7.44 mnpo 2.50 vwu
Qe+ °C Jlb () 25 7.35 gnrpo 3.46 mgpon
Active carbon 500 °C 5 7.26 usrt 3.02 vrquts
10 6.74y 3.79 mlkn
0 7.44 mnpo 2.50 vwu
bl oy adgl 0395w 25 7.49 mnkl 3.34 rgpon
Almond shell Primary biomass 5 7.50 mnkl 3.65 mlon
10 7.48 mnklo 4,50 ihg
0 7.44 mnpo 2.50 vwu
¥eo °C logu 25 7.59 mjkl 3.61 mlkjn
Biochar 300 °C 5 7.61 ijkl 4.06 ihj
ol g 10 8.02d 4.95 fg
Almond biochar 0 7.44 mnpo 2.50 vwu
d++ °C logu 25 7.62 ljkh 3.86 mlpon
Biochar 500 °C 5 7.90 fde 4.33 ilkj
10 8.20¢c 5.25f
0 7.44 mnpo 2.50 vwu
Yoo °C Jld o) 25 7.33 gsrpo 2.84 vrwuts
Active carbon 300 °C 5 7.12uv 2.85 vrwuts
el Jlb oS 10 6.78 xy 2.46 vw
Almond active carbon 0 7.44 mnpo 2.50 vwu
Qe+ °C Jlb () 25 7.44 mnpo 3.23 rgpos
Active carbon 500 °C 5 7.19 ust 3.03 rquts
10 6.89 xw 2.84 vrwuts

ol 583D (glasals sim yg0j] il o 7 B o 33 o ime oglis odimd U5 5w by Coglite gy
Different letters in each column indicate a significant difference at the 5% level based on Duncan's multiple range test.
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