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Effects of different additives on the remediation of cadmium-
contaminated soil by Amaranthus hybridus L.

HUANG Tiangang, CHANG Huiqing, ZHOU Rui, WANG Qizhen
(School of Agriculture, Henan University of Science and Technology, Luoyang, Henan 471000, China)

Abstract: A pot experiment was conducted to investigate the phytoremediation effects of Amaranthus hybridus
L. on Cd-contaminated calcareous wheat fields in a specific region of Henan Province. Three different amend-
ments—pig manure, rice straw, and calcium carbonate — were applied to assess their impact on the phytoremedi-
ation efficiency of Amaranthus hybridus L. in Cd-contaminated soil. Ten treatments were used: basal fertilizer (N,
P,K) (CK) ,basal fertilizer + 0.5% pig manure ( RS0.5) , basal fertilizer + 1% pig manure ( RS1) , basal fertiliz-
er + 3% pig manure (RS3), basal fertilizer + 0.5% straw (PMO0.5) , basal fertilizer + 1% straw (PM1), basal
fertilizer + 3% straw (PM3) , basal fertilizer + 1% CaCO,( CC1) , basal fertilizer + 3% CaCO,( CC3), and basal
fertilizer + 5% CaCO;(CC5). Through the treatments, the auxiliary material application scheme that benefits the
extraction of Cd from plants was evaluated. The results showed that the soil pH of pig manure and rice straw treat-
ments was lower than that of the control (CK) , with the pH of PM3 being significantly lower than CK by 0.13 and
0.09 in 2020 and 2021, respectively. In contrast, the soil pH of the calcium carbonate treatment was higher than
CK, with an increase ranging from 0.89% to 4.87%. Additionally, except for the soil treated with CC1 in 2021, the
pH of all other treatments showed significant changes. Compared to CK, the contents of available nitrogen,

available phosphorus, available potassium, humic acid (HA) , fulvic acid (FA) , and the HA/FA ratio in the soil
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treated with pig manure or rice straw increased to varying degrees, with increases ranging from 0.28% to 466.53%.

By the treatment of pig manure and calcium carbonate, there was no significant change in the content of Cd in Ama-

ranthus hybridus 1., while the application of rice straw in the previous crop soil promoted the absorption of Cd by

Amaranthus hybridus 1., compared with CK, 0.5% and 3% rice straw treatments increased the total accumulation
of Cd in Amaranthus hybridus L. by 162.77% and 16.09%. In 2021, after the soil was treated with Amaranthus hy-
bridus L., the total Cd content in the soil of each treatment was lower than in 2020, ranging from 0.009 to 0.109 mg

- kg™'. The extraction effect of Amaranthus hybridus L. was most significant in the soil treated with 0.5% rice straw.

Overall, the application of 0.5% rice straw enhanced the Cd extraction ability of Amaranthus hybridus L.

Keywords: cadmium polluted soil ; Amaranthus hybridus L. ; phytoremediation; additives
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Table 1  Basic physical and chemical properties of the tested soil

AU Wi HET A o o
Organic Alkaline hydrolysis Available Available - DTPA-Cd s

pH ! . Total Cd . Calcium
matter nitrogen phosphorus potassium . /( mg * kg )

,l o 0 0 /(mg - kg™) carbonate/ %
/(g kg™) /(mg - kg™') /(mg - kg™) /(mg -« kg™)
8.30 32.75 127.20 22.10 111.37 2.01 0.84 3.74

F2 A YREEAER
Table 2  Basic physical and chemical properties
of the tested materials

25 Ex psti]

MRk Total Total Total DTPA-Cd
Material pH nitrogen  phosphorus Cd  /(mg-kg™)
/(g ke /(g kg™)/(mg - kg")
AR
Rotten rice 7.81 8.10 3.80 0.15 0.02
straw
JERESE
Rotten pig 7.57 13.30 8.10 0.20 0.02
manure
CaCO,
Calcium 8.75 - - - -
carbonate
=" RFARK
Note: “~" represent not detected.
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Note ; Different letters in the figure indicate significant differences between different treatments in the same year at the level of P<0.05,

The same below.

1 AEALET L8 pH B BFER . ELBEER R T
Fig.1 Changes of soil pH,alkali-hydrolysable N,available P and available K under different treatments
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®3 TEETERHER(HA) SEEH(FA) R HA/FA BZER
Table 3 Changes in humic acid (HA) ,fulvic acid (FA), and HA/FA in different soil treatments
Ab HA/(g - kg™") FA/(g - kg™") HA/FA
Treatment 2020 2021 2021 2020 2021
CK 1.16+0.06e 1.13+£0.02¢ 1.11+£0.00c 1.67+0.08cd 1.05+0.06b 0.68+0.05be
RS0.5 1.02+0.07f 1.03+£0.04de 0.90+0.07d 2.03+0.08b 1.15+0.10ab 0.51+0.04d
RS1 1.29+0.03d 1.31+0.02b 1.01£0.14cd 2.00+0.05b 1.33+£0.19a 0.65+0.01c
RS3 1.65+0.03b 1.66+0.02a 1.21+0.12abce 2.62+0.10a 1.40+0.17a 0.64+0.03¢
PMO.5 1.18+0.06e 1.18+0.03¢ 1.09+0.10¢ 1.78+0.09¢ 1.10+0.14ab 0.67+0.05be
PM1 1.43+0.07¢ 1.32+0.05b 1.17+0.01¢ 1.94+0.06b 1.23+0.06a 0.68+0.05bc
PM3 1.76+0.04a 1.65£0.03a 1.35+0.13ab 2.00+0.08h 1.34+0.16a 0.83+0.05a
CC1 0.95+0.02f 1.15+£0.01¢ 1.37+0.10a 1.65+0.06cd 0.70+0.04¢ 0.70+0.03b
CC3 0.74+0.02¢ 1.11£0.05¢d 1.37+£0.04a 1.62+0.01d 0.54+0.03d 0.68+0.03bc
CC5 0.63+0.10g 0.95+0.08e 1.21+£0.04bc 1.53+0.04e 0.53+0.10d 0.62+0.04c

1 - RIS R R R A BRI 7E P<0.05 /K F- 245303 FA,

Note ; Different letters in the same column indicate significant difference at P<0.05 level between different treatments, the same below.
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TN T 13.74%F1 35.13%5 , HoAth 34 FE AL FR Y 5% BTG
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AEER MR Cd KT 2020 4, AR LR E AT
0.009~0.109 mg - kg ' Z[E], LAJE 0 0.5% F& #1 4k B
B - LR R T FR L Cd AR A W B, 2021 4F £
DTPA-Cd 74 2020 4F 34 7t i, 5 rfoxf 1 Ak 28 7
151 33.38% , it VA ZEFNAE AT A0 3533 7 55 T38.13%
~53.64%H1 25.10% ~28.96% , i it fill CaCO, AbFH
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Table 4 Changes in Cd content in different parts of Amaranthus hybridus L.

Qb3 2 Root/(mg + kg™") 2% Stem/(mg + kg™") "} Leaves/(mg - kg™")
Treatment 2020 2021 2020 2021 2020 2021

CK 2.96+0.41d 2.69+0.29¢ 0.26+0.08ab 0.30+0.03ab 0.50+0.01d 0.49+0.04d

RS0.5 3.51+0.05¢ 2.74+0.27¢ 0.35£0.02a 0.30+0.01b 0.49+0.03d 0.51+0.04d
RS1 2.74+0.32d 2.48+0.28cd 0.27+0.04ab 0.32+0.04ab 0.56+0.04¢ 0.53+0.01d
RS3 2.92+0.41d 2.54+0.17¢ 0.21+0.02b 0.34+0.02a 0.67+0.02b 0.58+0.07cd

PMO.5 8.67+0.37a 5.21+0.53b 0.35+0.06a 0.29+0.03be 0.73+0.05b 0.75+0.11bc
PM1 6.62+1.29b 5.79+0.61b 0.25+0.03ab 0.32+0.02ab 0.82+0.03a 0.79+0.08b
pPM3 6.05+0.33b 6.60+0.19a 0.34+0.06a 0.30+0.05abe 0.82+0.01a 0.98+0.05a
CC1 2.68+0.18d 2.24+0.08d 0.31+0.06a 0.36+0.04a 0.55+0.09cd 0.52+0.03d
CC3 3.22+0.47cd 2.05+0.09¢ 0.30+0.07ab 0.35+0.06ab 0.44+0.03d 0.49+0.07d
CC5 2.46+0.29d 2.26+0.12de 0.35+0.08a 0.25+0.01¢ 0.54+0.08cd 0.52+0.07d

x5 ZFBFEHRIMREHNREREE
Table 5 Accumulation of Cd by Amaranthus hybridus L.
Qb B # Root/ (g « pot™) i 35 Shoot/ (g + pot™) BAUEH Total/ (g - pot™)
Treatment 2020 2021 2020 2021 2020 2021

CK 58.51+£6.68¢c 155.60+64.40bc 59.27+7.00c 125.56+13.02b 117.78+10.69¢ 281.15+67.43h

RS0.5 45.30+1.92d 44.05+9.11e 50.06+6.21cd 46.43+15.60d 95.36+4.63d 90.48+24.42d
RS1 35.82+4.56e 70.27+15.96d 42.27+4.87de 88.73+37.26bcd 78.10+8.38e 159.00+52.84cd
RS3 49.72+4.50cd 98.78+35.76¢d 55.18+8.95¢d 112.65+36.59bc 104.90+8.86¢d 211.43+69.06bc

PMO.5 237.89+6.87a 526.24+46.34a 90.64+8.86a 212.55+20.88a 328.54+15.47a 738.78+67.21a
PM1 96.75+3.34b 134.54+26.29b¢ 51.32+3.22¢ 76.72+22.55¢d 148.06+3.27h 211.26+48.82be
pPM3 94.78+16.42b 214.96+83.60b 67.52+1.18b 111.43+35.55b¢ 162.30+16.09b 326.39+119.15b
CCl1 32.29+10.23ef 77.51+2.54d 36.61+5.31e 101.65+46.91bed 68.90+15.53ef 179.16+46.22bc
CC3 23.42+4.84f 70.73+19.72de 31.60+5.07e 92.99+22.01be 55.02+9.84f 163.72+36.02¢
CC5 39.27+3.19¢ 98.82+8.46¢ 50.35+14.83cde 78.39+6.78¢ 89.62+17.67cde 177.20+15.05¢
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DTPA-Cd & EE CaCO, it FH (9384 i 2 T [
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2.6 131 DTPA-Cd 5 pH,HA/FA F1iE 1 CaCO,
FIESER

ARG Cd W& RS H RS YA G,
3 pH A A HLBTAH LSS, A5 0B 3% W 4F
LR Y 13 DTPA-Cd &8 5+ pH {6 HA/

FA 15 1% CaCO;, 4T 7 AHSC AT 25 R a8l 3 Fw
P 3A 25 5L 3R WY it FH A 28 R AR CaCo, Jo, 5
pH {5 DTPA-Cd 4% 5 F M RAI LR (R =
0.8613,P<0.01) ; J 2 A AF A1 ifi A -3 )5, - 1%
DTPA-Cd % &5 HA/FA ¥ 24 W IEMH KK R
(R*=0.7825,P<0.01) (R*=0.4180, P<0.01) ( ¥
3B.C);CaCO, i A T35, T3 DTPA-Cd & &5
TEPE CaCO, AR 2 AR E KR (R =0.8372, P<
0.01) (K 3D),
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Table 6 Changes in Cd content in soil after phytoremediation

84 Total Cd/(mg « kg™")

DTPA-Cd/(mg « kg™!)

AbER
Treatment 2020 2021 2020 2021
CK 1.967+0.027de 1.930+0.013cd 0.740+0.010b 0.987+0.001¢
RS0.5 1.987+0.016d 1.967+0.051abed 0.729+0.023bc 1.007+0.004b
RS1 1.938+0.008¢ 1.929+0.012cd 0.715+£0.002¢ 1.028+0.003a
RS3 2.045+0.023a 1.990+0.008ab 0.673+0.007d 1.034+0.003a
PMO.5 1.974+0.013d 1.865+0.076d 0.777+0.015a 0.972+0.012d
PM1 1.985+0.000d 1.932+0.006cd 0.794+0.016a 1.000+0.009h
PM3 2.016+0.005b 1.935+£0.013cd 0.801+0.016a 1.033+£0.013a
CCl1 2.001+0.008¢ 1.992+0.003a 0.734+0.03bc 0.794+0.016e
CC3 1.997+0.013cd 1.988+0.010ab 0.709+0.006¢ 0.785+0.007e
CC5 1.990+0.010d 1.974+0.010b 0.620+0.028¢ 0.627+0.006f
86T (A) oo 104 ~ .
D ’ (B) % 3% kb ¥ 4] Pig manure treatment .
83 103
27 .
8.4 0 y=0.1492x40.9334
= £ 1.02F R'=0.7825 P <0.01 *
283 8
. £ro1p
8.2 = —1.0128x+9.2159 a
R'=0.8613 P <0.01 P
8.1 1.00
0.6 0.7 0.8 0.9 1.0 1.1 0.4 0.5 0.6 0.7
DTPA-Cd/(mg * kg ) HA/FA
1.06 [ (C) fEFT 4k ¥ 4 Rice straw treatment 0.85 1 (D) CaCO 4L # 41 Calcium carbonate treatment
.
~ 1.04 0.80
P ~
< 1.02 E .
z 5, 0.75F
= 1.00 g
=l =
; :
<0098 S 070¢
E }=0 &
0.96 _ N [a) y=—0.0234x+1.5518
. R=04180 P <0.01 0.65 R*=0.8372 P <0.01 .
0.94 o %
. . . . 0.60 . . . . . .
0.6 0.7 0.8 0.9 30 32 34 36 38 40
HA/FA 5 T Bk B S Activated CaCO, /(g * kg ')

3 11 DTPA-Cd 514 pH,
Relationship of soil DTPA-Cd with soil pH,HA/FA and activated calcium carbonate

Fig.3
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