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Intensification of the intercropping effect of phytoremediation of soil contaminated with cadmium and zinc
using potassium fertilizer

70U Jiacheng', NIU Yingxin', SONG Fupeng", XING Xiaofei’, CHEN Guowei’, ZHUGE Yuping', LOU Yanhong'

(1. National Engineering Research Center for Efficient Utilization of Soil and Fertilizer Resources , College of Resources and Environment,
Shandong Agricultural University, Tai’ an 271018, China; 2. Shandong Provincial Agricultural Technology Extension Center, Jinan
250100, China;3. Dezhou Natural Resources Bureau & Forestry Bureau, Dezhou 253000, China)

Abstract: Intercropping wheat ( Triticum aestivum L.) and Sedum plumbizincicola is an effective method for in situ green production and
remediation for phytoremediation of soil contaminated with heavy metals. The application of potassium fertilizer is one of the agronomic
practices that increases wheat yield. In this study, a pot experiment was carried out to investigate the effects of potassium fertilizers on the
amendment of cadmium (Cd) and zinc(Zn) contaminated soils using wheat and Sedum plumbizincicola intercrops. The effects of different
application levels (50, 100 mg - kg™, and 200 mg - kg™, calculated in K,0) of potassium chloride or potassium sulfate on soil pH, the
concentration of Cd and Zn in the soil, and the biomass and Cd and Zn concentrations in wheat and Sedum plumbizincicola was evaluated.
Corresponding treatments without the application of potassium fertilizers were used as the control. The results showed that increasing the
application of potassium chloride or potassium sulfate decreased soil pH by 0.322 and 0.411 units, respectively. In addition, it increased
soil available Cd and Zn concentration, plant biomass, and Cd and Zn concentration in wheat and Sedum plumbizincicola seedlings when

compared with the control. Furthermore, the application of potassium fertilizer increased the removal rate of soil Cd and Zn from 15.1% to
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23.8% and from 1.75% to 4.70% , respectively. This study shows that potassium fertilizer enhances soil amendment when wheat and Sedum

plumbizincicola intercrops are grown in Cd and Zn contaminated soils. It can be concluded that the application of potassium chloride at 200

mg-kg " achieves the best results.

Keywords : intercropping ; potassium fertilizer; application level ; Cd and Zn contamination ; wheat seedling; Sedum plumbizincicola

MEAESR , Tl PRk & 7 DA R 4 300 0 R AR A 5
YGRS R TS YN, A GE R T EY
PR TR R T LB A S N 2R B AR S A
LN, CdEFEWNGRMNESET Y Z 2, 2T
PR G E R BUE R Y A K g E AT,
In B RYIE R A B OBFHE MR ETRTRY, S5 L
it (40 B0 & G L B R 5T I O RNA R A5 A
R AH R R AR AR I R Zn ST REAE AR I Y
A2 S X A AR 2R A AN T R A 47, DA
T AR R B, g, REA 29N X
TR T BB R T T8 IR A i F IR 4%
RSB MR, S8 Zn & w TR,
A AR JC R Cd R 5k B AE 3 rp 3 ™ E
Cd-Zn 2 A5 Y%, S0 R P85 & R A
G A ST SR L TR 22 Cd Zn A B A A5 Y
5 T A E 3k 2.00x107 hm?, 52 T 43 JB@ 15 YL R 2
21k 1.20x107t, & T R M T 2004250, ™ HE 5 MR
TIE MR AREE LR L, R T ORER S,
PR Al 2 €8 i | Wh AR BB 2 2 8 ) T e 1
R AR IT YL

T 5e i T 318 52 H AR an sl P AL Ak 7] s 7E 13 v
TN IINEE - SE R R 15 Y TR RN 5 Y B 5 Y
DX A A SR B 0 AR R ik e AR A A8 8 B 5, T L
KEFHERE SR EE, TIEVIRHERE, L24
AT RE 2l A s g, R BB S BARAE
NP n RS R A B 2 = IR O T
55 et 52 SR A T I, FE RSB S AR T
AR AR RIS S AL, 2B T R A
W) 2 R, HUESFE R R, HIEE SR 2
PR A AR R 53 0 0 A LR TG AL , i Bl e A 3R
TR o AL, B bR R A R e 1B R
SRR GEAR AR A K G DA R AR B & 55 R 4 TG
AR A ) L, 24 T AR BRI S AR AR S bR
B A = e A T AR O 3 A A 2 R g R it A
A A KRR v T 4 R A A O R L R A B
WG R BRI BB . A B K 5 AR R Y
e A R FH B W Rl A 5 DR 15t , T A S )
MARKER ., &P ES RN EYARE, B3

P BB AR AR I R SR 1
TG YR BE R IEARAR — o B2 7 ISR AR
S DRBEARAE Y1 7 1) E SR 2t 2 — |, TR It 2 A
Wi R b+ B R s AL T B, PR T
BERUR, BE A A K LT & B e,
TEAE SRR Y A K R 1 [R] B iA Be A R AR 58 iy
AR RGP A B SR T i OB
GE T IR R 5 R AR K S Cd Zn IR 520
RIIEHEAIC B Z s TR SR B EE Cd Zn
o AN SRR MESERSY 1 H ) A5 1F T 1t
BTN 52 50 R CAB S ROR I RZ I, 45 5L 3R W i 1K
R NE SR EE Cd & R B AL F R i T
29.3%, \FE K CA B RR B E T LIN 5
o, e Bt FH A I BB 6% 1 25 46 i JE 25 b 3 Cd % &=
DL AR5 R, it B IE 20 A AR R A e 5+ 1
HEJETG Y E LR —

ERIPN SN SE ) WOy i Vit
WG SRR S, BE AN (] [ RS 0 e AR R A
Py AVERIU S Cd \Zn B2 0 T X it FH 340 I 5 A A
SV REVE Y B 4 JE 5 Y IR ROCR = 4>
I RGETE . I, A S B /NAZ (Triticum aes-
tivum L) STEH 52 K (Sedum plumbizincicola) [0 4F , i
L FFE A [ 28 I R JHL i 6 %ok 4 J 7 e Ak
38 pH FI Cd  Zn AR, DA RO /NAZ 5P 5 R
AERKEEMESE Cd. Zn I SZI , K0T RERE i #F
TR, RIS R AT Cd Zn V5 e HIEE S AOCR
AR A PRI B K 5, B s A 1B S R it
INEAERR B RIS ARHE FH R SCHE

1 #MREFE

1.1 iRBa w4

HE/INAZ SR R B AL R 2 XK TR AR e
FhFE )5 22 22,

P A B o A 5 K, i b E R BE R
ot A TR

HERAE R S (K.0260% ) , T H A8 B [ Br 57
WA RN ] BR T (K,0=252%) , g A 1L = F46 T
AR

WWW.Qes.019.CN




VRETSR Rt Y £ 415528

NEG>%°

P 448 R AR AR — b T BRI 5 Yk
2 1 3E(0~20 em) , B T3 NEEDE X, KBR AP SEe
SR, B EE AR, 43 )3 1 mm A10.15 mm J2 g P67
A . IR AR+, 1 AR 5
A 4 Jm S e g5 R R - 38 pH 818, A LT %
8.1 g-kg !, FIEAE TG 1.46 g- kg, AT
T 18.0 mg- kg, AR 5 257 mg- kg, 13
A Cd e 1.27 mg kg, T3S H Zn & & 907 mg-
ke, THEA RS Cd & 0.221 mg- kg, LA RS
In i 47.6 mg-kg'
1.2 iR¥&i& It

FE R I AE AR i AR O R 3RS
IR 2 BE S Il N AT o BRI 45 K T MR
(K35 em, 5825 em, 5 15 em) , B2 KT £ 4 kg it
B 7 AN A B 3 R E A 21 B (FR D).

1 #Riknigit

Table 1 Design of pot experiment

Ab TR K0 H & e FH JE AL 2 78
Treatment K,O dose/(mg-kg™) Fertilizer dose/(mg-kg™) Fertilizer type
CK 0 0 Jc
LK1 50 83.3 Afb e
MK1 100 166.7 X4
HK1 200 333.3 ERia
LK2 50 96.2 R B
MK2 100 192.3 T R B
HK2 200 384.6 T R B
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Figure 1 Soil pH in different fertilizer treatments
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Figure 2 The content of heavy metals in soil in different K—fertilizer treatments
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Table 2 Biomass and the content of Cd and Zn in wheat seedlings in different K—fertilizer treatments

Qb P AW (g 257 CA¥R Zn ¥ FE Cd R R4k Zn A 24k
Treatment  Biomass/(g-pot™)  Cd concentration/(mg-kg™) Zn concentration/(g-kg™)  Cd accumulation/(pg-kg™") Zn accumulation/(mg-kg™")

CK 4.65+0.342¢ 0.784+0.145a 0.092+0.003¢ 0.91+0.26b 0.108+0.008d

LK1 5.12+0.244bc 0.810+0.085a 0.097+0.003bc 1.03+0.10ab 0.122+0.005bcd

MK1 5.59+0.276ab 0.836+0.102a 0.107+0.010ab 1.17+0.16ab 0.140+0.012ab

HK1 5.86+0.264a 0.890+0.043a 0.122+0.009a 1.31+0.10a 0.159+0.010a

LK2 4.99+0.337be 0.801+0.016a 0.093+0.003¢ 1.00+0.07ab 0.116+0.008cd

MK2 5.27+0.220b 0.812+0.095a 0.099+0.003be 1.07+0.12ab 0.131+0.007be

HK2 6.01+0.466a 0.837+0.047a 0.106+0.007ab 1.26+0.08a 0.155+0.009a

VE [ — 5 A [l NG P RER R A PR 22 57 25 (P<0.05) o R Tl o

Note : Different lowercase letters in the same column indicate significant differences among different treatments (£<0.05). The same below.

3 AEAHELEFET SRNENER CI.InEE

Table 3 Biomass and the content of Cd and Zn in S. plumbizincicola in different K—fertilizer treatments

Ab P AWyt (g 47 CdiR )% In VB Cd PR &t In AR &
Treatment ~ Biomass/(g+pot™) Cd concentration/(mg-kg™) Zn concentration/(g-kg™") Cd accumulation/(wg-kg™)  Zn accumulation/(mg-kg™)

CK 5.18+0.39¢ 142+5d 8.73+0.08d 165+11e 11.3+0.8¢

LK1 5.44+0.07hc 138+4cd 8.81+0.13cd 188+8de 12.0+0.2bc

MK1 5.73+0.19abc 171+9ab 9.09+0.09b 244+8c 13.0+0.3ab

HK1 6.09+0.33ab 188+12a 9.35+0.19a 297+31a 14.2+0.8a

LK2 5.62+0.09bc 136+5¢d 8.68+0.08d 192+4d 12.2+0.3be

MK2 5.87+0.29ab 158+17he 8.97+0.16bc 232+32¢ 13.2+0.4ab

HK2 6.31+0.57a 171+20ab 9.10+0.06b 273+55b 14.4x1.4a

1% WHART]
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F4 LEECIZInEBRE(%)
Table 4 Removal rates of soil Cd and Zn(%)

Jib 3 Cd Z:BR VAP
Treatment Removal rate of Cd Removal rate of Zn
CK 10.6+2.4¢ 1.30+0.70c
LK1 15.1+1.0be 2.20+0.34be
MK1 18.4+2.0ab 3.78+0.72b
HK1 23.8+4.7a 4.70+0.72a
LK2 13.9+1.7be 1.75+0.39¢
MK2 16.9+1.7bc 2.21+0.81be
HK2 16.9+4.3bc 3.08+0.31b
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HE S H A Ak 9 52 B X S FIAE AR S AR TG B2
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3 g
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A Ht g 22 DR O 2 R 1 48 pH R B A R
TR R R 3 pH R R AT AT REZ /N 4h
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42 R 1 8 pHAE, Q0 EARSE A R4 T 1R e A A Ak
PR AL e 2% (Solanum nigrum LB R Cd 15 4 + 3854

x5 HIRKBSHIEAEN TIEREKRIERNTES
Table 5 The variance analysis of K—fertilizer type and dose on

different indexes of soil and plant

A2 SRR PR PRICHI & OB
Source of variation Fertilizer type Fertilizer dose TypeXdose
3% pH Soil pH ns ik ns
A4 Cd Total soil Cd * # ns
398 5 Zn Total soil Zn Hok ok ns
HHEF R Cd o ok ns
Soil available Cd
HEATRES Zn * ok ns
Soil available Zn
3 Cd LB * # ns
Removal rate of Cd
3 7Zn PR o ok ns
Removal rate of Zn
NI AW Biomass ns o ns
Wheat CdHE cd ns ns ns
seedling -
concentration
In i JZ Zn ns wok ns
concentration
CdFl 84 Cd ns * ns
accumulation
In TSR Zn ns *3% ns
accumulation
fEO 5K APraE: Biomass ns ok ns
Sedum ¢y Cd ns o ns
plumbizinci | -
concentration
cola .
In W Zn * ok ns
concentration
CdFEH Cd ns Ak ns

accumulation

Zn LR Zn
accumulation

ns w ns

T :ns L3 P>0.05, {35 P<0.05, #+f{ 3 P<0.01.
Note : ns represents P>0.05, * represents P<0.05, and ** represents

P<0.01.

R B AR 58 pH AR T, A
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ELEE I BT R, -3 pH A A9 REAR T i al
AE-S BIIE A9 R A T A O . BRik =2 41, 14 pH
(IR LI AR /N 5 P 57 K i i 4
W BIR0, A it — 25T

Jit P S8 B30 A B TR B BE 4R vy 3 P A RS
Zn i, HBEHE AL A 32 T, LA S Cd Zn
ERAFSLTT R B eSS R ] B T I A 45
7 ) KE HHERR R 5 Cd Zn A 1SS
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