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Effects of fertilizers and Amaranthus hypochondriacus as a catch crop on cadmium uptake of lettuce and soil

cadmium content

GU Jia-lin ', SU Shi-ming’, CHEN Yan-hua', ZHAO Tong—ke', WEI Dan', DU Lian—feng', ZOU Guo—yuan"

(1.Institute of Plant Nutrition and Resources, Beijing Academy of Agricultural and Forestry Sciences, Beijing 100097, China; 2.Institute of
Environment and Sustainable Development in Agriculture, Chinese Academy of Agricultural Sciences, Beijing 100081, China)

Abstract: This study aimed to analyze and evaluate the effect of agronomic measures on the prevention and control of cadmium (Cd)
accumulation during the production of leafy vegetables. The effects of different fertilizers and Amaranthus hypochondriacus, as a catch crop,
on the yield, Cd uptake of lettuce, and the soil Cd content were studied over 2 years (from March 2017 to October 2018) using a
randomized block field trial in greenhouse soils with high Cd content. The lettuce yield was significantly increased when organic and
inorganic fertilizers were mixed in a 1:1 ratio. The application of chemical fertilizer alone did not increase the total Cd content in soil but
significantly promoted Cd absorption by plants. The risk of soil Cd accumulation during the application of high rates of organic fertilizer was
effectively prevented by the use of A. hypochondriacus as a catch crop. The removal of soil Cd after 2 years of continuous planting of A.
hypochondriacus ranged from 11 668.81~15 800.39 mg - hm™. The net decrease in soil Cd for each fertilization treatment, from highest to
lowest, was shown as follows: single chemical fertilizer treatment(16 219.03 mg-hm™), fowl dung plus chemical fertilizer treatment( 10 800.72
mg - hm™), sheep manure plus chemical fertilizer treatment (8 684.25 mg - hm™), single fowl dung treatment (6 423.05 mg - hm™), and
single sheep manure treatment (3 400.11 mg-hm™). Considering the yield, plant Cd content, and soil Cd accumulation, the combination of
fowl dung and chemical fertilizer at a 1: 1 ratio and A. hypochondriacus as catch crop were recommended for lettuce cultivation. These
measures ultimately reduced the Cd accumulation in soil.

Keywords: lettuce; fertilization; catch cropping; Amaranthus hypochondriacus; cadmium
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A B Y M H 2500 8, W A O s g R R
B, iz B A8 T A vE ) (GB 15618—1995) H 1Y
11 b R 5, 4 [ 29 24.1% (SRR AR Cd &
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PR Cd W K - rh ed SRR S, AT EE M B
A Z A X BEAR CA V5 Y M TE R, S e 305 e 1= 4
b I SR AT R 2 A e AR AR

1 MBEFE

1.1 ARXER

R T 201743 F £ 20184F 10 A EM LA HFH
2R AL M (116°45738.10” E,38°3153.11" N) iF
17, IR G R 22 25, 38R 4 I8 1A i X

55l A 0 A THORE A3 b, BRAR PR LR 1
1.2 5% it

I 6 bR . SR A0 I XY FEAL I ARNIE b
PR AL B RG 2E +f0 AR b ATt A b
&40 G R g 144 kg-hm, EZEAL I AR IR AL
G ZEH AL HE  2E 2R AL AL 3 P,Os Fl K0 1Y
054 90 kg - hm2H190 kg-hm™=. 5 JH 285
A (N)0.8% B (P,05)0.5% B (K.0)0.5% ,pH 9.22; %
A (N) 1.6% . # (P,0s) 1.5% . B (K,0) 0.85%, pH
7.86, MR 4% Cd &N 0.59 mg-kg !, FFECd T iE
70.18 mg-kg™ M3 Cd 55~ 0.25 mg-kg™' o LN
PRZE IR A A AR RAR . 1350 R R R AL IX
HEt, B AP 3R E S, /NX AR 7.0 mx2.1 m.
ISR AEFIRE I ZE, 2017 4E 4 J1 1 H @M 2238/
Hi,5H 8 HRUK,9 H 7 HEFE/NG, 10 A 25 H RIKL.
20184F4 J 5 HEFEIM A /i, 5 1 18 H 2RI, 9
5 HOEM/INE L 10 J1 25 H2RIR. 201745 25 H2 8
H25H,20184:5 1 25 H % 8 /1 30 H Al kA 0,
T 2Rl 5648 , SRR A AR RS H a6
FAT SR 0 R AN RS, 4 7 Y 22 3 e R iy HE AL SR
FMHO AR EHERF 15 emo 322 IS AL B 5 R B
Jiti A
1.3 MEmMB 57 %

PRI E WA, H2 /N DX I 7 i

FEARATE it I 7+ Cd % 522K HNOs—HC10. 4 %
A1 BB E T IOEE 2 (GB 5009.15—2014) 7 .

HFEIE  pH R AR OK: + =2.5: 1) 5L
Jo % SR FH B AR TR AR I o 5 A RUR R
I 5 A SR AW R FH ik R S M 12 B — R B b L 6
T 5 SR R TR i 1 B — K o e JEE e
FE o A RS Cd R A DTPA 2 3 A 2B 0 e 1 I
A3 66 ¥ (GB/T 23739—2009) I 52 3 44> Cd %
FH R R — i 2 — 2 TRUR — 1= R 4V A 28 7 DI
W66 EE Y (GBIT 17141—1997) I 5E o
1.4 HiELIE

56 B v FH Microsoft Excel 2016 112 Fi/EA
I3 FH SPSS 17.0 4 7 8l 43 Hr

F 1R K IR R

Table 1 Physicochemical properties of studied soil

)2 Soil A HLF OM/ g A A Available 28 Olsen—P/ 4 Available &4Cd Total Cd/ 47447 Cd Available
Layer/cm (g-kg™) Total N/% N/(mg-kg™) (mg-kg™) K/(mg-kg™) (mg-kg™) Cd/(mg-kg™")
0~30 30.10 0.21 125.00 155.70 691.00 7.90 0.55 0.17
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x2 HIEERLEKS (kg-hm™)

Table 2 Schemes of nitrogen , phosphorus and potassium application of the treatments (kg+hm™)

Treﬁfiﬁiide M SR Treatments  X§3&Fowl dung  :3&Sheep manure  JR3 Urea Ammnni?ri@izii;%hosphate Potafiiffffuﬁme
CK AT
JF PRGNS 3 9000
YF it F 3 18 000
HF [l 244.5 214.5 180
JF+HF X2 +AL R 4500 139.5 52.5 103.5
YF+HF FFEHE 9 000 121.5 106.5 90

2 HREIR

2.1 AEMEIEX M E =280

T2 24 AFE G0 B 2R T A&t AT A B it
TR E ST CKACBE (& 1), 15 11 0 56 b it
JIES T A v Y 22 S 1, T LA A B 7 o 2 S AR
AR . CK JF . YF JF+HF YF+HF 1 HF &b
PR AFEIM A 347 150 500 14 690.97 .7 461.94
7 398.65.8 413.14 . 8 133.40 kg - hm™ 1 7 321.27
kg-hm™, JE+HF ZbFE AT YF+HF b B4 26 1 7 5 24 58
e Tt AT Ak 3, B SR FH A B RN JCATLIE
TG it FH 1 =X R 0 22 Sem vk i A 1 Al i 25 4R
F R . JFYF FIUHF A0 B 0] 7= 8 G i 5 22 5
2.2 AEIHEABX M E A Cd S 2R N

b H G 3 22 SEAE AR P Cd S RS I AE 0.018~
0.035 mg kg (£ 3), By i (1 o 4 E F A e
AR Ts e B ) (GB 2762—2017) % 3% BR 2 14
FRUE(E 0.2 mg- kg™, 2 B 58 FIr R 1 il IS f: 2% it A 5

[ 2017-1 %77+ Yield of first crop in 2017
2018-1 4" Yield of first crop in 2018

2T DA 2 I 2 SR e A e, (R Sk 4 345 Ab PR
[ FE AR Y Cd & mAEAEZE S, o 2017 AR5 2 #E &
2018 4F5% 2 15 , i 28 3 #E CK AR F AT HF Ab PR A ik Cd
S R T H A AN EE X CK AR HLAE ) R IR
T A A AR AR R AR 4 TR G R AR R R E AN
JE BT T Cd VR A X R O, E i R A
PRt A AT DAXG I AR Wy ik BRARAE bR CA I B i, X 5
BAE A5 P12 0L, A3 56 v BT it A 9 IE R}
XS EEEFIBERR 85 A Cd,JF.YF HF JF+
HF . YF+HF 4b B &5 7 Cd fay A B 43 51 5 2 250.00 .
3 240.00. 126.56.1 155.98 mg - hm™ Fl 1 682.84 mg -
hm?, M Cdii AR TE  HF 2B/ A 2 20
4 FE HF AbBEARE H Cd 5 34 B3 i A b 3, %
AH AR I 4 i P T 41 AR RR T Cd IR A, X -5 A I A
AN CATE AT ARRRIE 7= A T 5 Ag 52028 i FLA5 i
¥ 2R A MU B T LA R Cd 5 10 (EAR
TF B Y 45 A BT RR Cd 5 2 S BL/INMIR R Y
k0

[0 2017-2 %" Yield of second crop in 2017
2018-2 %" & Yield of second crop in 2018

10 000 a
b b I b %a% _‘:dEa a b
_ b 1, a a b
3 8000 [ b{-b% b T '%tT e 57 kd ZTF% b_}b%
2 H 1P = 7}’
Z 6000F ¢
\% . Cc c
= 4000 N
i
=~ 2000}
0
CK JF YF JE+HF YF+HF HF

HAb P Treatments
AR NG TR R AL B R) 22 5 1 2 (P<0.05)

The different lowercase letters indicate significant differences among treatments (P<0.05)
B 1 AREEAERT i &R =20 &

Figure 1 The yield of lettuce under different fertilization treatments
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Table 3 Effect of different fertilizer treatment on the Cd content of lettuce (mg-kg™)

2201

Kb FH Treatments

2017-1 3 & 3 Cd 5 4
Cd content of first crop

lettuce in 2017

2017-2 #2238 Cd 5=

Cd content of second crop

lettuce in 2017

2018-17EiM 43 Cd &4k
Cd content of first crop

lettuce in 2018

2018-2 il 4 32 Cd &t

Cd content of second crop

lettuce in 2018

CK 0.035+0.016a 0.030+0.006a
JF 0.021+0.003bc 0.023+0.003b
YF 0.019+0.004¢ 0.020+0.003b
JF+HF 0.021+0.002be 0.020+0.002b
YF+HF 0.024+0.003b 0.022+0.003b
HF 0.035+0.011ab 0.031+0.006a

0.029+0.003a
0.022+0.003b
0.020+0.002b
0.019+0.001b
0.021+0.002b
0.031+0.005a

0.028+0.004a
0.020+0.002b
0.018+0.002b
0.019+0.002b
0.021+0.004b
0.030+0.003a

T RGN ING 7B 3R b B R] 25 57 i 2 (P<0.05) . R Il

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

2.3 FZHRIBFFHITE Cd R TE R

H1 & 4 B6 v LA ) [6)—FE R R0 45 it A Ak 2
AP EIEEES AN BES T CKAM, kT
2017 445 b Bk T A= 1 7 5 34 1 T L 2018 4R 1 A=
Yrre i, H W HFFRL AR bR Cd & A8t A K, 3
2017 477 L AEFR W IR Cd A9 2 85 T 2018 4F . T
FERPRL AR R Cd fe 2 1930 YF AR FR . T2
T AR, R A R RERL, R T, R AR
PRI HOFFRL DL 9 A P77 B AN R, AR Cd B i 7E 0.10~
0.12 mg-kg ™, b FEARAKY 456 (B b %4 E 5
HE B IE EE ) (GB 2762—2017) %k, 1T /E R
TR AR o A A3 B2 Cd 250 11 668.81~
15 800.39 mg-hm™,
2.4 AEMEEXLES CAINERS CIEEEM

254 2018 455 2 A A2 S R MUF 0~30 em 14
Cd W& BdERU, S0 B -5 rh 9 8 Cd B 2>
0.50~0.53 mg - kg™, H 25 4b FR[A] AR 3k 2] 2 25 5 .
H HF Zb 3+ 3 194 2808 Cd & & 5835 i T ot ab 1
AR R X pH 5 1 A 803 Cd 2 M 56
PRS00 AR IS, HF LB B pH 8 258 T H Al Ak

B, 5356 T IR AT 14 pH 7.90 Mt , FEAS B AR
F it P 5 8 pH A REARR, T2 A S A HILAE e
FECT HHEpH TR, TR T A S Cd 3y
i, B TR AR A RO, X5 R 3 B R AT
o WH2FETHUG , HF 20 BRI A2 Sk Cd &5 i 2 25
o A A HE, FECR AR Cd RS A
RS Cd 5 AN o AT EHE R, M AL 2 %F
TIPS CA RS T AR

€ Cd B0 an AR SRR T SR AR AE (R AE ) Ay

F5 TEECIMBERECEE
Table 5 The total Cd and available Cd of soil in

different treatments

AbFR . Cd Total Cd/ A A4 Cd Available Cd/

Treatments pH (mg-kg™) (mg-kg™)
CK 8.18+0.14b 0.50+0.05a 0.08+0.01b

JF¥ 8.33+0.10ab 0.51+0.02a 0.11+0.01b

YF 8.42+0.13a 0.53+0.08a 0.10+0.03b
JE+HF 8.19+0.15b 0.50+0.04a 0.09+0.01b
YF+HF 8.15+0.20b 0.50+0.05a 0.09+0.01b
HF 7.98+0.12¢ 0.51+0.08a 0.15+0.02a

x4 BREHHHTER CIREE

Table 4 Yield and cadmium uptake of Amaranthus hypochondriacus in different treatments

2017 4FAEAK Cd

2017 A=At mn@mﬁmﬁ'wwﬁ&mmm

SOF

2018 447 i

2018 4 AE Ak Cd

20I8AFRABRCA it i

Rl CdW I

Treatments Yield in 2217/ 7 Cd (‘,()nlent}n uptake in 2017/ Yield in 2?18/ T cd (?()nten} in uptake in 2018/ Total Cd upﬁtﬁake/

(kg+hm™) 2017/(mg-kg™) (mg-hm™) (kg+hm™) 2018/(mg-kg™) (mg-hm™) (mg-hm™)

CK 51014.98+1992.52b  0.12+0.011 Oa 6121.80 46 225.11+2095.98b  0.12+0.011a 5547.01 11 668.81

JF 72 102.21+£2 133.89a  0.11+0.009 Oa 7931.24 68 531.32+3 500.12a  0.10+0.010a 6853.13 14 784.37

YF 69 083.51+2 864.54a  0.12+0.008 9a 8290.02 68 213.36+2 640.35a  0.11+0.011a 7503.47 15 793.49
JF+HF 71 284.65+2 501.36a  0.11+0.010 Oa 7 841.31 69 185.54+£2 979.54a  0.10+0.015a 6918.55 14 759.86
YF+HF 70 975.36+2 991.87a  0.11+0.009 6a 7 807.29 68 977.21+£1 891.65a  0.10+0.012a 6 897.72 14 705.01
HF 71 116.87+2 689.54a  0.12+0.009 9a 8534.02 67 057.87£2232.12a  0.11+0.010a 7 266.37 15 800.39
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PUAE (ZEAE) 51, (HE A 310 Cd BE 75 UE A 2 15
FEIP A RES Cd i . AU AT i 3 1
A HLITT B A ATl A T BRI 4 3 P (H A B Y
NN AT HILAE F 1) TR 1 9 J 2 3 ok A 2 4 458 5 1 P fif
PE TG AL Cd 1, 3 2 S b ik S AL ) (Fe
AL i 1 Cd B R, T4 /55 Cd 7E 1= 4 v
ARASH B o AR RE AT 3 e 7 A 4 A i ek AR
GRS B 7 B Cd B9 A RrES {3 =l 4l
2 FEC IR AL, B CA W& T, AT, A L
HE Bt A 23T HHERY pH THE 5 HEF 2R3 1, 3
T A RS Cd it i FEAR, (0 HE 203 13 iy
A RS Cd i 55 FL Atk A R RS AH LI TERE
I, AN RE F T Hi 58 5 A AR B A0 AE X+ e 8508 Cd
() B — 52 ], 7 KK R 2 A HLAS B it IR =, B
FE AR AITE H , K AN (R IR A8 D0 A5, 5 fHG PR S b e
I 5 S Cd 5 s A 6 HL A e, 3 T 1
W TARASEAT
2.5 A [EMEAR B 3E R A AR AT RL DT AT 4 Cd N
SEAG!

HT B AR Cd 5 & Bt FH 2 4 AN [] , 4% 4 24 PR AES
Ak B it FH I A S R G Cd A 22 R, HeP YR
Ak P AR, 4 Uit I Rt iA F] 12 960 mg - hm™, 1 HF
Ab B P (% i P (B R — ) Cd 7% 0 0.59 mg - kg,
R TG ZEFN L2509 0.25 mg-kg ' F10.18 mg- kg™, {HH
Jits ARG, DR I Bt AR A 3 R G Cd R e E R T
Jiti T XG2S 2 A AL, {Uh 506.22 mg-hm™,
FALIE A, 138 pH AR T HA AL 3, IR A RES
Cd 75 s AHXT AL 5 (6 5) , 22 e bk b Cd 5 =8
(F23), [H It HF &b 3 bl i A2 S R AT H 19 Cd % it i
11, o 924.86 mg-hm o AT B0 A B AN SR AN R T3
PRI R PR D, 45 i AR AR B e A HF 2R Cd i i A
iy M S R A i P Ak R Bt AR} A 32 41 i
FATI B ) Cd B A RAUE . M-8 Cd

s K BB (R 6) , th TE4T T 3 PROFERL 58 A
R, BIRFE DA ARAT Y Cd R 8, S 3045 i N Ak B
By I s Cd ¥ /b 2 WS R AP AEDR L B0 W] DA AL
455 A1 HEAsk it FH - 28 - 48 Cd BRI AR . pl ik
5 b Ay K VI K R bR K, B - 4 e Cd Aok
8 LR NER R A, A BT A B 2 B L AL
Jit AN 25 S 8 e v cd g3, i A HLAR R AN A
Pt 25 S 3 18 CA BN, X 5 AR AR E R4
PP — B, BRI 1T AR v 4 2R DT AR
T R R 7 08 45 it AES Ak 2+ 198 Cd 389 5 B i Qb o
43 400.11~16 219.03 mg-hm™) {55 + HE#F 2 v Cd
1 B (0~20 em #F )2 Cd B 525K 2 311 155 mg -
hm ) A EE RS B/ o A 4 BRI Hp ) | 7
86.36~411.96 4 A REMH 1+ 15 b Cd A9 5 R 0.3 mg-
kg AT, PRI FH B PRI RIARDR PR D8 AN TE FH F Cd T
e+ FRAE IR, IR A1 FE 0 O Bl 7 4E Y
BERD, L ) CAR S BRI R, B, A
0 T A Hh R A+ 18 Cd % 5 R 0.55 mg - kg, 7E pH>
7.5 BEOLT BAR B B CHIEAE BT A F L+
5 e XU A AR HE (117 ) ) (GB 15618—2018) 1
0.6 mg- kg™ W BREFRHE, (HE Lol T (=8 2%
b RS B PEAN AR 1) (H 333—2006) 71 0.4 mg - kg™
(R PR B o, R 2 3R T e i . AR X
T4 R R 120 5% () S 50 WO, 40 SRR BBOR &
e N AR e, B 4 A 9 Cd A ER G, 1
HE CA AL RR B RUBS: o A X0 38 Ao 3L PR R ARDR P L
M -3 b Cd, 23 T 5 AbFE -3 Cd g .
PR, b AR 2k 1) 358, AR ASRE F SR R A
FERL o i) 2 B ] RIS - A Cd 5 2, {HLRT LA
ol B S L PRI oA S5 5 B A 2ot , BRERUEZE T
R0 2 P ] B SO TR ) 436 AT 3 B8 3 b i Cd 5
EION . WA 4 2RI AR B 4 BBy iR T
A7 ABAT R ZA A 0 28 SIS WS LA IR , IR X

£R6 AEIFEIEANIEX + 1 CABM N HAI I (mg-hm™)

Table 6 Effects of different fertilization treatments on input and output of total Cd in soil (mg+hm™)

NE At A A Cd

WHREAFARL AT H 1 Cd

s Amointof Glbrougiby TR Gl pake by mara Net s
fertilizer application hypochondriacus
CK 0 573.67 11 668.81 -12242.48
J¥ 9 000 638.67 14 784.38 -6 423.05
YF 12 960 566.62 15 793.49 -3400.11
JF+HF 46239 664.75 14 759.87 -10 800.72
YF+HF 6731.34 710.58 14 705.01 -8 684.25
HF 506.22 924.86 15 800.39 -16219.03
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