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Effects of mineral amendments on spinach growth and
cadmium accumulation in acidic Cd—contaminated soil
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Abstract To evaluate the effect of mineral amendments on reducing soil acidity and plant growth in farmland,
and to analyze the possible mechanisms by which amendments inhibit Cd accumulation in spinach, pot
experiments were conducted using dolomite(DM) calcined oyster shell(COS) and calcium-silicon-magnesium-

potassium fertilizer(CSMP) to explore the effects of three amendments on spinach growth and Cd contamination
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in acidic Cd polluted soil. The results showed that the application of 10 g/kg mineral amendments significantly
increased soil pH (1. 44-2. 40 units), decreased soil exchangeable acid (71.9%-82.8%) and exchangeable
AP (82.9%-100%), thus effectively alleviating Al toxicity. The application of amendments significantly reduced
available Cd (28.5%-47.5%) and BCF (68.8%-78.1%), thus decreasing the plant Cd concentration by
68.4%-78.5%. Besides ameliorating soil acidity and inhibiting Cd/Al toxicities, mineral amendments all
enhanced the Ca and Mg accumulation in spinach plants. Based on Pearson correlation analysis and structural
equation modeling, the reduction of DTPA-Cd, the decrease of Cd uptake capacity by spinach(BCF) and the
increased of ionic competition between Ca*/Mg®* and Cd*" in plant roots were the important reasons for inhibiting
Cd accumulation in spinach. Furthermore, DM, COS, and CSMP significantly promoted the fresh and dry weight
of spinach by 4. 02 to 20. 0 folds and 3. 32 to 11. 6 folds, respectively. Among these, the fresh and dry weight
of spinach was more effective, increasing by 20. 0 and 11. 6 times in CSMP treatment, respectively. In summary,
DM, COS and CSMP can effectively remediate acidic Cd polluted soil, promote growth, and inhibit Cd
accumulation in spinach. Amend them, CSMP is given priority for recommendation. In agricultural practice, it

is suggested to use alkaline mineral amendments rich in calcium and magnesium to remediate acidic Cd-
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contaminated soil, increase crop yields and promote the sustainable use of acidic soil.

Keywords Cd pollution; soil acidification; mineral amendments; spinach; pollution remediation
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Fig. 1 Effects of soil amendments on spinach growth

U 2 i 7 B0 R AR it FE 24t AR T 9 S X
Cdiy 28, 76 DM . COS F1 CSMP 4k B v 4 Bk Cd
W FE 4y B AR 78. 5% . 72. 5% F168. 4% , 5 Xf B AF
T4 2 22 5% (P<<0. 05, B 2Ca)) . bk, M FE Cd B
e /1 . BCF Ml RAC, th 4 51 % ik 76. 6%~
84.1% . 68.8%~78.1% Ml 47.0%~67.6%, I
L DM &b BCR by, AR AR Cd RARAE D R R
Cd RABLRE J1 A1 Cd 29 61 46 R B0 I AIK 84. 1%
67.6% F178. 1% , I b & K& A Bk Cd Y& £ 78. 5%
(P<<0.05).

2.2 AT YIABRNEKS. S.EMERIKHY

=10

TE N [A] 0 B b BT 3 3% AE Bk X AL Ca 1
Mg F9 W fie 2R B0 1 45 K 22 5+ (&1 3) . DM COS Al
CSMP &b B B2 3 7 3% 52 % ALRy R, i 48 bk Al
2B & M RAC, 4 3 ¥4 Jm 683%~748% i
31.5%~321% (& 3()FI(c)), HXHEAH L, COS
Ab 3 5 B R SR AT IR, B RAC, FAE R Al
FHUEA & 43 0l 34 in 321 % 1 748 % 5 AL CSMP 4b P i
TR AL FE AR 47. 1% 6

BE AN, 50 BRR Lh, 45 A S5 4R TS R 1Y



T DU LA - ) A R R X R P R 9 4 e M S A K AR R AR 5

179

60 3 201
I~ 55+ 5 18
%o g i g 16F a
S 50l &
£t %2 b
R v H=
R g 4E 2
@S 15} g g st
@) S
Bz o] R
ﬁ Q'E_S M 4}
= S5t 2k ﬂ
0 0
CSMP CK CSMP
g I*Ifﬁ Treatment KLIE Treatment
(a) AH R 434X Plant Cd mass fraction (b) 2% & % 7 %{ Bioconcentration factor
gosp 0.10
=]
~ QO
=5 5009 o
£204 %E
=g
S5 2200
03 B
B S&007¢
%2 v B3R
mi §0‘2 b B S
§ 5 b EL 002y b b
0.1 £E b
£E Z= o001
®a 3 n
O 0
CK DM COS CSMP 0 CK DM COS CSMP
AbPH Treatment AbE Treatment

(c) FEFEAR 250 SR FLAE J) Cd uptake capacity by spinach roots  (d) AFi#k4# FEFHES] Cd uptake capacity by spinach

B2 FYHRFMNERERCIEREININZNE

Fig. 2 Effects of mineral amendments on Cd accumulation capacity of spinach plants

107 2,07 a a
or 1.8F l i a
EE a €516 .
25 7t DE 14
FE ol b 1 E12f
g 5l b =210
HWE O Eg
%% 4t ggkyﬁ 0.8}
£8 B
Bz~ 2p Ee04r b
1+ 0.2+ [—]
0 0
CK DM COS CSMP CK DM COS CSMP
AbF Treatment 43 Treatment
(a) FEARER ST 434K (b) FEFRER R
2 (a) Plant Al mass fraction (b) Plant Al accumulation
g 0.10; "nr
—_ 2 & |l C a
BE 00 L2 0[BT e
2200 R )
35004 HE 8
&5 0.06] BT
% 5 oosp ks 1
W6 § 0.04] &= ik b b
B E 003} g 7 b c
£ nE -
& £ oo w2 ol
8 0.01} 1L ocd
< 0 0 -
CSMP CK DM COS CSMP
LIE Treatment AbF Treatment
(c) HERRIR R85 RBUE S (d) AERRESFNEE R
(c) Al accumulation capacity by plant roots (d) Plant Ca and Mg accumulation

E3 oM RAIXERKALCafi Mgt ERRA I

Fig. 3 Effects of mineral amendments on Al, Ca and Mg accumulation in spinach plants



180

0 LN ES I Y NS S 4

2025 4F 45 30 %

W, DM .COS Fil CSMP 4b 2 fifi 4 #k Ca Fil Mg £
SR T 3.22~10.9 /% 1 4. 28~13. 8 1%
(F3Cd)) . Hirp, CSMP kb # o fiff 3% A8 Bk Ca F
Mg SRR 2 38 i 10. 7 /5 113, 845 (P<C0. 05) ¢
2.3 AT YIAERFNTEBELERMEETERE
sk

Jit FH e B 500 140 R 3 B v T pHL, AR 1 S
ek R B (R Do 5 XA, DM . COS il CSMP
i - 38 pH 43 B84 1. 44 2. 40 F1 1. 63N fs; . Bl

% L4 pH 19 B3 80, DM . COS FI SF i 1 1 <2
PER 22 4 M HY R S8 e AL 43 B AR 71, 9%~
82.8% .49.2%~77.8% M 82.9%~100% . 7E P&
% A2 ek AP 5 1, CSMP &b 3B 20— A T DM Al
COSKbFE . BLAb, FOAR 45 Ab 35 Iv] 4 345 ML o o 43
BB FH %S, H DM, COS fl CSMP i 4 HL & 5
BB M T 17.1% . 11.6% #122.5% . %
CSMP b B I 25 B AIK 4 38 3 3w ob , COS Ab JLf -
9 A SO A B N 37. 7% (P<<0. 05)

x1 BRAEARRSHEIEEUERFE

Table 1 Characteristics of soil physicochemical properties after amending Cd-polluted soil with amendments
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DM 6.054+0.00c 245.0+2.0b  15.14+0.2a 66.6+2.5b  0.304+0.00b  0.224+0.00c  0.08+0.00b
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CSMP 6.254+0.10b 325.0+16.7a 15.84+1.3a 57.24+5.3b  0.304+0.00b  0.3040.00b  0.00+0.00d

I CKL X DM, Iz 475 COS, BRI 7 ; CSMP 85 ik BE4HIE .
Note: CK, Control; DM, Dolomite; COS, Calcined oyster shell; CSMP, Alcium-silicon-magnesium-potassium fertilizer.
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lowercase letters indicate significant differences among treatments (P<Z0. 05).
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Plant Cd: Plant Cd concentration; RACq,: Cd accumulation capacity by spinach roots; RAC,,: Al accumulation capacity by spinach roots;

RAC,: Ca accumulation capacity by spinach roots; RACy,,, Mg accumulation capacity by spinach roots; EX-Al: Soil exchangeable AP EX-H:

Soil exchange H' . * indicates significant difference at the P<C0.05 level, ** indicates significant difference at the P<C0.01 level, *** indicates

significant difference at the P<<0. 001 level. The same below.
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Fig. 5 Correlation between soil physical and chemical properties, available Cd, metal uptake capacity by spinach roots and plant

Cd concentration
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Fig. 6 Structural equation model of Ca, Mg, Al and Cd

uptake capacity by spinach roots and plant Cd concentration
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