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Abstract: The problem of heavy metal pollution of crops occurs frequently, and heavy metal pollution has become one
of the important factors affecting crop quality. By applying 0.75, 1.50 and 3.00 g/kg potassium sulfate into soil under
cadmium (Cd) stress, the effects of potassium fertilizer on the physical and chemical properties of rhizosphere soil and
cadmium accumulation in plants of llex asprella were studied. This study is expected to lay a foundation for the devel-
opment of cadmium excess reduction technology in llex asprella. The result shows that, the application of high amount
of potassium sulfate fertilizer could reduce the soil pH by 1.72% to 8.09%. Cadmium stress can reduce the content of
soil organic matter, and the application of medium (1.50 g/kg) and high (3.00 g/kg) amount of potassium sulfate can
increase the content of soil organic matter, total potassium and available potassium. In addition, the application of
potassium sulfate generally increased the content of biologically available cadmium in the soil, only on the 30th day
after the application of low concentration of potassium sulfate (0.75 g/kg), the content of bioavailable cadmium in the
soil decreased by 1.94% compared with the Cd treatment group. Under cadmium stress, the application of potassium
sulfate could increase the SOD activity in leaves of llex asprella, and then enhance the tolerance to cadmium stress. Low
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could increase the SOD activity in leaves of Ilex asprella, and then enhance the tolerance to cadmium stress. Low con-
centration of potassium sulfate (0.75 g/kg) inhibited the transport of cadmium from rhizome to leaf and effectively re-
duce the accumulation of cadmium in the root and stem of llex asprella. To sum up, the application of high amount of
potassium fertilizer decreased the soil pH, and the application of medium (1.50 g/kg) and high (3.00 g/kg) amount of
potassium sulfate could increase the content of soil organic matter, total potassium and available potassium, thus im-
proved soil fertility. The results also showed that low concentration of potassium sulfate could reduce the content of
bioavailable cadmium in soil, inhibit the transport of cadmium from roots and stems to leaves, and reduce the accumu-
lation of cadmium in roots and stems of |lex asprella.

Keywords: potassium sulfate; organic matter; antioxidant enzyme activity; soil cadmium speciation; Ilex asprella; cad-

mium uptake
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A AN A& S - AR ik A, =
ARG YIRS A iR w4 R T TR
AR R s, ATgEY W, SRS S B4
FEHE AR E R E IR, RS E, A
M FEOMREE 28, 2= R IEED, A
FEMRE T A2 SR BAE 0% 245 FHAE ) 38 5 3R 00 o A 2
R ER A FZH . 2505 T T REEIE,
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ZHANG U5 KB —4F 3R SOD. CAT
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Wi Cd e B3 hnmi f# %, DAUD 4515 %
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A 5T T O — AR A M, BRE 2
60 cm, £ ARZGPLRFG 2 BT K &
Ho AR A L HHRAI0 T 2021 4E7ET AR 258}
R g2 Be SEgR M — MR AR AT (23°3'32"N,
113°24"24"E ) At HHER AT AR AR K25 1L+
e, Bkl t, HIEBREMAR . Rt Ra
SRRl fa AR TRk i A o ftiE R . Ak
R oyMral . AR AL HOIR . KRR
193.10 mg/kg, A & 32.75 mg/kg, HEAH 198.35
mg/kg, HANEFS 1013.42 mg/kg, A& 0.09%,
W 0.13%, 81 1.23%, 255 0.45%, FHHLE
4.57%, SR 0.10 mg/kg.
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1.2.1 47fef &0 WHE Cd WRIEKFEN
50 pmol/L, ' 3 PEALHWEE : 3.00 (KC11),
6.00 (KC12), 12.00 (KC13) mmol/L; 3 MHifR
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BIYeIE . 1.50 (K5S04 1), 3.00 (K;8042). 6.00
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T 20 mmol/L & —WeVU 418 — 4N iRl 20
min, BYHCA AR, CE 60 CHEAEHET 5 d,
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Wi+, si—¥4a5, BEMASEEETK, #
T3 80% HI [ R /K &, PR &k ixi Mg v A\ 5 FR
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20 mmol/L Z i VU 2B AN IR0 20 min,
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K H Excel 2016 {3505t , R
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Pad Prism 8.0.1, AI 2021 £ {4l [& .
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Different lowercase letters indicate significant difference among
treatments at the same time (P<0.05).

1 AEFIELEREBIRE CdEE
Fig. 1 Content of Cadmium in roots of |. asprella treated
with different kinds of potassium

22 IIEREMEKERE

mE 1, 4 Cd WrHaukE Sl 50 mg/kg B, X
METERER A 15 KA 30 KR 4R & & 45k
38.5 mg/kg. 116.9 mg/kg, TEIZMM AW E T B iL i
Mt EZG ) 2020 4ERRV 2GR I 4R AR
JE (Cd<1 mg/kg ), PS5 BRSOk
JE, BT LAEE 50 mg/kg VE A Cd ik ik B ok ik
17 Je Bt TR BT Rk 1

1 AECdBpERELERIBIRA CIEE

Tab. 1 Cadmium content in roots of |. asprella treated with
different concentrations of Cadmium stress

Cd A HEE Cd stress AR BP4% % & Root Cd content/(mg-kg ™)

concentration/(mg-kg™") 15d 30d
0 1.20+0.01° 1.50+0.02°
50 38.50+0.75° 116.90+1.10°
100 162.00+2.10° 352.00+1.50°
e [ )BT NG bR R R b B A 22 R
(P<0.05) .

Note: Different lowercase letters after the same column of data
indicate significant difference (P<0.05).
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Bl 2A R, FERMREE 15 K, 5 Cd AHAHH
Fe#, Cd+Kl1., Cd+K2. Cd+K3 AbFEAY 43 pH
IR T 1.72%. 4.96%. 5.60%, Cd+K2 #iI
Cd+K3 4 pH & #F KT Cd+K1 41 (P<0.05), H
Cd+K2 41 Al Cd+K3 # =z [a] G i & 2% 7
(P>0.05), 55 30 X, 5 Cd /bFEAH AL, Cd+K2.
Cd+K3 AbH 1) 3 pH 50 BIFEAK T 3.67%.4.59%,
Cd+K2 1 Cd+K3 4 pH B #F{KT Cd+K1 41, 2
Cd+K2 11 CA+K3 Mol i 25 5. 5 45 K
mf, 5 Ccd 4bFA L #, Cd+K1., Cd+K2. Cd+K3
AL PRI 3 pH 43 PR T 4.88%.5.99% .8.09%,
Cd+K1.,Cd+K2 Il Cd+K3 = FELH 2 8] o 15 5]
B E AT AU, it e v B B R AR AT LA
% pH B E AR

232 AP A AR AR LR LR 8 # R
WK 2B FR, TERMR RS 15 X, Cd A3 14
A BLE & B, T HA AR R ( P<0.05 ),
Cd+K1, Cd+K2. Cd+K3 =FhabBE +HEA HLF &
HHREST cd 4B, SRIEET 18.25%.
17.04% . 16.77%. B 30 K, Cd 4b#E+
A PR S B K, Cd+K1, Cd+K2, Cd+K3
A R AL R Cd ARSI
T 12.89%. 13.57%. 19.24%, % 45 KB}, Cd+K2
Ab 3 A I L F R A, CA+K3 IRZ s 5 Cd
AEPREAAA L, Cd+K1, Cd+K2, Cd+K3 =Fpkb s
TIERA VLS & S T-11.77%. 29.20%.
21.35%. A UL, Cd AbBE AT A 3 A LT &
EREAL, ot (K2). & (K3) WEE R
e AR S EE Cd AR ERS, HRE
T CKo

233 REAHERREEATESTHHm W
Kl 2C Frn, RMREAREE 15 X, 5 Cd AbPFEXT L,
Cd+K3 AbPE - ey 8P & a4 1 4.69%. 5 30
Kit, 5 Cd 4bFEXTH, Cd+K2, Cd+K3 AbFE+
EraedEaaigs T 11.91%. 13.24%,
Cd+K1 Fl Cd AbFH )+ ey 2B & f R IR 5 B 3
K (P>0.05), & 45 KiF, 5 Cd AbHXFEE,
Cd+K2, Cd+K3 4bH + Ry M S a il s T
13.85%. 11.36%. Al UL, HahnrhkBE (K2) FiE
W (K3) BRfRER AL ) 30 40 & s Cd.
CK b 3A W& 2w (P<0.05 ),

234 R A AARGE LM AT A2 0 W a
WE 2D fias, FE55 15 KAf, 545 g Mg AR b £
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A AP A= EM N CdHK3>Cd+K2>Cd>
Cd+K1>CK., 5 Cd /b ¥ HEE, Cd+K2, Cd+K3
Qb A A A S B R R T 41.57% .
109.48%, Cd+K1 AbFH A 3 i 3 5080 2 ) R
T 12.57%.%5 30 KB, 5 Cd ALPEAH Hudse, Cd+K2 |
=m CK

=Cd
== Cd+K1

mm Cd+K2
== Cd+K3

pH

i} i8] Time/d

ms CK == Cd+K2
= Cd == Cd+K3
== Cd+K1

20F C

LHEE

Total potassium content /(g-kg™)

15 30
fif8] Time/d

45

AR &t

Organic matter content/(g-kg™)

PR

Auvailable potassium content/(g-kg™)

Cd+K3 Kb P LM H M ST E o nlftm T
185.81%., 248.76%, Cd+K1 Ab¥H - 18 iy w540 A
HFRAL T 21.42%, 55 45 KAF, 5 Cd 4L3AH 1
B, Cd+K1l. Cd+K2. Cd+K3 Kb 4 3 S &
ML T 48.68%. 215.70% . 132.05%.

== CK == Cd+K2
75 = Cd == Cd+K3
rB == Cd+K1

30
i8] Time/d

== Cd+K2
&= (;ad+K3

== CK
=Cd

800 D = Cd+K1

600

400

200

fstfa] Time/d

AT NG S RE R () — I ) Y A B R] 25 5 8 2 (P<0.05 ),
Different lowercase letters indicate significant difference among treatments at the same time (P<0.05).
B2 AEALELTERNpH, AIRAE. €HAE. EHUHAE
Fig. 2 Soil pH, organic matter content, total potassium content and available
potassium content in different treatments

235 REAEMNRRLIELS S BURLT S
#Hrm HE A PR, KBRS 15K, MG
TNBLER R AL MR BE 3 R, EHOKESM Cd FEi%
Wb, AR AR Cd SR BEIERIE, CK. Cd.
Cd+K1, Cd+K2. Cd+K3 kb + 3 () A4 WA 3 s
( WAT+ EXC+ Carb ) i) Cd & i B3R Cd %
HRE 9N 68.63%. 87.37%. 89.44%.
89.35%. 88.34%, 5 Cd AbFRAHLAL, Jit K.
| R T R IE AL B IR RS cd &
BHOBRE T 2.07%. 1.98%. 0.97%.

M & 3B fioR, KA 30 X, CK. Cd.
Cd+K1, Cd+K2. Cd+K3 kb 43 () A= WA 3 s
) Cd & &5 FEER Cd S8 E SN

52.68%. 88.36%. 86.42%. 90.34%. 89.62%, 5
Cd ZbHH M, Cd+K1 AbF + b A3 Cd &
BT 1.94%, Cd+K2. Cd+K3 ZbFHA )43 5]
PET 1.98%. 1.26%.

WE 3C Fin, [BARS 45 X,CK.Cd.Cd+K1,
Cd+K2., Cd+K3 #b¥f + YA Cd &b
T HEE Cd &R L5300 R 60.96% . 86.86% .

88.60%. 89.41%. 90.87%. 5 Cd #AHILE:,
. H . SRR A AEAL B P A ES Cd %
HOPRE T 1.74%. 2.55%. 4.01%,

2.3.6 RE AR A AA R GRBEE M0 R
HE 4A iR, 5 Cd ZbBEAA L, AR (Cd+
K1), H (Cd+K2 ). fm (Cd+K3) WEHLE,



%6 A2 WA it R A0 A e A A AR SR AR B 5 1185

[ Y
S O O

—
o N
T

Cd & & Cadmium content/(mg-kg ™)
Cd & & Cadmium content/(mg-kg™)
I

40rc a == CK
30 b == Cd
201 ﬁﬁ”l == Cd+K1
12 . == Cd+K2
) ‘ ez Cd+K3
L bbb
) ﬁaﬂl sl 1l

Cd & & Cadmium content/(mg-kg™)

0.3 0.3
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Different fractionation

A: BF15d; B: BF30d; C: BF45d,

Different fractionation

IR/ T Bk 2R Ak B ] 22

Different fractionation

BE (P<0.05)

A: Transplanting for 15 days; B: Transplanting for 30 days; C: Transplanting for 45 days. Different lowercase letters indicate significant
difference among treatments (P<0.05).

B3 THEARABERS

SHIRS B

Fig. 3 Contents of different forms of cadmium in soil

7E 30 d NS 2R SOD PR B W A, 7E 45d
ff, Cd 4bBE4] SOD i MEFF R IH AR T CK, T %
T 14.56%. I 4B fi7R, CK AbFRZA Mg 2E1Y
SOD WH Ak, WK 4C, 5 Cd kbPRLAR A,
G v R R R R IR T L R s e A
SOD . AU, 7EFRMMAT, MR SOD
PETRE, TEMIMBRRRE IS T PRI AR,
i & 4D firs, 15 d B, Cd A P41 A9 H & POD

PR K, JFiEm THARA A . 5 30 KA,

Cd+K1 4 P2 T POD 3 M 8 E L FH AR AL A
Mm% 45 K, Cd 2 Cd+K1 ZFE4HF POD M &
R T HAAL B, —H 2 RERAR
. HME4E P, 7EH 15, 45 R, SO0 X
HEZE 1Y POD i M 22 0] 19 22 5 oK 3k 31 g MK .
55 30 K, Cd AbEEZ AN 3 MiEAE4] POD Ji 141
BEE T CK, Ela@ 4F s, 5 15 RiEF, CK Ak
PREH Mg POD 3§ M i K T A A B2 . 26
30 RAF, SABAZ TR EHEES . 8 45 K
By, Cd+K2 AbPRAL g POD Jf M, Cd 4k
2 POD WM. M A CAT M mic
TR RIZE B CAT 16 (K 4G~& 41),
237 ARRAFEMN{HEERRINLL Cd 420 %h
FHER 2 AT, Tt 0 iR 3 6 AN [ A2 ) Cd
AR R, RS 15 K, E4E
Cd 7€ Cd AbFRA Y pMFRERRAR . 25, IR AR
AN 30.8% . 19.2%F1 50.0%; fE Cd+K1
AN 75.7% . 22.7%F1 1.6%; 1E Cd+K2 H43

WIH 45.7%. 15.6%H1 38.7%; fE Cd+K3 HHy4>
153500 33.2% . 12.4%F01 54.4%, Cd+K1 4bHH4
MR AR ) Cd 48R A AEAR FIZE T, 0
A Cd &8N 1.60 mg/kg, itk T Cd+K2
I CA+K3 AbFET pitgnt Forb Cd &, ik
B (K1) BRBRERIE Al LA s MEAE R N i Cd A
HRZE 1) i Fr %2

B 30 K, H4JE Cd 7E Cd A H4H 1Y B
MERERRAR . ZEFNIE 8 2040 7 L 25k 51.7%
35.1%F0 13.2%, 7E Cd+K1 F14351K 59.7% .36.8%
H1 3.6%, Cd+K1 ZbBRL Y b MEARRE P (1 Cd 45K
WA A M AEAR AN ZE Y rh, MR Cd S EAUH
8.60 mg/kg. 5 Cd AbHILIAH L4, Cd+K1 AbHig
P RFHE . ZEFIM R Cd SR BIFEAR T 19.8%.
27.2%K1 81.1%, Cd+K2 4b¥HiZH Cd 5 43 5l AR
T 0.6%. 6.2%%140.3%, Cd+K3 AbFE4] Cd &
I BIREIR T 29.3% . —37.6%F01 10.5%, Jifi il fik
(K1), (K2) WREEHAE AT LBy sl Cd
WS i 3] pa pg it v, et T AP v B AT A
AT SRR Cd 7E MR FIZE TR . B
45 KX, Cd+K3 Zb A MR Y Cd & i, Cd.
Cd+K1. Cd+K2 AbFRZH rY b AR AN ZE ) Cd %
TREMER, Cd. Cd+K1. Cd+K2. Cd+K3 4b
A KMZE Cd SR EEES . SO0
M Cd & EM AN Cd+K3>Cd, Cd+
K2>Cd+K1>CK., 5 Cd 4Lx}FEb, i i v B 20 e
FEAR T Cd 7FEpd Mgt v BRI it o v v B
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Different lowercase letters indicate significant difference among treatments (P<0.05).
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Fig. 4 Activities of antioxidant enzymes in roots, stems and leaves of |. asprella
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Tab. 2 Cadmium content in roots, stems and leaves of |. asprella under different treatments

Cd & Cd content/(mg-kg ")

i 15d

30d 45d

Treatment
#2 Root Z% Stem

M- Leaf #R Root 2% Stem M Leaf #R Root Z£ Stem M- Leaf

CK 0.39£0.10°  0.28+0.02¢ 0.65+£0.03% 1.15+0.35°  1.22+0.38°  1.45+0.15° 1.45+0.15°  0.87+0.14" 1.40+0.10¢

cd 30.80+3.50° 19.15+2.15% 50.05+1.15° 179.00+7.00° 121.50+£11.50° 45.45+0.65* 180.00+11.00° 193.50+18.50* 226.00+11.00°

Cd+K1 78.20+2.1*  23.45+0.85°

1.60+0.00% 143.50+6.50° 88.45+23.55° 8.60+1.50% 212.00+12.00° 222.50+40.50* 118.50+9.50°

Cd+K2  48.05+8.55" 16.40+0.40b° 40.70+3.30° 178.00+7.00° 114.00+2.00° 27.15+1.35° 197.50+9.50° 228.50+6.50* 198.00+£14.00°
Cd+K3  34.20+4.10b° 12.80+0.50° 56.00+0.30% 126.50+9.50° 167.00+6.00° 40.70+1.00° 277.50+16.50* 294.50+57.50* 331.50+9.50°

T RFEEE G A RN FRERIR

Abya) 2= R B (P<0.05) .

Note: Different lowercase letters after the same column of data indicate significant difference (P<0.05).
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