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Cadmium enrichment characteristics and growth response of rice under excess
cadmium stress in soil
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Abstract: In recent years, the problem of soil cadmium (Cd) pollution has become increasingly serious, posing great
threat to human health. The remediation of Cd-contaminated soil has become an urgent environmental problem. In
this study, rice (Oryza sativa) was used as the test plant, and four treatments were set up with no Cd (control,
CK), low Cd (0.5 mg-kg '), medium Cd (2.5 mg-kg ') and high Cd (10 mg-kg 'soil). The effects of Cd
pollution on physiological and biochemical characteristics and Cd levels of rice at different growth stages were
investigated. It was found that the medium and high concentrations of Cd significantly decreased the aboveground
biomass of rice, while the chlorophyll content of rice at maturity decreased by 30.73% —77. 64% with exposure to
increased Cd concentration. The low Cd concentration significantly (P<C0.05) increased the proline content at
tillering stage by 45.11% compared with the control, and Cd pollution significantly (P<C0.05) reduced the proline

content at heading stage by 33.75% —61.10%. For rice plants exposed to Cd at the mature stage, the activities of
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superoxide dismutase and peroxidase (except the peroxidase activity at low Cd concentration) were significantly ( P<<
0.05) increased, compared with the CK treatment. With increase in Cd concentration, the Cd content in all parts of
the rice plants increased. However, at maturity the Cd enrichment coefficient in roots, stems, leaves and rice husk
decreased gradually. Meanwhile, the proportion of acid-soluble Cd and reducible Cd fractions in the soil increased.
There was a significant positive correlation between soil concentration of the different Cd species plant Cd content,
plant proline content, and plant superoxide dismutase activity and peroxidase activity. There was a significant
negative correlation between Cd content and chlorophyll concentration. This study enhances understanding of the
dynamics of Cd transfer from soil and accumulation in rice plants, and the safe utilization of Cd-contaminated soil.

Key words: cadmium-contaminated soil; antioxidant enzymes; osmotic adjustment substances; enrichment; transport

3 (cadmium, Cd) T 435 28 248 BN 30 AR H H 50 e 205 6 o FE R BRVE IR , Cd ¥5 Y i J2 1 sl
IBEWEI Y 2 B 22— Rl Az e 25 AR HE (9 B R, S SO I I 4 B S Y H 25 L 0 B8 (Oryza
sativa) H Cd & &t 7™ & o B 5K £ 9 IR B8 B i An o . e Ah ok AR T FNA B ek R A A UKL A (particulate
matter, PM) % KA UIRER FECT KR M e CAREERG . P B R 401 Cd 9™ XA A 64 8 07 IR AL T
F B AR 7= X T ™ A 3 Cd g e, Cd TG Yt 4 R & [ 1 20 i 2

Cd7E - b — g A 1T J7 s MR A ) 2 35 R A0Re sl o FEW AR Cd 2 B 2 3R] HE 4t 52 e oA 4G, Cd B
2> 1 WG M 4 (reactive oxygen species, ROS) A3t BE R R, 51 1F £ 5 2 A W) 4 F FIUBE 2R 48 09 S| AL 3005, a0k 1
SRR O G VR A AR BE A2 ) G B BB AR AR O B AR AR R T E S AR A T KR N
(Triticum aestivum ) 55 3 E R EAE W 25 5 W Cd, A AU HAE 7 AR i A T, S Sonl & 3R AL 6 4 K i)
Cd, Bifi £ Y0 8% Joe 28 0 1) AR 6F N 2R Al it il R A 30 AR I B b 5 2 1 Cd L & S B0 TR B b i 98 55
HARPR

ey g b Cd AE KL 1Y R R 32 Cd T3 Y (1 1 b BB 68 4 42 AT 437 20 1) ] B 0 B B 22 42 180 Ry A AR i 2 1Y) B
B IR) R 0 R e B Cd 2 A RS Cd & i B, 0/ 42 35 0 0 i, 1) AR 9 9 AR I, T A 4y ] i o e 2801k
RGP 55 Cd B8 FAEH o BT 80, AWK 4 5 BRI & Al Cd XKt 58 Cd By 5L {E, T 2021 4F
TE 2B ) 2 UM R 22 AT RS, B B AR b & 3 AS RV B Cd 5 5y A [ Mk B Cd is Qe XK R A= K
BRI, LA K KRG 453807 & 4 Cd B9 HRAE K5 AT Bh T8 7 Cd 78 /K R R N B 4 FLG 328 0 R 1k R K e %) A 2 A= A
B, T Ry Cd 35 G e i R R I B 2 %
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1.1 XEAH

PRI KR it Ao BB JE R R T TR RO e T VLI S ROR B . RHER A KITRT

e b DX B A Y, S AR AL M T A 3R 1 BT o
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Table 1 Basic physical and chemical properties of test soil

pH A HLBT XA X Xl ki
Organic matter (g-kg ") Total nitrogen (g-kg ') Total phosphorus (g-kg™')  Total potassium (g-kg™") Cd (mg-kg™ ")

5.51 7.15 0.18 0.53 1.63 0.19

AL (CACL-2. 5 H,O) sl , 0 F HigR b TAHRA A . KRG AR T A B s F3 R 0l 45 3 By
HIRAF, A A+ AR 8+ FA A (N+P,0,+K,0) =60% , & B #(N:P: KO 111, B+ 8k +
b+ (Zn+Fe+Mn+B):0.2%~3.0%.
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1.2.1 WAL B REMMHE IR 2 mm )5, LS kg 4 AR (L0 H4£20.5em X FH
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i 1JH .
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30 RPRIER Hdf HEEA — SR , R BIE A D . B AR R 390, B 50 SARBL . BUG , ABCR U 42
BEALIX AL HEF , I — JE — Uk B AL B 45 o
1.2.3 it 5K B EWIES 0 T 7,21 K LA HE B AU G 25 %0 WK AL RL . e i 3~
A4 d Kb —UROK Y SN BEAT 7K 4345 B, B R AT 2 d A5 LRk K o BB R T LA AR i ZRUNE 5 300 kg-hm * ok B N 75 %
FERE K s AL ) |, T K R A= K 1 2 B 0 e A B it 8000 H 119 2596 38 8 RIS HE AR RL) o B AR AR 47 4 P /K 40 B+
T LA 24 2 em, F R K HEE T AR 1T 2 d A5 IR AR K
1.2.4 FESCRE 5 FOKREAE KM BEN (RS 5 30 K) AR (B R )5 58 63 K) A (B AR5 58
106 R ) AT RAE o 43 BE I Rty B2k A0 B AL DA 3 480 1) 3 S /KRR B L~ 2 k5 4 19 S92 00 5 1 A+ 39 9 22 B iR
KRG ML BN F BAS IR S 00 5 AT A AR A B AR A AR AR I DU R o BRI M S A SR S N 43 BE YT i Al
— I REFAMR LI 0~15 cm + 2 H IR T A 348, F 508 & 09 K R it R - A7 T — 80 “C ity AR Ik 7K
R0 T 40 BT 45 I A B AR AR R L R K R BRAR 25 ok R SE CRECKR AT A B BT EERES B R 2 h
(105 °C) , FFf 4 80 CHL Z= 48 1, 4R Ji5 5z Bl B Ry B AL (J-150A , #7148 7 JE i ol T3 A B 7)) GE AT K &
BE ) SRR G F /0 BERE 5D SEATRE SO B AL 3, 2 )5 T H B A4S o TR AL R IR R A R I e KRS 45 AL
Cd &k (). BGH o AR 4 1Y 476 80 C R M B H 5, i 0. 148 mm i J5 T H I 48 76 T 45 b 5 R 17
fFORTHECA S RSN E.
1.3 MEHE
1.3.1 ARKAAEBIEERNE R UCREM M E KR T T TS s BV & b, AR R I RO K
10 B D) A 2 5 v B AR A A /INEI, T Sk KR B R

SR FHHE T A . R 9590 SRR IBOE I e i A 3 i, R F R MR B A L ik e i S
Jil & R & B . 2% FH &0 PO M (nitroblue tetrazolium, NBT) Fb 6 3k il 5 8 401k 9 1% {1k i (superoxide dismutase,
SOD) P, R FH A A A By b (ki a2 i A AL P B (peroxidase , POD) {1 o
1.3.2 Cd&& JEANE K HNO,—HCIO, & 28 #E 17 KR8 AE 5 I8 A, BRICEE & 0. 25 g(ad 0. 148 mm i ) |
T 50 mL e O Ak B B T AR L NRR S A 10 5 LN SR R E R (R F 15 h) IR H R A I T A A
HAAL(EHD36, Jb st A 8 RHMU A i A IRA R B AR . A sh AT & E : 120 'C fR450.5 h, A ETHR &
180 °C fR#F 0. 5 h, 2R J5 FHIR & 240 “CH b E W W T BRI AT o AR 4livK e 28 3 25 mL , f FH X2 8 4K 2 0 )= X
TEWARAF T 85048, TAS-990 AFG B Jt - W Wi 43 O O B 3 (A 5038 #r 3l F AR &% A BR 52 4E 2 =) I % Cd

A~ EL[16]
[=EE o

K HCl—HNO,—HF —HCIO, f& 2 #E 17 - 3 8E 5 05 A, PRI HERE & 0. 25 (5 0. 148 mm i ) 76 2R DU IR &
g7 YHE I v 3 XU PN 4 i e O R (B 2 0.5 mL HL,O .5 mL HC1.5 mL HNO,) . 7£ 110 “Chn#i 1 h 5 it
TR A 4 mL HE #11. 5 mL HCIO,,200 “C R A# 1. 5 h, SR 5 BUF HE 3 35 4k 22k 1. 5 h, FHE &= 380 CiE iR
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FEEE R I 50 ARl R IR TR PVA AR B A R 50 mL. il XUZ JE 48T B, B I TAS-990 AFG
T Ji - W AT 0 B T (b 5 387 b i FH AR A R D AR W) D Cd & i

K 0 BCR % 22 2 UL 04T CATE A0 5 42 I . HEB AR HERE & 1,00 g & F 10 mL B0 i, 4% LU i
PP SEHR I 1) 55 TR $2 S Cd I 0. 1 mol- L' BRI W 4R L 2) AT i )52 Cd JH 0. 5 mol- L' NH,OH - HCL#A i #2
B 3) T &AL Cd FH HLO, (pH=2~3) I M HL; 4) BRiES Cd: K D MR BEHR B E R NGB S EH Wb, H
HNO,—HF W i 1A 2 31714 . 7 15 D0H TAS-990 AFG B4 J5 70 W 43 5% 56 B2 1 (b 50 3% 4 38 F A 28 A R
TAEAFRDMEATEA Cd & & (mg-kg D)o

W) E 4R Z AL (bioconcentration factors, BCF )= /K4 A7 (M, 25 I 76 K&K )Cd & i/ IECI & &=

¥ 35 280 (translocation factors, TE)#Z MR B2E ZEFE 0 M E5E KRB AN ERKITHE R EZWK iz
ESOF

TFy »=

B

Cdi 2 /MCAF 7

il

1.4 HESH
K M Excel 2019 1 Origin 2021 #E 47 845 4b BAIE K o 35 1] SPSS 24. 0 8, >k ] one-way ANOVA 47 2%
S5 F AT, 2 8 R F Duncan” SA(P=0.05) o 2 IR 30 4 56 28 B00E 47 AH & 1 4 # .

2 HBREHSH

2.1 4575 f T ARG A KA A 4G T AL

2.1.1 SRI5 Y FONIE B KRR KA AR R IR B Cd b AN [l 2 K B 390 K R 1% w2 5 i S T, 2 K i
WU VR B Cd T3 Y XF /K R bk 0 A — 2 R EVE L, v L YR Cd ¥ o ol ik v 22 80 Ry 400 4 /6 T, i A 4K o Js 0 9 25 Ak
5 R, F B AR MR B Cd 3K RS A= K, b VR B CA I 1k /K R AR K, (H Cd 75 % b 3 R 6] B 4ob 380 i) 4 G 3
225 (BI1IA) o v v BE Cd i e X /KR by b 35 2E 1k 1 52 ) 1 35 (P<<0. 05) , [ CK 430 i 35 0/ 1 19. 126 A
16. 67 %6 3 1M 45 A #4354 9 1 O W 5 2 R (1 1B) .
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Fig. 1 Effects of Cd on plant height and biomass of rice
Az Wy RS R AR A W5 5 A [ /N B 7 A ) Az < S0 AS ] Ak 88 i) 22 55 {2 25 (P<C0.05) , AN ] R 5 5 A 3R 7% AN [ AR < I S0 A [) b 2 1) 22 5
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treatments at the same growth stage (P<C0.05), and different uppercase letters indicate significant differences among different growth stages at the same

treatment (P<20.05). The same below.
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SR CKAM B FW AT 8.61% ., 7EMAMW ,MCd M HC &b PRy 4% % a & 848 CK 20 3 B #8017 60.41%
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Cdi5 4 N4 B A K it 4 38 b & it L SR BN FEARE 3 (K 2B ) o 7E43BEW], LCd FI MCA AL B 28 3 b &
A CK 3l 350l 1 26, 7406 1 14.72% o TEFARIN] A 6] Cd ¥ B2 b JG it 4 3R b 1% 5 0 1 & 520 o 75 J8L A
B, LCd . MCd F1 HCd &b B (% I 2% 25 b 1% 555 CK 4393 2 35072 17 53.01% .62, 95% F1 84. 46 % . 7K Fif M 43 BE 1
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Jin, HCd S 20k 0 o
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Fig. 2 Effects of Cd on chlorophyll content in rice
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Fig.3 Effects of Cd on proline content in rice
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Fig. 4 Effect of Cd on antioxidant enzyme activity in rice

TR A UK ARG BT B POD 36 P 8 AS R v BE Cd ¥ Y A8 A 3R 81, 45 B 01 POD 346 5 58 55 ¥ o HCd >
MCA>LCA>>CK, H 3 P ¥ Bl 25 Cd v B2 (10 T i 1hi 3 58 (1] 4) o 76 40 BE 1) A A0 IC b L Wk 3 Cd b 8 i) 11y
POD 1 PETC B 38 25 5 (H 48 CK b B 43 1) i 3 1458 1 65. 57 % ~81. 42% H180. 28 % ~108.33% ., 1E M2, MCd
HITHC 4b B POD 35 P48 CK 4b 38 43 5] i 28 19558 T 140. 00% F1170.00% , Hovh POD X v g5 e & Cd A i 7 58
R o 25 Ab B KRR A3 BE I A A R ) POD ¥ M 35 18 2508055, 1T DBl AR 0 & A B X LCd Ak B A K B 5 POD
TGP 2 R AN, JHL b Ak B TG 2 AR Ak
2.2 4T TARMBGEFRALEGMR Ao A bh AL

TE LS KRR & R AL Cd & B BBl Cd T3 e ik iy w3 R (1 5) o Horp, 5 CK AR, MCd AT HCd 2k 23



72 ACTA PRATACULTURAE SINICA(2025) Vol. 34,No. 8

(9 7K FE AR B Cd 5 4 43 51 5 35 18 17 890. 05% H11930. 14 % (18 5A) ;L.Cd MCd FI HCd 4b ¥ i) 7K #8525 Cd & #4>
) G 2 BN T 46. 7826 .125.22% F1391.19% (¥ 5B) ; MCd F1 HCd 4k BBy 7K #8 it |- Cd & & 43 il i & 38 1
454.94% F1976.90% (K 5C) ; LCd . MCd F1 HCd 4b H i 7K A5 7€ Cd 2 12 430 il b & 14 /im0 1 123. 7796 .312. 52 % F
675.95% (1 5D) . CK A K AR A 2] Cd, LCd . MCd F1 HCd &b B 1) B >k Cd & 543935 0. 23.1. 97 F1 4. 21 pg-
g (K 5E).

% 07 AR Roots 121 B 2 Stems
T?n 40} 101
= -
2 30 &
=
2 61
S 20
< 4f
@]
€ olmm - OJ
% i C I Leaves [ D 7% Rice husks i E fii K Brown rice
T 6r S5t
o0 4t
2 5t al
§ St - 2}
S 2| 2r
1} 1l . 1t
o 1t
& 0 _- - 0 J 0 d _
LCd MC CK LCd MCd HC CK LCd MC
Qb B Treatment
Es5 XEBESHMURSE
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Fig. 9 Correlation between Cd content speices and physiological characteristics of rice

*: P<<0.05; **: P<<0.01.
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