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FE: AIRR AW Ao T AHER AN B 460 o5 Xt £ AL R B K AG 45 (Cd) BOR 0 % v, AR A b AF 2 At 47
AREE, BESALE, RAEAH A TH/EBEH (CK), *FE %% 8 mg/L BB (S, Lk 2 g/kg L9 %
(B,). %4k 2 g/kg 2% %+ @ 8 mg/L BB (B,S,). &4k 5 g/kg £ %+ @k 8 mg/L MM
(B;Sg), B 4arit TAAEARMNALIEEZMRER, LEAXSHE T FEHES T AR TRAZTARAAEZF
WEF, ZREAN . AW EF LHBEMRR A 7 X2 F8R GKGERLR AR LE pH AL, A AR, &35
ik AT A F, BRKKEPNLEAXESHLEFAAEFERS T, 5 CKAk, B,. B,S,. B;S; A LA K LS4
S A AR 19.45% ., 16.90% 4= 23.38% 5 Sg. B, . B, Sy By Sy & B AR AGHF K454 o A K 23.19% . 39.22% .
61.96% A 65.67% . FRIAETEZRSFERL AR, £, 7F RAOAF RS, BB T EHER, EERLY.
B,S; . B Sy AL H A AL H AL HE (SOD) & 1 | i B AL # B (POD) & | 4 Bk H kit £k 4 B (GSH-Px) 7 M B &
B (Pro) 4 ¥R % & T CK, A8 (MDA A4 ¥ 2 H4& T CK; AK¥EH, B;S, 42 SOD %, B,S; 4 POD #
BB B,Ss. BiS, 4% GSHPx FH¥H ZEHT CK, B;S; 443 MDA 4% 2 S F 228, s Lk, A4 RS
LB ARGIES L pH AR RF 4T, EMEB AT KGR OHG . AREIKREAAREHS
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Abstract: To investigate the effects of different application modes of biochar and sodium selenite on soil
physicochemical properties and cadmium (Cd) uptake by rice, a pot experiment was conducted with rice as
the research subject, and five treatments were set up: no biochar or sodium selenite application (CK),
foliar spraying of 8 mg/L sodium selenite (S;), basal application of 2 g/kg biochar (B, ), basal application
of 2 g/kg biochar plus foliar spraying of 8 mg/L sodium selenite (B,S;), and basal application of 5 g/kg
biochar plus foliar spraying of 8 mg/L sodium selenite (B;S;). Differences in soil physicochemical proper-
ties at different growth stages, soil available Cd content, grain Cd content, rice dry weight and antioxidant
enzyme activities among treatments under Cd stress were compared. The results showed that different
application modes of biochar and sodium selenite significantly increased soil pH, organic matter, available
phosphorus and available potassium contents at the rice filling and harvesting stages, and reduced available
Cd content in soil and Cd content in rice grains at the harvesting stage. Compared with CK, the available
Cd content in soil in B,, B,S; and B;S; treatments decreased by 19.45%, 16.90% and 23. 38% , respec-
tively; the Cd content in rice grains in Sy, B,, B,S; and B; S, treatments decreased by 23.19%, 39.22%,
61.96% and 65. 67 %, respectively. Different treatments significantly increased the dry weights of roots,
stems, leaves and panicles of rice at the filling stage, and promoted the mid-to-late growth of rice. At the
filling stage, the activities of superoxide dismutase (SOD), peroxidase (POD), glutathione peroxidase
(GSH-Px) and the content of proline (Pro) in B,S; and B; S, treatments were all significantly higher than
those in CK, while the content of malondialdehyde (MDA) was significantly lower than that in CK. At the
harvesting stage, SOD activity in B;Sg treatment, POD activity in B, S; treatment, and GSH-Px activity in
B,S; and B;S; treatments were all significantly higher than those in CK, and MDA content in B;S; treat-
ment was significantly lower than that in all other treatments. In conclusion, the combined application of
biochar and sodium selenite can increase soil pH and available nutrient content, alleviate the damage of Cd
stress to rice leaves, and effectively reduce available Cd content in soil and Cd content in rice grains.

Key words: biochar; sodium selenite; cadmium; soil; rice
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S A, A P A R T - pH L SR THA ML S B L G IR A O AL R 3EAS L B
AT IR T 585515 P XEAEH . il (Selenium, Se) VE I AR5 i I %, AT 2 34 58 A8 2 19 P
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1 ME5RF®
1.1 RIE R

KIS T 2024 4F 5—9 H 78 St M4 + N RFAF 5% T KA 9 47 . fE il 1+ B8R A 5 M4 5% BH T OF B
B, BRI O KRS £ HEEARTACYER NS - pH fE 6. 76, A HLIT 24. 70 g/kg, &A 1. 41 g/kg, &
W 0.45 g/kg, &8 4.59 g/kg, B A 88. 00 mg/kg, MM 4. 80 mg/kg, A 44. 00 mg/kg, &
44 1.06 mg/kg, HRES 0. 35 mg/kg.,
1.2 iR

PR RE AN B 2115, 1 A 52048 5% FH T AR R X m B B85 AR AL & AT AR B2 I T s il A o
R EOKRAEF AWy e, W T RS I8 B KA RL A BR 2 W] IR R PE BT AN R . pH {H 8. 50, A HLIK & &
46.52% , R GH 1.52%, R 0.97%, &M &R 2. 84, WANER A F 28 M R EIE AW RHA R
oAl A& A N B AR AR A R A
1.3 RIigt

UG BEE 5 MO FRAL, B E 3 WEE ., A Wit F i B I TG R 4k 5 it vk B S % A SR T
R, il s AR G 10 Hifi, sErRAE 2 AR 2 (100 em X 40 em X 34 cm) ,
4% 1 55 ke, T A A BRAII LGSR A AC, M E R 0. 27 g/kg, KB HEIRE 0. 05 g/kg, H A
Y e LB L rp S 00 £ A0, RN LB Tk E F: 14 d, KFBEEHRKRE 4 1 OB EERZ T,
R 8 ko MG R A TR G T K A R I AT . W o DA K EAS T VR O B . KRR A I TR Y
FET ) 7 L5 224 il A P A 7 R R — B,

®1 FENEEYRSTHBRKEE

413 RIS/ (g kg D G 4/ (mg + L) it JH 7
CK - - -
S — 8 - T 153 it
B, 2 — He it
B,S; 2 8 it AR W) ¢+ TR W STV TG TR M
B. S, 5 8 B il A gy -+ I T W STV 6 7 44

1.4 HEmRESWUE

53990 7K e R S W T T S A TR B 7 R B KRR SR SR B OK AR I B DRAFE T —20 CCukAER . T
58 KRG M 7 #8 E f 4 5Ak B (Superoxide Dismutase, SOD) . i3 % fk & (Catalase, CAT) . it & 1LY il
(Peroxidase, POD) . & B H Kkid & (L ¥ B (Glutathione Peroxidase, GSH-Px) 1% 4 & ifi & & (Proline, Pro)
5N Z# (Malondialdehyde, MDA) &% 55 4 BRAG bR, I o 72 vb ™ 4 42 BRCHR) & U W B e AT A . [R) 20 R
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SEAEAR S LR AR AR PR IS 20 R L 25 L B4 AN ERr . T 105 'CARE 30 min, 65 CHETZE
o 3 BR A AR T B I A Y i s R A ARXCT S B L . T R pH A, AL, 2R &
WL A BE L B R AL L AL A AR RS I L E D7 TA TR LR 20 WOBR D] b AT U B S IR R
B ARG MBI E T GE ) (GB/T 237392009 #E4T5E .
KRR J HEAT R AL PR, FFRL A 4l K e, 65 CHET R, BAS/a R EEER, PR 60 HE
Je A o REK PR S B2 IR L R AR UE £ 20T R BGIE ) (GB 5009. 268—2016) #4710 & .
F2 TEHRBNTEE

A 00 45 A PUATHR UE LioRUIERIN AT
pH & NY/T 1377—2007 4oy NY/T 87—1988
EER 1N NY/T 1121. 6—2006 Tl 2 &L DB64/T 1734—2020
B NY/T 1121. 24—2012 A NY/T 1121. 7—2014
X NY/T 88—1988 AT NY/T 889—2004

1.5 BESITSHH

K Microsoft Excel 2016 BEf7 4 4b B, SR ] SPSS 26. 0 8 {2 ¥k 471 7 22 40 M FUK 56 1% 23 Br . 8 1
Duncan 3% (J7 2 55 Ml Dunnett-T3 k(7 Z A #fTFHIF L2 EILE, T 2R B2 EEKLE . R Ori-
gin 2024 FAF5E i A,

2 HERE5HWH
2.1 E¥xE5TMERMESHERN T EELERBZIE
M 3R 3 AT, TEMESRIN], SR A BN 455 pH A . A ALET . B &L SRR . RO R A
M FRA ] IR 2, 2 S EES AR, Hib, B, B,S,. B;S, AFZH 3 pH i, AP K
MBS R ERT CK, Sy B, HApRA A A 22 5 A B3 B, A0 BHZH 1 w200 3808 5 5 die e
B CK 435 i 4 & 10. 61 %0 F1 30. 93 % . FEMCIR I, AR HXS + 3 pH ., A LT, B  HAH & =
FIAEA W&, AR, 2k, 2, A S EESLEHANERARE. Hhb, B, B,S;. B;S; &
PR 5 pH (., HABE ST &R E ST CK. S, 484, HaNMAmER AR E; BS, A 544
JBU Ol SRR e R . B CK 20 3 4R 10,6106, 18. 2020 1 38. 1200, 45 I, By, B.Se. B Sq
Ab RN 5 Tt 455 pH (B A AL BT S R O W TR S AR TS YA B R e v
®3 AEALENTEEBLERNZ W
AHLBL/ 2R/ 2/ 2/ A/ MR/ WA/
(gekg (gekg H (gekg H (g+kg ") (mgekg ') (mgekg ) (mgekg ")

LT i pH

BHH CK  6.564:0.08b 23.204:0.25b 1.3140.02a 0.45+0.02a 5.3340.29a 66.0042.00be 5.5240.17b 14.0041. 41bc

Sy 6.70+0.13b 22.7740.75b 1.3140.02a 0.47%+0.02a 5.11+0.38a 64.33+2.87c 5.45+0.10b 13.00£0.00c

[

B, 6.9340.05a 26.1740.50a 1.2440.08a 0.48+0.05a 5.4040.07a 73.0041.00a 6.0340.23a 18.33%1.25a
B,S; 6.98+0.09a 26.05+0.04a 1.26+0.13a 0.41£0.04a 4.90£0.20a 71.00£0.00ab 5.98+0.14a 14.67+0. 47bc
B;Ss 6.96+0.08a 25.17+0.32a 1.3140.03a 0.46+0.0la 5.47+0.15a 70.33+1.70ab 6.1340.13a 16.67+1.70ab

s3] CK 6.7140.05b 23.75£0.43b 1.3340.0la 0.46+0.0la 4.69£0.09a 71.00£2.00a 5.33%0.02b 12.67+0.47c
Ss 6.7740.02b 24.70+0.73b 1.3140.00a 0.49+0.0la 4.69+0.03a 69.33+4.64a 5.64+0.01b 13.50+1.08¢
B, 7.0240.09a 24.60+0.41b 1.32+0.02a 0.4640.0la 4.79+0.40a 73.50+0.50a 6.1740.12a 16.33+0. 94ab
B,Ss  7.03+0.13a 24.7340.91ab 1.32+0.0la 0.47£0.00a 4.8340.19a 73.33%3.30a 6.13£0.08a 14.5040. 50bc
B:Ss 6.8940.03a 26.27+0.62a 1.33+0.0la 0.50£0.03a 4.9440.17a 73.33+3.68a 6.30+0.22a 17.50+0.71a
W R RN SR 2 A TR,
2.2 AR ETWHBRMNBESHERAN T EGUASESENTMN
FHE L AT, AREHAE T IEAREE S ' N 0.26~0. 34 mg/kg, tHERT CK, il Ym0 — b3
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Ko A=) ¢ 5 0T PR A K AL BB T B SRR AR R A SR G L. HirP, B, BoSy . BiS, AN B+ A SUS
Ay CK FRAIK 19. 4520, 16.90% . 23. 38 %6, & B it FH A W o vl A5 R0 1k 04 A0 1) A 0 A &L
P HL AW ¢ 5 AT R 4R BB A Ak B (B, Sy Y B 1R 18 3R SSOR B AR
2.3 EYRESTWHEBRNEBESHEAMNKEFNESENZN

& 2 AT, AN [ ik B 4H K R R R AR S Rl 0. 12~0. 34 mg/kg, Sy B, . B,S, Ml B, S, 4 ANAb 3 K RS
FFRL AR & 1 38 KT CK, 8 CK 40l BEAIK 23.19% ., 39.22% ., 61. 96 % f1 65. 67 %, Hop, U B,S, . B S,
Ab B K FEFFRLAR & AR F (R S 2 A E bR & is e R ) (GB 2762-—2022) T L MRS K48 & &
FRAE (0. 2 mg/kg) . FRERERN], &b FREA SR AKFFFRLAR AR R &, Hoh B, S, . By Sy A B [ 5%
ORI Ry 3 P EORFRLER A ik B bR

0.5 0.40
a
T
~ 04F a 032H
2 | ~ b
80 ab 'an T
g | T <
= 03} T b b on 0.24 H J.
1A T b £ b
! W z
13 pe
¥ 02F e 0.16 |
B BE c ¢
I fi' T T
g * 1
H 01fF 0.08 |
0 1 1 L 1 1 0 1 1 1 L 1
CK S, B, BS, BS, CK S, B, BS, BS,
7 5]
NRNG FRF R 22 5B/ 5 # 8 L (p<<0.05), FH. B2 AELENABEHFARESENZN

B1 ARELENTEFRSESENZM

2.4 EYRSTWBRNESEANKBTRENZMNE

WE 3 Prs, FEHERE, NFEAABEXKAER, 25, 0, B TRENAGEEZM, 5 CKMIL, S, B
B, Sy By Sy LB T B A= T B B s . Hob, B, Sy ARBRAAR T i A B, &b B 25T B s
93k 8. 95 g/ BRFIN 40. 04 g/Fk. B CK 70530 88. 03 % F1 123.42% , M-F i 5 if, B, AP ERMHEMN, &
CK F1 B, Sy 4bBH 437w 42 55 59. 810 F1 48. 31% ; BT Jrifi, B, S\ B, Sy AbFE R & = T M ab 3, Ha
AbPRIE TC & 25 25 5, RGN, A b BREIAR TR E B 22 7 B,L B,S, . BS, AbBHZA T & B = T CK,
BY S, AhFTC 25 B, Al B S, KBB4 CK 4351 1 3 FEAIK 14. 55 %0 F1 20. 28 %6 ; BT B DL B, &b
ME . B CK, Sy, B, S\ B Sy AbH 4 45 18. 0500, 17.31% ., 33.69% . 21.58%.
2.5 EYx5THERNEES AT KEEEBENYIE
2.5.1 AR5 LRSI ST A R R EACEE G R

HH2% 4 AT, FEHESRMT, N A A B K R i Rl Ak W AR il (SOD) | i A AL & (CAT) . i E kW
fitt (POD) . 4 bk H AR it SE AL P (GSH-PxO WG PR A W . . Sg. B, B, S, F1 B Sy 4 MALHLRY
SOD Wt B m T CK, % CK /0 JI14 8 49. 64 %, 103.67% . 83.22% 1 62. 89% ; B,S, A CAT 1%
PEW S T CK Ml S, /b3, 5 B, B;S, ZHTL W% 2% % B, B,Sy. B, Sy ALFAY POD I 1 W 3 & T CK
Sy AbFE; Se. BySy . By Sy A GSH-Px T P i % % T CK F1 B, A3, FEWCIRIB . So. B, By Sy b HERY
SOD i M 25 T CK. & CK 32 71.99% ., 124.08% ., 119.16%; & 4bFHE] CAT 3if ¥ 0G0 i % 2
55 B, B,Sg MBS POD JE M5 CK 20 5 i E HE & 39. 94 %, 28.38% . #8¢ Sy Ab AT ) i 2 $255 53.10% .
40.45%; Sy B,Sy. BsSy A# Y GSH-Px {fPE R & = T CK, # CK 73 jil#&5 8. 38% . 8. 486 F1 5.83% .
ORGSR, S A X KR b A A SRR B SR HE A . b, BoS . B S, Ab 3R T AR
ol 3, AT SR THK R RS E T P A L BE
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E 1
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pAss]|
b. NEIMEXNKIEEFREMN 0
25
I
L] sk a a
a
20F
b
~ _ b ° b b b
#® ¥ b
: =~ 15H
2 2
1] 1B
i I
H- (TR O
& ®
0.5F
0
CK S, B, BS BS,
pAss]| pAss]|
c. RELMIEX KAFH TR MR d. ARSI KSR T RSN
B3 FAELEXNKBEDLEDENZN
x4 FRALEMKBHAERAEABEENZ®E
SOD i/ CAT i%dk/ POD i/ GSH-Px i 1/
i 39 20 51 . o . 4
(Ueg ) (pmol * min~ " g ) (Ueg ) (pmol * min~ " + g )
I CK 174.3348.99¢ 133.4942.13b 16 379.374787. 29b 146.2741.67b
S, 260. 87+6. 78b 136.02+0. 78b 14 329.56+1 801. 78b 160. 20+3. 92a
B, 355. 05+50. 55a 137.23+0. 93ab 20 382.12+819. 54a 145. 70+0. 86b
B, S, 319. 41+28. 82ab 141.21+3.17a 20 239. 0342 015. 09a 159.22+1. 37a
B, S, 283. 97+40. 28ab 136.77+0. 52ab 19 949. 78+ 741. 74a 159. 81+1. 45a
3 1 CK 264.30+13. 87¢ 133.78=+1. 90a 12 665. 8541 321. 09bc 143. 87+0. 60b
Sq 454. 564 50. 75ab 135.25+5. 66a 11 577. 274442, 67¢ 155.93+1. 06a
B, 592. 25+ 36. 05a 139. 82+1. 66a 17 724.3541 194. 47a 150. 24+3. 51ab
B, S, 318. 53+ 46. 70bc 141. 23+2. 64a 16 259. 9441 974. 23a 156.07+1. 89a
B, S, 579. 24-+81. 06a 140. 82+ 3. 04a 15 124. 874415. 59ab 152. 26+2. 70a
2.5.2 AYpE BB SER S RKGTRBAR, R _BASENYH

HIIE 4 AT, TEHESR

AN [7) Ak BXE 7K AR R R

iz (Pro) .

M % (MDA)

FRARFELW, JLh,
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B,. B,S:. B.S; AP Pro & EH CK 445 2425 30.66% . 35.93% . 46.97%; MDA & &% CK & 2%
% 12.86% . 15.01%. 30.07% ., 7EUR I, B AbBE Pro & B LB E 25, B.S, 4B MDA & & B 2K F&
b BE, BB, B, S, REA RGN KRG B MDA & &, 2l haa T st Sk 3% .

125 35
I
] s .
100} 2 a 28 a .
a a ~ b b
[ a = b
o a o0 .
@ 75 b T 21
2 g
S~
: -
& 50 14
I i
e I
= e
25 7
0 0
SB BZ BZSB BSSB BZ BZSB BSSB
pAss]| ZA 5
a. ANEIEXKIEM F I RR S SN0 b. AELEIKFET AR EENZN

E4 FELEMABHABER, F_BSEBHZM
2.6 MHEXMEDH
H 5 AT, KFEATRLAR o S R SR S B R A OE (p<<0. 01), 5+ 4 pH (. HEAHE
R U E(p<<0. 0D, S W E N (p<<0.05), ARCEWEES 1% pHE, #
R o 5 I U G (p<<0. 05) , 55 L RRE 1 i S A B A DG (p<<0. 01) . 38 pH {5 SARE . HAL
B S IR A O (p<C0. 01) o & - Sk M IR A Bl S T A AR IS 1 SR AR A ot BEL K
FEAT R AL R, £ 46 Am R AR 7 D R R 4 R

1.0
wnsn |ras (@) . & o0 0 ‘ (e
0.8
s @ @ 00 0 Q@
0.6
pH{E | -0.92 -0.82 pH{# . . ‘ . ‘ ‘
- 0.4
EBIE | -0.62 -0.67 0.57 HHUR . . . .
- 0.2
£ 2 @
-0
288 | -0.41 | -0.51  0.52 | 0.49 41 . . .
- -0.2
24 | -0.60 -0.54 0.52  0.79 0.61 &4 . . ‘
-0.4
WmaE | 048 0.31 0.63 . 0.60  BRARE ‘ ‘
-0.6
WEHE | -0.89  -0.87 0.96 0.67  0.35 0.58 0.57 0.64 BE¥EE ‘
-0.8
WY | -0.76 -0.76  0.86  0.69 0. 0.79  0.73  0.69  0.93 s
-1.0
I L3 b L2 4 ® Bk 4 ® N
el ] = = H H H § W e
% Rl = b pic!

x| % % PRIFIRTE p<<0.05, p<<0.01 KF EEBE.
5 KBHFHNESE. TEENEREREUESREEMXESN
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3 e S4R
3.1 itig
3.1.1 A RE BRSNS LE KRR AR XESHG YR

b EE AL R RAE R B G bR, IR K R E B mER Y A YR SRS g
M ZFLA 0 S AL e, AR T R R A S R — T, YRR SR, B8 G Mg
A5, it G AT AR R H RS etk AL L T R R R B pH Y B — . R ok LB S R
Rk . W B E AR ) B, AT AR HE S A R AR B, R L RUE R AR (RIEA L TR E
WMt EAV R Z, Fef, KA S E &AW, 7T 7% L5k E, - PRATIEAIR S
RIS R I, KR IR R AR L G A ok A RS RT S AR TR+ pH (L A HLR A A
5 A g5 ie— 5,

HEAR L AR, B B AR A O R A R RS A SR R,
AW, AL BEXT H R 2. &M SR TR R, 0L AR Yk i Ab BEET 2 B T 4 M
R S, BRSPS AR, SARRES RS R oy — 8, st B AR, A ] i
W BEe B L I R R R ks R R L R T R A A S R, R RE R B O B e AR
MR K Sk e o v R R AR, FREZE KR A & WA e, 3 RUR M B3R 540 R 7% b T i
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