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it P A 400 7 X 2T B = B X R AR 0 B R I R =2 M

Be UL BORIESY, BREPESC B S, e TR
WAL T WA, TR, Xk

(LR A BE, 1700 BT 5300045 2. ) PHAONIAE 547 M ZREH L=, [0 BT 5300045
3 PR B SEREERZENT, )V BT 5300075 4 ) PUEAGQLAS TG, TP BT 530007)

i

b

OE ST AR R I T 21 X - G A B A A R BRI e SPGB 7 U v
SRR LS AR . 0 RS, TP R =L TR IR sE, RE 3 YRR £HR R 0.5%
(T1) . 1.0% (T2) F11.5% (T3), UANEMAEYRAEIE XTI (CK) , 3BTRS it e T2 245 B kA 2
BRI, SRR MHAYIRG, TL. T2 M T3 MRS58 R 0.46., 0.42 F10.43 A~ EH ks )
A T EE R 0.61. 1.66 F1 1.50 A~ H 4385 FRAR T 8R40 UL & MR Lu ;A HILES & 400 L 1 e k%
GG, BRI AT L B 0 e 5 o B A . FORAR RO & i 5 IS | T S Hds BOoA A0 & i 4 2
WL IEADC, FORZEMAR & & 5 H AL A Z R A DG AN 2 . A ) e R i TR AA N 114G 2R
FUEE, T1. T2 F1T3 AR3E E KA AR SR> 51 CK 3255 9.46% . 31.00% F1 21.22%., R UL, FELIHE it A=
Yy e REAT A 5 - B Y A= WA s IR A AR IR R ) R, R DUV 3T 1.0% A A= R SR i

KR AW MR eI, AR

e NRDFT R EFRITER, EldmsEr
XS E RIS AR A IR E—
2 W B A S P s B Sy, HAT
BRI A . B IR . AR R AN i A
o @A 5 ~ 10 NEFRIAREARR ", 7Ef
FEA 61.1% X 1Y & RIEETEAMREA L, 44.4%
i XA RS AR T AR AR AR 2 Al
PN NI FERIR ), Y L A i
a4 eI AR I 25 | R A S AR 7R
T 7 MRV AE 1 DX ki L A B E A s T
18 4338 b i S B LU RR R S A7, HL5) ol 4
AR ARER ALY . B 0 T W o T B kA
AR, S P R AR WA R S, A
RV JEE ZE B A T 8 KR TG 25 A AR
PEATARHT, WRSE & DR AR Y 28 > HERE S v, G
/R 036 meke, H KA 382 mgkg, FHIME

WAm B 2022-08-29; RAHMA: 2022-10-14

EEWMAB: ) AARRERES I H (2017GXNSFBA198112); & fili
A BHE BN LI T8 (FERBHE 202214 ) 5 T PEALOl Bk pe Sk
AR 555 (FEARFE 2021JM08 ),

EE® T FEFE (1985-), SLHUl, Wit, EZNFEYERY
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49 1.00 mgkg, {HKRERFRIAMG & /N A 0026 mefke,
K 0.532 mgkg, “FEXIEAL N 0079 mekg s R
P PG M ER AL E AN RS (2016 4F ) %X
Wi o, TUPEAE 21 AT DA B K PR A A
134.53 J7 hm®, {H % 25 36 ) V6 97% B 1y 1) 3445 )y
A IR KRR LS R R, KRS & = h
0.04 mgrkg "' PRI, 7E A DK T R R AL A
GO 1 AT o YR R AR A R R L DR
TS B AR B S A gy
M) - SRR A 20 A T B R 2 o 3 pHL [
WF SR S 2 1y = 5 R A E A e i i A 30
O AR A BRI AT IR R s ok v
7 R ML) AT X A i TR A TR
BRTEAFAE AN ) Y 358 b oA R e A e
AR, R HHRIRSE A, AR 4 R
HRF RN A I R A R e ) Y
WP MDA It X - AT A A RN A 23 37 SE B A
SAPRIRRIEN T TR TLIE, A R
(e B Y R, AR AR 1R
pH {H, [, HHAEKWHER, —Jrffgn
3R, S — T T - IR AT — R A B
YER, (HHAE S A2 38 it X - S 25 B
(RIS 22 355 F7 AR A /0 DLARAE . AT 5838 1 Ak i
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Ky, WEFOE AR YR R LTS L3 pH (R, LSRR
A VRN E SRR, LAWIRRA:- Yoot 1
TS AR, LTEIX A S B e S

1 #RETZE

1.1 REA R

AHFFE T 2020 4 8—10 H 1E ) PHAL % H 1A X
A B2 B i G0 A 77 32 10 W 2 KA AT, SRERZEL
FARIE T TR R IRIGHF 7T . A 1 R 4
TPk KA B E A, ORIk
B IMBLLIE, IR SARBE M Bk pH (A 6.82,
EHUFR 2.20%, 4% 1.90 gkg, 4 1.34 okg, 24
14.70 g/kg, 24l 0.79 mg/kg. it DI B RIAE
TR R M, pH {H 8.0, A HLEK 22.60%, 4%
0.36%, W 021%, 44 0.26%, 4xfili 0.04 mgkg,
R TR AN EER 162,
1.2 Rt

B e T B RE . a2 mm 0 A
HAN32 em. HH25 em WY, a2t 10
kgo I 3 AN EYBES A, 435 R
0.5% (T1). 1.0% (T2) F15% (T3), LLA G
TAE AL FE IR (CK ), 4 AN, FAab
P4 REL, LT 3 HLE R AR, &
HERIAE 30 d, A=Y AEFIE S —Ht oK Z T 5 14
FAMRAIG A, 2R SR
REIINAY o B TR iR AE B &2 A e
(15-15-15) 3.00 o/ %, JF TRt L KT Z AT 5
THE MRS FORAERK SR, R HEHRK
Y 70% HATHEBE AN FEK 5y o B AAEFR EOK 5 kL,
MEOKK E 3 MY, R 2 B
1.3 FEACRES

AR TR E 30 d BF, A IO oKk R
AR RBES, HE K E T . AR, Mrafs
WA ik s Bt T RSO A [R] o SR S 38 o - 4R
i, AT HIEEAEME . IR S SRS, AR
SRS R (B A A E AR B R
£ ) (GB 5009.93—2017 ) H1 i &b i T2k
BNGE . IR AR A SRR R,
HERA AR BOXL T 3 5 (0.15 mm) T FE 1.000 x g (K
B3 00001 g), & T 100 mL BB .OE T, #%
T 1 s 10 1 ERBIE GO AR RGE SR, T
A ERIR G L, S S MIESH
fifi, HAEBRIT . OnESME: mEOE HinA

0.25 mol/L KCIIFW T 25°C F 42 1 h, T 4000 r/min
B0 10 min J5 UCHE DS W, T4 CF A REI;
Qn] A 15— 0 IR YT A 0.7
mol/L KH,PO, (pH {H 5.0) &, T25 CTFE#E4h
J& B0 10 min FFUE ISR OB AMMDE &8
filf: )5 20 R BTN A 2.5 mol/L HCL, F
90 CT ¥4t 4h, 2.0 10 min FUE FWEW; @F
MUES A 158 =0 TR YA 8 mL 5%
KoS,05 VA 2 mLL (1:1) HNO;, BT 90 CIHE/K
WA 3 h, B0 10 min JFEEIEW; O5kiEs
il s 555 DU A B - A% e 4 R AT 0
D5 ( HErh mmai ) (NY/T 1104—2006 ) JHf#
SERE, MIRFIICCEIIIE . PSS s s
il 2 R A 250G 5 i
L4 Bl A

i 1] Excel 2019, SPSS 22.0 X 4474531
HrAEZHIE, ] LSD WXt 45 Ab B kA 125 5 i 5k
R

2 HBREH

2.1 WAy 43 pH (AR

NI A W o 25 A 4 M % pH (B & A 3 AR 1
(1), T AWM 30dM4E KIS, BiN05%
H11.5% 1) e Ab R £ 1€ pH A 5 35 3 F X B Ab
W0 1.0% &b PR+ 58 pH (E 5 % 22 5 R B
F, HAE 0.18, FRLEE RIEE =t FOK G,
AR INAE Y AL PR 4358 pH B =5 X REAL 2
EAAFZ N EFHAEE. NE1EATEH,
Bifi 45 Ak Z2 AP AT K, TGI8 /2 U N A ) e i 2 % R
AbFE, A HER pH AR BIREAT, 25 = F R
WK, b BRAL B pH (55 — LIRS I REAIR
021, i T1, T2, T3 kb B 4 5 5 B A 0.46. 0.32,
0.29, X1 g2 i TRt T KR 2 ATAR A —E
HEARIE, ORI R MRS A R
B3

£ 1 FEEMROER T pH &

Ak it S A
CK 7.19=0.11h 7.15+0.16a 6.98 = 0.15a
TI 7.50 = 0.09a 7.210.12a 7.04 = 0.26a
T2 7.37=0.19ab 7.27+0.12a 7.05+0.14a
T3 7.44+0.13a 7.30+0.16a 7.15+0.21a
T FSIARRNG T REoR A R 22 53 W3 (P<0.05 ),
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2.2 it AR PR R K ST 5 2 5

WE 1w, AP sE N2 X F K i G &R
IR A R, HA S B OKAR R A A R e
TR A R, (BT R KA KR
R 22 5, AN TR U B T KA 75 i 22 [A] A7
TER RS o B — L F ORI A= ) s Ab B A AR R
Bl & B v X RE AR BE, T1, T2, T3 AbBRAYAR &
il 5 &0 90 FE X PR 1.04% . 37.73% . 23.83%, H:
T2 RT3 A B AR R A B a3 I R TR R A
B TS0 A ) e Ak B 25 AT DU EG T ) R
AbFE, T, T2, T3 b3 A 25 Al 5 1 43 51 LL ) e
£ 13.10% . 8.99% . 11.32%, {H4KkbFE [a] (K25 5
AW 5 ORI A Py Ak B AR FR AT
ALY T AT AL ER, T1., T2, T3 AbFRAAR 2 A
S T IR E 41.21% . 30.59% . 9.83%, Hi
T1 RN T2 Ab PR AR 200 5 5 i 2 v T BRAR B i
TS0 A= 300 25 A B ) 225 I A 5 D 2B o 1 R

500 1
400 |
~ 300 |

200 |

isE (pgke

100 f

HNNNN]
§S‘)$§“$SH’| )

T1. T2. T3 Ab B [ 25 Al 25 & 40 51 e %k B
11.44% ., 4.92% . 17.00%, {H454bH# 2 b ()2 54
WE . = ER T, T2 RT3 AL FE AR ARG
O IR A7 31.03% 1 14.22%, T1 HYHS 00 &
SR T XA, JF H T2 A0 BR 5 % B Ab 3 2 (8] ) 22 5
BB EIKE; AN AR B, T1 A T2 AR
AT 5 43 ) U HE Y 5 10.85% A1 27.63%, T3 Ak
PR HEXT R AR 4.39%, FTAT AbBE 22 6] Y 22 S35 R
[TE

MGEZE =L EORE, A BT
19 A=y J¢ b 350 A 0] 4 vy b HEAG 19 A= P A1 K
6 SO S B B 1 0 i 9 e w2 L S L& DO (B 7R
T R pH H ST LR ST R, T
TR R AN ZE i i S 4 pH (H Y 2R
LMEEMEKR (F2), RABMAEY RS, $#
T b pH (B R A A A A kv ) B
A

BCK @Tl oT2 2T2

i

it

B foaEEZE=#FELEHENHESE
TE: AR RRS AAE ERRING R R 22 R B (P<0.05),

e —
0.50 ¢
:\%\D . R=0.599**
on n:48
E [}
< 030} . = .
i) ° o 0... ® e .- P
<ru 0 20 | ' . .................
= P o
- T :
" t.o.‘oo L] O.o

0.00

B2 TEpHESEKRR, EHEISHHEXE

050
. o R=0.483%+
“en ° e ° -0
S . .
. o & .
ﬁ o Og”
IH 0.20 L. . -
[ ] PRI
ég ‘:. ....’... ;
= 010}
= 0
0.00 |
6.6 68 70 712 74 76 718 80
pHIfi
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2.3 T AT KA P R AT R A 5 )

MR W e S 5 ) BRI AR W e A
K (F£2), MHESE T RS, Ay rit
BRI TR IR R T ESY B E TR, 5250
&R 21.67% ~ 33.33%; 125 M B9+ 542 = 3
H10.42% ~ 14.61%, 225 A W3 WA %
[ T1, T2 T3 Ab 1) B A 95 40 ) b X B8 4
5 15.93% ., 16.03% F1 14.17%, F v T1 F1 T2 &b
P T L 7R AE T TR IR &
M, B T2 AHEMR R, ZE RS A YRGS
T RAL RSN, S0 AE P A AL BRY) T1 A T3 Ak B
AR ZR . 2R FLE A AR X A B, 5

Jir A A BR IR 22 S R . X IESE M R A =
HEE KW, T3ALFEAGMR . X0k F AR )
W T IR, A 4 R 21.88% . 20.04%
H120.44%; R T2 AbFRAR . ZX 0 RS A ) &
A3 9 b X B4R B 10.94% . 3.27% F 4.94%, {H
ZRIFANBE; T B AAR T EACT X ], 2E0b
A A 43 0 B R R D 5.45% 1 2.56% . 55
Hh, NER2ETFTHIA, BEE T RMWEZSRME, 5
X EKRE W AEYEAEE R ES, MG
W1, FORM IR A AL, X EE R T
AR, BRAERKPEEM SRR . LTS T
S,

=2 ARALEEREHARDINENE (g #R)
R i WFE EIR PEVEL7/ s
St CK 1.80 + 0.09h 7.87 +0.74a 9.67 +0.81b
T1 2.19+0.24a 9.02 +0.80a 11.21+0.99a
T2 2.40 +0.08a 8.83 +0.59a 11.22+0.61a
T3 2.36 +0.24a 8.69 + 0.60a 11.04 + 0.474ab
oAt CK 1.50 £0.12a 7.17 £0.20a 8.67+0.17a
T1 1.40 £0.23a 7.03 £0.47a 8.42 +0.70a
T2 1.54+0.16a 7.32+0.50a 8.85+ 1.12a
T3 1.42+0.10a 6.95 +0.80a 8.37 +0.89a
= CK 1.28 +0.13b 4.59 +0.28b 5.87+0.41b
T1 1.18 £ 0.15b 4.84+0.51ab 6.02 = 0.48b
T2 1.42 +0.10ab 4.74+0.01b 6.16 = 0.08b
T3 1.56 £0.17a 5.51+0.52a 7.07 £0.63a

T ARREHEARIR R LA [F NG PR R b BRI 22 5+ 235 (P<0.05 ),

VST A: 40 e Ak B ) i D) T KA AR AL BB AR
Bim XA (R3), S EKT, T2 A
T3 A A ARG S B2 R B Lb X I I 25 4 5 35.78%
M124.47%, T1 ALHE X HR 3R 5 8.65%, & A B3
PS5, B T E K, TR T2 &b Y R R AT
ZRE IR R 17.01% 1 16.52%, T3 Ab
PR X BRI 9.70%, 2R ANEE; LT K
() T2 FI T3 Kb ER A R AR B S B X IR 2 4
40.70% F1129.48%, T1 Ab3 L XF IR T 2.73%, 2
SARRE . DRSO, B Rk P
HR R B2 A A A R S5 AR A AT S SR AR A
L, H /NI F Jy T2>T3>T1>CK,  H. T2 H1 T3 &b

PR I35 = X AR G 88 TR ORMR AR SRR R
JNIREEN T25TIST3>CK, T1 T2 AbFHE %k 1R ik
FHEE 31.38% F132.92%; 5 —Ht F ORI RM 5 =
K/NHA T2>T3>CK>T1, H T2 F1 T3 4B HX) HE
ELE 46.97% F1 40.24%, T1 ALFH5 X AR A P 22 5
AN E L W TR B, SRS AN
BRI Z A 25 5, =4 T, T2 A1 T3 4b
FH P A oK ZE G 2R A 4301 L X R AR 57 17.09%
32.23% F1 14.95%, T2 Ab 3 5 % 0g 2% 5 W &, H
g5 Ab PR Z [ 22 A LR AT R, 1%
1 A= ) Joc T it e A R T 4R R AT E K AR BR 1Y
LY
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*3 FAELEEXEHARBIOTERRE (gl #)
ek posil G S A EL LYtk FE ARG S SR P
it CK 495.63 +90.32b 704.01 £ 90.07a 1199.64 + 151.25¢
T1 601.33 +9.94b 702.04 + 10.66a 1303.37 + 18.23bc
T2 905.01 +92.89a 723.91 + 84.20a 1628.92 + 167.28a
T3 800.84 + 129.74a 692.30 + 26.60a 1493.14 + 145.67ab
i CK 207.24 + 13.34b 353.86 +39.32a 560.10 + 46.98h
T1 272.26 + 60.98a 383.09 + 60.98a 655.35 +£30.53a
T2 27547+ 15.73a 377.17 £ 24.64a 652.64 +25.83a
T3 215.40 +20.87b 399.06 + 30.85a 614.45 + 37.93ab
o554t CK 176.95 + 2.40h 131.10 + 19.00b 308.05 +21.19h
T1 162.96 +20.33h 153.51 + 11.78ab 316.47 +21.80b
T2 260.06 + 34.14a 173.35 £ 20.80a 43341 £41.47a
T3 248.16 +27.88a 150.70 + 13.98ab 398.86 +40.53a

TE: ARRHESAR R LA R NG PR R ab BRI 22 5+ 35 (P<0.05 ),

2.4 it AR R - AT S A

- 3w A W e TR IR - SR S A A
s (3, JUHE A 18R s A AN ] 52 e 2 A
FrE AR, DOF S MU R 2 A P it A
B[] PR AR 1T 2 A AR 35— E KRR, RIAE
Yot A\ 5830 d 5, - 3EnT i A & A el
0.46% ~ 0.53%, FIFT XA it ey, Ho
T3 AhFRE 5 WS IR A B ] A B ARG 15

G 061% ~ 1.51%, T1 ALFRAERAL T-%F B 1Y
0.65%, T2 F1 T3 ZLFRMN] G52 = T AR 0.41 ~ 0.86
ANEG S BINAEY RASHERAR T 2R S e 4 &
S B4 it 7 L, BN T AR A ) e A b, X
ML A &5 A B2 YA st
ATHE 60 dJE (B HEFKEGRR ), HHEnES
TR ] ACHRAS A 5 5 7 HL A3 oh 1.00% ~ 1.41% F11
3.63% ~ 5.53%, 4WEETXIRTY 0.13% F1 2.20%;

[ i A
B B[] St

100 5
];/ ab a . b b

7
AANRNN

651
60

BRER A2 575

?\o-

98

TIHIES L (%)

551
50

301

20 a [[ab || b b
a a a

| .
oLk oo et bl b oo vonlonl b v el e B

CK TI T2 T3 CK _TL T2 T3 CK TI T2 T3
Qb S ]
St ol =t
3 AEHLRERBRAT &R T IEE RS

T A SAR A A NS P RER A B 22 57 B2 (P<0.05 ).
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BRAL AL 45 A A G B &y LI TRRAR, T
AT A AAC R 25 T1 ARG A LSS A A& ke
BEETX R, HALLHZ R 2ES AR E; Nind
Yrpe 60 d i, X IRk AR A LA B
S, AR A 390 d 5 (55 =4 K
AREF ), TSN 5 & T HR 0.23% ~ 0.47%,
T2 4b e iy, Lo IR R 0.35 4N 48 AL, T A3
A%, WX RE R 0.1 S E 4 s, 3 UK P Ab
T B T aS A  Eh
3.53% ~ 4.76%, T3 1 T2 &b A A2 e 2500 32 5
TXRRALEL; W AEY A 90 d i, kA AL
Wk A A0 S i L S X IR B AR, B
BERIN T AEE S SR A, B TRES
& 5 ke, T3 R T2 A0 BEAYFR I A & L A%
TXE, B2, EEMOE ERmEY RS, T,
T2 1 T3 AP AT 5 200G F5 5t 73 ) ~F- 259 LU X B 4 ey
0.46. 0.42 F10.43 A 53 55, A4S0 53 7] He Xt 1R
PE 0.61, 1.66 A1 1.50 I~ EH 40k, PAAIPLE S
A0 43 SIS IR 2.61, 1.88 F13.79 AN 1 43 4,
If ELREE IR B, A E XS AR, -4 m] v

B . T 5 P AT A LGS A A A o s T 4
1R, AR A AT %) 2 i R DU AR

F T T 9 A R AT A2 48 A AT ) B A ) W R
FH, WE KA R R, R A
w5 EIER RS R BER N (£4), —HE
KMSARERE, AR A 8 77 A B A - 394 50T 5 2
TRF R, B — b B R WO I - A RO 5 K
5 T3>T2>T1>CK, T1. T2 FlT3 &b B 43 5 L %) #a
5 3.25% . 49.46% 1 93.86%, T3, T2 4bFRE
CK £ B3, 4 i FE RN, G 20
HHLH T2>T3>TI>CK, T1., T2 A1 T3 AFES3 51 H
X} R 1 58.59% ., 118.31% 1 71.39%, 4 A= ¥ 7%
B 3 AN Ab BRI b T R S = R R
- BEA R & 5 K /NIF R T3>T2>T1>CK, T1,
T2 F1T3 4b R 43 51 L XF B8 &5 20.31% . 62.97% F
72.79%, Xt BEALERAGA SO & i B R T
RIAEIE, £ ERIE W, B0 1.0% 1 1.5% A=)
Ab PR B AR B e IR 5, (HOR Rl
Z IR, AR 22 RO, Xl RE S R
NSV 7 & 9 & % SO IS LT S

R4 FMEYRSVENIEEIHRSE ( pgkeg)
ek
AT ”
it f ot 17 oA

CK 8.31 +1.09¢ 24.85 + 6.39¢ 23.63+2.71c
T1 8.58 + 1.41c 3941 +5.17b 28.43 +1.41b
T2 12.42 + 1.70b 54.25 + 4.85a 38.51 £3.22a
T3 16.11 £2.19a 42.59 +0.78h 40.83 +2.46a

T SRR/ NG S EEFORAE R 22 57 2 (P<0.05),

2.5 AR E IR LR S Z A R R
T 32 R AR 45 R I, ANTR] ok ]
FORFERRAER SR AR (K1), B, 50

P, ARG 5 PR, HEEHEASS R L T S
TR S ISR EY), -5 25 &5 ARG
PERIAN R . RSN 5 S = R AR A

(T

XPREER AE AN & i 5 HIRAUE S Z RIRAROCH: SRR BB RMEEAG, HhH— =k 1
F5 TEAEWMESSESEXRR, EMMEEX BHNEERXRY
E(IRY ezt A A SCHASI H REAES G S APLES S A SE A AR
it RS 5 0.6317 0.653" -0.638" -0.220 0.713” 0.667"
SR A 0.357 -0.124 0.125 -0.390 0.040 -0.082
gt 11 AT 5 0.554" 0.474 -0.627" 0.523 -0.375 0.563
E Nl 0.118 0.267 -0.469 0.440 -0.265 0.286
=it AT 5 0.785" 0.556" 0.154 0.069 -0.480 0.607
SRR & 0.423 0.247 0.126 0.068 -0.301 0.283
TE o e SR FRRARSEE L 3 (P<0.05) FIBEZE (P<0.01) /K. n=16.
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W E K5 RS 5 o P S 2 — ORI R
B AR AR IEARSE, S5 =AY L2 3 IEAH
K PEAMDE AN R ISR TR
MR & AR R TS, 55 =AM AN
F s AHLES G AR AT S L ) S5
RIS — TR AN & B ARG RS B2 K 7R
ARG, AR TR R 2 P A A
K, HAR PRI B E R BAR KR
WP IR SR A B, (HERRAR
5 ORI 5t 22 ] XA O S M 5 e
ARG (KL 4), UERATEYIAR ZR IS i iz s 21 25
S22 R AN, LA R 5 e o AR R
PSR AT 7 ) P2 S L St 5

0.15
R=821
" 0.12 n=48
&
oh L ]
E 009 ¢ o« ..
i o % oS
41 0.06 ‘ Py
g Sy
= | 2 °p
i 003 oBa
0.00 . . . . ,
0.00 0.10 0.20 0.30 0.40 0.50

M & (mg/kg)
H4 EXRRESEHHSEHELY

3 itie
3.1 AWrmoliE s TS

R R — 7 T RE A 3 M F, B L pH
fl, OB SR E R B Y, B A
FCE JCH AR L s LB R BT A B RE A
I LA AR 3R B R A T 20 S I 2 Y
AL 3 pH B . IR . I HL - TEHLIE
Wf . EERUCE S 2R R B P AR R
WIREE SRR INAE e, SIHRRG T TS nT v AT
A ARSI S i, FLBEZ I ] B A, 94 ) 3
(F4). HHEPRIEHURTZE R YRR R R
TR, A LA 28 3 0 0 B A R A Sk TE L
i, AT B S A A S i . 5B
BRI R B AT AR AL Y kg Y
BEFAR I TN, AR IR 04 S b - A TG
FEIERFIFEN 7 AR 4.92 pe/kg, FNHEFE4E
HH 90 d A Rl 5t A E T 23.13 pefke. ARG
HASFIRRLEEE R, KRB 5 B =M E
K B ST ST 5 ko R 5 — K A A
— 124 —

Bl 5 1Y 2.84 5. EOKRFRAE L R b, 0 LA K
FECIE AT AR, A i A GE
BRI, R REY G S, Dl g o
A ) K S A S e S b, AW, B
I 1.0% ~ 1.5% 35t i AR S 285 1 14
PR R S, SR A A = ORI S
BTG B O B —HEA ALY 2.5 ~ 4.6 f5. W)
R JE T, TS I pH (E, fEJE IR Y
IRFIREI . A AW o R 33 R 52 M) ) AR 5
g, fEXT L E S E R A R R, W
A=) e R R B S I OR 0 i 4 B AT U AR,
W HAE A R s (H A s A RO Y B
200 AT R A AT R R S R R, X
TR GA W AT . RS
REPA 270, AT LA EE S AR A RO R E B4
G, SE R RS T RN pH A, (H 41
OH™. €O, Si0,", PO, &itfies ™, jxubw
TReSELELSGEMAEEY, W THES
M B ERE T EE, Se fl As fE HIEH 5
AL NINE A, JFg/EYW, MHAY
R J, HOATBE 35 2 o YRR Ty BRI T AR
R, REEMHEWIER, A RfLBH ey
AR ARG AR AL RN TR o P RERL, 30 il
BR300 5 A WA S S5 B K
%, L, EAINA Y R S R A S
i, HBEERRE R, SRS S S X
WEORH LUIZTREAIR, A WLES & 25000 75 5 L kg
(FE3), 2T il 54 Yy 4 G LA Rrik
—5E
3.2 YIRS FRM RS

Jitl A 9 o 3 AP - AT T 285 2 SR 5 Ml A
VIR RS SRl B, AW 9T 2 B F A 0 e FEAC RE
PEE EORAR R AN & 5, A7 SAbPRES N i
ISR S R A N, BRI BTG (1),
DEFR A A R, B T SR LA AR A
A A HR AN B i, X AP 25 2 Wl WO SOR]
M, —MWPEA R & TR A S, FRR AR
AT fh 3 B AR SO i AW SR, A
I EORAR 200 5 5 T A . AT 2 P A A A
SO B EAC (K 5) 5 MIEAMR R AL T
il B AR S s R A AR A B M R, B
DL K ZE I 0 & 5 5 AR A A R R R E AR
(Kl 4), 5N EFIEES B2 A CHEA S

S

(T




| T T

rhE SRR 2023 (10)

——

(T

(F25), MR IG— )7 HiHe e T 5 K b4
PR (322), WTTRRE T R sk iz s 55—
7 T8I T BE 2 W JFH A W 0 J 2 T A RO oy,
HORS 2 W B R RE A A E R ZE M B, L g
I 50 25 B T R 3 /1 2 MR B M i I A 2 5
R RS, QAR e S L e .
ol Bea RS, Besel B BT, BN
OMEEE R R, AT e B AR ] (4 £ it T
B0 R B SRR, o 1% B9
PR FE 4 X 4 5 R KRR A A i OB S (TR
1), 3T BE AL MR AE W T AN R 5 40 I
TG AL BV T, T3 22 64 2 e R I I 1 A= Wy
X - R . IS, ARG AR
IR E T KA RAG 4 4 BER (F3), Ui
AR e s T LI LR A S, AR L
FPIAR ) 2R

4 Zig

it A= W e Re Bt s 3% pH (EL, M2 5
A RO R (DA AR S ] SR A 2 )
HAWE A 3.25% ~ 118.31%., LKW A& & E
T HERT AR O] S AT A R Y R
LRPEIEAN G, AW b B A A AR A R AU S T
XFRE, T1. T2 A1 T3 Ab B ) F RAR R T 200 0 B
T W X IR 9.46% . 31.00% F1 21.22%,
Vi W it FH A= o 4 e 1 ST ) A A sk, He
T2 b PR = (W RSCR fe i

Sk :

[1] Haug A, Graham R D, Christophersen O A, et al. How to use
the world’s scarce selenium resources efficiently to increase the
selenium concentration in food [ J | . Microbial Ecology Health and
Disease, 2007, 19 (4): 209-228.

(2] WS . BRVGEEBHRITE 122 7 MR 458 P il o3 A1 R iE B oS
NPRAEREREZm [ D ] b s PEAEAMAEHE R, 2015.

[3] Rayman M P. Food—chain selenium and human health: emphasis
on intake [ J | . British Journal of Nutrition, 2008, 100: 254—
268.

[4] Hurst R, Siyame E W P, Young S D, et al. Soil-type influences
human selenium status and underlies widespread selenium
deficiency risks in Malawi [J]. Scientific Reports, 2013, 3:
14-25.

[5] Dinh Q T, Cui Z, Huang J, et al. Selenium distribution in the
chinese environment and its relationship with human health: a
review[ J | . Environment International, 2018, 112: 294-309.

[6]  WH5E, Jilk, SRSCR, 5. W LA A K S L

[7]

[8]

[9]

[10]

[11]

[12]

[14]

[15]

[18]

[19]

[20]

[21]

[22]

[23]

S

VERBISRZR . DUT WO 0] [T ] . AL FREE 22241,
2018, 37 (6): 1177-1183.

Sedp e, AN, BRETE, AF )T PURE RS S DX R A A S
i S G AR OC R [ ] LR, 2019, 50
(4): 899-903.

BHIE, PR, B, . E Ry R R X A
HAEAPE ST L] A0, 2017, 36 (3): 273-281.
SRR, BRGNP, BCRRHE, S )TVY REFEKRE B H R L
TS AR AT ) ] BT AR, 2016, 47 (11):
1856-1860.

FEARALE, XRAE, BAESR, 5. 2012-2014 4R PYA N (1R
FEOKAR & PR AE L) ] . NHITR B2, 2016, 22 (2):
152-154.

SKRAE, FRERER, TESCHE, A KR LRIEE S0 S e )
RERREA )] . T HEEA, 2013, 44 (4): 964-968.
EmT, B, JHIE, &K B KRR R AR 2R K
ARBR LS R AR [0 ] Bl 2021, 58
(6): 1574-1584.

s, Xk BE, BERE, & PR R RLLE S L0 B/
ST O AL K - SRR 25 a2 [ ] . R4, 2018, 50 (6) -
1170-1175.

R, BT, Bk, SF RS A HUBCHE X v 7 Ak b L
AR [ ] P E RS AR, 2023 (1) 97-103.
Wi, SR, UE, S UCRFS AR YA B R 20
SH R P RS T 5 el -SRI v s (7] . R, 2014, 46
(6): 1069-1075.

SRR, SN, KR/ PRI R R X S TR Y A A AL
PERGEZM L) ] TTHRHEARE, 2020, 22 (8): 43-45.

Dinh Q T, Wang M K, Tran T A T, et al. Bioavailability of
selenium in soil-plant system and a regulatory approach [ J ] .
Critical Reviews in Environmental Science and Technology,
2019, 49 (6): 443-517.

Zhu Q H, Peng X H, Huang T Q, et al. Effect of biochar
addition on maize growth and nitrogen use efficiency in acidic red
soils [J ] . Pedosphere, 2014, 24 (6): 699-708.

Zhao ] K, Ren T S, Zhang Q Z, et al. Effects of biochar
amendment on soil thermal properties in the North China plain[ J |.
Soil Science Society of America Journal, 2016, 80 (5): 1157-
1166.

Lian F, Xing B. Black carbon ( biochar) in water/soil
environments: molecular structure, sorption, stability, and
potential risk [ J | . Environmental Science & Technology, 2017,
51 (23): 13517-13532.

PRAEAS, EH, XURTE, A5 . EWBURAR P b R e
BRI SAE LA [ ) ] PR TR0, 2022, 12(1):
161-172.

TR, XUk Bt, SEEL, 4. THEROES KA AL
MRFFE L) ] . R, 2018, 34 (17): 83-88.

Eich G S, Sogn T A, Qgaard A F, et al. Plant availability
of inorganic and organic selenium fertiliser as influenced by

soil organic matter content and pH [ J ] . Nutrient Cycling in

— 125 —




rhE SR 2023 (10)

Agroecosystems, 2007, 79 (3): 221-231. [28] ZhuQH, Wul, Wang L L, et al. Effect of biochar on heavy
[24]  EJRR, T, Zejbss, S5 R[] A S0 3R H 3G Y R metal speciation of paddy soil [ J ] . Water Air & Soil Pollution,
ARG 1 ] . IR, 2018, 49 (4): 953-958. 2015, 226 (12): 3592-3597.
[25] X3k, PhnT, #2255 | AWt + s 4 WIS R A A Rtk [29] Bashir S, Shaaban M, Hussain Q, et al. Influence of organic
RIS [T ] 3Rk, 2021, 40 (6): 1643-1658. and inorganic passivators on Cd and Pb stabilization and microbial
[26] Ibrahm M, Khan S, Hao X, et al. Biochar effects on metal biomass in a contaminated paddy soil [ J ] . Journal of Soils and
bioaccumulation and arsenic speciation in alfalfa ( Medicago Sediments, 2018, 18 (9): 2948-2959.
sativa L. ) grown in contaminated soil [J] . International Journal [30] HuB, Liang D L, LiuJ J, et al. Transformation of heavy metal
of Environmental Science and Technology, 2016, 13 (10): fractions on soil urease and nitrate reductase activities in copper
2467-2474. and selenium co—contaminated soil [ J | . Ecotoxicology and
[27] Uchimya M, Cheng S, Klasson K T. Screening biochars for Environmental Safety, 2014, 110: 41-48.
heavy metal retention in soil: role of oxygen functional groups [31] Li HF, Mcgrath S P, Zhao F J, et al. Selenium uptake,

[J]. Journal of Hazardous Materials, 2011, 190 (1-3):
432-441.

translocation and speciation in wheat supplied with selenate or

selenite[ J | . New Phytologist, 2008, 178: 92-102.

Effects of biochar application on selenium bioavailability in selenium-enrich red soils

LU Dan" *, HUANG Tai-qing” *', CHEN Jin-ping” *, LIAO Qing” *, WEI Yan-yan" >, XING Ying” *, LIANG Pan-
xia” *, PAN Li-ping” *, JIANG Ze-pu” *, LIU Yong-xian” * ( 1. College of Agriculture, Guangxi University, Nanning
Guangxi 530004; 2. Guangxi Key Laboratory of Agro-environment and Agro-products Safety, Nanning Guangxi 530004 ;
3. Agricultural Resource and Environment Research Institute, Guangxi Academy of Agricultural Sciences, Nanning Guangxi
530007; 4. Guangxi Selenium-Rich Agricultural Research Center, Nanning Guangxi 530007 )

Abstract: The effects of biochar application on selenium forms and bioavailability in selenium-enrich soil in red soil region
were studied, in order to provide a theoretical basis for selenium activation and efficient utilization of selenium resources in
selenium-enriched soil. In this paper, a pot experiment was conducted with four biochar adding levels at 0.0% ( CK ), 0.5%
(T1), 1.0% (T2 ) and 1.5% (T3 ) of soil weight. The effects of biochar addition on soil selenium forms and maize selenium
nutrition were consecutively analyzed with three batches of maize seedlings. The results showed that the content of soluble
selenium with T1, T2 and T3 was increased by 0.46, 0.42 and 0.43 percentage on average, respectively; exchangeable
selenium was increased by 0.61, 1.66 and 1.50 percentage on average, respectively, after biochar application. The proportion
of iron-manganese combined selenium was decreased, the proportion of organic matter-bond selenium was decreased and then
increased gradually, while the proportion of residual selenium was increased and then decreased gradually. The selenium
content of maize root was significantly positively correlated with the contents of soluble selenium, exchangeable selenium
and available selenium of soil, while the selenium contents of maize stem and leaf were not related to the different forms of
selenium in soil. Biochar application could increase the selenium accumulation in maize plants, and T1, T2 and T3 treatments
were increased by 10.03%, 31.30% and 21.21%, compared with CK, respectively. In conclusion, applying biochar can
effectively improve the selenium bioavailable in red soil and promote the accumulation of selenium in plant, among them the
effect of adding biochar at 1.0% of soil weight is the best.

Key words: biochar; selenium form; selenium-enrich soil; effective selenium
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