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1 #RERZE

L1 a0 5 5 kA R

AHFFE T 2021—2022 4F 75 PUCH 5 F iR X
TR VLA R K s, H AR AR A
ik pH 62, MG 358 g/kg, 2 2.2 gkg, 4
1.5 ghkg, 480 22.1 gkg, BRAFS 155 mgke, F R
52 mg/kg, AN 76 mgke, 4 0.44 mgke, AT
0.06 mg/kg, IRV FEE TS WS
Fiok dosth o 5 s AEMEE MRS CEERIE 3
5 KRR CHER 95
1.2 RAEEItT

PRSI o i S L T PR 2
(Astragalus sinicus L. ) . 2% ( Brassica napus L. ) FIIE
H % N (Raphanus sativus 1..) , F-LAEAR IR k% BE,
AL B a0 - KRERAE (T1) . % - K
FEgefE (T2) . MEHEE b - KRR (T3) AL -
KRG (CK), HEAAEHE 3 AN EE, /N
20m’, LRAETF 2021 4F 11 A LAHEFD, S0 e
FNEHE MRS/ NXRER RS 90, 120 A1 150 g,
P4 50309 TRE R H ., 2022 4F 3 7 N A) B4k
B, 4 AvBaokE, 8 A 1 HKREEK, Stk
HREAPTKMER, 78 1 H Aot R £ 025 ke
AN IKAEHE TR A AL
1.3 FEACRES T
1.3.1 FEACREE

IR RAELRNE . KR AR 5

LR SRIEBIRRT, TERAS/DX T 34
40 em x 50 em TR K/, AR E . . R KW
DCBGHEATRAE, SRAEHL PRI AR R, A
ANXEIFE B, FRELOTEAEY R (15 ),
b EFRFIRLZR A SRRV BE T4, BT B KIS
e, HETFEHIRE, P17, Frll,

IKAEAE 6 7K R 2 R 00 R s 2 1 R £
IKFERE AT o KRR /NI 4 S T7 6753 S FEAIL
1 BROKRR, AR R AL A RAERE S, AR
AR A Y R TEPE. M R EE S R A0
o KA RUAEIAE/INX 4 AT A BERLIE R 1 bR
KRR, SRR, b EFRZEE | OFPRCRAERES, 4 fk
TRARMSFES, Y. BT RE . MifE a4
B o 30 3R AR R RN M 1 20 B A AR R
Bt RS AT AL, R i ) 26 AR R S
# R

T AERE S PSR AR E T, DA OK AR A
FBCARAE R 3R, KT Bt i, ARl £
AR SR FIA S5O i
132 KT

TSR SO - A SRR P R R U
W5 B RER R SRR 2 - SRR
RINAE ; U R F iR 3 — JIEEERIE .

T A A I A FRER 1.000x g WU A (i
0.15 mm i ) F 100 mL 1 %8 B} &5 .0 & o,
A 15 mL 1 mol/L K,HPO,-KH,PO, & h iAW, ® T
25°C . 200 r/min [ERZE 7 TR 7 HEE 90 min, R
J5AE 4000 r/min F B0 15 min, S 045 pm
TEACIHIE, T 4°C FAEFERI

R AR - FRIBUHIRE i 0.3000 g Z 5
THARE T, T 8 mL VRASER, £ 120°C HL b Fil i i
30 min, R EROIE MY, WA FMN: 10 min
TEINF] 800 W, {445 5 min; 55 10 min #4335
PEERE 1400 W, {5357 20 min; JFRHIE 60°C, HL
AR o DB T i e b RS AR S A TR AE 120°C
HL AR S AR R R 2 mL, A S mL 1: 1 £
FRIAWE, FHINE 15 min, o B R R = 50
mL A, FKER . 55 HETF 200
(K AFS-8330) il 5E 4 fiffi & i

FEOK A DL I 2 . FRHL 2.000 g #F 4 T 50 mL
=M, IMA20mL 1: 1 HCLIE W, ®E S $kEs
min, FFHEEEMR 30 min, JGEEZE 50 mL EIH,
B, WML TS UEWE 10 mL T 50 mL I A&,
5mLIRAER (MR - mEf N4 :1), 7£185CH
AR 2mL, A, N5 mL 11 HCL P 10
min, J5ERT 25 mL &M, HEF2OLEETT
(K AFS-8330) e & i, 152FEHICHLAmG &
o AW A R R T B i A BN
T (%) = AP G R/ 2SR x 100,

S0 2 W A RS S AR R AT P U A TN A
PR S (AR O 158 25 /N T 15% 5 U 3 D0
SEATINE S AS IR AL, IO INAS (A ) A4
REER S A, I A AR AR A A E S AR
FE, BRFEIE 25 RAHX R ZE R /N 35%, A4 Xt
FE BTN AE .

L4 BAEgitsrbr

IR 6 H0 48 R 1 Excel 2016 1 SPSS 22.0 #1774k
PG AR RV, ) LSD 3440 Hr b B R 25 57
2
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2.1 AN[RIZRAEA: ) S AR AR

TE) VU B AR FH_L N [ PR AE S i A= 4
MEEmR A REZES (K1), IEHE MURR
AW R TSR 20, SR ) T
THPRFPLRAL ;. FESRICHL LARAie b, s, N2
HE MRz, ZHBEEAREZES, H¥EESTE

By ANFIARPER I S Y N S S A
YrieAfE ., SIEARA SR D SRR, HEEET
MEEAIEHE N, S AR R A 25 N B
AN [ S N b 300G 5 B R/ INVRRIE S AR R AR, DL
R (0.59 meke ), AEFHEE NEAK (025 mgkg ).
TEASRISRAE SRR SRR I, S o i R R
o, HUCHIEE, AR W IR MR 2R
UG, HBE LT HARPFPLRAE

x1 FEFREEMERWSE

o AL M A SAEY R AT 5 b TG TIFSEF5%is
(kg/hm®) (kg/hm®) (kg/hm®) (mg/kg) (mg/kg ) ( mg/hm®)
S 179.1£9.3¢ 2600.4 + 193.0b 2779.6 +201.8b 0.80 + 0.08a 0.59 + 0.04a 1693.8 + 108.9a
HiiE 240.2 + 11.4b 4496.5 + 213.4a 4736.7 +224.8a 0.49 + 0.04b 0.33 +0.03b 1591.7 + 186.7a
JEHE b 325.9 +24.5a 4020.9 +391.4a 4346.8 £ 415.9a 0.41 +0.04b 0.25 + 0.04b 1122.3 +148.2b

e FIPAR/NG FRFRR2ZE R B E (P<0.05), T,

2.2 IN[R) AR ER AT A FH - S A8 R S i 5 e

2 WoR A PR - KRS FeAE RS AN (] s B
PR AL AR . R B RS AR R R, FESRIE
FHHE T, 2R AN [R] 2 A XT - 1 06k e 20 A 380wl 75
W ERLW, HFAE SRS o E
B LA AU & i . TE KR 2R, & Phat)it
Ab BRI 2 B v TR AR AL B e, RS IR
K 8.6% ~ 13.9% F1120.8% ~ 29.2%; KA L
B IR E 7.9% ~ 15.6%, A5 CK Z %A 5
5 ARRISEAE SRR Z BT L 3 R %R 4 B 5 )
ZEFATE . TR I, AT I B0 s 4 it
et FH A S L. A AR RN AR 1 B O R
72% ~ 10.7%. 13.6% ~ 20.2% F111.9% ~ 24.3%,
E UG R A A 4 e ik S B K, B SRR R
RS CKZRAEE; KRR 3 Fhagit 2z [
X iR 3 RS SR IRA R E R

AL A SRR A AR A B AN TR R
FEI A 8 R IR R 2o o i ey (3R 2), M
H CK A SHA [ S0 SR AR e 260 FT A RO & e I
WEER, AR+ O & S T o
JNE BT RAESE R AP = el i 5 K Ff 22
TR - R R . AT AU R R i 2 T AR
NEHRHERT, I HAEARE I Y 1 S5 50 A AL
BT 2 T AR B AT AR S FUAS [ B
) - el R 05 25 5, {H - A U RN AL
BRI R K e 2 R R s e 0 2 v T I
JETT 5 AR FE 2 | A 3K A 2 o 0 4 3 2
A SO R U o B Y W 2 T AR B R, HK
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A Y AT R 2 = T IE B AT, £
SRR A R S B i S L B R AT 2

®2 BHIBENBARFSEE  (mgkg)
oy b SERHERT 2RI JEAI
WA CK 1134%37aA  120.1£7.7bA 1159 +6.3aA
Tl 1174%69aB  136.7+63aA 1284 +3.7aAB
T2 1188+105aA  133.0+6.8abA  124.6 + 6.4aA

T3 112.0 +2.7aB 130.4 £3.0abA  124.3 = 8.5aAB

AW CK 37.5 + 4.3aA 41.7 £2.8aA 36.1 + 1.7aA
T1 30.5 +2.9aB 45.0 +2.7aA 434 +3.6aA
T2 292+32aB 482 +5.1aA 427 +3.8aA
T3 31.2 +3.0aB 473 +4.5aA 41.0 = 4.5aAB

W CK 69.1+6.2aB 81.8 + 2.6bA 772+ 2.7bAB
T1 54.9 +2.4bB 105.7 £ 8.0aA 96.0 + 7.2aA
T2 61.2+4.0abC  106.1 +4.8aA 92.6 +3.9aB
T3  51.8+4.0bC 98.9 + 3.0aA 86.4 + 3.2abB

Vs RIING S 2 AR IR A S A B A A A 2 R
% (P<0.05) 5 NIRRT 54 FmA )b B A 7] 390 M0 G
HEFEE (P<0.05), T,
2.3 ZRE R A HHXT A A R B B s

% 3 N AN [F) A e I AR FH 398 S50hT AR 16
o SRALBHFERT, AMPagAtin M AL 1 358 30 5
CKIEAREER, LFMETERIMTE -5
RACHI 2 HE B CK B2 55 28.1% 1 6.5%, 4 FhIE H 2
NI A 17.3%, 1E 3 FheghtZm), & Fh& 3
HHE S TARI S b, fEKREZ2R, e
T A T Ak 3 A AT R 5 1 B 2 T CK, 5
P I B N EE I N D S B L6 | A A O 7=
88.1% . 77.2% M149.5%, AS[FLRAE 2 (6] 22 5% 1 &
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F o KRR AT - BERFE T 45 R 5 A
AHIE AR, SR AL BH AL BE 35 5 T CK, #2505
FER 44.1% ~ 82.2%, HAS[RISEAEALBEE] TG i 3% 25
So VU EZEREN, ESiEE mEa R TR RS
TG FE - S8 P 355000 i, T 55 2 0 B s s P Ah 3
IR R TSR |

ANTRIEHYIRE -39 %5l & AN TR, Hrhaghe
TR AR 34 FH A - 398 50 5 AR R R R (2 3), CK
ARFR, A A IO B i R Ak R 2R R > SR B A
> B, (AR 22 N 2, ST ARt AL
B, RCE S B R A A A i, R
HERFERT AR AN R 22 R8I > i > SR IE B R
I, Herh 2Rt 2 s T A AR IE B AT, B
HHRNEEAE B H AT RAERA I SS RS B 25 . uiigg
JIES oo % F0 s FE M AR 1 g P A 255G 5 184k
PRI IR LA FIIG PR R, AT KR XA (A I

®3 BABEKBARNERKANTEARWESE (noks)

Ak B LRI B i ZFEL] A
CK 62+ 11abA 67 + 13bA 51+ 8bA
T1 79 + 12aB 127 + 17aA 92+ 7aB
T2 66 + 8abB 119 £ 12aA 89 = 10aB
T3 51+9bB 101 + 14abA 73+ 8aB

2.4 A[EGAPERAL — K REFCAEXTRE AR 7= B R

ME T AT, FER AR 2RI, AN [R] SR I
JEIE FH X KRR AR 28 A b3 =s A= iy e B 5
e, H 2 00 25 50 e KR G BIAR 3R A Py e R R
i, AR ATE JMSEAIE N B ALK
et A AR 2R A it 0 ) HE CK 4 1R 12.3% . 42.6%
H17.5%, Horpyh =2 B0 R B AR FEAR 22 A8 4 i b 3 v
T CK; iR 3 FhagAtis H A B /KRS AR A )
HMIEE CK 38 7.1%. 11.7% F17.5%, (H2EHARE
Fy KRR VRIS HACBUK R R i & =T
CK, 3IEIR 12.8%, TMEFIAE S | Bl H H Ab 2
TKAFHFRL R AN 3, 3 i3 7™ 8.6% Fl 7.4%.
2.5 A[EIFRERIE - KRR KA R BRI
2.5.1  JKFEASIEAE B I 22 5 SRR

Aol 2 A 0 34 FE X 7K A R PR ARG 258 R T

s (E2), KA, &MEase, W
FUAE FH B8 A B K RS AR 2200 7 &2 43 31 b CK 32 5
23.7% . 18.1% M15.8%, K= i fl B R E T
CK; AT i N 360 Ak 3L /K R 2 A ) 25 I A 5 i 2
BERT CK, &FERIE, JMSEMALHE N AbHE

I CK $25 25.4% . 27.3% F122.3%, KRG
W, AP ER IR B AL UK FEAR R0 5 5 CK JC i
F2S, AXARENESE, K g5 R B
WRR R, 15 10.1%; ZERHA0 5 5 A 1 2 28 4k,
KRR T AL 8 AL ELA 5 L CK 45
34.3%. 21.0% F1 16.8%, 4 =35 B & i 1 4b
W E ST CKe Ui, FEESIETE 5 b 0y R i,
KoK RERT I 5565, SRR K RSl 258 FR 5
i) R AR R A 1 I B Ao

8000
7000

Ack C11 B2 E13

6000

2 5000

£

%5 4000

A

Eg 3000

I 2000
1000

0

JEAIY)

B RAIEKFEEMEFE
e IR EARVNE FREOR 257 B3 (P<0.05). FIF,

0.80
}% 0.70
% 0.60
Eos0
18 0.40
€1 0.30

0.20
i 0.10

0.00

ck [T E

B2 XEAREBEHREAREMHHASE

252 JKFEAFRLAN SEARAIE
MIEN 3 AT, A FhEk A0 BH A T X8 RE H2 = 7K Fs
AR S, 5 CK AL, AFERTE.
SEFMAR FH B S BT 3 P AL BK R b A il 550 1) 4
5 57.7% . 51.6% F125.9%, .58 2 52 HIH 52 B
JEIE AL PG 22080 T CK. A3 7 2t 80 A
IR, £ A0 PR & 5 K/ MIUT 2 20 > I >
JEHE b >CK, DL ESEAEA AL ER /5] 1 CK $25
53.2% Fl1 42.4% 1 26.7%, 45 75 i % B A H
bR S T CK, FEKRRE KA HLANG & 1 [, 4%
AL HAT ARG 5 P 90% DL (B 3), &Fh
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BV A R, R 93.4%, NEHE N #
JEIR AN FE AR, M 91.8%, (HAAFhEEIE B I8
MRS CK ¥ A B 225, U g5 Ruis, &
Tofi 28 2 0 e i AL B A AT R T R R A A 5 2
Al 0T, LA AR AL 3

FEAAT 5 Bl 7emifr it
a

0.16 a 0
—~ 758 5% 59 ey
o 0.14 B ks b B3 120 ~
& K5 e [ k2 180 <o
> £ i [ k< X
&b 0.12 K K [ K
. 50 9% 15554 50 ~
= el b e 2 170
- K a 2 R 5 ES)
0.10 el SRR X e 160 =
e kel Bt B oo K Kot
0.08 b ke R R 1 150
< - 5 e ] B E
= g 3 K 140 2
0.06 e [ R
E g2 K 4 {30 iz
= £ e
1 0.04 e s X%k
-~ -3 -Kd 5% 120
] {2 5%
o 1 0
0.02 3 8 x5 110
o = 1 0
0.00 R et Jo%8 {5 R 0
: CK T1 T2 T3
i

3 ARERAE - AKFERAE THEK S B

2.6 SR SR 3 ROAT KR A G 1 A G
KR

SN - K FACAERMEIR R D, R BRI
SeA i K R 2 R - A R B e AN IR
M (P<0.01), Sepienh2fa . e EaT +
A S5O e S K e ) - A AT B i A G
PERE (F4), ILAh, K2+ AT RO &
5 AR AT SR A (A AN 3, (AR B
I S A 5 5 A 2 A SRR e A, SR
RN B EIEME (P<0.01), KRG T8
BTG 5 SR MO ZE i SRR o A B R e R
IEAHE (P<0.05), X W] 85 /KRG 42 R0 W i +- 4
KA, DA SR, A FPER I L &
S T S0 S5 Ak SRR RE X S RRK
il 5 A AR AEH

F4 KEWMSE. FEMERERTEEAMIEZ HHEEHEXKR

sk Bk K LRALAR ETE0 SR SR B i ZR R 45
Tl 5 ik Tl 5 ik il A g AL SRR A TR B
Aol 0.890"
SR AL SR 0.032 0.251
SRR AN R 0.629 0.546 0.109
SR SRR 0.626 0.555 0.159 0.999”
£ ][ )R T wk SR QUL 0.359 0.256 0.325 0.824" 0.835"
ZE R - B R 0.960" 0.846" 0.054 0.588 0.587 0.385
A - A AT 0.599 0.341 -0.162 0.781" 0.767° 0.769" 0.528

T e PRI FORAR DGR 3 (P<0.05) R (P<0.01) 7K

3 itie

ANFEIVEYIO A0l Y & LR e IR A K2R, BF
SRR, SRHEY R T AR R Y A 5 i
EAERE S T FEARBET R 3 ARSI R AR
ARG 5 e XA v, H TP 5 R U R AR T BE T RO,
SRIGHKIR AR, IS b (F1), 23X
— N R AR R W AT B AR e T O R
MY, WMETES " WOt RY, A% MLk
VEERNERS TRE., Bt dpE KEm
Vi, WSRO AR RHEY, AR
RN GRS . RS ET
TFAER, — O T A A A B 2R
U, 5 — 07 AT RS HAR VR B R
K, BAMEEY RS, AT i FhZ 8] 56 2R
— 170 —

RE N AFTE W] B 25 5 10 ILRT A RS i %
=Y, M. EHE N 3FEEIEAR R Kb E o
i 25 /2 o AR AR B, ARWFSE ML N BAE T
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AL EE SR, EXTFAEHE N rsEis i, Xnr
BE5 H AR 22 O NE ST TR A 5

KPS RERS I LA R (£ 3), A
SRy ARAS S B o A S22 R 5 - 398 P A 3T e
BEEAE, T ELKRE B Y e R
5 SRR (Al R AR B E IEAROC (R 4),
S B e SRR A A o A i o R v e 2 R
Sk, DT 5 b A AT 0 A g
T W BAR AL 3 A 5, 1 i 5 o - S £ A=
YA e S BB B 5 A H b A o 5
Se L THE PR (£3), X558 EE L5
F9 B8 ek R S b 5 R MR A R — 3 I
Sy, SRR A AR 3 B A R LU AILAN A TR U
e, HARM L EY AP WA VLSS 28+
HETRAE Y or 8 ITC LA 55 /N o3 A BILAR, 3X
BB 43 Al 23 Bk 7K 8% # K,HPO,~KH,PO, 5% ih % ik 12
W, TR T A i, B S
PEAT, ZRA0 SRR A B i ra X, TR g AR
(A5 73 4 K R W R, — 08 43 0 A 3 08 ]
FE, RHEA RO RN ARG, (H, 2RI
A RO i S AR AT R SRR HI A AR
P, AT BE SR PR A 27 A S I 2 A R WO AT 1)
SRR, 2 B A R B R PR M A, T
TR I O A 255 SR R BRAS H HE 5 4 IR Y A G
o AR A& Ff 3 A8 i b T A A5G F%) 5 Wil A5 22
S, AW, AR TR A A R
A, FLURCHTHESR AR HE NALEE (R3), X
SRR N8 = R i SRR R TSR AR N
(%1),

SN — K AFESAEA T 5 o A 2R X g
W, ZRAEEHTR A H—Jr e KRR R A K, DIbE
SRAR RTINS, S —Tr T, PR A RS
Feortrt, UHIRASWE R, HAEW/D ekt
I B, 4R e S Y A A Rk . AR
SRAEXT K AEMR R . ZE 0T RURERLAR S 5 B TR A/
WP R 5w o >l >3 N (E2, B3), Xl
RE LR BB B A C (R 1), Z2RbIAER
HHIR KA R AR SCHERT 1, FeoRml & & 5 2 f i +
HEA R0 AR R ARG (R 4), i by
Gy M, SRIEHR R BRSSO S A B
i QI S 11 NPT S REr s o Y ) B == iy i =
AP e 3L i 5 VRl & 1 2 AR &
AEIA = IR A AL 5 & G LR g 2, B

TE90% LA b, MEEAE - KFESAEIR R R, R
SR pK AR B A b R, —
DT, R R R A A VA AR DL A
S RE M VEAR 2 AT 2, B—0TE, E
EEMAC DY, KA ER S 1L A BT A R
R M AR, B, MR R RS S A
LG 25 o Lo o s 7

4 ZEig

ZRNE - K AR R RESR MRS 2o HH IR
FOKAEE YA, (AR = A a3 2k
il 2 B AR A 25 6, {FL5 0] UK LU R K AT BT 25
i A B AFSIER R Z A, A
RERRAG S R B 38 TIsMIAE 2 b, Mgt
FERRAN . SR A A KR, ARG
R S 2RI Y A R e S A R
I, S - KRR A A ) TR i KA X
i R R AR R

SR

L] skdmds, Rt ARG 20 KRS =R r5gm [T ].
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Effects of green manure varieties on available selenium in paddy soil and selenium-enriched rice production
HUANG Tai-ging"” >, CHEN Jin-ping" >, JIANG Ze-pu'" >, LIAO Qing" >, XING Ying" >, PAN Li-ping" >, LIU Yong-
xian'"" *( 1. Agricultural Resource and Environment Research Institute, Guangxi Academy of Agricultural Science, Nanning
Guangxi 530007; 2. Guangxi Selenium-Rich Agricultural Research Center, Nanning Guangxi 530007 )

Abstract: The differences in natural selenium ( Se ) enrichment of rice under different rotation systems were studied, in
order to identify the better types of winter green manure, and provide theoretical basis for the application of selenium-
enriched paddy soil in Guangxi. Three types of rotation system were conducted, including Astragalus smicus—rice rotation
(T1), Brassica napus—rice rotation (T2) and Raphanus sativus—rice rotation (T3), with winter fallow-rice rotation ( CK )
as the control. The effects of different green manures on selenium absorption and accumulation, soil available selenium, rice
growth, and selenium content in rice were systematically analyzed. The results showed that there was a significant positive
correlation between the total accumulation of selenium in green manure and the available selenium content in the soil during
the period of green manure tilling and rice maturity. Moreover, the selenium content in rice grains was significantly positively
correlated with the available selenium in the soil during the rice heading stage. There were differences in the absorption and
accumulation of selenium among different green manures, the total selenium accumulation was ranked as Astragalus smicus >
Brassica napus > Raphanus sativus, the available selenium content in the soil showed the same pattern. Planting green manure
in winter was beneficial to increasing the selenium content in rice. Compared to the control, selenium content in unpolished
rice treated with T1, T2 and T3 increased by 57.7%, 51.6% and 25.9%, respectively, however, there was no significant
difference in the proportions of organic selenium. It could be seen that the accumulation of selenium in green manure affected
the available selenium content in soil, which could affect the selenium absorption by rice. Planting of Astragalus smicus in
winter was more beneficial for increasing the available selenium content in selenium-enriched paddy soil, and increased the
selenium content in rice in the subsequent rice growing season.

Key words: green manure-rice rotation; available selenium in paddy soil; total accumulation of selenium; selenium-

enriched rice; selenium content in rice
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