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INBESEM AT AE. EMANEREFTERZN

HOARHR D MEE S, TR, REE Y, JEEH Y, ERE Y, ARER
(1. PR RERAEMZE T, LIPS 333k 0440005 2. JEEKFILPEIE TS GEIRMISE L,
WPE KR 030000; 3. EHrEOEARZERE, ILPE B 0306005 4. PG KRR AR,
g 0308015 5. PO REAFEARES, thvE &9 030801 )

B E. ROPEINBOEA RIS NE RO B AT R A R BEYA RO L BT R & K R R
B TAMEAR I R &, A REIRAE A 7 L4 Bt AR (RS S R, LIRSS TR A K248 10 5 0 #1L
BFEFER 21 SRR, RAKIIRE:, 7FAF2ARENImTiEEE 0 (CK, 757K) . 20 (Znl) . 40 (Zn2) .
60 (Zn3) . 80 (Zn4) . 100 (Zn5) mg * kg™ (Lh Znit) HiEREE (ZnSO, + TH,0 ) VAT, BFFTA I B BEVA ROV £ F
T BEYAERE . BROCER A MR AR . S5 WA IR R R A RS T B e AR AR S i
H & FEm v BESG R, A S BT, 7E Zn5 AL PR IR BIEROR, (5 B AR T E R bR B R AR
#E (<50 mg « kg™ ) 5 HEHASFEIRESINESRES , BEAE Ao B LBl OO L 258, kPRI oI L il i
s B TR BE AR, PRI IR ot AR / R IR HX S SRS TR A RA A YITE Zn 40 mg - kg ALY
I FRARFREIE R, 5 CKAHLL, 4 21 S0 0IR T 46.06%. 54.31%, K24 10 B4 BIFEAK T 35.80% . 40.31%;
WA RV AT . APRLL. . B ROHLER A B B B R K R e T R RIS ka3, 7E Zn 40 mg - kg B
KB, WA 21 B8 CK 2 WHRTE T 9.26% ., 40.79%., 9.20% . 9.26%, 3KZR4 10 54 CK 20 BT T 5.36% .
17.17%. 4.58%. 5.36%; AIF|GFASTFWEEA RS, R, TR, BRI D™ 5 SR, ¥WE
Zn2 AEFRIEINER L, A4S 21 S8 CK A SN 1 7.12%. 3.79%. 20.69%. 21.16%, K745 10 5% CK 43 93m 1
3.33%. 5.16%. 14.22%. 13.94%. 2 LRk, SMNEEEATA PO REE i . AR R ARG S T . J =135
HARENEH, S R e T R a0 R 28], Mt i A 40 mg - kg™ BHATR

KR AT BEEE; MR SEWARE; R SR

AR, IREAMEBORMZ RIMTEE ei, o BREEEIRN, BORBZ BT E B, Wik, o

Il AR I, JEHOR R VRS o TR
AWl , R ERUE TR & E AR EUREA 2
A AR ARG T R EAE RN — RS 5
Wy, S5 R—MAEE RS, ¥
M B 4 A WA 8 o AR 1 BRIEE JR LU AT LA S B A
IR AR R 0 SN T IS, B S
BABGSAYASE. &5 & AR ER

KRB 2022-10-10; FABH: 2022-11-12

EEWH: ey a0 e (201903D221050 ) 5 thpg4y
B N R REIF Y B 35 B (2020-060) 5 1L 7H A8 48 Tl R
MR AR IH ;1P A T el A SR AR 2R 9E 4 Rt I
H (SXBYKY2021049 ) ; 1Ly PG 4 Mk 2% A AL AIF 52 7 18 - ik 4 il ©
(SZ)J2021-03 ) 5 LLPYAS = S 2 A RHE BRI H (202110173 ) 5 isdk
MBI H (2021YNZDO2 ),

EH =N WA (1992-), BYEBFEH, WA, #F58)ymhfE
Yk E s 50 AR, E—mail : emlin34@163.com,

EIEE: 2, E-mail: duhuiling66@163.com,

FEMTHEAMIREE X VEY) AR B 5 1 L B 3R R T
FEER S A2, W & RE T REME S A P AN
M, WRETE A L BBk 27 it FH 2 it 4 A
SCHE L AN BEAE WA O B R I R R A K
FE. ANZE . KRG SEVEY DL BB SR MUK R B3 W
i EaR R R R M, X/ NE ] 300
kg « hm™ ZnSO, + TH,0 W] DLl & HE /N RPRLEE
L MR/ EEEER LR T REE 1S LUF, BLEA AR
Rl DL B S AR LR A A . Melash 25 A
FEFRMA, FFAEI I ZnS0, A= Wi Ak il $2 i
PP EER & i, A Wrsm Al n] RRJE s IREFER = SiE
MM e M T . £ TS igR Tl
FHEENEXT E A FEE AR, St e A]
ARG E R BRI EEEIR DL, TCie S i
ISR EWE, BTREEY (N KRS EoK
) PTEFO RS, E AR T LR B8 4L
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B, AR S Ao, HE R
SZRETS YL (VS TE AT REME. Singh 25 U BFSE TR
FIUAS [ AT XS 4 498 v A R8CEE RN ED B oK ( Basmati
Rice ) EEE RN, L5 FKI, EDTA A5
Ab PR PR T BN ORI T R
AT R B 5 . Saboor 4§ [15] WEaT 3B, 5f
) SVt FH T 99008 . SEBEY A KR
MBS, AMEERIE AR kA K e
TSP S W7 T A TR, sl S ke
T, PTFIAESS S d BERGEERE, Hyal @ E R TR/
AZMMEES R, FRAEN, SRdAs &R, T
T T A B A AR B B TR, AR A S
0 5 T, AR AR AT LA & s bRs s
EORESE T RS TR AR XA T B A AL
WM DA SRR E R PRI R RIS, 25 eI . i v
Jii A 4% (2.25 kg * hm™) /KF (ZnSO, + 7H,0) A
FIFHRE AT R brE AR EYE . AR 5
W, CAMMRIEEZE D F/ANE . £k, KRS
YEY) I, BT HBE A HGETR D, ANFEA T 5
TR 51z . e LA PR AR A R . Ah
VRBFIE B VR B S RGP R I B /b . AR LA
TRMEL, HRFTZERER (83T 0 e T AR IS it Rl
SR ) WA [ e AN IR O A e A
Tk 10 SHE A T RFEA 21 54558
PREST R REREIEWO . B R B ROC R
R, N ERIRE R T LA B R
PEBRE SCRE, oA P B RS T O RETE & S PR LR
SR

1 #REIZE

1.1 3R AR

P A 24 2 A T Rk 2248 10 45 (7L
Bk F O EEBE ) A AT A 21
5 ClPagOll R2=AF R ).

AN R-EK BB EE ZnS0, - TH,0 (AR ),
1.2 5Tt

A NGRS, T 2017 AR 7E WL Pg A0l
FEF I ZER 6 B (37°42'N, 112°55'E) #H4T. 1%
b DA T L PR AR R R A b, AT i
] 9.9CEA, LM 176 d, 4EFHIFEKHAE 460
mm 2245 ( 243 1E 6—8 J1 ), kIt + 58k 4 K
PE+ 58, pH 847, AHLI & & 42356 kg,
TR A B ik 45.15 mg - kg, AR EEN 20.26
— 156 —

IR 2023 (11)
mg * kg, HAEN RN 217.6 mg - kg, REGH
N 1239 g kg, EBEHEN 1155 kg,

Tk 20.68 ¢ - ke, RVBEET N 87.09 mg - ke,
BB SEN 3.433 mg - ke,

KHABENLIX AT, fEA AR (ZEH T
i Ve AT AR e A ) B 0 (CK, T
K ). 20(Znl ), 40(Zn2) . 60(Zn3) . 80(Zn4) .
100 (Zn5 ) mg - ke BEAW (LA Znit ), PRUEM R
Wi, 25 AR, gt 1202, RA-Ab
MER 3K, 36 /MK, BA/DMEEA (K x
TR 3mx2m) 6m’,
1.3 e H

BN REMLEE R 3 bR 7, #EATRRR . BEA
#H, TREMIE, £/NXA TR, BRI
JEHE
L4 YRS R E

BRSO fE, B4R (. 258, i)
kL) FF, PeEBLT, 105°CA T 30 min, 65C
P EEE, TR E, SR ICP-MS ( HLJEGE
BB TR ) O MRS
1.5 FPRIFERR & w0

FERLRE o, R =S8 ek 2 g
TR 75 1 o
1.6 B BTE Mo S e

WKL A F R H T e R A . B LA
FHLEE R E o 05 A AR 1 2 D R 2 i Bl
FGERE T, BEaEIE R AR S k2
H SRR E SR K
1.7 HdEkb s

BT ASK0HE FH Excel 2003 22 HIE1E R, FH SPSS
17.0 #4707 2250871, JH Duncan #r & 22 23017 i
EER S

2 ER5HMH

2.1 HMEBERAR A AR B TSR

WE 1R, 2RI St AN [ e B R
TR A AT o 5 359 i 5 A Pt e 2 1 A v 344 o
TE Zn5 AOHER IR B i R, BREEHY Znl ZbBE, PO
P CK 22 73R 3 8 2 7KF (P<0.05 ),

528 5 W I AE 58 48 F A K IRl R Zn2 4G
Y, A 21 SRR, ML ZERY . MRS
H0 98 3043, 12604, 3547, 5252 mg * kg,
CK #2711 18.04%. 1890%. 7.10%. 19.50%, K2
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A0 SRR, R ZEE . REEE S R
2759, 9531, 4395, 64.13 mg * kg™, B CKIETHT
7.56% . 8.77%. 6.90% . 12.40%; TEjiti%Ed KH Zn5
SRR, EA 21 SAPRL, M. ZEEN . AR
Hr o 37.36. 14061, 40.09, 6125 mg « kg, #
CK 42T T 44.96% . 32.64%. 21.04%. 39.37%, ik
ZB 10 HFRL, M. ZEEE . MR S Ao
3051, 107.71, 47.12, 7218 mg * kg, % CK4& T+ T

A

O ck B zn1 BAzn2 H7Zn3 [1Zn4 B Zn5

FREE R (mg - kg™)

@}

507 de e
45t

(mg - kg™

40+

iz
(’LE[ 35+

30+

iy

CERRRRR A
(SN}
SRS MU

25

18.93% ., 22.92%. 14.61%. 26.50%., > FhEE &
A I TEARTR IS B B K (BR Zn5 AR 4T 21
SRPRLEES e ), R AR kRN, AR
B, i AN A AT DIk B8 S AR ROR, AR
FEZAREE R A&/ (<S0mg - kg ), 4ia%EH
HOIA A K Rl MR B e, A2 B B T A
Wt FsF [0 AR S5 A i e 32 2 R 5 40 mg + kg™
PRI

oe}

O ck B znl Bzn2 BHzn3 [znd4 BEZns
150.00 £
140.00 d © E
130.00
120.00
110.00 -
100.00
90.00 -
80.00 -
70.00

[¢]

-

3900008

AR (mg - kgh)

e
3555

i
=
it
do =

il

w)

80.00
75.00
70.00
65.00
60.00
55.00
50.00
45.00
40.00
35.00+
30.00

T T T T T T T 1

ISR (mg - keg™h)

1 SNBSS A F &S BRI
T AFVING FHREFRR R — AN R B AR B R 22 57 15 5% BFKF- T,

2.2 HMEEERTAR 45 EB AL EE S BC HAF Y )

HEE 1T LE N, HAARRRESNEEE S, B
ER T ARFETA BN, R ot > 1 > 25
B > FPhL, AN]SRy BCAR R AL, AR
W21 5 E Tk 105, ZEWAR P54 21
SARTF KA 105, PSS AP AR R o 43 B EE A1)
FHIE. 5 CK AL, ASF SRS A 4 22 5 1k
ENGIE

TRAAF 10 SHPRRIAEAN R MR B Zn A0 RS 22

SYIRWE, EA 21 SRR S BIAE Zn W
KF 60 mg -« kg™ (Zn3) F140 mg * kg™ (Zn2) Hf
ik 2 R AR IR 5K 22 4 105 43 I 7E 80
mg * kg (Zn4) 140 mg * kg (Zn2) DL Fik2ER
BE, BE 20 500ERT 20mg - kg™ (Znl)
80 mg - kg (Znd) WKW EES, htar W, 2
TG VR BE 7 T 40 mg - ke (BRI A" 23 %
AR L AR, R RIVRE Zn AbFE 22 [E) R
2R WETEER .
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R 1 HMNEEN SIS FESENE LGN (%)
il 43 KPR i x| 1
BRI 10 5 CK 12.13 £ 0.29a 41.44 £ 0.50a 19.44 + 0.47¢ 26.98 + 0.25a
Znl 12.02 £ 0.23a 41.86 £ 0.37a 19.03 + 0.12be 27.09 £ 0.04a
Zn2 11.95 £ 0.07a 41.26 £ 0.14a 19.03 + 0.28bc 27.76 + 0.20b
7Zn3 11.95 +0.23a 41.12+0.77a 18.76 + 0.29abc 28.17 £ 0.39b
Zn4 11.85 £ 0.19a 41.47 £0.74a 18.51 £ 0.45ab 28.17 £ 0.18b
Zn5 11.85 +0.15a 41.82 +0.45a 18.30 +0.41a 28.03 + 0.39b
TAa21 5 CK 12.34 + 0.28a 50.76 £ 0.17ab 15.86 + 0.43b 21.04 £0.19a
Znl 12.48 £ 0.16ab 51.25 £ 0.38bc 14.96 + 0.13a 21.31 £ 0.16ab
Zn2 12.45 + 0.25ab 51.56 = 0.55¢ 14.51 +£0.27a 21.48 + 0.54abc
Zn3 12.79 £ 0.11bc 51.30 = 0.03bc 14.38 + 0.35a 21.52 £ 0.23abc
Zn4 13.01 £ 0.16¢ 50.74 + 0.10ab 14.43 + 0.56a 21.82 + 0.33bc
Zn5 13.38 £ 0.21d 50.34 £ 0.38a 14.35 £ 0.39a 21.93 £ 0.23¢

TE: RSIAIE NG PR AR SRS [RIBE R A B2 (8] 1 P<0.05 /K225 B3 . TIA.

2.3 AMFREXTAS THERA R & i SR / FEEE R [L
EOpAlE

M 2 FT UL, Bl FEMRGA R, KPR R
i RORER /B IR L34 S SR RS TR
5 CK A L34 o 2 R A () — ik B B A AN [w] ity
BT PR TR & R AR / BEBE R AR TR], %48 21
SRR TR A 10 5,

ME2AFT LA, AR EEA#EE, &
4215 fH R & & 4 5l 3106, 2114, 2511,
2.877. 3215mg - g, B CK (3919 mg - ¢") [FAIK
20.75% . 46.06% . 35.92% . 26.60%. 17.96%; ik
Z2 4 10 5 A8 R 7 1t 43 3 R 3738 2.765. 3.125,

3402, 4.005mg - g, % CK (4306 mg -« g ) AKX
13.19%. 35.80%. 27.43%. 20.99%. 7.00%.

HE 2B AT LVE H, ANEEFEALI, E45 21
SRR [ BFEE IR L 43 5 1090, 6.95. 7.61, 829,
861, # CK (1521) F#AIK 28.34% . 54.31%. 49.94% .
4550% . 4341%, KL 10 SHEIR / FEEEIR LAy
1391, 10.02, 1088, 11.55, 13.13, % CK(16.79) [%
1% 17.15%. 40.31%. 35.18%. 31.20%. 21.80%., "
UL, ASTR] & Bh A A7 R AR R 2 i AT R / 4% BE R
EL 4 7E 40 mg « kg™t A B IS A ARG AR B A K, RP 2
WX F Wit 40 mg + kg™ BEVE R Y BE AR A AL
K.

A B
OcK B Znl B3 Zn2 HZn3 [1Zn4 B Zn5 OcCK [ znl B4Zn2 8HZn3 [1Zn4 EHZn5
_ 197
TOD 17F
N f\ 15 L
2 2
E # 13}
i &
Xt &
S w97
= |
5

HRAAT105

B2 SMNESENE FAFRERR S BMER / SR ILHIR00
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2.4 AMNIEEERT A T ORERLA
() 5E ]

M 3 AT LVE Y, TR A Rk B e
W, FERLE. B MOHLER A o B R
HRBETHE G R EE, 7F 40 mg - kg AbFE
(Zn2) BHREIEK, BREPS RSN, HApdein & m
TEFERER T 80 mg « kg LB (Znd, 7ZnS) J5 25K
THIRR, 4y 21 AR I A Tk 105

TE Zn2 R BRRS, A 215 A, B A HE
& 0 9 o 21,67, 056, 275, 1354 g« kg,
B CK 2T+ 7 9.26%. 40.79%. 9.20% . 9.26%, ik
B0 5A . B B OBEA SRS 17.11,
0.48. 338, 10.70 g - kg™, % CK#E T} T 5.36%.
17.17% ., 4.58%. 5.36%; 7 Jifi FF e K %) Zn5 &b 3E
BF, WA209 R, B 8. HEASES 0N
17.93. 030, 234, 1120 g - kg', HCK[E X T
9.61%. 25.42%. 7.02%. 9.61%, K74 10 5%,
W, B ML & E 45 15.66. 037, 3.07,
9.79 ¢ - kg, B CKFHKT 3.55%. 8.56% . 4.88%.
3.55%.,

AWFFE R, KRB IR HAE 40 mg - kg
Ab S R A oA B G, R R T R e
K, (HKT 80 mg + kg™ BFat i BUE FRBC AU B S,

W PO

A OCK B Znl FAZn2 HZn3 [1Zn4 EHZn5
f

c

AEE (g-kgh

@

OCK E1Znl EZn2 HZn3 [[1Zn4 B Zn5

350 abe bc ¢ be

e (g-kgh)

ZEFEIRE A T 40 me + ke AW TEFEM
(IERZE
2.5 AMNBEERRTA T i B HAN B R 5

mFE 2 fin, BEEWTREARE TR, AT
Ko TR, R DL Y R e T R REAIG
FIREH, 1F 40 mg « kg A FHEHA R, BRER
21 5 ZnS5 ALERAN, Tk7 5 AEAS [R] e BE A Ak B 4
B RTF CK; K DL FER FHAE 100 mg - kg™ Ab
FRHIE T CK, HEFEIOA B3, P iE KT 80
mg + kg™ AEF S IR R

FEZn2 4h BB, H A 215 K. TR,
T RL HE K 7 i CK A3 S48 T 7.12% . 3.79% .
20.69% . 21.16%, 5KkZ<4% 10 SR T-hidE, FkL
MR CK 04T T 3.33% ., 5.16%., 14.22%,
13.94%; Zn5 ARBRET, 43 21 SR flok ™
B CK A AR T 1.78% . 16.23%. 19.57%,
ZeAY 10 SHE | ROk R A CK A BRI T
0.69% . 11.97%. 12.86%, i 4+ 21 5 Fl5k 24 4%
10 S TR E S5 LT 4.44% ., 1.57%.

AP, R, ToRLE., BURE KT TE 40
mg - kg™ AbFREFIABI I, Hrpoe Fbr o R Y
RO e T, ZP R AR T 40 mg - ke BRIA
TR IR ) i 7 AR

™

OCK [E7Znl FAZn2 HZn3 [1Zn4 B§Zn5

0.651
0.60
0.55¢
0.50
045}
040+
0.35}
0.30+
0.25}
0.20

PR (2 ke

o

14.00
13.00+
12.00
11.00
10.00+

9.00+

8.00

HEREASE (¢-kg)

B3 SMNEEME TR, B AREERSENTN
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x2 MNEEMNBFEFEREMBEEENZMN
At il K (em) THRiE (g) FRE (g) P (kg » hm™)
KA 1055 CK 29.03 + 0.40ab 2983 +0.011a 24.55 +0.37h 5265.97 + 124.29h
Znl 29.57 + 0.31bc 3.075 + 0.012cd 26.80 +0.52¢ 5739.54 + 160.50c
Zn2 30.00 + 0.40¢ 3.137 £ 0.012e 28.04 + 0.46d 5999.67 + 122.26d
Zn3 29.70 + 0.36hc 3.087 +0.010d 27.12 + 0.46¢d 5642.82 + 160.08¢
Zné 29.37 + 0.31ahc 3.054 + 0.016¢ 26.56 + 0.46¢ 4759.05 + 153.16a
Zn5 28.83 +0.35a 3.030 + 0.013b 21.61+0.75a 4588.96 + 156.39a
T 21 5 CK 26.20 + 0.56ab 2.853 +0.010a 17.64 +0.36b 4192.10 = 131.21c
Znl 27.17 +0.55¢ 2.927 +0.039hc 20.07 + 0.38¢ 4875.77 + 125.10d
Zn2 28.07 + 0.45d 2.961 + 0.028c¢ 21.29 +0.38d 5079.21 + 132.10d
Zn3 27.57 +0.32cd 2.931 +0.012bc 20.78 +0.28d 4825.75 £ 162.97d
Znd 26.87 = 0.32bc 2.905 + 0.026b 19.70 = 0.31¢ 3651.83 = 151.40b
Zn5 25.73 +0.35a 2.898 + 0.033ab 14.78 +0.40a 3371.69 + 141.85a
3 Wi AR W AT BL B TRy T A A W A R R R /B R

3.1 ANBEREXTA T2 T B B NS Y R

BRI R — AT TR P, BT ARFSE
KW, VEWANERENLIS , T LA I E 2 A b &
i, (HRARKEY . ARG T AR
WA T ARBE SR A5 SRR, AR AT L
AR TR SR A0 R o i, AR A
AEAIR (B Zn5 A BT A% 21 S FPRLEE & i i
mAh ), EEP RN, HAEA 21 SRS L
)25 LR B K F ok 248 10 50 AR 4740 I L
BB, SR 21 SAALL, HKIAT 10 BHE7E 2R
FAER AL LA, EmE e h A B Ll /N, —
FAERPRLAMTC H 0 22 5 R 4 3 BBt vk
F. A 21 SR RIS ARG 1 A AR R
MR A4 10 5 R A 2R AR RIS b, 7%
¥ AP B LB/, BT Al ik B4R T HFRL
BRSO, X5 Lin %Y BRI S BRIA
RN VIl BT Ehert St

88733 T S VIO u Sy i N 1 IO R 4 DT S
PomBE A ZN, BHEA T ARG E A
ORI SR N AR B A O, KA 105
L, EA 21 SHAY E R
3.2 AMEEEXS AR TAEIR B SR 1 BEEE R LY
Al

FERR AN — R E TR 7, o 3R
— 160 —

IR HERTAE N 5 B i R AR A RPE e bR, R
[ 5 F5 oA 2 DO SR /B R R HUAIR T 15 B, AR
BT ASBEARS ARSI, SRR
B, AR TR, BEE BEWRE R A K, FF
ERE R 7 o SRR 1 BEIEE IR HL 4 S e RIS T =i 1)
A, CK Ab #1148 AR 7 FF BE IR EE 4 ) o 15.21 Fil
1679, #ART 15; Bk CK Ak, 4% 21 SHEMR / #¥FE
JREER 1090 ~ 695, 5K4% 10 SHER / FEEE/R LA
1391 ~ 10.02, /N 15, Ui B2 mid e e n]
DR AR E A RE . X AT BB H Tt
BERRJE, VEDIIR N FE R B0, (HRE R o0 ik
JEAS PR, X —45185 Chen 25 71| Saha % 7R/
. KFE LIRS A AR
3.3 AMEERRA TR MO A

A 5% AE ZE AR A8 T WA [R5 B T TR
o, FPRLAL BB OHER S RS R Y
KEESET AR A S, DTS BB W AT LA
ERTERME, R TR K E & R
F&, R BRI S i CE SR S R . AR
SR, B E R R EIEAK, BRARERE S
Sk RaAE, BEAMRSRNSZ MK, X
Al RS Bk X A O, AR AR,
BES B B RSP A SR LX), P FHIE B
F, S AT DL IR AR G, T it FH A PR e
XHIICE SR AR L E R MR 2
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(T

IE A S, XalaE—Jr e TR E N S EA
Fa B VIOC R SR G . BeMERRIR I . RIS
ALY, AL R RIS G s — Tk T4
FUSO 2252 SV R R AYE , 1M DE2E IR
e PG, AT AR fie o o R I A A
T Z IR RS T R PG, P IR A 4
R AN TR, BB LR R AT S RS
B0 I BT AR R, R AR AN
f BRI, A XA AT b RS A 1S
BARARIIRCR, X2 RSt T B2 M T AR —
A
3.4 SNBSS i B HAR B R B

W AN R BEANRAY R, A TR TORCE
TR B D R i P R T R P Al e A AT e e JEE
MR IS B ZnS0, - TH,0 WK EETE/N T
60 mg - kg IFREHEATAA, f&T17 4, (HmFRk
FER T 80 mg « kg™ WL AT AE = A FE AR, MK
BT o HHTTEAE R S RAE A B/ N A 7 e Kt
P RA YRR T M-

4 #5ig

ABRTEA, SIS AN ) fh R AT AR
i AEYA R R Bk . R B
AR, 2RI 40 mg - kg™ BRSO PT LA4RTH
B, MR AR AR B R, X
AREEES TR R REPCR L. I,
ZHTEIIEE 40 mg - kg™ FEARCA R AL BT R D)
RETEAS A5 7 B e (M it RS A e 2

S 3k -
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Effects of exogenous zinc on the zinc content, bioavailability, yield and quality of foxtail millet

CAO Meng-lin', SHANG Jing-tao’, WANG Yu-xuan’, ZHAO Zhi-yong', YUAN Xiang-yang', DONG Shu-qi*, DU Hui-
ling” (1. Institute of Cotton Research, Shanxi Agricultural University, Yuncheng Shanxi 044000; 2. Shanxi Research
Institute for Clean Energy, Tsinghua University, Taiyuan Shanxi 030000; 3. Jinzhong Vocational and Technical College,
Jinzhong Shanxi 030600; 4. College of Agriculture, Shanxi Agricultural University, Jinzhong Shanxi 030801; 5. Basic
Department of Shanxi Agricultural University, Jinzhong Shanxi 030801 )

Abstract: The research was aimed to explore the effects of spraying different concentrations of exogenous zinc on the zine
content, zinc bioavailability, mineral element content and yield of millet during the booting stage, and to clarify the
optimal application amount of exogenous zinc, and provide theoretical support for the rational application of zinc fertilizer in
millet production. Jingu 21 ( conventional cultivar ) and Zhangzagu 10 (hybrids ) were used as test materials, and same
amount of 0 (CK, clear water ), 20 (Znl), 40 (Zn2), 60 (Zn3), 80 (Zn4d), 100 (Zn5) mg * kgf1 zinc sulfate
(ZnS0, + TH,0 ) were sprayed at the hooting stage of millet. The effects of different concentrations of zinc on the zinc content

in different parts of plants, zinc bioavailability, yield and quality of millet in booting stage were studied. The result showed
162 —




| T T —— (. [ |

rhE SRR 2023 (11)

that exogenous zinc significantly increased the zinc content of various parts of the plant, and with the increase of zinc spraying
concentration, the zinc content continued to increase, and reached the maximum in the Zn5 treatment, and the content
didn't exceed the national standard zinc content ( <50 mg * kg™ ). After applying different concentrations of exogenous zinc,
the distribution ratio of zinc in leaves was the largest, followed by roots and stem sheaths, in grains it was the smallest.

With the increase of zinc concentration, the phytic acid (PA ) content and PA/Zn molar ratio of millet seeds decreased first
and then gradually increased, and the decrease was the largest at 40 mg + kg™' treatment. Compared with the control, the
PA content and PA/Zn molar ratio of millet seeds of Jingu 21 decreased by 46.06% and 54.31% respectively, and those of
Zhangzagu 10 decreased by 35.80% and 40.31%, respectively. After spraying with different zinc solutions, the contents of
grain nitrogen, phosphorus, potassium and crude protein increased first and then decreased, and reached the highest level
at 40 mg * kg”'. Compared with CK, the contents of grain nitrogen, phosphorus, potassium and crude protein increased
by 9.26%, 40.79%, 9.20%, 9.26% for Jingu 21, and increased by 5.36%, 17.17%, 4.58%, 5.36% for Zhangzagu
10, respectively. Compared with CK, the panicle length, 1000-grain weight, grain weight per ear and yield of millet with
different Zn spraying concentrations and different cultivars were increased the most in Zn2 treatment, and they increased by
7.12%, 3.79%, 20.69%, 21.16% for Jingu 21, and increased by 3.33%, 5.16%, 14.22%, 13.94% for Zhangzagu 10,
respectively. In conclusion, exogenous zinc plays an important role in the zinc content, bioavailability, quality improvement
and yield increase of millet. We suggest that spraying 40 mg * kg™' zinc solution at the booting stage is the most reasonable for
zinc-rich millet production and can achieve high yield and high efficiency.

Key words: foxtail millet; zinc content; phytic acid; zine bioavailability ; yield; quality
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