e B SIS S R
% 1L
Y I ﬁ hEI RO ET

XRiPIZiis bttp. //www.aed.org.cn

N

Je
e R N R E /N AR S B R

Vil #x 4, FRUsTR, TBL SAVINS, #-7%, 7500 5
B HIA

B 7% 4 v B, S BH S VIS AR, 0 55 . RN it FH X 3K L /N2 R R B R S D], A0k B 5 BB 44, 2023, 40(3): 660
666.

TEZR R View online: https://doi.org/10.13254/j.jare.2022.0299

L] RO BR A A R

Articles you may be interested in

Fic 77 N it B A R AT Xof /N 22 1) 488 3 5V
FUSE, SN, Bk4E, TR, RS, 70 E
AN S FREE2AAR. 2020, 37(4): 518-526  https://doi.org/10.13254/j.jare.2019.0169

I T BELRR I A5 39 B AR T K R AR W IS 42 1 52 )

TR, W N, SE K, TR, BRAR T, KK BT, sl =

LV BT SRR 2020, 37(6): 981-987  htips://doi.org/10.13254/j.jare.2019.0629
SRR BH AR AN [5] it KRR e B )

T R, #adoE, RIEME, B0, ¥ 5, 9207, Wi, TUER, JH 3R

LS 2A4R. 2016, 33(5): 459465  hitps://doi.org/10.13254/j.jare.2016.0043
FE NS i %o 7K R RN 2R 2R FH AR 5 i)

Xz, FHkaz, ik, B, PSS, £ F e, X200

ANV B SGHEEAAR. 2022, 39(3): 545-555  hitps://doi.org/10.13254/].jare.2021.0096
AU A VLB R 7™ fa RO 5 L i P S i)

ERbF, WA, 2RSS, EE, VFROME, 583, Brete

AV BEPR S IR AR 2022, 39(4): 716-725  https://doi.org/10.13254/j.jare.2021.0380



http://www.aed.org.cn/nyzyyhjxb/ch/index.aspx
http://www.aed.org.cn/nyzyyhjxb/ch/reader/view_abstract.aspx?doi=10.13254/j.jare.2022.0299
http://www.aed.org.cn/nyzyyhjxb/ch/reader/view_abstract.aspx?doi=10.13254/j.jare.2019.0169
http://www.aed.org.cn/nyzyyhjxb/ch/reader/view_abstract.aspx?doi=10.13254/j.jare.2019.0629
http://www.aed.org.cn/nyzyyhjxb/ch/reader/view_abstract.aspx?doi=10.13254/j.jare.2016.0043
http://www.aed.org.cn/nyzyyhjxb/ch/reader/view_abstract.aspx?doi=10.13254/j.jare.2021.0096
http://www.aed.org.cn/nyzyyhjxb/ch/reader/view_abstract.aspx?doi=10.13254/j.jare.2021.0380

R E RS IR EFH 2023, 40(3): 660-666 Journal of Agricultural Resources and Environment

Ve e, JFueEE, B, 45 BRI /N RFRLBE 5 4 AR IR ). Al BEIRS PRI 224, 2023, 40(3): 660-666.
TAO Y J, JING L K, WANG Q, et al. Effects of zinc fertilizer application on zinc content of wheat ( Triticum aestivum 1..) grains in China[J]. Journal of
Agricultural Resources and Environment, 2023, 40(3): 660-666.

HIEE AN R E/NZFAES SN
mpka, b, 2L, M, AR, TRF

(1 HpEAO KA GRS EREE 2Bt , 4R T 3875 Ye i 582 JU AU 1 A 5280 %, JbAET 1001935 2. & FE RO F AR IR 55 o,
b5t 100026)

T F O TORGCRENE it T TR RN RERL RS S R RS , AR 9 5 SRR A PR R AR A A T RN R T B AR L
R ATV BN T 7 X /N2 R PR B B R S, 45 SRR W, FRE/INAZ M it Py 2 A 8t P b et LA % - e T + 1
T it , H. - 28t T B B 1 S B AR (12.6 kg - hm™) KT I IR (1.57 kg-hm™) o AHEFENC B /NZEFFRLEE & 5HE Y 14.6~
50.0 mg-kg', H.95.3% H9/INAZ KRR S SAR T 40 mg- kg5 - 485 F -+ - 1 W% i Ak B RE /N AZ FPR A 5 S RN 24.0~70.9 mg kg
H.76.2% (/N FFRLEE 5 R T 40 mg kg™ BRALM T 0 5 48 = T /N2 Rk i i B & i, ANTRDEAE Jr =X /N R PR A 3 i T4
B HE O - B+ TR i € 62.69% ) > TEIE i (47.29% ) > 1 4980t (24.6% ) o - 458 F k- ISR ER AL, /N2 PR B £ s 1
FREHMEFR AR 2 R EEADC(P<0.05) , MG A WU ARG 1 kg I, AP 3 120 4 55 0.74% F116.39%., 136+
8 i ]+ b i o S ) T 2 R P 2R 45415 (0.59% .0.949% ), 1 - T e it B FI S-S5 R T %2 3 8 (7.27% ) o DR R, ARl Jr =X
IREHE = /N2 KPR EE i, HL A S P -+ TR P8R e, T e T e =R B R

SRR /INAE 5 1A 5 T T 5 B a5 R TR

FE S ES:S512.1 ERERETG : A X EHS:2095-6819(2023)03-0660-07 doi: 10.13254/j.jare.2022.0299

Effects of zinc fertilizer application on zinc content of wheat( Triticum aestivum L.) grains in China

TAO Yanjin', JING Lingkun', WANG Qi', HU Jiangpeng®, DU Sen’, WAN Yanan'

(1.Beijing Key Laboratory of Farmland Soil Pollution Prevention and Remediation, College of Resource and Environmental Sciences, China
Agricultural University, Beijing 100193, China; 2.National Agro—Tech Extension and Service Center, Beijing 100026, China)

Abstract: In order to investigate the effects of different application methods of zinc fertilizer on the zinc content of wheat ( Triticum aestivum
L.) grains in China, published literature was reviewed and relevant data was collected for analysis. The results show that the main
application methods for zinc fertilizer in China were soil, foliar, and soil+foliar application, and the average zinc input of soil application
(12.6 kg - hm™) was higher than that of foliar application (1.57 kg + hm™). The distribution of zinc content in wheat grains without zinc
fertilizer ranged from 14.6 mg - kg™ to 50.0 mg - kg™, and 95.3% of wheat grains had zinc content <40 mg - kg™'. The distribution of zinc
content in grains after soil+foliar application ranged from 24.0 mg - kg™ to 70.9 mg- kg™, and 76.2% of wheat grains had zinc content >40
mg - kg™'. The average increase rate of zinc content in grains under different application approaches was as follows : soil +foliar application
(62.6%) > foliar application(47.2%) > soil application (24.6% ). There was a significant positive correlation between the increase rate of
wheat grain zinc content and the amount of exogenous zinc input in soil and foliar application, i.e., when the zinc input increased by 1 kg
per hectare, the zinc content in grains increased by 0.74% and 16.39%, respectively. The average utilization efficiency of zinc fertilizer
after foliar application (7.27%) was higher than that of soil application (0.59%) and soil +foliar application (0.94% ). Therefore, the zinc
content of wheat grains could be increased using different application methods; soil +foliar application was most effective, while foliar
application possessed the highest zinc utilization efficiency.
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Table 1 Zinc fertilizer inputs under different application approaches(kg+hm™,based on the weight of Zn)
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Application approach and sample number Minimum Maximum  Mean SD Distribution pattern
438t Fi] Soil application(n=104) 2.16 675 124 169 33.8 126 7.89 &5
I I E Foliar application (n=85) 0.23 0.85 135 2.16 3.62 1.57  0.96 A5 A0
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Table 2 Zinc content in wheat grains under different application approaches(mg-kg™)

Jiti FH O = B f/IMA s | som | 750 BRME BE bRz Vet

Application approach and sample number Minimum Maximum  Mean SD Distribution pattern
AHEEEE Without zinc fertilizer(n=86) 14.6 223 256 300 50.0 26.2 6.46 A5 A0
135855t F Soil application(n=104) 17.7 233 294 350 59.0 209 845 gl
I IR Foliar application (n=85) 17.0 329 365 470 84.6 40.4 132 TR
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Figure 1 Frequency distribution and cumulative frequency of Zn content in wheat grains without or with Zn fertilizer application

RPN PR i P T B iR R RERY . Ak, IR
JIEL 14y e 2 R it R ek 4 S T) s AT RE Ko /N 22 ) 398 i SR
FEAE R AT B 5T R B AR T 3 e IR T DU R Rk
PR/ NZERPRLEE £ P 2 T IS B i Wi A i
(<50 kg hm ) 2 F T8 REU L FERL 3655
17 458 v B I T 4 (>50 kg - ™) WU AR, T A 420 4 7Y
RS 1,
23 RE/INEFHSESEEE

+ 385t L AR I, A 94.2% BT 5% 45 SR 2 B M K
LR S T I3 0 (6 LR rh /N AR R 1 ) R
FH LE B 3G, KPR i 3 80k 0) I I 1 s
A 3T A 8 it R+ e T W it Ak 359 A T) R R b G
TN RPN R B i . AR 3T LA I N [Rl it AE 7
T /INZE KPR e 1R ) B 7S

oA N
BPEAC /NS RPRLBE S R R T 0~94.7% , AR 21

o iR 50 R 24.6% F115.2% , 47 43 LH 50 Bk ERE
F O A INT 10% 5 T it A BRI R
WIS T 4.40%~175% , ARV S4MH 5 T AL 800 5o
47.2% F140.0% 5 - T jitt FH + - 157 W55 it Ak A /N 2 R
BRI T 27.7%~130% , AR (E 5 Hp A 5
R 62.6% F156.9%. th Al LI H |, 36 FH + 0t
T8 it AL 36 T H& T H /N AR & i RO fe T, I
YRS I T W it Ak 2

F 52 22 B, - 4 it FH B A AT ol 38 + 398 sic e it
Y GRS/ N R R SCAS JEE BsF FR  355 07 A A K I
P g T TR A T DA S S M R kR R
S, T i A T R /N 2R A P RCR A
:ﬁﬂ%@%ﬁ&Tﬁ%lﬁ%ﬁiﬁ/iﬂﬁ%E
ﬁﬁ%mmm@mwﬁwm%%%%di¢ﬁﬁ%

YR REAE R = W KOT- | fBE 25 5 ML i 32 SRR

x3 FEABAAXT/NEFFRFEREILER(%)

Table 3 Increase rate of zinc content in wheat grain under different application approaches (% )

it F 7 XA f/ME 5% S0%  75% BRME HE pRiEx Sy A2 E
Application approach and sample number Minimum Maximum  Mean SD Distribution pattern
+4Eii Fi] Soil application(n=104) 0 5.38 152 434 94.7 24.6 23.5 i A5 5347
I 15 Foliar application (n=85) 4.40 217 400 546 175 47.2 34.4 IRAS 5347
b S5 ]+ 1 5% Soil+oliar application (n=21) 27.7 41.4 56.9 85.2 130 62.6 26.8 P43
http://'www.aed.org.cn — 663 —



AV TR IR B A - 5 40 4 - 26 3 1

i T PRI 5 32 IR R s, e A
TRAE M5 P A AT 5 S 30 Zn> B L A A A
RO B AR, - 38 v () Zn® B AR AR R W A T
Lt AR TR 1 B B 2 B, e 2R A A b
NS, TR FEA R s B kPR rh R BEALAE L
HR ) 233 8] 43 A R 5 AR 2R 1 42 i v 135 i B A P
ROERS R [ /NZE 32 X ARG i S R B
I E RSB B e T BRI T /N A S AR XS
B A SR G210 T R DE SRR 9T ke Bt A S
Jo A R AR (R N R R S A
R R AR /N AR A I TR A P A R
INFE R R

XF/INFZ LB 1 A8 5 AP IR R AR A i AT
Pearson A CPEHT , 25 R AN 2 B o B it BF e 19
O, N R o i R R I R I R, I
it FVEERE S, /N2 PR R o R SRR A R R B
1E A 2% (P<0.05) , £k 1 [ 0 5 #2 4 y=0.737 8x +
15.572 5 Il T W it A B IS, /0N 22 F P r A 1 3 3 5
PR L 2 A 52 (P<0.01) , R PE B L 4=
16.391x+21.438, (R AT LAAS 2], B3 20 WiUEF AR A 51
TN T kg, /INAZKFRLRE B At A B 5 0.74% (3Tt )
H116.39% (- 17 Wit ) o 117 - $98 it ] -+ i o e e e
B, NFE AR O 1S 2 5 R A T 0 A OGP E .

25+ O

(a) -8t y=0.737 8x+15.572
100  Soil application(n=104) R=0.062 1*

S © ©

k= )

g 75t
25 o °© o °
= & o 00 9 © o
IHs 50
pe % B 0 o
gl
:lkt (5

g

5

=

O &
o & o
IR el I
0 5 10 15 20 25 30 35 40
PERE A Zn inpul/( kg- hm™)

b &2
O
(@)
D
o
(®)]
(@)
(@)
(@)

24 SFENF AR

o AIE = it P vl T e LA A A gt ]+ P T
W EsT , 23 9AT 72.1% .67.9% F1 71.4% (/)N A7 52 B0 4
PR o AN AR T 2R AN EE R R R R R 2 1 4t
TEo BT 45 S a3 4 Fr o, B R 0 R 2R 840 S A 25 40
o 3 A B B A AR 250 0~5.69% , AR T3
{E5 57 B850 51 M 0.59% F1110.24% 5 - 1o 5 it R 4 A
(1) ) FH 2% 2R 0~34.2% , S AR V- 34948 5 v 46 £5053 51 ok
7.27% F14.03% 5 - 538 ite FH + - 17 W i Fsf 4 S 7 ) %6
4 0.20%~2.38% , 5 A -5 T A7 550531 0.94%
H10.68% . H1 AT I, , - 498 it FH R0 - 198 e P + it i o
Jit AL 3L P o ) P 2R AT P T Wi o RS ) R P e
1o I T B it I ) 1) FH 238 B A S4B N o 61 55 o
IR 3t FH A B 12.3 £5 71 16.8 £ .

BENE AR 28 5 /N Az o die /N R PR B A A
BRI AT 56 . 22 AP i B e dr R B,
it FBERE B =5 /N2 7 d RO de A L T LA — Ve
Rl PN, 386 7 23R Bt 2 S it P A e 39 o g v . v i
Wil B IE X} /N2 1 S5O AN B, AT B R B A
FAEEAR H 5 32 A s, i i I B AR 5 iz 3
JINFERRR X LI R AR A B SR A IR R
/INFZ B i FIORE R R i R B S A Y AR
BHZINZ (1) 7= ek FORFRE A it 22 ) 2 1R DG OC &R,

(b) M- i W5
200 1 Foliar application(n=85)

y=16.391x+21.438
R=0.211 7%*

O
150 1

o 00O
O O

100 | o

BRI

Increase rate of Zn content/%

wn
(=)
T

8

0 05 1.0 15 20 25 30 35 40
B AR Zn input/ (kg hm™)

R IR B E KT E] P<0.05 #1P<0.01,
*and ** indicate significance at P<0.05 and P<0.01, respectively.

B2 NEMFHFSERRSINEERANENEX TS
Figure 2 Correlation analysis of zinc content increase rate in wheat grain with exogenous zinc input
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Table 4 Utilization efficiency of zinc fertilizer under different application approaches (% )

Jiti A =X R A Re/ME 25% S0% e O B bR Sy A A
Application approach and sample number Minimum Maximum  Mean SD Distribution pattern
37t ] Soil application(n=104) 0 0.10 0.24 0.54 5.69 0.59 093 P 255341
T it Foliar application (n=85) 0 2.73 4.03 7.50 34.2 727 834 P2 5341
A 3t FF -+ I 17 155t Soil+oliar application (n=21) 0.20 0.50 0.68 1.20 238 0.94 062 P A5 53 A
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