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Abstract:  Objective China nowadays has approximately 100 million people suffering from zinc (Zn) deficiency, mainly

because they live on cereal crops as their staple food and hence fail to take in adequate Zn, especially in the rural areas. As one
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of the major wheat-producing areas, the Huanghuai Plain contributes to about 70% of the wheat (Triticum aestivum L.) grain
yield of China. So it is of great significance to understand causes of the variation of Zn concentration in wheat grains to
guaranteeing high-yield and high-quality wheat production in the region, so as to ensure food security and human health.

Method Combined with a two-year in situ farm survey, samples of wheat shoot (the aboveground part) and soil in the 0~100
cm layer were collected from 276 randomly selected farmers’ fields during the wheat harvesting season in the Huanghuai
wheat production region for analysis of Zn concentration. Comparison was made between wheat grains produced in
Zn-deficient (DTPA-Zn<1.0 mgkg') and non-Zn-deficient (DTPA-Zn=1.0 mgkg') soils in grain Zn concentration and
correlation analysis performed of grain Zn concentration with grain yield, yield components, fertilization rates, soil nutrients
Result Results show that 42% and 58% of the
wheat fields in the region were of Zn-deficient (DTPA-Zn<1.0 mg-kg™') and non-Zn-deficient (DTPA-Zn=1.0 mg-kg™") soils,

in the 0-100 cm layer, and Zn uptake and utilization of the crop, separately.

and produced grains with Zn concentration ranging from 16 to 52 mg-kg ' and from 17 to 58 mg-kg ', respectively. About 7%
and 9% of the grain samples from the two types of wheat fields met the recommended criterion (=40 mg-kg™) for grain Zn
concentration. Generally, the farmers in the region prefer to grow local specific elite cultivars of wheat, however, it was
difficult to identify high-Zn or potentially high-Zn traits of the cultivars due to the limited sample size at a regional scale. In
this survey, the selected wheat fields did not receive any Zn fertilizer or other Zn-containing fertilizers, and only 10% and 18%
of the fields of Zn-deficient soil and non-Zn-deficient soil were applied with organic manure. In the fields of Zn-deficient soils,
grain Zn concentration had nothing to do with nitrogen (N) and potassium (K) fertilization rates, but did negatively, with
phosphorus (P) fertilization rate (» = —0.273, P < 0.01) and available P in the 0-20 cm soil layer (» = —0.283, P < 0.01). In the
two groups of wheat fields, high and low in grain Zn concentration, with soil available P being 13 and 20 mg'kg ', and
available Zn being 0.8 and 0.7 mg-kg™" in 0-20 cm soil, P,Os fertilizer was applied at 65.8 and 68.4 kg-hm ™ to achieve targeted
grain yield. Also, the grain yield and shoot Zn uptake were observed to be lower in the fields of Zn-deficient soils(7 204
kg-hm™ and 279 g'hm?)than in the fields of non-Zn-deficient soils (7 857 kg'hm™ and 318 g-hm™). In the fields of
non-Zn-deficient soils, grain Zn concentration had nothing to do with N and K fertilization rates, either, but was negatively
related to P fertilization rate (» = —0.181, P < 0.05) and positively to soil available Zn in the 0-20 cm (» = 0.236, P < 0.01) and
20-40 cm (r = 0.183, P < 0.05) soil layers. In the two groups of wheat fields of Zn-deficient and non-Zn-deficient soils, with
available P being 29 and 30 mg-kg ™', and available Zn being 3.3 and 2.2 mg-kg ™' in the 0-20 cm soil layer, P fertilizer was
applied at a rate of 112 and 145 kg P,Os-hm >, respectively, and P,Os requirement for targeted average grain yield reached 69.2
and 70.8 kg-hm 2, respectively. Conclusion Therefore, it could be considered that it is advisable to address the problem of
lack of available soil Zn first, by increasing the content of soil available Zn up to the critical values of 1.0 and 3.0 mgkg™" in
the fields of Zn-deficient and non-Zn-deficient soils, respectively, and then to reduce P fertilizer application rate and hence
available soil P content, so as to alleviate the negative effect of excessive P on crop Zn uptake and accumulation, for the
purpose of maintaining high grain yield and improving grain Zn nutrition simultaneously in winter wheat grown in the
Huanghuai wheat production region of China.

Key words: Grain Zn concentration; Grain yield; Fertilizer rates; Soil nutrients; Regulation measures
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Table 1 Basic soil physicochemical properties in the 0-20 cm soil layer in the Huanghuai wheat production region of China (n=276)

+HESEL Soil parameters Hfi Unit FHH Mean f[fl Range AR Median
pH 8.15 6.18~9.01 8.32
oM gkg™! 18.9 7.77~31.1 18.1
TN kg 1.12 0.52~1.79 1.08
NO;-N mg-kg™! 19.3 0.02~80.5 14.5
NH,"-N mg-kg™! 3.95 0~14.6 3.14
Olsen-P mg-kg ™! 24 3.3~70.6 19.4
NH,0Ac-K mg-kg™! 147 41~345 124
DTPA-Fe mg-kg ! 15.8 1.7~74.7 9.2
DTPA-Mn mg-kg™! 11.5 1.22~53.8 8.00
DTPA-Cu mg-kg™! 1.45 0.39~3.61 1.33
DTPA-Zn mg-kg ™! 1.69 0.18~9.82 1.16

. OM: AHLBT, TN: 2%, NO;y-N: FHZASA, NH'-N: £5%, Olsen-P: AW, NH,OAc-K: #ZH, DTPA-Fe: HAL
¥, DTPA-Mn: fi%4hi, DTPA-Cu: F4(4, DTPA-Zn: H 4. T, Note: OM: Organic matter, TN: Total N, NO; -N: Nitrate
N, NH,"-N: Ammonium N, Olsen-P: Available P, NH,;OAc-K: Available K, DTPA-Fe: Available Fe, DTPA-Mn: Available Mn,

DTPA-Cu: Available Cu, DTPA-Zn: Available Zn. The same below.
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Fig. 1 Frequency distributions of wheat grain Zn concentration in wheat fields of Zn-deficient soils (a)) and non-Zn-deficient soils (b))

investigated in the Huanghuai wheat production region of China
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A F 16~52 mgkg ', TR 29 mgkg ', T%AIFEAR
FRRLEE AN RS 777K 1 40~60 mgkg™ 1
TE(E. AR, MRS R T 17~58 mgkg ',
R 30 mgkg !, 9%MFEASHEL 40 mgkg . HEIfE
2 KN RPRLBE S 2400 30 mgkg s
22 INEFEMERKERASHREXR

AT R, HEEE 5 R R /N KR P R

Ho AR (% 2). HAREEE MBUE L, BEE H
ke R FMSCR T8 5503 R 9% 3%, Ak
FIFE AW 23 DI FEA 13%F1 10%. A0 E 20 Hr B,
TS BB SR AR SR F B, /N2 R i SRR
T AT I 25 S A (B 3 IEAH GG R (P < 0.01),
Hrrak, AR 7 st s BRI R RO
ELY IO

F2 HEZXREMIERFLRENETE. FEWN. FREFARESHTRESENXR (n=276)

Table 2 Grain yield, yield composition, and Zn uptake and utilization of the wheat crop and their relationships with grain Zn concentration
relative to soil Zn levels (deficient and non-deficient) in the Huanghuai wheat production region of China (n=276)

i puT ez haN - YRR Ay T AT A4 AL Tl Thi
+ HEEE KR
Descriptive Grain yield/ Straw biomass/ Spike number/  Grain number per Thousand kernel
Soil Zn status
statistics (kg-hm?) (kg-hm?) (10*hm™) spike weight/g
S e 7204b 8171a 563a 31.8a 41.5a
Mean R 7857a 8 380a 573a 33.2a 41.7a
31 [ it 3843~12 817 4 150~14 940 259~871 18.2~51.7 29.8~52.7
Range E[Fr3sa 3639~12 994 4443~14 504 348~884 17.0~51.8 28.5~54.2
SRER e 7010 7879 538 31.1 41.6
Median R 7637 8012 567 32.9 41.8
s " 0.039 0.151 -0.017 0.107 -0.106
A R .
Aeghsr -0.069 0.002 —-0.056 -0.107 0.114
EpuN s na e WOk 8 4L FFRLEE I R AT i BRIEREEHL
+ R K
Descriptive Harvest index/ Grain Zn uptake/ Straw Zn uptake/ Zn harvest index/
Soil Zn status
statistics % (ghm?) (ghm?) %
S e 46.9b 206b 73b 74a
Mean 5”55}%%?2 48.3a 237a 8la T4a
3 [l it 30.7~57.7 86~433 26~312 53~88
Range E[Fr3ea 34.3~57.8 103~449 30~188 53~87
LREVAS Bl 48 63 75
Median E[Rr Y 49 219 73 74
N BB -0.146 0.705" 0.386" 0.157
A R . . .
Aeghsr -0.092 0.652 0.356 0.15

T« [FFNR [R/ING 55 378 WD b A0 22 533K 5% 88 25 /KT, = o3 B AR A DG 2k 3 AR . 3 K F, FIRl. Note: Different
lowercase letters in the same column indicate significant difference between two soils at 0.05 level of #-test, and * and ** represent

significance of the correlations at P < 0.05 and at P < 0.01 level, respectively. (DZn-deficiency, @Non-Zn-deficiency, (3Correlation

coefficients. The same below.
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FUH, PSS R RRL A S i X P A FH S 2 o
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YR B I R 4 Sk 241,128 T 78 kg-hm ™2,
BB A 69~203 kg-hm™ I}, ¥R4E&EEANT
(27.6£13.0) ~ (30.3+13.0) mg-kg ' ARHLEEH B,

http://pedologica.issas.ac.cn



6 WIS A BOUERE XUNEE R B 22 S R R S R A 1501

60 60 60

@ o NS, P=0.225 LN y=-0.02x+31.7 NS, P=0.677

2 b a =027, P=0.004

2 45t <, asp & ° 45t

[ pay

E A

E/ o o

N

£ 30 301 30t

g

&} ul

e a

o 15t 154 154

o
0 1 1 L 1 J 0 1 1 I 1 1 | 0 1 1 1 1 |

0 150 300 450 600 0 100 200 300 400 500 0 100 200 300 400

75 75 750

~ d) NS, P=0.765 ©) 3= —0.02x+32.5 f) NS, P=0.656

» 60f 60F o r=0.18,P=0.026 60}

£ 5

s 45h 45t 45

N

£

<

& 30t o 30f 30}

o

& 15t 15F 15F
0 1 1 1 1 ] 0 1 1 1 1 1 ] 0 1 1 1 1 ]

0 150 300 450 600 0 100 200 300 400 500 0 100 200 300 400

ZUTHE N rate/(kg-hm™)

WiJTH P,O5rate/(kg-hm ™)

AT KO rate/(kg-hm™)

H: NS, RiE#, FF. Note: ‘NS’ means no significant. The same below.

K2 EifELZXEEE (a) ~ ¢)) FEAEEREE (d) ~ ) LU/ EFPREE S SR . B FIEHERCR

Fig.2 Relationships of grain Zn concentration with N, P and K fertilization rates in fields of Zn-deficient soils (a) -c )) and non-Zn-deficient

soils (d) -f)) investigated in the Huanghuai wheat production region of China
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Fig. 3 Pearson correlations between grain Zn concentration and soil nutrients in the 0-100 cm soil layers in the fields of Zn-deficient soils (a))

and non-Zn-deficient soils (b)) investigated in the Huanghuai wheat production region of China
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Fig. 4 Relationships of grain Zn concentration with soil available P (a)) and Zn (b)) in the 0-20 cm soil layer of the fields of Zn-deficient and

non-Zn-deficient soils investigated in the Huanghuai wheat production region of China, respectively
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to soil Zn levels

33 ERELENFNSLRETRERRIEE H 135 kg'hm 2, KPR 7857 kerhm?, MUK

PR, MR K S8%H MR FARBEE +  BESis 29 meke ', CLHR/INE AR K bk A R
Wi ARBBE T, RPREE S R SR R R GO AT 2 P, BT B O O
% TG RIS . R 23~2.4  NEBRICHORRAS A . 2806 TR B A 1 1 i
mgkg ! BOABIRT T, BREER A 20 umol- L™ B BFSE E AR e T LR 35 kA e g
% 500 pmol-L™ i, /NERPR=RERIIN T 113%, §F  BEREINNA fHE— SRR, W&, AB50h,
FER T 38%0Y, MBALTER POGEE A it B ANERREE & B A . ML TR
B4 A JIBFR B A T 0~518 kghm 2, F¥  BEEARX (18 3b, % 2), WU MEREL R . 1

http://pedologica.issas.ac.cn



o

1504 + e

e 58 %

2,
¥

A RO A i AR R B 0 - A AR
INZERF RIS AR R R B b/ - EOKR B AR
A 28 7 25 = A R IE B3R 0 2 B, /N R
B A RERE-EAENRR, YA
F 7.57 mg-kg ' B, FPREES REONEROIN, R
53.6 mg-kg P AWgEH, ARBVEEH B 0~20 em
TIHERE SN T 1.0~9.8 mgkg !, ZEAMA
SR T 7.57 mgkg ' ([ 4b ). SRV EFRLHE L
BREERIL 9.55 mgkg ' Y, AEeHIEY A K2
BHFN BR3P [l RE, Wb vk i 4e 8
EMEEE RO SE ], S FRAE AR I (5.7 kg'hm )
HH 2 O R R AR FR I [, R a5 Hofh 4R
JLE (f Cu, Cd. Pb, Cr. As) FH 27k 1 fikt
KR, R, RS X, R M AL F R+
AR, e A AR, /N AR R

60 10000 200
a) — b)
o 46 E o
‘ NS .
op T = I
2 45f 2 7500f 1 E 150
g S 2
S 2 3
= 30F 25 2 5000f 100
g g g
S 3 o
i :
o1t Eo2s00f 2 50
S & )
¥
0 0
L-Zn H-Zn L-Zn H-Zn

BRIEFHERE,

[FIRE, KEFPRIEE & 5 T 40 mgkg™ MUREAE
B, R TPEIE 30 mgkg ! ME A AREEA
(B 6). fEAEBEEEIE L, (K. B/ N L FPRL
BEE Y9I 25 F1 46 mgkg™, KRR 7 840
17189 kg-hm >, BEACFHE 145 A1 112 kg'hm ™, +
HEAT R W 30 F1 29 mg-kg !, AARLEE 2.2 F13.3 mgkg !
(K 6) , UiWIRTAEAT ™ RIRTHE T, 2w ARG
U /N AP B B T AP 38 7 N A
(P,0s) &50510 69.2 F1 70.8 kg-hm 280 fi Foe 1
i, HUb, 7EARGEE I, RO B H
L, AW S, AR T HE N R
FERZE (E3), BABEHENR R, dWhEE
AR PR, A ER AR it B AE B AT PLAE
S04 R A B AE 3.0 mgkg ! A

50 S5r

c) d) €)
145 T, 40f o4t
112 E NS £
= 30r = 3r *
A N
§ § 2.2
3 20F g 2F
b= =
=10 + =O1F
= T
0 0
L-Zn H-Zn L-Zn H-Zn L-Zn H-Zn

FPRLEFAL Grain Zn groups

Ko ARskErMBRRFARFPRIEE S (), FPRD™ 8 (b)), B (c)), HHEAREE (d)) MAREE (e))

Fig. 6 Grain Zn concentration (a)),

grain yield (b)), P fertilization rate (¢ )), and soil available P (d)) and soil available Zn (e )) in the

fields relative to soil Zn levels

0

4 e

o
B A7 DA - SR B A B 1) LB R 42%
1 58%, WA -3 1 /N F2 AR B i AR AR
5, B T%H 9% FEA KR EEILE] 40 mg-kg !
HEAERRUE . O R R B EEE , FPR B AT )
HRERET UM R, (HEEE A RERL R b b
TR MR S ] 0 I TR R B R A i A FH At
A RSl B AR A U R SN R R
TR BB N, SN Pt iR )
B, B SR R R IR 1.0 mgkg ' DAL,
JEBEE A BB IETE 3.0 mgkg™ LA 1, [A]H
A3 W AR = N o S 2 S €7 I DR e e e

YERT, ZEds/ N F s AP RIS TR

Bt BHE R R BRI R A K
FBEAR . HAM S TAEH Ao B IR P A SRS
Jr 8 45 F WA A A

S Z 3k ( References )

[ 1 ] National Bureau of Statistics of the People’s Republic of
China. China Statistical Yearbook [M]. Beijing: China
Agriculture Press, 2019.[H1¢ A\ RILHFEERG TR,
PE S HAELE M. dERT: P ER R AREE, 2019.]

[ 2] LiuH, Wang Z H, YuR, et al. Optimal nitrogen input for
higher efficiency and lower environmental impacts of
winter wheat production in China[J]. Agriculture ,

Ecosystems & Environment, 2016, 224: 1—11.

http://pedologica.issas.ac.cn



6

P A

I A DX/ NS R BE B i 2 S Di PA A 4

1505

[ 10 ]

[ 12 ]

Pan J X, Zhang L, He X M, et al. Long-term optimization

of crop yield while concurrently improving soil quality[J].

Land Degradation & Development, 2019, 30 ( 8 ):
897—909.

Bouis H E, Eozenou P, Rahman A. Food prices,
household

Socioeconomic perspectives on their effects on dietary

income , and resource allocation
quality and nutritional status[J]. Food and Nutrition
Bulletin, 2011, 32 ( 1_suppll ): S14—S23.

MaGS, JinY, LiYP, etal. Iron and zinc deficiencies
in China : What is
strategy?[J]. Public Health Nutrition, 2008, 11 (6):
632—638.

Bouis H E, Saltzman A. Improving nutrition through

a feasible and cost-effective

biofortification: A review of evidence from HarvestPlus,
2003 through 2016[J]. Global Food Security, 2017, 12:
49—58.

Liu H, Wang Z H, Li F C, et al. Grain iron and zinc
concentrations of wheat and their relationships to yield in
major wheat production areas in China[J]. Field Crops
Research, 2014, 156: 151—160.

Dimkpa C O , Bindraban P S. Fortification of
micronutrients for efficient agronomic production: A
review[J]. Agronomy for Sustainable Development ,
2016, 36: Article number 7.

Chattha M U, Hassan M U, Khan I, et al. Biofortification
of wheat cultivars to combat zinc deficiency[J]. Frontiers
Science , 2017 , 8 . 28I.
//doi.org/10.3389/fpls.2017.00281.
Khoshgoftarmanesh A H, Afyuni M, Norouzi M, et al.

Fractionation and bioavailability of zinc ( Zn) in the

in Plant https :

rhizosphere of two wheat cultivars with different Zn
deficiency tolerance[J]. Geoderma, 2018, 309: 1—6.
Alloway B J. Soil factors associated with zinc deficiency
in crops and humans[J]. Environmental Geochemistry
and Health, 2009, 31 (5): 537—548.

Shi R L, Zhang Y Q, Chen X P, et al. Influence of
long-term nitrogen fertilization on micronutrient density
in grain of winter wheat ( Triticum aestivum L.) [J].
Journal of Cereal Science, 2010, 51 (1): 165—170.
XiaHY, XueYF, LiuDY, etal Rational application
of fertilizer nitrogen to soil in combination with foliar Zn
spraying improved Zn nutritional quality of wheat
grains[J]. Frontiers in Plant Science, 2018, 9: 677.
Zhang W, Liu DY, Liu Y M, et al. Zinc uptake and
accumulation in winter wheat relative to changes in root
morphology and mycorrhizal colonization following
varying phosphorus application on calcareous soil[J].
Field Crops Research, 2016, 197: 74—S82.

Zhang Y, Song Q C, Yan J, et al. Mineral element
concentrations in grains of Chinese wheat cultivars[J].
Euphytica, 2010, 174 (3): 303—313.

[ 16 ]

[ 17 ]

[18 ]

[ 19 ]

[ 20 ]

[ 21 ]

[ 22 ]

[ 23]

[ 24 ]

[ 25 ]

Ma X L, Wang Z H, Cao H B, et al. Yield variation of
winter wheat and its relation to yield components, NPK
uptake and utilization in drylands of the Loess Plateau[J].

Journal of Plant Nutrition and Fertilizer, 2017, 23 (5):

1135—1145.[5/N e, Eiig, Ik, % WL &R

/N 7 2 S 5 7 R R S R B IR SR P Y G

RO AHWE IR SR, 2017,23(5):1135—1145.]

Karami M, Afyuni M, Khoshgoftarmanesh A H, et al.

Grain zinc, iron, and copper concentrations of wheat

grown in central Iran and their relationships with soil and

climate variables[J]. Journal of Agricultural and Food

Chemistry, 2009, 57 (22): 10876—10882.

Nikolic M, Nikolic N, Kostic L, et al. The assessment of

soil availability and wheat grain status of zinc and iron in

Serbia: Implications for human nutrition[J]. Science of

the Total Environment, 2016, 553: 141—148.

She X, Wang Z H, Ma X L, et al. Variation of winter

wheat grain zinc concentration and its relation to major

soil characteristics in dryland of the Loess Plateau[J].

Scientia Agricultura Sinica , 2017 , 50 ( 22 ):

4338—4349. [0, FEWE, BN, % L EEE

Hb 2 /N FRFRLBE b 22 v 5 B IR R G &R

0] shEL LR, 2017, 50 (22): 4338—4349.]

Su D, Zhou L J, Zhao Q, et al. Different phosphorus

supplies altered the accumulations and quantitative

distributions of phytic acid, zinc, and iron in rice ( Oryza
sativa L.) grains[J]. Journal of Agricultural and Food

Chemistry, 2018, 66 (7): 1601—1611.

Zhu'Y G, Smith S E, Smith F A. Zinc ( Zn ) -phosphorus
( P ) interactions in two cultivars of spring wheat
( Triticum aestivum L. ) differing

efficiency[J]. Annals of Botany, 2001, 88( 5 ): 941—945.

Zhang W, Liu D Y, Liu Y M, et al. Overuse of

in P uptake

phosphorus fertilizer reduces the grain and flour protein
contents and zinc bioavailability of winter wheat
( Triticum aestivum L.) [J]. Journal of Agricultural and
Food Chemistry, 2017, 65 (8): 1473—1482.

Bai Z H, Li HG, Yang X Y, et al. The critical soil P
levels for crop yield, soil fertility and environmental
safety in different soil types[J]. Plant and Soil, 2013, 372
(1/2): 27—-37.

Tang X, MaY B, Hao X Y, et al. Determining critical
values of soil Olsen-P for maize and winter wheat from
long-term experiments in China[J]. Plant and Soil, 2009,
323 (1/2): 143—151.

Zhang W. The

accumulation

mechanisms of zinc uptake and

in wheat and maize as affected by
phosphorus levels[D]. Beijing : China Agricultural
University, 2017. [, HEBEZK X5 /N2 FRBERIC
SRR B HAE ALHI[D]. dbmt: PR R,

2017.]

http://pedologica.issas.ac.cn



1506

+

e 58 %

[ 26 ]

[ 27 ]

[ 28 ]

[ 29 ]

[ 31 ]

[ 32 ]

JinJJ, Wang Z H, Dai J, et al. Effects of long-term N and
P fertilization with different rates on Zn concentration in
grain of winter wheat[J]. Journal of Plant Nutrition and
Fertilizer, 2014, 20 (6): 1358—1367.[%#, T4
M, i, A WA B AN R A
WIS []]. MY E SRS IERER, 2014, 20 (6):
1358—1367.]

Xue Y F, Zhang W, Liu DY, et al. Effects of nitrogen
management on root morphology and zinc translocation
from root to shoot of winter wheat in the field[J]. Field
Crops Research, 2014, 161: 38—45.

Kutman U B, Yildiz B, Cakmak I. Improved nitrogen
status enhances zinc and iron concentrations both in the
whole grain and the endosperm fraction of wheat[J].
Journal of Cereal Science, 2011, 53 (1): 118—125.
Mao H, Wang J, Wang Z, et al. Using agronomic
biofortification to boost zinc, selenium, and iodine
concentrations of food crops grown on the Loess Plateau
in China[J]. Journal of Soil Science and Plant Nutrition,
2014, 14 (2): 459—470

Huang Q N, Wang Z H, Huang T M, et al. Relationships
of N, P and K requirement to wheat grain yield of farmers
in major wheat production regions of China[J]. Scientia
Agricultura Sinica, 2018, 51 (14): 2722—2734.[#&f%
W, EEIE, B, 5. P E AR KR U NE AR
IRy OR SR BOCR D] TEARLF, 2018, 51
(14): 2722—2734.]

Griiter R, Costerousse B, Mayer J, et al. Long-term
organic matter application reduces cadmium but not zinc
concentrations in wheat[J]. Science of the Total
Environment, 2019, 669: 608—620.

ChenY L, JiaZ, ShiJL, etal. Effect of straw return on
diffusion, translocation and transformation of zinc in
calcareous soil[J]. Acta Pedologica Sinica, 2018, 55( 3 ):
721733 (Bt e, BIAE, URVLIN, SF. FEFRS EXT A
JRPE LI Zn §HUT R FOB AR (1], T
&, 2018, 55 (3): 721—733.]

Ova E A, Kutman U B, Ozturk L, et al. High phosphorus

supply reduced zinc concentration of wheat in native soil

[ 35 ]

[ 36 ]

[ 37 ]

[ 39 ]

[ 40 ]

[ 41 ]

but not in autoclaved soil or nutrient solution[J]. Plant
and Soil, 2015, 393 (1/2): 147—162.

Li H, Huang G, Meng Q, et al. Integrated soil and plant
phosphorus management for crop and environment in
China. A review[J]. Plant and Soil, 2011, 349 (1/2):
157—167.

Ryan M H, Mclnerney J K, Record I R, et al. Zinc
bioavailability in wheat grain in relation to phosphorus
fertiliser , crop sequence and mycorrhizal fungi[J].
Journal of the Science of Food and Agriculture, 2008,
88 (7): 1208—1216.

Zhang W, LiuDY, LiC, etal. Zinc accumulation and
remobilization in winter wheat as affected by phosphorus
application[J]. Field Crops Research, 2015, 184:
155—161.

Liu DY, Zhang W, Pang L L, et al. Effects of zinc
application rate and zinc distribution relative to root
distribution on grain yield and grain Zn concentration in
wheat[J]. Plant and Soil, 2017, 411 (1/2): 167—178.
Vaca R, Lugo J, Martinez R, et al. Effects of sewage
sludge and sewage sludge compost amendment on soil
properties and Zea mays L. plants ( heavy metals, quality
and productivity ) [J]. Revista Internacional de
Contamination Ambiental, 2011, 27: 303—311

Liu Y M, Liu D Y, Zhang W, et al. Health risk assessment
of heavy metals ( Zn, Cu, Cd, Pb, Asand Cr) in wheat
grain receiving repeated Zn fertilizers[J]. Environmental
Pollution, 2020, 257: 113581.

Wang Z M, Pan F, Liu Q, et al. Effect of zinc application
at jointing stage on zinc bioavailability in wheat grain[J].
Soils, 2018, 50 (6): 1222—1228 [ L3R, %, x|
By, 85, POV L it B XN B2 R R P B A WA R R
W R4S (0], 13, 2018, 50 (6): 1222—1228.]
LuXC, ZouW X, Han X Z, et al. Determination of Zn
availability in black soil
methods[J]. Acta Pedologica Sinica, 2016, 53 (4):
985—994. [Klifik A, ABSCTS, Hhbehy, . MIFA
BEB W B AL ST SEIA )] RHESEAR, 2016, 53 (4):
985—994.]

with physical-chemical

(RERE: HRF)

http://pedologica.issas.ac.cn



