561 % 4 1M + o W) Vol. 61, No. 1
2024 4E 1 A ACTA PEDOLOGICA SINICA Jan., 2024

DOI: 10.11766/trxb202205070236

WEERR, SUHEME, EVE, PNEE, BETETE, BOMEMG, /N, EEE, SR J0E R X A AR AR SRR B SR i K]
R[] LR, 2024, 61 (1): 129-139.

CHU Hongxin, DANG Haiyan, WANG Tao, SUN Ruiqing, HOU Saibin, HUANG Qiannan, LI Xiaohan, WANG Zhaohui, HUANG Tingmiao.
Evaluations and Influencing Factors of Soil Available Fe, Mn, Cu and Zn Concentrations in Major Wheat Production Regions of China[J]. Acta

Pedologica Sinica, 2024, 61 (1): 129-139.

KEFEZX HEAYERRAFERRRIEN R EINER

wEK, tER, T #F, AW, gRE, g8 F0E
Eéﬂ%ﬁl’z-r, N ﬁ%%‘?’T

(1. PHACAMRE: KA IR 22 B A A AT R PG LA 78 F2 S A A BE TG S0IR %, Bevige 7121005 2. PUIbARMBIHE K22/ R XAEY
WA Y R R E TSR, B 7121005 3. ILPEAML R 22 AR 24 B8 /4% A+ = R A E AR B s A re A i L @ b Rl B e, vk
4 0308015 4. HALHIREMERIF T, FrikttT 835000)

 E. IORTERE R X A SRR AR R S B R K R, X TR R R B R T L HE S N EF T 5
AR EREE, T 20162021 4F3ELE 6 4F, EFRE 17 A/INE F77 A /MTRAE 1314 #E LIRS, S5 E HIEA U
TR TRARE, PR T R 2 I O AR R R R BOIR , O R LR 5 8 1 T T 32 A M R R
PEARLYER DTIR, AR, FRIE TR X RS AT 1.8~612mgkg ', T4 49.1 mgkg !, 8.9%MFEAAILE]
Bk FUE 4.5 mgkeg ', B FEEPLEI T PEILEE XALPY . BeE . HRAEH, DY R AT R KA sk .
AR T 0.1~176 mgkg ', P4 22.1 mgkg !, MRTFBERINGFE S mgkg ' FIFEAR LT 6.9%, B+ mferidt. by
FXHLVE, Beph . Hift, NS, PR KICH R X S G S R . BEEASUAAT 0.1~10.8 mgkg !,
SEH R 1.9 mekg ' AT 1.8%KEA A AR BLAIG FLE 0.5 mgke o HIHA BN T 0.1~26.0 mgkg ", 0 1.4 mgke ™, 14.3%
FREARIR T BRI A 0.5 mgkg ', B VUILAAC 22 XAV . BRVE . H . WS S8 0y, . RSP
AR o RIREARAL AT, pH XMPARUR . AR & K, ARSI AR BN R, AR
18 T2 PR R A RO R O o 22 T 3 AR B B 5 AP TE ORI X 5, Bk 4 BEAE FEERATEAL T A K
et a, madr A MR R, JUF T 22 3 O v i AR A R oK

KR AW ARG A% ARUR; ARGE; EEE

hE S ES: S158.9 XERFRERS: A

* ERBEN P E AR R LT A (CARS-3), EEE LM AHRIA (2021YFD1900700 ) FlLLI Y4 5 82 A AHLA 37 01 H
(20211167 ) L[] %% Bh Supported by the Modern Agricultural Research System of China ( No. CARS-3 ), the National Key Research and
Development Program of China ( No. 2021YFD1900700 ), and the Scientific and Technological Innovation Programs of Higher Education
Institutions in Shanxi, China ( No.2021L167)

+ M IRAE#H Corresponding author, E-mail: w-zhaohui@263.net; huangtingmiao@126.com
EZ RIS #RK (1997—), B, IWRFEEN, Wit BF5EH R AEY)E #1845 . E-mail: 1447993659@qq.com
Wk B 2022-05-07; WeEMEEOR H I . 2022-12-165 M4 % H M (www.cnkinet): 2023-03-27

http://pedologica.issas.ac.cn



4

130 + e il 61 &

Evaluations and Influencing Factors of Soil Available Fe, Mn, Cu and Zn
Concentrations in Major Wheat Production Regions of China

CHU Hongxin', DANG Haiyan', WANG Tao', SUN Ruiqing', HOU Saibin', HUANG Qiannan" *, LI Xiaohan',
WANG Zhaohui'*", HUANG Tingmiao '

(1. College of Natural Resources and Environment, Northwest A&F University/Key Laboratory of Plant Nutrition and Agro-environment in
Northwest China, Ministry of Agriculture and Rural Affairs, Yangling, Shaanxi 712100, China; 2. State Key Laboratory of Crop Stress
Biology in Arid Areas, Northwest A&F University, Yangling, Shaanxi 712100, China; 3. College of Agriculture, Shanxi Agricultural
University / Ministerial and Provincial Co-Innovation Centre for Endemic Crops Production with High-quality and Efficiency in Loess
Plateau, Taigu, Shanxi 030801, China; 4. Yili Institute of Agricultural Science, Yining, Xinjiang 835000, China)

Abstract: [ Objective ] It is of great importance to clarify the current regional distributions and influencing factors of soil
available iron (Fe), manganese (Mn), copper (Cu) and zinc (Zn) concentrations. This will improve understanding of the soil
micronutrient supply abilities and guarantee high-yield and high-quality wheat in major wheat production regions of China.
[ Method ] During 2016 to 2021, a successive 6-year in situ farm survey was conducted in combination with the collection of
topsoil (0-20 cm) samples from 1 314 randomly selected farmland fields in 17 major wheat production provinces and regions in
China. The soil-available Fe, Mn, Cu and Zn concentrations were determined to evaluate their abundance and deficiency status
based on China’s classification criteria for soil-available micronutrients. Also, it was quantified the contribution of main soil
chemical properties on Fe, Mn, Cu and Zn availabilities by random forest analysis. [ Result ] Results showed that the soil available
Fe ranged from 1.8 to 611.9 mg-kg ™', with an average of 49.1 mg-kg ", and 8.9% of samples had lower soil available Fe than the
Fe deficiency threshold of 4.5 mg-kg . Soils with relatively low available Fe were usually observed in the provinces of Shanxi,
Shaanxi and Gansu in northern and northwestern wheat production regions, while high-Fe soils were found in southwestern and
middle and lower Yangtze River wheat regions. Also, soil available Mn ranged from 0.1 to 176.2 mg'kg™', with an average of
22.1 mgkg™, and 6.9% of samples exhibited lower soil available Mn than the Mn-deficient threshold of 5.0 mgkg™.
Mn-deficient soils were mainly distributed in Shanxi, Shaanxi, Gansu provinces and Inner Mongolia Autonomous Region in
northern and northwestern wheat growing regions, while soils with high and very high available Mn often occurred in
southwestern and middle and lower Yangtze River wheat regions. Soil available Cu ranged from 0.1 to 10.8 mg-kg ™', with an
average of 1.9 mg-kg ™', and only 1.8% of samples had lower available Cu than the Cu-deficient critical value of 0.5 mg-kg . Soil
available Zn ranged from 0.1 mg-kg™' to 26.0 mg-kg ™', with an average of 1.4 mg-kg™', and 14.3% of samples’ available Zn was
lower than the Zn deficiency threshold of 0.5 mg-kg™'. Zn-deficient soils were mainly found in Shanxi, Shaanxi, Gansu provinces
and Inner Mongolia Autonomous Region of northern and northwestern wheat production regions, and higher Zn concentrations
were mainly observed in soils of Yunnan and Guizhou provinces of southwestern wheat regions. Among the investigated soil
chemical properties, the pH was the most important influencing factor to available Fe and Mn, and available Fe contributed to the
highest Cu availability, and available phosphorus, followed by Cu, was found to be the leading factor for soil available Zn in
major wheat production regions of China. [ Conclusion] There were large regional variations in the soil-available Fe, Mn, Cu,
and Zn concentrations in China’s wheat fields. Deficiencies of soil available Fe, Mn and Zn were serious problems on calcareous
soils in the northern part, and higher supplies of these micro-elements occurred in the southern part, while almost all of the wheat
fields were not identified as Cu-deficient soil in China.

Key words: Wheat fields; Available Fe; Available Mn; Available Cu; Available Zn; Influencing factor
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B B A B R A B BUIR B R R, xRS A
Tt ST v T R AERE, Sl R IR A, AR/
R RA B E L

AL, T 1/2 TR R A
JCE ML AL A, 2018 4F H AR AY (A - %R
ARBL ) Plefr, 2Bk 4 kAR 4 B Bl = 1 ALY L AR S
WIN 5%, 10%. 14%. 49%. WilMLIX, T Z4E
LA, IR TR Ty E, RE L
A SRR R = L3 R 5%, 21%. 6%F1
51%; ERFEMIN 12%. 5%, 4%F1 49% . x4
2P0 fi4g 80 AEARBURFST , TR + A BAG =
ZRAETIrde . BEE . LT NS SRR K
PRI, B I R A TERETY . PO S,
TEAHAECIF 1991 4ERF5T & B, 5 4 IX e ki
HBEBZ W LB R 1%, 48%. 21%F1 56%.
W e B AEVVR B, DU 75 - 3 50 A e B =
FEB 53 500 R 24% . 2% 7%, BRUERFEARREL=Z .
X AR R X PR A B, LA
R F &, AR T K0T, A U %
HEe= o PRSI 3 346 0y HEAYHT &
W, HIEABEERZ S 50%, AR =
FEBIA /N o B IR Ol g 1 165 4y FHELBF oY &
B, EHEA RSB E I BT 50%. LA LG F AN
X 4 R T R A RS 2R T 21 i
ZHT, 20 AR, R EANHR S, LB
AMFFEER MR “FK” HE “RK” Bl
Ve, BRI BRI R ) - A SO A B R
TEEL B, 3. FE AN [R] 22 X 38 200k il 4 BRIk
WSS b IS E P Ny

AR FAMRFEE RANLZ W ARR R, L 6 4F
TE 17 A/NZEE 7248 34T S8 b R AR IBURE 53 AT
A T 3 ] A2 D A S 80 ) = R B X
B, A SR B N 2, /N R T
R AR AL S R SR AR -

1Bk

1.1 RERESTH

2016—2021 4F, IRFER K /NEZ = L B AR FR 53
AR E A2 X 50 2R AR, 75 2 1R
Bk PR A P 22 AT AE, JERAESL 1 314
Oy BF 2 L HERE S o SRABE B A A LG5 SR A B I 1,

AR (e, v, NS ). AR (BRI,
WO (VTR L LR L VLA IRER . L8R ), PEdk (B
Vi, Hl . TE). R (. S, i, HEK ).,
KILR R (AL 2R &R . TLIRrEe ) s
2z DX U v o 5 A IS A5 4L A 224 e o B X
Horbr, AW 2.5%Z Wi T i oo R ALK, 10.5%)
FHTAHVUE ., 22 XFEA B 4 A B AL PR W
% 1,
1.2 HRXESNE

ANFEWSCIRTT, FEIE A 1Y H B Y B — AN B AR R
BEHB/NERFE 10 m x 5 m FFEX, TEFEX /N
FATE IS HI 5 A, REE 0~20 em )2 TR
i, REE L IRAIE I 500 g, VER 1 ANETRES
KT G4 E L 1 mm F10.15 mm Jé Je M o

1 mm HFEFRIIE pH, AR, SR, A
B . A R SRR R . 0.15 mm 1Y HREH
e A HUR A 4% . 14 pH ] pH i, K+
Bb2.5 0 TS B A 1 mol L' Y KC1iZ4E,
FRHE M 0.5 mol-L' i) NaHCOs 3242, ¥ # 4L
B ( AA3, SEAL, fl[E ) ME . #aksH
1 mol-L" f) NH4OAc 342, kMG ( Sherwood
M410, B[ ) ME ., AR N O =531
LFR-=WH: (DTPA-TEA ) 1242, JRE Wkt
JeEETT (PE PinAAcle500, SE[E) Mz, AHLEM
TR E MM BGEI R . S E G RRINE A
# (KaSO4: CuSO,=10 : 1) {H#, &L s/ Hr Y
M,
1.3 TEMETESRIRE

FESH W FEH A 1985 VLR TT
RSB R AT 45 3 g B AR
OB, JFLAR 2 B EAR S PRI T 8 4
X - AT AR T R FEUR L
1.4 #HESHEHE

B b ¥E R B Microsoft Excel 2016, 1ERK %
FH Origin 2018, f#i Ffl ArcGIS 10.0 % {4 3 ¥ 1 /&
JE A VR https://bzdt.ch.mnr.gov.cn/, 03P #r
X SPSS 20.0. A Python Fifi HIL 7%k X 52 i 2
FH A 3 A A5 T o 7 4 0 O B R - B R AT 0T
i, DAL 45 %% ( Gini index ) 1E Jy & 38 br sTik i
o AR ) TEA A o o
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T ZEE PSS B N REAR R, BT BT R SR S i I A R T A AR TR IR AR v PR 55 R R B S GS
(2020 ) 4630 MUFRUEHLEHIME, IKIEJCE L. Note: In the left figure, values within the brackets are the sample size, and those without the
brackets are the averaged micronutrient concentration of the corresponding category. The figures on the right were drawn according to the
standard map ( No. GS( 2020 ) 4630 ) downloaded from the Standard Map Service website of the Ministry of Natural Resources. The base map

was not modified.

Bl 1 FREFEEX RS S BIRE (a, ¢, e, g) MXEAMHEE (b, d, £, h) (2016—2021 4 )

Fig. 1 Frequencies (a, ¢, e, g) and regional distributions (b, d, f, h) of soil available Fe, Mn, Cu and Zn concentrations in major wheat

production regions of China, sampled from 2016 to 2021

2 4 R

2.1 TEFEH%

T E T X A SO 49.1 mgkg
i 12.6 mgkg ', bRifE2E 75.4 mgkg ', AR R
0.7, B/, AR N 1.8, 611.9 mgkg ', HH
TERR VG FHFI R 5 B (1 1a, & 1b), 41.1%FEA
ARG SEET 20mgkg ', A+ T 2.5~4.5,. 4.5~
10 F1 10~20 mgkg ' MIREA > 5 b BAEA & 1Y
8.0%.32.8%. 17.2%, X T 4.5 mg-kg ' FEA i 8.9%.
BRI E, KILh FifE X R, ¥k
130.1 mg'kg ™', HUCHARIL (929 mgke' ). Firg
( 732mgkg ). B (420 mgkg' ). H i
(13.0mgkg ") FILFEX (8.9 mgkg'), ML
X%, FHk 8.6 mgkg ', 48 6 FFLER, Brik
FEM FEAE TREPE . 0P HIRN S, Kb T
. VERE 22 XL . YL m R A K s
PR b XA 0K i A e
22 TEFHE

T [ 22 X A A 805 73 22.1 mgkg !, il

123 mgkg ', PR 247 mgkg ', BREE 0.9,
JERRE S ok . /MBS 50h 176, 0.1 mgkg ™,
B I T R & PR A B M (B Le, B 1d ). 21.6%
FEA A s & B T 30 mgkg ', AT 1~5, 5~
15, 15~30 mg-kg ' FUREAG 51 5 MAEEAR R 6.9%
51.8%. 19.4%, fXT 1 mgkg ' FEAE 0.2%, HEIX
WM, KT R 22 X e, 358 42.0 mgkg
HKHMAEIL (29.0 mgkg '), PHFg (24.5 mgkg' ).
e (24.4 mgkg'). b (102 mgkg™') FIHE
FI1X (9.6 mgkg "), PHILE XIAK, FH4 8.0 mgkg .
iR 6 APZEE, T HUIG AUE 5.0 mgkg ' ARES &
6.9%, FEPAMLEREYG . 1IVE . Hlr. WS
BT AT U | PG i 22 DX 0 1 DX R =
23 TEBXE

FE/NE F 7= X AR 1.9 mgkg !,
Hiff 1.5 mgkg !, ARIEX 1.3 mgkg !, B F R R 1.4,
JEBIFRE & AR R AR/ MBS 310 10.8.0.1 mgkg ',
HIAE = i R RN 5 IPAR DR (8] e, I 1E),
29 5%HFE SR S B R T 2 mgkg !, AT 0.2~0.5,
0.5~1.0, 1.0~2.0 mg-kg ' 43 5 BFEAR R 1.5%,
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R1 FREXTEHAEM 0~20cm T EHIEEKREBLMER

Table 1 Soil sample size and the basic physicochemical properties at the top of 20 cm soil in different wheat production regions of China

‘ LR e A
#IX AR pH
Organic matter/ ( gkg™) Total N/ (g'kg™") Ammonium N/ ( mg-kg™")

Wheat  Sample
W ER hE BE hE BE hE BE T

region size
Mean  Range  Median Mean  Range  Median Mean  Range Median Mean  Range  Median
NEWR 59 64 51~73 6.4 42 26~111 35 2.1 13~64 1.7 54 1.7~84 52
NWR 195 83 63~94 8.4 20 3.3~72 19 1.1 03~3.7 1.1 3.6 0~20 32
NWWR 167 84 74~9.0 8.4 15 2.1~34 15 09 04~25 0.9 2.7 0~24 22
HWR 570 74  42~9.1 8 21 6.0~48 20 1.2 04~28 1.2 6.2 0~136 3.8
YRWR 159 6.5 4.5~8.6 6.4 26 9.3~52 26 1.5  0.6~3.0 1.4 9.7  0.5~79 6.8
XJWR 41 85 7.3~9.0 8.6 24 9.2~101 19 1.2 0.5~32 1.1 3.1 0.2~6.1 3
SWWR 123 72  5.0~85 7.5 25 4.5~68 22 14  05~32 1.3 57  0.2~36 4.5
o AR R HUH
EZX AR
Nitrate N/ ( mg-kg ™) Available P/ ( mg-kg™!) Available K/ (mgkg™")

Wheat  Sample
W ER hE BE hE BE SN

region size
Mean  Range  Median Mean  Range  Median Mean  Range Median

NEWR 59 12 2.5~72 8.1 48 1.4~108  46.5 242 90~399 237
NWR 195 29 2.0~330 16 32 1.9~132 15.8 196  62~563 166
NWWR 167 27 1.3~738 14 26 1.4~129 19.6 206 85~829 190
HWR 570 26 0.3~681 16 36 2.6~166 29.1 195  41~849 163
YRWR 159 17 0~121 10 30 45~110 239 165 46~523 154
XJWR 41 20 1.3~146 12 40  6.7~106 31 220 25~626 189
SWWR 123 15 0~127 8.5 24 1.6~259 18.6 147 37~474 136

[E: NEWR: ARJLZX; NWR: JE#EZX; NWWR: P ib#X; HWR: £ X; YRWR: KT FHEEKX; XIWR: #iiE#
X; SWWR: Fip# X . FIAl, Note: NEWR: Northeastern wheat region; NWR: Northern wheat region; NWWR : Northwestern wheat
region; HWR: Huanghuai wheat region; YRWR: Wheat region of middle and lower Yangtze River; XJWR: Xinjiang wheat region; SWWR:
Southwestern wheat region. The same as below.

x2 HREZHIRAUBRRAEIENRITE

Table 2 Classification criteria of soil available Fe, Mn, Cu and Zn levels in China’s wheat fields

EER IS S AR AR HRUEE
HY Levels Available Fe/ Available Mn/ Available Cu/ Available Zn/
(mgkg") (mgkg") (mgkg") (mgkg™)
WA Very low <2.5 <1.0 <0.2 <0.3
it Low 2.5~4.5 1.0~5.0 0.2~0.5 0.3~0.5
T4F Middle 4.5~10 5~15 0.5~1.0 0.5~1.0
= High 10~20 15~30 1.0~2.0 1.0~3.0
W= Very high >20 >30 >2.0 >3.0
B Z i FHE Deficiency threshold 4.5 5.0 0.5 0.5
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23.4%. 45.3%, KT 0.2 mg-kg ' FEA 5 0.3%. HEIX
BT R, KV U K e, F¥ 0 3.3 mgkg ',
HW AR (2.6 mgkg '), #ifE (1.8 mgkg '), &
Jb (1.6 mgkg '), HFrim (1.4 mgkg') FILFHEX
(1.3 mgkg!), FHILE XM (1.2 mgke ' ). Eik
5, AR T BRI FUE 0.5 mgkg ™ FIRES (5 1.8%,
FE A TREVE . HR S,
24 TEFNE

T FEE X AN 1.4 mgkg !,
i 1.0 mgkg ', FrifE2 1.6 mgkg ', 225 250 0.9,
PRRF PR K . B/ IMEL S350k 26 1 0.1 mgkg ', HIER
TEW FHT 2 FALIR G (K 1g, Kl 1h), 7.9%HE4
AR S EET 3mgke!, A F 0.3~0.5,0.5~1.0,
1.0~3.0 mg-kg ' 433 i BEEAR Y 10.4% . 36.8%.
41.0%, KT 0.3 mgkg ' FEA 5 4.0%, HLIX A
M, KPR X am, P 1.7 mgkeg ',
HBOMVPER (1.6 mgkg '), #ifE (1.6 mgkg '), b
B (1.5 mgkg '), At (0.8 mgkg') FIPHILAE X
(0.7 mgkg '), Frim#E Xk (0.5 mgkg' ). ZiH
6 AELEE, T HEEIG A 0.5 meke ' MRS K
14.3%, SrAnteEdiam . AR5,
25 TEBUNHREAFESEAMFEERNOXR

AT (23) K, HIEARREEIR .
SR EEA . AR AR . AR R
IEAHE, M R B0 51 0.381,0.397,0.343.,0.186,
0.555. 0.513, 15 pH. MR . HALH B3 A
X, MXERB I N-0.734, —0.056, —0.062; £
ESAENLE . 2. SAR . AR AR R
B TEARDG, MOCREUM A 0217, 0.246, 0.460.,
0.179 f10.311, 5 pH. fHEE R E ML, HXR

B N-0.726 . —0.056; ARARSHEILE . £4F.
BEASE . AR . A SRR R E IR OC, MO R AL
391 0.371, 0383, 0.204. 0.216 1 0.257, 5 pH.
AR 2 ARG, AH2C R 805 7 h—0.355.-0.058 5
AR SANE . 28 AR D EIEMHE,
KREY MM 0.114., 0.108 F10.251, Bk, +
% pH 5AMBEICK, 54 R ¥ 52 3 T
Ky AU, 5. AR S A R B Y A
W EARDG; AR 54 R 2 2 R oG
AR EME, SAMBETR; USRS AM
e ] A D I A OG5 AR AN S Ak B
K, SRR AR AR R 2 R 3 5
e S 3B TEAROG ;A URRAN 5 A 0 2 0 3 IR A G
HYPELRARE .
2.6 FE TN FMRITEEE ST R Tk
I it ML AR PR S A X g A 2 R 11 o
PEEATHER (B 2) BB, ST HHEE sk, pH K
MR R, X5 A A i A G FLAH O R B R
m (£ 3) M3, HApaEEER &SRR A
B AU AR AREE. AL, AR
AR . AR HAE ., T A, pH 1)
Sk, Hid 50%, H pH S5ARSEHER
B E (K 3), HRIRUCONEESR . AR
BEAS . HRCE . AR . AL . AR . AR
BELRA, MAHE S, @A SASEE WE
IEAHSE (3R 3 ). XFF 3G 20U, AR800G% mi K,
X5 WA AR SRS (3R 3) MG, Hikohf
BB, AMLIT . pH. ARG . A AR . HARE
SR SR, ARCARR AN, [Fnf,
Ko, BENTZMMAHEE R BRI (£ 3) o X

®3 2EFEZXIEEWREFAESERAUFTRMBEXRY

Table 3 Pearson correlation coefficients among available Fe, Mn, Cu, Zn and the basic chemical properties of soils sampled from major wheat

production regions of China

pH OM TN NO;-N  NH,-N AP AK AFe AMn ACu AZn
AFe -0.734™ 03817 0.397" -0.056"  0.3437  0.1867  -0.062" 1.000 0.555%*  0.513**  —0.015
AMn -0.726" 02177 02467  -0.056" 04607  0.179" 0.018 0.555" 1.000 0.311*%*  —0.015
ACu -0.355" 03717 03837  -0.058" 02047 0216”7 0.017 0.513™  0.311%* 1.000 0.257**
AZn 0.011 0.114™  0.108" 0.049 0.019 0.251" 0.048 0.050 —-0.015  0.257** 1.000

e R RO TS 5% 1% 8K, OM: AHLE; TN: &% ; NOy-N: AR

NH,-N: #5%; AP: A0

AK: ML ; AFe: A 508k ; AMn: A 30U ; ACu: A3UHT; AZn: f130%F . T [Al. Note: ** and * represent the significance of the correlations
at P <0.01 and P < 0.05 levels, respectively. OM: Organic matter; TN: Total N; NO; -N: Nitrate N; NH,-N: Ammonium N; AP:
Available P; AK: Available K; AFe: Available Fe; AMn: Available Mn; ACu: Available Cu; AZn: Available Zn. The same as below.
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ACu——— NH,-N—
AMn O AFe [T
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Fig. 2 Importance of the selected chemical properties to soil available Fe, Mn, Cu and Zn in China’s wheat fields
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