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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 612 mg-kg ™', with an average of 49.1 mgkg ™', 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 mgkg ', 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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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 A A, 2018 4F H AR AY (TSR 4 395
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1.1 EXHEXEBS%H

2016—2021 4F, IRFCHEF/NE =L AR R 5
A FE TR E R R 22 X B 50 ANZRAR I, 78 2 HRE
Bk pe et 2 kAT A, JEoREEIL 1 314

Uy Bk L HERE o SRR oA WA R I 1,
AFEIE (e vs . 5 ). Rk (BRJRIT).
BOE (TR L LR L VIR AEEE . L REER ). vEdL (pk
PO HM . TE) M (/. 5L I ER ).
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2z DX U [ sl s R ot A A5 8 A 224 A P o B 5K
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% 1,

1.2 HRXESNE

INZZWRCRRHT, FERE R Y e N B — A e AR
I HNE KB 10 m x 5 m RFEIX, TEREX P/
BTSRRI S A a5, R 0~20 cm + )= 14k
ih, TEEE . TRAIEEZ 500 g, 1N 1 ANATRES,
KT JE 41 503E 5 1 mm A1 0.15 mm Jé e M0 .

1 mm HFEFDRIE pH, SR, 58 . A
A AR AR ER A BE, 0.15 mm A9 BAEH]
i A HLT A4 A . -4 pH A pH iHE , K+
2.5 1 AR VEAZT T mol L' () KCLIZHE,
FHRWEH 0.5 mol- L' A NaHCO; 3242, 4L
B ( AA3, SEAL, f&[E ) M., Hags A
1 mol-L™" A NH,OAc 1242, kM) ( Sherwood
M410, JefE) WE . AR EEH = ok =2 1
LIR-= Wil (DTPA-TEA) =24, JRFRI a6
6Bt (PE PinAAcle500, 5[ ) M@, AN
AR TR AN BIEI & . 2 F WG IR IR A 1k
# (K,S04: CuSO,=10 : 1) {H&, L s Hr X
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FES LW HEH ALK 1985 4EPE L T0
RIS WORR ERT ABFFT 45 3 g B AR
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1.4 #HESHEHE

B b ¥ R B Microsoft Excel 2016, 1ERK %
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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.

Fig. 1

Hh i R X A AR AR S B S R (a, ¢, e, g) FIXKIEZMGIE (b, d, f, h) (2016—2021 4F)

production regions of China, sampled from 2016 to 2021
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Frequencies ( a, ¢, e, g) and regional distributions (b, d, f, h) of soil available Fe, Mn, Cu and Zn concentrations in major wheat
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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

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

Wheat  Sample
W JER 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: ARJLZEX; NWR: JL#EZX; NWWR: P ib#X; HWR: £ X; YRWR: KITHFHEEKX; XIWR: #iiE#
X; SWWR: Fim#& 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.

R2 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
HYL Levels Available Fe/ Available Mn/ Available Cu/ Available Zn/
(mgkg") (mgkg") (mgkg") (mgkg™)
WA Very low <2.5 <1.0 <0.2 <0.3
& Low 2.5~4.5 1.0~5.0 0.2~0.5 0.3~0.5
4% 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 5 FHE Deficiency threshold 4.5 5.0 0.5 0.5
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21 TEFNH

B B X e RO 49.1 mgkg
i 12.6 mgkg ', bRifE2E 75.4 mgkg ', AR R
0.7, B/, AR N 1.8, 611.9 mgkg ", HH
FE B PR BH A R A5 PH () 1a, [ 1b ). 41.1%FEA
AR SRS T 20mgkg ', T 2.5~4.5, 4.5~
10 Al 10~20 mgkg ' AYFEA 53 5] i B BEEA B
8.0%.32.8%. 17.2%, X T 4.5 mg-kg ' FEA i 8.9%.
XIS, KILh L X &R, Pk
130.1 mg-kg ', HKHMAEI (92.9 mgkg '), F
M (732mgkg’ ). B (42.0mgkg' ). B
(13.0 mg-kg ') ML X (8.9 mgkg '), PilL#
XEAR, FHIk 8.6 mgkg'. L4 6 AELEH, Bk
FESH R E AR TRV . v . HRNSEH; KT
. VHRE 22 KR . VLI pa A LA S |
D b DX A 504 e A e
22 TEFEHE

T2 X A WA T8 22.1 mgkg ', A
123 mgkg ', FrfE2E 24.7 mgkg ', EHZE%0.9,
PERIERE S P L B/ IME ST 518 176 0.1 mgkg ™,
BT R e PR A B M (L Le, [ 1d)e 21.6%
FEARMA RGBT 30mgkg ', v F 1~5, 5~
15, 15~30 mg-kg ' AUREA ) (5 MAEAR 1Y 6.9% .
51.8%. 19.4%, 1&T 1 mgkg ' FEAE 0.2%, #iIX
BRI, KT R K, SF44 0 42.0 mgkg
HWRMNAIL (29.0 mgkg™ ). PUEg (24.5 mgkg ).
e (24.4 mgkg '), dbHF (10.2 mgkg ') FIHi5E
FI1X (9.6 mgkg ), ViU XEAR, SFHH 8.0 mgkg '
A 6 ARZETL, IR T BN FHE 5.0 mgkg ' AOREAL &
6.9%, FEZPAATEREG . Wve. Hlr . NS SR
BT U . 4 R 22 DX PR 0 X AT S8R A 1 o
23 TEFHE

FRE/NEE F 7= X LA G0 1.9 mgkg !,
Il 1.5 mgkg ', ARifEZE 1.3 mgkg ', SRR 1.4,
PR S AR B/ MELSR 3R 10.8.0.1 mgkg
HIAE = R RN S IR DR (& le, B IE),
29.5%IRE L S A T 2 mgkg ', AT 0.2~0.5,
0.5~1.0, 1.0~2.0 mg-kg ' 43l i BFEAR T 1.5%.
23.4%. 45.3%, 1ET 0.2 mgkg ' FEA 5 0.3%. HEIX
WO RV Tl K e, PR 3.3 mgkg

HR KR (2.6 mgkg '), B (1.8 mgkg ). &
Jt (1.6 mgkg '), #riE (1.4 mgkg ") L EX
(1.3 mg~kgfl ), PHILZE X HAK (1.2 mg-kgfI )o A
MmaE, KToEIERE 0.5 mgkg ' BIFES S 1.8%,
FES A T REVE . H R A .
24 TIEEWE

T E T X A BN 1.4 mgkg !,
HFE 1.0 mgkg ', ARifEZE 1.6 mgkg ', AR %09,
PR K . B /IME S50 26 A1 0.1 mgkg ', HBR
TEW BT & ALk S (B 1g, Bl 1h), 7.9%FEA4
AR EST 3mgkeg ', A F 0.3~0.5.0.5~1.0,
1.0~3.0 mg-kg ' 405 5 MAEAR Y 10.4% . 36.8%.
41.0%, KT 0.3 mgkg ' FEA L 4.0%. W X850 Ai
M, KPR X e, ¥ 1.7 mgke !,
HYW NP (1.6 mgkg '), U (1.6 mgkg'). db
#B (1.5 mgkg '), At (0.8 mgkg') FIPEILAE X
(0.7 mgkg"), Hrim#E XM (0.5 mgkg '), ZiH
6 AELER, (RFEEEIGAE 0.5 mgkg ' MRS S
14.3%, SrATteEma . AR5 H .
25 TEANEAEFESERMEERNXR

AT (£ 3) R, AR5 AR .
SR EEA . AR, ARG . AR R
IEASE, FHE R B0 0.381,0.397,0.343,0.186,
0.555. 0.513, 15 pH. MR . HAH B A
X, MERB I H-0.734, —0.056. —0.062; FHHL
HSANR ., 8. BER . AR, AR E R
B TEARDG, MOCREUM I 0217, 0.246. 0.460.,
0.179 A1 0.311, 5 pH. HEE R ERHL, HIXR
BT N-0.726 . —0.056; AR SHEIE . 2A .
RS RS . AR B IEAROG, MR
391k 0371, 0383, 0.204. 0.216 1 0.257, 5 pH.
AR 3 AR O, AHOC R B3 1) h—0.355.-0.058 5
AR SAIE . 24, AR DEIEMHEX,
KR FY N 0.114, 0.108 FI1 0.251, Bk, +
B pH S5ARBEICK, 5A R Y 2 W T
Ky AU, &5 . B RES A RURAR EE E R
WA EADE; RS A R 5 A DG
HA R EME, SAMBET; BARSA R
e ) A A A OG5 AR AN S Ak 2 B
K, SHEMBECRRNDE,; AR 2 35 5
e S 2 AR OG ;AR 5 A 0 2 3 TR A OG
HHEHXLRRNDE .
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2.6 FEIERAFHRXKEFFEFTRER ST

I BE AL AR AR AR X e REA {2 bR ) o 2
PESEATHE (181 2) &8, XT3k, pH B
MR, X5 P SR A O HAH O R B UR
m (R 3) M—8 HAEZEh SRR A
B ARG 2R ARE. APLT. AR

SR AR B, X T LA, pH B

MR R, Bl 50%, H pH 5HBG LR

xR (% 3), HARUCOIESR . ARk,
PHASR . M. AR . AHLR . AR AR
B R, WA, 2R SAG R NE
TEASE (3R 3). M T IR, AR BRI,
XGPSR R (K 3) MWE, HUCOwA
R, AHPL, pH. ARGE . 2R AR A
BAA . AR, ARARREmEN, Fr, A
Ko, ENZEMHCRBREE (£ 3) o X

®3 2EFEZXIEEWREFAFESERAUFTRMBEXRY

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 03977 -0.056"  0.3437  0.1867  -0.062" 1.000 0.555™ 0513  —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™ 03117 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
T RISy BIFRAA MR 5% 1% B KT, OM: AHLET; TN: 2% NO,-N: WSA; NH,-N: #EA; AP: £ %b;

AK: B s AFe: F 404 ; AMn: 5305 ; ACu: A %4 ; AZn: F %8¢ . T 1Al 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; NHZ-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.

pH ] pH ]
ACu— NH;-N —3
AMn O AFe 3
N[O NO;-N 3
AP O AK 3
OM O ACu g
% AZn O OM O
5 NO;-NO AP O
& NH-NQ a) 173k Available Fe AZn O b) 7744 Available Mn
% AK . . . Np , . . .
H{g 0.00 0.20 0.40 0.60 0.80 0.00 0.20 0.40 0.60 0.80
§ AFe AP ]
-+ AZn—————— ACu |
OM [/ AFe ]
pH— OM——————
AMn pH——————
N AMn——————
AP AK—————
AK [ NH;-N ————
NH-N 3 o) friAvailable Cu - NO"N — 4) #720tk¥ Available Zn
NO;-N 3 ) ) ) . TN : . ) .
0.00 0.15 0.30 0.45 0.60 0.00 0.05 0.10 0.15 0.20
BTk Importance
B2 SR 27 H A 8 A5 kA A B 1Y) DTk R
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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