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Characteristics and influence factors of soil available iron, zinc, boron and molybdenum in upland and paddy
field across major grain production areas of China
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Agriculture and Rural Affairs, Beijing100125, China; 3. Key Laboratory of Tropical Crops Nutrition of Hainan Province /South Subtropical
Crops Research Institute, Chinese Academy of Tropical Agricultural Sciences (CATAS), Zhanjiang 524091, China)

Abstract: The impacts of trace elements on crop growth cannot be ignored. Investigating the regional characteristics of changes in soil
available iron, zine, boron and molybdenum, and their influence factors, is of great significance for soil trace element management and

rational fertilization in cultivated land. Based on 1 647 sets of data on soil trace elements and basic chemical properties observed by the
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national cultivated land quality monitoring network, the characteristics and influencing factors of iron, zinc, boron and molybdenum

conlents were analyzed in upland and paddy field across major grain production areas of China (northeast, north, northwest and south).
Compared with upland, the soil available iron content in paddy field significantly increased by 3.04 folds on average across regions of
China. There were significantly regional variations in soil available iron in upland and paddy field, with values in upland substantially
higher in the northeast and southern regions relative to the northwest and northern regions. The soil available zinc content significantly
increased by 17% on average in paddy field relative to upland across China, and the available zinc content in northwest China was the
lowest. The available boron content in upland soil was 1.63 folds higher on average as compared to paddy field across China. There was no
significant difference in available boron content across upland and paddy field in southern China, in which both were significantly lower
than those in other regions. There was no significant difference in soil available molybdenum content in upland and paddy fields at national
and regional scales. The soil available iron, zinc, boron and molybdenum were greatly affected by soil pH in upland and paddy fields at
national and regional scales. Soil pH was negatively correlated with available iron and zinc, and positively correlated with available boron
in upland and paddy fields across China. The upland soil available molybdenum was negatively correlated with soil pH. In addition, soil
available iron, zinc, boron and molybdenum positively related to soil organic matter and total nitrogen, with their contribution varied greatly
across regions. The upland soil was characteristics with significantly lower available iron and zinc, higher available boron, and absence of
difference in available molybdenum, as compared to paddy field across major grain production areas of China. The regional variation in soil
available iron, zinc, boron and molybdenum were mainly affected by soil pH and organic matter. The contents of soil available iron, zinc,
boron and molybdenum in grain producing areas have obvious regional changes, so the targeted application of trace element fertilizer is of
great significance to improve the regional grain yield.

Keywords:land use type; trace element; soil organic matter; soil pH; influence factor

BRI AR 0 AR, IR R B
B WAEY ARG R . AR A A R AL TR
Z 5] R A R TR AR TR 2 B R G
RPN o ft o 2R R T T 0 E A
4% BRI R AL SN & e — RO REE B
T AR LR . B ROE TR RPN
it 4 A 2 AN A K 2 A T A R Y, Bl = B
1t Z IS HEY K AR R, e 2 i A et
FRESSL CRAEIIAE K R E S 3 o R LA
BLEEYIAR G, MU C R LR Bt 5 i B2
4370 B A5 R B o T 4 AR ) (X 3
IO TR 0 i S LA A RAE X R AR 7
ST ORBER ARSI A LA EEE
e

TR O R Z LT R AR B R A
SR DA 2R 52 ) TR Bt 27 3] A i R O =K it A R
B Tl 25 A R PR it A R ), RS O B Tl
ANTRIEE R A ) - e e e R R L R P 8-
Fop Yo 2 XA YT G - 48 v 5 5 22 A (LA Y
75 At BUR AL 0T 1 - v S B R RO, A ER
ﬁ&%“”ﬂiﬂ'ﬂ%%%%ﬂiﬁﬁﬂ‘ b P - K B A AR

WA I e e R U B s (TN N S g = e s

Y BR 2 5 M 4 S R B R S R pH ] B3k

@J*&E%*ﬁa@k¥o AT e 28 B 4 S R e

http://'www.aed.org.cn

W= R, A BT A R L (0~15 em) K
T i 2R O bR M > > B B U B O B
o > R > PRI UTARR, RUBERT AE R L R LR
Jit P, S B T 3357 0 FU B S8, ARG R
GNUNGE ST Siole SO (R7/Ne i AR EN (e S
M . REBBFITEREM, A RIBE KA N E
PR it 5 0 - 398 Rl 0 3R A RO A AR, 1 T
SRR 77 R S ek N R A e it
AR SR DU R A RO — Rl R
LAMZTTR TS Hit, W5 H L3 i oo
B DI A R A R T R DR 3R, R M TR T it
HE B2 A i R A Y A R B R B
=9 A

BB LB SRR AR A AN AT B B A G
ESSE ST VRS T3 QVER LS AR (B 7 1R S8 -3
T R AR ) 1A PN 22 A XS AR R Y
’@%ﬁ%ﬁﬁﬂﬁ%ﬁ%#ﬁﬁ@mi%ﬁgow
Xt L) AN R RE B T B L AN 0 2 R R A AR A O
%?%%ﬁ%%%@%%%i%mﬁmzﬁ%ﬁﬁu
R BE BB PR DA o e A R A
LR, 3 A Bt T LA A B B A i e R
B ZAE , eI IR A . BB Bk R A 3 A
RS IE AR B DU A RAE 1 R AR B0 e H R i
B IEATEAE , AT ST T 75 i 4 ] A0 B ot oo
—195—



KA FREMMEFR-F43% -5 1 1

000 oA 245 1) XL 5Bl , A o A 2 ) B AN ] X (AR
Hedb PUAL AR ) B HRIK B SRS R VR B
B i AR AR IR B IR e DR B D 4 AN [ X
PG S A0 52 e 1 4y 7 SR PR 22 K

1 MREFE

1.1 ##ERIE

AMFFE LAA FH 3 RS o e R Bk VBRI
SRS G, it T 2450 U5 T A Ml A A FS A b o o
U 5 o7 1) ) 4% SO0 %) R T 3 36 B, 6% < 2016
AF 812 25 W I s , b 5 M 494 2%, UK H 318 4% 5
2021 474k 835 4% W £ 4 , L 5 M 499 4% WE I 4K
P, K 336 %o PR LT 1 647 Z5MEMNE M , 5
2016 4F- 12021 4F [ R A b s FE A — 30, K 26 W
XA 43 A AR b AR PSR AR Jr DU AS AR o X
B, o AR XA FE R VT AR TR M S
W E A X AR X 8k, b X A5 P 52l IR X A
B e K e st RS P RN AR, P
XALFE NS B X PELEs  HR A T 2 % B IE
X I BTG AU SRR FIR X, B X AL $E
e G TR VO RN R A, T R R
A AR A A G R s KA AR 20 2,
FRRLH S AEY) A KRS B KRRI/NGE o e B o Ay
R A B R G 0r  HAUK L, LUK RS AG A
(R G RKH , FEAL ARG KRG/ 5 K
FE— Il SR AR SRR B . R AR A R AED
A, F BRI AR /N A EOK R EAEEY .
by )i A T FE ) A7 3L 34 15 2 v R e A A
X—2. 29T 2016 4EH1 2021 H7E 4 [ 75 Bl P %o i
BB X R MUK AT T OREE, I P oK ARk
FIHEAT 709G FH A RO UE 7K HRAE BB AT 52 21 ¥ K 1)
A
12 HW|RESNE

AWFFE 43 5 F 2016 471 2021 SRR Z=AE IR G
(10 AR ZE 11 AW RAEBHZ LIEFES . REE T 3%

HE 4 [ b b ) A 5 T PPN BR R R AT, £
A3 FE ST s I SR IO 433 B B 1.5 kg A AL
AR S ARV R A s B S g =, AR T 5 3 2
mm i (R A7 . HHARCSRMBEE S ERA =
& T TR (DTPA ) i 423 (NY/T 890—2004) 7 5 A
B TSR O e —HEE 83 (NY/T 1121.8—2006)
W5, A3 808 SR FH TR — TR B 12 8 — A AL AR 1
(NY/T 1121.9—2006) 2 ; T3 pH( LK R 1:2.5)
% pH T (pH6220) M 5E 5 + 1A HL 5T (SOM) i FH 5
BRSPS 5 -4 4 A (TN ol FHRIL G 20
SE 5 - EH ALCAN) A P 05D 5 3 4k
(TP) et FBH I HE G 7R 5 5 3364 R0 (AP ) {5 HIBRIR
FANR BT LG A I ; - A (TKO) ff KA
DGR TN E 5 T HEZR A (SKO 1 FH AR IR 1= 42— K
JEADGIE I AE 5 -3 RO (AKO) ol TS PR Bl i 42— K
AN EE I
13 TEEUERETESETR

A FE R FH A A B 38 i it o0 2R = B bR
T, X B 3 O R C R Ak B I B R (3R
1) ARG BE IR A AR U ] 1 R 2
JIi7R o
1.4 iR

i FH Excel 2019 8- 48 PRSI0 , R SPSS 27
BRAF AT B DR IR 3y 2243 A LA K 1A 43,
H Duncan 7£ 0.05 KT #6177 22 5 B F VEAG 56, 38 1o
Spearman AH ¢ 2 F0k 56 43 A1 E ZEVEY) ) 1 5 i oo
FER VBE U EH S AR OCE T T M R R
FHBEHLARRBAL 0 M i oo 2R Bk Ve VA AH Y 5
i PR 28 (2R b AR AT PG J i XK H e /0, A
AR A TAICS3HT) 5 ] Origin 2021 il I3

2 HRESH

2.1 TEBRSH 5 0 HE BT UHE
A [E AP R X (RAE AR b P AL 7
D) 5 AR B A RSB VBRI A R ST

R TEERSHETRE 5. BTN ER

Table 1 Evaluation grade levels of soil available microelement iron , zinc, boron and molybdenum

AR HETTER 50 BTt 58K Level and content/(mg-kg™) R/ (mg-ke) 5%k
Available microelement oA Lower 1 Low 1 Medium & High e &5 Higher Critical value Reference
AR <2.50 2.50~4.50 4.50~10.00 10.00~20.00 >20.00 4.50 [19]
T <1.00 1.00~1.50 1.50~3.00 3.00~5.00 >5.00 1.50 [20]
A5 <0.25 0.25~0.50 0.50~1.00 1.00~2.00 >2.00 0.50 [21]
AR <0.10 0.10~0.15 0.15~0.20 0.20~0.30 >0.30 0.15 [20-21]
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Figure 1 Histogram of relative frequency distribution of soil available iron(a) ,zinc(b) ,boron(c¢) and molybdenum(d) in soil
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Table 2 Statistical characteristics and grade proportions of soil available iron , zinc, boron and molybdenum in upland and paddy fields

W — BEEN ZE2% 15 HE Proportion of grade level/%
B o ORER I ER e A
JTE X Average . Standard o ) o o
. FIF  Sample  Interval range/ Mid-value/ of  Distribution i LS W =
Element Region Land b (me-ke) value/ (me-ke™) error/ ation/ ; : ) ) |
and use number mg-kg Gl mg-kg (Gl Va“j/‘“m pattern - oyer Low  Medium High  Higher
0
Augk e B 991 0.10 ~ 784.00 44.40 17.80 67.66 15238 JEEE 162 394 2492 2270 4682
7K H 651 4.20 ~748.00 179.34 162.00 11821 6592  JEEA  0.00 0.15 0.46 1.08 98.31
RALIX B 199 3.00 ~ 749.40 77.68 57.10 86.94 111.92  JEEE - 0.00 1.51 1055 18.09  69.85
K H 37 11.40 ~ 440.00 185.99 191.00 118.67 63.81 EA 0.00 0.00 0.00 2.70 97.30
fBbIX B 427 1.20~271.20 2252 10.20 35.10 15584  AEIESR 187 6.09 4098 2670 2436
JKH 4 167.00 ~384.00  247.50 219.50 95.38 38.54 EA 0.00 0.00 0.00 0.00  100.00
PEIEIX Fib 152 0.10 ~ 152.00 20.17 12.55 20.64 10230 JEIEA 329 3.95 27.63 3487  30.26
7K H 9 49.20 ~ 180.00 107.79 115.00 47.47 44.04 EA 0.00 0.00 0.00 0.00  100.00
T 213 0.70 ~ 784.00 74.46 48.30 90.59 12165  JEEE 141 1.88 422 1033 8216
7K H 601 4.20 ~748.00 179.54 161.10 118.77 66.15  AEIEA  0.00 0.17 0.50 1.00 98.33
AR aE R 983 0.00 ~ 18.87 2.03 1.40 2.05 10093  JEIEA 3428 2086 2777 10.07 7.02
7K H 649 0.13 ~24.40 237 1.75 2.39 10073  FEIEA 2173 2003 3575 1479 7.70
ZALIX B 195 0.06 ~9.79 2.16 1.64 1.77 82.01 JEESR 2564 2051 3385 1231 7.69
K H 37 0.13 ~4.00 1.32 1.10 0.80 60.60  AEIEA 4054 2973 2432 541 0.00
b B 425 0.00 ~ 18.87 2.02 127 2.14 10608  JFIEA 37.18 2047 2518  9.88 7.29
7K H 4 0.79 ~3.41 1.78 1.46 1.14 64.02 EA 2500  25.00 2500  25.00 0.00
PHILX  Fih 151 0.06 ~12.10 1.50 0.99 1.67 11154  JEES 5033 1722 2450 530 2.65
7K H 9 0.97 ~2.65 1.69 1.70 0.60 35.57 EA 2222 1111 66.67  0.00 0.00
MK B 212 0.10 ~ 16.60 2.33 1.55 2.28 98.03  JEIEA 2500 2453 2972 1179 8.96
7K H 599 0.22 ~24.40 245 1.80 2.46 10035 JFIEA 2053 1953 36.06  15.53 8.35
B aE FH 979 0.02~3.24 0.65 0.54 0.51 78.51 JEIER 2094 2533 3698  13.69 3.06
7K H 643 0.00 ~2.81 0.40 0.30 0.35 88.58  ARIEA 3997 3624 1851  4.66 0.62
RALIX  Hi 196 0.02~2.56 0.68 0.60 0.42 6156 JEIEA 1071 2653 4847 1276 1.53
JKH 36 0.04 ~2.47 0.64 0.57 0.51 79.00 JEIEA 1666 2778 4167 1111 2.78
fBibIX B 426 0.03~3.24 0.75 0.64 0.52 69.15  JEIFEA 1127 2207 4624 1643 3.99
JKH 4 0.24~1.29 0.70 0.64 0.44 62.24 EA 2500 0.0 50.00  25.00 0.00
PEIEIX Fhb 147 0.07~3.11 0.77 0.55 0.68 88.27 JEIEA 2653 1973 2585 21.09 6.80
K H 9 0.27~2.81 1.26 0.75 1.07 84.78 JEIEA 000 4445 1111 1111 33.33
X FHL 210 0.02~1.68 0.35 0.29 0.29 8046  ARIEA 4619 3476 1524 381 0.00
JKH 594 0.00 ~ 1.89 0.37 0.29 0.29 79.86 JEIEA 4209 3687  17.00  4.04 0.00
HR aFE B 950 0.00~2.53 0.18 0.13 0.22 119.09  JFEEA 3474 2790 1589 9.6 1221
7K H 528 0.01~1.68 0.19 0.14 0.20 10689  JFEIFEA 3087 2822 1629 1382  10.80
ZRALIX B 197 0.00 ~ 1.00 0.21 0.17 0.17 79.89 JEIEA 2995 1472 2284 1320 19.29
7K H 36 0.08 ~ 0.89 0.27 0.23 0.19 7033 AEEA 2778 555 833 3056 2778
fedbX B 428 0.00 ~ 1.80 0.15 0.12 0.17 108.96  JEIEA 3762 3294 1472 794 6.78
7K H 3 0.11~0.30 0.19 0.15 0.10 53.66 ES 0.00 6667 000  33.33 0.00
PEILIX  Fi 136 0.03~2.14 0.18 0.12 0.30 163.58  JEIED 3603 4191 8.09 5.15 8.82
7K 9 0.05~0.28 0.18 0.18 0.07 37.90 EA 111 1111 4445 3333 0.00
X B 189 0.01~2.53 0.22 0.14 0.28 12682 JFIEA 3228 2010 1693 1111 19.58
7K H 480 0.01~1.68 0.19 0.13 0.21 11134 JEIEA 3167 3000 1646  12.08 9.79
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