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Spatial distribution and its influencing factors of micronutrients
in soils of Ruoqgiang County, Xinjiang

ZENG Yan-yan'?, ZHOU Jin-long"*, CHEN Yun-fei'?, WANG Song-tao’, DU Jiang-yan®, FAN Wei'’
(1. College of Water Conservancy and Civil Engineering, Xinjiang Agricultural University, Urumgqi, Xinjiang 830052, China;
2. Xinjiang Hydrology and Water Resources Engineering Research Center, Urumgi, Xinjiang 830052, China;

3. No.2 Hydrogeology and Engineering Geology Party of Xinjiang Bureau of Geology and Mineral
Resources Exploration and Development, Changji, Xinjiang 831100, China.)

Abstract: Based on the analysis of seven micronutrients (Fe, Mn, Zn, Cu, Mo and B) of 143 surface soil
samples in Ruoqiang County of Xinjiang, this study used multivariate statistical analysis, geostatistics and ArcGIS
to explore the and spatial distribution of these micronutrients. The results showed that; (1) the variation coefficient
of Fe, Mn, Zn, Cu, Mo and B varied from 18.2% to 47.4%. (2) The nugget-to-sill ratio of Fe, Mn, Zn, Mo and
B were less than 25% with high spatial correlation, indicating Fe, Mn, Zn, Mo and B were influenced by structural
factors such as the parent materials. The nugget-to-sill ratio of Cu ranged from 25% to 75% with medium spatial
correlation, indicating the influence by the combined effects of artificial random and structural factors. (3) Spatial
distribution maps showed the similar spatial distribution characteristics for Fe, Mn, Zn and Cu, with an increasing
trend from the surrounding to the center. The spatial distribution pattern of Mo and B was similar, showing an as-
cending trend from the south to the north. (4) Soil organic matter, pH and parent materials, soil types, land use

types also influenced soil micronutrients.
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Distribution of the soil sampling points in Ruogiang County
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ST AR RO . R GS+7.0 B T b B AR R B, A8 5 R AT DL B
T 2R BRI B MBS R LA, R ArcGIS MR EFRICESRNLFREE, A E— 2 RE X
10.2 1 AFH ) Geostatisttical Analyst £33 2 i 45 T BLAZ N AR . 3R 1 AT LAA ), Fe \Mn,
Rz [\ Ak, R B SR EE TS5 Zn Ca Mo A1 B J& T 4548 0k, Hirfr Fe \Mn 1
B, S8 e A TEZS 20 A B, AT 3 s L 4 Zn 2R RN, /N T 25% , W] Fe \Mn il Zn
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*k1 REIBHEEFRREZSERITH(n=143)

Table 1  Descriptive statistics of micronutrients in surface soil

- bRz . —SH
- i T o GEL ELES K-Sk v
- Range Mean L Background value Coefficient of ~Kolmogorov.Smimov test e
Elements . . deviation . o Distribution type
/(mg-kg™) /(mg-kg) /(mg - ke™) /(mg - kg™) variation/ % P P’
Fe 10~41 26 5.4 32.7 21.0 0.67 /
Mn 226.0~789.0 531.5 96.73 765 18.2 0.40 / ERA i
Zn 32.4~88.7 57.9 11.65 72 20.1 0.32 / Normal distribution
Cu 8.5~49.5 22.0 7.60 30 34.5 0.21 /
TR S
Mo 0.6~4.1 1.3 0.58 1.9 44.6 0.00 0.19 Exponential normal
distribution
A
B 25.8~212.0 70.7 33.49 52 47.4 0.00 0.29 MBUE I

Lognormal distribution
TR 7% MUH S 2014 4738 00 3 68 + 58T k2 C R T RAE T P S UG UL P, < P A % B R A 4 S LA 3
P1H,

Note: “Background value” refers to the report on the chemical elements in the soils of Xinjiang, China by Cheng Hangxin et al. in 2014131 ; “p”

indicates that the asymptotic significance (2 —tailed), “P’” indicates that the asymptotic significance after logarithmic/power transformation.

22 ITEREERTERENTETREMRE Cu FFEFRIEFIRL Zn Mo I B FF-AHREUR Y . B
FEHATHGE T 0 BT Z 0, T BRI AT IESR &80V KE , Fe \Mn Zn Mo Fl B (AL /N T
AR, A AN IE S 3 A0, W T 2 X B AT 25%, 25 AR SRR S AR 7 B2 3 H RN &R
PR AR A FAES A, R 1l HYSZI AN BE BT SE  Cu BB AG0 K 49.8% , 41
13 Fe Mn Zn Cu it IR IES /310, B lRAAKT T 25% ~75%Z 1), J& T 48 25 [ 40 ¢, 25 6] 248 5 [7]
BOELS 53, Mo IR FHHEEGE R 4041 . BFZ 2 AR A AR R B2, RS, AR 2
el c, mMIEEMH C MESHENME /s ATRIEH, ZRNT 2.27~9.36 km Z (], 0 1 1%
(Co+C) (BRIP4 R ) 73 9l R BEHLAS 57 ( NN T TC R AEIX S ] N A7 78 25 8] F A DG, M it
) FZERE S (RN ZR) SR A2 (A28 5 o5 ik JEHEI A fa] AR DGR R 17
BRIWE, C/(Co+C) WH/INT 25%, Uil 2.3 TEMEEFTRSENTEIMIFIE
BIRIC R B A RELAY 25 M AH O | A8 5 3 454 VXA 2 FAR AL 181 7 AR 15 22 O 4 T 47 (R AR
PEAS A A5 WUAETE 25% ~75% 2 18], BRI 7 BORE R E 24, F 1R 2 (Mean error, ME )
JUE HAT A2 [ A OG5 LU R F 75%, BB 238 T 0 A5 BT s n AL 3 5 il 22 (Root mean
HE IR MRS, A8 5 2 B AL A 7 square standardized error, RMSSE ) #HZ3T 1, 4 B
G B RFEUNT 1, FoR s Al skl T i,
2 AR X LI E T E AR BER 2 AIAL AR TR 22 HR R T 0, AR ifE
SRR SH, 3R 2 A RUR AT AL, Fe Mo, LI MR IR 22 B0 L F 1, 26 BH 45 3 (AR AL 174 T 000
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i IR IEZS A3 AR, 35 5 v B A A (AR A5 B AR
AIFEIE 25434, 35 FH 4507 B 447 1 Mo IR

FROES oM, mR S o & ME, T
ArcGIS W25 [ G it AT, 459 BIF 52 X 1 ALk 155.25
km®,Fe Mn . Zn Cu Mo 1 B & &K 4 1 Hb o & 3
BRALF VM ML ( DZ/T0295-2016) ' Ff 4 43 9
WESEATAE RN 53, 4 FOm AR B el W22 3

K2 REIEREEFRTZFAERBRESHEESY

Table 2 Semivariogram models and precision parameters of micronutrients in surface soil

Tx o DB RGE REBERR gy gy A R
Elements Theory model Nugget Sill Co/(CotC)  Range R? RSS BE% s 1‘@13&%
’ (Co) (Co+C) /% /km ME RMSSE
Fe BRI Spherical 0. 0232 0. 311 7.5 2.47 0. 976 7.05%x107* 0.023 0.960
Mn BRAIEIR Spherical 0.0001 0.007 1.4 2.27 0.930 7.16x1077 0.007 0.999
Zn FREEE R Exponential 0.0011 0.009 11.9 3.36 0.979 2.29x1077 0.030 0.919
Cu ERAIBIAL Spherical 0.0138 0.028 49.8 3.22 0.900 6.29%107° 0.005 0.988
Mo FRBUE R Exponential 0.0229 0.108 21.2 9.36 0.960 2.38x107*  -0.019 1.000
B FEEAY Exponential 0.0001 0.041 0.2 6.27 0.963 2.80x107° 0.009 0.991

[ <24 [ ]24~29 N29-32 H32~37 HH>37

N

A

(a)Fe

[ ]<50 [ ]50~62 M 62~71 M 71~84 >34

<0.45[ 10.45~0.55 [ 0.55~0.65 [l 0.65~0.85 Il >0.85

¥

(e)Mo

| <375 [ 1375~500 [500~600 [l s00~700 I >700

<16 [16~21

(b)Mn

224 2429 T2

y

(d)Cu

<30 [ 130~45 [ 45~55 M 55-65 T >65

0 10 20

40

km

2 REIEREBEFRTRLEZTHSMH/ (mg - kg')

Fig.2  Spatial distribution of micronutrients in surface soil
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I Bl i 0 LG 9 d s, 43 i A 50..0% | 53. 7%
29.4% ; Fe RN FE AN 0.1% , 1% X % A
Y ARAERFSE X W R VG s Zn 255 i 5 KR L B

FLBIA 1.3% 12 X IR B A A R 51X 1 P 3 A
A Cu YN EE BN 14.3% , 1% X 3 3 5
AYARTERFFE XA R PE 38, Mn LA 48 7K S FIF o5 74 1
Wil feiss, o 48.0% , S -5 B B 1.1% 30X
WE R ER G XA PEES, Mo F1 B 454K %
FuT 0 LI Ry s, 43 R 88.29% Fil 51.2% i IX.
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Table 3  Grading and area statistics of micronutrients in surface soil
434 Classification
JEHR T H P (Fez . o(RFTE N
Elements Items . I é&(ﬁké) ! %Eaﬁ;ﬁﬁé) . M2 q:‘%;) N%ﬁfﬁj;m) ‘Vﬁ(ﬂiﬁj)
Grade I ( Deficient) ( Relatively deficient) Grade Ill ( Moderate ) ( Relatively rich) Grade V (Rich)
J34% Level/(mg - kg™') <24 24~29 29~32 32~37 >37
Fe T Area/km? 48.35 77.58 23.36 5.83 0.13
He il Ratio/ % 31.1 50.0 15.0 3.8 0.1
I3 Level/ (mg - kg™") <375 375~500 500~ 600 600 ~700 >700
Mn  [&F Area/km? 7.25 43.27 74.45 28.52 1.76
He B Ratio/ % 4.7 27.9 48.0 18.3 1.1
I3 Level/ (mg - kg™!) <50 50~62 62~71 71~84 >84
Zn (L Area/km? 24.1 83.26 45.85 2.03 0.01
L Ratio/ % 15.5 53.7 29.5 1.3 0.0
J34% Level/ (mg « kg™') <16 16~21 21~24 24~29 >29
Cu [ Area/km? 27.08 45.57 35.53 24.79 22.28
Lt Ratio/ % 17.4 29.4 22.9 16.0 14.3
439 Level/ (mg - kg™!) <0.45 0.45~0.55 0.55~0.65 0.65~0.85 >0.85
Mo  TEA Area/km? 0.00 0.00 0.12 18.20 136.93
B Ratio/ % 0.0 0.1 11.7 88.2
534% Level/(mg - kg™!) <30 30~45 45~55 55~65 >65
B T Area/km? 0.00 22.49 26.84 26.38 79.54
Lefi Ratio/ % 0.0 14.5 17.3 17.0 51.2

3 R B SR OT R G FE BUIR B S B
b A AE W 0 A A DL B A R R AR B, A
MK EF WFEIX 8 Fe Zn 1 Cu TR R HFLE
o T (et z KF) , Mn Je 2 F B AR EE R %% (h
K Mo Hl B TR FBAFREEA VR (FEKF) .
24 ITEREEFAEZRETHSAHNEMESR

ARG R, £ P pH {H % -+
R HZE A MR K A7 B TR K B R K L b
AR IR MRS R TR S RN EERNER,
FEH T RO AE T, K28 & S R KNG 1Y
FEORIR, B, MR K ER AT R Ak R K AR 4
TR IR IRAG KT | K 78 S %o 3K B9 Rb 2 B A A
FANY A FE XK R A GERE R T K R
PIKTF 6 m, A AT IAE EHKZEEX LT R
FrELAIREIR MK 2014 A I M 2R K AL R KK
Jo IR T 0 A 2 X TR 7K 5 X R A FH R

JK B RRE (GB5084-2005) ) K 5t rh 5 A WF 5T 40 5
e e R A e A (I Tz bR vERRAE, B Ik il R %
JETHEE FH /K K B0 - 5 h i SR T R S R
Ma , BIFGRE DX Ry B Tk A i P 7 0 R A, B K A
b ZEKREN, HAZ X MBSV 22 , AT AN Kk K
JEXF i B IR A S E R, PR, AT
TN AL pH B R R  HESE AR
+ A PRI R SR TR SRR
24.1 EXEAMFA pHIA LEHM T EFR LS
T Fra  LHUREEIT R M FIE 2 R R L
GAEF T U B AR EE G H AR T 4252 il
HEOURMET R E R A A e E 5
WEFICERTES LAV pH EHCR, N+
AP pH H 5 TR E SR o R S R TG
PP (R 4)

F4 AR pHESIEREEFRTRSENHEIE

Table 4  Correlation between soil organic matter, pH and micronutrients in surface soil

JLE Elements FH LT Organic matter pH Fe Mn Zn Cu Mo B
A ML Organic matter 1.000
pH 0.188* 1.000
Fe 0.589 " * 0.166 1.000
Mn 0.603 " * 0.178* 0.993**  1.000
Zn 0.565" * -0.020 0.868" " 0.864"*  1.000
Cu 0.588 " * 0.245**  0.928"* 0.907"* 0.806" "  1.000
Mo 0.134 0.025 -0.015 0.016 0.170" 0.022 1.000
B 0.283 " * 0.096 0.073 0.120 0.258**  0.065 0.840**  1.000

TE:“ # "FRIRAE P<0.05 /KR, = "RIRAE P<0.01 RFRH,

Note:“ # 7 significant correlation at P<0.05, and “

# # 7 significant correlation at P<0.01.
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W55 X E A PR pH (-5 HIEME SR IOR
AT A KW  Fe Mn Zn Cu 1 B & i
5+ HEE U R I S IEADE R Mo i 5 +
AP TAI I C R ;Fe Mn Fil Cu &85 pH (HE
P B R IEAHOCOC R, Zn Mo FI B i
pH HICAHL KR,

242 REFRNELBEMETTALETLSTH YW

B RE TR R - AR ) () B R R
OV W Bl BT 5T 2R W H TR BT A 25 S B
TSR RS RS TTUER, A
[ AR R o B R R B 1 Rk 2
SRR, S EVEH N 49.8~91.0 mg - kg, K Ayt
T > XA > ot BU) > vh AU Hi4x 5 Rl s

FRILR )G 2T BUN, o Fe Mn Al Cu 2
PAnhERM i, Zn 5 B LABE AR foc i, Mo 5 B LUXL
P, 25 L RTIR, AR B BUR B B B3, 3R 0y
O A HA 25 5
243 EHEASEUBRZTERALELEN YR
255 VB SR PR S b R A B IE, Y X R Y
AR L R AR R A, iR 5 ATRIE T,
Fe Mn Zn Fll Cu ~F-¥ 5 B R PR HENA 1 > bRl
i) £ >R L, Mo FI B P34 7% 0 3R B S il )
ESTER L SEREE L LR ERTR, AR SRR 4%
PO E IR IR A& 1 B — R B A 22 54 ] —
TSN S E ST R Z A —E 220

x5 AEABIEBERMIBERBHRETEMEERTETFHRE (mg - kg')

Table 5 Average contents of micronutrients of different parent materials and soil types in surface soils

s -
Clas:i}l;ijcition Samzi?gffmber Fe Mn Zn Cu Mo B

KUY Aeolian sediment 91 25 530.2 59.1 21.5 1.4 78.5

B AR T WA Alluvium 24 27 553.5  56.8 24.4 0.9 49.8
Parent materials A Alluvium and proluvial 22 25 507.9 53.0 21.2 1.0 55.7
BEFRY) Proluvial 6 26 549.8  61.0 21.8 1.1 91.0

e FEYA L Trrigation-silted soil 98 27 558.5  60.0 23.7 1.1 64.8
Sl typ: MAE 4] £+ Shrubby meadow soil 26 24 503.8  57.1 20.0 1.9 111.2
B 1 Brown desert soil 19 20 430.4 477 15.6 1.0 46.3

244 EAR KA ERMTER AL G YR
O P 9 B 3 A T A 45
TR0 T HE AT 0 B R % E A 7 RS
AR S AL AT B ) R T ORI
e A AC R S R AR T RE s S B L
WM R SRR W B EEE
FO B A T - SR 5 3 96 R AR IR, 4/
TP 7 B o A 1 4 L 2 4

HMEEFITRIEm, RE 6 T LIE N, BBk
TR KR 244 F |, Fe Mn . Zn 1 Cu 5 24 D) S el
Ml 5, vk A, Mo BB S B U] D) A Hb A
IR S B S T e s 3 Gl UL A 7/~ N
Fe Mn I Cu &34 PSR el bh B 5, R ok b
Zn Mo F1 B 255 I LUk % 5 B B 5k wp ALt
BT 6 R B IR T R & Y U &
[ w3 L FAL /B3 Ll S o2 11D i S B NI N

®6 ARMIBREFHTELHMABLBNRELIEREERTRIHEE (mg - kg'')

Table 6 Average contents of micronutrients of various land use types under different parent materials conditions in surface soils

AR = HFI FH S A FEA KL .

Parent materials Land use types Samples number Fe Mn Zn Cu Mo B
B e M Orchard woodland 72 27 5522 61.7 23.0 1.4 71.6
B KA Unutilized land 20 426.0  46.3 15.6 1.2 66.3
Aeolian g P diment #k Cultivated land 6 23 498.8  59.9 20.2 2.3 139.7
A FHHE Construction land 1 19 435.0 40.0 11.3 0.7 25.8
H U Grassland 5 19 416.6  42.1 11.8 0.9 46.3
SRBE#H Orchard woodland 17 28 574.1 575 26.2 0.9 50.1
i BFHL Cultivated land 1 26 538.0  66.6 24.4 1.2 53.4
Alluvium AV Construction land 5 24 504.6  54.8 20.9 0.9 50.6
EEHlL Grassland 1 21 465.0  46.4 12.5 0.8 41.2
SREFE#H Orchard woodland 17 26 528.0  54.4 22.8 1.0 54.1
AR KA Unutilized land 2 16 354.0 382 12.0 0.8 42.2
Alluvium and proluvial  #fHi Cultivated land 2 29 596.5  64.7 23.3 1.3 80.3
@ FHHL Construction land 1 14 297.0 34.7 9.9 1.0 61.7
HEFY Proluvial JRBE Ak Orchard woodland 6 26 549.8 61.0 21.8 1.1 91.0
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