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Spatial variability and contributing factors of soil available
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Abstract: In this paper, we followed the method of combining GIS (geographical information system) and geostatis-
tics to analyze the spatial variability and contributory factors of four available micronutrients in soils. The results showed
that available Cu, Zn, Fe and Mn exhibited moderate spatial variations. The nugget effect values of these micronutrients
varied between 12% and 50% , with Cu and Fe showing the highest while Mn and Zn moderate. A continuous distribu-
tion pattern was detected for Cu and Mn but not for Zn and Fe. Average content of Cu was high, while the other micronu-
trients were medium. Soil nutrients including organic matter, available nitrogen, available phosphorus and available
potassium had highly significant positive correlations with Cu.Zn and Mn. The soil pH had negative correlation with the
four micronutrients, with Fe the most significant.
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Fig.1  Soil sampling sites at Xushui County
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Table 1  Statistical characteristics of soil available microelements

FE b SN

/MA

e L i i3 1 7
R Sample Max. Min. Mean bR cv i B
Microelements » 1 1 SD Skewness Kurtosis
number  /(mg-kg™') /(mg-kg™') /(mg-kg™") /%
c JFUAEE Raw data 3209 22.80 0.33 2.21 1.58 71.49 4.24 30.41
108
AR Processed data 3209 6.95 0.33 2.15 1.24 57.67 1.98 4.37
. SR EARE Raw data 3209 25.16 0.10 2.64 1.93 73.11 4.35 33.32
n
AEPEEAE Processed data 3209 8.43 0.10 2.57 1.51 58.75 1.77 3.92
. JRIAKE Raw data 3209 31.40 0.50 9.89 3.29 33.27 1.04 3.94
e
JE BB Processed data 3209 19.76 0.50 9.85 3.13 31.78 0.62 1.75
\ JRIGBIE Raw data 3209 23.94 1.91 14.28 3.22 22.55 0.05 -0.25
n
KEFREE Processed data 3209 23.94 4.62 14.28 3.22 22.55 0.06 -0.30
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Table 2 Semi-variograms and the fitting parameters of soil available microelements
P S A Yegx = Ya(H/ R EaH/ AR , " )
MR TT % e A&l Xl Ref/Eaf/% LR WERE R
Microel s Th odel Nugget Sill Nugget/Sill Range e RSS
feroetements cory mode (Co) (Co+C) Co/(Co+ C) /km
Cu AR Gaussian 0.080 0.655 12.21 0.01 0.278 0.056
Zn T Gaussian 0.815 1.631 49.97 0.37 0.919 0.012
Fe LMY Linear 0.530 4.409 12.02 0.02 0.838 0.284
Mn A Gaussian 3.060 11.129 27.50 0.25 0.983 0.469
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Table 3 Grading statistics of the area the contents of soil available microelements
% W 59 Classification
Microelements ftems TS Very high 5 High i Middle 1% Low A Very low

FaifE Standard/(mg-kg™") >3.0 2.0~3.0 1.5~2.0 1.0~1.5 <1.0

Cu THIFR Area/km? 52.71 366.56 282.11 21.26 0.36
LA Proportion/ % 7.29 50.70 39.02 2.94 0.05
FE Standard/(mg-kg™1) >4 3~4 2~3 1~2 <1

Zn THI AR Area/km? 20.82 106.57 402.93 187.98 4.70
Ll Proportion/ % 2.88 14.74 55.73 26.00 0.65
FrifE Standard/(mg-kg™") > 13 11~13 9~11 7~9 <7

Fe THFL Area/km? 8.89 111.49 369.81 224.56 8.31
H] Proportion/ % 1.23 15.42 51.15 31.06 1.15
FrifE Standard/ (mg-kg™") > 18 16~ 18 13~ 16 10~ 13 <10

Mn TR Area/km? 14.24 154.29 426.28 123.92 4.27
.0l Proportion/ % 1.97 21.34 58.96 17.14 0.59

S553 3 MG THERAT T, oK B AR 2.0~3.0 mg-kg™ "MK N R, 28 g
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Table 4 Statistical characteristics of soil nutrients and pH

HHU/ (g kg™ ")

KPR/ (mg-kg™")

AR/ (mg-kg™") HAH/ (mg-kg™")

T Tems Organnic matter Available N Available P Available K pH
FE %L Sample size 3209 3209 3209 3209 3209
B Max. 34.7 223.4 117.2 289.5 8.9
5e/IMAE Min. 1.5 41.0 0.6 38.0 6.1
SF-34H Mean 16.61 119.30 29.72 120.87 7.72
brifE2: SD 5.69 32.67 22.43 48.68 0.17
ARRE CV/ % 34.26 27.38 75.47 40.27 2.20
)% Skewness 0.263 0.885 1.674 1.734 -2.050
I Kurtosis 0.644 1.222 3.211 3.198 12.180

x5 TEFHSMpHESTEMEBTIHMEXME
Table 5  Correlations between soil nutrients, pH and

soil available microelements

1357 4) e pH {H

Soil nutrient Cu Zn Fe Mn

and pH

ﬁmﬁi 0.139° " 0.124" " 0.020 0.301" "
Organnic matter
Available N 0.139 0.139 0.013 0.243
Available P 0.499 0.252 0.053 0.194
Available K 0.338 0.229 0.020 0.277
pH -0.019 -0.009 -0.070" * -0.024

TE: » R P <0.05 BEKF, » » FIR P<0.01 BEKF,
Note: * significant difference at P <0.05, and * * significant dif-

ference at P <0.01.
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