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Abstract: [ Objectives ] The paper studied the spatial variability of paddy soil fertility in typical county of
northeast China, aiming to provide a scientific basis for rational fertilization management of paddy soil in this
region. [ Methods ] The study was conducted in Fangzheng County of Heilongjiang Province, where total of 114
representative paddy soil samples were taken in 2017. Soil bulk density, pH, total N content, available P content,
available K content, organic matter content and CEC were selected as factors of soil fertility evaluation. The
correlation coefficient method was used to determine the weight of each factor. According to the characteristics of
the paddy soil in northeast China, appropriate membership function curves and turning points were selected to
determine membership values. According to the multiplication principle of fuzzy mathematics, the soil integrated
fertility index was calculated by weight values and membership values. The spatial variability and distribution
pattern of fertility factors and integrated fertility index were determined by the combination of GIS and
geostatistics. Principal component analysis was used to explore the contribution factors of soil fertility
difference. [ Results ] The integrated fertility index of paddy fields in Fangzheng County was between 0.18 and
0.99, with an average of 0.60. The coefficient of variation (CV) of soil bulk density and pH were 9.15% and
5.69%, respectively, which belonged to weak variation intensity. The CV of other fertility factors ranged from
20.01% to 36.18%, belonging to moderate variation intensity. The nugget coefficients of soil bulk density, total N
content, organic matter content and CEC were between 39% and 50%, which belonged to moderate spatial
autocorrelation. The nugget coefficients of soil pH, available P content, available K content and integrated fertility
index were below 25%, belonging to strong spatial autocorrelation. There was 16% of paddy fields with soil
integrated fertility index value above 0.70, and 45% ranging from 0.60 to 0.70. The soil integrated fertility index
was high in the south and low in the north, accordant to the distribution of available P and K content in soil. Soil
pH and CEC decreased gradually in the paddy fields from middle to the north-south direction, and soil bulk
density decreased gradually from northwest to southeast. The proportion of paddy fields with organic matter
content above 30 g/kg was 97%, and that of paddy fields with soil total N content above 1.5 g/kg was 84%. The
contents of total N, available P, available K and organic matter in the soil along the northern Ant River were
relatively low. The general scores of fertility factors obtained by principal component analysis were as follows:
soil available P content, available K content, organic matter content, CEC, total N content, pH and bulk density.

[ Conclusions ] The soil fertility of 61% of paddy fields in Fangzheng County is at medium or above level, and
the paddy field fertility generally high in the south and low in the north. Soil available P and K content are the
main factors causing differences in soil fertility.

Key words: Fangzheng County; paddy soil; fertility evaluation; geostatistics; principal component analysis
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Table 1 The correlation coefficient between soil
fertility factors

2

EiEtan
BD pH TN AP AK oM CEC
Index
BD 1

pH 008 1
TN  -047 -0.10 1

AP 006 0.19 024 1

AK 017 023 031 052 1
OM -054 —0.04 074 040 039 1

CEC -0.383 0.16 0.35 0.18 0.33 0.48 1

# (Note) : BD—ZH Bulk density; TN—4% Total N;
AP— UM Available P; AK—HZA Available K; OM—A HL
Organic matter; CEC—PH 7 3¢ 4t i Cation exchange capacity.

*2 IEFORIRENRE

Table 2 Criteria for grading of soil nutrients

F9% Grade TN (g/kg) AP (mg/kg) AK (mg/kg) OM (g/kg) CEC (cmol/kg)
1 >2.00 > 40 >200 > 40 >20.0
2 1.50~2.00 20~40 150~200 30~40 15.4~20.0
3 1.00~1.50 10~20 100~150 20~30 10.5~15.4
4 0.75~1.00 5~10 50~100 10~20 6.2~10.5
5 0.50~0.75 3~5 30~50 6~10 <6.2
6 <0.50 <3 <30 <6

# (Note) : TN—424% Total N; AP—A LM Available P; AK—HERLH! Available K; OM—45 L Organic matter; CEC—PH & 7 3¢ it

Cation exchange capacity.
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Table 3 The turning point of membership function

T

) BD TN AP AK  OM CEC
Turning pH

point (gfem®) (g/kg) (mg/kg) (mg/kg) (g/kg) (cmolkg)
x 1 5.5 1 20 130 20 10
X, 1.1 6.5 25 40 200 50 20
Xs 1.2 7

X, 1.4 7.5

¥ (Note) : BD—AH Bulk density; TN—4>%( Total N;

AP—A UM Available P; AK—EZHN Available K; OM—A HLJR
Organic matter; CEC—PH ¥ 3¢ #ftit Cation exchange capacity.
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Table 4 The descriptive statistics of fertility factors and integrated fertility index
TiH R R e/ ME NN HyfE iz ARAM (%) WE e iz K-S #a 4 {H
Item Samples Min. Max. Mean SD CcvV Skewness Kurtosis K-S test value
BD (g/cm?) 114 0.92 1.57 1.30 0.12 9.15 —0.31 0.56 0.82
pH 114 5.18 6.78 5.83 0.33 5.69 0.50 0.46 0.29
TN (g/kg) 114 0.72 3.36 1.69 0.44 26.07 0.73 1.11 0.67
AP (mg/kg) 114 12.10 78.10 38.23 13.83 36.18 0.54 —0.05 0.78
AK (mg/kg) 114 101.00 283.50 171.77 37.23 21.67 0.71 0.44 0.15
OM (g/kg) 114 15.70 63.30 36.46 9.56 26.23 0.40 0.58 0.52
CEC (cmol/kg) 114 14.40 36.64 23.22 4.65 20.01 0.59 0.50 0.62
IFI 114 0.18 0.99 0.60 0.18 30.00 0.06 —0.64 0.67

i (Note) : BD—%H Bulk density; TN—Z%( Total N; AP—F % Available P; AK—#ZL# Available K; OM—A5 #L5T Organic matter;
CEC—PHB F3c i Cation exchange capacity; IFI—25A i 713541 Integrated fertility index.

x5 DREAEFRNESRNERFHERTERLEBXSY

Table 5 Semi-variance model and related parameters of soil fertility factors and integrated fertility index

=22 Prediction error

T H AR Hesx(l B PR (%) AR (m) &

Item Model C, C+C, C/(C+C,) Range MSE RMSSE
BD G 0.0082 0.0211 39 33446 0.826 0.0025 1.1868
pH E 0.0141 0.1102 13 6360 0.347 0.0001 1.2196
TN S 0.1088 0.2186 50 21550 0.622 -0.0077 1.0547
AP S 35.80 197.70 18 8450 0.658 -0.0144 1.2290
AK G 262 1469 18 5640 0.552 -0.0072 1.2347
oM S 54.20 132.30 41 31073 0.856 -0.0099 1.1046
CEC S 13.99 28.58 49 39660 0.867 0.0102 1.1129
IFI E 0.0052 0.0324 16 3510 0.422 0.0069 0.9687

i (Note) : BD—%H Bulk density; TN—4 % Total N; AP—F % Available P; AK—# L4 Available K; OM—A5 #L5T Organic matter;
CEC—PH & F3cHt iz Cation exchange capacity; IFI—2# & iE J1#5 4L Integrated fertility index. G— & i#5 % Gaussian model; E—H5 %A1
Exponential model; S—FRIRA R Spherical model; MSE—14 /1% 2% Mean square error; RMSSE—#r#EfL 4 R IR Root mean square

standardizd error.
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Fig. 3 Distribution map of soil fertility factors and integrated fertility index

[ (Note) : BD—Bulk density; TN—Total N; AP—Available P; AK—Available K; OM—Organic matter; CEC—Cation exchange capacity;
IFI—Integrated fertility index.]
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Table 6 Principal component analysis of soil fertility

JiSWaEi=t N A3 Principal component
Fertility

factor PCI PC2  PC3  PC4  PCs
BD -0.33 -0.03 -0.16 0.92 0.04
pH -0.07 0.14 0.08 0.03 0.98
N 0.91 0.12 0.12 —0.18 —0.06
AP 0.27 0.84 -0.06 0.11 0.10
AK 0.07 0.84 0.26 -0.16 0.09
OM 0.80 0.30 0.25 -0.27 —-0.05
CEC 0.24 0.13 0.93 —0.15 0.10
Ei 1.70 1.55 1.05 1.02 1.00
CR (%) 24.34 22.18 14.96 14.50 14.30
CCR (%) 24.34 46.52 61.48 75.98 90.28

# (Note) : BD—%& ®H Bulk density; TN—4% Total N;
AP—A UM Available P; AK—EZHN Available K; OM—A HLJR
Organic matter; CEC—FH % F 3¢ 4fidt Cation exchange capacity;
Ei—4#{iE{f Eigenvalue; CR—Bi#k*® Contribution rate; CCR— 23T
BTk Cumulative contribution rate.
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Distribution map of principal component
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