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Spatiotemporal characteristics of soil nutrients and fertility evaluation of agricultural land in the Huang-
Huai—-Hai Plain agricultural area: A case study of Boxing County, Shandong Province

LI Yinghui', JIANG Xiaosan"*"

(1.College of Resources and Environmental Sciences, Nanjing Agricultural University, Nanjing 210095, China; 2. Taizhou Academy of
Nanjing Agricultural University, Taizhou 225311, China)

Abstract: In modern agricultural production, with changes in land use patterns, fertilization patterns, and management measures, soil
fertility has significantly changed. Affected by factors such as soil type, topography, climate, and organisms, soil fertility conditions are also
quite different. Therefore, studying the changes in arable land soil fertility in recent years, as well as identifying the affecting factors of soil
fertility could provide a basis for precise soil fertilization and fine soil management. In this study, we selected the soil fertility data of
Boxing County, Shandong Province in 2007 and 2020, used geostatistics and index sum methods to comprehensively evaluate soil fertility,
and explored the distribution characteristics of soil fertility in time and space. The results showed that, compared with 2007, the organic
matter and the available potassium contents of the soil in Boxing County increased in 2020 from 15.13 g- kg™ to 17.48 g+ kg™ and from
164.73 mg - kg™ to 242.80 mg - kg™, respectively. Moreover, the content of alkali hydrolyzed nitrogen and available phosphorus decreased
from 103.20 mg - kg™ to 84.73 mg- kg™ and from 39.07 mg- kg™ to 24.99 mg- kg™, respectively. Finally, the soil pH value increased from
7.79 to 8.28. The soil fertility level in the area proportion of Grade I , Grade Ill, and Grade V lands decreased by 13.62, 4.14, and
0.99 percentage point respectively. The area proportion of Grade Il land increased by 17.78 percentage point, and the area of Grade IV
land remained basically unchanged. In conclusion, the changes of soil fertility in Boxing County from 2007 to 2020 have been affected by
soil types and human activity. In agricultural production, effective fertilization methods and management model should be adopted based on
the reference soil background value to improve soil fertility.

Keywords : soil fertility; spatiotemporal change; agricultural land; soil fertility evaluation
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Figure 1 The location of soil sampling sites
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Table 1 The turning points of membership function of

soil fertility indexes

FE 7 Index X1 X2 X3 X4
HHLEOM/(g-kg™) 15 20 — —
B AP/(mg-kg™) 30 60 — —
AN AK/ (mg-kg™) 120 180 — —
T 2 AN/ (mg-kg™) 50 120 — —

pH 6 7.5 8 9
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Table 2 The classification standard of soil fertility degree
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IFI>0.7 0.6<IFI<0.7 0.5<IFI<0.6 0.4<[FI<0.5 IFI<0.4
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AE B, 2020 4% A HLIBT BA SR R A 2
S FRAR A R B, A LR RO S I T
WY M 15.53% 47.39% , Bt 8 NG 350 & i
SESAEFEAR , IR 2051 4 17.90% .36.04% . 2B 42 [H
55 R A - SR 1 A BRHE T AT, AT AL
J 5 B AE 2007 4 A1 2020 440 F R R 25 K- (10~20
g kg ) RS BUR Z , 5 RFE A 53 50 44.56%
1 60.00% ; 47 R 5 H AE 2007 4F 1 2020 440 F 45 3
& K- (20~40 mg-ke™) IORE S BUR £, b7 BFE S5 EL 1)
539K 53.89% F11 48.00% ; SRR & 1 7E 2007 4E40 T
HhEZEIKSE (100~150 mg- kg™ ) AL S BUR 22, o5 kR
MBI 51.22% , 7E 2020 440 F 3 & 7KK (5200 mg -
kg™ ) BIRE B 2 | o5 SRR AT R 54.00% 5 T A
T AE 2007 440 F A B SEAKF (90~120 mg - kg™ 1Y
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Table 3 The descriptive statistics of soil nutrient index

RO SRz £isg 00 R/ME SEPNI: FHE brifi2E L F Y1 K-S i)
Year Soil index Min Max Average Standard deviation  Coefficient of variation/% K-Stest Distribution type
2007 pH 7.50 8.00 7.79 0.12 1.50 <0.05  XEGEASL
oOM/(g-kg™) 3.10 31.10 15.13 431 28.50 0.20 EAS R
AN/(mg-kg™) 30.50 169.00 103.20 27.63 26.78 0.23 EAS i
AP/(mg-kg™") 3.00 100.00 39.07 22.55 57.72 0.21 IEA
AK/(mg-kg™) 40.00 500.00 164.73 74.79 45.40 <0.05  XEGESMI
2020 pH 7.94 8.66 8.28 0.15 1.85 0.20 EAS R
oM/(g-kg™) 8.46 27.40 17.48 4.58 26.19 0.08 EAS G
AN/(mg-kg™) 39.20 171.60 84.73 24.56 28.98 0.16 B G
AP/(mg-kg™") 6.00 70.00 24.99 11.72 46.92 0.07 ES G
AK/(mg-kg™) 53.00 539.00 242.80 115.32 47.50 <0.05  XHEGERSM
http://'www.aed.org.cn —605—
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R TEAOE(P<0.01) o 2007 4F 584 2t 5
SACHR A S IE A DG (P<0.01) o
2.1.2 AR R B R ST

0.17~0.99.0.10~0.94, #% 2% 53 5l 47 0.82.0.84 , [A] 4 14y
() L T 48 B AR A Bl Ak . BARORE L 2007 4%
- 3B 7 45 B e /ME HE 2020 4E 7 0.07, e KA EL
2020 415 0.05, {H 2007 4 3 AE 3 - 3548 Eb 2020 4F
155 0.02, 91 45 H 5 2007—2020 4E 1A [7] A /) 2% 51 1) 1
B R OR R AR EE B AR A, RIEAE I HR AU S
Z K 39.16% T P& 38.77% , {H T [ /N HX Ky
AR S
2.2 MGt A
2.2.1 TSRO SO BT

XF 2007 4EF1 2020 4F: 3T K e bR A T2 5 25
PRSI LG S5 R W3R 6. 2007 4EF12020 4 1
HEAT BT A R 1 B 4 500 7E 28.64%~49.71% 2.
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Table 5 The descriptive statistics of soil 1FI

% 5K, 2007 EF 2020 4F LB AHRECEH e mnn s opse PR ERANR
B394 0.56 .0.54 , H 2% 2 Hp 1) - 358 A8 ) S 90 K 43 h Year  Min Max  Average o cition  of variation/%
WERT N, 1% b XA AR 1 K SR = 3 R A 48 (T 2007 0.17 0.99 0.56 0.22 39.16
Z) K. 2007 4F F 2020 4F HIEAE ydE Koy y 220 000 B9 04 B2 877

F4 2007 F£F 2020 F HIEFHIERZ EIEXREY
Table 4 The correlation coefficient of soil nutrient indexes in 2007 and 2020

Fek 2007 2020

Index pH oM AN AP AK pH oM AN AP AK

pH 1 1

oM -0.021 1 -0.119 1

AN 0.013 0.578% 1 -0.363%* 0.744% 1

AP 0.021 0.225% 0.249% 1 -0.346% 0.220 0.262 1

AK -0.015 0.527% 0.293% 0.237%+ 1 0.126 0.591% 0.477%5% 0.223 1

T E 0.01 2K CRUIN ) 583540 6 42 0.05 7K F Gl ) 1 A 6 .

Note : #* Significantly correlated at the 0.01 level(two—sided ) ; * Significantly correlated at the 0.05 level (two—sided ).

Fo TtEFSTREHEFICRBREXSH
Table 6 Variogram theory models and corresponding parameters of soil nutrient
Y Year  FEFRIndex  FIEHIAY Theoretical model 5% Range/km — RA{HCo  JERE C+C  BET C/(C+Co) R RSS
2007 pH TR 1.82 0.010 4 0.090 8 11.45% 0.674  3.03x107
oM BRORAR Y 31.33 0.0539 0.150 4 35.84% 0.987  1.31x10°
AN FRigEn] 30.28 0.050 0 0.462 0 10.82% 0.567  2.17x10°
AP R 242 0.1330 0.966 0 13.77% 0.607  3.46x10™
AK bR gl 4.11 0.085 7 0.172 4 49.71% 0.957  2.75x10™
2020 pH B A 6.81 0.052 0 0.104 0 50.00% 0322 2.82x107
oM B R 7.54 0.590 0 2.060 0 28.64% 0.455  1.72x10°
AN BORAR Y 5.17 0.0310 0.1710 18.13% 0.475  3.36x10°
AP BRARA A 4.45 0.010 0 0.0510 19.61% 0.179  4.20x107
AK B 1.84 0.044 0 0.114 0 38.60% 0.405  8.38x10°
—606— http://www.aed.org.cn
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Figure 2 The spatial distribution of soil nutrient indexes
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Figure 3 The spatial distribution of soil fertility index
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