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Spatial and Temporal Variation of Soil Nutrient and Nutrient
Balance Status in Weibei Rainfed Highland

Liu Fen' Wang Xiaoying' Zhao Yeting' Tong Yan’ an'??
(1. College of Natural Resources and Environment, Northwest A&F University, Yangling, Shaanxi 712100, China
2. Key Laboratory of Plant Nutrition and the Agri-environment in Northwest, Minisiry of Agriculture, Yangling, Shaanxi 712100, China)

Abstract. Better understanding of soil fertility and nutrient balance in soil-crop systems is important for
rational fertilization, refining agricultural management practices and improving utilization efficiency of
water, soil and fertilizer resources. Traditional statistics, geostatistics combined with GIS technology were
used to evaluate the spatial and temporal variability of soil organic matter (OM) , available nitrogen
(AN), available phosphorus ( AP) and available potassium ( AK) in Weibei rainfed highland from the
1980s to 2010—2012 based on the data from the second national soil survey and the cultivated land
productivity investigation and quality evaluation project. Meanwhile, the current situation of fertilization
and nutrient balance in main cropping systems was analyzed based on the information from household
surveys of the national soil testing and fertilizer recommendation project during 2010 to 2012. The results
indicated that the current average contents of OM, AN, AP and AK in soil were 12.9 g/kg, 59.4 mg/kg,
15. 4 mg/kg and 164. 2 mg/kg, respectively. Compared with 1980s, the OM, AN and AP contents in soil
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have been increased by 22.0% , 37.9% and 129. 8% , respectively, and AK kept stable. Compared
with the rational fertilizer application rates, the ratios of households using excessive nitrogen (N) inputs
in wheat, maize and apple were 89% , 69% and 74% , and the ratios for phosphorus (P) were 75% ,
49% and 52% , respectively. The ratios of households using insufficient potassium (K) inputs in wheat
and maize were much higher, which were 76% and 67% , respectively. Meanwhile, the ratios of
households using excessive and insufficient K inputs in apple were 40% and 48% , respectively.
Significant surpluses of N and P in wheat, maize and apple cropping systems were observed, with an
average of 116, 111 and 655 kg/hm® for N, 88, 56 and 357 kg/hm® for P, respectively. N and P
practical surplus rates were much higher than their permissible surplus rates, indicating that N and P
surpluses in this area were greatly exceeded their rational ranges. K was in deficit in wheat and maize
cropping systems, with an average deficit of 73 and 93 kg/hm’, respectively, which were both within
their permissible scopes. K was in surplus in apple cropping system, with an average of 283 kg/hm’,
which was 145 percentage points higher than its permissible surplus rate. From the perspective of food

safety and environmental protection, inputs of N and P in this area should be reduced. By contrast, input

of K should be increased to maintain high and stable cereal crop yields.

Key words: Weibei rainfed highland Soil nutrient
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Fig. 1  Distribution of soil sampling sites in Weibei rainfed highland in 2010—2012
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Tab.1 Changes of soil nutrients content in Weibei rainfed highland during the past 30 years

FHEFR e bR i 3 R PRt 22 TR % AR %

1979—1985 4¢ 10. 6 4.4 41.0

AHLE OM/ (geks ™) 2010—2012 4 12.9 4.3 33.6 22.0
1979—1985 4¢ 43. 1 14. 4 33.5

B AN/ (mg-ke ™) 2010—2012 4 59.4 22.9 38.6 37.9
1979—1985 4¢ 6.7 5.7 85.1

A AP/ (mg-kg ™) 2010—2012 4 15. 4 9.3 60.6 129. 8
1979—1985 4F 161. 1 51.3 3.8

A AK/ (mg-kg ™) 2010—2012 4 164.2 58.2 35.4 1.9

2 1979—1985 4R dii ok F Bk P 4 4 [ 35 — U0 3 20 OB —— P P4 4 5 K o

WA R
R2 2010202 FELALERIERIRAFFEIHERERRESH

Tab.2 Parameters fitted by semi-variogram models for soil nutrient parameters in Weibei rainfed highland in 2010—2012

EER 4w st AE L/ km Yl HG1H Pz AR M A Ryse Rysse
A WL 5%k 60. 45 0. 06 0. 09 0. 65 0.010 3.15 3.49 0. 90
B A 4R iR 53.34 0.31 0.45 0. 69 0. 005 19.28 18.97 0.99
A R 5% 50. 97 0.48 0. 64 0.74 0. 001 8.01 7.93 111
R A &% 47.41 0. 10 0.12 0.79 0. 009 50. 30 51.40 0.93

T o Mgy AR AT R 2 5 A gy P IBRUE TR 22 5 Ry A IIT7 ARUR 22 5 Ry AR AL I T AR 22
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Fig.2 Distribution map of soil OM, AN, AP and AK in two periods in Weibei rainfed highland
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Tab.3 Fertilizer application rates of wheat, maize and

apple in Weibei rainfed highland  kg/hm’

ey A(N) %(ons) W(Kzo)
1L he HHLE [ai HHLE (ai HHLE
/N 185 +£83 41 £217 112 +55 23 +99 23 £34 29111
Fok 223+91 44 +185 88 +51 28 £82 35+£39 43 +149

SR 587 £301 307 £541 362 £176 162 £195 255 £207 219 +£255

x4 BAERBENZ . EXTNERSEERE
Tab.4 Rational fertilizer application rates of wheat,

maize and apple in Weibei rainfed highland

kg/hm’
7 H (N) W (P,05) Bt (K,0)
N 70 ~ 105 60 ~90 45 ~75
5P N 115 ~170 65 ~90 45 ~175
SEAR 240 ~360 220 ~340 160 ~240

BN EOR TS R AR A A B AP L
153 5k 13.2% 11. 8% F 26. 8% , ifii $& A =5 1Y
A LA 3 9 ik T4, 8% (49, 1% FI 51. 6% , i B
Z I NE AR AT S . W AE A T B A
AR BRI A O R AR & — RS R] P
AR, A FEPE. B ET A BK A IR 0 e R
Aew A R i T E B 9 IR A A AE A B oA
T HELLTT R L LIRS e gk s BAR T s
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Fig.5 Nutrient balance in main cropping systems

in Weibei rainfed highland
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Tab.5 Permissible and practical surplus or deficit
rates of nutrient balance in main cropping systems

in Weibei rainfed highland
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