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Quality Evaluation and Obstacle Diagnosis of Plough Horizon Based on
Minimum Data Set in Dry Farming Region of Northeast China

ZHUO Zhiging'®> LI Yong'? GOU Yuxuan'® ZHAO Yunze'”> HUANG Yuanfang'? XING An'?’
(1. College of Land Science and Technology, China Agricultural University, Beijing 100193, China
2. Key Laboratory of Agricultural Land Quality, Ministry of Natural Resources, Beijing 100193, China)

Abstract; In order to evaluate the quality of plough horizon in dry farming region of Northeast China, the
principal component analysis ( PCA) was used to establish the minimum data set ( MDS), and the
characteristics of plough horizon quality were indicated by using the MDS — Plough horizon integrated
quality index (MDS — PHIQI). In addition, the regional classification of soil samples was studied based
on systematic cluster analysis, and the negative factors of plough horizon quality were identified by
obstacle factor diagnosis model. The results showed that the MDS suitable for use in the assessment of
plough horizon quality for study area included such indicators as soil organic matter (SOM ) content, total
nitrogen ( TN ) content, available phosphorus ( AP ) content, clay particle content, plough layer
penetration resistance ( PLP) and compacted layer thickness ( CLT). The MDS can replace the total data
set to evaluate the quality of plough horizon in dry farming region of Northeast China. The quality index of
plough horizon in study area was between 0. 10 and 0. 53, with an average value of 0. 30, which was at
medium and low levels. From the perspective of fertilizer conservation and yield-increasing potential , the
suitability thresholds of those diagnostic parameters for reasonable plough horizon of dry farming region of
Northeast China were indicated as follows: soil organic matter content of greater than or equaled 37. 16 g/kg,
total nitrogen content of greater than or equaled 1. 75 g/kg, the clay particle content of 4. 60% ~6.19% ,
available phosphorus content of greater than or equaled 26.38 mg/kg, the plough layer penetration
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resistance of less than or equaled 364. 56 kPa, and the compacted layer thickness of less than or equaled
8. 18 cm. In the research, geographic areas can be characterized as high, medium or and low levels of
grain yields. Different types of barrier factors for plough horizon in the study area can be divided into
plough horizon structure barriers (low grain yield areas), comprehensive barriers of structure and soil
fertility constraints ( medium grain yield areas), and soil fertility constraints ( high grain yield areas).
Viewed as a whole, the main obstacles to the improvement of the quality of plough horizon were
penetration resistance of plough layer, total nitrogen content, and soil organic matter content, appropriate
tillage and fertilization measures should be taken in view of the above three obstacle factors. The research
can provide theoretical basis and parameters for the evaluation of plough horizon quality and the
construction of reasonable plough horizon in dry farming region of Northeast China.

Key words: dry farming region; plough horizon quality; cluster analysis; minimum data set; compacted
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Fig.1 Distribution of dry farming region of Northeast China
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Tab.1 Subordinate function of plough horizon quality evaluation index in dry farming region of Northeast China
- 2R
& bp s J R K e A AR &
my n; n, m,

SOM i/ (g-kg™')  8.63 66. 43 0.12
TN ittt/ (g-kg™") 0.52 3. 14 1 (x=m,) 0.09
TP ffi kb /(g kg ™! 0.26 1.55 x-m 0.02

i th/(g-kg™) S 5 3 i 8 w(x) = 1 (m, <x<m,)
AP Jfif 1t/ (mg-kg™")  11.60 39. 40 my = m 0.08
AK B/ (mg-kg™')  79.60 222.70 0 (x<m) 0.09
PLT/cm 5.00 25.00 0. 05
CLT/cm 5.00 17.50 1 (v<my) 0.07
CLP/kPa 689. 89 2564.60 m, -« 0.07
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mz —n
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Tab.2 Principal component loading matrix and

calculated Norm values
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Tab.3 Perason correlation coefficient matrix of plough horizon quality evaluation index in dry farming
region of Northeast China
SOM & TN&HE  TPHE /N APHE  AK R EC pH{§ Clay#% BD  PLT  CLT  PLP  CLP
SOM 75 1
IN &4 0.879" 1
TP A8 0.448"  0.473° 1
/N 0.339*  0.010  0.050 1
AP &R 0.376™  0.349™  0.203° 0. 140 1
AK &R 0519 0.421™  0.100  0.206*  0.110 1
EC —0.210" -0.294" -0.302*"  0.05 0.110  -0.11 1
pH { ~0.172*  -0.170  -0.070  -0.050 —-0.568** 0.050  -0.020 1
WA 0.467° 03917 0.172°  0.177°  0.236™  0.589"  -0.040  -0.030 I
BD 0.782%"  0.704*  0.373"  0.315%  0.346*  0.527" -0.222° -0.160 0.496* 1
PLT 0.120  0.030  0.245* 0.183°  0.010  0.120  -0.030 -0.070 0.172" 0.235° |
CLT 0.050  0.050  -0.080  0.070  0.050  0.090  0.070  -0.130 0.130 0.150 0.370** 1
PLP 0.185"  0.060  0.060  0.247” 0.178"  0.140  -0.090 -0.186° 0.1757 0.252** 0.070 -0.090 1
CLP 0.313*  0.219*  0.050  0.208*  0.160  0.250*" -0.193* -0.100 0.246"* 0.266** -0.070 -0.020 0.548** 1

T owx R ZERWEE (P <0.01), + RRERLF(P<0.05),
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Tab.4 Threshold value and suitable range of MDS index in reasonable tillage in dry farming region of Northeast China
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Fig.3 Spatial pattern of grain yield and MDS — PHIQI

in dry farming region of Northeast China
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