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Abstract. In this paper, through the sampling analysis, the entropy weight---fuzzy comprehensive
evaluation was adopted to distribute the weight of added cultivated land fertility in Taiyuan District of
Weibei, and the soil fertility in the region was further evaluated. At the same time, the main limiting
factor impacting soil fertility of the added cultivated land was put forward. The results indicate that 1)
Indicators of soil fertility weight of newly-increased farmland in Taiyuan District of Weibei region are
as follows: organic matter 20.19%, total nitrogen 20.40%, Olsen-P 33.56%, and Olsen-K 25.85%. 2)
The soil fertility scores of these farmland in Chengcheng County under the land consolidation project
are dispersed with values ranging from 4.80 to 20.96, with the mean of 11.80. 3) Available
phosphorus (AP), soil organic matter (SOM) and available potassium (AK) are the major factors
behind low soil fertility indexes. The extent of their impact on soil fertility is ranked as follows:
AP>AK>SOM. 4) AP and AK are the most important constraints which lead to low soil fertility of new
farmland. The most effective way to improve the composite index of soil fertility is that the content of
AK, AP and SOM in the soil should be increased successively. And priority should be given to AP
and AK. 5) The adoption of a combination of Analytic Hierarchy Process and weight comparison
method has yielded good results in evaluating soil fertility, which implies broad prospect of
application.
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1. Introduction

In recent years, China has adopted the policy of occupational and compensational balance to the
cultivated land to meet the need of land resources during the process of urban development. Since the
adoption of the policy, there is a marked increase in the scale of added cultivated land. While we
strive to achieve equilibrium of the total number of cultivated land, the quality of added cultivated
land has increasingly become a great concern to many people. Because there are a large number of
earth piles in the land remediation process, which leads to soil remodeling and poor nutrients, the
situation about soil nutrients are not optimistic. Therefore, the correct understanding and scientific
and objective evaluation of soil nutrients constitutes a prerequisite for accurate understanding of soil
nutrients in newly added cultivated land and better use of soil resources. It has also become a popular
subject of research at home and abroad in recent years [1-5]. The examination and understanding of
the basic situation of soil nutrients in added cultivated land after land remediation and the pinpointing
of the areas of low content of soil nutrients have exerted a far-reaching significance to improve the
soil quality of added cultivated land in this area.

The evaluation of cultivated land quality is of great importance in guiding agricultural production.
The success or failure of farmland quality assessment methods directly affects the reliability of
farmland quality assessment results. There are a variety of methods for evaluating soil nutrients in
added cultivated land. As a result, the evaluation results will be different because of different
evaluation methods adopted. At present, there is no uniform standard for the evaluation of soil nutrient
indicators of added cultivated land. A systematic and comprehensive evaluation method for the
quality of land projects is a method formulated by the Ministry of Land and Resources to grade and
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assess agricultural land quality across China. The method, mainly based on the calculation of the
productive potential of cultivated land, assesses and grades the quality of cultivated land from both
natural and economic conditions. Currently, the main evaluation methods frequently used are AHP
[9], fuzzy comprehensive evaluation method [10], comprehensive index method [11], principal
component analysis method [12], fuzzy neural network model method [13], etc. The entropy--fuzzy
comprehensive evaluation method in the evaluation of cultivated land quality has not been reported
yet. Researches on land remediation projects both at and broad disproportionately focus on the model
of land remediation projects [14] and evaluation of integrated effect after land remediation [15-17].
Meanwhile, researches on soil nutrient assessment also focus on high-quality farmland [18, 19]. Few
researches are conducted to study and assess soil nutrient of added cultivated land featured by low
content of soil nutrients [20-21]. Nor has the study of short board effect of soil fertility in added
cultivated land been reported. This paper adopts the entropy-fuzzy comprehensive evaluation method
to conduct a comparative analysis of the weights of soil nutrients in newly added cultivated land in
Taiyuan District of Weibei, and then calculates the comprehensive index of soil nutrients in newly
added cultivated land. At the same time, the maximum limiting factor of soil nutrients in newly added
cultivated land was explored in order to provide a basis for the evaluation of new soil nutrients and
fertilization management in the area surveyed.

2. Materials and Methods

2.1 An Overview of the Area Surveyed

The land remediation project of Chengcheng County, Taiyuan District of Weibei region was
selected as the area for study. Chengcheng County is located in the east of Shaanxi Province. The
geographic coordinates are 109°46'30°E to 110°05'50°E, and 34°55'45°N to 35°27'05°N. The terrain
is high in the north and low in the south, and four rivers divide Chengcheng County into a place
featured by “three beams and one plain”. The county is located in the Guanzhong Plain and belongs
to the warm temperate monsoon zone, with an average annual temperature of 12<C, rainfall of 680
mm and frost-free period of 204 days. This area is also featured by large temperature difference
between day and night. The annual hours of sunshine reach 2616 h and the altitude is 406.9 to 1268
meters above the sea level.

2.2 Sample Collecting and Processing

Through field trips, 45 project areas for new arable land were selected for sampling in the research
area in March 2015. The research area occupies an area of about 560 hm2, and each project area is
about 10 hm2. Snake-shaped distribution method was adopted. Three sampling points were stationed
in each project area. Every sampling point consisted of 0-30 cm topsoil gathered in the central part
and four corners of the sampling place. Then 5-point mixing method was adopted. After mixed, the
samples were controlled to 2 kg and composed of 135 sampling points. The soil samples were taken
to the lab and air-dried for later use. Due to small differences in environmental conditions and spatial
variability, in addition to the same soil types of the project areas and given that all the project areas
were deserted grasslands before the remediation, the spatial variability of soil nutrients was small.
Therefore, the number of samples can basically represent the actual soil nutrients in the project area.

When the samples air-dried, they will be possessed in the lab. Indicators of soil pH, organic matter
(SOM) [22], total nitrogen (TN) [23], available phosphorus (AP) and available potassium (AK) [24]
were measured. The entropy weight--fuzzy comprehensive evaluation method [9] was adopted to
determine the weight of soil nutrients in new cultivated land, and the circumstances of soil nutrients
in the newly added cultivated land, rich or poor, were analyzed through comparison of weights.
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2.3 Evaluation Model Building

2.3.1 The Building of Assessment System

According to the soil nutrient evaluation index and the soil nutrient index in the research area, the
soil nutrient index system selected in this paper consists of four indicators, including soil organic
matter, soil total nitrogen, soil available phosphorus, and soil available potassium.

2.3.2 Determination of the Weight of Fuzzy Evaluation Factors Based on Entropy Method

The information obtained in assessing decisions is one of the decisive factors evaluating precision
and reliability. In information theory, entropy is a measure of the degree of disorderly system. It can
also measure the amount of information provided by the data. When entropy is used to determine the
weight, the value of the evaluation object on a certain index varies greatly, and the entropy is smaller.
It shows that the amount of effective information provided by this indicator is larger, and the weight
of this indicator should also be larger; conversely, if the difference between the value of an indicator
is smaller, the entropy value is larger, indicating that the amount of information provided by the
indicator is small, and the indicator's weight should also be small. When the value of each object
under evaluation is exactly the same in a certain index, the entropy value reaches the maximum, which
means that the index does not provide any useful information for the decision, and it can be removed
from the evaluation index system. Therefore, entropy method is an objective weighting method. In
the evaluation of land resources, the weight is determined by calculating the entropy, which is to
determine the weight of each evaluation index according to the degree of difference in each evaluation
index value. Suppose there are m evaluation indicators and n objects of evaluation, matrix

mathematical formula X= (X, from the original data is established. As to a certain index i, if

there is a larger difference among the scale values of xij, the index will play a stronger role in the
evaluation. If the scale values of an index are all equal, the index will has little effect in the
comprehensive evaluation. The use of entropy weighting includes the following three steps:

1. Standardize

the matrix of original data Suppose m evaluation indicators and n objects of evaluation, the matrix
of original data is formed:

X o X
X=| : :
Xml e an
Standardize the matrix, we can get
R= (r)

ij” mxn
In the equation I;; - the standard value F; €[0,1] of the j-th evaluation object on the i-th evaluation
index. For indicators that indicates bigger ones are superior:
X — mjin {xij}
=

m?x{xij}—mjln (%1
For indicators that indicates smaller ones are superior
m?x {xij } - X

hi=

m?x{xij}—mjin{xij}

2. Define the entropy
In the evaluation question of m evaluation indexes and n evaluation objects, the entropy of the i-
th index is defined as

H = —kznllfijlnfij, i=1,2,3,m
j=
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In the equation f;=r;/ ) 1, k= “when ;=0 f,Inf,=0
q i i ;J %nn j i

3. Define the weight of the entropy
After defining the entropy of the i-th index, the entropy weight of the i-th index is defined as:

In the equation, 0<w, <1 atthe same time Zwi =1
i=1

From the foregoing analysis, the entropy weight method is a mathematical method for calculating
a comprehensive index based on integrated consideration of the information provided by each
evaluation index. The entropy is not the index which reflects the importance and weight of evaluation
indicators in real sense concerning the evaluation of the decision-making problem, but rather
represents the degree of comparative intensity among indicators under the condition that the values
of all indicators are definitive after the object set is given. From the perspective of information, it
represents the extent to which the evaluation indicator provides effective information in solving the
problem. As an objective and comprehensive evaluation method, it mainly determines the weight
based on the amount of information that each indicator passes to the decision maker.

Table 1. Soil Nutrient Weights of Added Cultivated Land
Index SOM TN AP AK
Weight(%) 0.2019 0.2040 0.3356 0.2585

The weights of each evaluation index obtained by the entropy weight method are shown in Table
1. The weight of soil available phosphorus is the largest. This may be due to the great spatial
difference in soil available phosphorus in the Taiyuan District of Weibei region.

3. Grading of Evaluation Index

We adopt the grading standard of soil nutrients formulated in the second national soil survey,
which includes six levels: enormously rich, rich, medium, poor, very poor and desperately poor.

3.1 Establishment of Set the Appraisal

The division of evaluation results requires the use of a appraisal set, which is a set of evaluation
criteria for the indicator. Each evaluation index is graded and divided into six levels of U1, U2, U3,
U4, U5 and U6, corresponding to the natural language of enormously rich, rich, medium, poor, very
poor and desperately poor. Suppose the appraisal set U={U1, U2, U3, U4, U5, U6}, (i=1,2,3,4,5,
6) represents the i-th evaluation level.

3.2 Determination of the Degree of Membership

For any set x in the research scope U , if we can always find a number which can correspond with
X, then B is the fuzzy set in U and B(x) is called the degree of membership of x on A. Membership
function is the foundation for the application of fuzzy control.

For the soil nutrient index, the degree of membership of the measured value of the index between
Level 1 and 6 is calculated by Equation 4.

0 ; Xij<Yie
Xi = Yis
bi=1——— ., Yo%V,
: Vi Yie s

1 v X =Yy

183



£

ATLANTIS Advances in Engineering Research (AER), volume 169

PRESS

In Equation 4, bij is the relative membership degree of the eigenvalue of index i in Sample j to
fuzzy concept A. The modular concept A here is "rich”, i.e., the relative membership degree to "rich"
of standard value of the level 1 greater than or equal to the index i is 1; the relative subordination to
"rich™ of standard value of the level 6 less than or equal to the index i is 0; yil, yi6 are the 1st and 6th
standard values of the index i respectively.

Construct a mathematical formula for the membership degree of the suboptimal degree R,

according to Equation 4.
[0.05 0.27 0.06 0.11]

0.00 0.54 0.00 0.09
Rm=
0.11 0.24 0.08 0.20
10.12 0.23 0.06 0.17

3.3 Analysis of Evaluation Results

After calculating the degree of membership, we have obtained the index scores of soil nutrient in
Chengcheng County, as shown in Figure 1.

Because different factors of influence have distinct impact on and make differentiated contribution
to soil nutrients, we determine the indexes weight of soil nutrients by way of information entropy.

According to the scores (Si) and weights Wi of different levels of each index, the following
evaluation model can be established:

c=>sow (i=123-7)

Among them, C is the comprehensive &&ore value for evaluating soil nutrients in added cultivated
land. According to the previous definition of score value and weight, C value will also be between
[0,6]. Si is the score of the i-th factor, Wi is the weight value of the i-th factor and n represents the
number of evaluation factors. Finally, the value will be converted within [0,100]

4. Evaluation Results

4.1 Distribution Characteristics of Soil Nutrient Index of New cultivated Land

Based on the Si value and Wi value of the above evaluation factors, the comprehensive evaluation
index of soil nutrients in each project area was obtained by using the evaluation model constructed.
The distribution of fertility index in newly added cultivated land of each project area is shown in
Figure 1.
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Figure 1. The score range of comprehensive index of soil nutrient for each project
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Figure 2. Frequency Histogram of Fertility Value and the Number of Project Area for New
Cultivated Land

According to the evaluation results (Figure 2), the scores of soil nutrients of added cultivated land
in each project area are distributed between 4 and 22. The lowest score is 4.80, the highest one is
20.96, and the average is 11.80, with an average deviation of 4.62. The area of highest distributed
scores ranges from 13 to 16 points, covering 13 project areas accounting for about 1/3 of the project
area. And it is followed by 7 to 10 points, covering 12 project areas, nearly 1/ 3 of the total. The
distribution area of the lowest score is 16 to 19 points, covering only 3 project areas accounting for
about 6.67% of the total number. A total of 21 projects with scores greater than 13 account for
46.67% of the total project areas. There are only 24 project areas with scores less than 13.

4.2 Level Distribution of Soil Nutrients in New Cultivated Land

In reference to the comprehensive grading standard, 0 to 100 points are divided into five levels,
that is, 80 to 100 points is classified as Level 1 cultivated land, 60 to 80 is classified as Level 2
cultivated land, 40 to 60 is classified as Level 3 cultivated land, 30 to 50 is classified as Level 4 arable
land, and 0 to 30 is divided into Level 5 arable land. We can see that soil nutrients of cultivated land
added for land remediation project in Taiyuan District of Weibei are dispersed within Level 2, Level
3 and Level 4. The statistical results of each indicator are shown in Table 2.

Table 2. The Soil Nutrient Indicators at VVarious Levels

Oraanic matter  Total nitrogen Available Available The number
Grade g (g/kg) (g/k )g phosphorus potassium of sampling
9gkg 9gkg (mg/kg) (mg/kg) points
Level 2 10.9040.66 0.9940.25 5.21#.91 6412 5
Level 3 8.7242.24 0.9540.23 4.054+.54 55+13 28
Level 4 4.4642.80 0.8740.24 3.61+1.23 4140 12
Mean value 7.82143.12 0.9340.23 4.0641.54 521414 45

4.3 Analysis of Limiting Factors of Soil Fertility in Added Cultivated Land

The weight value of each index determined by the entropy method is called the theoretical weight,
and the actual weight is obtained according to the proportion of the weight of the soil level
corresponding to the measured data of the soil sample. The actual weight results reflect the actual
ratio of soil nutrients in the current research area. By analyzing the theoretical weights and actual
weights of soil nutrients in the study area (Table 3), it can be seen that the actual weights of available
phosphorus, available potassium, organic matter, and total nitrogen. Based on barrel-effect theory
and using weight contrast analysis method, we can see that the main cause of low soil nutrient index
is the lower content of soil available phosphorus and available potassium (Figure 3). The impact

185



[

ATLANTIS Advances in Engineering Research (AER), volume 169

PRESS

degree is AP> AK>SOM> TN. Among them, soil available phosphorus and available potassium are
the two main limiting factors that cause deficient soil nutrients under cultivated land. It can be seen
that the most effective way to increase the comprehensive index of soil nutrients is to increase AP,
AK, SOM, and TN in turn, and the priority should be given to increase the content of available
phosphorus and available potassium in the soil.
Table 3. Comparison of Theoretical Weight and Actual Weight of Soil Nutrients in Added
Cultivated Land

Index SOM TN AP AK
Theoretical weight (%) 20.19 20.40 33.56 25.85
Actual weight (%) 14.62 21.41 9.05 7.67
L o 104.95%
2 100% F
(_i 80% | 72.41%
TS 60kt
=92
< § A0% T 26.97% 29.67%
- .
g O% 1 1
= AP AK SOM N

fertility indicators
Figure 3. Distribution of Weight Proportion of Various Fertility Indicators

5. Discussion

In this paper, four indicators that have an impact on soil nutrients are selected, namely SOM, AP,
AK, and TN. Among them, SOM, AP, AK, and TN have good comparability as conventional soil
indicators, and they have important influence on the growth of corps. This paper uses entropy weight-
fuzzy comprehensive evaluation method to analyze the weight of evaluation indicators, and conducts
a consistency test. The distribution of weight are similar to results obtained by Wu Yuhong [29]
through the principal component analysis method. The results can serve as a reference for evaluation
of soil nutrient indicators in Taiyuan District and even in Guanzhong Region of Central Shaanxi. As
a consequence, this paper can reflect the hallmark of soil nutrients of added cultivated land.

The weight distribution of various fertility indexes indicates that the reason for the low
comprehensive soil index mainly depends on the lower content of AP, AK and SOM in the added
arable land than the normal level. In particular, AP and AK are the two main limiting factors for low
soil nutrient comprehensive index in added farmland. The research conducted by Li Like [30] in the
1980s shows that phosphorus deficiency is the main limiting factor to high yield of wheat in the
Weibei Highland. And this is supported by Li Ru's research recently [31]. This is consistent with the
findings of this article. This fact also shows that the weight assigned based on the AHP in this region
is correct. It has a strong reference value. The reason for this result may be that during the land
remediation process, the underlying primary soil forms new topsoil, resulting in the lack of
phosphorus in the soil, due to the huge disturbance or even reconstruction of the soil. There are two
solutions to this problem. One is to do a good job of backfilling the topsoil in the land remediation
process. Second, after land consolidation is completed, the comprehensive index of soil fertility in
the region will be increased by increasing farmyard manure and chemical fertilizers (especially
phosphate fertilizer and potash fertilizer). This article has completed the necessary ordering of soil
nutrient replenishment, but further research is needed on the rapid maturation of soil in added arable
land and precise soil fertilization in specific regions.
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6. Conclusion

1). Using the method of entropy weight, this paper concludes that the index of soil nutrient of
added cultivated land in Chengcheng County's Land Remediation Project is 0.2019 for organic matter,
0.2040 for total nitrogen, 0.3356 for available phosphorus, and 0.2585 for available potassium.

2). The soil nutrients in added cultivated land of Chengcheng County remains the low and medium
level and there is tremendously large room for improving the soil fertility.

3). The main factor that accounts for the low soil nutrient index of cultivated land in Chengcheng
County is the lack of soil available phosphorus, available potassium, and organic matter.

4). Entropy weight method has achieved good results in soil nutrient evaluation and has a broad
application prospect.
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