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Evaluation of Nutrient Indexes of Substitution Materials for Topsoil Based on Fuzzy Comprehensive Evaluation Method

YANG Zhuo,CHENG Li,SHENG Shi-bo et al (CCTEG Shenyang Engineering Company , Shenyang, Liaoning 110015)

Abstract In order to screen out a suitable topsoil substitute material ,this study used five mining stripped materials as raw materials to make
topsoil substitute materials with different particle size ratios.The physical and chemical properties were measured through indoor pot experi-
ments, and the nutrient indicators of each treatment were compared and analyzed.The fuzzy comprehensive evaluation method was used to evalu-
ate the nutrient index of the topsoil substitute material ,and select the optimal ratio.The results showed that pH was an important factor for the
evaluation of nutrient indicators of alternative topsoil materials. Among the content of various nutrient indicators, the level of available potassium
was the highest, followed by available phosphorus,while the content of organic matter and alkaline nitrogen was lower;the coefficient of varia-
tion ; alkaline nitrogen > organic matter> effective phosphorus>available potassium>pH.Principal component analysis results showed that the
weight of each indicator was pH 0.28 available potassium 0.26,alkaline nitrogen 0.23, available phosphorus 0.21, organic matter 0.02.The fuzzy
comprehensive evaluation results showed that the 4A ratio [ the particle size ratio No.1 stripper (2.0-3.0 mm) : No.2 stripper (2.0-3.0 mm) :
No.3 stripper (1.0-2.0 mm) :No.4 stripper (1.0-2.0 mm) : No.5 peeling object (0.5-1.0 mm)=4:4:2:1:3]was the optimal ratio of this
test.
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Table 1 The initial nutrient value of overburden material

- AU WA AREE R

HEY : : : .
Organic Alkaline  Available  Available

Overburden . . pH

aterial matter nitrogen  phosphorus  potassium
ma o/kg mg/kg mg/kg mg/kg
15 No.1 74.5 129.0 44 970 8.94
25 No.2 70.8 115.0 6.5 545 8.82
345 No.3 13.4 104.0 15.7 770 8.65
45 No4 8.1 83.3 17.5 375 8.47
5 %5 No.5 5.5 38.3 5.7 150 8.81
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Table 2 The particle size range selected for different treatments mm
s LY 2 B 3 B HEY 4 By s A
Treatment Overburden material 1 Overburden material 2 Overburden material 3 Overburden material 4 Overburden material 5
A 2.0~3.0 2.0~3.0 1.0~2.0 1.0~2.0 0.5~1.0
B 0.5~1.0 0.5~1.0 2.0~3.0 2.0~3.0 1.0~2.0
C 1.0~2.0 1.0~2.0 0.5~1.0 0.5~1.0 2.0~3.0
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Fig.3 The organic matter content of 48 alternative topsoil materials
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Fig.6 The available potassium content of 48 alternative topsoil materials
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Table 3 The descriptive statistical analysis results of nutrient indica-

tors of topsoil substitute materials

APUST BUEE AR
i H H Organic  Alkaline Available  Available
Item p matter nitrogen phosphorus potassium

ke  mgkg  mgks  mg/kg

RARAE 8.06 27.03 85.72 17.29 522.00
Maximum value
fr/IME 7.65 7.25 36.59 11.22 220.33
Minimum value
SEHE 7.86 14.19 59.60 13.16 354.31
Average value
PRifE2E 0.06 0.94 4.60 0.56 6.65
Standard deviation
AR 0.73 6.65 7.72 4.29 1.88
CV /%
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Table 4 The total variance explained by common factors
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Table S The load factor of rotation component matrix

1 J5 28 BUHRE Fil v
)i%x k) Variance Cumulative
. Eigen- . 0
Ingredient alues contribut- contributi-
vatues ion rate // % on rate // %
1 2.207 44.146 44.146
2 1.091 21.826 65.972
3 0.960 19.193 85.165
4 0.421 8.425 93.590
5 0.321 6.410 100

T RIS AR B 45 PR TG I HE R L 5, SRR
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0.21 A HLF 0.02,

JI53 Ingredient 1 2 3

pH 0.763 0.358 0.095
B HLFT Organic matter -0.891 0.201 -0.098
Biifi# 5 Alkaline Nitrogen 0.112 0.957 0.054
A Available phosphorus 0.004 0.057 0.983
JHERLA Available potassium 0.793 0.303 -0.270
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Table 6 The critical values and weights of various fertility index evaluation grades of topsoil substitute materials

A el B A A2 AHLIT
]T:Tﬁl\ 4?& Available Alkal;le Available Organic
Cvaluation pH . .

ade potassium nitrogen phosphorus matter
e mg/kg mg/kg mg/kg ks
TR %5 Very high 7.6~8.7 >150 >120 >20 >30
# High — >100~ 150 >90~120 >10~20 >20~30
1 Moderate — 50~ 100 60~90 5~10 10~20
5% Lower — <50 <60 <5 <10
A Weights 0.28 0.26 0.23 0.21 0.02
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Table 7 The fuzzy comprehensive evaluation results of alternative top-

soil materials

W% pf | WY pft | & pld
No. p value No. p value No. p value
1A 0.066 59 1B 0.052 08 1C 0.058 62
2A 0.062 10 2B 0.059 93 2C 0.059 77
3A 0.064 31 3B 0.059 43 3C 0.072 51
4A 0.068 75 4B 0.062 52 4C 0.065 51
5A 0.063 37 5B 0.067 70 5C 0.061 05
6A 0.067 54 6B 0.059 87 6C 0.062 74
TA 0.066 05 7B 0.062 93 7C 0.055 53
8A 0.069 32 8B 0.056 61 8C 0.062 42
9A 0.053 18 9B 0.055 67 9C 0.060 31
10A 0.062 07 10B 0.060 89 10C 0.064 73
11A 0.059 16 11B 0.071 81 11C 0.063 36
12A 0.060 58 12B 0.051 95 12C 0.068 30
13A 0.052 64 13B 0.059 72 13C 0.060 74
14A 0.060 95 14B 0.057 79 14C 0.066 01
15A 0.061 51 15B 0.049 65 15C 0.059 32
16A 0.061 82 16B 0.054 17 16C 0.060 50

PR EREI (R T) R BRI R B A9 37 45
PRI SR (p () 75 0.049 65~0.072 51,253 P45 R, I 2
BEEYOTE" R RIFR RS R 53y 4
DA, N 8 PR
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Table 8 The nutrition index classification and different proportions of

topsoil substitute materials

YL p il LB
Level p value Proportion // %
1 2% Level 1 >0.07 4.17
2 g% Level 2 >0.06~0.07 58.33
3 4 Level 3 0.05~0.06 35.42
4 7% Level 4 <0.05 2.08
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Fig.7 Evaluation grade of topsoil substitute materials
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