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Soil productivity assessment of rubber plantations based on fuzzy mathematics
theory and analytical hierarchy process in granite rainy areas of Hainan state

farms, China
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Abstract: Hainan state farms are the largest production base of natural rubber in China. The nutrient status of rubber
plantations has changed greatly since the second national soil survey that was published in 1982, but its specific conditions
are not clear at present. Therefore, the soil productivity of the main rubber plantations in Hainan state farms was
systematically evaluated by applying the evaluation methods of cultivated land productivity. The objective of this study was to
provide theoretical support for the improvement of soil productivity of rubber plantations and sustainable development of
natural rubber. For this study, the rubber plantations of Hainan state farms were split into eight different types on the basis

of soil parent material and rainfall. The granite rainy area, which refers to the soil parent material for the granite and the
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average monthly rainfall for more than 100mm, accounted for 56.97% of the total area of rubber plantations in Hainan state
farms and was therefore selected as a representative assessment area. A total of 7204 soil samples of the 0—20 cm tillage
layer were collected from this area to evaluate soil productivity grades. We applied the Delphi method, the fuzzy
mathematics theory and the analytical hierarchy process method. This would enable the determination of 11 assessment
indexes and their weights based on the six principles of necessity, importance, diversity, stability, ease of access and
simplicity. The soil productivity of the rubber plantations in the assessment area was then split into five grades. The results
showed that the soil productivity of the assessment area was mainly in the second, third and fourth grades. This accounted
for 85.85% of the total rubber plantation area in the granite rainy area, and was widely distributed in 15 cities or counties
Qiongzhong, Tunchang, Chengmai, Danzhou, Wanning, Baoting, Ledong, Sanya, Lingshui, Dingan, Qionghai,
Wuzhishan, Changjiang, Wenchang and Dongfang. Soil that was assigned to the first productivity grade was found in a few,
scattered places, whereas soil in the fifth productivity grade was not common but was found in a relatively concentrated area.
Soil organic matter contents, soil pH and the concentrations of available phosphorus (P) and potassium (K) were found to
be important impact factors affecting the soil fertility level of the rubber plantations. The soil pH was determined to be
suitable for growing rubber trees in the assessment area. However, the content of soil organic matter and the concentration of
available P were below the value suitable for growing rubber trees. The concentration of available K was suitable for growing
rubber trees in the first and second productivity grade soils, only just reached the required level for rubber tree growth in the
third and fourth productivity grade soils and was not suitable for normal growth of rubber trees in the fifth productivity grade
soils of the assessment area. According to these results, it is suggested that green manure should be vigorously intercropped,
and that fertilizing with N, K, Ca and Mg simultaneously with increasing organic fertilizer will strengthen the nutrition

management and improve the utilization rate of fertilizer in rubber plantations.

Key Words: fuzzy mathematics theory; analytical hierarchy process; rubber plantation; district; productivity assement;
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Table 1 The membership function of numerical index
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Fig.2 Hierachy plot of soil productivity and assessing indicators
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Table 3 The critical values of different fertility grades in rubber plantations
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Fig.3 The district map of different type rubber plantations
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Table 4 The area of rubber plantation in each district and their proportion

# B Rubber plantation

# P Rubber plantation

FARITIX AT IX
Type district A Hepl Type district i Ll
Area/hm? Proportion/% Area/hm? Proportion/ %
AR X a2 D X
RHRZ X 140174.4 56.97 LRGP 10439.6 424
Granite rainy area Granite rainless area
2> oR) [X T2 2 /D [X
KRFRZRIX 12501.0 5.08 KRFRDHI 8749.6 3.56
Basalt rainy area Baslt rainless area
A AR L2 T X 5 [T 25 /D R X
JIRBEIRHRZ I 31063.3 12.62 JRRIRAERD IR 12272.9 4.99
Gneissic metamorphic rainy area Gneissic metamorphic rainless area
W PIRELRZ X W IHIRUA R DT IX
Sandshale and sedimentary 21211.5 8.62 Sandshale and sedimentary 9656.4 3.92
rainy area rainless area
A1t Total 246068.7 100
x5 TMREEREREERS LS
Table 5 The aera of different grades rubber plantation and their proportions in assessment area
#BEE Rubber plantation B FE Rubber plantation
K Grade T A 2 Grade T Hfs
Area/hm? Proportion/% Area/hm? Proportion/ %
— S U 45 b
¥ ~F
8328.0 5.94 24661.5 17.5
First grade land 3 o Forth grade land ?
—A FAFH
42462.5 30.29 11493.8 8.20
Second grade land Fifth grade land
= A A1t
¥ &]
53228.6 37.97 140174.4 100
Third grade land ? Total
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Table 6 The distribution of soil pH, orgnic matters, available P and K of different grades rubber plantations in assessment area

P IX HHLE/ (g/ke) HRWE/ (mg/kg)  HAE/ (mg/kg) TR A
Assessment area pH Orgnic matters Available P Available K Soil samples
— %4 First grade land 4.74+0.005a 12.87+0.121a 4.81+0.021a 50.720.245a 264
445 Second grade land 4.72+0.003b 11.87+0.058b 4.61+0.010¢ 46.17+0.125h 1437
24 Third grade land 4.66+0.002c 8.980.043¢ 4.71+0.009b 40.40+0.090¢ 4376
PU%EHY Forth grade land 4.64+0.003d 10.57+0.054d 4.60+0.012¢d 40.1120.119¢d 781
T4 H Fifth grade land 4.62+0.005¢ 11.20+0.056¢ 4.13+0.015e 38.02:£0.170e 346
41 Total 4.68+0.001 10.51+0.027 4.62+0.005 42.39£0.060 7204

[F)F 5 A [l N R IR 0.05 7K 1028 5 . 24
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Fig.4 The distribution map of soil productivity level of rubber plantations in assessment area
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