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Abstract

Introduction: The rapid growth of population demands higher land use efficiency to ensure food
security. The most appropriate way to reach this goal is to increase yield per unit area. In this
regard, the assessment of soil fertility and productivity is a prerequisite for developing
sustainable agriculture. Soil fertility indicates the soil capability to provide optimum conditions
for plant growth. Assessing soil fertility is an essential need to identify environmental-friendly
strategies leading to more sustainability in agricultural systems. Soil fertility directly and
indirectly affects the yield and crop quality. In order for food security and increased food
production to be achieved, the development of a useful method for assessing soil fertility and
productivity is fundamental. VVarious modeling techniques have been proposed as a useful tool to
determine soil fertility. An assessment of the soil fertility status by using a soil index could
provide key information to improve strategies and effective techniques for the future to achieve
sustainable agriculture. The present study was conducted: (1) to determine the soil fertility index
(SFI) using two methods which are conceptually different from each other including: Fuzzy-AHP
and parametric methods; (2) to identify the main soil limiting factors for tea production; and (3)
to compare two methods of quantitative assessment of soil fertility in relation to tea yield in tea
cultivation with different productivities in west Guilan province.

Materials and Methods: Based on the mean annual tea yield, the selected tea cultivation were
divided into low, medium, and high productivity. Sixty-six soil samples were collected from 0 to
30 cm depth. The green tea leaves were harvested at a 2 m® plot at each site. In this research,
clay, silt, and sand content, mean weight diameter of soil aggregates, bulk density, soil pH,
electrical conductivity, soil organic carbon, total nitrogen, available phosphorus, available
potassium, available copper, and zinc were measured by conventional methods. Then, the soil
fertility indices of tea cultivation with different productivities were determined by fuzzy-
analytical hierarchy process (SFI-Fuzzy AHP) and Parametric (SFI-Parametric) analyses. The
Fuzzy analytical hierarchy process is a combination of factor weights of AHP with the fuzzy
values of each parameter. The product of values generated from individual fuzzification of
parameters with their corresponding factor weights. All soil parameters were tested using one-
way analysis of variance and the differences among means were analyzed using Tukey's
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significant difference test at the probability level of 0.05.The coefficients of determination for the
linear regression between the two SFI values and tea yields were conducted.

Results and Discussion: Results indicated that the effect of pH, available potassium and copper,
mean weight diameter, and bulk density on tea yield was significant (p <0.01). The highest of
organic carbon, mean weight diameter, available potassium and copper were obtained in high
productivity. The highest of soil pH and bulk density were related to low productivity. The main
soil limiting factors for tea production were soil organic carbon, available potassium, and soil pH.
The results showed that for both SFI-Fuzzy AHP and SFI-Parametric methods, the highest and
lowest soil fertility indices were related to high and low productivity, respectively. The mean
SFI- Fuzzy AHP of the high productivity tea were significantly higher than low productivity tea
cultivation. It was found that SFI- Fuzzy AHP is superior to SFI-Parametric to evaluation of soil
fertility for tea production .So that, the correlations between crop yields and SFI- Fuzzy AHP
(R?= 0.63) is higher than SF1-Parametric (R?= 0.50).

Conclusion: Understanding the soil fertility status is one of the important aspects of sustainable
soil management in order to optimal crop production and prevent environmental degradation.
Considering the importance of yield as an important indicator in the sustainable management of
agricultural ecosystems, it is expected that there is great potential for increasing crop yield by
improving soil fertility. The SFI- Fuzzy AHP of the high productivity tea were significantly
higher than low productivity tea cultivation and created more differentiation between various soil
fertility classes in tea cultivation. Therefore, determining the soil fertility index by Fuzzy-AHP
method to evaluate the soil fertility of tea cultivation is superior to the parametric method. Based
on the obtained results, it is suggested that for the optimal tea production, in addition to the
application of potassium fertilizer, the exact amount of which should be estimated based on the
soil test results, the organic matter application should also be considered.
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Int-ensity of P
importance Definition
1 Jales Can
Equal importance
2 Lo g0 B Joles e
Equal to moderate importance
3 L 5in Coonl
Moderate importance
4 S$ L L e Coanl
Moderate to strong importance
5 S5 Cooal
Strong importance
6 S5 AU B el
Strong to very strong importance
7 LS}E gé:’ C":“‘“‘
Very strong importance
8 $P Ol 4l s Coenl
Very to extremely strong
9 SB Db @ el

Extreme importance
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Table (2) Rating of soil fertility parameters

o lns LS--»\-"J.‘\?)Q Ay S 2
Rating Unit Parameter
40 60 85 100
<0.4 0.4-0.8 0.8-15 >15 % J&cﬂ;
>6.0 5.8-6.0 5.5-5.8 5.0-5.5 -— J:,‘f{ s
48 3-4 2-3 0-2 dsm* S
EC
] ) 1 s JB e
<5 5-15 15-30 >30 mg kg Available P
) _ -1 o JB r:”‘t’-.
<50 50-150 150-250 >250 mg kg Available K
) ) 1 L}fdj}f?"
<0.03 0.03-0.1 0.1-0.15 >0.15 g 100g Total N
) ) -1 o JB s
<05 0.5-2 2-3 >3 mg kg Available Zn
) ) -1 o> BB s
<2 23 3-4 >4 mg kg Available Cu
<5 5-15 15-25 25-35 % o
Clay
_ _ SIS b 355 oSl
<1 1-2 2-2.5 >2.5 mm MWD
>1.5 1.4-15 1.3-14 <1.3 gem® e e

Bulk density
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Table (3) Descriptive statistics of measured soil properties and tea yield in differnet productivities
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Low productivity Medium productivity High productivity Parameter
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il Range Mean Range Mean Range Mean Unit
CV% CV% CV%
7.
12.00 1.20-1.80 1.62 33.23 1.1-3.0 1.80 23.47 1.03 -2.96 1.92 % éo‘é;
Sl LS
4.70 4.80-5.53 5.26 6.10 4.41-5.22 4.72 3.55 4.2-47 4.48 -— S
pH
SEes!
15.10 0.12-0.19 0.14 5.03 0.16-0.18 0.17 11.71 0.14-0.21 0.16 dsm™ éfc e
B 6 A
49.08 20.8-110 52.52 20.99 31.2-61.7 48.56 38.68 13.6-71.7 47.13 mg kgt e BB A
Available P
2 & W
43.62 69.7-227.9 119.6 35.16 58-309.5 211.78 15.20 216.4-321.9 271.37 mg kg™ o BB ey
Auvailable K
26.18 0.11-0.26 0.17 5.37 0.16-0.18 0.17 49.17 0.12-0.24 0.18 g 100g™ J 00
Total N
- Y
51.91 1.41-7.76 3.53 21.17 1.65-3.61 297 25.81 2.03-5.26 3.56 mg kg™ e B S
Auvailable Zn
: &
24.14 1.84-4.24 2.84 2541 2554 3.91 15.47 3.37-5.56 4.30 mg kg™ e B e
Auvailable Cu
23.38 12-25 20.1 15.6 18-30 23.06 16.43 15-26 2.73 % o
Clay
ST s S5 o Sole
29.70 0.73-2.33 1.55 37.48 0.42-1.39 0.85 79.38 0.99-8.63 231 mm * 55
MWD
w .
10.82 0.95-1.32 1.13 14.03 0.71-1.08 0.91 11.52 0.66-1.05 0.9 gcm? EAT 02 =
Bulk density
35.50 628-2443 1693 28.83 2330 -4780 3377 36.05 1935-7134 4160 kg ha :(’ ield
e
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Figue (1) Mean comparison of soil properties in different productivities
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Table (4) Pairwise comparison matrix and weight of soil parameters
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Table (5) Mean comparison of soil fertility index in different productivities
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Mean il
Yboes bwgin o 5das ol o des. Soil fertility index
High productivity Medium productivity Low productivity
0.63° 0.59° 0.48P SFI- Fuzzy AHP
0.51° 0.47° 0.45° SFI1- Parametric
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Table (6) Soil fertility index related to fertility classes
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Table (7) Distribution of soil fertility class across the study area
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Figure (2) The relationship between soil fertility index using (a) fuzzy-AHP and (b) parametric
method with tea observed yield
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