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4- Geographic Information System
5- Analytic Hierarchy Process
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Figure 1- Location of study area and distribution of sampling points

1- S-shape membership function
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Table 1- Parameters effective a and b amounts in soil fertility (4, 7)
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Table 2- Basic scale for pairwise comparisons
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Table 3- Some of effective parameters statistical properties on soil fertility

(Parameter) (Min) (Max) (Mean)
oo 0.2 7.98 221
(Organic carbon (%))
S
(Phosphorus (ppm)) 1.3 56 17.29
. 40 258 174.46

(Potassi[:m?(ppm))
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Figure 3- Fuzzy maps of effective parameters on soil fertility
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Table 4- Pairwise comparisons matrix of parameters and their weights

2elib S ons Had oo Uy 039
(Parameter) (Organic carbon (%)) (Phosphorus (ppm))  (Potassium (ppm))  (Weight)
oo 2 3 0.54
(Organic carbon (%))
. 05 1 2 0.20
(Phosphorus (ppm))
ety 0.33 0.5 2 0.17
(Potassium (ppm))
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Figure 4- Soil fertility map with Fuzzy (A) and Boolean (B) method
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Table 5- Comparison of fertility classes in fuzzy and Boolean methods
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Figure 5- Fuzzy and Boolean composed map with control points
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Table 6- Evaluation of Fuzzy and Boolean maps using control points
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Table 7- Soil fertility groups and their fuzzy number (11)
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Table 8- Variance analyze of parameters amounts in fuzzy map fertility groups
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Table 9-Relative variance and correlation coefficient criteria amounts of parameters
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Introduction: With regard to increasing population of country, need to high agricultural production is
essential. The most suitable method for this issue is high production per area unit. Preparation much food and
other environmental resources with conservation of biotic resources for futures will be possible only with
optimum exploitation of soil. Among effective factors for the most production balanced addition of fertilizers
increases production of crops higher than the others. With attention to this topic, determination of soil fertility
degree is essential tobetter use of fertilizers and right exploitation of soils. Using fuzzy logic and Analytic
Hierarchy Process (AHP) could be useful in accurate determination of soil fertility degree.

Materials and Methods: The study area (at the east of Rasht city) is located between 49° 31' to 49° 45' E
longitude and 37° 7' to 37° 27' N latitude in north of Guilan Province, northern Iran, in the southern coast of the
Caspian sea. 117 soil samples were derived from0-30 cm depth in the study area. Air-dried soil samples were
crushed and passed through a 2mm sieve. Available phosphorus, potassium and organic carbon were determined
by sodium bicarbonate, normal ammonium acetate and corrected walkly-black method, respectively. In the first
stage, the interpolation of data was done by kriging method in GIS context. Then S-shape membership function
was defined for each parameter and prepared fuzzy map. After determination of membership function weight
parameters maps were determined using AHP technique and finally soil fertility map was prepared with
overlaying of weighted fuzzy maps. Relative variance and correlation coefficient criteria used tocontrol groups
separation accuracy in fuzzy fertility map.

Results and Discussion: With regard to minimum amounts of parameters looks some lands of study area had
fertility difficulty. Therefore, soil fertility map of study area distinct these lands and present soil fertility groups
for better management of soil and plant nutrition. Weight of soil parameters was0.54, 0.29 and 0.17 for organic
carbon, available phosphor and potassium, respectively. Fuzzy map of study area includes five soil fertility
groups as: 22.9% very high fertility, 27.7% high fertility, 35.53% medium fertility, 10.48% low fertility and
3.39% very low fertility. Consequently, a separated map for soil fertility prepared to evaluate soil fertility of
study area for rice cultivation. Toinvestigatethe efficiency of fuzzy model and AHP in increasing the accuracy of
soil fertility map, soil fertility map with Boolean method prepared as well. Boolean map showed 58.88% fertile
and 41.12% unfertile.15 soil samples from different soil fertility groups of study area were derived fromcontrol
of maps accuracy. 13 renewed samples of 15 and 9 soil samples have matched with fuzzy and Boolean map,
respectively. Comparison of parameters mean in fuzzy map fertility groups showed that parameters mean
amounts of very high and high fertility groups are higher than optimum level except potassium that is a few
lower than optimum level in high fertility group, therefore, addition of fertilizers in these groups could not be
useful to increase rice crop production. Phosphorus parameter amount is lower than the critical level in very low,
low and medium fertility groups, then in these groups phosphorus fertilizer should be added to the soil
toincreaserice production. The amount of potassium parameter is higher than the critical level and lower than
optimum limit in very low, low, medium and high fertility groups, then in these groups addition of potassium
fertilizer will results in theincrease of production. Organic carbon amount is lower than optimum level in very
low and low fertility groups. With regard to the relation between organic carbon andnitrogen and phosphorus,
therefore, the addition of organic carbon fertilizer could compensate deficit of nitrogen and phosphorus in these
groups as well. Attention to the presented explanations and comparison of fuzzy and Boolean maps using
parameters amounts in renewed sampling points for control of maps accuracy, it is distinct that fuzzy logic could
influencetheoptimum using of fertilizers with increasing map efficiency and accuracy. In addition, relative
variance and correlation coefficient amounts showed that fuzzy map has separatedquite wellparameters changes.

1- Ph.D. Student, Department of Soil Sciences, Faculty of Agriculture, University of Tabriz, Tabriz

(*- Corresponding Author Email: seyedmohammad.javad@gmail.com)

2- Ph.D. Student, Department of Soil Sciences, Faculty of Agriculture, University of Tehran, Tehran

3- Associate Professor, Department of Soil Sciences, Faculty of Agriculture, University of Guilan, Guilan


mailto:seyedmohammad.javad@gmail.com

VIYR 65 o soliuwl b gy ol (gl S (g bl adds 1,157 Siol31

Conclusion: Effective parameters in soil fertility, includingorganic carbon, phosphorus and potassium were
used topreparesoil fertility map for rice cultivation. With regard to the minimum amounts of parameters looks
some lands of study area had fertility difficulty. Therefore, soil fertility map of study area distinct these lands
and presents soil fertility groups tobetter management of soil and plant nutrition. Fuzzy and Boolean methods
were used topreparesoil fertility map. Comparison of these two approaches showed that fuzzy method with AHP
caused to increase theefficiency and accuracy of fertility map for rice. Separated and distinguish soil fertility
groups in fuzzy map help suitable distribution and optimum use of fertilizers for rice production.
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