Delineation of soil fertility management zones in paddy fields using
geostatistical and fuzzy clustering methods

Abstract
Currently, the application of chemical fertilizer is carried out without taking into account the spatial variabilty of soil nutrients in
paddy fields, which creates a lot of environmental problems. In this study, the integration of the geostatistics methods, principal
components analysis and the fuzzy clustering were used to support the management area of 54 hectares of the Masandaran
province's paddy fields. 85 compound soil samples were removed and the important physical and chemical properties of the soil
the properties of the soil was made using the were measured. The selection of the best Interpolation method for regionalization
most accurate and consistent statistics. Principal components analysis revealed four components with eigenvalues greater than one.
The first component, explaining 38.78% of the variance, had the highest contribution. The second (17.82%), third (14.19%), and
fourth (8.69%) components followed in descending order. Collectively, these four components account 9.49% of the total
Using fuzzy c-menas type clustering analysis, management areas were selected by considering two indexs data variability.
performance index (FPI) and normalized classifcation entropy (NCE). The FPI and NCE were the
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Introduction

Optimum application of chemical fertilizers in_low-lyi
i i . ecific management of soils can be applied when the accurate
information of spatial variability of soil properties is\@entified. Cu ly, fertilizer management recommendations for rice in paddy
fields of Sari Agricultural Sciences and Natural Res NRU) are being uniformly applied without consideration
of spatial heterogeneity of nutrient content in soils. egrate the geostatistics, principal component (PCA) and

site in SANRU and 85 soil composite samples were taken from
yzed for pH, EC, texture, organic carbon, total nitrogen (N), N-
Cu) and cation-exchange capacity. The raw data passed the Kolmogorov-Smirnov
analyzed and spatial distribution maps were constructed using interpolation
techniques. The PCA and fuzzy g-m ering algorithm were then performed to delineate MZs, and eigenvalues were used
to select the princi cluster analysis. Fuzzy performance index (FPI) and normalized classification entropy
(NCE) were used to um cluster number.

Results and discussion
c carbon and total nitrogen were 2.03 and 0.193 %, respectively, and had the 21.31 and 26.40 % of
coefficient o coefficient of variation of N-nitrate (41%) was more than total nitrogen due to its inherent mobile
characteristics. t fitted semivariogram models for pH, EC, N-nitrate, CEC, clay, P and Mn was exponential but for OC,
total N and Fe t erical model was best fitted. The semivariogram models for Zn and Cu was Gaussian due to the high
correlation and minimum RSS. The selection of best interpolation method within kriging, inverse distance within and conditional
simulations techniques was conducted by consideration of mean absolute error, root mean square error, and concordance correlation
coefficient. The results of PCA indicated that PCs 1, 2, 3 and 4 were considered significant (eigenvalues greater than 1.0); these
together accounted for 79.49 % of total variance. The optimum number of MZs for the study area was three and analysis of variance
indicated that the MZs were reasonable for the area. The MZs differed significantly with respect to studied soil properties. EC, N-
nitrate, P, K and Zn were significantly higher in MZ 3 in comparison with MZs of 1 and 2. OC and total N content in MZs of 2 and
3 were significantly higher than those in MZ 1. Overall, the different management of paddy fields in the study area for three
delineated zones can potentially increase the productivity of rice production and in turn, can decrease economically the fertilizers
(N, P, K) application. The better nutrient contents of MZ 3 also reflected in more harvested yields compared with MZ 1 and 2.

Conclusions



Thus, the study emphasized that the methodology for delineating MZs could be helpful for site-specific soil nutrient
management within the fields in low-lying flat landscape with apparent uniform soil characteristics in Mazandaran province and
even in Iran. Therefore, based on the study, the following suggestions seem important in conducting future research:

« For the regionalization of soil properties, proximal soil sensor should be used so that there is both cost and the possibility
of identifying annual changes.

* Use the integration of geostatistical methods with other fuzzy clustering algorithms such as k-means and ect.

* Other characteristics of the land, such as the state of drainage, slope, etc., should also be used in the separation of
management areas.
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