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ABSTRACT 

Effective use of water resources is becoming increasingly important. Turkey is located in the semi-arid 

climate region so irrigation during the summer months in many regions is essential for crop 

production. For this reason, farmers are working hard to use pressurized irrigation systems. The 

irrigation method and irrigation time planning in sugar beet production, which is one of the plants, that 

are in need of irrigation water, becomes increasingly important. In this study, in the year of 2017, at 

two different parcels of Turkey Sugar Institute research areas in the province of Ankara, sugar beets 

were growth with irrigated of liner move and subsurface drip irrigation systems. Three different 

irrigation water levels have been tried with the Liner move irrigation system and four different 

irrigation water levels have been investigated in the sub-surface irrigation method. At the end of the 

study, the yields obtained from the parcels were compared with geostatistic methods both as irrigation 

methods and irrigation water levels. 
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INTRODUCTION 

GIS (Geographical Information System) is rapidly becoming an impressive suite of tools. 

Until recently, statistical analysis was limited to visualization and exploratory data analysis, 

while statistical modelling was considered problematic for implementation within a GIS. 

However, probabilistic reasoning and statistical modelling are now important components of 

GIS science, and users of commercial GIS software are beginning to want more sophisticated 

statistical tools for spatial analysis (Krivoruchkoa and Gotwayb, 2017). 

Geostatistics is a branch of statistical science that deals with the spatial structure of the 

variables under study and has the advantage over other methodologies of accounting for the 

spatial autocorrelation of the sampled variable. In geostatistics, the spatial variation is 

considered random and is modelled through a stochastic process. Geostatistics is based on the 

variogram calculation, a plot that relates the distance between any two sampled points with 

their semivariance. Effective and efficient sampling strategies can be designed through the 

characterisation of the variogram parameters: the range, the sill and the nugget. Examples of 

studies where the variogram was used to analyse the spatial pattern of diseases are provided 

by Orum et al. (1999) and Rekah et al. (1999). The former used the variogram to determine 

the trends and distribution of the aflatoxigenic species Aspergillus flavus in the soil. The latter 

used it to study the spatial pattern of Fusarium crown and root rot in tomatoes (Casadoa et.al., 

2009). 

Geostatistics has also been used as a tool to investigate the spatial dynamics of plant disease 

propagation. Chellemi et al. (1988) used geostatistics to examine the spatial pattern of a 



population of plant pathogens and diseased plants. Stein et al. (1994) applied geostatistics for 

the analysis of the spatiotemporal pattern of downy mildew pathogen (Peronosporaparasitica) 

in cabbage to predict the disease at any point in time, to develop optimal sampling patterns for 

future assessments. Gottwald et al. (1996) analysed the spatial, temporal and spatiotemporal 

dynamics of citrus tristeza virus (CTV) in Valencia (Spain) to determine the likely rates of 

disease increase and spread (Casadoa et.al., 2009). 

Three nonlinear geostatistical models disjunctive kriging (DK), indicator kriging (IK), and 

probability kriging (PK) were used to develop conditional probability (CP) maps based on soil 

salinity thresholds for two crops, alfalfa (Medicago sativa L.) and corn (Zea mays L.). The CP 

maps divide alfalfa and corn fields into zones with different probabilities to reach a specific 

yield potential (YP) at a specific soil salinity threshold. In the study, IK and PK methods 

showed very similarities with each other, while they showed slight differences with the DK 

model. When using all data sets, DK uses the majority of these data sets, while PK converts 

the continuous variable to the discontinuous variable to recover some lost information. At the 

end of the study, they stated that they can be used in the production of CP maps to evaluate 

the spatial variability of soil salinity effect in maize yield (Ahmed et.al., (2013). 

In this study, the feasibility of evaluation with the geostatistical map to be obtained as a result 

of the distribution of the yields obtained from plant production to the whole area will be 

examined. For this purpose, the areas where sugar beet production was irrigated with liner 

moving sprinkler irrigation and underwater drip irrigation were selected. Different irrigation 

water levels were also applied in the study. The changes in the parcel efficiency of these 

applications will be determined by geostatistical map mapping. 

 

MATERIAL AND METHODS 

Subsurface drip irrigation and liner irrigation system constituted the main material of the 

study. Sugar beet has been produced with these irrigation systems. Different irrigation water 

levels were applied in both irrigation systems. The coordinate value of the centre of the 

harvested parcels was taken as thecentreand matched with the whereyield value. With the help 

of the obtained values, parcel yields of both irrigation systems were prepared by maps of 

geostatistics. Geostatistics is composed of two stages as variogram and kriging. Variogram 

analysis is used to measure and characterize the relationship between spatial variables at 

different points, and kriging is used to estimate the characteristics of points or areas that are 

not measured (Trangmar et al., 1987).Spherical, exponential, linear and 

Gaussiansemivariogram models are widely used in studies on soil properties. If the 

semivariograms are formed only by considering the distance between the sample pairs, the 

isotropic semivariogram is called anisotropic semivariogram if the direction is taken into 

account together with distance. 

Geostatistical methods, when applied to directional data, show very strong and strong results. 

The most preferred method among geostatistical methods is Kriging. Gumiaux et al. (2003) 

reported that this method was first developed by Matheron in 1962. In this method, 

interpolation is performed between the data points by considering the different contributions 

of the data considered in the calculation. This method is defined as the optimum estimation of 

interpolation between the location of a variable and other adjacent data points (Cressie, 1990). 

Detailed descriptions of the Kriging method can be found in Isaaks and Srivastava (1989), 

Deutsch (1991), Deutsch and Journel (1992) and Wackernagel (1998). 

The parcel yield and quality values obtained from the trial subjects were evaluated separately 

for each year and the combined statistical analyses were made for the first two years. In 



addition, the geostatistical evaluation of the trial results was performed. The evaluation of 

each parcel based change is given by Günal et al. 2008, Mousavifard et al. (2012) and Nas 

and Berktay (2010). Firstly, the minimum, maximum, mean, standard deviation, coefficient of 

variation, skewness and skewness values of the values of the yield samples examined were 

calculated. has been adapted. In the last stage, the semivariogram parameters of each 

characteristic were determined and the spatial distribution maps by ordinary kriging method 

using these parameters were prepared by using the steps given in Figure 1. 

 

Figure 1. Flow chart of the Kriging method of map production 

 

RESULTS AND DISCUSSION 

The main benefit of using spatial regression analysis increases confidence in the 

determination of maize yields obtained from the management regions in the sensitive 

agriculture areas (Lambert et.al., 2003). The prepared efficiency maps are presented in Figure 

2. When Figure1a, which is the subject of full irrigation, is examined, fluctuations are 

observed in the yields obtained in the month parcel more clearly. Parcel yields varied between 

36-100 ton/ha. Differences were determined especially at the edges of the parcel (left and 

right). These differences are observed at all three irrigation water levels. The decrease in 

efficiency is observed in all three parcels in the right regions. The fluctuations in the S1 issue 

are seen as more than the other two subjects. The yield determined in the right region of S1 



was found to be significantly low compared to other regions. In the conditions where 65% 

(S2) of plant need was applied, a decrease in yield was observed (Figure 2b).  

The fluctuations in S2 are less than S1. In the right part of the parcel, there is a significant loss 

of yield.In the case where 35% of full irrigation water (S3) is applied, the change in parcel 

efficiency is shown in Figure 2c. Water constraint resulted in significant yield losses in parcel 

yield. The yield map prepared from the obtained yields yielded significant yield losses in the 

right area of the parcel. 

The yields obtained from underwater drop irrigation are shown in Figure 3. As can be seen 

from Figure 3a, the yield obtained under full irrigation conditions (S1 = 100%) shows a slight 

fluctuation in the parcel. The aforementioned fluctuation shows an increase depending on the 

increased water constraint as can be seen from Figures 3b and c. The highest water constraints 

were applied to S4, which was lower than the other two constraints (S2 and S3). 

 
(a) 

 
(b) 

 
(c) 

Figure 2. Maps of yield were obtained from the linear sprinkler irrigation system 

 

CONCLUSIONS 

 

As a result of the geostatistical evaluation, the determination of the problem areas in the plots, 

as well as the effectiveness of irrigation systems in production, can also be learned. If we 

evaluate the results of two parcels which are the same side by side and the results of the 

research conducted under the same conditions, the following results are reached. 



 

(a) 

 

(b) 
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(d) 

Figure 3. Maps of yield were obtained from the subsurface drip irrigation system 

 

➢ The fluctuations in the efficiency of irrigation water in the liner moving sprinkler 

irrigation system were lower in the surface drip irrigation system.  

➢ The subsurface drip irrigation system provides a more homogenous efficiency than the 

liner irrigation system.  



➢ A higher proportion of water constraint can be applied in the sugar beet plant in the 

underwater drip irrigation system. 

➢ There are many benefits of preparing and using the maps of yield for the field.  

➢ Specifically, it is a vital importance for a sustainable production model which is 

identifying low and high yielding areas and fluctuating regions in the field. 

➢ Finding out the factors that cause problems in the determined regions is the main 

component of efficient and quality production.  

➢ In this context, the producing of yield maps by using geoistatical tools by using the data 

obtained from the harvest sampling to be performed in the field provides many benefits. 
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