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Karpuz (Citrullus lanatus (Thunb.) Matsum. & Nakai) Üretimini Etkileyen Faktörlerin Veri Madenciliği ile 
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ÖZET:  

Bu çalışmanın amacı Diyarbakır ilinde karpuz verimini etkileyen faktörleri belirlemektir. Veri 

Madenciliği Regresyon Ağacı yönteminden Ki-kare otomatik etkileşim detektörü (CHAID) 

algoritması kullanılan çalışmanın verileri Basit Tesadüfi Örnekleme Yöntemi’ne göre belirlenen 

80 adet karpuz üreticisinden elde edilmiştir. Oluşturulan model de Bağımlı değişken WY (karpuz 

verimi), bağımsız değişkenler R (bölge), AF (çiftçinin yaşı), EL (eğitim düzeyi), CA (ekim 

alanı), FD (gübreleme zamanı), FA (gübre miktarı), DS (ilaçlama zamanı), AS (ilaç miktarı), NI 

(sulama sayısı), IT (sulama süresi), AN (çapa sayısı) ve HT (hasat zamanı) olarak belirlenmiştir. 

Dekar başına ortalama 4488.9 kg karpuz verimi elde edilmiş ve çapa sayısı karpuz verimini en 

çok etkileyen değişken olmuştur. Sonuç olarak birim alandan daha yüksek verim alabilmek için 

karpuz üreticilerinin 4 defadan fazla çapa, 2 saatten az olmak üzere 5-6 defa sulama yapmaları 

ve Mayıs ayında gübre uygulamaları yapmaları gerekmektedir. Ayrıca Çermik, Eğil, Yenişehir 

ve Bismil karpuz üretimi için daha uygun bölgeler olarak belirlenmiştir. 
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ABSTRACT:  

The aim of this study was to evaluate the factors of affecting watermelon yield in Diyarbakır 

province. The data was obtained from surveying of 80 watermelon farmers in Diyarbakır 

province, Turkey by Simple Random Sampling Method using the Chi-square automatic 

interaction detector (EXHAUSTIVE CHAID) algorithm of the Data Mining Regression Tree 

methods. In the model created, the dependent variable was WY (watermelon yield), and the 

independent variables were determined as R (region), AF (age of farmer), EL (education level), 

CA (cultivation are), FD (fertilization date), FA (amount of fertilization), DS (date of spraying), 

AS (amount of spraying), NI (number of irrigation), IT (irrigation time), AN (anchor number), 

HT (harvest time). As a result of the study, the factors that significantly affect the yield of 

watermelon; AN, NI, HT, CA, R has been determined. An average of 4488.9 kg watermelon 

yield per decare was obtained and the number of hoes was the variable that most affected the 

watermelon yield. As a result in order to get a higher yield per unit area, watermelon producers 

should anchor number more than 4 times, irrigate 5 to 6 times at less than 2 hours, and apply 

fertilizer in May. In addition, Çermik, Eğil, Yenişehir and Bismil were determined as more 

suitable regions for watermelon production. 
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INTRODUCTION 

Vegetables are very important for human nutrition due to their abundant mineral, vitamin and 

antioxidant contents (Özçınar, 2020). The origin of watermelon, of which cultivation dates back for a 

long time, is Africa (Wehner, 2010; Erincik, 2015). Watermelon (Citrullus lanatus (Thunb.) Matsum. & 

Nakai) and melon (Cucumis melo L.), which are the members of Cucurbitaceae family and are highly 

economically important species, are cultivated in warm regions (Güner and Wehner 2004; Öztürk, 2018).  

The lycopene content, that prevents the occurrence of some diseases, of watermelon is higher 

compared to the other red-colored fruit species (Güner and Wehner 2004; Öztürk, 2018). Watermelon 

contains 8-14% sugar, while it is poor in protein, fat, and calories. However, in addition, the watermelon 

is rich in vitamins B, C and A, and contains calcium (Ca), iron (Fe), phosphorus (P) and magnesium 

(Mg) (Anonymous, 2005; Öztürk, 2018). Watermelon, which consists of 95% water, is usually 

consumed fresh, but also used in the production of syrup, fruit juice, jam, pickle or canned food. The 

seeds of watermelon are used in the cosmetic and pharmaceutical industry, and the shells can also be 

used in animal nutrition (Güneş and Aşkın, 2016). Watermelon is named as New world watermelon, 

Mottled watermelon, Black watermelon (black ice watermelon), Gülle watermelon, Washington 

watermelon and Diyarbakır watermelon based on the shape, color and, place of cultivation (Altaş, 2015). 

Watermelon production of the world in 2021 was 104 136 387 million tons, and China ranked the 

first with 63 024 614 million tons and followed by Turkey with 4 031 174 million tons of production 

(Anonymous, 2021). Watermelon and melon are among the most produced species of the cucurbit 

family, which has a share of 40% in vegetable production in Turkey (Çat et al., 2016; Özçınar, 2020). 

Watermelon cultivation is carried out in 73 provinces of Turkey, and the highest production in 2021 was 

carried out in Adana province with 689 212 tons, while Diyarbakır ranked the 7th with 121 749 tons of 

watermelon production. Antalya, İzmir, Mardin and Şanlıurfa provinces are the other provinces where 

watermelon is produced the most in Turkey (TUİK, 2021). 

Watermelon cultivation is mostly carried out in greenhouses in Adana, Antalya and Mersin, so the 

amount of watermelon production in open field conditions in Diyarbakır is too important to be 

underestimated. Watermelon has a special importance for Diyarbakır province, where watermelon has 

been produced for a long time and, it is identified with the watermelon (Koçkaya, 2019). Diyarbakır 

watermelon is grown in loamy, sandy and, pebbly lands next to the Tigris River with methods unique to 

Diyarbakır and has an important place in social, folkloric, and economic life of the region. The unique 

feature of Diyarbakır watermelon is its size and taste (Okumuş, 2010). 

Studies on watermelon yield reported that main vine length and number of side branches affect 

watermelon yield (Ban et al., 2011), and watermelon yield can be increased at different spacing and 

mulching levels (Sylvestre et al., 2014). Similarly, the decrease in plant density increased fruit weight 

and fruit yield of watermelons (Kavut et al., 2014), and watermelon yield in irrigated fields (37.28 tons/ 

ha) was higher than the yield (9.98 tons/ha) recorded in non-irrigated lands (Pejic et al., 2016). According 

to in addition, Filho et al. (2019) stated that application of 120 kg/ha NPK fertilizer increased watermelon 

yield, nutrient accumulation and fruit quality. In another study, watermelon yield significantly increased 

with direct application of nitrogen in drip irrigation system (Rolbiecki et al., 2020). 

Data Mining Decision Tree models are used recently in evaluating agricultural production and 

yield data, determining, and evaluating product, input, and yield relationships. Decision Tree Model has 

been mostly used in livestock farming (Aytekin et al., 2018; Celik et al., 2018; Karadas and Birinci, 

2019; Zaborski et al., 2019), while studies on crop production are very limited (Küçükönder et al., 2015; 
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Irmak and Ercan, 2017; Bostancı and Eren Atay, 2018). The aim of this study is to determine the factors 

affecting watermelon yield in Diyarbakır province by using Data Mining Regression Tree Method. 

MATERIALS AND METHODS 

Data Collection Phase 

The material of the research consists of the data obtained from the questionnaires made with 80 

watermelon producers registered in the Agricultural Information System (AIS) of Diyarbakır Provincial 

Directorate of Agriculture and Forestry, Department of Crop Production. In addition, other studies 

related to the subject, domestic and foreign publications, records and statistical data of public institutions 

and organizations were also used in the study. The surveys were conducted between August and 

September 2019. 

Diyarbakir province, which ranks 7th in Turkey's watermelon production (TUİK, 2021), have been 

selected as the study area. (Fig.1). Diyarbakır province is in located the central part of Southeastern 

Anatolia Region of Turkey, lies between 37° 56' latitude and 40° 13' longitude and the altitude is average 

650 m (Anonymous, 2019a) 

 
Figure 1. Location of study area 

There were 326 watermelon growers registered in the Agricultural Information System (AIS) in 

Diyarbakır province (Anonymous, 2019b), and 80 producers were selected with "Simple Random 

Sampling Method" using the Equation 1 (Yamane, 2010) to best represent the watermelon grower’s 

population. The data obtained in the surveys conducted with the producers were evaluated. In the 

evaluation, the watermelon production areas of the growers were taken into consideration.  

                                             (1) 

Where, n is the number of persons to be sampled, N is the size of surveyed farmers (326 producers), 

S² is the variance of the persons (90.06) and D is the correction factor, that has been calculated using 

following equation (Eq. 2).  

(D)= (E/t)2                          (2) 

In the equation, coefficient of t is accepted as 1.6445 within 90% of confidence interval. E is the 

error term (1.525), and it is 10% of the average of size population.  
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n=(
326×(9.49)²

(326-1)×(1.525/1.6445)
²
+(9.49)²

)=80    

The sample size chosen was considered sufficient and the questionnaire was applied to 80 people. 

The districts where the surveys were covered and the number of the surveys are given in Table 1.  

Table 1. The number of farmers and questionnaires by districts 

 Number of Farmers % Number of Questionnaires 

Sur 7 2 2 

Çermik 93 29 23 

Çınar 13 4 3 

Dicle 9 3 2 

Eğil 52 16 13 

Ergani 73 22 18 

Kayapınar 48 15 12 

Kulp 5 2 1 

Lice 11 3 3 

Yenişehir 15 5 4 

Total  326 100 80 

Data Analysis Phase 

Data mining was benefited as a method, and regression tree algorithm was used in the modeling 

phase of the study. Regression trees are advantageous algorithms for decision makers and are a data 

mining approach that is widely used for classification and prediction due to easy interpretation and 

comprehensibility (Karadas and Kadirhanogullari, 2017; Karakaya et al., 2018). CHAID (Chi-square 

automatic interaction detection), Exhaustive CHAID (exhaustive chi-square automatic interaction 

detection) and CART (Classification and Regression Tree) algorithms are effectively used in creating 

models with variables that have ordinal, nominal, and scale properties. The CART algorithm allows the 

creation of a decision tree structure based on binary split criteria by repeatedly splitting a node into two 

sub-nodes (Duru et al., 2017; Eyduran et al., 2017). The higher similarity rate among the members of 

result groups indicates that the splitting is more successful (Sun and Hui, 2008). 

Some goodness of fit criteria reported by Grzesiak and Zaborski (2012) and Koç et al. (2017) were 

used to compare the regression tree algorithm performances (Table 2). 

Where, 

WY=Watermelon yield (kg/da) 

R=Region (1:Çermik, 2:Sur, 3:Eğil, 4:Kayapınar, 5=Yenişehir, 6:Bismil) 

AF=Age of farmer 

EL=Education level, (1:illiterate, 2:literate, 3:primary school, 4:secondary school 5:high school     

6:two-year degree, 7:bachelor’s degree) 

CA=Cultivation area (decare) 

FD=Fertilization date (1:January, 2:February, 3:March, 4:April, 5:May) 

FA=Amount of fertilization (kg/da) 

DS=Date of spraying (1:January, 2:February, 3:March, 4:April, 5:May) 

AS=Amount of Spraying (ml/da) 

NI= Number of irrigation 

IT= Irrigation time (hour) 

AN=Anchor number 

HT=Harvest time (6:June, 7:July) 
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Table 2. Goodness of Fit Criteria 

Coefficient of Determination 
𝑅2 = [1 −

∑ (𝑌𝑖 − �̂�𝑖)
2𝑛

𝑖=1

∑ (𝑌𝑖 − �̅�)2𝑛
𝑖=1

] ∗ 100 

Adjusted Coefficient of Determination 

�̅�2 = [1 −

1
𝑛 − 𝑘 − 1

∑ (𝑌𝑖 − �̂�𝑖)2𝑛
𝑖=1

1
𝑛 − 1

∑ (𝑌𝑖 − �̅�)2𝑛
𝑖=1

] ∗ 100 

Coefficient of Variation 

𝐶𝑉 =
√

1
𝑛 − 1

∑ (𝜀𝑖 − 𝜀)̅2𝑛
𝑖=1

�̅�
∗ 100 

Standard Deviation Ratio 

𝑆𝐷 = √

1
𝑛 − 1

∑ (𝜀𝑖 − 𝜀)̅2𝑛
𝑖=1

1
𝑛 − 1

∑ (𝑌𝑖 − �̅�)2𝑛

𝑖=1

 

Relative Approximation Error 

RAE = √
∑ (𝑌𝑖 − �̂�𝑖)

2𝑛
𝑖=1

∑ 𝑌𝑖
2𝑛

𝑖=1

 

Root-mean-square error 

RMSE = √
∑ (𝑌𝑖 − �̂�𝑖)2𝑛

𝑖=1

𝑛
 

Mean absolute percentage error  
𝑀𝐴𝑃𝐸 =

1

𝑛
∑ |

𝑌𝑖 − �̂�𝑖

𝑌𝑖

|

𝑛

𝑖=1

∗ 100 

𝜀𝑖 = 𝑌𝑖 − �̂�𝑖 (Actual WYF – Predicted WYF); WYF is watermelon yield factors, n is the number 

of watermelon (n), i………………. 1,2,…, n (treatment), �̅� ……………… overall mean, 

�̂�𝑖……………..i. predicted value of watermelon, 𝜀𝑖……………… chance related error value of 

watermelon, 𝜀…̅……………. mean error value depending on chance error values, 𝑌𝑖……………… I 

represent the WFY value of watermelon. 

The goodness of fit criteria specified in Table 3 were used in the selection of the most suitable 

model. The criteria for goodness of fit were calculated in the R STUDIO program using the estimated 

values and observed (real) values of the dependent variable. Model comparisons were carried out based 

on the lowest RMSE, MAPE, RAE, coeffvar, SDratio and MAD values and the highest Pearson 

correlation coefficient, Rsq and ARsq values (Tatlıyer, 2020). 

Table 3. Goodness of Fit of Regression Tree Algorithms for Factors Affecting Watermelon Production 

 CHAID EXHAUSTIVE CHAID CART 

Rsq 0.745 0.785 0.775 

ARsq 0.670 0.722 0.709 

R 0.863 0.886 0.880 

SDratio 0.505 0.464 0.475 

RAE 0.021 0.018 0.019 

CV 15.240 13.990 14.330 

MAPE 13.684 12.195 13.624 

MAD 491.540 474.512 485.034 

RMSE 679.902 624.129 639.193 

The parent-child node was set to 6:3 and the cross-validation value to 10 to determine the highest 

predictive performance. 
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RESULTS AND DISCUSSION 

While evaluating the results, first of all, demographic data of watermelon producers were 

evaluated. The most crowded age group of watermelon farmers was between 15 and 49 (71.3%) with 57 

people, and the literate group was the major crowded group in education status with 53 people (66.3). 

The highest number of individuals in the family was between 3 and 7 with 36 farmers (45.0%), and the 

average density for the number of individuals in a family was 5 individuals. The number of producers 

who do not have an additional income was 44 (55%), other producers earn additional income by working 

in private sector or plant and animal production. Sixty-three producers (77.5%) were landowner and only 

19 producers (23.8%) had an agricultural insurance. Büyükkalay (2019) stated in her study titled 

Watermelon Production and Marketing Structure in Antalya Province that 84% of producers are between 

the ages of 30-60, 80% are secondary school graduates and 50% have a family size of 4 people. 

According to Seçer et al. (2020) In his study titled The Factors Affecting the Producers' Decision to 

Grow Fruit Tree and Their Expectations for the Future in Ağrı Province, 47% of producers were between 

the ages of 40-50, 74% were secondary school graduates, and 59% had family size less than 6 people. 

According to Simsek et al. (2020) found the average age of producers to be 54 and their education period 

to be 8 years in their study titled Determination of Approaches of the Stone Fruit Producers to the 

Phytopathological Problems of Uşak Province. 

Table 4. Demographic Data of Watermelon Producers 

  N % 

 

Age Range 

15-49 57 71.3 

50-64 22 27.5 

65+ 1 1.3 

 

 

Education Status 

Illiterate 1 1.3 

Literate 53 66.3 

Elementary School 4 5.0 

Secondary School 20 25.0 

High School 2 2.5 

 

 

Number of family members 

3.00 1 1.3 

4.00 25 31.3 

5.00 36 45.0 

6.00 15 18.8 

7.00 3 3.8 

 

 

 

District 

Çermik 10 12.5 

Sur 9 11.3 

Eğil 22 27.5 

Kayapınar 26 32.5 

Yenişehir 2 2.5 

Bismil 11 13.8 

 

 

Additional Income 

Livestock 11 13.8 

Crop and Animal production 10 12.5 

Private Sector 12 15.0 

Government official 3 3.8 

No additional income 44 55.0 

 

Land Entity 

Sharecropper 2 2.5 

Owner 62 77.5 

 Rent and Property 16 20.0 

Agricultural Insurance Holders Yes 19 23.8 

No 61 76.3 

Model Fit Criteria evaluation revealed that the most suitable model is the regression decision tree 

diagram formed by Exhaustive CHAID algorithm (Figure 2). Celik et al. (2017) CART model is the 

most suitable, Karadas et al. (2017) found the CHAID model as the most suitable, and Karadas and 
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Birinci (2019) MARS model is the most suitable model. The most important factors affecting the 

watermelon yield in the regression decision tree diagram were determined Anchor number (AN), number 

of irrigation (NI), harvest time (HT), cultivation area (CA), region (R), and irrigation time (IT). Gungor 

and Balkaya (2015) reported that plant density had a positive effect on watermelon yield. Kuşcu et al. 

(2015) stated that irrigation water affects the yield of watermelon.  

 
Figure 1. Regression Tree of Factors Affecting Watermelon Yield 

The coefficient of determination estimated in the Exhausted CHAID algorithm was 79%. The 

regression decision tree diagram showed that an average watermelon yield (WY) of 80 producers who 

attended the questionnaire, in Node 0 was 4 488.9 kg/da (S:1 354). Watermelon yield determined in this 

study is higher than the WY (3 770 kg/da) determined by Tuna and Ozer (2005) in Muğla and the WY 

(3 832 kg/da) determined by Oktay and Doran (2005) in Diyarbakır province. The WY is like that (3 

500-10 600 kg/da) reported by Koleboshina and Varivoda (2020) in the Volgograd region of Russia. 

However, the WY is lower than the WY (9 340 kg/da) determined by Yavuz et al (2020) in Konya Plain 

and the WY (19 400-24 900 kg/da) recorded by Malueva and Bocherova (2020) in Russia. Although 

studies have been conducted to determine WY under different regions and ecological conditions, data 

mining algorithms have not previously been used to determine the factors affecting WY. Therefore, it is 

estimated that this study will be one of the first studies in which data mining algorithms are used to 

determine the factors affecting WY.  
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The regression tree formed by the Exhaustive CHAID algorithm consists of three tree depths. Node 

0 is divided into four child-nodes (Nodes 1, 2, 3 and 4) (Adj. P value=0.000, F=25.747, df1=3 and 

df2=76) according to the anchor number (AN). Node 1, where 33 watermelon producers applied 4 anchor 

(AN=4), constituted the first subgroup. Node 2 is the second subgroup (AN=3), and Node 3 comprise of 

the third group (AN=5 and 6).  Node 4 is the terminal Node, which is the fourth subgroup, and is the 

Node 4 where the lowest WY was obtained. The average WY were 4 402 kg in Node 1 (S=714), 3 332 

kg in Node 2 (S=1 063), 5 589 kg in Node 3 (S=1 171) and 2 083 kg in Node 4 (S=946), respectively. 

The hoeing in field crops is carried out for weed control, soil aeration and moisture conservation, and it 

increases the crop yield (Baydar, 2012). In addition, Şanlı et al. (2009) stated that hoeing and herbicide 

applications generally increased plant height in chickpea, where different herbicides and hoeing times 

were applied for weed control, compared to control plots. Node 3 in the decision tree indicated that the 

producers who applied 5-6 anchor obtained higher WY, therefore, 5-6 anchor operations in watermelon 

production can be recommended to obtain high WY.    

Node 1 is divided into the fifth, sixth and seventh child-nodes as Nodes 5, 6 and 7 according to the 

NI. The Node 5 and 7 are the terminal nodes. The average WY of Node 5, 6 and 7 are 4 841 (S=502), 4 

214 (S=563) and 3 416 (S=687) kg, respectively. Node 2 is divided into eighth and ninth child-nodes, 

based on the HT. Node 8 shows the producers harvesting watermelon in July and node 9 in June, and 

yields were determined as 2 934 (S=849) and 4 625 (S=478) kg, respectively. The differences in WY 

recorded in different time can be attributed to the effect of HT on WY. The producers harvesting in June 

obtain higher yield, therefore, harvesting in June can be recommended to the regional watermelon 

producers. The results of Tokgöz et al. (2015), who evaluated some quality parameters of two different 

watermelon cultivars grafted on three different rootstocks and harvested at two different times. It has 

been stated that the use of grafted seedlings provides an advantage in terms of mineral matter, and the 

samples taken from the second harvest period are more advantageous than the first harvest period. 

Node 3 is divided into tenth and eleventh child-nodes as Nodes 10 and 11 based on the NI. The 

WY of Nodes 10 and 11 are 5 844 (S=1 074) and 4 125 (S=250) kg, and Node 11 is the terminal Node. 

Producers who irrigate 5 and 6 times obtained the highest yield. Producers irrigating less or more than 

5-6 times obtained less yield. The insufficient water delays the maturation of watermelon plants, while 

excess water accelerates the vegetative growth and negatively affects the yield (Anonymous, 2020). In 

addition, Vural and Dağdelen (2008) stated the importance of irrigation intervals including water levels 

on the number of leaves per plant and on yield and agronomic characteristics of watermelon. The most 

appropriate irrigation is needed for higher yields, therefore 5-6 times irrigation can be recommended in 

watermelon cultivation to obtain optimum yield in the region.  

Node 6 is divided into the twelfth and thirteenth child-nodes as Node 12 and Node 13 based on 

cultivation area, and the resulting WY was 4 666 (S=516) and 3 875 (S=305) kg, respectively. Node 8 

is divided into fourteenth and fifteenth child-nodes as Node 14 and Node 15 in terms of region. Çermik, 

Eğil, Yenişehir and Bismil districts located in Node 14 and the average WY was 3 465 kg/da (S=437). 

Sur and Kayapınar districts located at Node 15, and the average WY was 2 085 kg/da (S=603). Node 10 

was divided into sixteenth and seventeenth child-nodes as Node 16 and Node 17 based on IT. Ten 

producers in Node 16 among all watermelon producers, irrigated 2 hours or less obtained the highest 

WY yield (6492 kg/da). The results revealed that the irrigation is needed to obtain high WY, and the 

most appropriate amount of water should be given in irrigation. 
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CONCLUSION 

Data mining method is not adequately known and is not widely used in scientific studies related 

to crop production of agricultural activities. Investigated factors affecting the yield in crop production 

and the predictions carried out with the algorithms in the regression tree analysis method can be effective 

in crop production. The watermelon yield obtained in the study area and in the year of the study (4 488 

kg/da) was found above the World (3 262 kg/da) and Turkey (4 404 kg/da) average (FAO, 2019). The 

results revealed that watermelon producers in Diyarbakir should apply 5-6 hoeing, and 5-6 irrigation 

less than 2 hours, and harvest watermelon in June. Estimating the factors affecting the yield with the 

regression tree algorithms in the crop productions planned in the future will make a great contribution 

to scientific research in theory and practice. 
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