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Abstract 

The objective of this research was to evaluate the correlation between rice yield and 

soil properties for improving fertilizer recommendations. This was achieved through the 

application of a new precision agriculture methodology on a large experimental setup 

of about 115 ha in Chalastra, Greece. The methodology uses multispectral satellite 

images acquired during the previous cropping season for the delineation of preliminary 

zones, inside of which representative soil samples are extracted and analyzed and 

fertilizer recommendations are formulated per zone. The spatial distribution of yield 

performances was recorded with a yield mapper mounted on the harvester. As a result 

of the zone-based applications in the 2017 cropping season, the grower realized 15% 

increase in yield compared to the mean of the previous decade’s yields, while the 

fertilizer inputs were reduced by 20%. Moreover, it was showed that the nitrogen added 

with the basal fertilization and soil magnesium were the major contributors of yield 

differences, whereas phosphorus and potassium needs were covered with the applied 

fertilization.  
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Introduction 

Nitrogen is the most important element for rice growing, because supra- or sub-

optimum nitrogen fertilization leads to reduced yields. The current commercial practice 

in Greece is that rice growers tend to over supply with nitrogen for pursuing maximum 

yields and avoid yield losses. If the yield is reduced, because of reduced fertilization, 

then the economic saving due to the reduced cost of inputs cannot compensate for the 

economic loss caused by the reduction of yield. For this reason, the growers tend to 

overfertilize with nitrogen. This causes a series of problems, such as the increased cost 

for inputs and environmental issues (Yousaf et al., 2017). Also, over-application of 

nitrogen can lead to reduced yields, because it causes spikelet sterility under cool 

weather conditions (Williams, 2010).  

Another issue is that the growers tend to use an NPK 32-5-5 fertilizer (containing 

mostly nitrogen and providing low concentrations of phosphorus and potassium) due to 
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high potassium supplying capacity of many soils and the increased phosphorus 

availability under flooded conditions. Moreover, due to increased phosphorus 

availability under flooded conditions, phosphorus tends to increase in toxicity levels if it 

is constantly supplied with fertilization in certain areas of the field and it tends to be 

deficient in other areas (Khalid et al., 1976). Potassium availability is also dependent on 

soil texture.  

Application of nitrogen using standard composites, such the NPK 32-5-5 fertilizer, 

results to inappropriate fertilization of the crop with potassium and phosphorus. 

Considering that the total amount of nitrogen supplied by broadcasting and surface 

application of nitrogen is high, the imbalanced nutrition of rice leads to low nitrogen use 

efficiency causing environmental problems. 

However, the growers would be content to provide a balanced nutrition to their crops 

including increased levels of potassium and phosphorus (and thus accept an increase in 

their fertilization cost), if they were assured for obtaining increased yields. In this case, 

site-specific management needs to be employed for ensuring balanced nutrition with 

potassium. This is a novel approach as it is used to provide optimized fertilizer 

recommendations for rice growers based on remote sensing and yield map data.  

The objective of this research was to evaluate the correlation between yield and soil 

physical and chemical properties in rice cultivations with a view to improve fertilizer 

recommendations for increased yields and lower fertilizer input costs. 

 

Study area and methods 

Belonging to a single rice grower, the study farm is in Chalastra, a monocrop 

cultivation area in the Plain of Thessaloniki, Greece. The studied rice farm covered an 

extent of 114.8 ha in 2017, shared between 38 rice lagoons, with about the half of the 

extent (56 ha) concentrated in 17 adjacent fields located at the center of the area (Fig.1). 

A long and a medium grain variety (cv. Thai Bonnet and Ronaldo, respectively) were 

water seeded from 9 to 21 May 2017. During the growing season the grower tried to 

maintain a 10 cm flood depth except for two weeks due to the chemical weed control, 

when the lagoons were drained. This flood depth usually fails to be established 

continuously in the Plain of Thessaloniki, as it is strongly dependent on the physical 

properties of the soil and water availability by the collective irrigation system of the 

Plain, a fact contributing substantially to nitrogen losses.  

The methodology is placed in the field of precision agriculture as it realizes site-

specific soil sampling to provide zone-based fertilizer recommendations.  

Satellite image analysis was conducted to detect spatial variability of the physical 

and chemical properties of the soil within and between the rice fields. Specifically, a 

time series of three RapidEye images was acquired on 30 May 2015, 04 July 2015, and 

26 August 2015. RapidEye was the first commercial imagery to supply an individual 

band in the red edge wavelengths, which is linked to critical crop parameters, such as 

chlorophyll content, biomass, and water content (Filella and Penuelas 1994). The 

RapidEye image dataset in hands was a radiometrically corrected and orthorectified 

product (3A-level), in the WGS84 projection, UTM zone 34. The pixel size of the 

images was 5 m. 
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Figure 1. The study farm, located in the rice cultivation area of Chalastra, 

Thessaloniki Plain, Greece.  

 

A methodology appropriate for detecting local variation in image data is image 

segmentation, which is defined as the procedure of image division into spatially 

continuous, disjoint and homogeneous regions, called image objects (Blaschke 2004). 

The most critical parameter in image segmentation is scale factor, which influences the 

desired object size and shape (Kim et al., 2008). The analysis targeted at a mean object 

size which would correspond to management zones of about 1.5 ha, thus overwhelming 

the conventional grid density of 1 sample per 2 ha, suggested for cereals according to 

Wetterlind et al. (2008).  

Image segmentation of the Rapideye image time series (a composite of the three 

dates) resulted in the delineation of several preliminary zones, out of which the very 

small or long-shaped ones were masked out. Finally, 83 zones were kept, at the 

centroids of which equal number of samples at a 30-cm depth were extracted. The soil 

extracts underwent full analysis of their physical and chemical properties in the 

Laboratory of the State Soil Institute in Thessaloniki (ELGO-DEMETER). 

The scope of defining zones is the determination of the availability of phosphorus, 

potassium, calcium, magnesium and trace elements availability in the soil before the 

application of base dressing (Song et al., 2009). By delineating zones from the satellite 
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images, zone areas with deficiencies of phosphorus and potassium were revealed. All 

the experimental plots received phosphorus and potassium, as triple superphospate and 

potassium sulfate respectively, at a rate which was adjusted according to the results of 

soil analysis. 

The detected zones were simplified, in order to facilitate fertilizer applications 

according to the recommendations, as at the time of applications an automated guidance 

of the VRT system had not been established yet. The applications followed multiple 

runs, one per macro-nutrient (N,P,K), while the micronutrients were applied uniformly 

throughout the farm (Fig. 2). 

 

 

 
Figure 2. The central section of the study farm with the detected zones, the soil 

sample locations, and the application zones.  

 

To map rice yield, a yield monitor mounted on a harvester was employed (Fig. 3).  
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Figure 3. Yield map derived from the yield monitor mounted on the harvester 

(central sector of the rice farm, 56 ha); note the extreme variance within specific fields.  

 

To correlate the rice yield with the physical and chemical properties of the soil, 

multiple linear correlation analysis was used (5% probability). Regression was fitted 

using the Genstat statistical package (VSN International, Oxford, UK) at a probability 

level of 0.05. Principal component analysis (PCA) was also applied in this study to 

identify the factors influencing yield. PCA analysis was conducted using the R 

statistical software and the dimdesc function of FactorMineR package in R (Stacklies et 

al., 2007; Sebastien Le et al, 2008). 

 

Results and discussion  

Correlation analysis did not show significant relationship between most of the soil 

properties and rice yield (Table 1). These low correlations confirm data presented by 

other researchers, who show that linear regression between soil properties and yield 

cannot explain yield variability (Yanai et al., 2001; Cerri and Maglhaes, 2012). Thus, 

for most of the soil properties, the correlation coefficients between yield and soil 

properties are below 0.1. Unlike to multiple linear regression, Principal Component 

Analysis (PCA) defines which soil parameters are critical on rice yield. This is because 

the PCA simplifies the structure of a set of variables by replacing them with few 

uncorrelated linear combinations of this initial set of variables (Juhos et al., 2015). The 
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soil properties and crop management practices, such as the rice cultivars, the amount of 

nitrogen applied at broadcasting and the amount of nitrogen applied at topdressing, were 

included in the PCA. The PCA shows that the four principal components (PC1 to PC4) 

explained 70.4% of the total variance, and the remaining components were considered 

less significant.  

 

Table 1. Linear correlation matrix between yield and soil physical and chemical 

properties  

 

 B CaCO3 Cu EC Fe K Mg P SOM Yield Zn clay pH 

CaCO3 -0.362                  

Cu -0.424 0.037                

EC 0.282 -0.3 -0.081              

Fe 0.118 0.013 -0.541 -0.09            

K 0.379 -0.281 -0.144 0.301 0.1         

Mg -0.309 0.125 0.161 -0.182 0.006 -0.259        

P -0.294 0.35 0.237 -0.473 -0.345 -0.611 0.535            

SOM -0.248 -0.173 0.082 0.08 0.121 -0.056 0.001 -0.234          

Yield 0.056 -0.041 0.131 -0.084 -0.206 -0.068 -0.175 0.04 -0.036        

Zn 0.112 0.034 0.037 0.303 -0.156 0.231 -0.263 -0.402 0.109 -0.096      

clay 0.367 -0.161 -0.255 0.145 -0.122 -0.209 -0.636 -0.083 -0.371 0.099 0.085    

pH 0.2 -0.06 -0.141 0.63 -0.067 0.208 -0.493 -0.276 0.094 -0.23 0.331 0.295  

silt 0.098 -0.113 -0.134 -0.232 0.079 -0.199 -0.293 -0.038 -0.153 -0.026 0.194 0.438 -0.082 

B: boron, SOM: Soil Organic Matter 

 

The order of significance for the soil variables is determined by the eigenvalues 

presented in Table 2. The PC1 shows that the high weighted variables (factor loading ≥ 

0.3) for PC1 consist of sand, clay, bulk density and magnesium. The dimdesc function 

was applied for identifying the most significantly associated variables with the principal 

components. Table 3 shows that yield was positively and highly correlated with 

magnesium, which was a not expected finding because magnesium exceeded 100 ppm 

in all the soil samples analyzed. Since, nitrogen, phosphorus and potassium were 

supplied to cover crop requirements according to soil test results, these soil properties 

were not considered so high weighted as magnesium from the PCA and the dimdesc 

function. The fields chosen for implementing the current work present a peculiarity 

compared to other fields in the plain of Thessaloniki, because they contain low 

magnesium and CaCO3 levels, despite that they have high pH levels, and thus yield is 

responsive to magnesium content in soil. This is an important finding, because 

magnesium must be considered as fertilizer input at specific zones of this field. 
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Table 2. Component loadings and percentage of total variance explained for the first 

four principal components.  

 

Variable PC1 PC2 PC3 PC4 

Yield 0.23 -0.18 0.17 -0.35 

Broadcasting 0.23 -0.11 0.15 0.26 

Topdressing -0.11 0.00 -0.16 -0.55 

sand -0.31 -0.21 0.15 0.07 

clay 0.30 0.17 0.17 0.19 

silt 0.15 0.12 -0.32 -0.27 

Cultivar -0.27 0.17 -0.16 0.33 

pH 0.23 -0.32 -0.03 -0.05 

EC -0.19 0.30 -0.02 -0.18 

SOM 0.21 0.33 -0.06 0.07 

CaCO3 0.22 0.14 -0.23 -0.02 

Bulk Density -0.32 -0.29 0.05 -0.07 

Ν-ΝΟ3 -0.09 -0.09 -0.05 0.14 

P -0.16 0.37 0.24 -0.12 

K 0.22 0.34 0.19 0.09 

Mg 0.34 -0.17 -0.05 0.09 

Fe -0.01 0.21 0.44 -0.26 

Zn -0.16 -0.07 0.41 -0.08 

Mn 0.19 -0.22 0.34 0.04 

Cu 0.14 0.13 0.15 -0.14 

B 0.06 -0.03 -0.29 -0.13 

N 0.20 -0.15 0.04 -0.27 

Cumulative percentage variance explained 

(%) 32.47 49.23 60.41 70.4 

Broadcasting: Total nitrogen applied at broadcasting; Topdressing: Total nitrogen 

applied at topdressing; N: total fertilizer nitrogen  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 AGRICULTURAL ECONOMICS REVIEW  71 

 

2018, Vol 19, No 1 

Table 3. Correlation coefficients and p-values of the variables which are 

significantly correlated to the principal dimensions according to the dimdesc function.  

 
Dim.1    Dim.2   

 correlation p-value   correlation p-value 

Mg 0.90 2.31E-18  EC 0.66 3.67E-07 

clay 0.77 1.43E-10 
 

P 0.63 1.91E-06 

Broadcasting 0.62 2.96E-06 
 

SOM 0.60 6.80E-06 

pH 0.61 4.63E-06 
 

K 0.59 1.23E-05 

Yield 0.60 7.24E-06 
 

CaCO3 0.34 1.66E-02 

CaCO3 0.55 5.67E-05 
 

silt 0.32 2.51E-02 

N 0.54 7.65E-05 
 

Cultivar 0.32 2.88E-02 

SOM 0.52 1.69E-04 
 

Yield -0.32 2.77E-02 

K 0.50 2.53E-04 
 

sand -0.39 5.98E-03 

Mn 0.48 5.09E-04 
 

Mn -0.50 2.58E-04 

silt 0.33 2.29E-02 
 

Bulk Density -0.51 1.99E-04 

Cu 0.30 4.06E-02 
 

pH -0.62 2.28E-06 

NO3_N -0.28 4.99E-02 
    

Zn -0.44 1.88E-03 
    

P -0.50 3.21E-04 
    

EC -0.51 2.36E-04 
    

Cultivar -0.70 3.47E-08 
    

sand -0.75 6.87E-10 
    

Bulk Density -0.78 5.99E-11 
    

 

 

Principal component analysis is presented in Fig. 4. The positively correlated 

variables are grouped together, and the negatively correlated variables are grouped on 

opposed quadrants. The size of the arrays measures the importance of the variable in 

each dimension. The clay content, nitrogen applied at broadcasting, pH, CaCO3, total 

nitrogen applied for the season, organic matter, potassium, manganese, silt and copper 

were positively correlated with yield, as it is also shown in the variable correlation plot. 

The clay content had a significant effect on yield because clay soils had reduced water 

infiltration rates, and thus saved more nitrogen compared to sandy soils (Sharma et al. 

2002; Linquist et al. 2015). Furthermore, the more nitrogen applied at transplanting the 

higher yield was obtained at harvest. This trend was not confirmed with topdressing 

nitrogen. Figure 4 also shows that there is a positive correlation between pH, CaCO3 

and yield, despite that it is known that phosphorus and micro nutrient availability is 

reduced at highly calcareous soils (Hopkings and Ellsworth, 2005). However, this 

correlation can be explained by the higher availability of magnesium at soils having 

high calcium carbonate content. The organic matter was positively correlated with yield, 

which was an expected finding.  
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Figure 4. Correlation plot of the yield factor, the soil attributes and the crop 

management practices.  

 

Despite that potassium was adequate for many zones, potassium application had a 

positive impact on yield, and thus it should be added at specific zones at higher rates 

compared to the current commercial practice for covering crop demand. Sufficient 

manganese and copper in soil resulted in higher yields, as it is shown in Table 3 and 

thus, copper and manganese were suggested to be given by foliar application for the 

recommendations of the following year. 

Bulk density and sand content had a negative impact on yield, because water 

draining was observed from soils having increased sand content, which promoted 

nitrogen leaching to soil depths that could not be accessed by plant roots. Ronaldo 

cultivar produced significantly more yield compared to Thai Bonnet. High electrical 

conductivity (EC) was associated with lower yield, which is something expected for rice 

growing in this region, as EC presents high variability. Addition of potassium has been 

found to decrease sodium content in rice tissue at saline soils and increase yield (Bohra 

and Doerfling, 1993). According to the results of the soil analysis in the area, it was 

found that there were many zones with relatively high EC values, which is a common 

characteristic of the rice growing area of Thessaloniki, and this was probably another 

reason for the positive correlation between potassium and yield.    

From the dimdesc function in Table 3 and dimension 2, it was seen that phosphorus 

was negatively related to yield, a trend which also exists in the PC4 (Table 2). This is 

not surprising because there are zones within the experimental area, where phosphorus 

reached toxicity levels because of previous years fertilization. Fig.5 shows field zones 

with extreme phosphorus levels covering a large part of the area. Annual application of 

phosphorus is essential for cereal crops, particularly for calcareous soils, because 

phosphorus availability tends to decrease during time, due to the reaction products 

formed in the soil. However, when phosphorus levels are high in the soil, yield 

compromise may occur, because of reduced availability of micronutrients in plant tissue 
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(Ali et al., 2014). Figure 4 also shows the negative correlation between phosphorus 

availability in the soil and yield observed for this experiment. 

 

 
Figure 5. The map of phosphorus for the central sector; note the extreme variance 

(from deficiency to toxic surplus) within specific fields.  

 

A negative correlation between zinc and yield was observed, as it is shown in Table 

3. This is because zinc availability increases in soils with low CaCO3 levels and 

relatively lower pH levels. These soils though produced lower yields due to the lower 

magnesium availability, and thus zinc levels in soil indirectly related to lower yields. 

Finally, nitrate-nitrogen levels (NO3-N) presented a negative correlation with yield. 

This occurred because nitrate levels are increased before seeding in May (when the soil 

sampling was conducted) for soils having low levels of clay. This is because increased 

soil aeriation promotes nitrogen mineralization (Cai et al., 2016).  However, as 

mentioned above, soils having low levels of clay produced less yield due to increased 

nitrogen losses. 
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Conclusion 

Implementation of PCA analysis of chemical and physical soil properties and rice 

yield was necessary to define which of the properties are decisive for yield variability in 

the area. As it was shown, the soil parameters contributing significantly to yield were 

mainly the clay content, nitrogen applied at broadcasting, pH, CaCO3, total nitrogen 

applied for the season, organic matter, potassium, manganese, silt and copper. It was 

also shown that magnesium was highly correlated with yield when exceeding 100 ppm 

in the soil, levels which were considered adequate for rice growth in the past (and thus 

never included in fertilization plans in this area). Consequently, the threshold of 

adequate magnesium levels for rice growth were reset to 300 ppm in the fertilization 

advice of 2018. 
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