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Abstract. Spatial variation of soil characteristics and vegetation conditions are viewed as the
most important indicators of crop yield status. Therefore, this study was designed to develop a
crop yield prediction model through spatial autocorrelation between the actual yield of potato
(Solanum tuberosum L.) crop and selected yield status indicators (soil N, EC, pH, texture and
vegetation condition), where the vegetation condition was represented by the cumulative
normalized difference vegetation index (CNDVI). The study was conducted, during the period
from December 2016 to March 2017, on a 30 ha center-pivot irrigated field located in Wadi-Ad-
Dawasir area, Riyadh Province, Saudi Arabia. GPS assisted soil samples and yield data were
collected from 120 sampling locations and analyzed for soil EC, N, pH and texture. The CNDV/I;
however, was derived from Sentinel-2A satellite images. Bivariate frequency ratio statistical
approach was employed to assess the spatial correlation between crop yield and both of soil
parameters and CNDVI. The spatial autocorrelation results were interpreted and further utilized
for the generation of potato high yield susceptibility map. The accuracy of the obtained
susceptibility (prediction) maps was investigated using the area under the curve (AUC) spatial
validation technique. Soil pH was the most predictive factor in high yield zones, followed by
texture, N, CNDVI and EC with prediction rates (PR) of 5.0, 4.2, 2.5, 1.9 and 1.0, respectively.
The generated high susceptibility map represented the actual yield map with an AUC of 90%.
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Introduction

The spatial variability of crop productivity within a field is usually the result of spatial variation of
different soil characteristics (Jin and Jiang, 2002). Identifying the most influential causes of crop
yield variability and exploring their magnitude of variation within agricultural fields can greatly help
in achieving efficient site-specific management. Precision agriculture, or site-specific
management, aims to tailor the agricultural inputs to fit different field locations based on the spatial
variability of soil and crop parameters (Fraisse et al., 1999). These management techniques
require a good knowledge of the spatial variability of soil and crop across the field. The spatial
tendency of high yield is mostly attributed to factors that are related to field soil parameters
(fertility, texture, etc.), agricultural practices (land preparation, irrigation, drainage, etc.), or to other
factors (land topography, weeds, pesticide application, etc.).

It is common to use the bivariate statistical analysis to express the idea of overlaying a landslide
inventory map with maps of the parameters that influence this landslide. This is to rank the
corresponding classes based on their participation in landslide formation (Lee and Pradhan,
2007). The area under curve (AUC) is a process that is employed to qualitatively assess the
prediction accuracy by obtaining the relative ranks for each prediction pattern (Lee et al., 2007).

Therefore, this study was designed to develop a crop yield prediction model, through establishing
a spatial autocorrelation between the actual yield of potato (Solanum tuberosum L.) crop and soil
parameters. These parameters included nitrogen (N), electrical conductivity (EC), pH, texture and
the cumulative normalized difference vegetation index (CNDVI).

Materials and Methods

The study was conducted on a 30-ha center-pivot irrigated field in the Saudi Agricultural
Development Company farm located in Wadi-Ad-Dawasir, Riyadh Province, Saudi Arabia,
between the latitudes of 19.90° and 20.33° N and the longitudes of 44.81° and 44.95° E. The
study area was under arid climates with daily temperature ranging from 6 °C (winter) to 43 °C
(summer). The relative humidity was normally stable at 24%. The average wind speed was 13 km
h™'. The major cultivated crops in the farm included potatoes, corn, wheat and watermelon.

Sampling on 50 m by 50 m grids was adopted and a total of 120 sample locations were identified.
Sampling points were georeferenced using a Hand-held GPS receiver (Trimble GeoXH).
Georeferenced potato yield (Ya, t ha™') data points were also collected two to three days prior to
harvesting from a 3 m? area that represented each data point. The collected soil samples were
analyzed for N, pH, EC and texture. The soil N was determined in the laboratory adopting the
Kjeldahl method (Lynch and Barbano, 1999). However, the soil pH and EC values were
determined using a pH/conductivity meter (Mi805). The soil texture, on the other hand, was
determined using the hydrometer method (Bouyoucos, 1951).

Six cloud-free Sentinel-2A images, corresponding to the study period, were downloaded from the
USGS portal (https://earthexplorer.usgs.gov/). The Q-GIS (Ver. 2.18) software program was used
for image analysis. Initially, Sentinal-2A images were pre-processed for atmospheric corrections,
radiometric calibration and reflectance value calculation. Subsequently, the area of interest was
extracted using the “semi-automatic Classification Plugin (SCP)” of the Q-GIS. The NDVI was
calculated from the corrected Sentinel-2A bands of 4 and 8. Multi-date NDVI layers were
aggregated and the cumulative NDVI (CNDVI) was computed accordingly. Surface maps of the
analyzed soil properties and yield were generated using ArcGIS software program.

The generated maps of soil N, EC, pH and CNDVI were considered as the independent variables
and the yield (Ya) as the dependent variable. High-yield zone of Ya map was extracted and
intersected with the independent parameters. The frequency ratio (FR), the relative frequency
(RF) and the prediction rate (PR) coefficients were calculated for each parameter (soil N, EC, pH
and CNDVI) with respect to Ya. The accuracy of the obtained tendency map was performed using
the AUC method.
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Results and Discussion

Upon assessing the PR coefficient, it was observed that the soil pH represented the factor with
most correlation to the potato yield, followed by soil texture. Within the soil texture, a sandy loam
class produced the highest RF of high yield association, which was in agreement with the previous
studies that assured the validity of the sandy loam in producing relatively high potato yields
(Ramirez, 1992). In fact, the class imbalance in soil pH nominated the soil texture to become the
most effective independent parameter in yield variability. This is further supported by the study of
Redulla et al. (2002), which concluded that the soil texture components (sand, silt and clay) had
a stronger influence on yield compared to that imposed by soil chemical properties.

For accuracy assessment, the testing points (high yield portion) were used and correlated
spatially against the susceptibility map. The results proved a strong yield prediction provided by
the resultant tendency map, producing an AUC of 90%. However, when the independent variables
were separately correlated, low AUC values were obtained. This can be due to the admixed
association caused by the non-representative classes at each factor map. However, the
calculated PR of the independent factors together indicated that the soil pH was the most
predictive factor in high yield zoning, followed by soil texture, N, CNDVI, and EC, with PR values
of 5, 4.2, 2.45, 1.9 and 1.0, respectively. This can be attributed to the homogenous nature of the
pH over the yield; where, a high prediction rate was dominant with almost 94%.

Conclusions

Bivariate frequency ratio statistical approach was employed in order to assess the factors
influencing the distribution of potato yield. A yield tendency map was generated based on the
weighted factors. The AUC spatial validation was used to assess the accuracy of the generated
prediction map of potato yield. The independent factors highlighted that soil pH exhibited the
highest association with high-yield zoning (with a prediction factor of 5.0).
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