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Table 1- Descriptive statistics for the measured variables (n=108).

Sl Jilas Sl Sare Bzl (A d) Ol ki g
Max Min Mean sSD CV (%)
Grain yield 4l 5,Slos 4.97 1.52 3.32 0.97 29.3
Soil nitrogen S 59 5.0 0.0 2.25 1.24 55.1
Weed density s slbdle (ST50.078 0.029 0.0504 0.028 413

Grain yield (tha)
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Fig. 2- Response surface of wheat yield to variation in weed density and soil nitrogen calculated by full quadratic regression model with
interaction. Points are measured yields and drop lines slow the coordinates on X and Y axis (n=108, r*=0.806).
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Fig. 3- Calculated values of semivariance (o) and the fitted model to experimental data ([]) for the studied variables, data points ina, b and ¢
are measured at 10 m distance, and in d, e and f at 20 m distance.
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Statistical characteristics of the semivariograms are presented in Table 2.
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Nugget variance (Co), Range (A) and Sill (Co+C) are indicated in frame a.

S5 Nged dold 93 3 550 (slacile (155 9 S (ke i Wl 3,8Mas odalejl 0,551 g oo @ 835 (510 Je (g )lol Sluogas g g9 -2 Jgu
5020 310

Table 2- Type and statistical properties of the fitted model to the experimental semivariogram of wheat grain yield, soil nitrogen and weed
density at 10 and 20 m sampling distance

Jw axlad iy ylg .Yl.g &l,s (o B39 Col(Ca*C) 2
Mode Nugget (Co) Sill (Co+Cy) Range (Ay)

Distance (10 m) (yz 10) alobs

Grain yield &l 3 Slos Spherical 0.139 0.96 22.04 0.144 0.81
Soil nitrogen SB 5y Spherical 0.0042 0.0212 23.89 0.1985 0.88
Weed density  j,ails o515 Spherical 0.241 1.35 19.93 0.177 0.83
Distance (20 m) (ji 20) alobs

Grain yield &l Slas Spherical 0.351 0.907 19.41 0.386 0.62
Soil nitrogen S 59y Spherical 0.0121 0.019 16.30 0.636 0.65

Weed density  ;,acile o515 Spherical 0.6309 1.22 13.26 0.516 0.61
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Table 3- Statistical indices for validation of kriging method in prediction of wheat grain yield at 10 and 20 m sampling distance

Distance (10 m) (i 10) s pSges alls MA RMSE RMSE (%) MSDR
Direct kriging  pediue Sipze 5 0.012 0.66 19.84 1.22
Co-kriging plyy Kz,

Covariate: weed density j,acile 1155 ol yon o .0.018 0.46 13.70 117
Covariate: soil nitrogen S 395 ol jon yuiie 0.011 0.21 6.26 1.06

Distance (20 m) (2o 20) (5,5 wiges alold
Direct kriging e Sim S 0.034 1.12 31.27 1.48
Co-kriging plyy Kz,

Covariate: weed density spele 1S5 ol e i -.016 0.88 28.17 1.39
Covariate: soil nitrogen S 395 ol jon yuiie 0.022 0.63 17.56 1.31

s Slayyo (4 Kiko Cans = MSDR clinlie (1:K0ke 3l oyd s s &l jo 4y, SRMSE(%) ‘(t.ha'l) s layyo adyy) FRMSE das S5k =MA
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Fig. 4- Kriged maps of grain yield, weed density and soil nitrogen based on the fitted semivariogram model for each variable with 10 m
sampling distance.
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Fig. 5- Kriged maps of grain yield, weed density and soil nitrogen based on the fitted semivariogram model for each variable with 20m
sampling distance.
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Fig. 6- Comparison of measured and predicted wheat yield with direct kriging in sampling distances of 10 (a) and 20m (b), 1:1 line is also
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Statistical indices for validation of interpolated yields are presented in Table 3.
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Fig. 7- Co-kriged maps of wheat grain yield with soil nitrogen content and weed density as covariates. Maps a and b for 10m and ¢ and d for
20m sampling distances.
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Fig. 8- Comparison of measured and predicted wheat yield with co-kriging, a) sampling distance 10m, covariate soil nitrogen content, b)

sampling distance 10m, covariate weed density, ¢) sampling distance 20m, covariate soil nitrogen content, d) sampling distance 20m,
covariate weed, 1:1 line is also shown.
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Statistical indices for validation of kriging are presented in Table 3.
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Introduction

In conventional crop management systems fields are considered as a homogenous environment however,
because of high within field spatial variability such management is economically inefficient and provides drastic
environmental consequences (Pierpaoli et al., 2013). Crop yield at any point of a field is a function of factors
including planting density, weather conditions, management practices and biotic and abiotic stresses which
results to spatial variability. Understanding the pattern and determinants of yield variability provides a basis for
development of site specific management systems with lower inputs (Basso et al., 2012). In this study spatial
variability of soil nitrogen, weed density and their effect on crop yield variation within a wheat field are
surveyed and mapped using geostatistical methods. In addition the effects of sampling distance on the accuracy
of results were evaluated.

Materials and Methods

Required data were collected from a 3.5 ha wheat field which was fully managed by owner based of local
agronomic recommendations. Samples were taken from a 90x120 m area located in the field center and divided
into 10x10 m grids. Soil nitrogen content and weed density at tillering and wheat yield at maturity were
measured in 1 m? plots located at the center of each grid. Semivariogarms were developed after fitting spherical
model to the calculated semivariance for each spatial variable. Simple kiriging was used for spatial interpolation
and mapping spatial variability of soil nitrogen, weed density and wheat yield and co-kriging was applied with
soil nitrogen or weed density as covariates to map within field yield variation (Goovaerts, 1999; Oliver and
Webster, 2014). The same analysis was repeated with 20x20 m grids to evaluate the effect of sampling distance.
Predictions results were validated against measured values using standard statistical methods. GS Plus (y-
Design) ver. 9.0 was used for geostatistical analysis and mapping.

Results and Discussion

Grain yield was varied between 1.5-4.9 t ha™ with coefficient of variation (CV) Of 29%. However, weed
density and soil nitrogen showed a higher spatial variation with CV of 55 and 41%, respectively. Based on the
results of multiple regression, weed density and soil nitrogen accounted for 80% of the observed yield variation.
Semivariance was calculated for the studied variables with 10 and 20 m lag distances and spherical model was
fitted to the experimental variograms. Comparison of statistical characteristics of the variogram models indicated
that precision was decreased with increasing sampling distance. Based on the modeled variograms measurements
were interpolated using ordinary kriging and the resulting yield maps were reasonably mached with spatial
pattern of soil nitrogen and weed density. The accuracy of interpolated yields with kriging at 10 and 20 m
sampling distance was validated against the observed yields. Yield prediction accuracy was improved with co-
kriging particularly when soil nitrogen content was defined as covariate in both distances however, this method
of interpolation was more efficient at 10 m sampling distance.

Conclusion
Based on the results it was concluded that spatial variability of wheat yield could be mapped with good
accuracy using simple kriging when sampling distance is 10 m or lower. However, at 20 m sampling distance
accurate yield maps were obtained after co-kriging with covariates such as soil nitrogen or wee density which are
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highly correlated with yield. Spatio-tempral yield variation could be studied by repeating such an experiment in
different years.

Key words: Geostatistics, Semivariogram, Spatial interpolation, Co-kriging, yield mapping
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