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

S Bl Gl e Bl e 3] O ki o b
Max Min Mean SD CV (%)
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Fig. 2- Response surface of wheat yield to variation in weed density and seoil nitrogen cal ulated by full quadratic regression medel with
interaction. Points are measured yields and drop lines slow the coordinates on X and Y axis (=108, r'=0.806).
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Fig. 3- Cakulated values of semivariance (2) and the fitted model to exp erimental data (0) for the studied variables, data points ina, b and ¢
are measured ai 10 m distance, and ind, e and fat 20 m distance.
e 025 )l D a3 plS i ly o o bl cilasiie
Statistical charactenstics of the semivanograms are presentec m Table 2.
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Table 2- Type and statistical properties of the fitted model to the experimental semiv ariegram of wheat grain yield, soil nitrogen and weed
demsity at 10 and 20 m sampling distance

Joa aalaz d‘“n'.'..!!ﬂ vy “.l)s M By CNCHC) r
Mode Nugget (C.) Sill (€, +C)) Range (A,)
Distance (10 ) [,z 10) wlals
Grain yigld aily 2 Sz 5 pherical 0.139 0.96 2204 0.144 0.81
Soil nittogen Sl et Spherical 0.0042 0.0212 2389 0.1985 0.38
Weed density  ;muile 5715 Spherical 0241 135 1003 0.177 0.83
Distance (20 m) |,z 20) oot
Grain yield il 3 Slas Spherical 0351 0907 1941 0.386 0.2
Soil nittogen Sl et Spherical 0.0121 0.019 1630 0.636 0.65
Weed density ol o515 5pherical 0.6309 1.1 1326 0.516 0.61
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Table 3- Statistical indices for validation of krizing method in predic tion of wheat grain yield at 10 and 20 m sampling distance

Distance (10 1) {2 0] (58 205 alals MA RMSE BMSE (%) MSDR
Direct kriging  peits Sz 8 0012 0.66 1084 1M
Co-knging flg Sio 8

Covariate: weed density jmils p515 olan uaie 008 0.46 13.70 1117
Covariate: soil mhogen Sl s ol pam s 0011 021 626 1.08

Distance (20 m) |z 20] (5o dipas Alali
Duecthrging  peiees St 0.034 112 3127 1.48
Co-knging fle Som &

Covariate: weed density jboile o515 ol an i -016 0.88 2817 1.39
Covariate: soil mitrogen 13 50 ol pam peata 0.022 0.63 1756 131
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Fiz. 4 Kriged maps of grain yield, weed density and soil nitrogen based on the fitted semivarisgram model for eachvariable with 10 m
samp ling distance.
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Fig. 5- Eriged maps of grain yield, weed density and soil nitrogen based on the fitted semiv ariogram model for eachvariable with 20m
samp ling distance.
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Statistical indices for validation of inferpolated yields are presented in Table 3.
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Fig. 7- Co-kriged maps of wheat grain yield with seil nitregen content and weed density as covariates. Maps a and b for 10m and ¢ and d for
20m samp ling distances.
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Introduction

In conventional crop management systems fields are considered as a homogenous enwvironment however,
because of high within field spatial variability such management 15 economically inefficient and provides drastic
environmental consequences (Pierpacli et al., 2013). Crop yield at any point of a field 1s 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 vanability 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 vanation 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 90>120 m area located in the field center and diwided
into 10%10 m gnds. Soil nitrogen content and weed density at tillenng and wheat wield 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 semivaniance 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-kniging was applied with
soil mitrogen or weed density as covariates to map within field yield vanation (Goovaerts, 1999, Oliver and
Webster, 2014). The same analysis was repeated with 20%20 m grids to evaluate the effect of sampling distance.
Predictions results were validated against measured values using standard statistical methods. G5 Plus (y-
Design) ver. 9.0 was used for geostatistical analysis and mapping.

Results and Discussion

Grain yield was varied between 1 549 t ha' with coefficient of variation (CV) Df 29% However, weed
density and soil nitrogen showed a hagher spatial vanation with CV of 55 and 41%, respectively Based on the
results of multiple regression, weed density and so1l mitrogen accounted for 80% of the observed wield vanation.
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 charactenistics of the vanogram models indicated
that precision was decreased with increasing sampling distance. Based on the modeled variograms measurements
were interpolated using ordinary knging and the resulting yield maps were reasonably mached with spatial
pattern of soil nitrogen and weed density. The accuracy of interpolated yields with knging at 10 and 20 m
sampling distance was validated against the observed yields. Yield prediction accuracy was improved with co-
knging 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 sumple knging when sampling distance 15 10 m or lower. However, at 20 m sampling distance
accurate yield maps were obtained after co-knging with covariates such as soil mitrogen or wee density which are
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highly correlated with yield Spatio-tempral yield vanation could be studied by repeating such an expeniment in
different years.

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