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Abstract

Precision agriculture requires precise urea fertilizer application rates for site-specific applications to maximize
crop yield across the management zones (MZs). A two years (2010-11 to 2011-12) field experimental study was
conducted at Postgraduate Agricultural Research Station, University of Agriculture, Faisalabad, Pakistan to
simulate urea fertilizer application rates for four MZs using CERES-Wheat (Triticum Aestivum) model. The
model was calibrated using grain yield data of urea fertilizer application rate of 247 kg-urea/ha during growing
season of 2010-11 in MZ 1. It was validated against two years independent yield data sets for all treatments
ranging from no urea application to 247 kg-urea/ha application in each MZ. The model simulations were found
to be acceptable for calibration as well as validation period, as the model evaluation indicators showed root mean
square error of 314 kg/ha having its range from 77 to 566 kg/ha, model efficiency of 66% ranging from 24 to
98%, mean percent difference of -4.83%, ranging from -9.93 to 3.70%, against all observed grain yield data in
four MZs. Scenario simulations revealed that urea fertilizer application rates of 221, 210 , 208 and 197
kg-urea/ha simulated maximum wheat grain yield of 3679, 3582, 3689, 3690 kg/ha, in MZs of 1, 2, 3 and 4,
respectively. These simulated urea fertilizer application might be used to maximize wheat grain yield for each
MZs within the field. Furthermore, field verification should be required by applying the simulated urea fertilizer
application rates in each MZ.

Keywords: management zones, CERES-Wheat model, scenario simulations, urea application rates, grain yield
1. Introduction

The food and fiber requirements of Pakistan are increasing because of its population growth rate of 2.05%,
which has increased population to 176 million in 2011, it is likely to be doubled by 2050 (GOP, 2011). To meet
demands of this growing population, there is tremendous pressure on land and water resources of the country
(Ali et al., 2011). Whereas, agricultural production of the major food crops including wheat in Pakistan is lower
when compared with other wheat producing countries of the world. The average wheat yield per hectare in
Pakistan is 27 % lower than the world’s average wheat yield per hectare (Arifullah et al., 2009). This situation
needs attention of the scientist and engineers to find the factors responsible for low wheat productivity in the
country. In addition to cultivar potential, several scientists have reported that topography, climatic conditions,
management practices and spatial variability effects within the field are considered as the main factors affecting
wheat productivity (Bakhsh et al., 2000a; Abbas et al., 2005; Ayoubia et al., 2007; Marques & Silva, 2008;
Begue et al., 2010).

Hence, there is a need to control these factors by developing new strategies. One such strategy has been
recognized as the precision farming. Precision farming practices are used to identify, analyze and manage the
spatial and temporal variability effects within the field in order to optimize profitability, sustainability and
environmental protection (Duffera et al., 2007). To make precision farming as a viable practice, there is a need to

115



www.ccsenet.org/jas Journal of Agricultural Science Vol. 7, No. 7; 2015

delineate site-specific MZs, each with similar values for likely crop response and nutrient concentrations. It has
also been reported that site-specific MZs play an important role to manage the spatial variability effects by
defining the homogenous sub-field areas within the entire field. The zoning strategy can avoid problems of
over-application of inputs in areas where they are not needed and under-application of inputs where they are
needed (Cahn et al., 1994; Ferguson et al., 2002). After delineating the site specific MZs, there is difficult to
decide optimum/appropriate rate of inputs to maximize wheat yield.

Several researchers have used statistical methods such as decision making tools to understand the functional
relationships of crop yield and landscape attributes and to determine optimum/appropriate rate of crop
inputs (Chintala et al., 2012a, 2012b). These methods have failed to explain yield variability effects as a
function of landscape attributes because crop yield is not only a function of these factors but also a function
of temporal variability (Pierice et al., 1995; Mallarino, 1996; Sudduth et al., 1996; Paz et al., 1999; Fraisse
et al., 2001; Miao et al., 2006). The temporal variability also has effects on crop yield. Therefore, the process
based crop growth models have been used as decision making tools in precision agriculture (Thorp et al.,
2008; Awodele & Jegede, 2009). These models have the ability to consider variability in the landscape
attributes as well as weather and climatic condition of the specific area. Crop growth models can be used to
predict crop growth and development for the particular seasons on basis of the inputs applied in the season.
Different researchers have reported that process oriented crop simulation models can be used as efficient and
cost effective management tools for evaluation of the impact of different farming practices on the soil and
landscape attributes to determine cause effect relationship among soil properties, environment, management
practices and crop yield (Awodele & Jegede, 2009; Zhai et al., 2010; Hakojarvi et al., 2010).

Among the numerous crop growth models, the Decision Support Systems for Agrotechnology Transfer (DSSAT)
model is the most widely used in agriculture systems. Different modules are included in DSSAT family which
can simulate growth of 16 different crops such as maize, wheat, soybeans, rice, and others (Thorp et al., 2008).
These modules can simulate crop yield data as a function of climatic factors, management practices, nitrogen and
water availability on homogeneous area of the field, which can be helpful in decision making. This capability of
DSSAT model makes it more suitable to predict response of the complex system affected by many factors such
as crop growth and crop yield in wake of variable soil potential (Paz et al., 1999; Miao et al., 2006; Solaimani,
2009;). Many researchers have used DSSAT crop growth model to study the climate change impact,
sustainability, crop management practices and precision agricultural research and have validated the model for
different areas and crops (Fetcher et al., 1991; Alexanderrove & Hoogenboon, 2001; Paz et al., 2003; Thorp et al.,
2008). Keeping in view, the above cited research wok, this study was designed to use of CERES-Wheat model,
which is imbedded in DSSAT family to simulate urea fertilizer application rates for each MZ to maximize wheat
yield within the field.

1.1 Objectives of the Study
The main objectives of this study were:
1) Calibration and validation of DSSAT model to predict wheat yield based on field experimental data;

2) To simulate management scenario based on MZs for determining urea fertilizer application rates to maximize
wheat yield.

2. Material and Methods
2.1 Study Area

Field experiments were conducted at the Postgraduate Agricultural Research Station (PARS) of the University of
Agriculture, Faisalabad, Pakistan during wheat growing seasons of 2010-11 and 2011-12. The study area is
located in Rachna Doab (land between river Ravi and Chenab) with coordinates of 73°1'E and 31°2'N (Figure 1).
The climate of the study area touches two extremes with maximum daily summer temperature reaching 48 °C
and winter minimum daily temperature of about 4.8 °C. The average normal precipitation at the study area is
about 386 mm (ASP, 2010). Figure 1 shows the location of sampling points in the experimental field of 8 ha in
size. The elevation survey of the field was conducted at the forty eight data points, following a regular grid of 24
x 67 m in size using Sokkia C330 Optical Surveying dumpy level. The highest elevation of 185.9 m, above mean
sea level, occurred at the east corner of the field whereas the lowest elevation of 185.0 m occurred at the west
corner of the field, showing slope in the direction from east towards west. A total of 48 soil samples were
collected from top 30 cm of the soil at center of each grid of 24 x 67 m in size using augers prior to sowing of
wheat (Figure 1). These soil samples were sent to the Soil Salinity and Water Testing Laboratory, Ayub
Agricultural Research Institute, Faisalabad, for determining percent sand, silt, clay, soil EC, pH, soil nitrogen
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and phosphorus.
2.2 Management Practices and Yield Data

The field has previously been divided into four MZs based on the elevation, soil EC, soil nitrogen and %sand
contents. The Management Zone Analyst (MZA) and Geographic Information System (GIS) packages were used
to delineate the site-specific MZs with in the field. Each zone was of 2 ha in size having 12 experimental units.
The size of each experimental unit was of 24 x 67 m (0.161 ha) (Farid et al., 2013a, 2013b). Wheat variety of
AS-2002 was grown within each site-specific MZ during growing seasons of 2010-11 and 2011-12. Disc plough
and tine cultivar were used for primary and secondary tillage operations, respectively. Seed drill was used for
sowing wheat in the rows spaced at 15 cm. Weeds were controlled using herbicide.

*  Samping Points.
02040 80

Figure 1. Deliniated site-specific MZs and sampling pints

2.3 Treatments Description

The year-wise urea fertilizer treatments were applied as given below. These fertilizer treatments were designed
on the basis of recommended dose (120 kg-urea/ha) of urea fertilizer by Punjab Agriculture Department. These
fertilizer treatments were designed to determine the urea fertilizer application rates for maximizing wheat grain
yield.

Treatments for 2010-11 and 2011-12:

Treatment 1 (T1) = 173 kg-urea/ha in single application with 1* irrigation

Treatment 2 (T2) = 123 kg-urea/ha in single application with 1* irrigation

Treatment 3 (T3) = 74 kg-urea/ha in single application with 1* irrigation

Treatment 4 (T4) = Control, no urea fertilizer was applied

Treatment 5 (TS) = Variable rate of urea fertilizer application (Urea fertilizer application rates for variable
treatments were determined based on the recommended dose of urea fertilizer application rate for the study area,

by the Provincial Department of Agriculture, minus 50% of the soil nitrogen, considered as available to the crop
during growing season).

Treatment 6 (T6) = 247 kg-urea/ha @ three split applications with 1%, 2™, 3 irrigations

At maturity, wheat was harvested manually and three yield samples of 1 m? in size per plot were collected with
their position data using Global Positioning System receiver (Garmen, GPS60). Average of these three samples
was considered as yield of the plot. A total of 48 yield samples were collected in each year. These yield samples
were threshed manually and grains were dehydrated. The wheat grain and biological yields per unit area were
determined.

117



www.ccsenet.org/jas Journal of Agricultural Science Vol. 7, No. 7; 2015

2.4 CERES-Wheat Crop Growth Model

CERES-Wheat crop growth model was used to characterize the yield variability across the delineated MZs. The
CERES-Wheat model has the ability to simulate growth, development and crop yield on homogenous area of the
field either plot, field or regional scale (Paz et al., 1999; Gabrielle et al., 2004; Thorp et al., 2008). The model
operates on a daily time steps and computes the state variable on each day of a year or growing seasons (Fraisse
et al., 2001). The CERES-Wheat model requires input data such as management practices (sowing depth and
dates, variety, row spacing, emergence date, plant population, irrigation and fertilizer application dates and
amount), daily weather data (max and min temperature, rainfall and solar radiation) and soil data. In order to
calibrate the model to specific local conditions, crop yield data is also required.

In the present study, the creation of input files for model simulation of each site specific MZs was accomplished
by manually manipulating measured model parameters with MZA software. The daily weather data including
maximum and minimum temperature, rainfall and solar radiation for the study area were obtained from
agro-meteorological observatory of Department of Crop Physiology, University of Agriculture, Faisalabad,
Pakistan. The crop management data was recorded throughout the growing seasons. In this study, it was assumed
that weather and management data were not spatially variable for the study area. It was also assumed that crop
genetic coefficients within single field and for same cultivar are spatially uniform (Thorp et al., 2008). The soil
physical and chemical properties and crop yields were considered spatially variable across the each delineated
MZ. Therefore, soil input files, file A (average measured data file) and file T (time series data file) were prepared
and changed for each MZs involving the same variety to calibrate and validate the CERES-Wheat model site
specifically (Pang et al., 1998; Fraisse et al., 2001; Asadi & Clemente, 2003).

2.5 Model Evaluation

The performance indicators such as Percent Difference (%D), Root Mean Square Error (RMSE), Coefficient of
Determination (R?) and Model Efficiency (EF) were used to estimate the model prediction capability as used by
many researches (Nash & Sutcliffe, 1970; Hanson et al., 1999; Ahuja et al., 2000; Bakhsh et al., 2004).

3. Results and Discussions
3.1 Model Calibration

The CERES-Wheat model was calibrated against the measured data of grain and biological yields in MZ 1 for
treatment T1 (173 kg-urea/ha) for growing season of 2010-11 and was validated using data of all treatments for
growing seasons of 2010-11 and 2011-12. The calibration procedure involved adjusting the crop genetic
coefficients for closer match between observed and predicted data. The best fit value of vernalization coefficient
(P1V) was found to be 35 d for wheat cultivar (Wheat variety of AS-2002). It was reported that values of P1V
vary from 10 to 60 d being independent of climate type and continent (Rezzouq et al., 2008). The photoperiod
coefficient (P1D) was set to be 60% as reported by Saseendran et al. (2004) for semiarid climate of Eastern
Colorado. The literature values of grain filling duration (P5) ranged from 332 to 690 GDDo (Saseendran et al.,
2004; Nakayama et al., 2006; Yang et al., 2006; Rezzouq et al., 2008; Wang et al., 2012). The P5 value for this
study was adjusted to be 650 GDDo. There is slight difference between adjusted value and the value used by
Nakayama et al. (2006) in Northen China. However, the value of P5S was acceptable because study area, cultivar
and climate were different (Wang et al., 2012). The kernel number coefficient (G1) was found to be 15 k/g which
is closer to value reported by Yang et al. (2006) for semiarid climatic conditions in Northern China.

The values of kernel weight coefficient (G2), spike number coefficient (G3), Phonological interval (PHINT)
(GDDo) were adjusted as 100 mg, 1.00 g and 85 GDDo, respectively. These values were also within the range as
described by Godwin et al. (1989) and Nakayama et al. (2006). The calibrated values of crop genetic coefficients
remained same for simulation in all four MZs. Fraisse et al. (2001) reported that same crop cultivar planted at all
the monitoring sites had the same calibrated values for these genetic coefficients. The calibration process
revealed that model predicted wheat grain and biological yields reasonably well showing %D of 1.54 and -2.99,
respectively, between observed and simulated data.

3.2 Model Validation and Evaluation for Entire Field
3.2.1 Grain Yield

The calibrated model was used to simulate wheat grain yield data against all other applied urea fertilizer
treatments in each MZ for growing seasons of 2010-11 and 2011-12. The average measured wheat grain yield
was found to be 3451 kg/ha, while the simulated grain yield was of 3286 kg/ha. During the validation process,
the average %D was found to be -4.83 (Table 1) for all urea fertilizer treatments, applied during growing seasons
of 2010-11 and 2011-12 for all MZs. The average RMSE and EF were determined as 314 kg/ha and 0.66,
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respectively (Table 3). The coefficient of determination (R*) was found as 0.73. The validated model explained
more than 70% average grain yield variability across all applied urea fertilizer treatments, growing seasons and
MZs (Figure 2). In general, the average %D varied from 14.43 to -17.73 against the applied urea fertilizer
treatments and MZs for both growing seasons. Model provided better simulation results for growing season of
2011-12 than that of growing season of 2010-11 with %D of -2.71 and -6.94, RMSE of 273 kg/ha and 354 kg/ha
and EF of 76% and 57%, respectively. The growing season’s rainfalls were found to be 49.3 mm during 2010-11
and 23.8 mm during 2011-12. These differences in rainfalls for both the growing season might affect the model
performance because model was calibrated for treatment T1 in growing seasons of 2010-11. Overall, the model
performance indicators were found to be satisfactory and in a reasonable range (Irmak et al., 2001; Rezzouq et
al., 2008) indicating adequate calibration and model inputs.

3.2.2 Biological Yield

The model simulations showed closer agreement between observed and simulated biological yield for all urea
fertilizer treatments in each MZ for both the growing seasons of 2010-11 and 2011-12 (Table 2). On the average,
the %D between observed and simulated biological yield was of -1.95 (Table 2) with other indicators of RMSE =
581 kg/ha, R? = 0.91, EF = 0.75 (Table 4 and Figure 3). In case of biological yield, model performance was also
better in 2011-12 than that of 2010-11 with RMSE = 518 kg/ha, average %D = 0.03, average EF = 0.89 for
2011-12 and RMSE = 645 kg/ha, average %D = -3.92, average EF = 0.62 for 2010-11 (Table 4). The overall
evaluation of the model for simulating biological yield was acceptable (Rezzouq et al., 2008; Paknejad et al.,
2012a, 2012b).
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Figure 2. Average simulated vs. observed wheat grain yield (kg/ha) across MZs, applied urea fertilizer treatments
over the years
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Figure 3. Average simulated vs. observed wheat biological yield (kg/ha) across MZs, applied urea fertilizer
treatments over the years
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Table 1. Observed and simulated wheat grain yield in four MZs for six urea fertilizer treatments.

2010-11 2011-12 Average

Mz Treatments Observed  Simulated Observed  Simulated Observed  Simulated

(kg-urea/ha) %D %D %D

(kg/ha) (kg/ha) (kg/ha) (kg/ha) (kg/ha) (kg/ha)

1 T1 3375 3427 1.54 3250 3297 1.45 3313 3362 1.50
1 T2 3354 3155 -5.53 3535 3554 0.54 3445 3355 -2.50
1 T3 3350 2988 -10.81 3280 3344 1.95 3315 3166 -4.43
1 T4 1975 2095 6.08 2115 2167 2.46 2045 2131 4.27
1 TS 3275 3427 -0.37 3825 3696 -3.37 3550 3562 -1.87
1 T6 3575 3309 -7.44 3650 3552 -2.68 3613 3431 -5.06
2 T1 4075 3477 -14.67 3545 3352 -5.44 3810 3415 -10.06
2 T2 3500 3201 -8.54 4035 3643 -9.71 3768 3422 -9.13
2 T3 3375 3036 -10.04 3530 3433 -2.75 3453 3235 -6.40
2 T4 2475 2675 8.08 2505 2167 -13.49 2490 2421 -2.71
2 TS 3775 3331 -11.76 3725 3789 1.72 3750 3560 -5.02
2 T6 3425 3354 -2.07 3875 3641 -6.04 3650 3498 -4.06
3 T1 3875 3528 -8.95 3685 3525 -4.34 3780 3527 -6.65
3 T2 3400 3252 -4.35 3590 3680 2.51 3495 3466 -0.92
3 T3 3375 3088 -8.50 3075 3586 16.62 3225 3337 4.06
3 T4 2025 2300 13.58 1880 2167 15.27 1953 2234 14.43
3 TS 3770 3383 -10.27 3650 3817 4.58 3710 3600 -2.85
3 T6 3525 3404 -3.43 4200 3678 -12.43 3863 3541 -7.93
4 T1 4300 3588 -16.56 4252 3612 -15.05 4276 3600 -15.81
4 T2 3925 3313 -15.59 3905 3756 -3.82 3915 3535 -9.71
4 T3 3550 3153 -11.24 3885 3660 -5.79 3718 3407 -8.52
4 T4 2375 2675 12.63 2550 2867 10.86 2463 2771 11.75
4 TS 3825 3445 -9.93 3870 3896 0.67 3848 3671 -4.63
4 T6 4275 3468 -18.88 4500 3754 -16.58 4388 3611 -17.73
Average 3406 3170 -6.94 3496 3401 -2.71 3451 3286 -4.83

Note. %D: Percent Difference.

3.3 Model Validation and Evaluation for MZs
3.3.1 Grain Yield

The simulated and observed wheat grain yield matched well for all the urea fertilizer treatments in MZ 1.
The %D between simulated and observed wheat grain yield was in the range of -10.81 to 6.08% for growing
season of 2010-11 and -3.37 to 2.46 for growing season of 2011-12 (Table 3). The RMSE, MPD and EF for
growing season of 2010-11 were 207.6 kg/ha, -2.7 and 0.85, respectively, and for 2011-12 were of 77.04 kg/ha,
0.06 and 0.98, respectively (Table 3). In MZ 2, the %D between observed and simulated wheat grain yield for all
treatments were found in the range of -14.67 to 8.08% for both the growing seasons (Table 1). The RMSE was
found to be 366.06 and 249.47 kg/ha for 2010-11 and 2011-12, respectively. The EF was found to be 40% in MZ
2 for growing season of 2010-11, which is lesser than EF of 74% for growing season of 2011-12 (Table 3). The
MPD for 2010-11 was higher than that of growing seasons of 2011-12. The %D for each treatment in MZ 3 was
observed as -10.27 to 13.58 for growing season of 2010-11 and -12.43 to 16.62% for growing season of 2011-12
(Table 1). The EF for both the seasons was found to be 79%. The RMSE and MPD were observed as 278.30
kg/ha, 336.04 kg/ha and -3.65, 3.70 for both the growing seasons, respectively (Table 3).

The %D between observed and simulated grain yield was in the range of -18.88 to 12.63 for all the treatments
for both growing seasons in MZ 4. It was observed that %D range in MZ 4 was higher than those of other three
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MZs (Table 1). The RMSE was also found to be higher than that of other three MZs, whereas, the EF of 21% in
MZ 4 for 2010-11 is lower than the other MZs and than the growing seasons of 2011-12. It was also observed
that %D, RMSE and MPD values were lower for MZ 1 than those of MZ 2 and MZ 3. The EF values were
higher in MZ 1 than those of MZ 2 and MZ 3. The higher values of %D, RMSE and MPD and lower values of
EF in MZ 1 due to the difference in soil and landscape attribute between MZs because the model was calibrated
for MZ 1, which is at higher elevation and have higher %sand contents than that of MZ 4. It has been reported
that the elevation and soil type affect the soil moisture availability and have impact crop yield (Paz et al., 1999;
Bakhsh et al., 2001, 2004). Overall results indicated that the model performance indicators have closer
agreement between observed and simulated wheat grain yield data for both growing seasons in all MZs (Irmak et
al., 2001; Miao et al., 2006).

Table 2. Observed and simulated biological yield in four MZs for six urea fertilizer treatments

2010-11 2011-12 Average

MZ Treatments Observed  Simulated Observed  Simulated Observed  Simulated

(kg-urea/ha) %D %D %D

(kg/ha) (kg/ha) (kg/ha) (kg/ha) (kg/ha) (kg/ha)

1 T1 7040 6835 -2.91 7222 7220 -0.03 7131 7028 -1.47
1 T2 7048 6644 -5.73 8300 8202 -1.18 7674 7423 -3.46
1 T3 7340 6434 -12.34 7809 7669 -1.79 7575 7052 -7.07
1 T4 5250 5187 -1.20 3900 3431 -12.03 4575 4309 -6.62
1 TS5 7727 6940 -10.19 8500 8412 -1.04 8114 7676 -5.62
1 T6 8750 8204 -6.24 7448 8204 10.15 8099 8204 1.96
2 T1 7375 6955 -5.69 7706 7364 -4.44 7541 7160 -5.07
2 T2 6862 6763 -1.44 8912 8436 -5.34 7887 7600 -3.39
2 T3 7180 6560 -8.64 7475 7928 6.06 7328 7244 -1.29
2 T4 4550 5245 15.27 4600 4686 1.87 4575 4966 8.57
2 TS5 7704 7761 0.74 8465 8656 2.26 8085 8209 1.50
2 T6 6462 7043 8.99 8072 8437 4.52 7267 7740 6.76
3 T1 7175 7085 -1.25 8950 7905 -11.68 8063 7495 -6.47
3 T2 7234 6901 -4.60 8348 8586 2.85 7791 7744 -0.88
3 T3 8050 6703 -16.73 7500 8459 12.79 7775 7581 -1.97
3 T4 3900 4383 12.38 3950 3883 -1.70 3925 4133 5.34
3 TS5 7637 7201 -5.71 8690 8795 1.21 8164 7998 -2.25
3 T6 7663 7183 -6.26 9333 8588 -7.98 8498 7886 -7.12
4 T1 7818 7240 -7.39 9209 8154 -11.46 8514 7697 -9.43
4 T2 8010 7066 -11.79 8875 8798 -0.87 8443 7932 -6.33
4 T3 7553 6876 -8.96 7471 8665 15.98 7512 7771 3.51
4 T4 5654 6220 10.01 4700 4791 1.94 5177 5506 5.98
4 TS5 7968 7372 -7.48 8600 9006 4.72 8284 8189 -1.38
4 T6 8843 7353 -16.85 9183 8800 -4.17 9013 8077 -10.51
Average 7116 6756 -3.92 7634 7628 0.03 7375 7192 -1.95

Note. %D: Percent Difference.

3.3.2 Biological Yield

The comparison between observed and simulated wheat biological yield in MZs (1-4) indicated that the model
was simulated biological yield well for both growing seasons (Table 2). The %D between the observed and
simulated values of biological yield for all urea fertilizer treatments was found in the range of +16% within each
MZ for both the growing seasons. The RMSE ranged from 873.651 to 347.81 kg/haand MPD of -7.08 to 0.89
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were observed for the 1-4 MZs during both the growing seasons. The EF in case of biological yield was
observed more than 70% in each MZ for both the growing seasons except in MZ 4 during 2010-11. The EF in
MZ 4 for 2010-11 was found to be 21% which is much lower than that of other MZs (Table 4). Overall results
indicated that during model evaluation and validation, the model performance was satisfactory for each
delineated MZ under the given set of conditions. The results also indicated that model can be used as decision
making tool regarding the urea fertilizer application rates. Nasim et al. (2010) also reported that CERES-Wheat
model can simulate crop growth as well, yield fairly well under the semiarid conditions of the study area.

Table 3. Model performance indicators for wheat grain yield in four MZs

2010-11 2011-12 Average
MZ RMSE MPD EF RMSE MPD EF RMSE MPD EF
(kg/ha) (%) (%) (kg/ha) (%) (%) (kg/ha) (%) (%)
1 207 2.7 85 77 0.06 98 142 132 92
2 366 -6.5 40 249 595 74 308 623 57
3 278 365 79 336 3.70 79 307 0.03 79
4 566 993 24 431 495 51 499 744 38
Average 354 -6.94 57 273 271 76 314 483 66

Note. MZ: Management Zones, RMSE: Root Mean Square Error, MPD: Mean Percent Difference, EF: Model
Efficiency.

Table 4. Model performance indicators for biological yield in four MZs

2010-11 2011-12 Average
MZ RMSE MPD EF RMSE MPD EF RMSE MPD EF
(kg/ha) (%) (%) (kg/ha) (%) (%) (kg/ha) (%) (%)
1 569 644 70 371 099 94 471 372 82
2 482 1.54 79 347 0.82 94 415 1.18 87
3 656 370 78 663 075 86 660 223 82
4 873 7.08 21 690 1.02 81 782 3.03 5l
Average 645 392 62 518 0.03 89 581 -1.95 75

Note. MZ: Management Zones, RMSE: Root Mean Square Error, MPD: Mean Percent Difference, EF: Model
Efficiency.

3.4 Grain Yield Production Function for Each MZ

Figures 4a and 4b show the functional relationship between the amount of applied urea fertilizer (kg-urea/ha)
and wheat grain yield (kg/ha) in MZ 1 for growing seasons of 2010-11 and 2011-12. The function starts
relatively with a steep slope indicating the efficiently use of urea fertilizer to increase the grain yield. The slope
starts diminishing as the applied urea fertilizer level increases. In fact, the slope goes to zero as the function
reaches to maximum yield. It is clear that beyond this point, further increase in applied urea fertilizer decreased
the wheat grain yield.

The maximum grain yield was predicted at average 221 kg-urea/ha in MZ 1 for both the growing seasons.
Beyond this rate, the wheat grain yield decreased for increase in urea fertilizer application rates.Similarly, a
wheat grain yield production functions were simulated for MZ 2 for both the growing seasons (Figures 4c and
4d). The analysis indicated that maximum grain yield was predicted at 210 kg-urea/ha of applied urea fertilizer
levels. Any further increase in applied urea fertilizer level decreased the grain yield. The simulated grain yield
production function in MZ 3 showed the similar trend to those of MZ 2 (Figures 4e and 4f). The maximum grain
yield was predicted at 208 kg-urea/ha application rate for both the growing season. Figures 4g and 4h showed
simulated grain yield production function in MZ 4 for both the growing seasons. The function showed the
maximum grain yield at 197 kg-urea/ha application rates. These results showed the spatial distribution of urea
fertilizer rates for each MZ across the field.
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Figure 4. Grain yield production functions simulation across the MZs

4. Conclusions

Based on DSSAT simulations for each MZ, following conclusions were drawn:

The CERES-Wheat model showed close agreement between observed and simulated wheat grain yield data

with average %D of -4.83 while having EF and RMSE indicators within permissible limits.

DSSAT simulations for each MZ, based on soil properties data, showed different yield response for each MZ.

Vol. 7, No. 7; 2015



www.ccsenet.org/jas Journal of Agricultural Science Vol. 7, No. 7; 2015

. The scenario simulation revealed that urea fertilizer rates of 221, 210, 208 and 197 kg-urea/ha simulated
maximum wheat grain yields for MZs of 1, 2, 3 and 4, respectively. These simulated urea fertilizer application
might be used to maximize wheat grain yield for each MZs within the field. Furthermore, field verification
should be required by applying the simulated urea fertilizer application rates in each MZ.

Acknowledgements

The authors wish to express their sincere thanks to Pakistan Science Foundation (Project No.
PSF/Res/P-AU/Engg.53) for providing financial assistance and the University of Agriculture, Faisalabad,
Pakistan, for their cooperation and assistance, to facilitate the field experimental work at the Postgraduate
Agricultural Research Station.

References

Abbas, M., Sheikh, A. D., Sabir, H. M., & Nighat, S. (2005). Factors responsible for low wheat productivity in
Central ~ Punjab.  Pakistan  Journal — Agricultural — Sciences, 42, 3-4. Retrieved from
http://pakjas.com.pk/papers/441.pdf

Ahuja, L. R., Rojas, K. W., Hanson, J. D., Shaffer, M. J., & Ma, L. (Ed.). (2000). Root zone water quality model.
Water Resources Publ., Highlands Ranch, CO. Retrieved from
http://www.ars.usda.gov/Research/docs.htm?docid=17740

Alexandrove, V. A., & Hoogenboon, G. (2001). The Impact of Climate Variability and Change on Crop Yield in
Bulgaria. Agricultural and Forest Meteorology, 104, 315-327.
http://dx.doi.org/10.1016/S0168-1923(00)00166-0

Ali, A., Rehman, F., Nasir, M., & Ranjha, M. Z. (2011). Agricultural Policy and Wheat Production: A Case Study
of  Pakistan. Sarhad ~ Journal — of  Agriculture, 27, 201-205. Retrieved  from
http://www.aup.edu.pk/sj pdf/agricultural%20policy%20and%20wheat.PDF

Arifullah, S. A., Chishti, A. F., Zulfigar, M., Yasmeen, G., Farid, N., & Ahmad, 1. (2009). Estimating Yield
Potential of the Major Crops and its Implications for Pakistan’s Crops Sector. Sarhad Journal of
Agriculture, 25, 611-615. Retrieved from http://www.aup.edu.pk/sj pdf/ESTIMATING%20YIELD%20

Asadi, M. E., & Clemente, R. S. (2003). Evaluation of CERES-Maize of DSSAT model to simulate nitrate
leaching, yield and soil moisture content under tropical conditions. Food, Agriculture & Environment,
270-276. Retrieved from http://world-food.net/evaluation-of-ceres-maize-of-dssat-model-to-simulate-nit

ASP. (2010). Agricultural Statistics of Pakistan, 2008-09 (pp. 81-87). Ministry of Food, Agriculture and
Livestock, Govt. of Pakistan. Retrieved from http://www.pbs.gov.pk/content/agricultural-statistics-pakistan-
2010-11

Awodele, O., & Jegede, O. (2009). Neural Networks and its Application in Engineering (pp. 83-95). Proceedings
of  Informing  Science & IT  Education Conference  (InSITE).  Retrieved  from
http://proceedings.informingscience.org/InSITE2009/InSITE09p083-095Awodele542.pdf

Ayoubi, S., Zamani, S. M., & Khormali, F. (2007). Spatial variability of some soil properties for site specific
farming in northern Iran. International Journal of Plant Production, 1, 1735-6814. Retrieved from
http://adsabs.harvard.edu/abs/2008JApSc...8.1642Y

Bakhsh, A., & Kanwar, R. S. (2008). Soil and Landscape Attributes Interpret Subsurface Drainage Clusters.
Australian Journal of Soil Research, 46, 735-744. http://dx.doi.org/10.1071/SR08065

Bakhsh, A., Colvin, T. S., Jaynes, D. B., Kanwar, R. S., & Tim, U. S. (2000). Using Soil Attributes and GIS for
Interpretation of Spatial Variability in Yield. Tramsactions of the ASAE, 43, 819-828.
http://dx.doi.org/10.13031/2013.2976

Bakhsh, A., Hatfield, J. L., Kanwar, R. S., Ma, L., & Ahuja, L. R. (2004). Ground Water Quality: Simulating
Nitrate Drainage Losses from a Walnut Creek Watershed Field. Journal of Environmental Quality, 33,
114-123. http://dx.doi.org/10.2134/jeq2004.1140

Begue, A., Lebourgeois, V., Bappe, E., Todoroff, P., Pellegrino, A., Baillarin, F., & Siegmund, B. (2010).
Spatio-temporal variability of sugarcane fields and recommendations for yield forecast using NDVI.
International Journal of Remote Sensing, 31, 5391-5407. http://dx.doi.org/10.1080/01431160903349057

Cahn, M. D., Hummel, J. W., & Brouer, B. H. (1994). Spatial-analysis of soil fertility for site-specific crop

management. Soil Science Society of  American Journal, 58, 1240-1248.
http://dx.doi.org/10.2136/sss2j1994.03615995005800040035x

124



www.ccsenet.org/jas Journal of Agricultural Science Vol. 7, No. 7; 2015

Chintala, R., McDonald, L. M., & Bryan, W. B. (2012a). Effect of soil water and nutrients on productivity of
Kentucky bluegrass systems in acidic soils. Journal of Plant Nutrition, 35, 288-303.
http://dx.doi.org/10.1080/01904167.2012.636131

Chintala, R., McDonald, L. M., & Bryan, W. B. (2012b). Optimization of water potential and nutrient levels for
Kentucky bluegrass-white clover mixture on acidic soils. Biotechnology, Agronomy, Society and
Environment, 16, 167-177. Retrieved from http:// popups.ulg.ac.be/1780-4507/index.php?id=8619

Duffera, M., White, J. G., & Weisz, R. (2007). Spatial variability of southeastern us coastal plain soil physical
properties:  implications ~ of  site  specific = management.  Geoderma, 137, 327-339.
http://dx.doi.org/10.1016/j.geoderma.2006.08.018

Farid, H. U., Bakhsh, A., Ahmad, N., & Ahmad, A. (2013b). Evaluation of Management Zones for Site-Specific
Application of Crop Inputs. Pakistan Journal of Life and Social Sciences, 11, 29-35. Retrieved from
http://www.pjlss.edu.pk/sites/default/files/29-35.pdf

Farid, H. U., Bakhsh, A., Ahmad, N., Ahmad, A., & Farooq, A. (2013a). Spatial Relationships of Landscape
Attributes and Wheat Yield Patterns. Journal of Agricultural Science, 5, 271-294.
http://dx.doi.org/10.5539/jas.v5n1p275

Ferguson, R. B., Hergert, G. W., Schepers, J. S., Gotway, C. A., Cahoon, J. E., & Peterson, T. A. (2002).
Site-specific nitrogen management of irrigated maize: Yield and soil residual nitrate effects. Soil Science
Society of American Journal, 66, 544-553. http://dx.doi.org/10.2136/ss52j2002.5440

Fetcher, J., Allison, B. E., Sivakumar, M. V. K., van der Ploeg, R. R., & Bley, J. (1991). An evaluation of the
SWATRER and CERES-Millet models for southwest Niger. In M. V. K. Sivakumar, J. S. Wallace, C.
Renard & C. Giroux (Eds.), Soil Water Balance in the Sudano-Sahhellian Zone (pp. 505-513). International
Association of Hydrological Sciences, Wallingford, UK. Retrieved from http://oar.icrisat.org/id/eprint/4640

Fraisse, C. W., Suddut, K. A., & Kitchen, N. R. (2001). Calibration of the Ceres—Maize Model for Simulating
Site—Specific Crop Development and Yield on Claypan Soils. Transaction of ASAE, 17, 547-556. Retrieved
from http://handle.nal.usda.gov/10113/25976

Gabrielle, B., Huet, P., & Gilliot, J. M. (2004). Prediction of a Wheat Crop Yield Map by Using Post-Anthesis
Radiometrical Data. In 3rd ECPA Conference on Precision Agriculture. Montpellier: France. Retrieved
from http://www.researchgate.net/.../29616708 PREDICTION OF A WHEAT CROP

Godwin, D. C,, Ritchie, J. T., Singh, U., & Hunt, L. (1989). 4 user s guide to CERES-Wheat v2 (p. 10). Retrieved
from http://pdf.usaid.gov/pdf docs/PNABU270.pdf

GOP. (2011). Pakistan Economic Survey. Govt. of Pakistan, Finance Division, Economic Advisor’s Wing,
Islamabad. Retrieved from http://www.finance.gov.pk/survey/chapter 12/highlights.pdf

Hakojarvi, M., Hautala, M., Ahokas, J., Oksanen, T., Maksimow, T., Aspiala, & Visala, A. A. (2010). Platform
for Simulation of Automated Crop Production. Agronomy Research, 8, 797-806, 2010. Retrieved from
http://agronomy.emu.ee/vol081/p8104.pdf

Hanson, J. D., Rojas, K. W., & Shaffer, M. J. (1999). Calibrating the Root Zone Water Quality Model. Agronomy
Journal, 91, 171-177. http://dx.doi.org/10.2134/agronj1999.00021962009100020002x

Irmak, A., Jones, J. W., Batchelor, W. D., & Paz, J. O. (2001). Estimating Spatially Variable Soil Properties for
Application of Crop Models in Precision Farming. Transactions of the ASAE, 44, 1343-1353.
http://dx.doi.org/10.13031/2013.6424

Mallarino, A. P. (1996). Evaluation of optimum and above—optimum phosphorus supply for corn by analysis of
young plants, leaves, stalks and grain. Agronomy  Journal, 88, 377-381.
http://dx.doi.org/10.2134/agronj1996.00021962008800030003x

Marques, D. S. J. R., & Silva, L. L. (2008). Evaluation of maize yield spatial variability based on field flow
density. Biosystems Engineering, 101, 183-190. Retrieved from http://hdl.handle.net/10174/1733
Miao, Y., Mulla, D. J., Batchelor, W. D., Paz, J. O., Robert, P. C., & Wiebers, M. (2006). Evaluating management

zone optimal nitrogen rates with a crop growth model. Agronomy Journal, 98, 545-553.
http://dx.doi.org/10.2134/agronj2005.0153

Nakayama, T., Yang, Y., Watanabe, M., & Zhang, X. (2006). Simulation of groundwater dynamics in the North
China Plain by coupled hydrology and agricultural models. Hydrological Processes, 20, 3411-3466.
http://dx.doi.org/10.1002/hyp.6142

125



www.ccsenet.org/jas Journal of Agricultural Science Vol. 7, No. 7; 2015

Nash, J. E., & Sutcliffe, J. E. (1970). River flow forecasting through conceptual models. Part 1-A: Discussion of
principles. Journal of Hydrology, 10, 282-290. http://dx.doi.org/10.1016/0022-1694(70)90255-6

Nasim, W., Ahmad, A., Wajid, S. A., Hussain, A., Khaliq, T., Usman, M., ... Ahmad, S. (2010). Simulation of
different wheat cultivars under agro-ecological condition of Faisalabad-Pakistan. Crop & Environment, 1,
44-48. http://dx.doi.org//10.1002/hyp.6142/full

Paknejad, F., Fakhr, F. M., & Mirtaheri, S. M. (2012). Validation of Ceres-Wheat for Prediction of Wheat
Varieties in Irrigation and Terminal Drought Stress. Transaction of ASAE, 7, 180-185.
http://dx.doi.org/10.3844/ajabssp.2012.180.185

Pang, X. P, Gupta, S. C., Moncrief, J. F., Rosen, C. J., & Cheng, H. H. (1998). Evaluation of nitrate leaching
potential in Minnesota glacial outwash soils using the CERES-Maize model. Journal of Environmental
Quality, 27, 75-85. http://dx.doi.org/10.2134/jeq1998.00472425002700010012x

Paz, J. O., Batchelor, W. D., & Jones, J. W. (2003). Estimating Potential Economic Return for Variable Soybean
Variety Management. Transaction of  ASAE, 46, 1225-1233. Retrieved from
https://books.google.com.pk/books?isbn=1466628251

Paz, J. O., Batchelor, W. D., Colvin, T. S., Logsdon, S. D., Kaspar, T. C., Karlen, D. L., & Babcock, B. A. (1999).
Model-based techniques to determine variable rate nitrogen for corn. Agriculture System, 60, 69-75.
http://dx.doi.org/10.2134/1999.precisionagproc4.c31b

Piercie, F. J., Warncke, D. D., & Everett, M. W. (1995). Yield and nutrient variability in glacial soils of Michigan
(pp. 133-151). In Proc. 2nd Int. Conf. Site—Specific Management for Agricultural Systems. Madison, Wisc.
American Society of Agronomy. Retrieved from
http://www.ars.usda.gov/sp2UserFiles/Place/50701000/cswq-0046-fraisse.pdf

Rezzoug, W., Gabrielle, B., Suleiman, A., & Benabdeli, K. (2008). Application and evaluation of the

DSSAT-Wheat in the Tiaret region of Algeria. African Journal of Agricultural Research, 3, 282-296.
Retrieved from http://www.academicjournals.org/AJAR

Saseendran, S. A., Nielsen, D. C., Ma, L., Ahuja, L. R., & Halvorson, A. D. (2004). Modelling nitrogen
management effects on winter wheat production using RZWQM and CERES-Wheat. Agronomy Journal,
96, 615-630. http://dx.doi.org/10.2134/agronj2004.0615

Solaimani, K. (2009). Rainfall-Runoff Prediction Based on Artificial Neural Network (A Case Study: Jarahi
Watershed). Journal of Agriculture & Environmental Sciences, 5, 856-865. Retrieved from
http://www.researchgate.net/.../255648172_ Rainfall-runoff Prediction Based

Sudduth, K. A., Drummond, S. T., Birrell, S. J., & Kitchen, N. R. (1996). Analysis of spatial factors influencing
crop yield (pp. 129-140). In Proc. 3rd Int. Conf. on Precision Agriculture, Madison, Wisc.: American
Society of Agronomy. http://dx.doi.org/10.2134/1996.precisionagproc3.c13

Thorp, K. R., DeJonge, K. C., Kaleita, A. L., Batchelor, W. D., & Paz, J. O. (2008). Methodology for the use of
DSSAT models for precision agriculture decision support. Computers and Electronics in Agriculture, 64,
276-285. http://dx.doi.org/10.1016/j.compag.2008.05.022

Wang, S., Li, H., Yang, Y., Wang, H., Yang, Y., & Jia, Y. (2012). Using DSSAT Model to assess spring wheat and
maize water use in the arid oasis of Northwest China. Journal of Food, Agriculture & Environment, 10,
911-918. Retrieved from http://world-food.net/using-dssat-model-to-assess-spring-wheat-and-maize-water-
use-in-the-arid-oasis-of-northwest-china/

Yang, Y., Watanabe, M., Zhang, X., Hao, X., & Zhang, J. (2006). Estimation of groundwater use by crop
production simulated by DSSAT-wheat and DSSAT-maize models in the piedmont region of the North
China Plain. Hydrological Processes, 20, 2787-2802. http://dx.doi.org/10.1002/hyp.6071

Zhai, Y., Thomasson, J. A., Boggess, J. E., & Sui, R. (2010). Soil Texture Classification with Artificial Neural
Networks Operating on Remote Sensing Data. Computers and Electronics in Agriculture, 54, 53-68.
http://dx.doi.org/10.1016/j.compag.2006.08.001

126



www.ccsenet.org/jas Journal of Agricultural Science Vol. 7, No. 7; 2015

Copyrights
Copyright for this article is retained by the author(s), with first publication rights granted to the journal.

This is an open-access article distributed under the terms and conditions of the Creative Commons Attribution
license (http://creativecommons.org/licenses/by/3.0/).

127



