&% WFL Publisher

I
M Science and Technology Food, Agriculture & Environment Vol.1(3&4) : 270-276. 2003 www.world-food.net
el

Evaluation of CERES-Maize of DSSAT model to simulate nitrate leaching, yield and soil
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Abstract

The CERES-Maize of DSSAT v3.5 model was used to simulate nitrate leaching, nitrogen uptake, corn yield and soil moisture content in an acid sulphate
soil in the central region of Thailand. The validation data was obtained from a two-year study with conventional tilled corn (Zea mays L.) during 1999
and 2000. Nitrogen source was urea and there were four N fertigation treatments which include 0, 100, 150, and 200 kg N ha?, each having three
replications arranged in a randomized complete block design. The soil was irrigated and fertigated with sprinkler irrigation system throughout the
season. Nitrate leaching was measured with ceramic cups and soil moisture content was measured by the gravimetric method. Inputs to the model
included site information, daily weather data, soil properties, soil initial conditions, irrigation and fertilizer management and crop performance data. The
model overpredicted corn grain yield slightly for some treatments, generally overpredicted total N uptake and underpredicted total N leached and soil
moisture content. Low values of nitrate leaching were simulated by the model because of low drainage. The relation between results obtained from
experiment (Yo) and simulation (Ys) was expressed by the equation Ys= 1.058Yo with R?=0.97 for grain yield, Ys=0.7396Yo with R?=0.86 for nitrate
leaching, and Ys=1.1103Yo with R?=0.99 for total N uptake. The study showed that the CERES-Maize of DSSAT model may be applied with confidence
to study effects of N and irrigation management on maize yield, nitrate leaching and N uptake under irrigated tropical conditions.
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Introduction
Leaching of NO,-N is economically and environmentally
undesirable. Nitrate that leaches below the crop rooting zone
represents the loss of a valuable plant nutrient, and hence an
economic cost to agriculture. If the nitrate enters groundwater
supplies, two major environmental problems can occur. The
consumption by humans or animals of drinking water with high
nitrate levels has been associated with several health problems, the
most serious being methemoglobinemia (O, deficiency in blood)
in infants. High NO,-N concentrations in drinking water are
detrimental to the health of infants during the first six month of
life. Older children and adults are not affected. Infants given breast-
fed milk of mothers who drink high NO,-N water may develop
methemoglobinemia. The U.S. Environmental Protection Agency
(EPA) has set 10 mg I'* N as the NO_-N drinking water standard as
a safeguard against methemoglobinemia from developing in
infantst. Additionally, groundwater with high nitrate levels that
discharge into sensitive surface waters can contribute to the long-
term eutrophication of these water bodies.Computer simulation
models have become a useful management tools for assessing NO,
movement through the soil profile. Before models are used,
however, they need to be calibrated and validated for the conditions
under which they will be used.?®* The CERES models were designed
to describe the system of crops and their environments*. The models
can be used to estimate nitrate accumulation in the soil and water
flux through the profile, determining grain yield, transpiration, or
nitrogen uptake. Crop simulation models such as CERES-Maize
are useful when incorporated into a decision support system (DSS)®.
Decision support systems can help determine the best tactical
responses to specific weather conditions during a season to derive
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fertilizer recommendations that maintain a proper balance of soil
nutrients, without causing excessive runoff or leaching. There is a
vast literature devoted to both the testing and application of the
CERES-Maize model®78 91011121314 "\Afy et al.*s showed that when
the effects of irrigation and excess water were taken into account,
CERES-Maize could be applied to the North China Plain for yield
estimation under a wide range of moisture conditions. The CERES-
Maize model was evaluated by Pang et al.’® using experimental
data on irrigation and fertilizer management trials on corn conducted
at Davis, CA, during 1975 to 1977. It was concluded that the
CERES-Maize model may be applied with confidence to study the
effects of N and irrigation management on corn yield and N uptake
under irrigated semiarid conditions. Also, Pang et al.*” investigated
the relationships between yield and NO," leaching using the CERES-
Maize 2.10 simulation model for various combinations of irrigation
amounts and uniformity and N amount and timing of split N
applications for semiarid conditions typical of Tulare County in
California. At the end they concluded that, the high yield and low
NO, leaching are compatible goals and can be achieved by
appropriate irrigation and fertilizer management for irrigation
systems that have a Christiansen uniformity coefficient (CUC) of
90 or greater. Steele et al.’® used the model to estimate crop dry
matter and water use in their irrigation scheduling trials on a North
Dakota sandy soil and found that irrigation scheduling based on
the model could result in significant reductions in irrigation amount
without significant reduction in yield compared with the reference
treatment. Gabrielle and Kengni®® also evaluated the nitrogen
module of CERES-Maize in France. They found that CERES-Maize
simulated nitrate leaching with a mean deviation (MD) of 12.3 to
5.9 kg N ha ! and topsoil nitrogen content (0-30 cm depth) from
-11.5 to 7.5 kg N hal. Pang et al.° validated CERES-Maize
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simulation model against 2 yr of experimental data on corn grain
yield, N uptake, and nitrate leaching for control and three N fertilizer
application rates under two irrigation schedules on a sandy loam
soil at Staples, MN. The results showed that simulated values were
close to the measured corn yield, and were within the range of
differences for similar comparisons. Garrison et al.? incorporated
atile drainage subroutine into CERES-Maize to improve soil-water
and nitrogen leaching under subsurface tile drainage conditions.
An analysis was conducted based on information collected from a
study of 36 plots consisting of five management systems during a
4-year period from 1993 to 1996, in lowa. The model was calibrated
for each plot using data from 1994 and 1995, and validated using
data from 1993 and 1996. The results indicated that the new tile
drainage algorithms describe water and nitrate movement
reasonably well, which will improve the performance of CERES-
Maize for artificially drained fields. Recently, researchers in lowa
have used the model to investigate the role of water stress on plant
development and growth and have developed methodologies to
determine optimal variable rate precipitations for nitrogen rate and
population across several fields?. Sadler et al.?® evaluated CERES-
Maize V. 3.7 distributed with DSSAT V. 3.5, for sensitivity to
parameters important to site-specific farming. They concluded that
the model was unexpectedly insensitive to inputs for soil type, depth
to clay, nitrogen, and plant population, suggesting areas for
attention. Although many reported studies using the CERES-Maize
model have been made under conditions where rainfall plays a
significant role in corn production, it has not been extensively tested
where N fertigation via sprinkler irrigation was used for maize in
tropical condition such as Thailand. Such tests, which are done by
comparing simulated results with observed data, are necessary to
determine whether the model can simulate corn yield, nitrate
leaching and N uptake satisfactorily. Also, with considering, detailed
knowledge of N uptake by plants and corn yield is a prerequisite
for optimizing N application, the objective of this study is to evaluate
the ability of CERES-Maize V. 3.7 distributed with DSSAT3.5424%
to simulate corn yield, nitrate leaching and nitrogen uptake by
comparing simulated results to measured results from an experiment
that had variable N application rates.

Materials and Methods
Field procedures: The study was conducted in 1999 and 2000 at
the Asian Institute of Technology (AIT), Thailand. The area has an
elevation of 2 to 2.5 meters above mean sea level and is situated at
14° 04" North latitude and 100° 37" East longitude within Bangkok
plain in the central region of Thailand. The region has a tropical
humid climate, with three distinct seasons; the dry season (February
to May), the rainy season (June to October), and the mild season
(November to January). The mean annual rainfall is 1411 mm with
more than 80% falling in the rainy season. During the dry period
the groundwater table drops from 0.36 meter below the soil surface
in November to 1.5 meter in April. The average monthly
temperature ranges from about 19°C in December to January, and
35°C in March-April. The topography of the area is flat and the
type of soil is clay acid sulphate soil, which has a low pH resulting
from the progressive oxidation of pyrite. H* and Al** are in fact the
main contributors to the acidity of this soil. Due to high aluminium
content, soil acidity has to be corrected constantly to avoid
aluminum toxicity. Crop roots rarely grow below 70 cm in old
cultivated fields, and reach only 30-40 cm in new field. Four N-
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fertigation treatments were used from the leaching experiment to
evaluate the model during the growing season of 1999, and 2000.
The treatments were: control or 0 kg N ha! N (referred to as NO),
100 kg N ha? (referred to as N100), 150 kg ha? (referred to as
N150) and 200 kg N ha! (referred to as N200). Each treatment was
replicated three times. The total number of plots was 12. In 1999,
each plot measured 12 m x 18 m while in 2000, the 12 plots
measured 12 m x 12 m. The N source was urea applied in irrigation
water. Fertigation was applied three times during growing season
according to prescribed treatments. In 1999, the first N application
was one week after sowing at the rate of 30%; the second application
was 24 days after sowing at the rate of 30 %, and the final application
was 45 days after sowing at the rate of 40% of total nitrogen. In
2000, the first application was one week after sowing on January
13, the second application was 30 days after sowing on February
5, and the final application was 54 days after sowing on February
29 at the same rate of 1999. For fertigation the urea was mixed
with water in a small tank and injected into the sprinkler irrigation
system by venturi injector for each treatment.

In November 1998, the plots were moldboard plowed to a depth
of 20 cm, limed at the rate of 11 t ha* of CaCo, and disked before
planting corn. The super sweet corn Agro variety (Zea mays L.)
was planted on February 23, 1999 at a row spacing of 75 cm x 25
cm. In the second year of the experiment, Suwan 3851, a single-
cross hybrid was sown on January 6, 2000. Thinning was carried
out 20 days after planting, to 1 plant per hill, making a population
density of 53,300 plants per hectare. The earthing up was done
after thinning. The plants were sprayed with insecticide three times
when some worms and insects were observed on the leaves and
cobs of some plants. Weeding was done periodically. On May 12,
1999 and April 5, 2000, corn grain and stalk were harvested. In
both years, phosphorus was placed uniformly by hand along the
centre line of the ridge, 10 cm below the soil surface, at the rate of
26 kg P ha in the form of triple super phosphate (TSP) with 46%
P,O, at sowing time. In both years, the first irrigation was applied
just after sowing. From the date of sowing up to 15 days after
sowing water was applied uniformly every other day. After 15 days
water was applied based on soil moisture deficit (SMD). During
the growing season of 1999 and 2000, 9 and 12 irrigations were
applied respectively. Soil samples were used to determine water
content by a standard gravimetric method. Three soil samples for
moisture assessment were taken per plot at 0-15, 15-30, 30-45 and
45-60 cm soil depth profile. Water was applied based on 50% soil
moisture depletion?®?, Irrigation water was applied by considering
the available water in the root zone. Amounts of applied water for
each water regime were recorded. Plant samples were collected to
determine total above ground biomass (dry matter) and total
nitrogen uptake from all plants in one-meter length of two rows in
the middle of each plot priodically during the season®. The first
plant samples were collected two weeks after emergence and
additional samples were collected bi-weekly through harvest. The
last samples were taken at harvesting and were separated into grain
and stover. The above ground plant parts were cut and dried in an
oven at 70°C for 48 hours?, weighed for dry matter determination
and ground through a 1 mm sieve for total N determination. Total
nitrogen was measured by semi-micro Kjeldahl method?*?, Soil
water samplers (porous ceramic cups), also called suction
lysimeters, were used to collect water samples in the soil profile.
Twelve sets of the sampling devices (61 cm length) were installed
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on the centre of each plot, one month before sowing at the depth of
60 cm. The samplers consist basically of a porous ceramic cup and
a sample collection tube. A vacuum hand pump was used to create
a vacuum in the samplers, which draws water from the soil matrix
through the ceramic cup and into the samplers. Each experimental
unit was instrumented with one suction sampler. The soil solution
was extracted during irrigation or immediately following rainfall
when the soil water content allowed this extraction. A 30-kPa
vacuum was applied in the morning and samples were removed
within 1 to 2 days following rainfall and/or irrigation. The soil
solution samples were frozen in 30-ml polypropylene tubes until
they were analysed for NO," content. Nitrate was analysed by,
cadmium reduction®. For determining deep percolation of water
or drainage, the mass balance approach was used as follows:

DPR=1+P-AS-Et-R (1)

Where: DPR= Daily soil water percolation (mm),

I = Irrigation water applied during the day (mm),

P= Rainfall during the day (mm),

AS = Change in soil water storage (mm),

Et =Crop water use or evapotranspiration (mm) during the day
calculated from the FAO Penman-Montieth equation®

R =Runoff (mm).

Nitrate flux (L,) (kg N ha) below the root zone, at a depth of 60
cm, was calculated from the equation:
L,=DPR,C_ (2)

Where DPR is the water drainage calculated at a depth of 60 cm
from Eq. (1) (mm), which was converted, to m® ha* and C_, the
NO,-N concentration in the soil solution sampled by soil water
samplers at the same depth (kg N m). The depth of 60 cm was
established for the calculation of drainage and nitrate leaching
because results of the root density obtained in this study showed
that the root system was situated at the top 60 cm.

Simulation processing: The CERES-Maize corn growth and yield
model (Version 3.7) distributed with DSSAT V. 3.5 (November
1998) was used with the field study information® to evaluate the
ability of model to simulate nitrate leaching, soil moisture content,
corn yield and N uptake. The evaluation procedure included both
model calibration and validation®. The input parameters required
by the model were obtained from direct field and laboratory
measurements, and literature sources. Calibration data sets, which
were used for model evaluation included crop management, aerial
and soil environments, and genotype characteristics®*. The concept
of the minimum data set (MDS) to run the model enables application
in a wide range of regions, even if detailed climate and soil data
are not available. Inputs to the model included site information,
weather data, soil properties, initial conditions, irrigation

Table 1. Genetic coefficients found to be most appropriate for
cultivars of maize for the simulation at AIT.

Cultivar P1 P2 P5 G2 G3
Super Sweet Agro 210 0.50 675 677 8.5
Suwan 3851 200 0.50 800 632 8.6

management (dates, amounts and schedule), and fertilizer
management (dates, amounts, sources, method of incorporation,
and depth of placement where appropriate). The weather data
including daily solar radiation, daily maximum and minimum air
temperatures, and daily rainfall were collected from a local weather
station located 20 m from the field, in 1999 and 2000. These data
coupled with crop performance data, were used as inputs in the
operation, and application of the model. Genetic parameters for
the corn hybrid are required as input data. These coefficients
describe growth stage duration and potential grain growth, and
allow a wide range of cultivars to be simulated. There are two types
of genetic coefficients found in CERES-Maize. One type is
phenological (P1, P2, and P5) and the other is growth (G2 and
G3). An important concept associated with the phenological
coefficients P1 and P5 is growing degree-days, or thermal time.
Instead of using chronological days as an indicator of time, thermal
time uses temperature. Thermal time in any given day is equal to
mean air temperature minus base temperature, which is 8°C for
maize?, P1 is the accumulated thermal time from the day the maize
emerges from the soil to the end of the juvenile phase, the period
when the maize plant is not sensitive to photoperiod. The end of
juvenile phase is estimated to occur four days before the tassel is
initiated under a photoperiod less than 12.5 hours®. P2 is the number
of days tassel initiation is delayed per hour greater than 12.5 hours.
When photoperiod is greater than 12.5 hours, tassel initiation is
delayed. The number of days it is delayed divided by the number
of hours photoperiod is beyond 12.5 (photoperiod- 12.5) is equal
to P2%. P5 is the accumulated thermal time from silking (50% of
plants show silk extrusion) to physiological maturity (appearance
of black-layer). G2 is the number of kernels per plant when plants
are grown without stress. No stress means that water and nutrients
are well supplied and temperature is between 20 and 30°C. Then
the genetic potential of the maize plant is expressed. G3 is the dry
weight gain per kernel per day during linear kernel growth. Linear
kernel growth begins at approximately 10 days after silking and
continues until a few days before physiological maturity. During
this period kernels can be sampled, dried and weighed to get a dry
weight gain per day. These inputs values gave a simulated yield
equal to the maximum measured yield when neither N nor water
was limiting. CERES-Maize was calibrated by comparing simulated

Table 2. Soil physical properties used in the evaluation of CERES-Maize model”.

Depth Particle Size Distribution Bulk LL DUL SAT Saturated
Clay Silt Sand Density Hydraulic

(cm) (%) (%) (%) (g cm?®) (m®m-) Conductivity

(mm day?)

0-15 61 249 14.1 1.31 0.27 0.48 0.52 78.0

15-30 62 266 114 1.33 0.28 0.48 0.54 75.0

30-45 67 23.0 10.0 1.38 0.30 0.52 0.58 53.6

45-60 69 200 11.0 1.45 0.32 0.55 0.60 49.7

“LL=lower limit of available soil water; DUL=drained upper limit of available soil water; SAT=saturated limit of available soil water.
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outcomes with measured results obtained from the nitrogen by
variety treatments. A trial and error method was used to calibrate
the genetic coefficients as per Ritchie et al.*”. These were determined
by using the observed silking and maturity dates and the observed
kernel numbers per ear for each of the varieties in the treatment
with the highest rate of nitrogen application. The genetic coefficients
for the varieties sown were estimated from observed silking and
maturity dates and observed kernels per ear for each of the varieties
in the treatment with the highest rates of nitrogen. The coefficients
were adjusted until there was a match between observed and
simulated dates of silking and maturity. The values thus obtained
from one treatment in one season were then used for all other
treatments in all other season involving the same variety. Pang et
al.? used this procedure for calibrating of CERES-Maize model to
evaluate of nitrate leaching potential in Minnesota. The genetic
parameters of maize sown in the experiment are given in Table 1.
The P1 coefficient was optimized using the observed date of
flowering; P2 was not changed; P5, G2, and G3 were optimized
using the observed grain yield, grain weight and grain number in
the listed priority. The drainage parameter (SWCON, day™) or the
saturated hydraulic conductivity controls water movement in
saturated conditions® and was set to 0.05 d. Soil albedo was set
to 0.13. The SCS curve number was set to 76. The other soil data
used in the model are given in Tables 2 and 3. The value of the
lower limit of the available soil water (LL) and drainage upper
limit of the available soil water (DUL) or field capacity were
determined in the laboratory with a pressure plate apparatus.
Saturated water content (SAT) was set at about 98% of the porosity,
calculated based on soil bulk density. Total nitrogen was determined
by semi-micro Kjeldahl method?® and initial soil inorganic N
content including ammonium and nitrate were determined by steam
distillation with MgO and steam distillation with MgO and Devarda
alloy reduction methods, respectively®. The initial soil water content
was determined before first irrigation by gravimetric method. In
this study the observed values are given as averages of the
measurements taken on the duplicate plots.

Results and Discussion

Grainyield: The comparison of measured and simulated corn grain
yield are shown in Figure 1. Also, We compared the differences
between measured and predicted values with other similar studies,
and results show that in general, the differences between the
simulated and measured grain yields in our study were within the
range of differences reported in the literature (Figure 2)#04142431520,
Other research has demonstrated reasonably accurate simulations
of corn grain yield at all the fertilization levels for the CERES-
Maize model*689164520 However, the control plots (0 kg N ha?)
yields were slightly understimated in both years.

Nitrogen uptake and nitrate leaching: The total N uptake (stem,

leaf, and ear) and total nitrate leached values as a function of
different nitrogen rates for both years are shown in Table 4. The
average of simulated total N uptake across all treatments was 110.4,
and 111% of the measured total N uptake values during successive
years. The slope of the regression line was 1.1103 with R? =0.9961
for total N uptake. For all treatments simulated N uptake was
greater than observed N uptake. This is in agreement with results
obtained by Bowen et al.*®, Pang et al.’® and Pang et al.°. Total
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overprediction in N uptake was attributed to overpredicted estimates
of N mineralization. In 2000, the higher simulation of N uptake
could have contributed to lower simulated N leaching and thus
could have led to the statistical differences between the measured
and simulated N leaching values. Despite these overpredictions,
the model performed reasonably well since it approximated the
relative N availability of the fertilizer N treatments which is
consistent with that found by other researchers*®*. The relationship
between observations made from experimental (Yo) and simulated
(Ys) result was expressed by equation Ys= 0.7396 with R?=0.86
for nitrate leaching in both years. The model slightly underpredicted
leaching in 1999 and gave no N leached in all treatments in 2000.
Whereas, the model simulated no loss of N due to leaching, the
measured data clearly showed some amounts of N leaching in all
treatments in 2000. Since the loss of N due to leaching is assumed
to be directly proportional to the amount of water moving through
the soil profile and only N in the nitrate form is considered leachable
and the fraction of water in a given layer that drains to the next
underlying layer is assumed to carry with it the same fraction of
nitrate present in the given layer. Thus, most of the discrepancy
between simulated and observed results was attributed to minimal
water percolation obtained during the simulation. Also, this would
be expected since experimental error may have been encountered
during measurement and analysis. In 2000, observed N leaching
was extremely low for all application rates including the N200
treatment. When we considered simulated total N uptake in all
treatments, it was found that its values are rather higher than N
fertilizer applied and approximately equal in N200 treatment (Table
4). This suggest that most of N fertilizer applied was taken up by
plant and there was little left fertilizer N in the soil for other
processes like leaching. Jones and Schwab* stated that if plant
uptake of N is equal or greater than the N fertilizer application
rate, there would be little fertilizer N left in the soil. Pang et al.?’,
using the CERES-Maize simulation model for various combinations
of irrigation amounts and uniformity and N amount and timing of
split applications for semiarid conditions also obtained similar
results.

The amount of fertilizer added above the amount necessary for

the plants, will eventually be leached to deeper horizons. However,
in case of lower fertilizer amounts, the soil may contribute a small
amount of extra nitrogen to the leaching process. Despite these
underpredictions, the estimation by the model was generally good,
though there are minor discrepancies in 2000.

Soil moisture content: Figures 3 and 4 show the profile of average

soil moisture content (% by volume) with time for observed and
simulated values in 1999 and 2000 respectively. Both measured
and simulated values showed a similar variation in water content
with depth and time. Soil moisture content increases with irrigation
and decreases within the irrigation interval until the next irrigation.
This pattern occured in both years. Sudden increase in moisture
contents are due to rainfall event. Higher moisture contents were
observed in 1999 from eighth week to twelfth week (harvest time).
The reason was due to above normal rainfall conditions during this
period. The lower moisture contents in 2000 when compared with
1999 is the result of low rainfall in 2000 during the growth stagere
as shown in Figure 4. One important reason for higher leaching in
1999 is related to higher moisture content in that year. When the
soil is at field capacity right after irrigation, there is no capacity to
retain any additional rainwater®. In the case of pre-irrigation, the
soil water content is often at less than field capacity and thus has
the capacity to retain rainwater. The above analysis suggests that
leaving some unfilled porespace after each irrigation would help
retain rainwater and minimize NO," leaching. This observation is
consistent with those of Watts and Martin“® and Pang et al®®. They
reported that NO," leaching from a sandy soil in Nebraska increased
either with rain or over irrigation that increase moisture content
above field capacity. Simulated results are reasonably well within
the 95% confidence limits of experimental data, which is consistent
with results of Xevi et al.*. Also, the peak in water content exactly
corresponded to the high rainfall events for 1999. This indicates
that the model can simulate the effects of soil-water-plant-
atmosphere interactions reasonably well. However, some
underpredictions by the model can be noted. In both years the model
slightly understimated the water content.

Table 3. Soil chemical properties used in the evaluation of CERES-Maize model”

Depth oC oM Total N pH CEC

(mg kg*) (cmol kg™)
(cm) (%) (%) 1999 2000 1999 2000
0-15 0.18 2.94 15 23 6.4 54 33.3
15-30 3.75 6.08 09 23 56 5.0 32.0
30-45 4.97 4,94 09 1.0 41 46 27.3
45-60 2.28 5.53 0.1 0.9 40 45 27.4

"OC=organic carbon content; 0OM=organic matter; Total N=total initial soil N content, NO,+NH,; CEC=cation exchange capacity.

Table 4. Simulated (sim) and measured (mea) total N uptake and total N leached in corn as a function of different nitrogen rates during

1999 and 2000.

Variable NO N100 N150 N200
sim-mea sim-mea sim-mea sim-mea

1999

Total N Uptake (kg hat) 21.0-15.0 101.5-90.6 114.7-107.0 119.5-110.3

Total N Leached (Kg ha?) 0.0-3.8 3.6- 8.0 11.1-14.5 19.8 - 23.0
2000

Total N Uptake (kg hat) 23.0-19.8 122.1-110.1 171.9-160.3 194.7-170.8

Total N Leached (kg ha?) 00-03 00 - 3.1 00 - 41 0.0 - 5.3
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Conclusions

This study was aimed to simulate crop yield, nitrogen uptake and
nitrate leaching from a maize field, which was fertigated at 4 levels
of nitrogen. The results presented suggest that CERES-Maize of
DSSAT3.5 simulation model having been calibrated and evaluated
using field experiments, performs adequately for the location tested
in Thailand. In the present case, simulation results showed that the
model simulates the movement of excess NO,-N through the soil
profile. This study showed that, the model may be applied with
confidence to study the effects of N fertigation and irrigation
management on corn yield components, N uptake and nitrate
leaching under tropical conditions but further work is needed to
evaluate the model for its capability to simulate corn yield and
total N uptake and nitrate leaching in other areas in the tropical
region with different soil conditions. The model provided
reasonably accurate simulations of maize grain yield, and total N
uptake over the range of conditions that pertained to central region
of Thailand where corn growth relies on irrigation in dry season.
The comparison between observed and simulated results over four
rates of nitrogen application, showed that the model slightly
overpredicted yields at high nitrogen rates as well as overpredicted
total N uptake in all treatments. The lower observed maize grain
yields at high rates of nitrogen application may be attributed largely
to deficiencies of nutrients other than nitrogen and phosphorus.
Also, control of experimental factors (i.e., weeds, diseases and
insects) to which the model is not sensitive is difficult. The model
proved to be applicable in simulating yields for successive cropping
seasons, giving acceptable estimates for (i) a wide range of nitrogen
fertilizer applications and (ii) two different maize cultivars. The
model was also found to provide acceptable results for nitrogen
transformation and transport, nitrogen uptake and offtake by plants,
and nitrate leaching.

Acknowledgments
The authors are deeply grateful to Iranian Agricultural Engineering
Research Institute (IAERI) and special acknowledgment is due to
the Mr. A. Keshavarz, Director General of IAERI for the financial
support.

References

'Fletcher, D.A. 1991. A national perspective. In: Follett, R.F. et al. (eds.).
Managing nitrogen for groundwater quality and farm profitability. Soil
Science Society of America, Madison, WI. p. 9-17.

’Ramos, C., and Carbonell, E. A. 1991. Nitrate leaching and soil moisture
prediction with the LEACHM model. Fert. Res. 27: 171-180.

3Johnson, A.D., Cabrera, M.L., McCracken, D.V., and Radcliffe, D.E. 1999.
LEACHN Simulation of nitrogen dynamics and water drainage in an
ultisoil. Agronomy Journal 91: 597-606.

“Jones, C. A., and Kiniry, J. R. 1986. CERES-Maize: A simulation model
of maize growth and development. Texas A&M University Press, Col-
lege Station. 194 p.

°Ritchie, J.T. 1995. International consortium for agricultural systems ap-
plications (ICASA): Establishment and purpose. Agricultural Systems
49: 329-335.

Singh, U., Thornton, P.K., Saka, A.R., and Dent, J.B. 1993. Maize mod-
eling in Malawi: a tool for soil fertility research and development. In:
Penning de Vries. et al. (eds.). Systems approaches for agricultural de-
velopment. Kluwer Academic, The Netherlands. p. 253-273.

"Wafula, B.M. 1995. Application of crop simulation in agricultural exten-

Food, Agriculture & Environment, Vol.1 (3&4), August-December 2003

sion and research in Kenya. Agricultural Systems 49: 399-412.

8Kovacs, G.J., Nemeth, T., and Ritchie, J.T. 1995. Testing simulation models
for assessment of crop production and nitrate leaching in Hungry. Agri-
cultural Systems 49: 385-397.

*Thornton, P.K., Saka, A.R., Singh, U., Kumwenda, J.D.T., Brink, J.E.,
and Dent, J.B. 1995. Application of a maize crop simulation model in
the central region of Malawi. Expl. Agric. 31: 213-226.

©Martin, E.C., Ritchie, J.T., and Baer, B.D. 1996. Assessing investment
risk of irrigation in humid climates. Journal of Production Agriculture
9: 228-233.

2Kiniry, J.R., Williams, J.R., Vanderlip, R.L., Atwood, J.D., Reicosky,
D.C., Mulliken, J., Cox, W.J., Mascagni, Jr, H.J., Hollinger, S.E., and
Wiebold, W.J. 1997. Evaluation of two maize models for nine U.S. lo-
cations. Agronomy Journal 89: 421-426.

2Jagtap, S.S., Abamu, F.J., and Kling, J.G. 1999. Long-term assessment
of nitrogen and variety technologies on attainable maize yields in Nige-
ria using CERES-Maize. Agricultural Systems 60: 77-86.

BRasse, D.P,, Ritchie, J.T., Wilhelm, W.W., Wei, J., and Martin, E.C. 2000.
Simulated inbred-maize yields with CERES-IM. Agronomy Journal 92:
672-678.

#0ONeal, M.R., Frankenberger, J.R., and Ess, D.R. 2002. Use of CERES-
Maize to study effect of spatial precipitation variability on yield. Agri-
cultural Systems 73: 205-225.

BWu, Y., Sakamoto, C.M., and Botner, D.M. 1989. On the application of
the CERES-Maize model to the north China plain. Agricultural and
Forest Meteorology 49: 9-22.

%Pang, X.P., Letey, J., and Wu, L. 1997. Yield and nitrogen uptake predic-
tion by CERES-Maize model under semiarid conditions. Soil Sci. Soc.
Am. J. 61: 254-256.

"Pang, X.P,, Letey, J., and Wu, L. 1997. Irrigation quantity and unifor-
mity and nitrogen application effects on crop yield and nitrogen leach-
ing. Soil Sci. Soc. Am. J. 61: 257-261.

Steele, D.D., Stegman, E.C., and Gregor, B.L. 1994. Field comparison
of irrigation scheduling methods for corn. Transactions of the ASAE
37:1197-1203.

®Gabrielle, B., and Kengni, L. 1996. Analysis and field evaluation of the
CERES-Maizes’, soil components: nitrogen transfer and transforma-
tions. Soil Sci. Soc. Am. J. 60: 142-149.

Pang, X.P., Gupta, S.C., Moncrief, J.F., Rosen, C.J., and Cheng, H.H.
1998. Evaluation of nitrate leaching potential in Minnesota glacial
outwash soils using the CERES-Maize model. Journal of Environmen-
tal Quality 27: 75-85.

2AGarrison, M.V., Batchelor, W.D., Kanwar, R.S., and Ritchie, J.T. 1999.
Evaluation of the CERES-Maize water and nitrogen balances under tile-
drained conditions. Agricultural Systems 62: 189-200.

2Ppaz, J.0., Batchelor, W.D., Babcock, B.A., Colvin, T.S., Logsdon, S.D.,
Kaspar, T.C., and Karlen, D.L. 1999. Model-based techniques to deter-
mine variable rate nitrogen for corn. Agricultural Systems 61: 69-75.

ZGadler, E.J., Gerwig, B.K., Evans, D.E., Busscher, W.J., and Bauer, P.J.
2000. Site-specific modeling of corn yield in the SE coastal plain. Agri-
cultural Systems 64: 189-207.

2Ritchie, J. T., Singh, U., Godwin, D. C., and Bowen, W. T. 1998. Cereal
growth, development, and yield. In: Tsuji, G. Y. et al. (eds.). Under-
standing options for agricultural production. Kluwer Academic Pub-
lishers, Dordrecht, The Netherlands. p. 79-98.

®Hoogenboom, G., Wilkens, P.W., Thornton, P.K., Jones, J.W., Hunt, L.A.,
and Imamura, D.T. 1999. Decision support system for agrotechnology
transfer VV3.5. In: Hoogenboom, G. et al. (eds.). DSSAT version 3, \ol.4.
University of Hawaii, Honolulu, HI. p. 1-36.

%Martin, D.L., Gilley, J.R., and Skaggs, R.W. 1991. Soil water balance
and management. In: Follet, R.F. et al. (eds.). Managing nitrogen for
groundwater quality and farm profitability. Soil Science Society of
America. Madison, WI. p. 199-235.

ZCuenca, R.H. 1989. Irrigation system design: an engineering approach,
Prentice-Hall, Inc. 552 p.

275



BIBSNAT. 1990. Field and laboratory methods for the collection of the
IBSNAT minimum data set. Technical report 2. International Bench-
mark Sites Network for Agrotechnology Transfer. Department of
Agronomy and Soil Science, Hawaii Institute of Tropical Agriculture
and Human Resources, University of Hawaii. 67 p.

“Bremner, J.M. 1996. Nitrogen-Total. In: Sparks, D.L. (ed.). Methods of
soil analysis. Part 3 Chemical Methods (Number 5 in the Soil Science
Society of America Book Series). SSSA, ASA, Madison, WI. p. 1085-
1121.

PAPHA. 1992. Standard methods for the examination of water and waste-
water. 18" edition. American Public Health Association (APHA). Wash-
ington D.C.

Clarke, D., Smith, M., and El-Askari, K. 1998. New software for crop
water requirements and irrigation scheduling. ICID Journal 47: 45-58.

2Asadi, M.E., Clemente, R.S., Gupta, A.D., Loof, R., and Hansen, GK.
2002. Impacts of fertigation via sprinkler irrigation on nitrate leaching
and corn yield in an acid-sulphate soil in Thailand. Agricultural Water
Management 52: 197-213.

%Jabro, J.D., Jemison, J.M., Lengnick, L.L., Fox, R.H., and Fritton, D.D.
1993. Field validation and comparison of LEACHM and NCSWAP mod-
els for predicting nitrate leaching. Transactions of the ASAE 36: 1651-
1657.

%Hunt, L.A., and Boote, K.J. 1998. Data for model operation, calibration,
and evaluation. In: Tsuji, G.Y. et al. (eds.). Understanding options for
agricultural production, Kluwer Academic Publishers, Dordrecht, The
Netherlands. p. 9-39.

®Kiniry, J.R., Ritchie, J.T., Musser, R.L., Flint, E.P., and lwig, W.C. 1983.
The photoperiod sensitive interval in maize Agronomy Journal 75: 687-
690.

%®Kiniry, J.R., Ritchie, J.T., and Musser, R.L. 1983. Dynamic nature of the
photoperiod response in maize Agronomy Journal 75: 700-703.

%Ritchie, J.T., Singh, U., Godwin, D., and Hunt, L. 1989. A user’s guide
to CERES-Maize v2.10. International Fertilizer Development Center.
Muscle Shoals, AL.

BMcGill, W. B., and Figueiredo, C. T. 1993. Total Nitrogen. In: Carter, M.
R. (ed.). Soil sampling and method of analysis. Lewis Publishers, Boca
Raton, Fla, USA. p. 201-211.

®Mulvaney, R.L. 1996. Nitrogen-Inorganic Forms. In: Sparks, D.L. (ed.).
Methods of soil analysis, Part 3 Chemical Methods (Number 5 in the
Soil Science Society of America Book Series). SSSA, ASA, Madison,
WI. p. 1123-1184.

“Carberry, P.S., Muchow, R.C., and McCown, R.L. 1989. Testing the
CERES-Maize simulation model in a semi-arid tropical environment.
Field Crops Res. 20: 297-315.

“Jagtap, S.S., Mornu, M., and Kang, B.T. 1993. Simulation of growth
development and yield of maize in the transition zone of Nigeria. Agri-
cultural Systems 41: 215-229.

“Howell, T.A., Copeland, K.S., Schneider, A.D., and Dusek, D.A. 1989.
Sprinkler irrigation management for corn-Southern Great Plains. Trans-
action of the ASAE 32: 147-154.

“Lju, W.T.H., Botner, D.M., and Sakamoto, C.M. 1989. Application of
CERES-Maize model to yield prediction of a brazilian maize hybrid.
Agricultural and Forest Meteorology 45: 299-312.

“Godwin, D.C., and Jones, C.A. 1991. Nitrogen dynamics in soil-plant
systems. In: Hanks, R.J. et al. (eds.). Modeling plant and soil systems
(Agronomy-no. 31). ASA, CSSA, SSSA, Madison, WI. p. 287-321.

“Uehara, G., and Tsuji, G.Y. 1998. Overview of IBSNAT. In: Tsuji, G.Y. et
al. (eds.). Understanding options for agricultural production, Kluwer
Academic Publishers, The Netherlands. p. 1-7.

“Bowen, W.T., Jones, J.W., Carsky, R.J., and Quintana, J.O. 1993. Evalu-
ation of the nitrogen submodel of CERES-Maize following legume green
manure incorporation. Agronomy Journal 85: 153-159.

“Jones, R.D., and Schwab, A.P. 1993. Nitrate leaching and nitrate occur-
rence in a fine-textured soil. Soil Science 155: 272-282.

“®\Watts, D.H., and Martin, D.L. 1981. Effects of water and nitrogen man-

276

agement on nitrate leaching loss from sands. Transactions of the ASAE
24: 911-916.

“9Xevi, E., Gilley, J., and Feyen, J. 1996. Comparative study of two crop
yield simulation models. Agricultural Water Management 30: 155-173.

Food, Agriculture & Environment, Vol.1 (3&4), August-December 2003




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


