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Abstract. A decision support system was used to
simulate irrigation scheduling for maize, cotton, and
peanut for the 2001 to 2004 cropping seasons in
southwest Georgia. The results were compared with
observed data from the Agricultural Water Pumping
(AWP) project. The comparison of the cumulative
distribution functions between simulated and observed
monthly amounts of irrigation showed significant
differences for the three crops. However, almost 50% of
the simulated cotton and peanut monthly amounts of
irrigation were adequately correlated with the observed
data. The analysis and comparison of the observed and
simulated irrigation scheduling showed the potential that
the Decision Support System for Agrotechnology
Transfer (DSSAT) crop simulation models can be used as
a tool for on-farm irrigation scheduling.

INTRODUCTION
Based on their level of technology, farmers irrigate
using several criteria, such as (i) intuition, (ii) calendar
days since the last rainfall or irrigation, and (iii) crop
evapotranspiration. A farmer’s intuition is, in fact, based
on his/her experience and local knowledge of the soilcrop-weather conditions. This criterion seems to be
adequate for farmers in order to better manage their
different activities. The number of days since the last
rainfall or irrigation event is a practical water balance,
which takes into account knowledge of local soil water
content status. This criterion seems to be the one most
common used by farmers. However, evapotranspiration
integrates the continuum of the soil-plant-atmosphere and
it should be the principal procedure for irrigation
scheduling.
Because the crop’s water demand is a function of
plant type, the stage of development, local soil
characteristics and atmospheric conditions, the total

amount of water used by a crop is not as important as
when and how much water to apply, which is critical for
irrigation scheduling. The agronomic definition of
irrigation scheduling is the farmer’s decision process on
when to irrigate and how much water to apply in order to
optimize crop production and maximize profit while
maintaining a reasonable high irrigation efficiency. This
requires knowledge and information that makes irrigation
scheduling a very complex decision process (Pereira,
1996). Since decision support systems integrate most of
the components of a cropping system, their use seems to
be an appropriate tool for determining when and how
much water to apply at a field level (Guerra et al., 2004).
The Decision Support System for Agrotechnology
Transfer (DSSAT) v4.0 (Hoogenboom et al., 2004) is a
computer-based program that predicts yield and water
use as a function of crop management and soil and
weather conditions. The DSSAT soil water balance
module, a one-dimensional model, computes the daily
changes in soil water content by soil layer due to
infiltration of rainfall and irrigation, vertical drainage,
unsaturated flow, soil evaporation, and root water uptake;
as described by Ritchie (1998). Irrigation can be applied
on specific dates with specified irrigation amount or can
be controlled by plant available water. If plant available
water drops below a specific fraction of water holding
capacity in the irrigation management depth, an irrigation
event is triggered. The irrigation amount applied can be
either a fixed amount or it can refill the profile to the
management depth. When irrigation is applied, the
amount applied is added to the amount of rainfall for that
day in order to compute infiltration and runoff. The
drainage of water through the profile is first calculated
based on an overall soil drainage parameter assumed to
be constant with depth. If the saturated hydraulic
conductivity of any layer is less than the computed
vertical drainage through that layer, actual drainage is

limited to the conductivity value, and water accumulates
above that layer (Jones et al., 2003).
The objective of this study was to evaluate the
potential of using the DSSAT crop simulation models for
irrigation scheduling for different crops in Georgia.

MATERIALS AND METHODS
Irrigation data were obtained from six fields of three
farmers located in southwest Georgia. These fields were
monitored from 2001 to 2004 under the auspices
of the Agricultural Water Pumping (AWP;
www.AgWaterPumping.net) program to determine water
use for maize, cotton, and peanut (Hook et al., 2004).
During the four years, the six farmers’ fields had a
combination of cotton, maize, or peanut as the main crop,
including cotton ten times, maize five times and peanut
nine times.
The DSSAT v4.0 was used to simulate irrigation
scheduling, including the decision on when to irrigate
and how much water to apply. For maize and cotton
simulations, initial runs allowed to determine the best
irrigation management depth (IMD) and irrigation
threshold (IT) on 45 cm and 60%, respectively. For
peanut simulations the IMD and the IT were set to 35 cm
and 50%, respectively (Garcia y Garcia et al., 2004). The
soil profile information was obtained from the National
Resources
Conservation
Service
(NRCS;
http://www.nrcs.usda.gov) and the weather data for the
nearest weather stations (Newton, Baker County and
Camilla Mitchell County), were obtained from the
Georgia Automated Environmental Monitoring Network
(www.GeorgiaWeather.net).
The degree of relationship between observed and
simulated irrigation amounts was determined through the
Pearson’s coefficient of correlation (r). Correlation
coefficients can range from -1 to +1. The value of
-1 represents a perfect negative correlation while a value
of +1 represents a perfect positive correlation. A value of
0 represents a lack of correlation. In addition, the
homogeneity of the irrigation amounts was evaluated
throughout an analysis of the cumulative distribution
functions (CDF) of the monthly data. The KolmogorovSmirnov’s test can detect the difference that might exist
between two distribution functions based on a statistic,
called the D-statistic. The smaller the D-statistic, the
smaller the difference between the two distributions at a
given probability level (p-value). The statistical analyses
were performed using the SAS Insight procedure (SAS
Institute, 1999).

RESULTS AND DISCUSSION

The two cotton fields were located in both Baker and
Mitchell counties; the maize field was located in Mitchell
County, and the peanut fields were located in both Baker
and Mitchell counties (Table 1).
The weather conditions during the cropping seasons
are shown in Figure 1 for Newton (Baker County) and in
Figure 2 for Camilla (Mitchell County). Except for the
2004 cropping season when the month of March was
exceptionally dry with 24 mm of rainfall in Baker and 16
mm of rainfall in Mitchell, satisfactory rainfall was
observed for this month during the other cropping
seasons. In addition, a small amount of rain was also
observed for the next two months, mainly during the
month of May. For both locations, a better rainfall
distribution was observed from the month of June to the
month of August.
A lower total amount of water was applied for cotton
and the largest amount was applied for maize. For cotton,
the total irrigation amounts ranged from 30 mm during
the 2001 and 2003 cropping seasons to 245 mm for the
2002 and 2004 cropping seasons. Except for the 2001
cropping season, the cotton fields in Baker received more
water than the cotton fields in Mitchell. The average total
amount was 184 mm with a deviation of 85 mm. For
maize, the total irrigation amounts ranged from 251 mm
during the 2003 cropping season to almost 855 mm in
2002. The average total amount was 508 mm with a
deviation of 218 mm. For peanut, the total irrigation
amounts ranged from 46 mm during the 2003 cropping
season to 410 mm during the 2001 cropping season. The
peanut fields in Mitchell County received more water
than the peanut fields in Baker County. The average total
amount applied was 181 mm with a deviation of 115 mm
(Table 1).
For the typical cropping season from March to
November and for both weather station locations the
hottest and wettest year was 2002. The maximum air
temperatures and rainfall recorded for Newton (Baker
County) were as high as 36.3oC and 1336 mm,
respectively while 36.8oC maximum air temperature and
1221 mm of rainfall were recorded for Camilla (Mitchell
County). The higher irrigation amount applied in maize
was observed in 2002 (Table 1). However, no reasons
were found to support this higher amount. Both the
cotton and peanut crops are usually planted from the end
of April to the middle of May. The increase of the air
temperature and irregular rainfall during that period
makes necessary the increase of the amount of water
applied to guaranty proper soil moisture, needed for an
adequate initial crop growth and development.
The coldest year was 2003 with maximum air
temperatures as high as 33oC for the both Baker and
Mitchell locations and rainfall as low as 88 mm in Baker
County and as low as 78 mm in Mitchell County.

Table 1. Total irrigation amounts (TIA) observed during the four cropping seasons that were analyzed, and the
crop’s average and standard deviation of the total irrigation amounts.
Cotton
Maize
Peanut
Season
Field # Location TIA (mm)
Field # Location
TIA (mm)
Field #
Location
TIA (mm)
1
3
4

Baker
Mitchell
Mitchell

30.2
135.4
184.1

5

Mitchell

476.4

2001

2
6

Baker
Mitchell

183.2
410.3

2002

2
4

Baker
Mitchell

245.3
211.7

5
6

Mitchell
Mitchell

854.8
462.8

1
3

Baker
Mitchell

210.2
229.0

2003

1
3

Baker
Mitchell

73.3
30.7

6

Mitchell

251.0

2
4
5

Baker
Mitchell
Mitchell

48.3
46.6
102.4

2
3
4

Baker
Mitchell
Mitchell

245.3
109.4
131.3

5

Mitchell

496.0

2004

1
6

Baker
Mitchell

137.2
265.9

133.9
85.2

508.2
217.7
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Figure 1. Five-day cumulative rainfall and five-day
average maximum and minimum air temperature
observed in Newton, Baker, during the four year
cropping seasons analyzed in this study.
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Figure 2. Five-day cumulative rainfall and five-day
average maximum and minimum air temperature
observed in Camilla, Mitchell, during the four year
cropping seasons analyzed in this study.
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Smaller irrigation amounts were applied in cotton,
maize, and peanut during 2003 (Table 1), probably due to
the better distribution of rainfall during this cropping
season (Figure 1 and Figure 2). The deviations of the
irrigation amounts observed in Table 1 are caused by
several factors. This includes the different planting dates,
the inter-annual and intra-seasonal weather variation
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In 2003, the adequate rainfall distribution during
March and April for maize as well as the middle May
planting date for cotton and peanut that avoid the scarce
rainfall at the beginning of that month clearly reflected
the lowest irrigation amounts observed during this year
for the three crops when compared to the other years
(Table 1).
The results of the comparison between observed and
simulated irrigation amounts for peanut are presented in
Table 2. For most of the fields, the r between monthly
observed and simulated irrigation amounts were higher
than 0.60. However, this correlation was significant for
one field during the 2001 cropping season, one field in
2002, and two fields in 2004. The low r found during the
2003 cropping season, mainly for fields number 2 an 4,
was probably due to irrigation management, since this
year had an adequate rainfall distribution at the beginning
of the season and from June to August that probably
permitted more flexibility on the decision when to
irrigate.
The comparison between the observed and simulated
CDF of each peanut field showed a significant difference
between the monthly irrigation amounts during the four
cropping seasons that were studied (Table 2). These
results are not atypical, since we are comparing on-farm
irrigation applications with estimations from computer
models. Farmers, for instance, make practical decisions,
such as a continuation of irrigation if rainfall occurs after
irrigation has been initiated. These are decisions that a
model cannot take into account. However, the potential
of the DSSAT models as a tool for irrigation scheduling
purposes was demonstrated.

Table 2. Coefficient of correlation (r) and
Kolmogorov-Smirnov test statistic (D) for the
comparison of monthly irrigation amounts from
simulated and observed data
Cropping Season

Location

Field
#

r

D

2001

Baker

2

0.656

0.286*

2001

Mitchell

6

0.846*

0.571*

2002

Baker

1

0.475

0.429*

2002

Mitchell

3

0.896*

0.429*

2003

Baker

2

0.584

0.571*

2003

Mitchell

4

0.547

0.571*

2003

Mitchell

5

0.684

0.571*

2004

Baker

1

0.738*

0.286*

2004

Mitchell

6

0.958*

0.286*

Values with a * have a significantly correlation or a cumulative
distribution function that is significantly different at p < 0.05.

The comparison of the observed and simulated
irrigation amounts for cotton and maize, not presented
here, provided correlations similar to those obtained for
peanut. For most of the cotton and maize fields, the
coefficient of correlation between observed and
simulated irrigation amounts were higher than 0.70 and
0.63, respectively. Thus, results from the DSSAT models
permitted adequate estimates of the monthly irrigation
amounts required by the crops.

CONCLUSION
The analysis and comparison of the observed and
simulated irrigation scheduling showed the potential of
the DSSAT models to be used as a tool for on-farm and
regional irrigation scheduling.
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