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Abstract

This paper provides a brief overview of computer-simulation decision-support systems, and describes
the data necessary for their generation and validation, their role in modern agricultural research and their
potential utility for researchers and growers. Data from field experiments in Venezuela and Thailand were used
to test the P submodel within DSSAT (Decision Support Systems for Agrotechnology Transfer), and close
agreements in the maize grain yields were obtained between measured and simulated numbers for various P
treatments including phosphate rocks.

1. INTRODUCTION

With the wide spread use of personal computers and advances in information technology,
simulation modelling is becoming increasingly important in helping to synthesise knowledge to solve
practical problems. It plays a significant role in decision-making for industry, environmental
regulators, government and consultants.

2. FUNDAMENTAL PRINCIPLES OF MODELLING

A model can be either a set of equations or a physical system - a simplified version or a
description of reality. It can make a situation easier to define and manage by considering only the
most important aspects and ignoring less-important detail. Although this is a strength of modelling,
i.e. bringing simplicity from complexity, it is also a weakness in that contributions from less-
important factors are ignored.

A model allows interpolation and extrapolation of a limited set of data so that repetitive,
laborious and time-consuming experimentation can be reduced. It can also help to identify knowledge
gaps and provide insights where experimental results are lacking or are incomplete. Although models
are useful, they are considered complementary to experimentation and are not meant to take its place.
A model cannot be developed or verified without a good set of data. Often much effort is spent in
developing a model, whereas less effort is put into conducting appropriate experiments to
parameterise and test it.

Models can be distinguished on the basis of whether they are developed primarily for research
purposes or as guides for agricultural management. The former type tends to be more mechanistic, for
helping to understand how processes underlying a system interact. The latter are more functional, in
that the treatment of soil processes is simplified sufficiently for practical management decisions; the
input information and computer-expertise requirements for their use are less demanding.

3. CROP-SIMULATION MODELS AND DECISION-SUPPORT SYSTEMS

Soil, climatic, plant, and management factors affect how a crop responds to irrigation,
fertiliser, and other management practices. Determining appropriate crop-management strategies
under these uncertainties has major economic and environmental implications. This is particularly so
as demands on resources for food production become more critical. Computer-simulation models of
the soil/crop/atmosphere system can make valuable contributions to our understanding of the
processes determining crop responses and can predict crop performance in different areas. They can
greatly facilitate the tasks of optimising crop and nutrient management and of deriving
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recommendations for crop management. And they can be used to investigate environmental and
sustainability issues of agro-ecosystems, and aid in understanding the interplay among cropping-
systems management, soil, and weather.

Many crop-simulation models have being developed, e.g. CERES [1], SUCROS [2], and
CropSyst [3].

3.1. Decision-support systems

Computer-based decision-support systems (DSSs) interactively help decision makers utilise
data and models to solve unstructured problems [4]. The main aim of such systems is to reduce the
time and human resources required for analysing complex data. A DSS should support all phases of a
decision-making process, characterised by:

- Searching for conditions calling for a decision by identifying possible problems or
opportunities,

- Creating and analysing possible courses of action,

- Suggesting a course of action from those analysed.

Two popular DSSs are DSSAT (Decision Support Systems for Agrotechnology Transfer) and
APSEVI (Agricultural Production Systems SIMulator). They were designed for easy creation of
experiments to simulate, on computers, outcomes of complex interactions among various agricultural
practices, soil, and weather conditions, and to suggest appropriate solutions to site-specific problems.

3.1.1. Decision Support Systems for Agrotechnology Transfer

The DSSAT is a computer-software programme that provides users with easy access to soil,
crop, and weather information as well as to crop models and application programmes to simulate,
analyse, and display multi-year outcomes of alternative management strategies specified by the user.
It is a product of the International Benchmark Sites Network for Agrotechnology Transfer (IBSNAT),
in Honolulu. It is a network consisting of the contractor (University of Hawaii), sub-contractors and
many global collaborators. Together, they have created a network of national, regional, and
international agricultural research for the transfer of agrotechnology among global partners in
developed and less-developed countries.

DSSAT allows users to ask "what i f questions, and simulate results by conducting,
experiments on a desktop computer, which would otherwise take years to complete. Crop-model
validation is accomplished by running it with the minimum data set, and comparing outputs. By
simulating probable outcomes of crop-management strategies, DSSAT offers users information with
which to rapidly appraise new crops, products, and practices for adoption.

The Seasonal, Sequence and Spatial (AEGIS/WIN) Analysis programmes within DSSAT
links crop-growth simulation models with Geographic Information Systems (GISs) and, hence,
expands the application of crop models to large areas across which soils, weather, and management
vary. It allows the management of large amounts of spatial information related to crop production and
environmental effects, and visualises crop-simulation results to improve understanding. DSSAT has
been used to study fertiliser strategies, impact of global-climate change, farm-household-decision
making within whole-farm systems, pest/crop interactions, and land-resource evaluations.

The crop models within DSSAT are included in CERES and CROPGRO. Currently, DSSAT
is able to simulate maize, wheat, rice, sorghum, barley, millet, soybean, peanut, dry bean, chickpea,
cassava, potato, sugarcane, tomato, sunflower and pasture.
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3.1.2. Agricultural Production Systems Simulator

The APSIM programme was developed by the Agricultural Production Systems Research
Unit, a joint effort of Queensland Departments of Primary Industries and Natural Resources, and
CSIRO Tropical Agriculture, Australia. It incorporates the physiology of crop growth and
development, effects of management on soil water, N, residues, erosion, cropping sequences, and
intercropping, for simulating agricultural production systems. System processes in APSIM are in
distinct modules, with soil as the central unit. Interaction between modules occurs via a
communication engine [5]. APSIM has been developed to allow the user to configure a model by
choosing a set of submodels from a suite of crop, soil and utility modules. Any logical combination of
modules can be simply specified by the user "plugging-in" required modules and "pulling out" any
modules no longer required. The crop modules available include maize, wheat, barley, sorghum,
sugarcane, sunflower, cowpea, soybean, chickpea, mungbean, peanut and pasture.

3.2. Data and databases

The application of crop-simulation models to problems in the real world depends not only on
the availability of models and application software, but also on the availability of information that
make it possible to run models for particular target regions. Therefore, it is important that the
appropriate data needs, data collection and experimental procedures are specified so that data-
handling structures and analytical approaches can be defined and developed.

A database is an integrated collection of data, or information that describes interrelated sets of
persons, places, things and/or events (entities). Databases may also be called files. They generally
comprise records, and individual items of information that can vary in size and complexity. There are
several different types of databases, classified by the type of information they contain, how they are
structured, or a combination of the two.

The three categories that describe databases, based on their contents, are textual, numeric, and
graphic files. Textual files contain records whereas numeric databases contain very little such
information, but have various fields of numeric data. Numeric databases differ from those containing
mostly words in terms of need to perform complex calculations on the data in a field, rather than
merely retrieving a piece of information contained in the text. Graphic or image databases are also
called object-oriented databases.

Databases are described also by the way the information is structured. The two common
structures are flat-file and relational databases. In flat files, the individual records are designed to hold
and organise all the information on a topic. These records are contained in one database. In a
relational database, multiple records in different files may be linked together - related - to organise
the information.

The advantages of database processing are that duplication of data can be reduced and
consistency of data can be improved. In addition, broader data sharing, and improved productivity in
application development and maintenance, can be achieved.

Commercially available databases include ACCESS, ORACLE, and DB2.

3.2.1. Minimum data sets

Minimum data set (MDS) refers to the least requirement for running the crop model and
validating its output. Validation requires weather data for the duration of the growing season, soil
data, management, and data from the experiment.
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A typical minimum weather data set includes latitude and longitude of the weather station,
incoming solar radiation, maximum and minimum air temperatures, and rainfall, usually collected on
a daily basis.

Desired soil data include soil classification, surface slope, colour, permeability, and drainage
class. Soil-profile data by soil horizon include upper and lower horizon depths, particle size
distribution (percentage sand, silt, and clay contents), one-third bar bulk density, organic carbon, pH
in water, aluminium saturation, and root-abundance information.

Management data include dates when soil conditions were measured prior to planting,
planting date, planting density, row spacing, planting depth, crop variety, irrigation, and fertiliser
practices. These data are needed for both model validation and strategy evaluation.

In addition to soil and weather data, experimental data include measurements of crop growth,
soil water and fertility. These are needed for model validation.

3.3. Phosphorus modelling

Phosphorus is an essential nutrient for plants and animals, and is the limiting factor for crop
growth in many tropical soils because of low native P level and high P-fixation capacity. As it is
costly to apply inorganic P fertilisers, it is important that factors affecting the availability of P from
inorganic and organic sources are understood under various cropping systems and climatic conditions,
so that results may be extrapolated from one region to another. Thus, new methodologies to enhance
the efficiency of P inputs may be devised, with the ultimate goal of improving soil fertility and
achieving agricultural sustainability. The objectives of this work were to build a database for
validating the P submodel within DSSAT and to provide better P fertiliser recommendations for major
food crops in developing countries. The results from this exercise may be used in the forthcoming
Acid Soils Co-ordinated Research Project (Dl.50.06).

The P submodel (module v 2.2) within DSSAT 3.5 was developed by the Michigan State
University group [6, 7], in association with scientists from the International Fertilizer Development
Center. It was developed to predict the yield potential of crops with the residual effects or annual
additions of soluble P fertiliser or phosphate rock under various soil, climate, and management
conditions. The P submodel was developed also to help in the decision-making process for farmers,
extension agents, and researchers in developing countries, to evaluate scenarios for best crops,
management conditions, and source, application timing and rates of P fertiliser.

The P submodel is not yet an official component of DSSAT 3.5. Further testing is in progress.
It is a "plug-in" module, hence relatively independent of the main code. The P pools were initialised
from fractions obtained during sequential P extraction with increasingly aggressive extractants, or
from soil-P tests. The module has the ability to simulate crop rotations, with each component using P
left over from the previous crop.

The P module works on a daily basis, by mass transfer from one soil-P pool to another,
calculated as the concentration of P in the pool multiplied by a rate constant. The total supply of labile
P in the soil and the total plant demand are calculated for every day of simulation. Soil supply is
sensitive to water status, temperature, and root density. Plant demand depends on mass and the
optimum P concentration in plant organs at each stage of development. If plant demand exceeds the
soil supply, a feedback mechanism reduces the simulated plant growth. Stress factors in the model
output allow the user to evaluate P stress at each developmental stage.
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FIG.l. Flowchart ofP module.

3.3.1. Programme flow and subroutines

Figure 1 shows the major steps of the P submodel; the module is as generic as possible so that
it can be adapted easily for other chemicals.

Figure 2 shows mass flow among the various compartments of the central P module. The total
supply of labile P in the soil is calculated for each day of simulation, as well as total plant demand.
The labile P fraction can be estimated from soil-P tests. Several soil-test options are available. The
fractions obtained during sequential P fractionation are according to Hedley et al. [8].

The P is partitioned into several pools. If plants are present, uptake is equal to either soil
supply or plant demand, whichever is less. The total P is the sum of inorganic active, inorganic stable,
organic active, organic stable, chemical in residues that decompose rapidly, chemical in residues that
decompose slowly, chemical in the fertiliser pool, labile, and chemical in live plants. The total P in
the profile should be the total P of the previous day plus the gains (fertiliser), minus the losses in
erosion, runoff, and in harvested tissue.

3.4. Model testing

The model was tested using data from phosphate-rock trials in Venezuela and Thailand.
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FIG. 2. Mass transfer among P pools.
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FIG. 3. Rainfall and temperature distributions for El Pao, Venezuela.

3.4.1. Venezuela

The data are those of Mr. Eduardo Casanova from experiments in El Pao, Venezuela. The
field trials and the physical and chemical properties of the soils at El Pao are described elsewhere in
this TECDOC. Briefly, the aim of the experiment was to evaluate the efficiency of P fertilisers using
conventional and isotope techniques. The rock phosphates tested were: Riecito rock phosphate (RR)
and acidulated Riecito [40% (RR40) and 60% (RR60)]. There were four P treatments (0, RR, RR40,
RR60). The maize hybrid was PB8, at a density of 62,500 plants/ha. Basal fertiliser applications of 40
kg N/ha and 66 kg K/ha were made at planting with a side dressing of 87 kg N/ha 21 days later.
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FIG. 4. Comparisons of measured and predicted maize yields at El Pao, Venezuela.
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FIG. 5. Rainfall and temperature distributions for Lopburi, Thailand.
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FIG. 6. Comparisons of measured and predicted maize yields at Lopburi, Thailand.

Figure 3 shows the temperature and rainfall distributions for 1995. A total of 1,411 mm of
rainfall were recorded, mainly between April and October. The weather, soil, crop, fertiliser
management and irrigation management (rainfed in this case) information were then put into the P
submodel. The most difficult part of this work was determining the partitioning of the various P
pools; the control treatments were used for calibration.
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Figure 4 shows the model's performance for the different P treatments. Application of
acidulated Riecito rock phosphate increased maize grain yield over the control; this was simulated
successfully by the model.

3.4.2. Thailand

A soybean/maize rotation experiment was carried out in 1997, at Lopburi in the central plain
of Thailand, by Ms. Jittiwan Mahisarakul. The objective was to evaluate the effectiveness of Thai and
foreign sources of phosphate rock using TSP as a check: North Carolina phosphate rock, Algerian
phosphate rock, Ratchaburi phosphate rock, Petchaburi phosphate rock, and Lumpoon phosphate
rock. The Pakchong soil [9] is classified as an Oxic Paleustults, clayey, kaolinitic, isohyperthem.
Basal 20 kg N/ha and 40 kg K^O/ha were applied to the soybean, and basal 80 kg N/ha and 40 kg
K2O/ha were applied to the maize.

Figure 5 shows the rainfall and temperature distributions. The area is characterised by a dry
season between November and March. Heavy rainfall is common in July and August. Figure 6 shows
the measured and simulated maize grain yields for the control, TSP and local Lumpoon phosphate
rock (LPPR). As in Fig. 4, the measured grain yield was corrected for the moisture content (14.5%)
and the comparisons were encouraging. More model testing and sensitivity analysis of various
components will be carried out.

4. CONCLUSIONS

Decision support systems such as DSSAT allow various factors that affect crop yields to be
studied. However, the pre-requisite is a good minimum data set, which must be well planned and
collected from the beginning of the experiment. Data from Venezuela and Thailand were used to test
the P submodel within DSSAT, and close agreements were obtained between measured and simulated
maize grain yields for phosphate rock treatments. One weakness of the P submodel is the need for
detailed data on P-fractionation pools. The degree of detail implies that an expert system is needed to
help initialise the various P pools and estimate transformation rates.
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