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Abstract: Traditional agronomic experiments were conducted at a specific location in time and space, resulting in long,
seasonal, time-consuming, and expensive experiments. An international team of scientists has developed a decision support
system for the transfer of agrotechnology, which has been used by researchers from around and the world for 15 years. This
package incorporates models for over 42 crops (since Version 4.7.5) as well as tools to facilitate effective use of the models.
Tools include database management programs for soil, weather, crop management, and experimental data, utilities, and
implementation programs. Crop simulation models simulate growth, development, and yield in accordance with soil-plant-
atmosphere dynamics. Over the last few years, it has become increasingly difficult to maintain the DSSAT crop models,
partly due to the fact that there were different sets of computer code for different crops with little attention to software
design at the level of crop models themselves. Thus, the DSSAT crop models have been re-designed and programmed to
facilitate more efficient incorporation of new scientific advances, applications, documentation, and maintenance. The basis
for the new DSSAT cropping system model (CSM) design is a modular structure in which components separate along
scientific discipline lines and are structured to allow easy replacement or addition of modules. In this review paper, |
described the approaches used to model the primary scientific components (soil, crop, weather, and management). Besides,
the review paper describes the limitations, the future of the DSSAT model, and its importance. The benefits of the new, re-
designed DSSAT-CSM will provide considerable opportunities for its development and others in the scientific community
for greater cooperation in interdisciplinary research and in the application of knowledge to solve problems in the field,
farm, and higher levels.
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1. Introduction

Agricultural decision-makers at all levels need an
increasing amount of information to better understand the
possible outcomes of their decisions to help them develop
plans and policies that meet their goals. An international
team of scientists has developed a decision support system
for the transfer of agrotechnology (DSSAT) to estimate
production, resource use, and risks associated with
different crop production practices. The DSSAT is a
microcomputer software package that contains crop-soil
simulation models, databases for the weather, soil, and
crops, and strategy evaluation programs integrated with a
'shell' program which is the main user interface [17].
Furthermore, the Decision Support System for

Agrotechnology Transfer (DSSAT) is a set of computer
programs for simulating agricultural crop growth [16]. It
has been used in many countries by agronomists for
evaluating farming methods [35, 2]. One application has
been assessing the possible impacts on agriculture of
climate change and testing adaptation methods. DSSAT is
built with a modular approach, with different options
available to represent such processes as evapotranspiration
and soil organic matter accumulation, which facilitates
testing different representations of processes important in
crop growth [8, 22, 26].

DSSAT grew out of the International Benchmark Sites
Network for Agrotechnological Transfer (IBSNAT) in
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the 1980s, with the first official release in 1989 [26].
Version 4, released in 2003, introduced a more modular
structure and added tools for agricultural economic
analysis and risk assessment [16]. The development has
continued in affiliation with the International Consortium
for Agricultural Systems Applications (ICASA) [42].
The functionality of DSSAT has also been extended
through interfaces with other software such as GIS [35,
34]. DSSAT typically requires input parameters related
to soil condition, weather, and management practices
such as fertilizer use, irrigation, and characteristics of
the crop variety being grown [43]. Many common crops
have their characteristics already implemented as DSSAT
modules [16].

DSSAT has been in use by more than 16,500 researchers,
educators, consultants, extension agents, growers, and
policy and decision-makers in over 174 countries
worldwide [2019]. The crop models require daily weather
data, soil, surface and profile information, and detailed crop
management as input. Crop genetic information is defined
in a crop species file that is provided with DSSAT and
cultivar or variety information that should be provided by
the user. Simulations are initiated either at planting or
before planting through the simulation of a bare fallow
period. These simulations are conducted at a daily step or in
some cases, at an hourly time step depending on the process
and the crop model. At the end of each day, the plant and
soil water, nitrogen, phosphorus, and carbon balances are
updated, as well as the crop’s vegetative and reproductive
development stage [16].

The DSSAT helps decision-makers by reducing the time
and human resources required for analyzing complex
alternative decisions [37]. It also provides a framework for
scientific cooperation through research to integrate new
knowledge and apply it to research questions. Before
proceeding, some explanation of the use of the term
decision support system is needed. Decision support
systems (DSS) are interactive computer-based systems
that help decision-makers utilize data and models to solve
unstructured problems. The current DSSAT ecosystem
includes at least one real-world experiment per crop that
was used either for model development, calibration, or
evaluation. Most researchers have their standard
methodology for recording experimental data in field
books, spreadsheets, and other electronic media. These
individual differences make it somewhat challenging to
convert the measured data into a format that can be
directly applied in a crop modeling system. DSSAT
provides specific tools for entering weather, soil, crop
management, and observational data and the systems
improve the performance of decision-makers while
reducing the time and human resources required for
analyzing complex decisions. Therefore, this review
aimed to understand the concept, importance, limitation,
and future application of the decision support system for
the agrotechnology transfer model in new generation
agricultural research.

2. The Review of DSSAT Model
2.1. The Concept of DSSAT Model

Traditionally, research for agricultural development and
improvement is based on small plot experiments that are
conducted for multiple years on a research station and, on
occasion, in multiple locations. The outcomes of these
experiments are then transmitted in the form of
recommendations to farmers through statewide and
county-based extension services. Although this approach
works well for the United States and Europe, where farms
are normally well managed concerning fertilizer, irrigation
inputs, and pests and diseases, in some countries funding
and resource challenges make this approach less practical
[18]. In the early 1980s, the United States Agency for
International Development (USAID) made a bold step to
support a project that was based on systems analysis of
agricultural production to address food security in
developing countries. This project for improving
agricultural production called the IBSNAT (International
Benchmark Sites Network for Agrotechnology Transfer)
scheme was launched in 1992, as an investigation
methodology to study the assumption that modeling
systems play an important role in agricultural
improvement [35].

The international team of scientists working for IBSNAT,
developed computer software with a suite of models named
Decision Support System for Agrotechnology Transfer
(DSSAT) to simulate yield, resource use, and risks related to
different crop production practices [36, 12]. The system
which consists of files, data formats, computer codes, and
user-interface was used for the crop model integration to
DSSAT. The models simulate plant growth, development,
and yield as a function of plant genetics, weather, soil
conditions, and crop management practices [3]. The range of
crops simulated is wide: cereals (maize, wheat, rice,
sorghum) legumes (peanut, soybean, beans) pasture grass,
roots, and tubers (cassava, potatoes). The cereal simulation
modules derive from CERES (Crop-Environment-Resource-
Synthesis) modeling activities carried out mainly in the
1980s. The CERES-maize module was developed by [15];
the CERES wheat by [29], and CERES rice by [32] among
others. The legume module is derived from CROPGRO with
components such as PNUTGRO, SOYGRO, BEANGRO
among others [4].

The DSSAT has gone through considerable improvement
over time, DSSAT was first released (v2.1) in [19];
additional releases were made in 1994 (v3.0) [36] and 1998
(v3.5)[12], 4.0, 4.5, 4.6 and the original design and concept
are still viable in the most current version of DSSAT
Version 4.7.5 [11] and a proposed future implementation in
DSSAT [28]. Crop growth models integrate the effects of
soils, weather, management, genetics, and pests on daily
growth, and can be used to gain insight into spatial yield
variability. Among the numerous crop growth models, the
most widely used are the Decision Support for
Agrotechnology Transfer (DSSAT) models, which were
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designed to stimulate growth, development, and yield of a
crop growing on a uniform area of land, as well as the
changes in soil water, carbon, and nitrogen that take place
under the cropping system over time [16]. DSSAT has been
in use for the past 15 years by researchers all over the
world, for a wvariety of purposes, including crop
management [7] climate change impact studies [1],
sustainability research Quemada and Cabrera (1995) and
precision agriculture [24], and is well validated for several
regions and crops. Included in the DSSAT family are
modules that simulate the growth of 16 different crops,
including maize, soybeans, wheat, rice, and others.

2.2. Agronomy and DSSAT Model

According to [16] the information needs for agricultural
decision-making at all levels are increasing rapidly due to
increased demands for agricultural products and increased
pressures on land, water, and other natural resources. The
generation of new data through traditional agronomic
research methods and its publication is not sufficient to
meet these increasing needs. Traditional agronomic
experiments are conducted at points in time and space,
making results site- and season-specific, time-consuming,
and expensive. Unless new data and research findings are
put into formats that are relevant and easily accessible,
they may not be used effectively. The decision support
system for agrotechnology transfer (DSSAT) model was
originally developed by an international network of
scientists, cooperating in the International Benchmark
Sites Network for Agrotechnology Transfer project [13,
37, 39, 17] to facilitate the application of crop models in a
system approach to agronomic research. Its initial
development was motivated by a need to integrate
knowledge about soil, climate, crops, and management for
making better decisions about transferring production
technology from one location to others where the soils and
climate differed [13, 39].

2.3. Importance of DSSAT Model

The DSSAT crop models have been widely used over the
last 15 years by many researchers for many different
applications. Many of these applications have been made to
study management options at study sites, including fertilizer,
irrigation, pest management, and site-specific farming. These
applications have been conducted by agricultural researchers
from different disciplines, frequently working in teams to
integrate cropping systems analysis using models with field
agronomic research and socioeconomic information to
answer complex questions about production, economics, and
the environment. [16].

Researchers from all continents have used these models
in studying the potential impacts of climate change on
agricultural production [31]. The models have also been
widely used in studying the potential use of climate
forecasts for improving the management of different
cropping systems, and the value and risks associated with

the use of this information. In addition to research
applications, the DSSAT and its crop models have been
used in teaching, both in continuing education courses and
informal university courses at the graduate and
undergraduate levels [37]. There also have been attempts to
use these models in advising farmers (through extension
services and the private sector). In one application,
described by [41] an agricultural company has implemented
versions of three of the DSSAT v3.5 models in a
comprehensive farmer support software package that is
being used by private consultants.

2.4. The DSSAT Ecosystem

The combination of different models, tools, utilities, and
applications requires the development of a unique interface
that provides easy access for a user who may not be
familiar with crop models in general, especially with the
challenges of formatting input and output files. Jim Jones
conceptualized the design of DSSAT to be an integrated
crop modeling platform [17]. DSSAT provides tools to
assist a user to prepare the different input files that are
needed for running a model, to define the experiments and
treatments or scenarios a user wants to simulate, and to
conduct an analysis of crop model outputs from the
simulations, including a comparison with observed data for
model evaluation and strategic analyses for model scenarios
(Figure below). To facilitate the interaction between the
crop models, the data tools, the utilities, and the application
programs, a very strict protocol is required for the file
naming convention, specific file formats, and system
settings that define the location and names of the model
input and output files. This approach was first presented to
DSSAT users in DSSAT Version 2.1 [14] and DSSAT
Version 3.0 [13] at the end of the IBSNAT Project. The
original design and concept are still viable in the most
current version of DSSAT Version 4.7.5 [11] and a
proposed future implementation in DSSAT [28].

Over time, both the file formats and the file naming
conventions have changed, but the approach is still the same.
The same flat ASCII file structures are used to provide
ultimate portability, something learned after using early
proprietary database software that was no longer supported.
As a result, a user can easily simulate crop growth,
development, and yield for different crops in the same field
while making only minor changes to the input files that are
crop-specific, such as variety selection, planting date, or
plant density. The strict protocol also has allowed
programmers to develop new tools and utilities that can be
easily incorporated into DSSAT based on standard input and
output formats. Examples include the graphics program Easy
Grapher [44] the genetic-specific parameter optimizer GLUE
[9], and a platform-independent DSSAT shell [28]. The only
challenge has been the use of two digits to represent a year,
which will be resolved in the next release of DSSAT with the
introduction of ICASA Version 2.0 file formats that were
defined several years ago [42].
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Figure 1. The DSSAT crop modeling ecosystem.

2.5. Components for Application of DSSAT Model

The DSSAT is a collection of independent programs that
operate together; crop simulation models are at its center [16].
Databases describe the weather, soil, experiment conditions
and measurements, and genotype information for applying the
models to different situations. The software helps users prepare
these databases and compare simulated results with
observations to give them confidence in the models or to
determine if modifications are needed to improve accuracy
[39, 17]. Besides, programs contained in DSSAT allow users to
simulate options for crop management over several years to

assess the risks associated with each option. DSSAT was first
released (v2.1) in 1989; additional releases were made in 1994
(v3.0) [36] and 1998 (v3.5) [12]. The DSSAT is currently
undergoing major revisions, not in its aim but its design. One
major reason for this re-design is that each crop model in
DSSAT v3.5 had its soil model components. Although
simulation of crop rotations was possible in that version, the
problems regarding programming, compatibility of soil
models, and potential bugs in different sets of code. At the
heart of the DSSAT revisions is a new cropping system model
(DSSAT/CSM), which incorporates all crops as modules using
a single soil model [16].
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2.6. Re-design of DSSAT Model

The applications provide a broad overview of the many
studies that have used the DSSAT and its crop models. These
were conducted before the new modular DSSAT/ CSM was
developed. Thus, many of these applications have focused on
single crops instead of cropping systems. Since the
DSSAT/CSM simulates crop and soil processes the same as
DSSAT v3.5 (except for the new CENTURY-based soil C
and N module), the current version has the same scientific
capabilities that were used in most of these previous studies.
However, the new DSSAT/ CSM opens the way for more
effective research on cropping systems [8] and it opens the
way for more effective scientific improvements than ever
before due to overcoming many hurdles imposed by the
structure of previous versions.

In many past studies, researchers accepted the crop and
soil models in DSSAT as they were, but many studies
showed that improvements were needed in various parts of
the models. In some cases, researchers modified the code to
create their versions of crop models, but such efforts were
complicated by the design of the models themselves and by
the lack of adequate documentation in some cases. The re-
design of the DSSAT/CSM was undertaken to help overcome
some of these problems as well as to facilitate an efficient
evolution for broader and more advanced applications in the
future. Although the DSSAT/CSM is new, researchers are
already adding new modules for pest dynamics (J. Koo,
personal communication), models for new crops (O. Daza,
personal communication) [5, 41].

2.7. Limitation of DSSAT Model

The main limitations of DSSAT relate to the included crop
models [17]. Models for only a few crops are included in the
system and the models do not respond to all environmental
and management factors. Missing are the components to
predict the effects of tillage, pests, intercropping, excess soil,
water, and other factors on crop performance. These models
are most useful in regions of the world where weather, water,
and nitrogen are the factors that affect crop performance.
Their date value has been for demonstrating the potential and
in teaching [17]. The performance of these models may not
be good under severe environmental stress. The models
currently simulate the potential, and water and nitrogen-
limited productions, but do not consider many factors that
determine yield limitations in many agricultural fields, for
example, Phosphorus availability. The soil, water balance
model is limited to well-drained soils. [30] recommended the
need for a better simulation of the water balance in very
poorly drained conditions where oxygen stress will affect
crop growth.

One weakness of the DSSAT ecosystem and many other
crop modeling systems is the limited capability for handling
the impact of biotic stresses caused by insect pests, diseases,
and weeds. DSSAT currently has a static system that allows a
user to define biotic stressors based on field damage

observations. However, there is no coupling with dynamic
pest and disease models.

2.8. The Future of DASST Model

One of the challenges of maintaining and developing
scientific software platforms in agriculture is the limited
availability of resources for software developers. Most grant
agencies, both domestic and international, are not as
interested in advancing scientific models as in applications.
Also, many agricultural scientists are not good programmers,
especially in computer languages such as Fortran, Delphi,
and Visual Basic that are currently used in DSSAT. Since the
start of the development of DSSAT and the crop models, the
emphasis has been on scientists developing the crop models,
rather than relying on professional programmers who
develop the code based on input provided by the scientists.
However, this development model is not sustainable,
especially when financial resources are limited. Therefore,
collaboration is required among programmers who can code
in scientifically sound code, and scientists with state-of-the-
art expertise. With the migration to Open Source and the
sharing of the source code, the DSSAT Development group
hopes to expand the community of those interested in
advancing and improving the DSSAT ecosystem, including
the models as well as the tools and utility programs. The
DSSAT Development Sprints are part of this collaboration
and so far, the sprints have resulted in crop model
improvement for irrigation management [21] a new tool for
soil data retrieval from the internet [20] and a new modeling
engine for different operating systems [28].

One of the most challenging aspects of the DSSAT crop
models is the GSPs, which, for all models, must be
estimated for local cultivars and hybrids before any real-
world application. There have been efforts to bridge the gap
between biotechnology, genetics, plant breeding, and crop
modeling using either genes or quantitative trait loci
(QTLs). The first, simple, gene-based model, GENEGRO,
was developed by [10] more than 20 years ago, linking
several genes to the GSPs of the dry bean model,
BEANGRO. Predictions for phenology were as accurate as
of the original model, while final yield and biomass
predictions were more challenging. A similar gene-based
approach was applied for soybean by [23]. More recent
developments are based on QTLs that are directly or
indirectly linked to GSPs or plant traits [40]. As the cost of
mapping QTLs/genes becomes cheaper, it is expected that
rapid advances can be made in this area. A future model
would have QTLs/genes linked to one or more growth and
development processes via modules that would allow for
the input of gene maps directly into crop models [10]. If
successful, this improvement would then reduce the
requirements for calibration of a new cultivar for local
conditions, assuming that QTL knowledge is public and
proper phenotyping of QTL actions has been done [33].

Because DSSAT is a comprehensive software program, it
requires the training of agricultural scientists who
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traditionally specialize in single disciplines and who may not
be very familiar with the systems approach that encompasses
multiple disciplines. Ideal capacity building requires multiple
workshops, starting with the basics of crop modeling and
data requirements, followed by data collection for model
evaluation, and finishing with model applications, the most
critical part of crop modeling and decision support by [19]
will be mandatory.

3. Conclusions and Recommendation

The current agricultural production system is challenged
with the weather and climate extremes and variability and
economic risks. There is pressure to cultivate more healthy
food wusing sustainable practices. At the same time,
technology is rapidly improving with new sensor
technologies, the internet of things, edge computing, and
remote sensing. The amount of data that are being collected
for the agricultural production system is exponentially
expanding, providing opportunities for data analytics for
strategic and actionable decisions. The DSSAT model can
play a major role in helping to understand the interaction
between Genotype, Environment, and Management (G * E *
M) and to provide alternative management options that
increase crop yield and quality, optimize resource use, and
minimize environmental impact for long term sustainable
agricultural production.

In many previous studies, researchers have accepted the
crop and soil models in DSSAT as they were, but many
studies have shown that improvements were needed in
various parts of the models. In some cases, researchers
modified the code to create their versions of crop models, but
such efforts were complicated by the design of the models
themselves and by the lack of adequate documentation in
some cases. The re-design of the DSSAT/CSM was
undertaken to help overcome some of these problems as well
as to facilitate an efficient evolution for broader and more
advanced applications in the future. Therefore, Because
DSSAT is a comprehensive software program, it requires the
training of agricultural scientists more for developing
countries like Ethiopia, who traditionally specialize in single
disciplines and who may not be very familiar with the
systems approach that encompasses the multiple disciplines
and it should be recommendable for researchers to use
modeling especially DSSAT model in the future agricultural
research to plant crops in the computer rather than in the
field.
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