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FOREWORD 
Water scarcity in agricultural systems is a major emerging threat for 
attaining food security in South Asia. In spite of this, farmers in this 
region use excess water to irrigate their crop lands and pay a high cost 
through the depletion of the ground water table, leading to decrease of 
their livelihoods. Also, there are huge losses of rain water from crop 
fields due to none or negligible systems for rain water harvesting at a 
national level in South Asian countries. During past decades, the 
rainfall pattern has become erratic due to the adverse effect of climate change which consequently 
affects rainfed crops seriously, especially rice, the staple food grain in South Asia. Traditional 
research has failed to explore an appropriate solution to increase water productivity in the region. 
South Asian Association for Regional Cooperation (SAARC), comprised of the eight South Asian 
countries, has called for ‘a paradigm shift in promoting agricultural productivity not only per unit 
of area but also per unit of water and time’ to improve water productivity in both rainfed and 
irrigated agriculture. The SAARC Agriculture Centre (SAC), one of the regional centres of 
SAARC, initiated an Australian-funded project on ‘Developing capacity in cropping systems 
modelling to promote food security and the sustainable use of water resources in South Asia. This 
SAARC-Australia project offers Australia’s expertise in systems analysis and modelling 
(including the APSIM-Oryza model) to build capacity within National Agricultural Research 
Systems to undertake more effective research using modelling-supported systems approaches.   
The great achievements of this project are, twenty trainees have been trained in cropping systems 
modelling to support to promote food security and sustainable use of water resources in South 
Asia. Trainees already have initiated different projects/activities including training on modelling 
using APSIM-Oryza in their own countries. SAC database has been developed with the trainees’ 
experimental data and linked with SAC website for the use as reference. The immense output of 
this project has led to the publication of this SAC Monograph, containing research articles written 
by the trainee scientists of the project from their research carried out during the training period. 
The Monograph also contains some useful articles on the project written by project team.  
We acknowledge Australian Government and Australian Centre for International Agricultural 
Research (ACIAR) for the funding support of the project. Our heartfelt gratitude to the 
Commonwealth Scientific and Industrial Research Organisation (CSIRO), Australia and 
International Rice Research Institute (IRRI), Philippines for providing technical support in 
implementing the project. We are very much grateful for the continuous support of the SAARC 
systems (Ministry of Foreign/External Affairs, SAARC Secretariat), National Agricultural 
Research Systems (NARS) of the member countries, SAC Governing Board (GB) Members and 
Members of the Project Advisory Committee, Project Team and Trainee scientists for the 
successful project implementation. I am also thankful to my colleagues in SAC for their 
continuous support. Heartfelt thanks to Dr. Ibrahim Saiyed, Project Coordinator for his enormous 
efforts during the project period to make every event very successful. 
I greatly acknowledge the excellent work done by all authors and editors of this Monograph. It 
will be a tremendous resource and reference for the future modelers and modelling activities. I 
would appreciate any feedback, comments or suggestions which would help us to avoid any 
mistakes in the future work. 
 

Dr. Abul Kalam Azad 
Director 
SAARC Agriculture Centre 
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PREFACE 

Developing capacity in cropping systems modelling is in itself not a new concept.  The 
SAARC-Australia project aimed to build upon the experience and lessons from several 
previous pioneering capacity-building initiatives in cropping systems modelling, and has 
made significant progress in many areas.  In particular, the project extended the definition 
of “modelling capacity building” from pure training of scientists in use of computer 
cropping systems models, to training in field methods and data acquisition techniques, the 
creation of shared resources for soil and climate data, the institutionalization of model 
support and backstopping, and efforts to increase awareness of modelling benefits (and 
hence support) within SAARC country NARS.    
Although primarily aimed at capacity building, the project has made some significant 
scientific achievements, some of which are detailed in the chapters of this monograph.  
The application of the APSIM-Oryza model to rice cropping systems, for example, has 
gained validation testing in wide range of South Asian environments under a range of 
management systems, and now has a solid grounding. 
I think we can speak on behalf of the entire project team in saying that the SAARC-
Australia project was  a great experience for all involved, filled with new learnings, 
international camaraderie, and the start of a vision for how collaborative spirit in 
agricultural science might achieve big things for the SAARC countries.  The efforts of 
this project to establish critical modeller-network components for the region are an 
intrinsic part of this vision. This monograph contains a cross-section of writings from the 
project – a collection of research papers prepared by the project trainees detailing their 
research, a summary of learnings by the trainer team on how to structure and perform 
training, and an evaluation of our efforts to establish key components of a modeller 
network for the SAARC countries.  I think importantly we have also attempted a critical 
assessment of what worked well in this project, what didn’t, and what could be done 
differently in future. 
Many of our project trainees have already gone on to make contributions to wider 
international modelling initiatives in the region, and we have no doubt that many will 
grow into prominent modelling scientists making significant contributions to the major 
agricultural challenges of our times.  A critical mass of modelling scientists and a strong 
network within the region will be important to maintain the current momentum and 
growth of agricultural modelling.  The SAARC Agriculture Centre has a pivotal role to 
play in this, and it is our great hope that this project has contributed positively to 
achieving the aim of a strong self-sustaining network of modellers for the SAARC 
countries. 
 
The Editors 
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ACCA Adaptation to Climate Change in Asia (project logo) 
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AEG Agro-Ecological Zone 
AgMIP Agricultural Model Intercomparison and Improvement Program  
AMSL Above Mean Sea Level 
APSIM Agricultural Production Systems Simulator (cropping systems model) 
APSRU Agricultural Production System Research Unit, Australia 
ARD Agriculture and Rural Development 
AWD Alternate Wetting and Drying 
BARC Bangladesh Agricultural Research Council 
BARI Bangladesh Agricultural Research Institute 
BBS Bangladesh Bureau of Statistics 
BER Bangladesh Economics Review 
BINA Bangladesh Institute of Nuclear Agriculture 
BD Bulk Density 
BRRI Bangladesh Rice Research Institute 
CARMASAT Collaboration on Agricultural / Resource Modelling and Applications in the 

Semi-Arid Tropics 
CDF Cumulative Distribution Function 
CIMMYT International Maize and Improvement Center 
CLL Crop Lower Limit 
CPSIS Center Pivot Sprinkler Irrigation System 
CRI Crown Root Initiation 
CRIDA Central Research Institute for Dryland Agriculture 
CSIRO Commonwealth Scientific and Industrial Research Organisation  
CSISA Cereal System Initiative South Asia 
CSSRI Central Soil Salinity Research Institute, Karnal, India 
CSWCRTI Central Soil and Water Conservation, Research & Training Institute 
DAT Days after Transplanting 
DAS Days after Sowing 
DoA Department of Agriculture 
DSR Direct Seeded Rice 
DSSAT Decision Support System for Agrotechnology Transfer 
DUL Drained Upper Limit 
DVS Development Stage of crop 
ET Evapo-transpiration 
FAO Food and Agriculture Organization of the United Nations 
FC Field Capacity 
FRG Fertilizer Recommendation Guide 
FYM Farmyard Manure 
GB Governing Board 
GYGA Global Yield Gap Analysis  
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IWMI International Water Management Institute 
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NARS National Agricultural Research System 
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NRM Natural resource management 
NRMC Natural Resource Management Center (Sri Lanka) 
ORYZA IRRI rice crop model 
PARC Pakistan Agricultural Research Council 
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PET Potential Evapotranspiration 
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RMSE Root Mean Square Error 
RRDI Rice Research and Development Institute, Sri Lanka 
RWCS Rice Wheat Cropping System 
SAC SAARC Agriculture Centre 
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SARP Simulation and Systems Analysis for Rice Production 
SAARC South Asian Association for Regional Cooperation 
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Chapter-1 

Introduction to the SAARC-Australia Project 
C.H. Roth*, D.S. Gaydon 

CSIRO Ecosystem Sciences, 41 Boggo Road, Dutton Park Q 4102, Australia 
*Corresponding author: Christian.Roth@csiro.au 

Abstract 
One of the major emerging threats to food security in South Asia is the decreasing 
availability of water for agriculture and the need for improved water productivity in both 
rainfed and irrigated agriculture. However despite several decades of agricultural 
research into water productivity, the impact of past research has not reached the level 
required to safeguard future food production against likely reductions in water 
availability. In part this can be attributed to the traditional research and extension 
approaches prevalent in SAARC Member States. Research institutions in South Asia are 
mostly organised along disciplinary boundaries or on a commodity basis. This precludes, 
or at least makes it harder for farming systems research to take place effectively. Yet a 
systems approach is a prerequisite to addressing cross-sectoral issues such as water 
scarcity or climate change, as well as being better equipped to reflect farming reality.  
Cropping systems models are key research tools for effective systems research. The 
historical use of cropping systems models in SAARC countries has been fragmented or 
absent, with little residual capacity to address many of the major agricultural challenges 
facing the region (climate change, adapting to changing water supplies etc). Worldwide, 
there is a long-documented history of successes and failures with cropping systems 
modelling groups – the demonstrated key factors for long-term success, growth, and 
sustainability of skills include (i) co-ordinated training; (ii) the creation and maintenance 
of a critical mass of networked practitioners and (iii) functional structures for sharing 
network resources (particularly model-related data – climate, soils, crops etc). This 
project offered Australia’s expertise in establishing and maintaining such networks to 
build capacity within SAARC agricultural research organisations to undertake more 
effective research using modelling-supported systems approaches to future food security 
and water use research issues.  
In the two years since its commencement, this project has been successful in laying the 
groundwork for a future functional network of cropping systems modellers in the 
SAARC countries. Key project achievements include: 
• Training the a cohort of 20 scientists from Bangladesh, Bhutan, India, Nepal, 

Pakistan and Sri Lanka in the use of the APSIM model; including field data 
collection requirements and techniques for high-quality model input and validation 
data. 

• Linking several of the trainees into wider on-going modelling initiatives in the 
region.  

• Establishment of an on-line modelling database for the SAARC countries, containing 
soil, crop, climate and a range of other key APSIM-model related data, linked with a 
Google-Earth interface and easily accessible by all current and future regional 
modellers (part of the wider global APSIM-World initiative). 
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• Incipient institutionalisation of a modelling support role within the SAARC 
Agriculture Centre (SAC) to coordinate and support the growing network of 
modellers. 

• Improved visibility of modelling as a vital research discipline with SAARC country 
stakeholders and NARS. 

• Obtained critical learnings on how best to conduct future training of this type in the 
SAARC countries 

• Production of this SAARC Agriculture Centre Monograph detailing learnings from 
the project and providing a repository of modelling results obtained by trainees 
during the project. 

The main envisaged pathway to community and policy impacts is the assumption that use 
of modelling to underpin experimentally based choices of improved crop water and 
nutrient management options will shorten the time required to evaluate promising 
techniques, as modelling will allow a more rapid temporal and spatial extrapolation of 
feasible technology. This should in turn shorten the time to dissemination and impact, as 
well as fostering a more efficient and effective deployment of resources used in 
agricultural research. 
It is planned to build on the momentum and significant achievements of this project via a 
SAARC-Australia follow-on project, and latter chapters in this monograph provide more 
detail on ideas and scope. The follow-on project aims to consolidate a self-sustaining 
network of cropping systems modellers by building upon the successes and learning from 
the shortcomings of this first project.  

Introduction 
This project originated from an initiative by the Australian Government to support the 
South Asian Association for Regional Cooperation (SAARC) through a $1M project 
funded by AusAID and managed by the Australian Centre for International Agricultural 
Research (ACIAR). It was a two year project that effectively commenced in February 
2011. The project was undertaken by CSIRO's Sustainable Agriculture Flagship, in 
collaboration with the International Rice Research Institute (IRRI). The main interface 
with SAARC was through the SAARC Agriculture Centre (SAC).  
The overarching objective of this project was to improve water productivity in rainfed 
and irrigated smallholder rice-based farming systems in South Asia to enhance 
agricultural production and food security. The project contributed to this aim through the 
following objectives: 
1. To establish a network of agricultural research scientists in SAARC Member States 

collaborating on cropping systems analysis and modelling. 
2. To apply APSIM-ORYZA to identify a suite of improved crop and water 

management practices that increase water productivity of representative rainfed and 
irrigated rice-based cropping systems. 

3. To strengthen institutional support in SAC and in SAARC Member States for 
systems analysis and farming systems modelling as a means of enhancing research 
impact in addressing water scarcity and other future cross-sectoral issues. 
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The rationale behind this focus resides in the fact that one of the major emerging threats 
to food security in South Asia is the decrease in or lack of water available for agriculture 
and the need for improved water productivity in both rainfed and irrigated agriculture. 
Despite several decades of agricultural research into water productivity, the impact of 
past research has not reached the level required to safeguard future food production 
against likely reductions in water availability. In part this can be attributed to the 
traditional research and extension approaches prevalent in SAARC Member States. 
Research institutions in South Asia are mostly organised along disciplinary boundaries or 
on a commodity basis. This precludes, or at least makes it harder for farming systems 
research to take place effectively. Yet a systems approach is a prerequisite to addressing 
cross-sectoral issues such as water scarcity or climate change, as well as being better 
equipped to reflect farming reality. This project offers Australia’s expertise in systems 
analysis and modelling to build capacity within SAARC agricultural research 
organisations to undertake more effective research using modelling-supported systems 
approaches.  
Given the resources available and considering the 2-year project timeframe, as well as 
recognising that SAC's mandate is primarily one of facilitation and networking rather 
than direct execution of research, a key consideration for the design of this project was to 
focus on capacity building and to capitalise on previous previous or existing trial sites 
and data, avoiding the need for substantial new investments in new trials and associated 
data acquisition. It was thought that the strong capacity building focus of the project also 
allows capitalisation on SAC's core capability in convening and executing multi-country 
training courses and workshops, as well as fostering multilateral collaboration across 
SAARC Member States. 

Objectives 
The overarching objective of this project was to improve water productivity in rainfed 
and irrigated smallholder rice-based farming systems in South Asia to enhance 
agricultural production and food security. The project contributed to this aim through the 
following objectives and activities: 
1. To establish a network of agricultural research scientists in SAARC Member States 

collaborating on rice-based cropping systems analysis and modelling. 
1.1. Identify suitable participating scientists from SAARC Member States from 

research hubs working on key rice-based cropping systems  
1.2. Conduct workshops to train selected scientists in APSIM-ORYZA and its 

application. 
1.3. Conduct field courses to train selected scientists in sampling and monitoring 

techniques to acquire supplementary climate, soil and crop phenology datasets 
from their ongoing research trials for APSIM-ORYZA parameterisation and 
validation. 

1.4. Conduct training in acquisition of location specific farming practices and farmer-
defined crop and water management scenarios for evaluation using APSIM-
ORYZA. 
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1.5. Utilise the data generated in activities 1.3 and 1.4 to parameterise and validate 
APSIM-ORYZA for major rice-based cropping systems for selected locations in 
SAARC Member States. 

2. To apply APSIM-ORYZA to identify a suite of improved crop and water 
management practices that increase water productivity (WP) of representative 
rainfed and irrigated rice-based cropping systems. 

2.1. Use the first set of modelling training workshops to perform a gap-analysis to 
determine potential options to increase WP of rice-based cropping systems. 

2.2. Use the second set of modelling training workshops to perform scenario analysis to 
test improved crop and water management scenarios. 

2.3. Integrate the outcome of the gap-analysis with results of the scenario analysis to 
identify feasible crop and water management practices that will improve WP. 

3. To strengthen institutional support in SAC and in SAARC Member States for 
systems analysis and cropping systems modelling as a means of enhancing research 
impact in addressing water scarcity and other future cross-sectoral issues. 

3.1. Strengthen SAC's role by including modelling support to SAARC Member States 
and by establishing a resident APSIM-ORYZA modelling support capacity within 
SAC. 

3.2. Develop a database with comprehensive model parameterisation and validation 
datasets to be maintained by SAC and made accessible to the modelling network 
established in SAARC Member States. 

3.3. Conduct workshops to expose NARS research managers and policy makers to the 
scope and value of systems modelling in order to foster greater institutional 
support. 

Methodology 
Brief review of past attempts to build modelling capacity 
Developing capacity in modelling in South Asia is in itself not a new concept, and there 
have been many attempts in the past. Generally however, these have not been very 
successful. Some of the limitations reported by previous review studies (Ten Berge, 
1993; Carberry, 2005) include: 
• Past capacity building has been too narrowly focussed on training in the use of 

modelling software, with insufficient effort on providing a broader theoretical 
background in systems analysis and participatory action research approaches.  

• There often was a lack of institutional support to maintain a critical mass in 
modelling capacity and to avoid transferring trainees out of roles requiring modelling 
into new roles where the modelling skills were no longer required and languished or 
were lost. In part this lack of institutional support arises out of a lack of perceived 
benefits from modelling through to explicit scepticism that models can approximate 
reality. 
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• Trainees were not able to apply the models to their local situation because of lack of 
data and lack of knowledge on how to acquire missing data. This reduces the 
relevance of the model to trainees and diminishes their motivation and commitment 
to go through with the training of to maintain their acquired modelling skills. It also 
explains the ongoing scepticism by non-modellers towards modelling, as the models 
will not have been sufficiently well parameterised to credibly reproduce observed 
results. 

• Candidates selected for training did not have a strong enough grounding in computer 
literacy, mathematics and university-based modelling courses to readily adopt 
modelling. Therefore, selecting collaborators for modelling activities needs to 
account for their affinity for modelling rather than accepting candidates with only a 
general interest in modelling. In addition, the few who do become proficient, thus 
demonstrating talent, are poached into other jobs and careers. 

General approach 
Mindful of the shortcomings in earlier attempts at building capacity in systems 
modelling, the design of this project attempted to broaden the training strategy to 
overcome some of the constraints mentioned in the previous section by integrating the 
following elements into a more comprehensive package: 
• Exposure to modern concepts of systems and integration science. 
• Training in modelling rice-based cropping systems using cropping systems models 

based on the 'learning by doing' principle, i.e. by using existing or past trial sites as 
core parameterisation or validation cases, allowing trainees to use the models to 
explore and extrapolate their own trial data. 

• Training in the acquisition of high quality data. In the past this has been neglected, 
and here we propose to use existing trials to demonstrate key climate and soil 
characterisation techniques, as well as demonstrating cost-effective crop, nutrient and 
soil water monitoring techniques. The emphasis thus was on using existing trials to 
obtain supplementary data, rather than establishing new, dedicated trials. 

• Training in parameterisation of models conducted in a way that the models better 
reflect farming reality rather than being based on researcher assumptions, making the 
models more credible and locally relevant.  

• Awareness raising and exposure workshops for senior research managers in key 
institutions to demonstrate how systems approaches and modelling can be used for 
strategic research direction setting as a means of fostering stronger institutional 
support for retaining modelling capability. Consultations during the project design 
with executives and senior research leaders in the Indian Council of Agricultural 
Research (ICAR), the Bangladesh Agricultural Research Council (BARC) and the 
Nepal Agricultural Research Council (NARC) confirmed that these institutions have 
recognised the urgent need to build strategic capability in the field of systems 
analysis and simulation modelling and hence were strongly supportive of this project. 
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Institutionalisation of modelling support  
This was to be attempted by building a resident capacity for modelling and database 
support within SAC, complemented by 4-5 master trainers / modellers who will serve as 
key resource persons in each SAARC Member State, working in a virtual team with the 
SAC-based modelling and training support person. Institutionalisation was further 
supported by the establishment of a Project Advisory Committee in August 2010, 
comprising senior NARS representatives from each participating partner country. 

Selection of trainees 
A key challenge for the project was to identify appropriate candidates from each partner 
country. In consultation with the Project Advisory Committee it was agreed that selection 
of participating scientists needed to be based on a mutually agreed selection process 
based on a suite of agreed criteria.  
Calls for nominations were made through SAARC procedures in December 2010, i.e. the 
initial request for nominations was conveyed by a letter from the SAARC Secretariat to 
NARS heads through SAARC Member State Foreign Ministries and Agriculture 
Ministries. Each NARS in each SAARC Member State nominated candidates from within 
their system following their respective procedures. Selection of candidates was then 
carried out against the below selection criteria: 
Essential criteria for individual candidates  
• Evidence of the candidate’s ability to think in a systems approach (to be assessed on 

the candidate’s ability to address questions on systems conceptualisation and a brief 
exposé on how and what for they would use modelling skills in their future research) 

• Background in quantitative / process based research, with at least a MSc in soil 
science, water / irrigation management / engineering, crop physiology, agronomy or, 
agro-meteorology 

• High level of computer literacy (to be assessed on the candidate’s responses to 
questions relating to problem solving using a range of software products) 

• Hands-on experience and access to ongoing experimental trial(s) with comprehensive 
climate, soil and crop data (to be assessed on current involvement in experimental 
trials) 

• Evidence of working in multidisciplinary teams and networks (to be assessed on the 
basis of authorship on publications, membership in interdisciplinary programs etc.) 

Highly desirable criteria for individual candidates  
• English language proficiency (to be assessed based on quality of English in 

addressing criteria 1 and 3 above) 
• Preference to be given to candidates with a strong publication record (commensurate 

with their age and career level) 
• Preference given to researchers younger than 45 years of age 
• Commitment to see through a 2-year training process (through supervisor 

endorsement) 
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In total, 32 nominees out of a total of 51 applications were selected to participate in an 
initial APSIM exposure workshop in August 2011. Here they were further assessed with 
respect to their aptitude for modelling, based on their performance during the exposure 
workshop. This resulted in a core team of project participating scientists of 20 being 
selected after their successful participation in the exposure workshop (see list of 
collaborating trainees in Acknowledgements section). 

Choice of APSIM  
APSIM (Agricultural Production Systems Simulator) is a modelling framework designed 
to simulate the production and resource consequences of agricultural systems (Keating et 
al., 2003). Today, APSIM is one of the leading simulation platforms in the world for 
modelling agricultural production systems and, in the aspects of breadth of science 
coverage, software engineering and IP management, it is arguably the world’s most 
advanced agricultural systems model.  
APSIM has been widely used in Australia as well in a number of African (Kenya, 
Malawi, Zimbabwe, South Africa) and Asian cases studies (India, Bangladesh, 
Indonesia). APSIM has proven its versatility in participatory farming systems research in 
Australia (e.g. FARMSCAPE – Carberry et al., 2002; YieldProphet – Hochman et al., 
2009), as well as in a range of mainly ACIAR-funded projects in Africa and Asia. The 
main strength is its ability to simulate long time sequences of multiple cropping 
sequences. Another differentiating feature is its versatility in programming farmer 
decision making through the use of a unique programming language in its management 
module. However, to date exposure to APSIM within South Asia has been limited, 
mainly because until comparatively recently, APSIM did not have the capability to model 
rice systems. In the past four years, significant effort has been put into enabling APSIM 
to also reliably model rice systems (Gaydon et al., 2012a; 2012b). This was achieved in 
partnership with IRRI, by coupling APSIM to IRRI’s rice model ORYZA.  

Design and conduct of workshops 
A prerequisite for SAC being able to host and conduct the APSIM training workshops 
was a prior refurbishment of its training room. This was upgraded with project funds to 
accommodate up to 32 trainees, working in pairs around shared laptops acquired by SAC 
for the workshop. A total of 20 laptops were acquired, so that in future SAC can conduct 
computer-based training workshops independently of the project or trainees bringing their 
own laptops. The latest APSIM software was installed on all laptops. Over the course of 
the project, the APSIM software was also installed on collaborating trainees’ laptops, and 
they were all issued with individual APSIM licences. However, as not all trainees have 
access to laptops, where required, APSIM was also installed on desktops in the trainees’ 
parent institutions. While drawing on the past experience of the APSIM Joint Venture in 
delivering APSIM training primarily in Australia, the actual APSIM training workshops 
were customised to suit the needs of the SAARC project. 
Exposure workshop (August 2011) 
The APSIM-Oryza exposure workshop was held at SAC in Dhaka from the 8 – 10 
August 2011. It involved 31 SAARC trainees from Bangladesh (5), Bhutan (3), India (9), 
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Nepal (3), Pakistan (4) and Sri Lanka (7) and three trainers from CSIRO (Dr Don 
Gaydon, Perry Poulton) and IRRI (Dr Balwinder Singh). Whilst the structure of the 
workshop followed the standard 2 ½ day APSIM exposure training workshop format, the 
workbooks provided were completely redeveloped to contain simulation exercises and 
results using datasets and simulations pertinent to South Asian cropping systems. These 
were sourced from modelling results obtained in a predecessor ACIAR project 
(Expanding the area for Rabi-season cropping in southern Bangladesh). The objective of 
the exposure workshop was to familiarise trainees with concepts of farming systems 
analysis and the basic logic and use of the various APSIM modules. This was achieved 
by the trainees working through a number of sequential exercises, following the APSIM 
training workbook. Each trainer supported about 10 working pairs. 
In preparation for the parameterisation training workshop, trainees were given a set of 
tasks to perform between the exposure and the parameterisation workshops: 
• Select a past or ongoing experiment with an as complete dataset as possible and that 

the trainee intended to use as the training dataset throughout the course of the project; 
• Compile all available climate, crop soil and management data of that experiment in 

order to use that for initial APSIM parameterisation during the parameterisation 
training workshop; 

• Continue to work on APSIM by repeating the step-by-step exercises in the ASPIM 
training manual provided during the exposure workshop. 

Parameterisation training workshop (November 2011) 
The APSIM parameterisation training workshop was held in Dhaka on during the 20 – 24 
November 2011. This was the second in the planned series of four farming systems 
research and APSIM training workshops. Again, the workshop was held in the training 
premises of SAC. This time it involved the core team of collaborating trainees from 
Bangladesh (3), Bhutan (1), India (8), Nepal (1), Pakistan (2) and Sri Lanka (4) and three 
trainers from CSIRO (Dr Donald Gaydon, Perry Poulton) and IRRI (Dr Balwinder 
Singh). Workshop logistics were organised by Dr Ibrahim Saiyed and SAC. 
The objective of this workshop was to bring collaborating trainees to a level where they 
were capable of going through iterations of APSIM parameter modification until they 
achieved a best fit between modelled and observed data using Excel Pivot Tables. In the 
process, they also experimented with sensitivity of key crop and soil parameters, and 
through that process identified key data gaps. This enabled them to formulate an action 
plan to acquire missing data, either through supplementary data acquisition from the trials 
they had selected, or in the case of meteorological data, sourcing long term climate 
records from close by met stations. 
To achieve the above workshop objectives, workshop participants progressed through a 
number of prepared APSIM exercises over the 5 days, interspersed with a field 
demonstration day at Gazipur, where trainees were shown ongoing farming systems trials 
being run by the Cereal Systems Initiative for South Asia (CSISA) and ACIAR-funded 
Adaptation to Climate Change in Asia project (hub experiment; farming systems trial, 
respectively) and where they received training in soil sampling techniques, in crop 
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growth stage monitoring and in the setting up of small climate stations. Topics covered in 
the workshop included: 
1. Data compilation and sensibility analysis 
2. Setting up APSIM with own datasets 
3. Introduction to and use of Excel Pivot tables 
4. Methods of acquiring climate, crop and soil data (field demonstrations) 
5. Running simulations and comparing model output with observed data 
6. Optimisation of APSIM parameterisation 
7. Planning of field and modelling activities in the lead up to the next workshop 

Scenario analysis workshop 
The scenario analysis workshop was conducted on 28-31 May 2012, at the University of 
Peradeniya, Kandy, Sri Lanka. Local arrangements this time were made by the Sri 
Lankan partners, with logistical oversight and support from SAC. This was the third in 
the planned series of four farming systems research and APSIM training workshops 
(exposure – August 2011; parameterisation – November 2011; scenario analysis – May 
2012; yield gap analysis - March 2013). Once again it involved the core team of 
collaborating trainees from Bangladesh (3), Bhutan (1), India (9), Nepal (1), Pakistan (2) 
and Sri Lanka (4) and three trainers from CSIRO (Dr Don Gaydon, Perry Poulton) and 
IRRI (Dr Balwinder Singh). Workshop logistics were organised by Dr Ibrahim Saiyed 
and SAC, with close collaboration with Dr Wickramasinghe (Sri Lankan Department of 
Agriculture) and Prof Buddhi Marambe (University of Peradeniya). 
Since the previous workshop, trainees had invested considerable effort in collecting 
additional field data and finalising the parameterisation, calibration, and validation of the 
APSIM model for their specific locations, often with the on-hand assistance of visiting 
trainers. The objective for this third workshop was now to extend the trainees’ experience 
in model parameterisation, calibration, and validation into the realm of scenario analysis 
and actual use of the model for investigating research questions. Trainees were split into 
groups along country lines (Sri Lanka 2 groups, India 4 groups, all other countries 1 
group each) to conduct this workshop. Each group decided upon a key region and 
relevant research question, and with the assistance of the trainers, the APSIM model was 
configured to conduct long-term scenario analysis relevant to investigating the research 
question. Different potential on-farm management options (changed sowing dates, 
irrigation practices, crop varieties or sowing densities) were envisaged and specified 
within the model, before APSIM was run using long-term climate data to provide insight 
into the effect of climate variability on the management systems envisaged. A wide range 
of technical skills for analysing model output were shared with the trainees, including 
concepts such as cumulative distribution functions (CDF’s) for comparing simulated 
results of different management scenarios. The trainees spent a significant proportion of 
the workshop investigating different methods of comparing their research scenarios. The 
final component was preparation of presentations on their research, which were presented 
to the project mid-term review on the final day. 
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Topics covered in the workshop included: 
1. Defining research questions 
2. Envisaging potential management scenarios to investigate using the model 
3. Techniques for specifying those scenarios into the model 
4. Providing long-term climate data to the model 
5. Running APSIM simulations and production of scenario output files. 
6. Methods of analysing and comparing scenarios. 
7. Planning of trainee chapters for this SAC Monograph to document the complete 

process of model parameterisation/calibration, validation, and scenario analysis. 

Yield Gap analysis workshop 
This workshop was conducted between the 10-13 March 2013, at SAARC Agriculture 
Centre, Dhaka, Bangladesh. The trainees collected data from their home regions on 
current farmer agronomic practices and recommended practices, together with any 
information available on regional farmer grain yields, and associated grain yields from 
recommended practice. Using the model as a tool, trainees developed long-term APSIM 
scenario simulations for each of (i) farmer practice; (ii) recommended practice; and (iii) 
unlimited or potential production (water and nutrients unlimited, climatic limitations only 
applying). From these three simulations, the trainees were instructed in using the model 
to identify the limiting factors in production and understand the yield gaps. For example, 
what was the major driver for production differences between farmer and recommended 
practice? Was it water or nutrient-driven? How could current practices be brought closer 
to potential? More fertiliser, more water, or better agronomy (sowing dates, timing of 
water and/or nutrients)? The results of these analyses are not included in this monograph, 
but will be the subject of a later publication on yield gap analysis. 

Aims and structure of this Monograph  
This monograph is the result of a plan to see the achievements, experiences and learnings 
of this project documented and made accessible to other modellers in South Asia.   
Rationale 
Learnings and achievements from the project have reached well beyond the trainees 
learning how to use the APSIM model. This monograph details learnings, achievements 
and criticisms in the following areas: 
• What the team has learnt about their efforts to establish a network of modellers 

within the SAARC countries; what has been done, what is still to do. 
• What the training team have learnt about the actual training process – what works, 

what doesn’t, what would be done differently in future. 
• What the trainees have learnt about modelling, and about the specific research 

questions they sought to investigate. 
• What has been learnt about the strengths and weaknesses of the APSIM model in the 

SAARC country environments, and what aspects should be targeted for future 
improvement. 
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The monograph celebrates project achievements, while critically assessing the degree to 
which it has reached its objectives. It documents learnings about the processes, and make 
recommendations for future endeavours in establishing a sustainable network of APSIM 
modellers for South Asia. In addition to capturing learnings, the monograph also 
documents the results of model parameterisations and scenario analysis.  
Structure  
This monograph is structured in the following fashion: 
PART I – Setting the scene – background and rationale for the project, overview of the 
APSIM model and the project training philosophy 
PART II – Applications of APSIM-Oryza - Chapters written by the project trainees 
detailing their research using the APSIM model 
PART III – SAC’s role - in providing ongoing modelling support, in maintaining the 
APSIM-World database for modelling input information (climate, soils, crop data, 
management details) 
PART IV – Project learnings and conclusions – a synthesis of learning from the actual 
agricultural research using the APSIM model; learnings from the training process itself 
(what worked well, what didn’t, what we’d do differently next time, etc.); plans for the 
follow-on SAARC-Australia project. 
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Chapter-2 

The APSIM Model – An Overview 
D.S. Gaydon 

CSIRO Ecosystem Sciences, 41 Boggo Road, Dutton Park Q 4102, Australia 
Email: Don.Gaydon@csiro.au 

Introduction 
This chapter provides an overview of the APSIM model, the simulation tool at the heart 
of the SAARC-Australia project activities. It contains a general introduction to the model 
and its philosophies, details of its history, current spheres of application, and recent 
developments in its ability to simulate rice-based cropping systems. It concludes with 
information on required input variables and parameters.  
General overview 
APSIM, the Agricultural Production Systems Simulator is a modelling platform for 
simulation of biophysical processes in cropping systems, particularly those relating to the 
production and ecological outcomes of management practices in the face of climate risk. 
It resulted from a need for research tools that provided accurate predictions of crop 
production in relation to climate, genotype, soil and farmer management factors while 
addressing the long-term natural resource management issues. A particular focus is the 
simulation of sequences of crops, rotations, and fallow periods, rather than just single 
crops in their response to daily soil and climate variables. APSIM is a modular 
framework (figure 2.1) consisting of numerous individual modules which describe plant, 
soil, climate and management processes. These include a diverse range of crops, pastures 
and trees, soil processes including water balance, N and P transformations, soil pH, 
erosion and a highly-flexible range of management controls. Apart from the obligatory 
meteorological, clock and output-file modules, any of these other modules can be 
included or discarded depending on the needs of any given simulation. In this way, 
simulations are considered “plug-and-play” can be constructed by the user to focus on 
particular aspects of the system – for example, a study of residue dynamics in wheat 
cropping systems might include modules describing soil water, soil nitrogen, surface 
organic matter, wheat, and management. Another simulation seeking to investigate water 
productivity in irrigated rice systems might similarly include modules describing soil 
water and nitrogen, but instead of wheat and surface organic matter modules, might 
include modules which simulate rice, pond processes, irrigation, and effect of imposed 
management. In this sense APSIM is a highly customisable modelling framework which 
can do different things for different users.  
One of the main strengths of the APSIM framework is the ability to integrate models 
derived in fragmented research efforts. This enables research from one discipline or 
domain to be transported to the benefit of some other discipline or domain. It also 
facilitates comparison of models or sub-models on a common platform. For details refer 
to Keating et al. (2003) and http://www.apsim.info/apsim/releases/Apsim.asp. 
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Technical simulation philosophy 
APSIM is a dynamic, daily time-step model that combines biophysical and management 
modules within a central engine to simulate cropping systems. The model is capable of 
simulating soil water, C, N and P dynamics and their interaction within crop/management 
systems, driven by daily climate data (solar radiation, maximum and minimum 
temperatures, rainfall). Daily potential production for a range of crop species is calculated 
using stage-related radiation use efficiency (RUE) constrained by climate and available 
leaf area. The potential production is then limited to actual production on a daily basis by 
soil water, nitrogen and (for some crop modules) phosphorus availability (Keating et al., 
2003). The SOILWAT module (Probert et al., 1998a) uses a multi-layer, cascading 
approach for the soil water balance following CERES (Jones and Kiniry, 1986; Jones et 
al., 2003). The SURFACEOM module (Probert et al., 2004) simulates the fate of the 
above-ground crop residues that can be removed from the system, incorporated into the 
soil or left to decompose on the soil surface. The SOILN2 module simulates the 
transformations of C and N in the soil. These include fresh organic matter decomposition, 
N immobilization, urea hydrolysis, ammonification, nitrification and denitrification. Crop 
residues tilled into the soil, together with roots from the previous crop, constitute the soil 
fresh organic matter (FOM) pool. This pool can decompose to form the BIOM (microbial 
biomass), HUM (humus), and mineral N (NO3 and NH4) pools. The BIOM pool 
notionally represents the more labile soil microbial biomass and microbial products, 
whilst the more resistant HUM pool represents the rest of the SOM (Probert et al., 
1998a). APSIM crop modules seek information regarding water and N availability 
directly from SOILWAT and SOILN modules, for limitation of crop growth on a daily 
basis. 
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    Figure 2.1: Modular Structure of APSIM 
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Development history 
The APSIM framework was originally developed by the Agricultural Production Systems 
Research Unit (APSRU), based in Toowoomba, Queensland. APSRU was a partnership 
involving researchers from Australian Government research agency CSIRO (the 
Commonwealth Scientific and Industrial Research Organisation), the University of 
Queensland and the Queensland State Government, established in 1990. The formation of 
APSRU brought together expertise in the computer simulation of farming systems with 
the aim of facilitating research that would impact on how agricultural production systems 
are managed. The APSIM model has been the result of this collaboration. In addition to 
model development, APSRU created a centre of excellence in the field of agricultural 
production systems research with the capability of pursuing related world class research 
and training. 
In 2009, the APSRU group decided that future development of the APSIM model was 
best handled under the auspices of an “APSIM Unincorporated Joint Venture” (APSIM 
UJV, http://www.apsim.info/Wiki/APSIM-and-the-APSIM-Initiative.ashx ), to encourage 
collaboration amongst diverse agricultural systems modelling and development groups 
both within and outside Australia. The aim is to enable model developments to be 
captured more rapidly and effectively within the APSIM infrastructure, regardless of 
APSRU membership. The aim of the APSIM UJV is to support the ongoing development 
and maintenance of a world class computer modelling framework for the testing and 
simulating of agricultural systems. Specifically the objectives of the new APSIM UJV 
are:  
• To create a joint venture of research bodies that wish to lead and contribute to the 

ongoing development and use of APSIM;  
• To co-develop and manage APSIM as a high quality world class research tool in its 

field and;  
• To ensure that APSIM is developed by the facilitation of broadly based collaborative 

science.  
The Core Functions of the APSIM joint venture is to provide: 
• An open and transparent ‘APSIM Community Source Framework’ (a modified ‘Open 

Source Framework’) facilitating broadly based collaborative science;  
• Best practice Software Development and Maintenance;  
• Science quality control;  
• Best practice and simplified IP & risk management;  
• Free public good licensing (R&D, extension and education);  
• Commercial delivery arrangements (authorised by joint venture Management 

Committee);  
• APSIM training (available as a fee for service activity);  
• APSIM support (via a web based support forum and help desk); 
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Since the APSRU consortium has evolved into the APSIM UJV, a number of 
international research institutions have either joined, or expressed their interest in joining 
the UVJ. These include the International Rice Research Institute (IRRI), Wageningen 
University (The Netherlands) and the French government research agency, Centre de 
Coopération Internationale en Recherche Agronomique pour le Développement (CIRAD, 
and AgResearch New Zealand. Of particular reference to the SAARC-Australia project, 
CSIRO and IRRI embarked upon an informal collaboration in 2006, working together to 
integrate IRRI’s ORYZA2000 rice model into APSIM and overcoming some of the 
constraints to more widely applying APSIM in the modelling of rice-base cropping 
systems, particularly simulating carbon, nitrogen and water dynamics in flooded, dryland 
and transitional cropping environments (see section 2.4). 

Current capabilities and APSIM extensions 
APSIM is used in a broad spectrum of research applications from cropping systems to 
agro-forestry and ecology, and also in education and under licence in commercial 
situations by both farmers and agricultural consultants. Additionally, a range of APSIM 
extensions have also been developed to utilise point-scale APSIM functionality in 
broader applications. Some examples of these current capabilities and uses are listed 
below: 
Farming systems research  
• Production and resource management including cereal–based systems (Meinke et 

al., 1998, Asseng et al.,1998; Asseng et al., 2011; Gaydon et al., 2012c), rotations 
and legume systems (Probert et al.,1998b), intercropping (Carberry et al., 1996), 
sugarcane systems (Keating et al.,1999; Thorburn et al, 2010), and agroforestry 
(Huth et al., 2002; Paydar et al., 2005)  

• Investigation of climate change impacts and adaptations (eg. Luo et al., 2005; 
Ludwig and Asseng, 2006; Howden et al., 2007; Crimp et al 2009) 

• Environmental issues such as leaching, drainage, effluent (Snow et al 1998; Brennan 
et al., 2008), carbon and nitrogen dynamics, residue management (Thorburn et al., 
2001; Probert et al., 2004) 

• Rodents and pests in agricultural systems (Brown et al., 2007, 2011) investigating 
impact of rat and mouse population dynamics on grain production.  

• Horticulture (Huth et al.,2009) ; 
• Agroforestry (Huth et al., 2002) 
• Irrigated Systems (Paydar et al., 2009; Gaydon et al., 2012c, 2012d)  

Ecological and environmental research  
• Agricultural and ecological tradeoffs (Huth and Possingham, 2007)  
• Nitrous oxide emissions from agricultural fields (Thorburn et al., 2010; Huth et al., 

2010) – sugarcane and wheat. 
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Catchment scale research  
• The FLUSH framework allows the linking of APSIM points in a catchment 

modelling environment (Paydar and Gallant, 2007) to assess the impact of mosaic 
management changes on catchment runoff. 

• Wang et al. (2007) also investigated changes in land use and subsequent impacts on 
catchment water balance. 

Whole-farm Research 
• A new phase of APSIM application has developed through whole-farm simulation 

extensions such as APSFarm (Rodriguez et al., 2007, Power et al., 2011), which use 
APSIM point simulations to represent fields in a whole-farm enterprise, but bring a 
range of potential whole-farm constraints into the simulation such as irrigation 
water, labour, machinery etc.. APSIM has also been used in whole farm research 
applications using a spreadsheet-based approach (Gaydon et al 2012c, 2012d). 
Incorporation of cropping and livestock components in whole farm research has 
been addressed using APSIM and the IAT model (Lisson et al., 2010) in researching 
integration of cattle into Indonesian farming systems. 

Commercial  
• Yield Prophet® is an on-line crop production model designed to provide grain 

growers (and/or their consultants) with real-time information about the crop during 
growth (Hochman et al 2009). To assist in management decisions, growers enter 
inputs at any time during the season to generate reports of projected yield outcomes 
and risk, showing the impact of crop type and variety, sowing time, nitrogen 
fertiliser and irrigation. This on-line decision-support tool uses APSIM together with 
field specific soil, crop and climate data to generate information about the likely 
outcomes of farming decisions. http://www.yieldprophet.com.au 

Expanding regional focus 
• APSIM has been widely used in Australia as well in African (Kenya, Malawi, 

Zimbabwe, South Africa) over most of its history so far, however this is now 
supplemented with more recent applications in Asia (most of the SAARC countries, 
China, Cambodia, Laos) and a smaller number of European case studies 
(Netherlands). The framework has proven its value in participatory farming systems 
research not only in Australia (e.g. FARMSCAPE, Carberry et al., 2002; 
YieldProphet, Hochman et al., 2009), but in a range of mainly ACIAR (Australian 
Centre for International Agricultural Research)-funded projects in Africa and Asia.  

Simulating Rice-based cropping systems 
Adapting farming systems to reduced availability of irrigation water is an emerging 
research issue in irrigated districts worldwide. Water shortages in parts of the rice-
growing world have prompted research into a range of alternate agricultural practices, 
including expansion of rice as a component in diverse farming systems, in rotation with 
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dryland and aerobically irrigated crops and pastures, utilising a range of modified tillage 
and residue management practices. Evaluation of potential future adaptation strategies 
can be assisted by well-tested farming systems models that capture interactions between 
soil water and nutrient dynamics, crop growth, climate and management inputs/practices. 
APSIM represents such a model, however due to its ‘dryland heritage’ APSIM was until 
relatively recently unequipped to describe the soil water, carbon and nitrogen dynamics 
as soil environments progress from aerobic to anaerobic and back again, such as occurs in 
crop rotations involving ponded rice and other non-ponded crops (wheat, maize, legumes, 
pastures etc.). Various relevant chemical and biological processes that occur in long-term 
ponded water were also unaccounted for in APSIM. Also, no previous farming systems 
modeling framework has addressed the issue of switching between aerobic and anaerobic 
environments during a simulation, which is particularly important if the focus of the 
modeling exercise is evaluating new farming system practices that include ponded rice in 
rotation with non-flooded crops.  
The ORYZA2000 rice crop model (Bouman and Van Laar, 2006) was incorporated into 
the APSIM framework and validated in a range of environments (Zhang 2007; Gaydon et 
al., 2006). The soil water routines within the original ORYZA2000 were stripped out and 
replaced by APSIM’s soil water balance modules. In each of these studies, however, N 
was either assumed to be non-limiting, or calculated for a rice monoculture using a 
simple N accounting component within ORYZA2000. Up until recently (with new 
developments in APSIM), it was impossible to simulate the complete C & N dynamics in 
complex farming systems which involve rice in rotation with other crops and pastures.  
Recent collaborative work between CSIRO, IRRI and Wageningen University (Gaydon 
et al., 2012a, 2012b) has addressed many of these shortcomings within APSIM. The 
structure and science required was incorporated into the APSIM framework to allow 
simulation of C and N dynamics in rice-based systems, and thorough subsequent model 
testing against 121 experimental datasets from Australia, Philippines and Indonesia was 
promising. Continued and geographically-expanded testing in a wider variety of rice-
growing environments has been a particular focus of this SAARC-Australia project, and 
as detailed in this monograph, has achieved enhanced confidence in model performance 
across a diversity of locations, environments and practices.  
APSIM enhancements implemented 
Details of the major enhancements to the APSIM model to facilitate simulation of rice-
based cropping systems are below: 
The Ponded environment 
Figure 2.2 illustrates the broad nutrient processes relevant to simulation of a ponded soil 
environment. All but one of these processes (denitrification) was originally absent from 
APSIM. The following is a brief description of the new system elements which have been 
incorporated into APSIM, in addition to that detailed in Keating et al (2003). Further 
detail of these enhancements can be found in Gaydon et al (2012a, 2012b). 
• Pond C and N loss and gain mechanisms. Ponded water introduces a range of C and 

N loss and gain mechanisms not present in aerobic soil environments. These include 
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significant volatilization of ammonia (NH3) from the free water surface, and the 
growth of photosynthetic aquatic biomass (PAB - algae) which may be N-fixing.   

• Fertiliser applied directly on standing water in ponded fields. In rice-based systems, 
fertiliser is often applied as urea directly into the pond. This fertiliser is then subject 
to hydrolysis, potential losses via ammonia volatilization, diffusion into the soil via 
mass flow and adsorption, and ultimately the main aim - uptake by the rice plant. 
Previously in APSIM, all applied fertilizer was conceptualized as being applied 
directly into the soil layers.  

• Surface organic matter decomposition in pond. Surface organic matter decomposition 
was comprehensively modelled already in APSIM, however decomposition in water 
take place at slower rates than decomposition in air. 

• Reduced rates of soil organic matter decomposition and cycling. In an anaerobic soil 
profile saturated for extended periods, reduced rates of organic matter decomposition 
and cycling are likely to be a significant factor in modeling system behaviour (Jing et 
al., 2010). 
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Figure 2.2: Key Processes for system simulation in a flooded rice environment 

Transitional ability 
Changing the aeration status of the soil can have significant consequences for nutrient 
dynamics, movement, and availability to plants. Nitrogen behaves very differently in 
flooded (anaerobic) soil environments compared with aerobic soil environments. In 
flooded conditions, ammonia volatilisation from the pond is a major source of N loss, 
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hence movement of urea, ammonium and nitrate between the pond and the soil becomes 
an important process for simulation. Ammonium (NH4), the major source of mineral N 
for rice crops, is rapidly nitrified to nitrate (NO3) when the soil is drained. Nitrate is the 
major form in which mineral N exists in aerobic soil environments and is utilised by non-
flooded crops such as wheat. When aerobic soil is re-flooded, the nitrate present in the 
system is lost by denitrification to the atmosphere. These cycles of nitrification and 
denitrification, together with ammonia volatilisation during the flood phase, are major 
loss mechanisms for N loss in farming systems which include flooded rice phases.  
The key challenge for incorporating any new process descriptions into APSIM was to 
establish smooth transition within a simulation between modelling of flooded and non-
flooded soil environments. It was a design criterion that this transition be contingent on 
continuous hydraulically-modelled variables, rather than an arbitrary ‘switch’ when one 
phase has finished and the next begun. This functionality was incorporated, and utilised 
as part of the APSIM release for the SAARC-Australia project. 
Validation and testing  
As detailed in Gaydon et al (2012a), the enhanced APSIM model was tested against 121 
replicated experimental rice-based datasets from Australia, Philippines and Indonesia – 
datasets largely from IRRI experiments. These datasets involved crop sequences, and 
tested the ability of APSIM not only to simulate individual rice crop performance but also 
the performance of other crops in rotation with rice.  
Scatter plots (1:1) were produced comparing observed and simulated grain yields across 
all the datasets, for both rice and non-rice crops (Figure 2.3). The overall R2 value of 0.81 
for rice crops, with low bias (α = 1.018, β = −323 kg ha−1) provides strong evidence that 
APSIM produced sensible system simulation over the wide variety of environments, 
managements, and seasons represented in the validation datasets. The overall RMSE of 
1061 kg ha−1 was of the same magnitude, but considerably less than the overall standard 
deviation within the measured data (2160 kg ha−1), suggesting acceptable model 
performance. The Student’s paired t-test (assuming non-equal variances) gave a 
significance of P(t) = 0.43, indicating that there was no statistical difference between 
measured and simulated data at the 95% confidence level, whilst the high overall 
Modelling Efficiency (EF) of 0.79 indicated the model was performing acceptably. A 
model robustness (IR) of 0.27 was achieved, comparing well with published figures for 
several modern rice crop models (0.1632–0.3719; WARM, CropSyst, and WOFOST, 
Confalonieri et al., 2010) reporting above-ground rice biomass. In conclusion, APSIM 
performed well in the simulating the rice-based datasets assembled, although clearly 
Australia, Philippines and Indonesia represents a limited segment of the rice-growing 
world. For this reason, additional validation and testing is being sought from wider 
environments and rice growing practices in South Asia and beyond. The SAARC-
Australia project represents a component of this initiative. 
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Figure 2.3 Comparison between measured and APSIM simulated rice grain yields (t ha-1) 
for assembled validation crop sequence experiments in Australia, Philippines and 
Indonesia, for a) rice crops; and b) non-rice crops in rotation with rice (from Gaydon et 
al., 2012) 

Conclusions 
For any simulation model to be a useful tool in rice-based cropping systems research, it 
must be well tested in a range of possible configurations – different geographical 
locations, soil types, crop mixes and sequences, agronomic managements (fertilizer, 
sowing criteria, crop establishment and tillage practices), irrigation practices and 
variation in incident climatic variables such as temperatures and CO2. This chapter has 
provided a brief overview of the APSIM model, including the development background 
and initial efforts in improving the APSIM model for rice-based systems. A summary has 
been provided of APSIM’s demonstrated robustness in simulating a range of 
experimental datasets for Australia, The Philippines and Indonesia. As part of the 
SAARC-Australia project we sought to continue the process of model testing and 
evaluation to a much broader geographical range and spread of management practices, 
represented by the contributed SAARC-country datasets from project trainees. Many of 
the remaining chapters in this monograph provide details of APSIM’s examined 
performance against these new datasets, together with the trainees’ subsequent scenario 
simulations. The APSIM framework is already a useful tool to investigate the production 
impacts of changed management scenarios in rice-based cropping systems – in addition 
to trainee capacity-building, this project has allowed us to gain a more thorough testing of 
the model under diverse conditions and provided an enhanced understanding of the 
model’s strengths and weaknesses in the SAARC country environments. 
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Appendix 1: APSIM Data requirements 
When referring to ‘data requirements’ for using APSIM, it’s important to distinguish 
different types or levels of data needs. These can be broken into three categories:- (i) the 
basic biophysical data required to parameterise the model and allow it to run (this 
includes basic climate, soil, and crop parameters); (ii) the data required to then 
benchmark or validate the model’s performance once it has been parameterised and 
calibrated for a given situation (primarily measured dynamics of crop production and soil 
water/nutrients); and (iii) the data required to develop scenario simulations once the 
model has been through stages (i) and (ii) (primarily management information, ie 
information on the farmer’s practices and a description of their decision making 
processes for programming the APSIM-Manager module, plus any particular data 
required for the simulation scenarios, for example, climate changes, changes in 
management practices which are to be evaluated (sowing dates, varieties, fertiliser 
practices, rotational changes etc).  
A1.1 Basic data 
A considerable amount of biophysical data and farming system operational information is 
required to parameterise APSIM for simulation of interactions between crop, 
environment, climate, and management options. A list of the basic data required is 
presented below: 
APSIM requires daily climate data. The essential elements are: 
• Year 
• Julian Day 
• Solar Radiation (Mj/m2) 
• Minimum and maximum daily temperatures (°C) 
• Daily rainfall (mm) 
The site latitude and longitude (in decimal degrees) are also required, as is a figure for 
Annual Average Ambient Temperature (Tav, °C) and Annual amplitude in mean monthly 
temperature (amp, °C) 
Required soil data fall into two categories, water-related parameters and chemical 
parameters. Soil parameterisation in APSIM is required on a layered basis, the depth 
and number of layers being arbitrary. The key water-related parameters for the most 
commonly-used APSIM water-balance model (SoilWat) are:  
• Depth of each soil layer (mm) 
• Initial soil moisture content (in volumetric terms, mm/mm) 
• Bulk Density (g/cm3) 
• Water-holding moisture contents of each layer (saturation, field capacity, 15 bar 

lower-limit, and air dry) in volumetric terms (mm water/mm soil) 
• swcon – APSIM drainage parameter (unit-less) defined as the fraction of the 

available water above field capacity which is able to drain into the layer below on a 
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daily basis. This parameter is not directly measurable but in general terms could be 
estimated as ranging between 0.7 for pure sands, and 0.1 for heavy clays. 

• ksat – saturated percolation rate (mm/day); the rate at which water can pass through 
a specified soil layer when it is saturated. 

• diffusion constant and slope – for unsaturated flow as described in CERES-Maize 
(Jones et al., 1986) 

• Soil Evaporation parameters (U and Cona from Ritchie model (Ritchie, 1972)) 
• Soil albedo  
• Runoff partitioning parameters (USDA curve number and conditional modifiers, 

Soil Conservation Service, 1972) 
• Erosion coefficients (optional – only if using the APSIM-Erosion model; Littleboy 

et al., 1992) 
• Maximum surface water storage capacity, or maximum ponding height (mm) – 

particularly for rice-based systems. This is generally equal to the height of the rice 
field bunds. 

APSIM may also be run with a more physically-descriptive alternative water balance 
module (APSWIM) which utilises Richard’s Equation to iteratively solve water fluxes 
between layers on a sub-daily time-step. This would be the module of choice for any 
detailed hydrological studies, or situations involving shallow water tables where upward 
diffusion of water is a major component of the crop water balance. However more than 
95% of APSIM users more regularly utilise the SOILWAT module due to its ease of 
parameterisation and utility in most situations. 
The key soil chemical parameters required for each soil layer are: 
• Organic carbon (%) 
• pH 
• soil organic matter partitioning (inert fractions, humic fraction, micro-organism 

fractions) 
• initial fresh organic matter mass and C:N ratio  
• initial NO3 and NH4 levels (kg/ha or ppm) 
• Cation exchange capacity (CEC) – if using the APSIM-Pond module for rice-based 

systems. 
• Algal growth possible in ponded water? (either 0 or 1, for ‘no’ or ‘yes’) – only 

required when using APSIM-Pond for modelling rice-based systems 
Additionally, information on the initial amount (and type) of crop stubble present in the 
system is required. 
The majority of required APSIM soil parameters are commonly measured characteristics 
of soils which are readily available, such as bulk density, field capacity, organic carbon, 
pH, CEC etc.. Other parameters need to be estimated, but can be inferred if relevant data 
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is available, for example USDA curve number, Ritchie soil evaporation parameters (U 
and cona), swcon. The inference takes place using observed figures such as runoff 
proportions, infiltration and percolation rates.  If limited local or background data is 
available, then the best reference for selecting parameter values is the APSRU Soils 
Database which is supplied with the APSIM release. Although the soils in this database 
are primarily Australian at this point in time, a wide variety of soil types are represented, 
and a similar soil to the user’s target soil can be chosen from this database and the 
appropriate parameters inferred from this as a first estimate. It is usual practice for these 
values to be subsequently subject to a process of iteration, once the simulated outputs are 
compared with whatever known or estimated variables are available (eg crop yields, crop 
irrigation water usage, etc). If there is no local information at all, then it becomes 
impossible to perform APSIM scenario analyses at a location, because the modeller has 
no feeling for whether the model is giving sensible output or not. At the very least, a 
modeller needs to have some ideas of historical system performance associated with 
historical weather data, or else the simulations are literally ‘flying blind’.  Detailed 
experimental data is ideal for parameterising, calibrating, and then validating model 
performance, however it is not always available. 
Crop Data  APSIM has numerous crops and pastures available for simulation, together 
with subsets of varieties which can be chosen. Quite often, however, particularly in 
international applications, the local varieties have not been parameterised internally 
within the standard APSIM release and new varieties must be created. This is achieved 
by starting with one of the existing APSIM crop varieties and executing several years of a 
cropping simulation using real temperature and radiation data. The simulated phenology 
dates for that variety are then manually compared with the known/measured phenology 
dates for the new variety desired. By an iterative process of changing the input values for 
different growth-stage -related phenology parameters and then re-running the simulation, 
the user eventually creates a new APSIM variety for that crop which can then be used in 
future simulations. This is a standard practice for seasoned APSIM users, but information 
on local crop phenology is required (time to panicle initiation, flowering, maturity etc).  
One of the most sensitive APSIM parameters (in water-limited) environments is the 
maximum crop rooting depth, as this effectively determines how much water the crop 
will have access to at any given time. This characteristic is defined via three soil layer-
based parameters xf (the root exploration factor), kl (the soil water utilisation factor), and 
the crop lower-limit (cll). The xf is set to zero in soil layers which the roots are not 
allowed to reach. This may be due to a known physical or chemical impediment. Kl and 
cll together are utilised to determine how much water the crop can extract from a given 
soil layer on a given day. The crop lower limit for each layer can often being measured 
by assuming that the crop has dried the soil down to the maximum extent at the end of a 
cropping season, and then taking soil samples for oven-dried moisture testing. The kl is a 
more empirical parameter, which needs to be inferred rather than measured. The standard 
assumption is that kl decreases with depth down the profile, reflecting the decreasing 
density of crop roots with depth. More than 20 years corporate experience in estimating 
this parameter for various soil type and crop combinations has allowed season APSIM 
users to make sensible estimates for this parameter. These are available for all users in the 
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APSRU Soils Database supplied with the APSIM release. Although all the included soils 
at this time are Australian, a similar type of soil to the target soil can be selected and the 
protocols for specifying kl can be followed. 
Management Data The APSIM Manager module captures the farmer’s logic in changing 
between crops, deciding when to sow or harvest, when to fertilise or irrigate, when to 
conduct a field operation such as spraying, cultivation, or grazing. Detailed information 
on sowing dates/windows/rules for each crop or pasture in the simulation are required, as 
are any fertiliser and irrigation schedules or rules of thumb, and details of residue 
management practices.  
This information is specified using one of two options: 
• a series of internal APSIM templates which allow specification of detailed 

management practices through provision of key dates, amounts etc. 
• writing of detailed manager code, using simple if-then-else logic to capture the 

farmer’s thought processes and their interaction with other system variables (crop, 
environmental, or climatic).  For example, IF there is no crop in the ground AND the 
next crop due in the rotation is wheat AND >15mm of rain has just fallen over the 
last 3 days AND there is now more than 60mm of stored soil moisture in the top 40 
cms of soil, THEN sow a wheat crop, variety = hartog, plants/m2 = 150, etc. 

For non-experienced APSIM users, a large variety of scenarios can be explored using the 
template management options within APSIM, without resorting to writing their own 
code. This allows a user to specify farming systems actions via simply supplying dates or 
conditions for actions via a series of user-friendly boxes,  These templates are then 
automatically converted into APSIM manager code ‘behind the scenes’, for the execution 
of simulations. If no template options are available for the particular scenarios which the 
user is envisaging (this is unusual, as the list of template options is large), then it will be 
necessary to write some specific code. As mentioned above, the APSIM manager code 
follows a simple if-then-else construct, and can be easily learn from supplied examples, 
or else learnt during a two-day APSIM beginners training course. 
A1.2 Benchmarking or Validation data 
A benchmarking process is the first step in gaining confidence that APSIM has been 
parameterised adequately. This involves running the APSIM model with historical 
weather data and either details of experimental treatments, or (if this is not available) 
with local management practices and crop/soil information, then comparing the simulated 
output (for example, yields and phenology) over a number of years with experimentally 
measured data or farmer/regional records. For experiments, at least two seasons’ data is 
desirable for validation to provide some variation in season-type. For general regional 
data, at least ten years data is preferable for testing the model’s capacity to simulate 
system response to climatic variability. If longer-term data is available, then that is even 
better. In the absence of specific records, the best available information might be regional 
“ball park” yields and measures of variability which are often freely available from local 
consultants, farmers or grain merchants. Local estimates for key phenological dates are 
also vital (panicle initiation, flowering, and physiological maturity). In overseas 
applications, these estimates are typically obtained by monitoring farmers’ fields or on-
farm plots.  
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Data on soil water and nutrient dynamics associated with local practice are much rarer, 
but extremely valuable if available as they provide another perspective to validate model 
performance, much like the method of triangulation in navigation. In most cases, initial 
comparison between APSIM simulation and available records indicates discrepancy, 
which must then be addressed by modification of crop and/or environmental model 
parameters. For a given location, once APSIM is able to capture the historical mean 
yields and variability associated with a range of crops in rotation, we have generally 
reached the end of the benchmarking phase and are confident that subsequent what if 
scenario questions relating to changed management or climatic conditions will be 
realistically handled by the model. More details are provided in the following chapter on 
validation approaches used in the SAARC-Australia project. 
A1.3 Scenario data 
For using the APSIM model in scenario analyses subsequent to the benchmarking 
process, the required data depends on the scenario under investigation. These could 
include modified weather files to represent a changed future climate, a modified 
irrigation water supply, new rotational logic or crops/varieties, changed stubble 
management practices, new fertiliser regime etc. In participatory applications, the 
relevant scenario characteristics are generated through process such as focus group 
discussions and/or farmer interviews. The flexibility of the Manger Module to capture the 
many farmer decision options is a critical capability of APSIM. 
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Abstract 
Rice (Oryza sativa) is the main cereal crop and the staple food of Bangladesh which is 
grown under a range of management regimes with variable productivity. Scarcity of 
available water for agriculture is one of the major emerging threats to food security in 
Bangladesh. Hence, the need for improved water productivity in both rainfed and 
irrigated agriculture, defining strategies for the planning and management of water 
resources in the agricultural sector, has become a national priority. One avenue to achieve 
this is increasing water productivity through legitimate reduction of irrigation events in 
rice cultivation without minimizing yield. This was explored by utilizing the APSIM 
cropping systems model (Agricultural Production Systems Simulator). In the present 
study, data for APSIM were collected from field experiments (2010-2012) for a triple rice 
cropping pattern, Boro (BRRI dhan 28) - T. Aus (BRRI dhan 48) - T. Aman (Bina dhan-
7), in Gazipur, Bangladesh (24.00º N latitude and 90.05º E longitude; 8.4 m elevation). 
APSIM was parameterized and calibrated with the data collected. Using the calibrated 
model, a number of irrigation scenarios (usual farmer practiced irrigation and reduced 
irrigation regimes) were simulated for the experimental site over a much wider climatic 
period (31 years, 1981-2012) to evaluate whether the amount of irrigation water can be 
reduced without significantly reducing rice yields. Results of the modeling suggest that a 
reduction of two irrigations (200 mm) in Boro or a reduction of one irrigation (100 mm) 
in T. Aus or in Boro, respectively, will not significantly affect the total system 
productivity. Moreover, the reduction of irrigation water will enhance the likelihood of 
increased gross margin as well as water productivity of the Boro-T. Aus - T. Aman 
cropping system. Therefore, despite a reduction of irrigation water use in the order of 200 
mm across the cropping system of Boro-T. Aus -T. Aman, it would be possible to sustain 
total productivity of the system on Grey Terrace soils of Gazipur, Bangladesh.  

Description of the farming system modelled 
Rice (Oryza sativa) is the main cereal crop and the staple food of Bangladesh which is 
grown under a range of management regimes with variable productivity. The prevailing 
sub tropical climate constitutes an excellent environment for rice in Bangladesh. Rice 
alone constitutes the major share (96 %) of the total food grain produced in the country 
(BER, 2009) and covers about 82% of the total cropped area in Bangladesh (BBS, 2009). 
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However, three rice crops in a year are also grown in some parts of Bangladesh and triple 
rice area in Bangladesh is about 0.31 million hectare which is about 3.43 % of total 
cropped area (Saha, 2012). The rice area under Aus is about 9%, Aman (mainly T.Aman) 
is 48% and Boro is 43% of the total rice area of Bangladesh (BBS, 2009). Among the 
three types of rice, Boro rice alone has contributed the highest share of total rice 
production since 1998-99. In 2007-08, Boro rice contributes about 57.6 percent of total 
rice production in Bangladesh (BER, 2009). 
Boro rice is dry season irrigated rice which is grown after the harvest of T. Aman rice or 
after harvesting a non-rice crop such as potato, mustard or quick growing vegetables. For 
cultivation of Boro rice irrigation has been considered as a “leading input” in Bangladesh, 
as the amount of rainfall in the Boro season is negligible and not sufficient to supply the 
necessary moisture requirements for sustainable crop growth. Unlike Boro rice, the 
rainfed lowland rice - T. Aus, the wet season first crop, is grown when sufficient rainfall 
occurs during April to August. The wet season second crop grown in the rainfed lowland 
ecosystem is T. Aman, cultivated during July to December, the full monsoon period. The 
crop experiences high rainfall and temperature during the vegetative stage and low 
temperature often associated with drought during the reproductive stage. Irrigation 
management is a critical factor in maximizing rice production in Bangladesh because 
limited irrigation can reduce yield and over-irrigation can result in a waste of water. Crop 
yield per unit of water consumed, or “water productivity”, is a key element in successful 
water resource management (World Bank, 2003). Optimization of water to be applied to 
crops is essential in irrigation systems management. 
The international challenge of increasing global food and fibre production with limited or 
reduced future irrigation water supplies has been identified by numerous authors (Gaydon 
et al, 2012; Keating et al, 2010; Ali and Talukder, 2008). Defining strategies for the 
planning and management of water resources in the agricultural sector of Bangladesh has 
become a national and global priority. Increased efficiency in the use of water is essential 
for future food security in Asia where rice production needs to increase by 70% above the 
present amount by the year 2025 to meet demand (Tuong and Bhuiyan, 1999). One 
avenue to achieve this aim is increasing input water productivity, WP (tonnes grain/ML 
water consumed), through reduction of the number of irrigation applications per crop in 
the triple rice cropping pattern. Assessing such options of alternative irrigation 
scheduling over a long term climate sequence is necessary to derive appropriate strategies 
that can optimize and maintain high productivity of rice over time. Predicting yield is 
increasingly important to optimize irrigation under limited water for enhanced 
sustainability and profitable crop production. Crop models have the capability to predict 
crop development and grain yield as influenced by climatic conditions, soil 
characteristics, irrigation and other agricultural practices.  
The objectives of the present study were to assess options increase water productivity and 
reduce irrigation cost without affecting rice yield. APSIM is a tool that was developed to 
simulate biophysical process in farming systems, in particular where there is interest in 
the economic and ecological outcomes of management practice in the face of climatic 
risk (Gaydon et al., 2012). As APSIM is well suited to meet the objectives of this study, 
it was used to predict rice yield under different irrigation scenarios. The APSIM 
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simulation framework is described in detail by Keating et al. (2003). The key APSIM 
(version 7.3) modules deployed in this study were Oryza2000 (rice module used by 
APSIM-Oryza; Bouman et al., 2001), SoilN (soil nitrogen), SoilWat, Irrigation, Surface 
Organic Matter and APSIM-Pond. 
Dataset used 
The dataset for this paper was sourced from the Australian Centre for International 
Agricultural Research (ACIAR) Climate Change Adaptation (ACCA) project during 
2010-2012. The field experiments were conducted at the experimental research station of 
the Bangladesh Agricultural Research Institute (BARI), Joydebpur, Gazipur, Bangladesh 
(24.00º N latitude and 90.05º E longitude; 8.4 m elevation) during 2010-2012. 

Weather data 
Daily weather data (minimum and maximum temperatures, sunshine hours, rainfall) from 
January 1981 to June 2012 were collected from the Meteorological Station of Bangladesh 
Rice Research Institute (BRRI), Gazipur (located about 400 m away from the 
experimental site). Daily incoming radiation (MJ m-2) was calculated using sunshine 
hours and location specific information such as; latitude and longitude (latitude 24.00° N 
and longitude 90.05° E with height above MSL 8.4 m), solar elevation (5), and angstrom 
coefficients (a=0.29 and b=0.39) (Suriyagoda et al., 2011).  

Soil data 
The soil of the experimental site is a Grey Terrace Soil, silty clay in texture and which 
falls under the Inceptisol order in the US Soil Taxonomy (Soil Survey Staff, 1975). The 
soil lies in the Agro-Ecological Zone (AEZ) 28, Madhupur Tract (FRG, 2005). Prior to 
sowing, soil samples from the experimental plots were collected from 0 to 60 cm, with 
increments of 15 cm and samples were analyzed for pH, electrical conductivity, soil 
organic carbon, soil texture, soil moisture, saturation, field capacity, bulk density, wilting 
point, nitrate (NO3-N), and ammonium NH4-N content. The soil physical and chemical 
parameters required for APSIM model parameterization are provided in Tables 3.1 and 
3.2. 

Table 3. 1. Soil physical properties of the experimental site (Grey Terrace Soil; silty 
clay) used in parameterizing APSIM for the experimental site at 
Joydebpur, Gazipur, Bangladesh (AEZ-28). Source: ACCA project, 2011 

Soil 
layer 
(cm) 

Bulk 
Density 
(g cm-3) 

Saturated 
Water 

Content 
(mm mm-1) 

Drained Upper 
Limit 

(mm mm-1) 

Lower Limit 
(-15 bar) 

(mm mm-1) 

Air Dry 
(mm mm-1) 

SWCON1 
( ) 

0-15 1.466 0.446 0.367 0.228 0.114 0.139 

15-30 1.546 0.416 0.377 0.228 0.182 0.149 

30-45 1.600 0.4 0.382 0.228 0.228 0.154 

45-60 1.600 0.4 0.395 0.228 0.228 0.167 
1SWCON: APSIM parameter governing moisture transfer between soil layers 
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Table 3.2. Soil chemical properties of the experimental site (Grey Terrace Soil, silty 
clay) used in parameterizing APSIM for the experimental site at 
Joydebpur, Gazipur, Bangladesh (AEZ-28). Source: ACCA project, 2011 

Soil layer 
 (cm) 

Organic 
Carbon (%) pH 

NO3-N 
(kg ha-1) 

NH4-N 
(kg ha-1) 

0-15 1.20 6.4 10 8 

15-30 0.98 7.0 18 15 

30-45 0.75 7.4 14 9 

45-60 0.38 7.4 10 6 

The three rice crops were cultivated in the sequence Boro - T. Aus - T. Aman in a single 
year. Ponded water depth of each plot was kept between 0-10 cm throughout the growing 
period and was drained about 10 days before harvesting.  

Crop and Management data 
Among the four cropping system treatments of the experimental site, only the Boro - T. 
Aus - T. Aman system was selected for the present study. The individual plot size was 14 
m × 11 m, replicated thrice. The transplanting dates of Boro, T. Aus and T. Aman were 
10 December (2011), 3 May and 1 August (2011), respectively. Recommended irrigation 
and fertilization management was practiced. The number of irrigation applications 
(approximately 100 mm each) applied for Boro was 14, four for T. Aus and six for T. 
Aman rice. The N fertilizer rates applied for Boro were 120 kg N ha-1, 60 kg N ha-1for T. 
Aus and 84 kg N ha-1for T. Aman. The N fertilizer was applied in three split with 1/3rd at 
10 days after transplanting (DAT), 1/3rd at 30 DAT, and the remaining 1/3rd at panicle 
initiation (45-60 DAT). The other fertilizers were applied as recommended (FRG, 2005). 
Crop yield and biomass data were recorded at harvest. Phenological development was 
monitored in the field and data were recorded accordingly. Other management data such 
as sowing/transplanting date, irrigation (dates, amounts, type and method of irrigation), 
fertilizer applied (dates, amounts, type of material, method of application), 
tillage/intercultural operations, and weeding (date and method) were also recorded. 

Parameterization and calibration  
Data for Boro (var. BRRI dhan-28) grown in 2011-12, for T. Aus (var. BRRI dhan-48) 
grown in 2011-12 and for T. Aman (var. Bina dhan-7 having 110-115 days growth 
duration) grown in 2011 were used to parameterize and calibrate the APSIM model for 
the three rice varieties. These rice varieties are generally used by the local farmers. 
Parameterization as well as calibration was carried out by adjusting the APSIM-Oryza 
crop phenology parameters iteratively until simulated phenological stages matched with 
the observed phenology for sowing, transplanting, panicle initiation, flowering, and 
maturity. The phenological events in the ‘ini’ file of APSIM-Oryza were adjusted as 
shown in Table 3.3.  
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Irrigation was triggered if rainfall did not occur or pond depth went below 5 cm. A pond 
with a maximum depth of 10 cm was maintained either through rainfall or irrigation. In 
the soil components, 4 layers (0-15, 15-30, 30-45 and 45-60 cm) soil data were 
incorporated in the model. Table 1 shows the soil water holding characteristics for 
parameterization of soil in the study area in different depths. Soil NO3-N, NH4-N and 
organic matter content in each layer (0-15, 15-30, 30-45 and 45-60 cm) of the 
experimental field were incorporated in APSIM for soil parameterization (Table 3.2). 
Initial soil water content at the time of sowing was set at saturation.  
The simulated and observed values for the crop development factor in Oryza (dvs) for 
different development stages of rice as adjusted for three rice varieties are presented in 
Table 3.4. The simulated dvs values up to the flowering stage for all the varieties 
matched closely to observed dvs. For PM (physiological maturity) and harvest, the model 
underestimated the dvs compared to what was observed in the experimental field for all 
the three varieties. 

Table 3.3. Growing degree days for different growth stages of rice varieties under 
study. 

Boro T. Aus T. Aman Growth stages 

BRRI dhan 28 BRRI dhan-48 Bina dhan-7 

Development rate in juvenile 
phase (oC d-1) (DVRJ) 

0.000759 0.000538 0.000625 

Development rate in 
photoperiod-sensitive phase 
(oC d-1) (DVRI) 

0.000650 0.001450 0.000747 

Development rate in panicle 
development (oC d-1) (DVRP) 

0.000723 0.000958 0.000678 

Development rate in repro-
ductive phase (oC d-1) (DVRR) 

0.001905 0.001569 0.001765 

Maximum optimum 
photoperiod (h) (MOPP) 

11.50 11.50 11.50 

Photoperiod sensitivity (h-1) 
(PPSE) 

0.0 0.0 0.0 
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Table 4. Development stages of rice  

Adjusted Oryza crop development factor  Reference 

BRRI dhan-28 BRRI dhan-48 Bina dhan-7 

Emergence 0 0 0 0 

Transplant 0.3 0.3 0.3 0.3 

Panicle initiation 0.65 0.65 0.65 0.65 

Flowering 1.0 1.0 1.0 1.0 

Physiological maturity 2.0 1.93 1.9 1.92 

Harvest 2.5 2.0 2.0 2.0 

Water productivity and Gross Margin  
Water productivity was calculated as crop yield per unit of water applied (t ML-1). The 
Gross Margin was calculated as income profit per unit of water applied (US $ ML-1). 

Definition of scenarios modelled 
Availability of assured irrigation during boro rice cultivation is a major constraint for rice 
growing farmers of Bangladesh, since Boro rice is cultivated in the post monsoon rainless 
periods (December to March/April). During that period (December to March/April), 
residual soil moisture is not sufficient for proper growth and development of Boro rice. 
Therefore, irrigation is the key input for Boro cultivation in Bangladesh. Majority of the 
farmers purchase water from pump owners. Three modes of payment of water charge are 
currently in place. These are crop sharing arrangements, fixed charge on per acre basis, 
and machine rental system where the farmers directly supply diesel. The cost of irrigation 
water is very expensive irrespective of the mode of payments and as a result, availability 
of irrigation water to resource poor farmers is not always assured because most of them 
cannot afford it. Also, ground water is the major source of irrigation and over-
exploitation of it by pumping for irrigation has been lowering the ground water table. 
In the Gazipur area farmers have adopted the triple rice cropping pattern. In this system 
the farmers generally apply irrigation fourteen times for Boro, four times for T. Aus and 
six times for T. Aman season. Consequently, the cost of irrigation becomes very high. 
Therefore, in this study we model the yield response of triple rice under a reduced 
number of irrigation applications in either Boro or T. Aus. Detailed descriptions of the 
scenarios simulated are provided in Table 3.5. High N rates were used in all scenarios, 
similar to those practiced by the local farmers. 
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Table 3.5. Scenarios modelled for different combinations of irrigation applications 
in the triple rice cropping system in Gazipur 

Treatment Description Comments 

T1 
Boro - 14 irrigations* 
T. Aus - 4 irrigations 
T. Aman - 6 irrigations 

Full irrigation (common 
practice) 

T2 
Boro - 13 irrigations 
T. Aus - 4 irrigations 
T. Aman - 6 irrigations 

One irrigation reduced from 
Boro season 

T3 
Boro - 12 irrigations 
T. Aus - 4 irrigations 
T. Aman - 6 irrigations 

Two irrigations reduced from 
Boro season 

T4 
Boro - 14 irrigations 
T. Aus - 3 irrigation 
T. Aman - 6 irrigations 

One irrigation reduced from T. 
Aus season 

* One irrigation is equivalent to 100mm water 

Results and discussion of scenario analysis 
Simulation of irrigation reduction showed that the reduction of one irrigation (100 mm; 
T2) in Boro did not reduce yield significantly in any season, nor did it seem to have any 
effect on the cropping system as a whole (Figure 3.1). A similar result was observed 
when irrigation in Boro was reduced by two applications (200 mm; T3).  

 
Figure 3.1. Variability of rice yield under different irrigation scenarios (1981-2012) at 
Gazipur. For treatment description refer to Table 3.5. 
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It was also found that the yields of Boro, T. Aus and T. Aman were not reduced 
remarkably if one irrigation (100 mm) was reduced in T. Aus season (T4). This is an 
indication that probably farmers are over irrigating Boro and T. Aus rice. 
Water productivity is presented as a set of cumulative probability functions in Figure 3.2. 
When one irrigation application was reduced in Boro (T2) or T. Aus (T4), the probability 
of obtaining marginally increased water productivity became higher when compared to 
the treatment T1 (full irrigation practice). The highest probability of achieving higher 
water productivity was observed for T3, where two irrigation events were reduced in 
Boro. A reduction of irrigation by 200 mm in the Boro season exhibited a 50% likelihood 
of long-term average water productivity of 0.25 t ML-1, representing the best irrigation 
option among the four treatments.  

 
Figure 3.2. Cumulative probability functions of water productivity (t ML-1) in a 31 years 
(1981-2012) simulation of Boro - T. Aus - T. Aman cropping pattern for different 
irrigation scenarios in Gazipur. (For treatment description refer to Table 3.5). 

 
Figure 3.3. Cumulative probability functions of gross margin (US $ ML-1) in a 31 years 
(1981- 2012) simulation of Boro - T. Aus - T. Aman cropping pattern for different 
irrigation scenarios in Gazipur. (For treatment description refer to Table 3.5). 
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As yields remain largely unaffected by the reductions in irrigation (Figure 3.1), 
cumulative probability of achieving a determined gross margin follows a similar pattern 
as for the cumulative probability of attaining a certain level of water productivity (Figure 
3.3). However, in this case, only the T3 treatment shows a small, but significant gain. At 
50% probability, gross margin for T3 can be expected to be about 1 – 2 US $ higher for 
each ML of water applied. As higher water productivity at similar yields increases farmer 
gross margin, farmers may be benefited with the irrigation options suggested here. 

Conclusions 
Water use efficiency for irrigation is low in Bangladesh. Irrigation is a major challenge 
for farmers growing crops in the dry season. In the present study long term simulations 
using fixed sowing dates for Boro (10th December), T. Aus (3rd May) and T. Aman (1st 
August) in combination with different irrigation practices showed a positive indication to 
sustain yield of rice in the cropping system whilst achieving water savings. Simulations 
indicate that reduced irrigation water applications may lead to increased water 
productivity in the triple rice cropping system in Gazipur. Grain yield of Boro, T. Aus 
and T. Aman is likely to be maintained, even in the case where 200 mm water is cut from 
the irrigation applied in Boro.  
Given that the probability of increased water productivity as well as gross margin appears 
to be highest when two irrigations are omitted from Boro rice, it may be possible to 
sustain the cropping system of Boro – T. Aus - T. Aman without any yield penalty in the 
Grey Terrace Soil of Gazipur, Bangladesh with water savings of 200 mm. However, these 
modelling results now require a targeted field trial, preferably on-farm, to verify whether 
the modelling results will be reproduced in practice. 
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Abstract 
The rice (Oryza sativa L.) is the staple food crop of Bhutan, but the domestic production 
of rice does not meet the national requirement primarily due to low-productivity. Rice is 
exclusively grown as a lowland rainfed crop in the southern part of Bhutan which falls 
under the wet sub-tropical zone. Topographically, this region is almost undulating with 
moderate to steep slopes permitting severe soil erosion in the monsoon. This region is 
characterized by heavy rainfall in the monsoon receiving a total annual rainfall of over 
4700 mm but 80 % of this total is concentrated in the summer monsoon (June-August). 
Therefore, the remaining part of the year remains hot and dry. The rice productivity in 
this region is the lowest in the country with just 2175 kg/ha compared to the national 
mean production of 2800 kg/ha. With less than a quarter of these areas serviced by 
irrigation from assured sources, the surface run-off from rainfall is the main source of 
irrigation. Therefore, drought stress during low rainfall periods is identified as a primary 
rice production constraint. Hence, there is a need for selection of drought tolerant rice 
varieties possessing deep rooting traits for yield optimization and stability for the rainfed 
rice farming system in Bhutan. On the other hand, dynamic simulation models can 
provide a useful tool for system analysis needed to improve the knowledge on selection 
of desired cultivars without wasting much time and resources. In this study, the APSIM 
(Agricultural Production Systems sIMulator) model (version 7.3) was used to explore the 
drought tolerant varieties of rice for rainfed cropping through simulation. APSIM is a 
modelling framework in which a model of a system can be configured from component 
modules. For calibration and validation of this process-based simulation model, crop data 
were obtained from a field experiment carried out at Renewable Resources Research and 
Development Centre Bhur (26o54’N, 90o26’E) in 2010. In this experiment, three rice 
varieties introduced from IRRI, Philippines viz. RC68, IR72 and IR780 were compared 
with Bhur Kambja 2, the best local variety of this region in a randomised complete block 
design with 3 replicates to explore their resilience to drought stress. The data on total 
biomass and grain yield were collected at the time of crop harvest. The highest grain 
yield (4150 kg/ha) was recorded in variety RC68. The main model inputs were daily 
weather data, management practices (fertilization and irrigation events), transplanting 
date, crop parameters and initial conditions of the soil profile. The daily meteorological 
data on rainfall, maximum and minimum air temperatures and sunshine hours for 10 
years (2002-2011) collected from Bhur Meteorological Station, and used in the 
simulation. The good agreement was obtained between measured and simulated grain 
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yields of all the cultivars grown in 2010. Further, the model generated time depended 
cumulative frequency analysis for yield and water-use efficiency (WUE) found out that 
the cultivar RC68 had the highest value for both the yield (4900 kg/ha) and WUE (4700 
l/kg) at 50% probability among four varieties. The result of this study provided further 
evidence that cultivar RC68 can be recommended as the drought tolerant variety of rice 
for lowland rainfed farming system in Bhutan. 

Introduction 
Rice (Oryza sativa L.) is the staple food crop in Bhutan and is grown on over 59000 acres 
with a national annual production of 66000 metric tonnes (DoA 2009). However, the 
domestic production of rice does not meet the national food requirement primarily due to 
low productivity. Irrigated rice is grown in mid and high altitudes, but it is exclusively 
grown as a lowland rainfed crop in the southern part of Bhutan, which falls under wet 
sub-tropical zone. Located at the foothills of eastern Himalaya, this zone consists of the 
three districts of Samtse, Sarpang and Samdrup Jongkhar. Topographically, this region is 
undulating with moderate to steep slopes permitting severe soil erosion in the monsoon. 
The altitude varies from 200 to 1500 m AMSL. More than 75 % of the population are 
dependant on agriculture and its allied activities for their livelihoods. The overwhelming 
majority in this region are small-scale farmers, each working on less than two hectares of 
land. The soil is mostly sandy with a pH of 4.7. This region is characterized by heavy 
rainfall in the monsoon with a total annual rainfall of over 4700 mm, but 80 % of this 
total is concentrated in the summer monsoon (June-August). Therefore, the remaining 
part of the year is hot and dry. The normal monsoon starts in the first fortnight of June 
and terminates in the second fortnight of September. This region accounts for about 29 % 
of the rice area in the country but contributes only 22 % of the total rice production 
(Ghimiray et al. 2011). The average rice productivity in this region is the lowest in 
Bhutan with just 869 kg/ha compared to the national mean of 1122 kg/ha. With less than 
a quarter of these areas serviced by irrigation from assured sources, the surface run-off 
from rainfall is the main source of available irrigation. Therefore, the drought stress 
during low rainfall periods is identified as a primary rice production constraint. Rice is 
grown in this region as a single rainfed crop in summer keeping the field fallow for 
almost seven months during the dry period in winter and spring. The dominant rice 
species is of indica type and more than 50 traditional varieties of rice are also under 
cultivation in this area (N. Pradhan pers.comms). Though there are seven improved 
varieties of rice currently available for cultivation in this zone, none of them have proved 
resilient to the drought stress. The entire area under rice is managed through a 
transplanting system. Paddy nurseries are raised at the onset of monsoon, and fields are 
puddled with surface run-off water. One month old rice seedlings are transplanted in late 
July. The continuous flooding method of irrigation is provided till the cessation of 
monsoon which usually lasts for a period of about one month. Timely crop establishment 
is often comprised when the monsoon arrives late or fails altogether. The use of over-
aged seedlings shows poor resilience to transplanting stress with reduced tillering and 
delayed maturation (Torres & Liboon 1994). The low yield of rice here can be attributed 
to poor soil conditions, continuous nutrient mining and the lack of assured irrigation 
inherent to this region. 
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Since the rice evolved as a semi-aquatic species with facultative root parenchyma that 
facilitates aerobic respiration in flooded soils (Norman et al. 1995), it is significantly 
more sensitive to drought stress than other cereal crops (Inthapan & Fukai 1988, 
McDonald et al. 2006). Improving water productivity, under rain-fed or irrigated 
conditions, requires an increase in the marketable grain yield for each unit of water 
applied. Lagged development increases the likelihood of damage due to drought if 
anthesis and grain filling extend beyond the principal monsoon rains (Boonjung & Fukai 
1996). At the plant level, higher productivity will depend mainly on germplasm 
improvements, such as stronger seedling vigour, increased rooting depth, increases in the 
harvest index (the ratio between marketable and total biomass) and enhanced 
photosynthetic efficiency (FAO 2003). Crop varieties developed during the Green 
Revolution are insensitive to day-length and of short to medium duration. They have 
proved successful in escaping late-season drought that adversely affects flowering and 
grain development. As a result, modern rice varieties are three times more productive in 
terms of water-use than traditional varieties. Deep rooting is considered an essential trait 
for drought resistance in rice (Fukai & Cooper 1995). Hence, selection of rice varieties 
with such traits in this region is considered essential for yield optimization and stability in 
the lowland rainfed farming system of rice. On the other hand, dynamic simulation 
models can provide a useful tool for system analysis needed to improve the knowledge on 
selection of desired cultivars without wasting much time and resources. Processed-based 
crop simulation models are being used in assessing attainable crop yields for a particular 
region with given agro-environmental conditions that characterize the factors that limit 
crop growth and production. Therefore, the objective of this study was to test the 
applicability of APSIM cropping systems model for evaluation of drought tolerant, short 
duration varieties of rice for lowland rainfed farming in Bhutan. 

Materials and Methods 
The Experiment 
The field study was conducted to derive parameters not available from published studies 
for testing the applicability of APSIM to local cultivars of rice. The trial at Renewable 
Resources Research and Development Centre Bhur (26o54’N, 90o26’E) was established 
in 2010 on a sandy loam soil to screen the drought tolerant varieties of rice introduced 
from IRRI, Philippines in comparison to a local variety. In this study, three rice varieties 
introduced from IRRI, Philippines- PSB RC68 (shortened as RC68), IR72022-46-2-3-3-2 
(IR72) and IR780411-B-49-1 (IR780) were compared with Bhur Kambja 2, the best 
adapted local variety of this region, in a randomised complete block design with 3 
replicates. The soil of the experiment site had a pH of 4.7. The cropping system since 
2005 has been continuous single rice in summer and fallow in winter. The fields were 
puddled with surface run-off water from monsoon rain, and twenty three day old 
seedlings were transplanted on 8 April 2010 with 3 seedlings/hill. The planting distance 
was maintained at 20 cm × 20 cm corresponding to the desired plant density of 75 
seedlings/m2.  Continuous flooding with a pond depth of 5 cm was provided during the 
first week. Thereafter, the quantity and frequency of irrigation applied was dependant on 
the amount and time of rainfall received. Supplementary nutrients were applied in the 
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form of FYM (farmyard manure) at 10 ton/ha and N:P:K fertilizers were applied at the 
rate of 70:40:20 kg/ha respectively. The total quantity of P and K and a half dose of the N 
were applied as basal doses at the time of field preparation. The remaining N was applied 
as top-dressing at maximum tillering stage. To control weeds, herbicide was applied at 
the rate of 1.5 kg Butachlor a.i./acre one day after transplanting the rice, and one 
handing-weeding was carried out at the mid growth stage of the crop. The crops were 
managed as per the recommended methods throughout their life cycle, typically depicting 
the rainfed farming system. The crop phenological data were collected from each plot 
with area of 1 m2 for plant density, panicle initiation, anthesis (50 % flowering) plant 
height and crop maturity date. The rice varieties were harvested at 128-143 days after 
transplanting. Harvesting was done manually by cutting 12-15 cm above the ground level 
and the straw along with the panicles were spread in the field for 3-4 days for sun-drying. 
Grains were removed from plant straw by manual threshing and grain yield was recorded 
after drying the rough rice to 14 % moisture content. Total biomass and grain yield were 
collected after harvest. Plant samples were stored in oven at 70oC until constant weight 
was obtained to determine the dry matter weight of aboveground biomass which will be 
always expressed as dry matter in this paper. 
The soil samples collected from the trial plots from the top 30 cm depth were analysed 
twice each year, at pre-planting and postharvest at Soil and Plant Analysis Laboratory, 
Department of Agriculture, Simtokha, for determination of total N, P, K and soil pH. 
However, N could not be segregated into NH4

+ and NO3
- due to the unavailability of 

required facilities. Estimates of soil nitrate-N before the 2010 crop were obtained by 
linear extrapolation of the pre-plant data after 2005 as described by Probert et al. (1995) 
and used to initialise the models. The soil was characterized by medium nutrient 
availability and had sufficient organic matter in it. The daily meteorological data on 
rainfall, maximum and minimum air temperatures and sunshine hours for 10 years (2002-
2011) were collected from Bhur Meteorological Station located at the farm. The sunshine 
hours were converted to solar radiation (Mj/m2/day) for simulation purposes (the form 
required by APSIM).  
The simulation model 
In this study, APSIM (Agricultural Production Systems sIMulator) version 7.3 was used 
and N was the only nutrient limitation considered. Collaborative research efforts between 
Wageningen University, the Netherland, IRRI (International Rice Research Institute) and 
APSRU (Agricultural Production System Research Unit), Australia, have now resulted in 
the incorporation of the Oryza 2000 model into the APSIM modelling framework (Zhang 
et al. 2004; Gaydon et al., 2012a, 2012b). APSIM is a modelling framework in which a 
model of a system can be configured from component modules. Crop modules in APSIM 
simulate crop phenology, leaf area development, biomass production, yield and nitrogen 
accumulation in response to environmental variables such as temperature, solar radiation, 
soil water and nitrogen supply. Water availability is determined via the APSIM-Soilwat 
module. Crop water uptake is based on potential evapotranspiration which is computed in 
APSIM. Soil nitrogen supply is calculated by APSIM-SoilN and APSIM-Fertilizer if 
nitrogen fertilizer is applied (Keating et al. 2003). APSIM maintains a mass balance for 
all processes. It is being developed as a tool for exploring management strategies that can 
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improve the economics of agricultural production systems and the consequences for the 
soil resource and the environment. To model the experiment, modules describing the 
behaviour of soil-water, N, surface residues, and growth of the crop are required.  
Modelling the experiment 
There was no difficulty in specifying APSIM to mimic the management of the 
experiment. The main model inputs were daily weather data, fertilization and irrigation 
events, planting date, hydraulic characteristics of the soil profile, crop parameters and 
initial conditions of the soil profile (crop residues, water content, mineral nitrogen and 
organic matter). Planting date, plant density, row spacing, and cultivar were the primary 
agronomic factors manipulated. This is known as the model parameterisation and 
validation phase. The most important model outputs are above ground biomass and grain 
yield. Following validation, the model was used for scenario analysis. The model was 
specified to simulate all the treatments as continuous runs from 2002 to 2010, with soil 
conditions (soil-water, organic C, nitrate-N) initialised only at the start of the experiment 
before the establishment of 2002 crop. The observed data used for comparison with 
simulations were treatment means. The performance of the model was tested by 
comparing observed and predicted grain yields. 

Results  
The Experiment 
The result of the field experiment is presented in table 4.1. In terms of days to 50% 
flowering, the cultivar IR 72 showed the shortest period of 108 days. However, the 
cultivars IR 72 and Bhur Kambja 2 having the maturity period of 128 days were the 
earliest among other varieties of rice. The cultivars IR780 and Bhur Kambja 2 were better 
than other two varieties in terms of tillering capacity. However, the highest grain yield 
(4150 kg/ha) and the total biomass (8510 kg/ha) were obtained from RC68. 

Table 4.1. Observed phenology and yields of rice for 2010  

Variety 
50 % 

flowering 
( DAT) 

Plant  
height 
(cm) 

No. of 
tillers/   

hill 

Crop 
maturity 
(DAT) 

Grain 
yield     

(kg/ha) 

Straw 
yield 

(kg/ha) 

RC68 100 108 11 130 4150 4360 

IR72 108 114 11 128 4097 3370 

IR780 113 103 13 143 3457 3570 

Bhur Kambja 2 109 98 13 128 3575 3570 

LSD (0.05) 2.3 2.1 2.5 2.6 57.2 35.7 

DAT: day after transplanting 

Modelling the experiment 
The model demonstrated an ability to simulate the time-course of total biomass and grain 
yield. Figure 4.1 shows simulated and observed grain yield of all the cultivars of rice for 
2010. In general, a good agreement was obtained between measured data and simulated 
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model output. However, the model overestimated the grain yield value of the year for 
cultivar RC68 by about 500 kg/ha. Also during the validation, the model was able to 
reproduce development and yield of different varieties under rainfed condition (data not 
shown). Simulated grain yield across the full range of treatments from 2002 to 2010 is 
shown in Figure 4.2. In all the years except 2008, cultivar RC68 produced the highest 
simulated grain yield among all the varieties used in the simulation. In contrast, the 
lowest yield was recorded in Bhur Kambja 2 and IR780 for the entire simulated period 
from 2002 through 2010. 

 
Figure 4.1. Observed and simulated grain yields of rice varieties for 2010 

 

 
Figure 4.2. Simulated weight of dry rough rice (kg/ha) from 2002 through 2010 
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Discussion  
If models are to be effective for evaluating alternative management strategies, they need 
to reproduce the seasonal variations in crop yield and the longer-term changes in soil 
properties accurately. Validation of model performance against observations from long 
term experiments is a way of testing whether the models are credible. We have used the 
data from the Bhur experiment for this purpose. While the effects of pests and disease are 
not accommodated in the APSIM model, such problems, identified or not, will always 
arise to some degree. Such biotic stress might be expected to have less effect on soil 
organic matter and rates of mineralisation than on yield of grain. When a long run was 
attempted to simulate a sequence of crop yields, as in the present study, carry-over effects 
of crop residues and water balance from one crop to the next, contributed a lack of fit 
between observed and predicted data. For a given model, there was a marked tendency 
for variations between observed and predicted data to be consistent. For example, in 2010 
the model over-estimated the grain yield of cultivar RC68, but it performed well in 
simulating the grain yield of four cultivars with respect to time and crop management. In 
general, the simulated grain yield was in agreement with the observations. 
The cumulative frequency analysis is the analysis of the frequency of occurrence of 
values of a phenomenon less than a reference value. As presented in Figure 4.3, the 
cumulative frequency analysis for yield and water-use efficiency (WUE) generated 
through simulation showed that cultivar RC68 had the highest value for both the yield 
(4900 kg/ha) and WUE (4700 l/kg) at 50% probability among four varieties. Cumulative 
frequency analysis was performed to obtain insight into how often a certain phenomenon 
was likely to occur.  

  
Figure 4.3. Cumulative frequency analysis for simulated yield potentiality and water-use 
efficiency of different rice cultivars  

Conclusion 
The APSIM model, when accurately parameterised, calibrated, and validated, gave good 
predictions of the grain yield of the four cultivars of rice grown in lowland rainfed 
system. However, when a long run was attempted to simulate a sequence of crop yields in 
the present study, carry-over effects of crop residues from one crop to the next, 
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contributed a lack of fit between observed and predicted yield of some cultivars of rice 
for 2010. Nonetheless, APSIM, after parameterization, was able to simulate accurately 
the growth and yield of these rice cultivars. The APSIM predictions of rice yield for 2010 
were closer to the observed data. The comparison between measured and simulated 
outputs for the cropping season of 2010, cultivar RC68 surpassed other varieties in 
important traits such as total biomass and grain yield. Further, on utilizing the model to 
generate the cumulative frequency analysis for yield and water-use efficiency (WUE), the 
cultivar RC68 had the highest value for both the yield (4900 kg/ha) and WUE (4700 l/kg) 
at 50 % probability among four varieties used in the simulation. Therefore, APSIM crop 
model can be used for evaluation of drought tolerant varieties of rice. Furthermore, the 
results of this study give further evidence that the evaluated cultivar RC68 can be 
recommended as the drought tolerant variety of rice for lowland rainfed farming system 
in Bhutan. However, simulation using climatic data of more than 10 years with complete 
data on soil may be essential to confirm this finding. 
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Abstract 
Rice–fallow system dominates the rainfed lowland agricultural production systems of 
Northeastern Hill Region (NEH) of India. In this region, rice transplanting period spreads 
over 40 days (early July to mid August) while in hills, transplanting starts as early as 
middle of May to mid week of July (spreads over 50 days). This is due to sole 
dependence for water supply on monsoon rainfall, lack of information about optimum 
date of transplanting and partly, due to lack of farm mechanization and use of local 
genotypes. This results in inconsistent behaviour of yield response of rainfed rice to 
different transplanting dates with seasonal variation in monsoon rain, even for the same 
set of management practices including genotypes, fertilizer levels etc. In the present 
investigation, an attempt is made to study the effects of different transplanting dates and 
fertilizer-N levels on plant growth and grain yield of rice in a rainfed rice-fallow system 
in NHR of India involving field experimentation for 3 consecutive years (2009-2011) and 
simulation for 25 years (1987-2011). For simulation study, the Agricultural Production 
Systems Simulator (APSIM), a farming system model that combines accurate yield 
estimation in response to management with prediction of long-term consequences of 
farming practice on productivity, was used. Performance of the calibrated model on field 
experimentation for three consecutive years (2009-2011) was satisfactory. The simulated 
values of biomass at harvest averaged over three years (2009-2011) were 12.9 ±1.44 t ha-

1 compared to measured values of 12.7±1.1 t ha-1 while the corresponding simulated 
averaged (3 years) grain yield was 6.1 ± 0.55 t ha-1 against the measured yield of 5.7 ± 
0.45 t ha-1. The root mean square error (RMSE) was 0.48 t ha-1 and normalized RMSE 
was 5.6% of the observed yield. Late transplanting (21st July) always indicated higher 
inconsistency (CV >33%) and some yield penalty (12-14% less) over early transplanting 
(7-14th July). Shifting from without nitrogen (N)-fertilization to 60 kg N ha-1 increased 
average grain yield (over 25 years) by 19% and increasing N-fertilization further to 90 kg 
N ha-1, rice grain yield increased by 23% over without-N fertilization. Distribution and 
amount of rainfall received from post-flowering to grain maturity affected rice yield 
significantly (r = +0.66) and delay in transplanting after 14th July resulted in yield penalty 
due to reduction of rainfall by more than 50% received during that period. Other weather 
variables (temperature, radiation etc.) had minimal effect on rice yield. Among the 
different adoption options, transplanting on or before 14th July with 60 kg ha-1 fertilizer-N 
in three splits - 50% basal, 25% at tillering and 25% at panicle initiation can increase the 
rice productivity by more than 2 times than the existing level (<2 t ha-1 including upland 
rice) at NEH of India. 
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Description of the farming systems 
Rice is the staple food crop of northeastern region (NER) comprising 8 states of India 
namely Arunachal Pradesh, Assam, Manipur, Meghalaya, Mizoram, Nagaland, Sikkim 
and Tripura. Rainfed rice in NER occupies 3.51 M ha (upland and lowland) of the total 
4.13 M ha net sown area and rainfed lowland rice production systems alone occupy more 
than 80% of the total 3.51 M ha rice area of NER (Munda et al., 2009). However, the 
productivity of rice in NER, excluding state Assam known as Northeastern Hill Region 
(NEH) of India, is lower (<2 t ha-1) than the national average productivity (Munda et al., 
2009; Prakash et al., 2010). The region is still in deficit of about 1 million tonnes of rice 
grain annually (Munda et al., 2009). Despite receiving more than 1500 mm annual 
average monsoon rainfall (June-September), the rainfed lowland rice production systems 
often suffer from intermittent droughts during the peak growing season. This is mostly 
due to erratic distribution of rainfall both in space and time dimension. Regional annual 
water balance studies conducted by Samuel and Satapathy, (2007) reflected a very dismal 
scenario of water availability across NER. Of the total annual rainfall of 635923 million 
cubic meter receives across 25.51 Mha NER (excluding Sikkim), more than 57% is lost 
in the form of surface runoff while only 36% is used to meet the evapotranspiration 
requirement (PET) of agricultural crops, forest vegetations and the unproductive 
evaporation loss from soil surface and free water bodies including wetlands of 2.25 lakh 
ha of NER (ISR, 1998). Only 7% of total rainfall received is deep percolated / infiltrated 
to saturate the vadose zone as well to recharge the ground water. Similarly, Choudhury et 
al. (2012b) also quantified different components of water balance (through field water 
balance approach) at small scale (field level) and reported that a total of 1200-1275 mm 
of water input in the form of rainfall was received during rice growing seasons, out of 
which, percolation and under-bund seepage loss accounted for 66-73% while the crop 
used consumptively only 27-34% in the form of actual evapo-transpiration losses. 
Therefore, water productivity (WP) with respect to total rainfall received during crop 
growth periods (WPrain) in the farmer’s field is very low (< 0.16 g grain kg-1 water). Even 
in the well managed experimental fields, it varies between 0.26-0.43 g grain kg-1 water 
(Choudhury et al., 2012b). Farmers of the NEH region also follow subsistence farming; 
they grow rice mostly without adequate supplementation of fertilizer inputs (NPK). If any 
fertilizer is applied at all, it is only nitrogen (80-90 N kg ha-1) (Das et al., 2011) in the 
form of urea. Due to heavy downpours of rain during rice growing season, coinciding 
with monsoon months, most of the applied N-fertilizer is lost either in runoff in sloppy 
lands (Sharma, 1990) or by leaching in valley lands. As a result, N-use efficiency in 
lowland paddy is very low (<25%) and in sloppy uplands, it is even much lower. 
Duration of transplanting in lowland rice extends up to 40 days (early July to mid 
August) in valleys while in hills, it spreads over 50 days (middle May to mid July). Delay 
in transplanting periods resulted in deprived the farmers to get the benefits of early arrival 
of monsoon rainfall, favorable climatic variables like solar radiation, cardinal 
temperature, atmospheric evaporative demand for rice growth including better fertile 
spikelet formation and higher productivity. In extreme cases of sudden retrieval/erratic 
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distribution of monsoon rainfall in NEH region, moisture stress induced crop failures at 
varying degrees (partial to complete) in farmers field is also common. Use of low 
yielding local genotypes in significant chunk of area and limited use of HYV genotypes 
in farmers’ field are further limiting the productivity. As a result, inconsistent behaviour 
of yields is observed, with wide spatial and temporal variations and sub-optimal 
productivity (<2 tha-1 including jhum and upland rice) even for same set of management 
practices including the genotypes.  
In NEH region of India, rice-fallow system is the most commonly followed yet 
information on optimum dates of transplanting and N-fertilizer levels are inadequate. To 
understand the reasons for variable and low yields of rainfed lowland rice, there is a need 
to have information on weather parameters, optimum date of transplanting and optimum 
fertilizer levels, especially nitrogen (N), to evaluate their integrated effects on rice yield 
over the long-term, as the crop response varies from year-to-year depending upon the 
dynamic weather conditions. Field experimentation may not give the opportunity to test 
large numbers of treatment combinations to draw conclusive results. Under such 
circumstances, integration of simulation modeling (crop growth/farming system models) 
with field experimentation can immensely help in determining the appropriate cause of 
inconsistency in yield, and help to explicate alternative options to overcome shortfalls in 
the existing production systems. Simulation models help in understanding the crop 
management practices in varying climate and soil conditions and are also efficient in 
terms of both money and time (Matthews et al., 2002). The Agricultural Production 
Systems Simulator (APSIM) is a modeling framework in which a model of a system can 
be configured from component modules. It is a tool for exploring management strategies 
that can improve the economics of agricultural production systems and the consequences 
for the soil resource and the environment (Probert et al., 1998). The APSIM farming 
systems model (Keating et al., 2003) has a proven track record in modeling the 
performance of diverse farming systems, rotations, fallowing, crop and environmental 
dynamics (Probert et al., 1998; Robertson et al., 2002; Keating et al., 2003; Balwinder-
Singh et al., 2011). The Oryza 2000 rice model (Bouman and van Laar, 2006) has been 
incorporated into the APSIM framework (APSIM-Oryza) and validated in numerous 
environments (Zhang et al., 2006; Gaydon et al., 2009, 2011, 2012a, 2012b). Since 
APSIM is used here for the first time in the NEH region of India, the present study 
aimed: (i) to calibrate and validate the APSIM model for rainfed lowland rice for NEH 
region of India, and (ii) to subsequently use the validated model to identify suitable 
adoption options based on long term (1987-2011) scenario analyses involving date of 
transplanting and N-fertilizer levels, to understand the effect of weather parameters on 
rice yield.  

Materials and Methods 
Location and site characteristics  
Field experiments were conducted for three consecutive years (2009-2012) during the 
wet seasons (June/July to November/December) at Umiam (25º 41’N latitude, 91º 55’E 
longitude, 1010 m above mean sea level) in mid altitude of Meghalaya, located in the 
NEH region of India (Map 5.1). The study area experiences a tropical monsoon climate. 
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Seventy percent of the total rainfall is received during July to September, with average 
annual rainfall of 2450 mm. April is the hottest month, with average minimum and 
maximum temperatures of 17.3 ºC and 29.4 ºC, respectively. The coldest month is 
December where the average minimum and maximum temperatures are 7.6 0C and 20.4 
0C, respectively. The average relative humidity is highest in the month of June (89.4%) 
while January records the lowest relative humidity of 72 percent. Daily pan evaporation 
rate varies from 2.04 mm day-1

 (during December) to 4.60 mm day-1 (during April) with a 
mean value of 2.89 mm day-1. Daily wind speed varies from 2.58 to 4.39 km hr-1, with a 
mean value of 3.36 km hr-1. Average sunshine hours are 5.42 hr day-1 (Choudhury et al., 
2012a).  
Dataset used/experimentation:  
To fulfill the objectives, a research dataset from three years (2009-2011) field 
experiments on lowland rice (June-November) involving two different dates of 
transplanting (7th July and 21st July) with fertilizer-NPK-levels of 90-60-40 kg ha-1 was 
used. Input data on soil, crop and weather were taken from the two experiments funded 
by ICAR Research Complex for NEH Region, Meghalaya, India from 2009-2012 which 
had their own objectives. During the course of the study, APSIM model was 
parameterized and calibrated using information on crop-soil-climate-management of the 
field experimentation of 2010 (21st July transplanted) while the model was validated 
using field experimentation of 2009-2011 with 7th July transplanted experiments (Tables 
5.1 and 5.2). First experiment (no.1) contained data on the interaction between different 
types of tillage practices and different sources of nutrients including organic and in-
organics on lowland rice productivity (used for APSIM validation).The second 
experiment (no.2) was focused on differential response of rice genotypes and inorganic 
fertilizer levels including traditional farmers practice on lowland rice and crop water 
productivity (used for APSIM calibration and parameterization). Transplanting of rice 
seedlings were done on 7th July in the first experiment and on 21st July in the second 
experiment. Therefore, in scenario analysis, three dates of transplanting namely 7th, 14th 
and 21st July were considered for better comparison between simulated and observed 
values. The experiments were laid in Factorial Randomized Block Design with three 
replicates having plot size of 5 m x 4m. The rice genotype ‘Shahsarang’ (HYV) was 
grown in the wet season (June/July to November/December). Twenty one days-old 
seedlings were transplanted in a puddled field with a spacing of 20 cm row to row and 15 
cm from plant to plant. The crop was grown under rainfed conditions where the sole 
source of water input was rainfall. Nitrogen in the form of urea was applied at the rate of 
90 kg ha-1, of which 50% was applied basally, 25% at maximum tillering and the 
remaining 25% at panicle initiation. Other basal fertilizer applications were 60 kg ha-1 P 
in the form of single super phosphate, 40 kg ha-1 K in the form of murate of potash.  
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Study area (Umiam)

 
  Map 5.1. Location of the study area (Umiam, Meghalaya, India) 

Table 5.1. Important soil properties of the experimental field (2010) used as input 
for calibration of APSIM model 

Depth Sand Silt Clay pH SOC N03 NH4 Ks*  BD  Air dry PWP FC Sat 

(cm) (%)  (%) (mg kg-1) (mm day-1) (Mg m-3) (mm mm-1) 

0-15 65.8 15 19.2 4.74 3.11 5.7 28.5 60.5 1.23 0.09 0.16 0.31 0.45 

15-30 63.2 15.8 21 4.57 2.69 4.3 22.7 27.8 1.34 0.10 0.17 0.30 0.40 

30-60 61.3 20.8 17.9 4.45 1.58 1.7 10.7 44.9 1.31 0.12 0.13 0.33 0.42 

60-90 59.8 21.3 18.9 4.55 1.02 1.4 9.2 47.5 1.29 0.11 0.13 0.32 0.41 

90-120 70.2 9.6 20.2 4.5 0.87 1.3 7.9 32.2 1.28 0.10 0.15 0.35 0.40 

120-150 64.4 13.4 22.2 4.65 0.77 1.8 7.6 33.4 1.26 0.10 0.16 0.32 0.42 

*Ks: saturated hydraulic conductivity; BD: bulk density, PWP: permanent wilting point, FC: field capacity, 
Sat: saturation 
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Table 5.2. Details of crop management practices of rice used as input in APSIM 

Sl. No. Parameters Rice 
       Experimental 
1 Cultivar  Shahsarang- High Yielding Variety, medium 

duration  
2 Seed rate (kg ha-1) 50 
3 Age of seedling (21 days) 21 
4 No. of plants on hills 2 
5 No. of hills per m2 33 
6 Date of transplanting 7th July 2009-2011, 21st July,2010 
7 Fertilizers -NPK rate (kg ha-1) 90-60-40; Urea, SSP & MOP 
8 Fertilizer Application Basal: 50% N, 100% P & K, Tillering :25% N; 

PI:25% N 
9 Rainfall received (seed-seed) 1270-1450 mm 
10 Duration of cultivar (seed-seed) 140-150 days 
11 Weed management 2-3 manual weeding 
12 Harvesting Manually at 15 cm height 

Collection and analysis of plant and soil samples  
Initial soil samples were collected before the start of the experiment. Different soil 
physical (texture, bulk density and hydraulic conductivity, soil water content at 
saturation, field capacity, wilting point-PWP and air drying) and chemical (soil pH, soil 
organic carbon-SOC, available N, P, K, ammonical and nitrate nitrogen) properties up to 
a depth of 1.5 m were analyzed at an interval of 0.15 m following the standard procedures 
(Table 5.1). Soil pH was determined by potentiometric methods (Jackson, 1973); SOC by 
wet digestion methods (Walkley and Black, 1934); ammonical and nitrate nitrogen by the 
KCl method; available N, P, K as described in Jackson (1973). Sand, silt and clay 
contents were determined by the international pipette method, bulk density with core, soil 
moisture content at different suctions by pressure plate and hydraulic conductivity with 
constant head methods (Jalota et al., 1998). Daily weather data on maximum and 
minimum temperature, rainfall, sunshine hours, mean relative humidity and wind speed 
during the crop growth period were obtained from the meteorological observatory of the 
ICAR Research Complex for NEH Region, Umiam, Meghalaya, India. Soil type of the 
study area was red, acidic in reaction (pH: 4.50-4.75), sandy clay loam in texture up to a 
depth of 150 cm, having bulk density of 1.22 -1.34 g cm-3. Hydraulic conductivity varied 
from 27 mm to 60 mm day-1. The soils were very high in organic carbon content (>3.0%), 
medium in available N (>250 kg ha-1), P (13-17 kg ha-1) and K contents (>210 kg ha-1). 
Soil properties of the experimental site have been presented in table 5.1.  
Periodic plant samples of rice crop were collected from each plot (contiguous hills) at 
different stages of growth (viz., tillering, panicle initiation, flowering and physiological 
maturity stages) for dry matter production and leaf area index estimation. For all samples, 
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dry biomass was determined after drying in the oven for 3–5 days at 60 ºC until a 
constant weight was reached. Green leaf surface area to determine leaf area index (LAI) 
was measured with an automatic leaf area meter for all samples. At maturity, an area of 6 
m2 was harvested to determine yield and yield components. The grain yield was 
expressed at 14% moisture content. 

Definition of Scenarios modeled  
Scenarios considering transplanting dates and N-fertilizer levels, representing potential 
alternatives for increasing the resource use efficiency as well as maximizing the rainfed 
lowland rice productivity, were simulated. A total of 9 scenarios consisting of three 
transplanting dates (7th, 14th and 21st July) and three N-fertilizer levels namely 0, 60 and 
90 kg ha-1 were simulated under rainfed condition using long term (1987-2011) weather 
data. A detailed outline of all these adoption options used in simulation analysis has been 
presented in table 5.3. In scenario analysis, soil properties, crop budget representing crop 
management information, field operations, fertilizer applications (amount and time), and 
harvesting date for rice were prepared as in the field experimentation (2009-2011). The 
average annual rainfall for 25 years (1987–2011) was 2415 ± 373 mm, of which monsoon 
rains (June-September) coincides with rice growing season was 1546 ± 288 mm. The 
average annual maximum temperature for 25 years (1987–2011) was 24.81 ± 0.96 ºC 
while minimum temperature was 15.75 ± 0.69 ºC (Choudhury et al., 2012a).  

Table 5.3. Description of scenarios used in long term (1987-2011) simulation 
analysis using APSIM model 

Sl. 
No. 

Scenario Description 
Crop: rainfed puddle rice (cultivar-Shahsarang)-fallow system without 
any irrigation water input; Rainfall received during  

1. 7N0 Transplanted on 7th July without N fertilizer application 
2. 7N60 Transplanted on 7th July with 60 kg ha-1 N fertilizer in three splits (50% 

basal, 25% tillering and 25% at panicle initiation) 
3. 7N90 Transplanted on 7th July with 90 kg ha-1 N fertilizer in three splits (50% 

basal, 25% tillering and 25% at panicle initiation) 
4. 14N0 Transplanted on 14th July without N fertilizer application 
5. 14N60 Transplanted on 14th July with 60 kg ha-1 N fertilizer in three splits (50% 

basal, 25% tillering and 25% at panicle initiation) 
6. 14N90 Transplanted on 14th July with 90 kg ha-1 N fertilizer in three splits (50% 

basal, 25% tillering and 25% at panicle initiation) 
7. 21N0 Transplanted on 21st July without N fertilizer application 
8. 21N60 Transplanted on 21st July with 60 kg ha-1 N fertilizer in three splits (50% 

basal, 25% tillering and 25% at panicle initiation) 
9. 21N90 Transplanted on 21st July with 90 kg ha-1 N fertilizer in three splits (50% 

basal, 25% tillering and 25% at panicle initiation) 
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Trend analysis of long period weather data and simulated grain yields 
Trend analysis (+/-) of weather parameters (e.g. rainfalls and sunshine) and long period 
(1987-2011) simulated grain yields of rice under different scenario options were 
statistically examined in two phases. Firstly, using the non parametric Mann-Kendall test, 
the presence of a monotonic increasing or decreasing trend was tested based on 
normalized test statistics (Z) value. The trend is said to be decreasing if Z is negative and 
increasing if the Z is positive. In the second phase, the rate of increase or decrease in 
annual trend was estimated with the nonparametric Sen’s slope estimator. The slope of 
the trend gave the annual rate and direction of change (Kendall, 1995; Helsel and Hirsch, 
2002 and Salmi et.al., 2002). 

Results of parameterizations and validation 
The APSIM model was parameterized for rice cultivar (Shahsarang) used in the field 
experiments. Crop development rate was calculated using the observed crop phenology 
parameters viz., dates of sowing, transplanting, panicle initiation, flowering and 
physiological maturity (Table 5.4) for 21st July, 2010 transplanted rice in the 
experimental field (experiment no.2). Genetic parameters like specific leaf area from 
measured leaf area and leaf dry weight and biomass production at different stages of crop 
growth were measured and used in model calibration. The model was calibrated by 
changing the crop development rates until observed crop phenology, LAI, biomass 
production and grain yield does not matched with simulated values of each parameter 
within the permissible range of ±18% deviation from measured (Figures 5.1 and 5.2). 
The same crop development rate (Table 5.4) was used for validation as well as for 
simulation of long term scenarios. The performance of the calibrated APSIM model was 
tested / validated against the observed data of experiment no.1 where the same rice 
cultivar (Shahsarang) was transplanted on 7th July with similar fertilizer (NPK) levels of 
90-60-40 kg ha-1 for three consecutive years (2009-2011). Rice grain yield and biomass 
productions were compared between measured and simulated results for three 
consecutive years (2009-2012) (Figure 5.3). We also calculated the absolute (RMSEa) 
and normalized (RMSEn) root mean square errors between simulated and measured 
values:  
 
 
 
 
  
where Yi and Xi are simulated and observed values, respectively, and n is the number of 
pairs. RMSEa is similar to the standard errors of measured values, and RMSEn is similar 
to the coefficient of variation of measured values. 
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Table 5.4. Calibrated growing degree days for different growth stages of lowland 
rice cultivar (Shahsarang) used in validation of APSIM. 

Rice cultivar Rice Growth stages 

Shahsarang 
Development rate in juvenile phase (°Cd-1) (DVRJ) 0.000570 
Development rate in photoperiod-sensitive phase (°Cd-1)(DVRI) 0.000400 
Development rate in panicle development (°Cd-1)(DVRP) 0.0010013 
Development rate in reproductive phase (°Cd-1)(DVRR) 0.0027856 
Maximum optimum photoperiod (h)(MOPP) 11.50 
Photoperiod sensitivity (h-1)(PPSE) 0.0 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
Figure 5.1. Simulated (solid and dash lines) and measured biomass of the whole crop (   ), 
grain yield (   ) and leaf area index (    ) of rice transplanted on 21st July, 2010 (calibration 
of APSIM). 
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The model was calibrated satisfactorily and could predict major plant genetic parameters 
like growth stage wise leaf area, biomass production and simulated grain yield (5.67 t ha-

1) which were comparable against measured yield (5.55 t ha-1 at 14% grain moisture) 
even with late transplanted rice (21st July, 2010) fertilized with –NPK levels of 90-60-40 
kg ha-1 (Figures. 5.1 and 5.2). However, at initial stages of crop growth, particularly from 
tillering to panicle initiation, model underestimated the LAI by 17% than the observed 
LAI. As a result, biomass production at PI was also slightly underestimated than the 
observed biomass. However, at flowering and physiological maturity, simulated values of 
LAI and biomass production were within the magnitude of variation in the field 
observation (Figure 5.1). The linear regression between simulated and observed biomass 
values at different stages of growth, forced to zero intercept, gave a slope 0.98 with 
higher correlation coefficient (0.97) as shown in Figure 5.2.  
 
 
 
 
 
 
 
 
 
 
 
Figure 5.2. Comparison of observed and simulated rice biomass production at different 
stages of growth of rice transplanted on 21st July, 2010. 

The calibrated model also performed very well when tested in simulating whole plant 
(above ground) biomass at harvest and corresponding grain yield were comparable in 
three consecutive years of field experimentation (2009-2011), in early transplanted (7th 
July) crops with similar fertilization (NPK levels of 90-60-40 kg ha-1) (Figure 5.3). The 
simulated values of biomass at harvest averaged over three years (2009-2011) were 12.9 
±1.44 t ha-1 compared to observed 12.7±1.1 t ha-1. Similarly, the simulated yield of rice 
averaged over the 3 years (2009-2011) was 6.1±0.55 t ha-1 compared to 5.7±0.45 t ha-

1(Figure 5.3). The scatter plots between simulated and observed grain yield forced to zero 
intercept gave a slope 1.07 with higher coefficient of correlation (0.73).The standard 
error of measured values (RMSE) was 0.48 t ha-1 and normalized RMSE was 5.6% of the 
observed yield. Measured grain yield was 12-14% less in 2009 (5.12 ± 0.34t ha-1) 
compared to 2010 and 2011 (5.85-5.96 t ha-1), which was mostly due to erratic behaviour 
of rainfall in the later part of the growth periods (post anthesis). 
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Figure 5.3. Performance of APSIM in simulating biomass (a) and grain yield (b) of rice 
transplanted on 7th July with fertilizer level-NPK @ 90-60-40 kg ha-1 in a rice-fallow for 
three consecutive years (2009-2011). 

 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.4. APSIM simulated (solid lines) drought stress factor reducing leaf expansion 
(lestrs) at different measured phonological stages of rice growth (  ) transplanted on 7th 
July for three consecutive years (2009-2010).  

Results of Scenario Analysis 
Simulation results from the scenario analysis showed the effect of transplanting dates, N-
fertilizer levels and their interaction effects on grain yield (Table 5.5). On early 
transplanting (7th July), grain yield without N-fertilization (farmers practices) varied from 
3.97 tha-1 to 6.62 t ha-1 with an average yield of 4.77 ± 0.65 t ha-1. , which is more than 2 
times higher than the average yields obtained by the farmers of Meghalaya (<2.0 t ha-1), 
NEH region (Das et al., 2011). With application of 60 kg N ha-1, average (of 25 years) 
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grain yield (5.91± 0.60 t ha-1) increased by 24%. With further increase in application of 
N-fertilizer levels to 90 kg ha-1, a marginal increase (<5%) of average (25 years) grain 
yield (6.21 ± 0.59 t ha-1) was observed. Delay in transplanting by one week from 7th July 
to 14th July, resulted in marginal variation in average yields (over 25 years) at all the 
levels of N-fertilizer (0 to 90 kg ha-1). In control condition (without any fertilizer), 
average grain yield of rice transplanted on 14th July was 4.69 ± 0.74 t ha-1. On application 
of 60 kg N ha-1, grain yield increased to 5.91 ± 0.84 t ha-1 and adding another 30 kg ha-1 
N increased grain yield by <5% over 60 kg ha-1. However, on further delaying the 
transplanting from 14th to 21st July, grain yield not only decreased considerably (by 14-
16%) even with application of 60-90 kg N ha-1 over 7th and 14th July, but also varied 
widely among the years (Coefficient of variation – 32 to 37% against <13% on 7-14th 
July). On application of 60 kg N ha-1, average rice yield increased from 4.07± 1.33 t ha-1 

(in control) to 4.97±1.79 t ha-1 and on increasing N fertilizer level to 90 kg ha-1, an 
additional increase of 3.5% yield was observed (Table 5.5). Non-parametric Mann-
Kendall test affirmed that irrespective of N-fertilizer levels (control, 60 & 90 k ha-1 N), 
simulated annual rice yield over 25 years (1987-2011) on early transplanting (7-14th July) 
reflected a significant (p<0.05) decreasing trend (Z value = +0.96 to +4.32) at the rate of 
30-64 kg grain year-1 (Table 5.4). On the contrary, late transplanted (21st July) rice yield 
with the application of 60-90 kg N per hectare reflected an annual significant (p<0.1) 
increasing trend (Z= value= +1.65 to +1.79) at the rate of 66-75 kg year-1 (Table 5.5). 
This might be due to the increasing trend in annual rainfall, particularly during post 
monsoon months of October and November (Z value: +0.07 to +0.63) (Figure 5.8) which 
coincides with post flowering stages of growth in late transplanted rice crop and thus 
provides the essential water input in the rainfed ecosystem. However, without N 
fertilization, in all the three dates of transplanting (7, 14 and 21 July), annual trend in rice 
grain yield is decreasing at varying magnitude and this is in fact as expected since 
continuous nutrient mining by the rice biomass (above and below ground) including 
grains without any periodic replenishment led to decline in soil fertility to support crop 
production.  

Table 5.5. Simulated long term (1987-2011) average grain yield of rice (t ha-1) for 
each adoption options.  

Grain yield Adoption options  
t/ha 7N0 7N60 7N90 14N0 14N60 14N90 21N0 21N60 21N90 

Min 3.97 4.77 5.03 3.27 3.83 4.02 1.48 1.61 1.65 

Max 6.62 7.15 7.34 6.53 7.47 7.74 5.92 7.34 7.52 

Mean 4.77 5.91 6.21 4.69 5.91 6.22 4.07 4.97 5.15 

SD 0.65 0.60 0.60 0.74 0.84 0.88 1.33 1.79 1.88 

CV (%) 13.6 10.1 9.6 15.7 14.2 14.1 32.6 36.1 36.6 

Z -4.32 -2.78 -2.73 -2.92 -1.52 -0.96 -0.40 +1.66 +1.80 
Sen's slope, kg 
ha-1 

-58.5 -54.1 -51.4 -64.5 -34.7 -29.7 -7.0 +66.6 +75.0 
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The cumulative distribution functions (CDF) of rice grain yield, over a 25 year period 
(1987-2011), for alternate scenario options 1-9 (Table 5.3) reflected considerable 
influence of interaction effects of date of transplanting and N-fertilizer levels (Figures 
5.5a-5c). Any delay in transplanting beyond 14th July  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5.5. Simulated cumulative probability distributions (1987-2011) for rice grain 
yield (a-c) and harvest index (d) analyzed for scenario options of (a) interaction effects of 
transplanting date and fertilizer-N levels (b) transplanting dates, (c) fertilizer-N levels and 
(d) harvest index. 

average grain yield would be considerably reduced (>14%) than early transplanting (7-
14th July) irrespective of N-fertilizer levels. CDF graphs (Figure 5.5b) illustrated that 
optimum date for transplanting of rainfed lowland rice for Umiam, Meghalaya, NE India, 
is on or before 14th July. Similarly, application of N-fertilizer increased the rice yield 
considerably over control (Figure 5.5c). CDF graphs also revealed that application of 60 
kg ha-1 N instead of routine application of 90 kg ha-1 N would be the most appropriate 
level under the rainfed lowland conditions of hilly ( up to 1000 m msl), ecosystems of 
Meghalaya, India. Late transplanting of rice (21st July) also reduced the N-fertilizer use 
efficiency. The simulated yield of rice crops with application of 60 and 90 kg ha-1 N were 
not much different unlike the 14th July transplanted rice. CDF graphs (Figures 5.5a-5.5c) 
as well as coefficient of variation (CV) and deviation analysis of rice yield over the years 

(b) (a) 

(c)  (d) 
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(1987-2011) (Table 5.5) reflected that late transplanting (21st July) resulted in more 
instability in crop performance; there is greater chance of poor performance than on early 
(7th July) to normal (14th July) dates of transplanting. With the delay in transplanting, CV 
in rice yields over 25 years increased from less than 10% on 7th July to 32-36% in 21st 
July transplanted rice. Among the possible nine scenarios, adoption options of 7N60 and 
14N60 (transplanting from 7-14th July with N-fertilizer level of 60 kg ha-1 at three splits-
50% basal, 25% each at tillering and panicle initiation) could be suitable for Meghalaya, 
since addition of 30 kg ha-1 more N (i.e. @ 90 kg ha-1) gave only marginal increase in 
yield with a very low N use efficiency (5-10%). This could ensure at least 4.0 t ha-1 rice 
grain yield during erratic distribution of rainfall period; in good monsoon years (uniform 
distribution during rice growing periods), the potential rice productivity in rainfed acid 
soils of Meghalaya may go up to 7.5 t ha-1 (Figure 5.5a).    

 
 
 
 
 
 
 
 
 

Figure 5.6. Graph (a) represents simulated effect of transplanting dates on response of 
rice crop to drought stress factor induced by erratic rainfall distribution years (1993, 
1994, 1997 and 2009). Graph (b) represents comparison between years of normal (black 
dotted lines …, 2010) and deficit rainfall (1993, 1994, 1997 and2009) induced drought 
stress on very poor crop performance due to delay in transplanting (21st July). 

Discussion 
The lowland agricultural production system in Meghalaya is unique in many ways; it is 
solely rainfed in nature with wide temporal variability in the frequency of occurrence, 
distribution and amount of rainfall. During the monsoon (June-September) and post 
monsoon (October-December) months, which coincides with rice growing periods (June 
to November), the variability in amount of rainfall is 18.7-37.9% (Choudhury et al., 
2012a). During the post monsoon months of October and November, which coincide with 
flowering to grain filling and maturity stages of rice growth, long period (1983-2010) 
trend analysis of rainfall manifested most erratic in amount (CV=37.8%) and uncertain in 
behaviour (contribution to annual rainfall of 2450 mm ranged from 0.2% in 2009 to 
26.8% in 1986). Due to lack of irrigation infrastructure and sole dependence on rainfall, 
lowland rainfed rice production systems in the study area most often suffer from the 
occurrence of droughts at many stages including peak growing period (Patel et al., 2010; 
Choudhury et al., 2012b). Secondly, soils of the study area are strongly acidic (pH<5.0) 

(a) 

(b) 
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and acidity-induced nutrient stress, particularly phosphorous, is another major bottleneck 
in achieving optimum rice productivity (including upland paddy). Thirdly, cropping 
systems followed in the study area are mostly lowland rainfed rice-fallow systems that 
are cultivated during July-November. In the remaining period (December to till next year 
June), the land remains fallow and is covered with luxuriant weed biomass. In most of the 
simulation studies using APSIM across the world comprising rice-wheat system in the 
Indo-Gangetic plains of Punjab (Balwinder-Singh et al., 2011) and multiple cropping 
systems in Australia and other places (Robertson et al., 2002; Keating et al., 2003; 
Gaydon et al., 2009, 2011, 2012a, 2012b), it was high productive irrigated agricultural 
production system compared to rainfed single cropped production system in this study. 
Recorded total rainfall amount during rice growing season (transplanting to grain 
maturity) for three years (2009-2011) was comparable (1000-1184 mm), but, the 
distribution was quite different and erratic. During peak periods (anthesis to grain 
maturity), rainfall received during 2009 was 44-53% less, although in the initial periods 
up to tillering, it was considerably higher as compared to 2010 and 2011 (Figure 5.7). As 
a result, terminal water stress appeared from flowering to grain maturity during 2009 and 
the grain yield also declined by 12-14%. When the model was tested, similar trend (9-
13% lower grain yield) was simulated during 2009 (5.61 t ha-1) compared to 2010-2011 
(6.16-6.71 t ha-1) (Figure 5.3). The drought stress factor causing the reduction in leaf 
expansion (lestrs) in APSIM-Oryza could reflect the occurrence of terminal drought 
during the rice growing periods. In comparison to 2010 and 2011, terminal drought stress 
during 2009 appeared at mid tillering stage (lestrs<0.6), reappeared at panicle initiation, 
reached severe at anthesis (lestrs <0.3) and remained till grain maturity (Figure 5.4). 
Similarly, in scenario analysis for 25-years long term simulation, delay in transplanting 
from 7th or 14th July to 21st July, irrespective of N-fertilizer levels resulted in considerable 
decline (15%) in average (of 25 years) grain yield (Figure 5.5b, Table 5.5) and more 
instability in productivity along the years (CV>32%) (Table 5). In late transplanted rice 
(21st July), simulated grain yield in some of the years namely 1990, 1992, 1993, 1994, 
1997, 2004 and 2009 declined to a larger extent (4-5 times) than the remaining years. To 
find out the cause of decline of yield in those years, we analyzed the historical climate 
data and found that it was mainly due to the variation in rainfall distribution during crop 
growing seasons, which influenced the productivity. Though yearly variation in total 
amount of rainfall during crop growth periods (transplanting to grain maturity) is 
comparable among early (7/14th July) and late (21st July) transplanting, yet, the 
distribution, more particularly from post flowering to grain filling stages reduced 
considerably by many folds (Figs. 7 a-7d) and it was also affirmed from a very strong 
positive correlation (r = +0.66) between post flowering rainfall and grain yield. Since it 
was a rainfed production system, delay in transplanting after 14th July resulted in a shift 
(late) in sensitive crop phenological development (reproductive phase) and forcibly 
coincided with the rainless periods (October-November), resulting in terminal moisture 
stress which was reflected by simulation studies through reduction in leaf expansion 
(lestrs) (Figures 5.6a-5.6b and Figures 5.7a-5.7d). Trend analysis of radiation using Man 
Kendall test also reflected a decreasing trend in post monsoon October-November 
months, which coincides with the post-anthesis period of rice growth (Table 5.6, Figure 
5.8). Similarly, simulation studies also reflected that shifting from non-fertilization to 
application of 60 kg N ha-1 can considerably improve the grain yield. 
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Table 5.6.  Trend analysis of simulation period (1987-2011) rainfall and radiation 
distribution during rice growing season (transplanting to maturity) at 
experimental site. 

Radiation, MJ m-2 Rainfall, mm 
Month 

 Z value Sen's slope  Z value Sen's slope 

July 1.285 0.04 -0.54 -3.54 
August 1.990 0.08 -1.28 -4.18 
September 0.163 0.01 -1.47 -4.24 
October -0.350 -0.01 0.07 0.26 
November -1.285 -0.06 0.63 0.91 

Total (JASON) -0.584 -0.01 -1.89 -13.59 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.7. Effect of transplanting dates on rainfall distribution during different sensitive 
stages of rice growth (a-c) and impact of rainfall received from flowering to maturity on 
simulated rice productivity years (d). 

However, addition of 30 kg more N to 60 kg didn’t increase productivity significantly. 
The reason might be that since our studied soils were very high in organic carbon content 

(d) 
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(>3%), nitrogen fertilizer didn’t show any response beyond 60 kg ha-1 as decomposition 
and mineralization of organic carbon over a long period might have supplemented the 
nitrogen requirement. In addition to this, occasional high intensity rainfall (RX1 day>150 
mm) (Choudhury et al., 2012b) and the additional amount (30 kg ha-1 N fertilizer) of 
applied fertilizer might have been lost through runoff or leaching from the system. The 
cumulative probability distribution function of simulated harvest index reflected a 
decrease in grain yield with delay in transplanting which might be due to decrease in 
harvest index and production of more chaffy grains (Figure 5.5d). However, due to 
limitations of the APSIM model in yield attribute production through simulation under 
stress, we couldn’t properly analyze the cause. Irrespective of transplanting dates, 
simulation studies and trend analysis of long term rice productivity manifested a 
significant (Table 5.5) declining trend in grain yield, particularly under control condition 
where no N-fertilization was done and we also anticipated similar trend due to continuous 
crop nutrient uptake/ mining without any periodic replenishment. Temperature had very 
little role in influencing the variation in rice productivity among the different scenarios 
since it was comparable all along the years. However, non-parametric Man Kendal test 
for 25 years simulation shows that late transplanted rice (21st July) with 60-90 kg N per 
hectare had an increasing trend (@ 66-75 kg grain yield of rice per year) contrary to the 
early (7-14th July) transplanted rice. This might be partly due to a non-significant and 
non-linear increasing trend in monthly rainfall of October-November, since the 
reproductive phase and grain yield are positively correlated (r=+0.66) with the rain 
during that period.  

 
 
 
 
 
 
 
 
 

Figure 5.8. Trend analysis of simulation period (1987-2011) rice growing periods 
(transplanting to maturity: July to November) rainfall and radiation distribution at 
experimental site. 

Conclusion 
After calibration and parameterization, the APSIM model performed quite satisfactorily 
(with <6% variation) in simulating the biomass and grain yield of rice, comparable to the 
measured results under rainfed, lowland rice-fallow systems in the acid soil (pH<5.0) of 
NEH region of India. The scenario analysis for transplanting date (7, 14 and 21st July) 
and N-fertilizer levels (0, 60 and 90 kg ha-1) always indicated some yield penalty for late 
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transplanting (21st July). Simulation results and the measured data from field 
experiments, supported by the information of historical climate data (1987-2011) 
particularly trend analysis of rainfall pattern (amount and distribution) and radiation 
energy indicated that transplanting of lowland rainfed rice on or before 14th July has 
favourable weather condition for rice production in the hilly ecosystem of NEH region of 
India. To improve the rice productivity with high marginal rate of increase for every kg N 
fertilizer, optimum level of N-fertilizer level is 60 kg ha-1 which is to be applied in 3 
splits (50% basal, 25% at tillering and 25% at panicle initiation). Thus, among the 
different adoption options, the best possible option based on limited no. of adoption 
options used in the scenario analysis for increasing the rice productivity by 2 times over 
the current level (<2 t ha-1) in NEH (Das et al., 2011) will be early transplanting (7- 14th 
July) with fertilizer –N levels of 60 kg ha-1. The critical analysis of long-term weather 
data revealed that the yield of rice is most significantly (r= +0.66) influenced by the 
rainfall distribution and amounts during post-flowering to grain filling (October-
November) stages of growth. However, to substantiate the facts of yield decline in late 
planting more concisely, Nitrogen dynamics in soil and its interaction with rainfall, 
temperature, soil moisture regimes etc. in influencing mineralization rate, balance in 
losses and availability to crop uptake in the present study representing complex 
intermittent anaerobic-aerobic transformation cycles in rainfed rice environment needs 
further study. 
Since the soils of the region are strongly acidic (pH<5.0), therefore, besides nitrogen, 
phosphorus (P) is another major limiting nutrient which induces stress on rice 
productivity due to its heavy fixation by the reactive iron/ aluminum surfaces even in 
lowlands. Since the current module of APSIM–Oryza model is not sensitive to P 
fertilization (it assumes P is non-limiting), it is difficult to say that the variation in grain 
yield among the N-fertilizer levels were, solely due to nitrogen. It may be the results of 
complex interaction of N, P and K and other weather variables. Thus, APSIM needs 
incorporation of P induced stresses in genetic factors. Similarly, since rainfed lowland 
rice ecosystems in our study area often suffer from intermittent drought stress due to 
erratic distribution of rainfall, more drought stress sensitivity coefficients covering crop 
development and yield components (spikelet fertility, chaffy grains, 1000 grain weight) 
need to be incorporated for increasing the accuracy under diverse rainfed condition in the 
climate driven abrupt changing pattern of rainfall across NEH region of India. 
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Abstract 
The stagnant or declined growth rates of rice and wheat yields of the predominant rice-
wheat (RW) system, occupying 10 million hectares of India is a cause of concern for the 
food security of the country. The higher decline in yield of rice, the higher yielding crop 
of RW system than in yield of wheat may jeopardise the sustainability of the system. To 
find out the cause of decline in rice yield and to indentify optimum transplanting date for 
improving yield and water productivity of the system in Indo-Gangetic Plains (IGP), 
effect of transplanting dates on yield and water productivity of rice at Faizabad, located 
in middle IGP was studied using APSIM crop simulation model. The model was first 
parameterised for the study site using soil, crop and weather data for the site and the 
calibrated model was used for simulation of yield and water productivity for six different 
dates of transplanting in 11 years. Simulation results identified 10 June as the optimum 
transplanting date for rice at Faizabad in view of higher yield and lower coefficient of 
variability (CV) in yield and higher water productivity and lower CV in it of the crop 
transplanted on 10 June than in other delayed transplanting dates. Higher grain yield and 
water productivity in 10 June transplanting and decline in them with successive delay in 
sowing were associated with decrease in rainfall during panicle initiation period and 
decrease in degree days and solar radiation during the total growing period. 

Introduction 
The rice – wheat (R-W) cropping system is a predominant cropping system of the Indo – 
Gangetic Plains (IGP), occupying about 13.5 M ha in South Asia, and covering 85 % of 
the cropped area. It is the principal source of food and livelihood security for several 
hundred million people in this densely populated region. In R-W systems, rice (Oryza 
Sativa L.) and wheat (Triticum aestivum L.) are grown sequentially in an annual rotation. 
In India, the R-W system is predominant in five states, viz., Punjab, Haryana, Uttar 
Pradesh, Bihar and Madhya Pradesh and is cultivated over 10 million hectares. The 
environmental requirements for the growth and development of both rice and wheat crops 
are contrastingly different. Rice grows best under stagnant water conditions, while wheat 
requires a well-pulverized soil with a proper balance of moisture, air and thermal regime. 
Therefore, a dominating feature of the R-W cropping system is the annual conversion of 
soil environment from aerobic to anaerobic and then back to aerobic conditions. Delays, 
particularly in transplanting of rice due to late onset of monsoon or socioeconomic 
factors, delays the sowing of wheat with adverse consequences on wheat yield (Singh et 
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al., 2002). After the advent of the green revolution in 1960 and the wider practice of the 
R-W system in the IGP, yields of both rice and wheat have witnessed four to five fold 
increases. Of late, there is a growing concern about the sustainability of the R-W 
cropping system due to stagnant or declined growth rates of rice and wheat yields in all 
the major R-W growing regions of Asia (Bhandari et al., 2002; Ladha et al., 2002; Yadav 
et al., 2000). Moreover, rice yields are declining more rapidly than wheat in the IGP 
(Ladha et al., 2003; Pathak et al., 2003). The declining trend in yield of rice, a higher 
yielding crop of the system, is a major cause of concern for the sustainability of the 
system. 
The site chosen for simulating rice yield in the R-W system using APSIM is situated in 
the middle IGP. In this region rice is grown in the wet rainy season (June to October) and 
wheat in the dry winter season (November to March). The R-W system in middle and 
lower IGP operates at low yield compared to upper parts of IGP because of inadequate 
nutrition and poor water management. Less favourable climatic conditions and limited 
irrigation facilities are major constraints for achieving higher yield in this part of the IGP. 
If the present rate of over-exploitation of ground water for irrigation continues in the 
lower transects of IGP, significant irrigation water shortages will be experienced in near 
future. It is necessary to improve both yield and water productivity of the system in this 
region. To break the yield stagnation or decline in rice and increase water productivity, 
identification of optimum sowing window will be a non-monetary management strategy. 
Well-tested simulation models are useful tools for exploring crop management practices 
for enhancing yield and water productivity. Keeping this in view, an attempt has been 
made to simulate the effect of the transplanting dates on yield and water productivity of 
rice using APSIM.  

Characteristics of the site 
Based on physiography and bioclimate, the IGP has been subdivided into five transects 
(Narang and Virmani 2001) viz., Trans – Gangetic plains (Transects 1 and 2), Upper – 
Gangetic plains (Transect 3), Middle – Gangetic plains (Transect 4) and Lower – 
Gangetic plains (Transect 5). The study site, Faizabad (26° 47’ N, 82° 08’ E, 133 m amsl) 
– falls under middle IGP region, which is located in the Eastern part of Uttar Pradesh, 
India. The climate of this region is classified as hot dry sub – humid. The soils are deep 
loamy alluvium with medium to high plant available water content. The clay, silt and 
sand contents of soil are 22, 52 and 26 percent, respectively. The length of growing 
season based on water balance parameters in this region is of 150 – 180 days. The pH of 
top soil layer is 7.7 and organic content is 0.5%. 
The study-site receives an average annual rainfall of 920 mm in 41 rainy days. The 
average rainfall during monsoon season (June to September) is 805 mm and varies from 
the lowest of 389 mm to highest of 1338 mm with CV of rainfall of 28%. Peak rainfall 
commonly occurs during 2nd week of July. Day temperatures vary between 20.4 °C (3rd 
week of January) and 39.6 °C (last week of May). Night temperature varies between 6.7 
°C (3rd week of January) and 26.3 °C (2nd week of June). The average monthly figures for 
temperature, rainfall and solar radiation at Faizabad (Figure 6.1) indicates that rainfall is 
highest in July, followed by August. The rainfall in these two months (more than 200 mm 
in each month) accounts for about 55% of the annual mean rainfall. Higher mean 
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monthly maximum temperature, minimum temperature and solar radiation are observed 
in May, June and April, respectively. Solar radiation is very low during July to 
September.  

 
Figure 6.1. Mean monthly climatology of Faizabad averaged over the years 1986-2010. 

Crop management 
The crop data used for the parameterization and simulation of rice in this study was taken 
from the long–term crop weather relationship experiment at Faizabad. In this experiment, 
two varieties viz., Sarjoo–52 and NDR–359 (sub treatments) were sown on three dates 
viz., 10 June, 20 June and 30 June (Main treatments) in replicated (four times) split plot 
design. Three rice seedlings (25 days old) were transplanted in the 77honol field at 20cm 
X 15cm spacing. Fertilizer amount of N- P- K 120-60-60 kg/ha was applied in three 
splits. Half of the N (60 kg/ha) as Urea, all the P (60 kg/ha) as Diammonium Phosphate 
and K (60 kg/ha) as Murate of Potasium were applied as basal doses on the day of 
transplanting. The remaining half dose of Nitrogen (60 kg/ha as Urea) was top dressed in 
two splits at tillering and panicle initiation stages. Three irrigations, each of amount 60 
mm, were given around 20, 35 and 50 days after transplanting through flood irrigation. 
The crop was maintained free from weeds, pests and diseases by taking appropriate 
control measures. A green manure (Dhaincha crop) of 12 ton/ha was incorporated in the 
soil, one month before transplanting. 

Data sets used 
The long–term weather data for the years 1994–2010 (including rainfall, maximum and 
minimum temperature and sunshine hours, recorded at the meteorological observatory 
near to the experimental fields were used for both validation and subsequent simulation 
of scenarios using APSIM. Soil data used for configuring the model were bulk density, 
organic C content, NO3, NH4, EC and pH collected from soil depths of 0–15, 15–30, and 
30–60 cms of the experimental. The crop data collected included phenology, grain yield, 
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biomass yield and yield attributes. The phenology data consisted of dates of occurrence 
of panicle initiation, heading, 50% flowering, beginning of grain filling, end of grain 
filling and physiological maturity. Replication-wise and treatment-wise data on grain 
yield, straw yield and biomass yield were collected at the time of harvest from the net 
plot area of 5.6 X 3.8 m. The yield attributes included number of grains/ear, number of 
grains/m2 and single grain weight (g), collected at the time of harvest from five selected 
plants. Additional data were collected on periodic (15 days interval) leaf area index, dry 
matter and plant height. The source of all these data is the Agromet databank of Central 
Research Institute for Dryland Agriculture (CRIDA).  

Results of parameterisations and calibration   
Any crop simulation model is calibrated by using the observed data on morphology, 
phenology, growth and harvest parameters from field experiments or controlled 
experiments. Phenology is a key parameter or trait for simulation modelling, as it 
determines the timing of developmental stages. Phenology is an important component of 
modelling as simulation of grain yield is very sensitive to modelling of crop phenology. 
Most crop models, including APSIM parameterize phenology by defining stages of 
development linked to the key developmental stages viz., emergence, vegetative, panicle 
initiation, flowering or anthesis and physiological maturity. In the APSIM model, the 
development stage of crop (dvs) ranges from 0 (at sowing) to 2.5 (at harvesting). The dvs 
values of four important 78honological stages i.e., transplanting, panicle initiation, 
flowering and maturity stages were 0.3, 0.65, 1.0 and 2.0, respectively. New cultivars are 
specified in APSIM by initially copying cultivar specific developmental rates of four 
developmental stages, maximum optimum photoperiod and photoperiod sensitivity of an 
existing cultivar in the oryza.xml file and pasting it separately in the same file, replacing 
the name of that cultivar with the new cultivar of interest i.e., sarjoo-52. Next by 
modifying the development rate in the juvenile phase and running the model for different 
iterations, dvs for transplanting was adjusted nearer to the actual transplanting date. Once 
this was achieved, the value of this parameter was accepted as correct. This exercise of 
iteratively changing the values of developmental rates of each 78honological stage to 
match the actual timing of a particular 78honological stage with the simulated is repeated 
for each of the 78honological stages: panicle initiation, flowering and physiological 
maturity stages. The simulated dates of flowering and physiological maturity, 23 
September and 18 October were very well tallied with the respective observed dates 23 
September and 17 October 2010. By changing biomass and grain yield sensitive 
parameters viz., spikelet growth factor (SPGF) and maximum individual grain weight 
(WGRMX) 78honologica, the simulated biomass and grain yield were brought closer 
(calibrated) to the observed biomass and grain yield after many iterations (Figure 6.2). 
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Figure 6.2. Observed and simulated bio-mass and grain yields of Rice 

Definitions of scenarios modelled 
Following this parameterization/calibration process, the model was used for simulating 
the effect of different dates of transplanting on plant biomass, grain yield and water 
productivity of rice. We tested six scenarios of transplanting dates viz., 10 June, 20 June, 
30 June, 10 July, 20 July and 30 July. Fertilizer dose of 120-60-40 NPK kg/ha was 
applied in three splits (50% basal, 25% tillering and 25% panicle initiation). In this 
scenario analysis exercise, irrigation treatment of 5 days alternate wetting and drying 
(AWD) was applied. All these treatments (scenarios) reported the simulated growth, 
development and yield, of rice over 11 years from the years 2000 to 2010. The water and 
nitrogen dynamics of the soil were also simulated. 

Results of scenario analysis 
Simulated rice yield under six different transplanting date scenarios over the 11 years of 
simulation (Figure 6.3) showed that highest yield was achieved under earliest date of 
transplanting (10 June) and decreased with each delay in sowing to reach lowest value 
under most delayed transplanting date (30 July).  

 
Figure 6.3. Time series of simulated rice yields under different 

transplanting dates at Faizabad 
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An interesting result observed from the study is the drastic reduction in yield of about 
1000 kg/ha with just 10 days delay (20 June) in transplanting compared to the yield in 
earliest transplanting date (10 June). The reduction in yield for a crop transplanted after 
20 June progressively decreases with each 10-day delay in transplanting. However, in 
year 2002 yield has not shown decreasing trend with each 10 days delay in transplanting, 
differing from the pattern observed in other years. The differential response of yield to 
delay in sowing in 2002 may be due to significant increasing trend in rainfall(r=0.96) 
during pre-flowering stage and insignificant decrease in rainfall during reproductive 
period(r=-0.62) over the six transplanting dates in 2002, compared to other 
years.Moreover,the year 2002 being a severe drought year with very delayed onset of 
southwest monsoon,the early transplanted rice experienced unusual high temperature and 
radiation aggravating the moisture stress in 2002 nullifying the other positive effects of 
early transplanting compared to late transplanting. The difference in yield between the 
last two dates of transplanting the crop was the lowest. The coefficient of variation of 
yield over the years was lowest (11%) in the case of earliest transplanting date and 
increased with delay in sowing to reach the highest value in the most delayed 
transplanting date scenario (27.6%). Over the years, yield in each transplanting date is 
showing significant decreasing trend. The declining trend in yield was identified with the 
decreasing trend in solar radiation (-0.23 to -0.49) and increasing trend in minimum 
temperature (0.39 to 0.58) in all the transplanting dates over the years.  
The cumulative probability distribution of rice yield at different transplanting dates 
(Figure 6.4) also showed highest yield at 50% CDF (median) in the case of earliest 
transplanting (10 June) compared to other transplanting dates. At all the probabilities, 
yield under 10 June transplanting was very much higher than other transplanting dates. 
Lowest yield at all cumulative probabilities was recorded in case of most delayed 
transplanting scenario (30 July) closely followed by 20 July transplanting. There was a 
50% probability that rice transplanted on 10 June produced around 4000 kg/ha of yield 
while the crop transplanted on 30 July produced lowest median yield of about 2000 
kg/ha. Crops transplanted between these two dates produce intermediate median yields. 

 
Figure 6.4. Cumulative probability of rice yield under different transplanting scenarios 
(Faizabad, India, 1994-2010).  
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Applied irrigation water productivity (kg ha-1 mm-1) was calculated as the ratio between 
grain yield (kg ha-1) and total irrigated water used (mm). Simulations also showed the 
highest productivity by the crop transplanted on 10 June and each delay in transplanting 
resulted in comparatively lesser water productivity (Figure 6.5).  

 
Figure 6.5. Cumulative probability of water productivity under different transplanting 
scenarios (Faizabad, India, 1994-2010).  

Not only the yield but also the water productivity was lowest for the scenario of 30 July 
crop transplanting at all the cumulative probabilities. On average, the early transplanted 
(10 June) crop produced highest water productivity of about 7 kg ha-1 mm-1 and late 
transplanted (30 July) crop produced the lowest water productivity of about 3 kg ha-1 mm-

1. The crops transplanted between these dates, however produced intermediate water 
productivities. 
Grain yield and water productivity in relation to weather parameters 
The mean and coefficient of variation of grain yield and water productivity (Total) or the 
ratio of yield and water supplied through rainfall and irrigation of rice variety sarjoo-52 
was studied in relation to the rainfall during reproductive period as well as the total crop 
growing period, total growing degrees and mean solar radiation (Table 6.1). The results 
demonstrated that grain yield and coefficient of variation, respectively were highest and 
lowest under the earliest (10 June) transplanting scenario. The yield and water 
productivity decreased with each delay in transplanting to reach lowest values under the 
most delayed transplanting i.e., 30 July. The decrease in both yield and water 
productivity with delay in transplanting was observed to be related to the decrease in 
rainfall during reproductive period (Panicle initiation to maturity) and lower growing 
degree days and solar radiation during the total growing period.  
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Table 6.1. Grain yield, total water use, water productivity, rainfall, growing degree 
days and solar radiation under different transplanting dates 

Transplanting 
date 

Grain yield 
(kg/ha) 

Total 
water use 

(mm) 

Water 
productivity 

(kg m-3) 

Rainfall 
(Total 

growing 
period) 
(mm) 

Rainfall 
during 

Reproducti
ve period 

(mm) 

Growing 
degee 

days (°C-
day) 

Solar 
radiation 
(MJ m-2) 

10 June 4239 (11.0) 1259 0.34 (15.8) 632 (32.8) 468 (37.5) 1830 22.4 

20 June 3219 (17.1) 1250 0.26 (21.3) 650 (27.4) 427 (41.3) 1786 22.0 

30 June 2919 (16.0) 1224 0.24 (20.6) 635 (29.3) 397 (43.6) 1736 21.6 

10 July 2625 (21.2) 1194 0.22 (26.0) 600 (35.0) 377 (45.0) 1705 21.3 

20 July 2441 (25.7) 1153 0.22 (30.0) 515 (42.8) 316 (38.8) 1689 21.4 

30 July 2329 (27.6) 1127 0.21 (30.3) 443 (42.0) 225 (41.00 1656 21.2 

Values in paranthesis are CV values 

Validation of the model 
The grain yield simulated for three dates of transplanting in years 2000 to 2003 were 
compared with the observed yield under the same transplanting dates and years. The 1:1 
relationship between observed and simulated yields (Figure 6.6) illustrates that simulated 
yield agree fairly well with the observed yields with slope of 0.91 and R2 value of nearly 
60%. The root mean square error (RMSE) of simulated yield was worked out to be 6% of 
the observed mean yield. However, the yields of good rainfall years 2001 and 2003 were 
underestimated and that of low rainfall years 2000 and 2002 were overestimated. 

 
Figure 6.6. Comparison of simulated and observed rice yields in years 2000 – 2003. 

Discussion of results 
In view of the higher simulated biomass and grain yields as well as higher water 
productivity, 10 June was identified as the optimum date for transplanting rice in 
Faizabad region of eastern Uttar Pradesh, India. In the study “crop management options 
to increase water productivity in rice – wheat system” at Ludhiana in Punjab state, India, 
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the middle of June was identified as optimum transplanting period (Singh et al., 2011, 
personal communication). In this experiment lowest irrigation requirement was also 
noticed in the 10 June transplanted crop. According to Aggarwal and Kalra (1994), 1st 
July is optimum transplanting date for rice in IGP. In Pakistan, transplanting of rice 
during first week of June was found to be ideal for achieving maximum grain yield, 
similar to the results of this study (Soomro et al., 2001). In sub–mountainous regions of 
SWAT (Pakistan) transplanting from 5 – 20 June was also found to be optimum in two 
different varieties (Rosh et al., 1983). In the eastern IGP of India, early planting (7 June) 
of long duration rice variety produced higher yield than either early or late planting (Ravi 
Gopal and Raj Kumar, http://www.rkmp.co.in). In the Ludhiana region of the IGP, an 
earlier transplanting date of May 25 produced the highest grain yields under field 
experiments compared to transplanting delayed by 15 to 30 days (Jalota et al., 2006). 
Water productivity was however, higher under late transplanting than under early 
transplanting conditions. While hypothesizing optimum sowing dates of maize and 
soyabean using DSSAT V 4.0 crop simulation model, Boote et al., (2008) observed that 
optimum sowing for these crops generally coincides with the period soon after the onset 
of the monsoon. The normal commencement of southwest monsoon in Faizabad region 
being around 15 June, the farmers taking advantage of rainfall to start transplanting rice 
in the first week of July. The research centre at Faizabad also has not tested transplanting 
dates before July 5 for their effect on performance of rice. However, in exploratory 
surveys of farmer’s practices (Hobbs et al., 1992), the third week of June through mid-
July was reported as the recommended transplanting time for rice in Faizabad district. 
Though the optimum transplanting date (10 June) identified through simulation is three 
weeks earlier than the practice, this study indicates that if water is available few 
progressive and resourceful farmers could be advised to try advancement of the 
transplanting date to 10 June for obtaining higher grain yield and water productivity than 
in other transplanting dates. The higher grain yield and water productivity in the 10 June 
transplanted crop was also found to be feasible due to the higher mean rainfall and lesser 
coefficient variability in rainfall during reproductive period of 10 June transplanted crop 
than in the crop transplanted later. Transplanting of rice in first fortnight of June based on 
these simulated results may be further tested in field trials and research farms. The early 
sowing of rice by 15 to 20 days can also facilitate earlier sowing of subsequent wheat, for 
achieving higher yield. 
The simulated yield using APSIM under different transplanting dates scenarios were 
fairly accurate (6%RMSE) and responded to the rainfall during critical 83honological 
stage (panicle initiation to maturity). The highest grain yields, usually observed under 
early transplanting dates in field experiments, was also reflected in yield simulated using 
APSIM. Hence, this model can be utilised for identifying better management practices in 
R-W systems for increasing yield and water productivity.  
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Conclusions 
The major conclusions drawn from this study are: 
(i) Optimum date of transplanting of rice in this region is 10 June, in view of higher 

yield or productivity and lower coefficient of variability in yield compared to the 
other dates of transplanting. 

(ii) Not only yield but also the crop water productivity with respect to total water use 
(irrigational water + rainfall) was also improved by transplanting rice on 10 June 
instead of the normal practice of transplanting in first week of July. 

(iii) Higher grain yield and water productivity achieved in the case of 10 June 
transplanting and their subsequent decline with each successive delay in 
transplanting by 10 days were observed to be associated with the rainfall during 
reproductive (panicle initiation to maturity) period and decrease in degree days and 
solar radiation during the total growing period. 

References 
Aggarwal, P.K., Kalra, N., 1994. Analyzing the limitations set by climatic factors, 

genotype, water and nitrogen availability on productivity of wheat. II. Climatically 
potential yields and optimal management strategies. Field Crops Res. 38, 93-103. 

Bhandari, A.L., Ladha, J.K., Pathak, H., Padre, A.T., Dawe, D., Gupta, R.K., 2002. 
Trends of yield and soil nutrient status in a long-term rice-wheat experiment in the 
Indo-Gangetic Plains of India. Soil Sci. Soc. Am. J., 66: 162-170. 

Boote, K.J., Jones, J. W., Hoogenboom, G., 2008. Crop simulation models as tools for 
agro-advisories for weather and disease effects on production. J. Agrometeorology 
(Special issue – Part I): 9 – 17.  

Hobbs, P.R., Hettel, G.P., Singh, R.K., Singh, R.P., Harrington, L.W., Singh, V.P., Pillai, 
K.G., eds. 1992. Rice-Wheat cropping systems in Faizabad district of Uttar 
Pradesh, India: Exploratory surveys of farmer’s practices and problems and Needs 
for further research. Mexico, D.F.: CIMMYT. 

Jalota, S.K., Singh, G.B., Raj, S.S., Sood, A., Panigrahy, S., 2006. Performance of crop 
system model in Rice-Wheat cropping system. Jour. Agric. Physics. 6(1), 7-13. 

Ladha, J.K., Dawe, D., Pathak, H., Padre, A.T., Yadav, R.L., Singh, B., Singh, Y., Singh, 
P., Kundu, A.L., Sakal, R., Ram, N., Regmi, A.P., Gami, S.K., Bhandari, A.L., 
Amin, R., Yadav, C.R., Bhattarai, E.M., Gupta, R.K., Hobbs, P.R., 2002. How 
extensive are yield declines in long-term rice-wheat experiments in Asia. Field 
Crops Res. 81, 159-180.  

Ladha, J.K., Pathak, H., Padre, A.T., Dawe, D., Gupta, R.K., 2003. Productivity trends in 
intensive rice–wheat cropping systems in Asia. In: Ladha, J.K., Hill, J.E., Duxbury, 
J.M., Gupta, R.K., Buresh, R.J. (Eds.), Improving the Productivity and 
Sustainability of Rice–Wheat Systems: Issues and Impact. ASA Special 
Publication No. 65. Am. Soc. Agron., Crop Sci. Soc. Am., Soil Sci. Soc. Am., 
Madison, Wisconsin, USA, pp. 45–76. 

Narang, R.S., Virmani, S.M., 2001. Rice-wheat cropping systems of the Indo-Gangetic 



 Chapter 6: Rice transplanting date on Rice-Wheat Cropping System 

85 

Plains of India. Rice-Wheat Consortium Paper Series 11. Rice-Wheat Consortium 
for the Indo-Gangetic Plains, New Delhi, India, and International Crops Research 
Institute for the Semi-arid Tropics, Patancheru, Andhra Pradesh, India, 36 pp. 

Pathak, H., Ladha, J.K., Aggarwal, P.K., Peng, S., Das, S., Singh, Y., Singh, B., Kamra, 
S.K., Mishra, B., Sastri, A.S.R.A.S., Aggarwal, H.P., Das, D.K., Gupta, R.K., 
2003. Trends of climatic potential and on-farm yields of rice and wheat in the Indo-
Gangetic Plains. Field Crops Res. 80, 223-234. 

Rosh, D., Haq, N., Said, A., Shah, P., 1983. Effect of transplanting dates on the yield of 
rice in the sub-mountainous region of SWAT (Pakistan). Pakistan J. Agric. Res. 
Vol 4(4), 224-227.  

Singh, U., Timsina, J., Godwin, D., 2002. Testing and application of CERES-rice and 
CERES-wheat models for rice-wheat cropping systems, In: Humphreys, E., 
Timsina, J. (Eds.), Modelling irrigated cropping systems, with special attention to 
rice-wheat sequences and raised bed planting, CSIRO Land and water Technical 
Report 25/02.  

Soomro, H., Soomro, A., Oad, F.C., Ausari, A.H., Oad, N.L., 2001. Effects of 
transplanting dates on yield and its related traits in rice (Oryza sativa L.). Online. J. 
Biol. Sci. 1, 363-364. 

Yadav, R.L., Dwivedi, B.S., Orasad, K., Tomar, O.K., Shurpali, N.J., Panday, P.S., 2000. 
Yield trends, and changes in soil organic-C and available NPK in a long-term rice-
wheat system under integrated use of manures and fertilizers. Field Crops Res. 68, 
219-246. 



Chapter-7 

Simulating the Effect of Transplanting Dates and Irrigation 
Schedules on Water Productivity of Irrigated Rice in Upper 

IGP using The APSIM Model 
D R Sena1*, R K Yadav2, P K Mishra1, Satyendra Kumar2, Chayna jana1, 

S Patra1 and D K Sharma2  
1Central Soil and Water Conservation, Training & Research Institute, Dehradun –248001  

2Central Soil Salinity Research Institute, Karnal -132001 (Haryana), India 
*Corresponding author: drsena_icar@yahoo.co.in 

Abstract 
Agricultural Production Simulator (APSIM) model was applied to simulate the effect of 
transplanting and irrigation schedule to assess long-term implications on the yield penalty 
and water productivity in one of the tested varieties (CSR36) of rice under a controlled 
flooded condition in upper Indo-Gangetic Plain (IGP). The experiment was carried out 
for three years (2009-2011) under irrigated condition in the research farm of CSSRI, 
Karnal, Haryana (India). The automated calibration procedure using PEST was adopted 
to calibrate the phenological parameters and soil physical properties using the crop 
biometric data, soil moisture observation collected during the experiment period. The 
long-term meteorological data (1980-2011) was used to create a combination of scenarios 
of four transplanting date (13th June to 4th July i.e. S1 to S4) with a weeks interval and 
four irrigation frequencies of continuous flooding and irrigation frequencies of 2, 5 and 8 
days intervals. A total of 16 simulation scenarios were tested to assess the yield penalty 
and water productivity. It was found that, transplanting medium duration non-aromatic 
rice in first week of July and applying irrigation after 2 days (2AWD) or 5 days (5 AWD) 
of receding of ponded water instead of maintaining continuous ponding can help in 
realizing optimum yield of rice and sustenance of water resources in the region. Given 
the fact that irrigated rice in upper IGP has resulted in alarming groundwater depletion a 
scenario 2AWD S4 can be a management system to offset the concern. 
Keywords: APSIM, CSR36, PEST, water productivity, transplanting date 

Introduction 
Land and water scarcity are the two major constraints in food production required for 
meeting the quantitative and qualitative shifts in world demand during the mid 21st -
twenty-first century. In addition to global scale constraint of land and water availability, 
there are important regional and crop-specific differences that need to be understood, 
quantified and managed for optimizing the food production (Dutta, 2012). Irrigated low 
land rice which requires >1200 mm of water for successful production, uses ~40% of 
fresh water resources of the world (Anonymous, 2013). As far as India is concerned, 
though it is the second largest producer of rice in the world after China (FAO, 2010), but 
the water and land productivity in the country is comparatively lower because, here 
cultivation of irrigated rice is restricted to a very limited area, the most prominent of 
which is the north-western part (Figure 7.1). However, in the rice growing north-western 
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part of the country also, the water is becoming increasingly scarce, raising concerns over 
the sustainability of irrigated agriculture (Hira, 2009). Perusal of above figure 1, suggests 
that irrigated agriculture, consequently, had taken toll in the groundwater level depletion 
in those areas. Water table in fresh groundwater areas of north-western India, especially, 
the food bowl states of Punjab and Haryana with predominance of rice-wheat cropping 
system (RWCS), is falling at an alarming annual rate of 25-70 cm over the past 2-3 
decades and threatening the sustainability of agriculture in the region (Kamra et al., 2010; 
Kumar et al., 2012). In RWCS, rice alone is the main water consumer.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
       Figure 7.1. Variable rice production areas of India 

As a result of excessive exploitation of groundwater due to injudicious use of irrigation in 
rice, the depth to water table has increased steadily in many areas (Hira and Khera, 2000; 
Hira, 2009; Rodell et al., 2009), for example, by 0.2 m/year between 1973 and 2001 and 
by 1 m year-1 between 2000 and 2006 in Punjab (Humphreys et al., 2010). Over-
exploitation of groundwater has also resulted in deterioration of its quality for irrigation. 
To arrest the depleting water table, Indian Council of Agricultural Research (ICAR) has 
suggested that ideally farmers from Punjab and Haryana should stop rice cultivation and 
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opt for some other low water requiring crops (Dutta, 2012). Continuous adoption of 
RWCS with conventional practices in the Indo-Gangetic plains (IGP) of northwest India 
has also resulted in a number of related ecological and other problems such as 
development of hardpan, low input use efficiency including water, and emergence of 
insects-pests, as well as environmental pollution through emission of greenhouse gases. 
Since cultivation of RWCS provides for food security of the country, it is very difficult to 
deviate from it but simultaneously it is equally important to optimize resource base use 
for sustaining food production. Therefore, cultivation of rice should be either shifted to 
the eastern states which have better water resources or more water use efficient rice 
cultivation practices should be identified and evolved for the north-western part of the 
country. Given the fact that drastic measures to abolish the rice based cropping system in 
an area is difficult to achieve, impetus should be given to reducing the use of water or 
enhancing the water productivity of the present farming practices through efficient use of 
water and altering management practices to fit in the cropping systems capabilities to use 
the rainwater efficiently. Short term experiments often do not address the issue, given the 
fact that their continuity as long-term experiments has huge financial as well as resource 
implications. Crop modelling can play a significant part in systems approaches by 
providing a powerful capability for scenario analyses (Nagarjun Kumar et al., 2012). 
Crop simulation models can integrate knowledge of physiological processes and 
morphological traits to help explain yield formation in environments varying in physical, 
biological and agronomic factors. These simulations can be used to evaluate key 
interactions quickly and identify traits with the greatest impact on yield potential 
(Aggarwal et al., 1997) and for assessing the relationships between crop productivity and 
environmental factors. 
The present study used the APSIM model to test certain management decisions such as 
shifting planting dates in the traditional cropping system window and changing the 
frequency of irrigation following recession of ponding to assess long-term implications 
on the yield penalty and water productivity in one of the tested varieties (CSR36) of rice 
under a controlled flooded condition in the research farm of CSSRI, Karnal, Haryana 
(India). 

Description of the farming system  
Site Characteristics 
A field study was conducted on silty loam reclaimed sodic soils (pHs 8.2 to 8.9 and ECe 
2.16 to 1.64 dS m-1) at research farm of CSSRI, Karnal located at 29o43’N latitude, 
75o57’E longitude and 243 m AMSL. The experimental site exhibits semi-arid 
monsoonal climate characteristics with ~80 per cent of annual rainfall (675 mm) 
occurring during 3 months of July–September. Potential evaporation of the area generally 
exceeds rainfall except during the rainy season.  
Experimental Details 
The study comprised a field experiment on CSR 36, a salt tolerant non-aromatic, high 
yielding, medium duration and photosensitive variety of rice under controlled irrigation 
supply condition. The experiment was conducted for three years during 2009-11. The 



 SAC Monograph 

90 

experiment was laid out in a split plot design with tillage (DSR and puddled transplant) 
practices in main plots and three nitrogen (120, 150 and 180 kgNha-1) levels in sub-plots. 
Nitrogen was applied in 3 equal split doses i.e. one at the time of transplanting followed 
by two consecutive applications at 25-30 days interval. Each treatment was replicated 4 
times in plots of 4x15 m2 plots. One aluminium pipe of 50 mm inner diameter and 120 
cm length with lower end capped was installed in each treatment plot for using as neutron 
probe access tubes. Irrigation was applied to the crops whenever the ponded water in the 
plots receded to just zero level. At each of the instances, 30 mm of water was then 
applied through gated pipes by running the tube well wchich had a discharge rate of ~20 
litres sec-1 for 6 minutes simultaneously in 4 plots. The total number of irrigations applied 
during the study period (2009, 2010 and 2011) was 29, 24, and 31 respectively. In the 
present study, the effect of only the nitrogen level of 180 kg Nha-1 was used for 
simulation.  
Database 
Climate data 
The climatic data of the period from 1980 to 2011 were collected from the meteorological 
observatory of the CSSRI, Karnal located in the institute research farm just adjacent to 
the experimental site. The daily data on rainfall, temperature (maximum and minimum), 
sunshine data and relative humidity data were then processed into the format suitable for 
APSIM.  
Biometric observation 
At 20 days after transplanting five plants were randomly selected and tagged in each 
replication of all the treatments. These were used for recording stage-wise biometric 
observations as tillers, plant height, number of leaves, yield attributes and yield/plant etc. 
The observations on biomass accumulation at attainment of identified respective growth 
stages were recorded on 0.25 m2 area from all replications of each treatment. The 
biometric observations recorded on 5 randomly selected and tagged individual plants and 
stage-wise biomass accumulation from four replications in different treatments were 
averaged for each treatment and means were compared for treatment effects. Grain and 
straw yield of CSR36, a salt tolerant non-aromatic, high yielding, medium duration, 
photosensitive variety of rice under puddle transplanted condition were recorded for a 2 x 
6 m2 area from each replication of different treatments, averaged, converted to per hectare 
area and the means were compared. All these observations were used for calibration and 
validation of APSIM model. 
Soil data 
The soil data was collected from the experimental site and various soil physico-chemical 
properties were determined in the laboratory using standard methodology and are 
presented in table 1.  
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Table 7.1. Physico-chemical properties using standard methods.  
Sand Silt Clay BD Moisture % W/w) pHs ECe Avail N Avail P Avail K Org C Depth 

cm % g cm-3 0.33 Mpa 1.5 Mpa  dSm  kg/ha  % 

0-15 33.5 53.3 13.2 1.57 16.1 5.8 8.23 2.16 156.4 17.5 216.8 0.46

15-30 34.1 51.1 14.8 1.56 19.7 6.1 8.31 1.78 138.6 13.6 198.6 0.38

30-60 32.4 51.8 17.3 1.53 20.3 7.5 8.54 1.83 103.4 10.7 165.4 0.26

60-90 32.2 47.9 19.9 1.53 21.1 7.9 8.78 1.84 68.2 9.6 131.2 0.21

90-120 27.8 50.7 21.6 1.51 21.9 8.7 8.94 1.64 46.4 8.7 102.8 0.12

The hydraulic properties such as hydraulic conductivity (KS) and soil water retention 
properties (SAT, DUL, LL15, air dry moisture content) as used in APSIM were estimated 
using Soil Water characteristic tool: Hydraulic Properties calculator (Saxton et al., 
1986), which uses a pedo-transfer function to estimate those parameters using soil texture 
characteristics. 
Modelling Framework 
The Agricultural Production Systems Simulator (APSIM) is a modular modelling 
framework that has been developed by the Agricultural Production Systems Research 
Unit in Australia. APSIM was developed to simulate biophysical processes taking place 
in farming systems, in particular where there is interest in the economic and ecological 
outcomes of management practice in the face of climatic risk (Keating et al., 2003). 
System-related processes are available for any crop module through APSIM’s framework 
and generic crop libraries (Wang et al., 2002), greatly increasing the efficiency of model 
development by reducing redundancy and potential for error. Collaborative research 
efforts between Wageningen University, IRRI (International Rice Research Institute) and 
APSRU (Agricultural Production System Research Unit) have now resulted in the 
incorporation of Oryza into the APSIM modelling framework, and additional 
improvements have been incorporated to capture environmental processes specific to 
rice-based cropping systems (Gaydon et al., 2012a; 2012b).  
Parameterisation procedure 
Traditionally, calibration of models has been performed manually by trial-and error 
parameter adjustment. The process of manual calibration, however, requires a high 
degree of expert knowledge of the model and the system and is characterized by 
subjectivity in the strategy employed to adjust the parameter values, as well in the criteria 
(mainly visual) used to judge the goodness-of-fit of the model simulation. Moreover, 
manual calibration is a very tedious and time-consuming task (Boyle et al. 2000; Madsen 
et al. 2002). To overcome these problems much research has been spent in the last three 
decades in developing more effective and efficient automatic calibration procedures and 
in demonstrating their applicability to modelling problems. Nowadays manual calibration 
is often substituted or supplemented by automatic procedures, which have found 
widespread use in mathematical modelling. The main advantages of automatic techniques 
are the speeding up of the calibration process, the reduced subjectivity involved in the 
calibration procedure within the permissible range of the parameter. In this manuscript 
we use an automated parameter estimation tool PEST (Parameter ESTimation) (Doherty, 
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2005) that uses least square technique using Gauss-Marquard-lavenberg algorithm. The 
model calibration was done for two years (2009 and 2010) using PEST (Parameter 
Estimation) and validation was carried out for the year 2011 The procedure for 
interfacing the PEST with APSIM is presented in Figure2. The input files <apsim.sim> 
and plugin <oryza.xml> was used to create the template file which iteratively adjusts 
parmeters through set of instruction files extracted from the original <apsim.sum> files 
thorugh a timeseries extractor program <extractor.exe> custom written in VB to extract 
user defined date referencing of the predicted output corresponding to their observed 
counterparts.  

 
Figure 7.2. Procedure depicting the PEST (Doherty, 2005) implementation in APSIM 
model for calibrating parameters 

Results and discussion 
Climatic Analysis 
From long-term climate analysis of the Karnal (Haryana), India station (Figure 7.3) it can 
be seen that the pre-kharif dry season runs from 9th February until 26th June, thereafter, 
the monsoon season starts and continues till 8th October. Within the monsoon season the 
humid season occupies about 68 days starting from 13th July and continues up to 19th 
September, receiving more than 80% rainfall to maintain soil moisture within the 
favourable regime of crop growth. The post monsoon dry season span is about 82 days 
starting from 9th October and continues until 31st December when intervening winter 
rainfall maintains the soil moisture to a favourable regime.  
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Figure 7.3. Average climatic condition representing the growing season and moist season 
of Karnal (Based on long term climate data).  

The average daily rainfall during first dry spell is about 0.6 mm/day where as the moist 
and humid period is about 5.9 mm/day. The humid period receives about 7 mm/day of 
rainfall. The higher average PET value which is about 5.4 mm/day in the first dry spell 
suggests that during this period cropping requires irrigation for survival and growth. The 
CSR 36 variety which has been used in the simulation study has a growth span of 145-
150 days running between 25th May and 15th October. This suggests that initial growth 
period requires irrigation to survive until the moist and humid season of higher water 
availability takes over. 
Model setup 
The APSIM model was parameterized and calibrated using data from the experiment for 
years 2009 and 2010. Table 7.2 presents the details of the schedule of management 
practices adopted during the experiment.  

Table 7.2.  Management practices in puddle transplant rice (CSR-36) adopted 
during the study period. 

Year# Date of sowing Date of 
transplanting 

Fertiliser 
application1 date 

Date of 
harvesting 

No.of 
Irrigation2 

2009 28-May-2009 22-jun-2009 22-Jun-2009 
24-Jul-2009 
17-Aug-2009 

13-Oct-2009 29 

2010 26-May-2010 23-Jun-2010 23-Jun-2010 
24-Jul-2010 
23-Aug-2010 

20-Oct-2010 24 

2011 27-May-2011 22-Jun-2011 22-Jun-2011 
22-Jul-2011 
22-Aug-2011 

13-Oct-2011 32 

1 @ 60 kg ha-1 each case 
2 Ponding of 50 mm was maintained from transplanting to 20 days after transplanting. Later on irrigations 
of 30 mm depth were applied after the residual water ponding receded to 5 mm until physiological maturity 
of the crop 
#2009, 2010 used for calibration and 2011 used for validation 
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Results of parameterisations and calibration 
Since the APSIM model is soil centric, the hydraulic parameters must be estimated 
properly for simulation of the system under investigation. Given the fact that most 
parameters were estimated using the pedo-transfer functions we chose to put the 
estimated parameters under calibration using PEST (Table 7.3). Beside soil parameters, 
auxiliary parameters related to crop phenological stages, (dvs1 to 4) and soil evaporation 
based two parameters, U (both summer and winter), the amount of cumulative 
evaporation, since soil wetting, before soil supply becomes limiting and U, the regression 
coefficient to define soil evaporation as a fraction of the square root of time since the end 
of first stage evaporation, diffusivity parameters such as “diffuse_const” and 
“diffuse_slope” were also used for calibration of the model (Table 7.4) 
The output parameters used for calibration were measured variables such as the biomass 
(kg ha-1), total economic yield (kg ha-1), phenological stage dates and volumetric soil 
water content at various layers.  

Table 7.3. Calibrated Soil parameters using PEST. 

Depth 
(cm) 

Ks# 

(mm/day) 
BD$ 

(gm cc-1) 
Air dry* 
(cm cm-1) 

LL15* 
(cm cm-1) 

DUL# 
(cm cm-1) 

SAT# 
(cm cm-1) 

SWCON# 

(.) 

0-15 10.00 1.57 0.050 0.091 0.253 0.408 0.010

15-30 28.77 1.56 0.051 0.095 0.230 0.411 0.339

30-60 28.77 1.53 0.080 0.115 0.210 0.423 0.144

60-90 86.33 1.53 0.085 0.121 0.180 0.423 0.110

90-120 115.12 1.51 0.090 0.131 0.210 0.430 0.110
*derived using SOILWATER tool (Sexton et al., 1986) 
# calibrated using PEST (Doherty, 2005) 
$measured in laboratory 

The characteristics of the parameters significantly confirm to the permissible limits of 
their variation. Given the condition of a cropped field where upper layer provides 
impedance to water flow due to puddled condition, the hydraulic conductivity variation 
with respect to depth was found to confirm the field condition. The reduction in top layer 
SWCON parameters responsible for inter layer flow characteristics were in agreement 
with the same conditions. 
Figures 7.4a and 7.4b depict the predicted biomass and grain yield of rice in comparison 
to the respective observed records for the years 2009 and 2010. It can be seen that the 
model has successfully simulated the yield variables. As the simulated phenological 
milestones (dvs1 to 4) too can be seen to arrive in agreement with their actual 
occurrences in crop simulation years. Though, the simulated grain yield in 2010 had 
fallen short of the observed grain yield but the simulated biomass yield was found to be  
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Table 7.4. Auxiliary parameters used in calibration 

Parameter symbol 
in APSIM Description Calibrat

ed value 
SummerCona second stage evaporative regression coefficient (summer) 4.0 

SummerU 
soil moisture non-limiting cumulative evaporation 
(summer) 4.8 

WinterCona second stage evaporative regression coefficient (winter) 2.85 

WinterU 
soil moisture non-limiting cumulative evaporation 
(summer) 3.73 

DiffusConst Diffusivity parameter  34.99 
DiffusSlope Diffusivity parameter 11.98 
CnCov Curve number reduction factor as cover % 0.8 
dvrj  Development rate in juvenile phase (oCd-1) 0.000813 
dvri Development rate in photoperiod-sensitive phase (oCd-1) 0.00027 
dvrp         Development rate in panicle development (oCd-1) 0.000834 
dvrr        Development rate in reproductive phase (oCd-1) 0.00175 

in good agreement with the observed counterpart value. The validation was carried out 
using the same parameters used in calibration and is presented in Figure 7.3c. It could be 
seen that the model is quite effective in simulating the observed yields (both biomass and 
grain) while confirming to the phenological stage milestones. Similarly figures 7.5a and 
7.5b present the soil moisture simulation during calibration (2009-10) and validation 
(2011). It can be seen the soil moisture content in other layers were almost in good 
agreement with their observed counterparts in the intermediate phenological stages such 
as tillering, flowering etc. 
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7.4(a) Calibration (2009) 
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7.4(b) Calibration (2010) 
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7.4(c) Validation (2011) 

Figure 7.4. Simulation outputs for biomass yield, grain yield and phenological milestones 
compared to their observed counterparts for (a) & (b) calibration for year 2009 and 2010 
and (c) validation for year 2011. 
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7.5(a) Soil moisture , Calibration (2009) 
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7.5(b) Soil moisture, Calibration (2010) 
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7.5(c) Validation (2011) 

Figure 7.5. Calibration and validation of soil moisture observation with APSIM 
simulation. 

Definition of scenarios modelled 
As APSIM provides an excellent platform for scenario analysis, two management 
scenarios were examined i.e. (a) shifting the dates of transplanting by a week in each of 
the occasions and three irrigation frequencies viz. (b) changing the irrigation frequency 
from 2, 5 and 8 days (herein after defined as 2AWD, 5AWD and 8AWD) after recession 
of the ponded water in the plots in conjunction to the usual continuous flooding practice.  
Up to 15 days after transplanting, the flooded conditions were continued as in the case of 
continuous flooding practice. After 15 days, irrigation was allowed by an interval of 
xAWDs (where x refers to 2, 5 or 8) to an amount that is the difference between ponding 
depth refilled back to a maximum of 5 cm depth. The usual planting date of the area in 
puddle transplanting case is 20th Jun (S2). We chose 3 more transplanting dates; one 
preceding the usual date by a week (13th Jun i.e. S1) and two following it (27-Jun i.e., S3 
and 04-Jul, i.e. S4).  
Result of scenario analysis 
A total of 16 simulations were created with various combinations of irrigation 
frequencies and date of transplanting using long term weather data (1996-2011). Figure 
7.5 presents the long term averages of the simulated yield for the scenarios. When soil 
moisture is limiting the grain yield would start showing a decline. Instead it is interesting 
to note that the yield penalty is less than expected with a given shift in transplanting date 
and irrigation schedules except the 8AWD days interval irrigation frequency schedule. 
The variation in yield was estimated 3580 kg/ha to 4565 kg/ha with a standard deviation 
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of 299 kg/ha across all the scenarios. The median value was estimated to be 4313 Kg/ha.. 
At the first sight it can be seen that the planting date S4 with 2 day irrigation frequency 
(2AWD S4) is seemingly more remunerative closely followed by 5AWDS4, CFS4, 
CFS1, 2AWDS1, CFS2, 2AWDS2 and 5AWDS1 which are more than the median value 
estimated. In this part of the IGP, generally the paddy transplanting is recommended after 
June 15 and continued up to the 1st week of July, are adequately corroborated through the 
model findings. To compare the certainty in attaining a sustainable yield level over years 
the cumulative distribution function (CDF) was utilised for all the cases those exceed the 
median yield level. It can be seen (Figure 7.6) that, the discrepancies in yield is larger at 
higher probability level across the selected scenarios. The scenarios such as 2AWDS4, 
CFS4 and 5AWDS4 have shown consistency over all the probability level with least 
variation in yield. The shifting of transplanting to 04th of July will push the reproductive 
phase to a cooler period resulting in a better yield performance in the variety which was 
successfully captured by the model. The yield variation over the water management 
practice was not significantly different over the scenarios deemed to be the best among 
the selected scenarios as hypothesized.  
The highest recorded is for the 2AWDS4 scenario, which suggests that the irrigation 
frequency and the transplanting date shift are better suited options for further optimizing 
the water productivity of rice in the area.  
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Figure 7.6. Long term average (1996-2011) yield across the tested scenarios 

The farmers try for early transplanting during early to mid June and go for continuous 
flooding of rice paddies leading to excessive pumping of water in case of insufficient 
rains, thus causing progressive and regular decline of the water table and groundwater 
quality in the region. 
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Figure 7.7. Cumulative distribution function depicting yield discrepancies across selected 
scenarios. 

However, information generated through above scenario analysis suggests that 4th July 
transplanting together with irrigating the crop at 2 days after recession of the ponded 
water is the best practice for sustainability of rice cultivation in the region. Since water 
productivity is the major concern over the area, grain yield can not be a sole indicator to 
identify the recommended practice. Therefore CDFs for actual crop water productivity 
(yield to ET ratio) and irrigation amount water productivity (yield to total water utilised 
ratio) were calculated (figures 7.7a & 7.7b).  
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Figure 7.8a. Cumulative distribution function depicting crop water productivity across 
tested scenarios. 
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Figure 7.8b. Cumulative distribution function depicting total water productivity across 
tested scenarios. 

Though grain yield water productivity across scenarios has registered a subtle change. 
Over CFS4 the condition is ideal with no water stress reflected in higher ET productivity 
which under average certainty estimated to be 7.06 Kg/ha-mm. however, under total 
water use that includes irrigation water and rainfall during the cropping season, 
2AWD_S4 is relatively more stable in comparison to 5AWDS4 and CFS4 yielding higher 
total water productivity pegged at 2.433 kg/ha-mm under 50% probability. Under a 
condition of intense deficit the management scenario 5 AWDS4 can also be adopted with 
insignificant yield penalty.  

Discussion 
CSR36 is a salt tolerant, medium duration variety of non aromatic rice. The variety has 
high yield potential, especially it produces good yields in salt affected conditions of 
irrigated areas of IGP. It is transplanted in the second fortnight of June and the general 
perception amongst the farmers is that the yield of rice decreases with delay in 
transplanting. Farmers also practice continuous ponding of water in the paddies as it 
helps in weed management. However, the water requirement of early transplanted crop 
during pres-monsoon dry period was very high because of high ET demand. Moreover, 
maintenance of continuous ponding during this period with groundwater withdrawl has 
resulted in excessive pumping and fast draw-down in water table in Haryana (Kamra et 
al., 2010; Kumar et al., 2012). Similar observations of excessive exploitation of 
groundwater and steady decline in water table has been reported for paddy growing areas 
of Punjab by (Hira and Khera, 2000; Hira, 2009). Rodell et al., (2009) have estimated 
that groundwater is being depleted at mean rate of 4.1 cm yr-1 with equivalent height of 
water (17.7 ± 4.5 km3 yr-1) during the period from 2002 to 2008. Such sharp depletion of 
groundwater necessitates for developing the alternative water saving strategies for rice 
cultivation. The good conformity (Figures 7.3a and 7.3b) of predicted values on biomass 
and grain yield of rice variety CSR36 in comparison to the respective observed values 
recorded during the two years suggested that APSIM model can be used successfully for 
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simulations of effects of different management practices, especially which help in water 
saving, enhancing productivity and sustainability of the rice crop. The discrepancy in non 
conformity of predicted and observed grain yield during second year could be because of 
certain unaccounted chemical and biological soil and crop parameters. Though results of 
some field studies on transplanting dates and irrigation schedules have suggested that 
delaying transplanting to first week of July and applying irrigation 2-4 days after 
receding of ponded water did not affect rice yield (Singh et al., 1996; Khepar et al., 2000) 
but the farmers still continued with same practice as it helped in control of weeds. The 
scenario analysis with APSIM using long term climatic data after the calibration of model 
with two years observed records under given set of soil, climate and the crop variety 
inferred that transplanting paddy by the 4th July and following an irrigation schedule of 
2AWD or 5AWD did not reduce crop yield significantly and thus may help in water 
saving and improving crop water productivity. 

Conclusions 
APSIM simulations on effect of transplanting dates and irrigation schedules on water 
productivity of irrigated rice (CSR36) in upper IGP, especially Haryana and Punjab, 
suggest that transplanting medium duration non-aromatic rice in first week of July and 
applying irrigation after 2 days or 5 days of receding of ponded water instead of 
maintaining continuous ponding can help in realizing optimum yield of rice and 
sustenance of water resources in the region.  
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Abstract 
Scarcity of irrigation water under climate change scenarios is a great concern for rice-
wheat production systems, which cover 13.5 million ha in the Indo-Gangetic Plains (IGP) 
and that are vital for food security. Under this circumstance, demonstration of the impact 
of different irrigation regimes on rice, wheat and system yields are essential to adopt 
suitable water saving technologies to minimize productivity risk. This study tested the 
ability of the Agricultural Production Systems sIMulator (APSIM) model to simulate the 
effects of different irrigation regimes on yield, irrigation water requirement and irrigation 
water productivity (WPi) of a selected rice, wheat and rice-wheat system in Upper-
Gangetic plains of India. The efficiency of APSIM for simulating grain yield using yield 
data for 17 years of long-term nutrient experiment was also tested. Based on observed 
local climate, soils and crop phenological data, the model was parameterized and 
calibrated. The parameterized model performed well for simulating the grain yield of the 
rice - wheat system using the weather data of 17 years as indicated by the statistical test. 
The long term simulated rice yield shows a steadily declining trend at an average rate of 
120 kg ha-1yr-1 (R2=0. 94, p<0.05) while long term simulated wheat yields show lower 
declining trend at an average rate of 48 kg ha-1yr-1 (R2=0. 48, p<0.05). At 60 % 
cumulative probability level, rice yield reduced by more than 50 % in 8 alternate wetting 
and drying (AWD) treatments compared to continuous flooding. Highest WPi of 8.31 
kgha-1mm-1 was observed under rice-wheat system with the rice irrigation (IR) regime of 
8 days AWD and 5 irrigations for wheat with a yield penalty of 25.5 %. The next highest 
WPi was observed in the treatment with a 5 day AWD regime in rice and 5 irrigations for 
wheat, with a yield penalty of 20.1 %. Thus, we suggest a 5 AWD irrigation regime for 
rice combined with 5 irrigations during wheat may be the best option under water 
limiting situations.  

Introduction 
The rice (Oryza sativa L.) –wheat (Triticum aestivum L.) production system is the major 
cropping sequence in the Indo-Gangetic Plains of South Asia. Over the past 20 years, 
production in this system has kept pace with increased population. But now there are 
signs of stagnation or decline in yields (ICAR, 1988; Dawe et al., 2000; Duxbury et al., 
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2000; Yadav et al., 2000; Bhandari et al., 2002; Ladha et al.,2003; Pathak et al., 2003; 
Yadvinder-Singh et al., 2004; Nayak et al., 2012). Decline in soil fertility, changes in 
water-table depth, deterioration in the quality of irrigation water and rising salinity, 
increasing resistance to many pesticides, inadequate crop and nutrient management are 
considered as some of the general causes for the yield decline (Joshi and Tyagi, 1994; 
Sinha et al., 1998; Ladha et al., 2003; Aggarwal et al., 2004). It is also reported that 
much of the system operates at suboptimal yield levels because of and inappropriate 
water management (Timsina and Connor, 2001). This situation will be further 
complicated by the anticipated changes in climate, which have various direct and indirect 
influences on production systems. Indo-Gangetic Plains consists of five homogenous 
region along the transect (1) Trans-Gangetic plain (in Pakistan) (2) Trans-Gangetic plain 
in India; (3) Upper-Gangetic plain; (4) Middle-Gangetic plain; and (5) Lower Gangetic 
plain (Gupta et al., 2001). In the Trans-Gangetic and Upper-Gangetic plains, excessive 
exploitation of groundwater for irrigation leads to lowering of water table is the main 
problem, which raises the cost of extracting water from increasing water table depth. 
Another problem is the excessive application of surface irrigation, which has raised water 
tables in some areas in the northwestern and the western IGP and exposed the crops to 
waterlogging and salinity. More than 90% of the main rice-wheat (RW) areas in north-
west India (Punjab, Haryana, western Uttar Pradesh) is irrigated using groundwater, and 
the rapid decline in groundwater levels is probably the biggest challenge to the 
sustainability of the RW system (Humphreys et al., 2010). Under climate change 
scenarios, it is expected that water availability for agricultural purposes will be reduced 
(NATCOM, 2004). Hence, there is an urgent need to find ways to reduce irrigation water 
use by more efficient irrigation schedules such as alternate wetting and drying (AWD) or 
intermittent irrigation in rice (Bouman and Tuong, 2001) and by reducing the number of 
irrigations in wheat. Alternate wetting and drying involves allowing the soil to dry out for 
a few days after the disappearance of ponded water before the crop is irrigated again 
(Feng et al., 2007).  AWD is already practiced by the farmers in the north-west IGP and it 
is reported that large irrigation water savings of 15-40 % of the applied water with AWD 
have been achieved in puddled transplanted rice in comparison with continuous flooding 
(CF), with no or minor decline in crop yield (Sandhu et al., 1980; Sharma, 1989, 1999; 
Choudhury, 1997; Hira et al., 2002; Humphreys et al., 2008; Jalota et al., 2009; Sudhir-
Yadav et al., 2011).  
In this paper, we present the results of parameterization and validation of the Agricultural 
Production sIMulator (APSIM) 7.3 version for the rice - wheat system at Modipuram. 
APSIM is a dynamic daily time-step model that combines biophysical and management 
modules within a central engine to simulate crop/cropping systems. The model is capable 
of simulating soil water, C, N and P dynamics and their interaction within 
crop/management system, based on solar radiation, maximum and minimum temperature 
and rainfall (Keating et al., 2003; Gaydon, 2012). The parameterized model was then 
used to simulate the grain yield for 17 years from 1993 to 2009 to compare the simulated 
rice-wheat grain yield with observed grain yields of a long-term nutrient management 
experiment. A second objective was to study the effects of irrigation regimes on rice-
wheat yield variation and irrigation water productivity and to extrapolate observed water 
savings across a wider range of annual climate conditions.  
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Site characteristics and location of study 
The study area is located in Meerut (290 4’ N, 770 46’ E, 237 m ASL), part of the Upper 
Gangetic region of the IGP (Figure 8.1). This region has 89 % of irrigated area. The 
climate is semi-arid, sub-tropical, with dry hot summers and cold winters. The average 
annual rainfall is 747 mm, and nearly 80% of the total rainfall is received through the 
southwest monsoon during June–September. The average monthly minimum 
temperatures fluctuate from 6.7 to 7.5 0C in January (the coolest month) and from 23.4 to 
25.2 0C in May (the hottest month). The respective average maximum temperatures range 
from 17.9 to 21.7 0C in January and 38.1 to 40.9 0C in May. The mean monthly rainfall, 
number of rainy days, maximum and minimum temperature and sunshine hours, standard 
deviation and coefficients of variation are given in Tables 8.1 & 8.2. The soil of the 
experimental site is a sandy loam (18% clay, 19.5% silt and 62.5% sand) of Gangetic 
alluvial origin, very deep (>2 m), well drained, flat (about 1% slope), and representative 
of an extensive soil series, i.e., the Sobhapur series of northwest India.  

 
 
Figure 8.1. Generalized map of the Indo-Gangetic plains-India indicating homogeneous 
regions along the transect and the location of study site PDFSR, Modipuram, Uttar 
Pradesh, India  
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Table 8.1. Mean, standard deviation (SD) and coefficient of variation (CV) of monthly 
rainfall and rainy days for Modipuram, for the period 1993-2010. 

Rainfall  Rainy days Month 

Mean 
(mm) 

SD 
(mm) 

CV 
(%) 

% contribution to 
annual rainfall 

Mean
(mm) 

SD 
(mm) 

CV 
(%) 

% of total 
rainy days 

January 15.8 23.8 150 2.1 1.1 1.4 129 3.1 
February 18.3 18.2 99 2.4 1.6 1.5 96 4.7 
March 12.8 23.2 181 1.7 1.0 1.3 134 2.9 
April 13.0 23.5 180 1.7 0.9 1.2 144 2.5 
May 14.3 19.6 137 1.9 1.3 1.7 132 3.6 
June 79.3 52.4 66 10.6 4.1 2.3 56 11.9 
July 187.3 128.2 68 25.1 8.5 5.0 59 24.7 
August 222.0 141.4 64 29.7 8.4 3.7 44 24.4 
September 149.8 158.2 106 20.0 6.0 3.3 56 17.3 
October 24.0 45.2 189 3.2 1.1 1.6 156 3.1 
November 2.7 4.2 158 0.4 0.3 0.5 157 0.9 
December 8.1 21.6 268 1.1 0.3 0.8 267 0.9 

Table 8.2. Mean, standard deviation (SD) and coefficient of variation (CV) of 
monthly maximum and minimum temperature and sunshine hours for 
Modipuram, for the period 1993-2010 

Temperature (OC) Sunshine hours 

Maximum Minimum 

Month/ 
Seasons 

Mean SD CV (%) Mean SD CV (%) 

Mean 
(h day-1) 

SD 
(h day-1) 

CV 
(%) 

January 19.5 1.6 8 6.4 1.3 20 4.8 1.1 23 

February 23.7 2.4 10 9.6 1.0 11 6.8 0.7 10 

March 29.1 2.4 8 13.5 1.4 11 7.9 0.9 11 

April 35.7 3.3 9 18.9 2.0 10 8.5 0.6 7 

May 38.8 1.8 5 23.6 1.5 6 8.1 1.1 13 

June 37.9 2.2 6 25.5 1.5 6 6.3 1.5 25 

July 34.4 1.8 5 26.1 1.2 4 4.9 0.8 17 

August 33.2 1.7 5 25.7 1.4 5 5.2 1.5 28 

September 33.2 1.6 5 23.6 1.1 5 6.6 1.5 23 

October 32.3 1.5 5 17.6 1.6 9 7.3 0.8 12 

November 27.7 1.8 6 11.6 1.3 11 6.8 1.8 26 

December 22.4 2.1 9 7.2 1.5 21 5.0 1.1 22 
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Experimental details and crop management 
A field experiment was initiated at the experimental farm of the Project Directorate for 
Farming Systems Research during 1993–1994 to study the long-term changes in soil 
fertility, yield and nutrient use efficiency of rice-wheat cropping system.  In rice crop 
management, twenty-five day old seedlings of rice (cv PR 106) were transplanted 
manually at 20 cm x 15 cm spacing (33 plant m-2) during the second week of July. The 
recommended dose of 120-60-40 NPK (kg ha-1) was applied in 3 equal splits. One-third 
of the N and all the P, K and Zn were applied before transplanting of rice and the 
remaining urea-N was top-dressed in two equal splits, 30 and 55 days after transplanting 
(DAT). After the harvesting of rice in the first week of November, the field was irrigated 
and a uniform tillage comprising 2 discings and 2 harrowings was carried out for seed 
bed preparation for wheat. Wheat (cv PBW 343) was sown in 20 cm rows, using 100 kg 
seed ha-1.  The recommended dose of 120-60-40 NPK (kg ha-1) was applied and all the P, 
K were applied at the time of sowing and urea-N was top-dressed in three equal splits at 
crown root initiation (CRI) stage (generally 21 days after sowing (DAS)), tillering (45 
DAS) and flowering (65 DAS). Both crops were grown under assured irrigated 
conditions. In rice, a surface pond of 7 cm depth was maintained for a period of 2 weeks 
after transplanting and thereafter irrigation with 7 cm standing water was applied at the 
appearance of hairline cracks on the soil surface (generally 2 days after alternate drying). 
Wheat received 5 irrigations (5 cm each) at the key growth stages, viz., crown root 
initiation (21 DAS), tillering (45 DAS), jointing (60 DAS), ear emergence (85 DAS) and 
milking (105 DAS). At maturity, a 10 m x 10 m area of rice or wheat was harvested 
manually just above ground level using sickles. After sun drying in the field, biomass was 
weighed, threshed with a plot thresher, and grain weight was recorded. The above ground 
biomass was removed from the plots and root/stubbles were disced into the soil. 

Data sets used and collected 
We used the rice and wheat grain yield data recorded from 1993-94 to 2008-09 and for 
parameterization, while phenological data of 2007-08 was used to calibrate the crop 
module. Meteorological data were collected from the agrometeorological observatory 
located near to the experimental site. Data collected included daily maximum and 
minimum temperature, rainfall and sunshine hours. The solar radiation was estimated 
based on sunshine hours using the Angstrom equation (Angstrom, 1924; Medugu and 
Yakubu, 2011). Soil physical and chemical characteristics data viz., bulk density, 
eltectrical conconductivity, pH, organic C, ammonical-nitrogen and nitrate-nitrogen were 
determined for different depths (0-15,15-30,30-45,45-60,60-75,75-90 and 90-105 cm) 
(Table 8.3). Soil texture, field capacity (drained upper limit) and 15-bar lower limit at 
different depths (analyzed at the Indian Institute of Soil Science, Bhopal) were used to 
parameterise the APSIM soil modules. 
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Table 8.3:  Physical and chemical properties of the soil profile of the experimental 
site at Modipuram 

Depth 
(cm) 

Sand 
% 

Silt 
% 

Clay 
% 

Texture1 Bulk 
density 
Mgm-3 

pH EC2 
dSm-1

OC3 
% 

NH4-N 
kg ha-1 

NO3-N 
kg ha-1

0-15 65.4 27.5 7.1 sl 1.52 8.01 0.11 0.47 13.5 8.17 
15-30 70.4 22.5 7.1 sl 1.54 7.89 0.12 0.40 14.6 8.08 
30-45 70.4 20.0 9.6 sl 1.62 7.91 0.10 0.34 15.3 9.03 
45-60 65.4 22.5 12.1 sl 1.59 7.85 0.11 0.35 14.7 8.36 
60-75 65.4 20.0 14.6 sl 1.62 7.78 0.10 0.19 10.2 6.17 
75-90 70.4 15.0 14.6 sl 1.62 7.79 0.13 0.16 9.7 5.47 
90-105 67.9 17.5 14.6 sl 1.64 7.72 0.12 0.13 7.3 4.80 
1 sl sandy loam; 2 electrical conductivity; 3 organic C 

Parameterization and calibration of the model 
APSIM was parameterized for phenology (flowering and physiological maturity), total 
biomass production and grain yield of rice and wheat using the observed data of year 
2007-08. The other parameters for rice and wheat file were taken as default with slight 
adjustments. During the parameterization, simulated phenological stages were matched 
with the observed values by adjusting various parameters in the model until a perfect 
match between observed and simulated dates of phenology is achieved. The soil file was 
prepared using the observed data and the met file was created with daily weather 
parameters viz., rainfall, maximum and minimum temperature and solar radiation. The 
results of the parameterization and validation are shown in Figure 8.2. The observed and 
simulated values of the grain yield of rice and wheat during 2007-08 and 2008-09 appear 
to be in good agreement and hence the parameterized and calibrated model can be used 
for scenario analysis. 
Long term yield simulations 
The parameterized and calibrated model was run for 17 years using the long term weather 
data of Modipuram from 1993 to 2009 and the irrigationschedule mentioned above. The 
actual and simulated rice and grain yields were compared and the following indicators of 
model performance were used to test the prediction capacity of the model. 
Root mean square error. The value of root mean square error (RMSE) was calculated 
using the following equation: 

5.0

1

2 /)(

−

=
⎥
⎦

⎤
⎢
⎣

⎡
−

=
∑

A

nAiSi
RMSE

n

i  

Where Si and Ai are the simulated and observed values, respectively, A is the average of 
the actual data and n is the number of observations. The value equal to zero for a model 
indicates a perfect fit between the actual and simulated data. 
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Coefficient of residual mass. This indicator shows the difference in actual and simulated 
data relative to the actual data. It is calculated as: 
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Its zero value denotes perfect fit, negative and positive values indicate the degree of over- 
and under-simulation, respectively.  
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Figure 8.2. Comparison of predicted and observed rice and wheat grain yields during 
parameterization and calibration of the model 

Water productivity scenarios  
A set of scenarios to reduce irrigation water use were tested using the 17-year weather 
data of Modipuram (1993 to 2009). Four irrigation regimes (continuous flooding, 2 days 
AWD, 5 days AWD & 8 days AWD) in rice and three phenological stage-wise irrigation 
schedules (CRI+Jointing, CRI+Tillering+Jointing, CRI +Tillering+Jointing+Ear 
emergence+Milking) in wheat were imposed as scenarios. The treatment 2 AWD 
corresponds ot current farmer practice. The cumulative probability of rice and wheat 
yield at different irrigation schedules were computed. The cumulative probability of 
irrigation water applied at different irrigation schedules of rice was also worked out to 
demonstrate yields and irrigation water amounts at different probability levels. Irrigation 
water productivity (WPi) (kg ha-1 mm-1) – the ratio of grain yield to the amount of 
irrigation water applied- for rice, wheat and RW system was also computed for all 
scenario combinations.  
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Results and discussion 
Long-term yield simulation 
Simulated rice and wheat yield declined from 1993-94 to 2008-09 over 17 continuous 
cropping system rotations, which is observed under long-term nutrient experiment 
(Figure 8.3).  It is found that the decreasing trend of sunshine hours during July, 
September and October may be reason for decreasing trend in rice grain yield (Table 8.4). 
Another reason may be the signficiant delaying trend of effective date of onset of 
monsoon (Figure 8.4).  In case of wheat, increasing trend of maximum temperature 
during March and April could be a reason for decreasing wheat grain yields. The 
increasing trend of maximum temperature during the milking/dough stage may result in 
early forced maturity, which decrease the grain size and thereby grain yield. The same 
has also been reported by several researchers in the region (Pathak et al., 2003; Gupta et 
al., 2010; Sudhir-Yadav et al., 2012). The simulated rice yield shows a greater declining 
trend at an average rate of 120 kg ha-1yr-1 (R2=0. 94, p<0.05), while simulated wheat 
yields show a lower declining trend at an average rate of 48 kg ha-1yr-1 (R2=0. 48, 
p<0.05). This compares reasonably well with the observed rice yield, which shows a 
slightly lower declining trend at an average rate of 87 kg ha-1yr-1 (R2=0. 54, p<0.05). The 
observedwheat yields show a slightly higher declining trend at an average rate of 60 kg 
ha-1yr-1 (R2=0. 54, p<0.05). The different statistical parameters used to quantify the 
goodness of fit between observed and simulated grain yield of rice and wheat indicated 
that the observed and simulated values are statistically within the tolerable range. The 
RMSE for rice and wheat were 24 and 33 %, respectively, while corresponding CRM was 
-0.2150 and -0.3133, respectively. The negative values of CRM indicate an over-
prediction by the model. It is not surprising that the simulated yields are slightly higher 
than the observed yields, because the model does not include any biotic stress factors that 
might be reducing yields. 
Long term irrigation scenario analysis 
The time series simulation of rice yield under different irrigation treatments showed that 
except continuous flooding, all other irrigation management treatments showed a 
declining trend (Figure 8.5). Interestingly, the yield gap between continuous flooding and 
other lower irrigation treatments increases during the period from 1993 to 2009. 
However, the yield gap between 2 days AWD and 8 days AWD narrow down from 1993 
to 2009. In the case of wheat, the yield gap between the higher irrigation level and lower 
irrigation level decreases during the course of time. This yield gap, which is the low 
response to irrigation treatments may be due to other factors such as soil health 
deterioration 
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Figure 8.3. Comparison of actual and simulated rice and wheat grain yield over the years 
1993-2009 and its linear trends 

 
Figure 8.4. Variability and trends in date of effective onset of monsoon at the study site 
during the period 1991-2010. E = early onset of monsoon; L = late onset of monsoon 
based on mean±standard deviation and here 15th July is the mean date of effective onset 
of monsoon, before 23rd June and after 6th August indicate early and late onset of 
monsoon, respectively.  
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Table 8.4: Decadal trends in monthly and seasonal weather variables using Mann-
Kendal non-parametric test for the climate station at Modipuram. 

Temperature (OC) Month/ 
Season 

Rainfall 
(mm) 

Rainy 
days 

SSH 
(hday-1) Maximum Minimum Mean Range 

PET 
(mm) 

Jan -6+ 0 -0.9+ 0.4 -0.8 -0.1 1.1+ 5.1 
Feb 7.6 0.0 -0.1 1.7 0.0 0.8* 1.7 11.8+ 
Mar 0.0 0.0 -0.1 2.2* 1.1+ 1.3* 1.1 13.8 
Apr 0.0 0.0 -0.4+ 1.5* 1.1* 1.5* 0.3 9.6 
May 2.7 0.0 0.2 -0.5 -0.5 0.1 0.4 -0.7 
June -50.3* -1.2 0.1 0.1 -1.1+ -0.7 0.6 6.3 
July -24.3 -1.0 -0.3 1.4* -1.0* 0.3 2.0* 19.1* 
Aug -93.5 -2.0 0.2 1.5* -0.6* 0.5+ 1.9* 19.2* 
Sept 32.3 1.7 -0.9 0.6 -0.6* 0.0 1.1 9.3+ 
Oct 0.0 0.0 -0.6 0.3 0.2 0.4 0.0 0.4 
Nov 0.0 0.0 -1.2+ 1.0 -0.2 0.5 1.2+ 6.9 
Dec 0.0 0.0 -0.6 0.5 -0.6 0.1 1.2 4.7 

PET-Potential evapotranspiration; + Significant at 0.01 % level,*Significant at 0.05 % level 

as a result of continuous rice-wheat cropping as reported by several researchers (ICAR, 
1988; Dawe et al., 2000; Duxbury et al., 2000; Yadav et al., 2000; Bhandari et al., 2002; 
Ladha et al.,2003; Pathak et al., 2003; Yadvinder-Singh et al., 2004; Nayak et al., 2012)  
Cumulative probability of grain yield 
The cumulative probability curves for simulated rice and wheat yields at different 
irrigation scheduling scenarios are shown in Figure 6. At 60 % cumulative probability 
level, rice yield reduced to more than 50 % in the 8 AWD treatment compared to 
continuous flooding. However, the yield reduction was 41 % and 23 %, respectively in 5 
AWD and 2 AWD. This shows yield penalty is not linear to irrigation scheduling. Yield 
penalty between 5 AWD to 8 AWD is only 15 % while the yield penalty between 2 AWD 
to 5 AWD is 24 %. Another interesting aspect is when the cumulative probability 
increases, the gap widens between the irrigation schedules, except for continuous 
flooding. The gap slightly narrows down between continuous flooding and other 
treatments when the cumulative probability increases.  In the case of wheat, the grain 
yield reduced to 41 % in 2 irrigations compared to 5 irrigation. The cumulative 
probability curve shows irrespective of probability level the grain yield gap between 3 
irrigations and 5 irrigations remained constant. However, yield gap between 2 irrigations 
and other irrigation regimes widened when cumulative probability increases.  
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Figure 8.5. Effect of irrigation schedule on rice and wheat productivity during the period 
1993-2009 at Modipuram. 
 

Irrigation water requirement and grain yield 
Irrigation water requirement of rice ranges from 1234 mm to 2234 mm with 18 % 
variability during the last 17 years when flooding of irrigation regime followed. On 
average the quantity of irrigation water reduced to 51.7 % under 8 AWD irrigation 
regime compared to CF. The normal farmers’ practice of 2 AWD reduces the irrigation 
water requirement to 12.7 % compared to CF. The cumulative probability curves at 
different irrigation regimes shows that at 60 % probability, irrigation water requirement 
of 8 AWD and 2 AWD reduced to 51.2 % and 35.4 %, respectively compared to CF 
(Figure 8.7). As the cumulative probability increases, there is a slight broadening of 
irrigation requirement between different irrigation regimes. 
When we compare the percent deviation of irrigation water requirement under RW 
system and system yield deviation of different treatments with CF+5IR treatment, there is 
an almost equal yield penalty and irrigation water requirement.  
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Figure 8.6. Simulated rice and wheat productivity at different cumulative probability 
levels under different irrigation treatments. 

Relation between water productivity and grain yield 
In rice, among the treatments higher irrigation water productivity of 3.87 kg ha-1mm-1 
noticed in 8 AWD but at the cost of drastic yield loss (Figure 8.8). However, both water 
productivity and grain yield are higher in CF, but at the cost of irrigation water. The 
lowest water productivity of 3.29 kg ha-1mm-1 was observed in 2 AWD. It would appear 
from figure that 5 AWD may be recognized as good management option with a 
comparatively low yield penalty under water limiting/water scarcity situations. In the 
case of wheat, a higher water productivity of 31.3 kg ha-1mm-1 observed in the 2 
irrigation treatment results in a very high yield penalty of 41.6 % compared to 5 
irrigations, which leads to a water productivity of 21.4 kg ha-1 mm-1. 
As far as RW system is concerned, the highest WPi of 8.31 kg ha-1mm-1 was noticed in 
the irrigation regime of 8AWD+5IR with a yield penalty of 25.5 % (Table 8.6). Highest 
yield penalty of 45.5 % observed under the irrigation regime of 8AWD+2IR. Lowest WPi 
of 5.17 kgha-1mm-1 was noticed in 2AWD+2IR with a higher yield penalty of 31.3 %. 
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(Table 8.5). A relatively high irrigation water productivity was observed in 5AWD+5IR 
irrigation regime under rice-wheat system with a moderate yield penalty of 20.1 %. Thus, 
we can say a 5 day AWD regime during rice and 5 irrigations during wheat may be a 
good irrigation management option under water limiting situations.  

Conclusions 
The study demonstrates that APSIM performs well in predicting the effects of irrigation 
schedule on grain yield and irrigation water productivity of rice and wheat in upper IGP-
India. Consequently, this  
 
 
 
 
 
 
 
 
 
 

 

 

 
Figure 8.7. Simulated irrigation water requirement (mm) at different cumulative 
probability level under different irrigation treatments. 

Table 8.5: Wheat grain yield, irrigation water requirement and irrigation water 
productivity under different irrigation regimes. 

Treatments Grain yield 
(kg ha-1) 

Irrigation water 
requirement (mm) 

Irrigation water productivity 
(kg ha-1mm-1) 

2 IR 3131 100 31.3 
3 IR 4339 150 28.9 
5 IR 5361 250 21.4 
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Table 8.6: Rice-wheat system yield, total irrigation water requirement, system 
irrigation water productivity and system yield deviation compared to 
conventional flooding (CF) and 5 irrigation for wheat (+5 IR) treatment. 
The 2 AWD + 5IR treatment represents the current farmer practice in 
the Upper-Gangetic plains.  

Treatments RW system 
yield 

 (kg ha-1) 

Total irrigation 
water 

requirement 
(mm) 

System irrigation 
water productivity 

(kg ha-1mm-1) 

System yield deviation 
compared to CF+5IF 
irrigation regime (%)

CF+2IR 9678 1828 5.29 -20.0 

CF+3IR 10991 1878 5.85 -9.2 

CF+5IR 12102 1978 6.12 0.0 

2AWD+2IR 8316 1608 5.17 -31.3 

2AWD+3IR 9629 1658 5.81 -20.4 

2AWD+5IR 10740 1758 6.11 -11.3 

5AWD+2IR 7243 1222 5.93 -40.2 

5AWD+3IR 8556 1272 6.73 -29.3 

5AWD+5IR 9667 1372 7.05 -20.1 

8AWD+2IR 6592 935 7.05 -45.5 

8AWD+3IR 7905 985 8.03 -34.7 

8AWD+5IR 9016 1085 8.31 -25.5 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8.8. Irrigation water productivity (kg ha-1mm-1) and rice yield (kg ha-1) under 
different irrigation regimes. 
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modeling study is helpful in demonstrating different water saving options under different 
scenarios of water limiting situations. The long term scenario analysis of the rice - wheat 
system using a 17-year climate record indicated some yield penalty when changing from 
CF to AWD in rice and reduction of the number of irrigations in wheat. The comparison 
of 17 years of continuous rice-wheat system (34 crop cycles) grain yield indicated that 
the same pattern of declining yield trends can been noticed in observed as well as 
simulated yields. The possible decline of yield reduction may be due to decrease of 
sunshine hours during the rice season and an increase of maximum temperature during 
the grain filling/dough stage of wheat, which occurs during the March-April. It was found 
that a rice irrigation regime of 5 days AWD may be recognized as the good irrigation 
management schedule for rice with a moderate yield penalty. However, for the total R-W 
system, irrigation regimes of 5 days AWD during rice crop and 5 irrigations at different 
phenophases of wheat crop may be the best option under water limiting situations, as it 
showed a higher irrigation water productivity with 20.1 % yield penalty compared to 
continuous flooding during the rice season.  
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Abstracts 
Rice (Oryza sativa L.) and wheat (Triticum aestivum L.) are the main staple foods and 
reliable sources of human diet for the Nepalese people contributing 83% calorific intake. 
Rice and wheat crops cover about 43% and 22% area, respectively in Nepal. The rice-
wheat cropping system covers an estimated area of 13.5 million hectares in the Indo-
Gangetic plains in south Asia, consisting of Bangladesh, India, Nepal and Pakistan. The 
system is currently practiced on about 0.5 million hectare of prime agricultural land in 
terai and lower basin of mid hills in Nepal. However, the system brings together 
conflicting and complementary practices as repeated transitions from aerobic to anaerobic 
and again to aerobic soil conditions change several physical, chemical and biological 
properties of soils, and most importantly, soil structure and nutrient relations. A long-
term rice-wheat experiment was conducted at the Regional Agricultural Research Station, 
Nepalgunj, Nepal, to study the effects of organic and mineral sources of nutrients on 
yield and nutrient status of the soil. A total of nine treatments comprising different 
combinations of inorganic N, P, and K and farmyard manure (FYM) were included. 
Cumulative Distribution Function (CDF) revealed that using of FYM @ 10 t/ha produced 
the highest yield in rice (5 t/ha) and wheat (1.5 t/ha) among the other several treatments. 
Further, the simulation study using the APSIM model on WUE in the rice-wheat system 
indicated that application of FYM @10 t/ha resulted in higher WUE. About 4000 litres of 
water was required for producing each kg of rice and 1500 litres water to produce each kg 
of seed for wheat. From the on-station trial and simulation results using APSIM model, it 
is expected that rice and wheat yields can be sustained and WUE increased under 
recommended doses of NPK and FYM in long run application and other similar scenarios 
of management options in future in rice–wheat systems.  
Key words: APSIM model, Rice-wheat systems yield, Long-term fertilization 
experiments, Simulation 

Introduction 
Agriculture is the main source of income and livelihood for 66% of the rural population, 
and a major component of the culture, diet, employment and economy contributing 
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approximately 29% of GDP in Nepal (FAO, 2009). The rice-wheat cropping system 
covers an estimated area of 13.5 million hectares in Indo-Gangetic plains in south Asia, 
consisting of Bangladesh, India, Nepal and Pakistan (Ladha et al., 2003). The system is 
currently practiced on about 0.5 million hectare of prime agricultural land in terai and 
lower basin of mid hills of Nepal. Rice (Oryza sativa L.) and wheat (Triticum aestivum 
L.) are the main staple food and reliable sources of human diet for the Nepalese people 
and straw have the year round feed for livestock. Rice and wheat crops occupy the 
leading position in terms of their area and production, in which, rice and wheat covers 
43% and 22% areas, respectively in Nepal (MOAC, 2010, Figure 9.1).  

 
 

 
 
 
 
 
 
 

Figure 9.1 Shares of the cereals area in Nepal 

Rice alone meets more than 50% of the total calorific requirement of Nepalese people, 
while rice and wheat together contribute about 83%. Therefore, rice-based cropping 
systems are essential for food security and livelihood improvement in Nepal. Wheat is the 
third most important cereal crop covering 22% of total cultivated area and contributes 
17% of the total cereal production after rice and maize as prioritized by Agriculture 
Perspective Plan (APP).  
Though the adoption of modern rice and wheat varieties has increased rapidly, the total 
area and production in Nepal has not changed significantly since 1960. Moreover, there is 
a large yield gap between potential and experimental yields and between experimental 
yields and farmer’s field yield. The reasons for such large variation in yield are due to 
cultivation of local rice and wheat cultivars mostly under rainfed and poor fertility 
management conditions. Rice and wheat, both being exhaustive crops, result in more 
depletion of soil nutrients and showed their imbalances and decrease nutrient-use 
efficiency due to general reduction in soil organic matter (Gupta et al., 2003, Ladha et al., 
2003). Most soils of the rice-wheat cropping system in the Indo-Gangetic plains are 
deficient in N, and deficiency of K is emerging in several areas (Alam et al., 2006). The 
system brings together conflicting and complementary practices as repeated transitions 
from aerobic to anaerobic and then to aerobic soil conditions changes the physical, 
chemical and biological environment of soils, and most importantly, soil structure and 
nutrient relations (Timsina and Connor, 2001). Therefore, the productivity of both rice 
and wheat is relatively low due to their cultivation mostly under rainfed conditions. The 
increase in resource-use efficiency is the need of the present days and for this appropriate 
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decision making is needed. Proper use of systems tools like crop model, remote sensing 
and other precision farming options may be viable options to the resource poor farmers 
for increasing resource-use efficiency under intensive agriculture systems (Pathak et al., 
2010). 
Rice-wheat, the intensively grown system in Nepal has caused rapid depletion of soil 
fertility. Consequently the productivity of the crops is quite low due to the imbalance use 
of fertilizers, organic manures and inappropriate practices. Several crop model have been 
successfully evaluated and applied for wheat in north-west India (Timsina and 
Humphreys, 2006 ; Timsina et al. , 2008; Jalota and Arora, 2006; Jalota et al., 2006). 
However, the use of crop models to simulate the effects of long term application of 
fertilizers and organic manures on the crop performances is limited. The APSIM 
(Agricultural Production System Simulator) model allows simulation of sowing, nitrogen, 
residue and irrigation management strategies on crop performance, water dynamics, and 
soil organic carbon and nitrogen (Keating et al., 2003), recently also in rice-based 
cropping systems (Gaydon et al., 2012a, 2012b). However, before using a model to 
analyze the management strategies, it needs to be parameterized and validated for the 
various management practices. Once validated, the model can be used to analyze the 
effects of crop management practices, using long-term weather data to determine the 
likely response and riskiness of the practices as affected by seasonal weather conditions. 
A long-term soil fertility trial was designed to better understanding of the effects of 
organic manure and inorganic fertilizers on soil properties, nutrient mining and crop yield 
trend with application of various combinations of chemical and organic manure in the 
rice-wheat system. In this chapter, we used data from a long-term experiment to 
parameterize and validate the APSIM model to analyze the following tasks. 
1. To determine the effects of nutrient application on the growth, development and yield 

of rice – wheat 
2. To calibrate and evaluate the APSIM model for irrigated rice and wheat, and To use 

the results of the field and modeling studies to make recommendations in relation to 
the use of chemical fertilizers and farm yard manure  

Materials and Methods 
Field experimentation 
A long-term permanent field experiment was begun in June 1978 at the RARS, 
Nepalgunj in a sandy loam soil, poor in organic carbon and available N, but medium in 
available K2O and P2O5 having slightly alkaline soil reaction (pH 7.2-7.5). The site is 
located in mid western terai region of Nepal (810 37’E longitudes, 2806’ N latitude and 
181 msl altitude). The average annual rainfall is around 1000-1500 mm and more than 
85% of the rainfall occurs from June to September. Overall scenario of the farming 
system in the locality is subsistence type. The experiment incorporated two sequential 
crops in a year, rice (June-Nov) and wheat (Nov- April). Nine treatments comprising 
different combinations of inorganic N, P, K and organic FYM were arranged in a RCBD 
having four replications (Table 9.1). Plots were 6 m long and 4 meter wide. Phosphorus 
as DAP, Potassium as Muriate of Potash and FYM were supplied as basal dose. Nitrogen 
was applied in two splits, 50% at transplanting of rice and remaining 50% top dressed as 
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Urea at 25-30 days after transplanting in rice. Farm Yard Manure was incorporated into 
soil about a week before rice transplanting. Wheat was grown as per recommendation 
(NWRP, 2000). The high yielding early maturing variety of rice namely Radha-4 and 
wheat variety Gautam was selected for the experiment. Two to three rice seedlings (25-30 
days old) were transplanted at 20 x 20 cm spacing. Irrigation was given in rice to 
maintain a submerged condition throughout from transplanting to 15 days earlier to 
physiological maturity. Soil moisture frequently dropped below field capacity in the 
experimental site because of high temperature, high ET, and therefore an adequate supply 
of irrigation was given through the deep boring to create submerged condition in rice. 
Hand weeding was done to manage weeds and plant protection measures were applied as 
needed to control pests. The crop was harvested manually 5-7 cm above the ground and 
straw was removed from the field. The grains were separated manually and the grain 
yield was adjusted at 14% seed moisture. Other data as biomass and grain yield, date of 
planting and irrigation, days to flowering and physiological maturity etc. were taken. The 
various soil samples collected from the profile soil (0-30 cm depth) were made composite 
for analyzing physico-chemical properties of soil after each rice harvest. The soil pH was 
analyzed in laboratory regularly, but soil available nitrogen, phosphorus and potassium 
were measured periodically in the soil lab of Soil Science Division, Nepal Agriculture 
Research Council, Khumaltar. Weather records viz. daily maximum and minimum 
temperatures (0C) and rainfall (mm) during the period 2000-2012 were directly observed 
from Meteorological Station of RARS Nepalgunj, while, solar radiation (MJ/m2/day), 
was downloaded via the internet from the National Aeronautics and Space 
Administration (NASA) for solar radiation (Perry Poulton, 2012). 

Table 9.1: Treatments of the long term soil fertility experiment in rice-wheat 
cropping system, showing the fertilizer compositions used 

Treatments Rice (N:P2O5:K2O kg ha-1) Wheat (N:P2O5:K2O kg ha-1) 
T1 0:0:0 0:0:0 

T2 100:0: 0 100:0: 0 
T3 100:30:0 100:30:0 
T4 100:0:30 100:0:30 

T5 100:30:30 100:30:30 
T6 50:20:20 50:20:20 
T7 50:0:0 50:0:0 

T8 50:20:0 50:20:0 
T9 FYM 10 ton/ha FYM 10 ton/ha 

Crop simulation modeling 
Model used - APSIM (version 7.3) 
The Agricultural Production System Simulator (APSIM) model has been developed to 
describe the dynamics of C and nutrients (N) in plant-soil ecosystems. APSIM is a 
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modeling framework that allows individual modules of key components of the farming 
system (selected by model user) to be ‘plugged in’ (Keating et al, 2003). APSIM has 
been developed by the Agricultural Production Systems Research Unit (APSRU), a 
collaborative group made up from CSIRO and Queensland State Government agencies. 
APSIM has recently been enhanced to allow simulation of rice-based farming systems 
(Gaydon et al, 2012a, 2012b). The model was parameterized, calibrated and validated, 
and a sensitivity analysis of the model to various parameters was undertaken. A scenario 
analysis was then performed to provide accurate predictions of crop production in 
relation to climate, genotype, soil and management factors, whilst addressing long-term 
resource management issues in farming systems.  
APSIM calibration 
Calibration is the adjustment of the system parameters so that simulation results reach a 
pre-determined level, usually that of an observation. Based on observed yield data, 
simulated values do not exactly comply with the observed data and minor adjustments 
have to be made for some parameters on the calibration process. Nitrogen is the major 
nutrient limiting rice and wheat yields, and also the most widely used nutrient in the 
world. Efficient fertilizer N management is thus important for increasing yield and N use 
efficiency, and reducing losses of N to the environment. Many of the processes affecting 
N dynamics in rice and wheat are very sensitive to the availability of water, and thus the 
N dynamics in flooded rice fields are very different from those of upland fields. Hence, a 
total of nine treatments comprising different sources of plant nutrients were tested in the 
long-term fertility experiment specially focusing on different level of Nitrogen i.e.0_N 
level kg/ha, 50_N level kg/ha, 100_N level kg/ha, FYM @10t/ha were used. The 
observed data sets on grain yield of rice and wheat of 2003 was compared with the 
simulated yields for the calibration of crop model. 
APSIM Validation 
The RMSE is considered the ‘best’ overall measure of model performance as it 
summarizes the mean difference in the units of observed and predicted values. The model 
was evaluated using the root mean square error (RMSE) and index of agreement (d-stat) 
statistics (Willmott 1982). Bouman and Van Laar (2006), Kropff et al (1994a, b), 
Mathews et al (1995), and Jing et al (2007) have presented validation results for potential 
production. All these studies reported a good match between simulated yields predicted 
by APSIM-Oryza 2000 and yields measured in well managed experiments without any 
limitations of yield-limiting factors (water, N, and other nutrients) and with ample control 
of yield-reducing factors (insects, diseases, and weeds). The multi-decadal yield data of 
rice-wheat system was validated using calibrated APSIM model. 
Model Application/Scenario analysis 
The validated model was run for 6 years (2003-2012) simulating crop production, and in-
season water and N dynamics in rice and wheat for Nepalgunj conditions. Crops data 
(planting and transplanting date, days to flowering, days to physiological maturity, 
biomass yield, grain yield, dry rough rice weight) for rice variety Radha-4 and wheat 
variety Gautam was tested over the treatment recommended dose of N and FYM @10 t 
ha-1. 



 SAC Monograph 

128 

Calculation of Cumulative Probability Distribution Function (CDF) and Water Use 
Efficiency (WUE) 
The cumulative distribution function (CDF) describes the probability that a real-valued 
random variable X with a given probability distribution will be found at a value less than 
or equal to x. intuitively, it is the "area so far" function of the probability distribution. 
The cumulative distribution function for a random variable X, denoted by F(x), is the 
probability that X assumes a value less than or equal to x:  

 
The cumulative distribution function has the following properties:  

• 0 ≤ F(x) ≤ 1 for all values of x  

•  

•  
• F(x) is a non-decreasing function of x  

Additionally, for continuous random variables, F(x) is a continuous function.  

Results and Discussion 
Results of model calibration 
Dates of phenological events such as emergence, anthesis, and maturity of crops grown in 
sequence, maximum leaf area index (LAI) as well as pattern of LAI, above- ground 
canopy weight and its pattern of development, partitioning to leaf, stem, and panicles, 
grain yield and its components etc were taken into consideration for calibration of model. 
Various developmental rates for short duration cultivar of rice Radha-4 were taken from 
Timsina et al (2011). 

Table 9.1. Developmental rate coefficient parameters for Radha-4 rice used for 
running APSIM-Oryza under Nepalgunj situation 

 Developmental rates in different stages 

Crop cultivars Juvenile phase 
(DVRJ) 

Photo-period 
sensitive 
(DVRI) 

Panicle 
development 

(DVRP) 

Reproduction 
(DVRR) 

Rice (Radha-4) 0.00128 0.00758 0.0014 0.0026 

Source: Timsina et al. (2011) 

Results of model validation 
The model was validated by comparing simulated and observed yields for rice and wheat. 
Figures 9.1 and 9.2 illustrate comparisons between these variables, and demonstrate that 
the model was successfully capturing the performance of crops in this system.  
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Figure 9.2. The correlation and regression equation between observed and predicted grain 
yield of rice under Nepalgunj condition from 2003 to 2007 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 9.3. The correlation and regression equation between observed and predicted grain 
yield of wheat yield under Nepalgunj condition from 2003-04 to 2006-07  

Results of Scenario analysis 
Rice Grain Yield (kg ha-1)  
A combined analysis of the data over the years revealed that the application of 
recommended dose of NPK @100:30:30 kg/ha gave the maximum grain yield (5820 
kg/ha) followed by application of FYM @10 ton/ha (5495 kg/ha) and NPK @100:30:0 
kg/ha (5284 kg/ha). It differed significantly from the grain yields of other treatments. The 
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higher rice yield under recommended NPK was due to the balanced use of fertilizer and 
the effect on many yield-components, like number of tillers, number of panicles and 1000 
grain weight. The year 2003 was the most favorable in rice yield. This might be due to 
higher rainfall providing sufficient water required for optimum growth of rice plants. The 
validation result showed that there was reliable variation (10-15% range) between 
predicted and observed yields of rice over the years and it was slightly over-predicted. 
Wheat Grain Yield (kg ha-1)  
The wheat grain yield was increased significantly due to the addition of chemical 
fertilizers and organic manures as compared to the control. The data revealed that 
maximum grain yield (4058 kg ha-1) was found in recommended dose of 100:30:30 NPK 
kg ha-1 followed by the application of 50: 20:20 NPK kg ha-1 (3442 kg ha-1 ) that was 
significantly difference observed than all other treatment. Application of FYM@10t/ha 
produced the grain yield (2479 kg ha -1) only. There was satisfactory index between 
simulated and observed yield of wheat over the years and could said that the model can 
be valid for further use in the Nepalgunj environment. 

     
Figure 9.4. Cumulative Probability of Water Use Efficiency (WUE) and Yield Scenario 
over the years in rice and wheat cropping system using 6 years of simulation (2003-10) 

    
Figure 9.5. Simulated effect of water-use by wheat and total system for different Nitrogen 
levels, simulated using APSIM over 5 years (2003-2010) 

The cumulative probability distribution function (CDF) analysis revealed that using FYM 
@ 10 t/ha produced the highest yield in rice (5 t/ha) and wheat (1.5 t/ha) among the 
treatments (Figure 9.3). Water use efficiency (WUE) in total rice-wheat system indicated 
that using of FYM @10 t/ha showed the best WUE i.e. 1500 litres/kg grain for the total 
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system. For wheat, the use of FYM@10 t/ha produced even greater relative WUE gains 
with 1000 litres water to produce each kg wheat yield at 50% probability, compared with 
higher values for the 50 and 100N treatments. (Figure 5). 

Conclusion and recommendation 
From the experimental results it can be concluded that the combined use of organic 
manure with inorganic fertilizers performed better than inorganic fertilizers alone to 
sustain soil fertility and system productivity. Cumulative Distribution Function analysis 
revealed that using of FYM @ 10 t/ha produced the highest yield in rice (5 t/ha) and 
wheat (1.5 t/ha) among the treatments. Water use efficiency (WUE) in the total rice -
wheat system indicated that using FYM @10 t/ha showed the best WUE i.e. 2000 liters 
water required per kg rice produced and 1500 liter water for wheat per kg seed yield 
produced. Several field experiments on cereals and legumes are required to gain better 
confidence with the calibration and validation of the APSIM model.  
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Abstract 
Wheat yields under rain-fed conditions are much less than under irrigated agriculture due 
to highly uncertain rains. Spatial and temporal distribution of rainfall is very uneven, 
often failing to meet crop water requirements when required. The use of high-efficiency 
irrigation systems to supplement crop water requirement in case of rain failure is a viable 
option.  
An experiment was conducted and modelled to determine wheat yield with irrigation 
scheduling at different supplemental irrigation amounts under a center pivot irrigation 
system in the rain-fed Pothowar region. Model parameterization was performed using 
various first hand soil and water data sets, in addition to other available secondary data 
sets, such as published data. The treatments of the experiment were irrigations applied as 
100%, 80%, 60% of crop water requirement and compared with a rain-fed treatment 
(control). Increases in wheat yield of 130 % over rain-fed yields were obtained by 
applying the full crop water requirement. By applying 20 % and 40 % less water than the 
crop water requirement, increases in wheat yields of 120 % and 69 % respectively over 
rain-fed were found. The APSIM model simulated yields, biomass and irrigation water 
applied in close agreement with the observed values.  
Using the model for subsequent scenario analyses, it was shown that the risk of obtaining 
a grain yield less than 5000 kg ha-1 under rain-fed conditions was over 95 %. On the other 
hand, if 100 % irrigation was applied, the chance of achieving yields of 5000 kg/ha or 
more was more than 40 %.  
However, in order to generalise the simulated results across different agro-ecological 
regions, different varieties and management practices, further modelling work is required. 
Growth and phenology of other widely grown wheat varieties need to be studied and 
incorporated into the model.  

Description of the farming system modelled 
Agriculture is the largest sector of Pakistan’s economy contributing 21 percent to its GDP 
and 45 percent of the labor force employment (GoP, 2010). Wheat, being the leading 
food grain of Pakistan and the staple diet of the masses, is the most important crop. It is 
cultivated on the largest area in almost every part of the country with 23.864 million 
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tonnes of production. The wheat yield on progressive farms in irrigated areas ranges from 
6000 to 7000 kg ha-1. However, wheat yield on rain-fed farms ranges from 500 to 1300 
kg ha-1 depending upon the amount of rainfall. In irrigated areas wheat yield ranges from 
2500 to 2800 kg ha-1 depending upon the irrigation water availability and other factors. 
That is roughly a 60 per cent yield gap in wheat, which needs to be narrowed. Food 
security in Pakistan would be ensured if this gap could be closed (Anonymous, 2000).  
Montazar and Kosari (2001) have reported that globally-measured average water 
productivity values per unit water depletion are 1.09, 1.09, 0.65, 0.23 and 1.80 Kg m-3 for 
wheat, rice, cotton (seed), cotton (Lint), and maize respectively. Alam et al. (2005) has 
reported that yield per unit of water in Pakistan is the lowest in the world. Hussain et al. 
(2004) estimated the land and water productivity of Pothowar plateau and found that the 
wheat yield was 1451 kg ha-1 and that of groundnut was 864 kg ha-1. In irrigated 
agriculture, wheat yield was 3084 kg ha-1 whereas groundnut was 1402 kg ha-1. The 
Thematic group on rural development and food security of UN in Pakistan reported (UN-
PAK/FAO/2000/1) that potential wheat yield in Pakistan is 6.4 tonnes ha-1 whereas 
national average yield is 2.2 tonnes ha-1 with a gap of 4.2 tonnes ha-1. The international 
food policy research Institute (IFPRI) estimated that average water productivity of the 
cereals will increase from 0.56 to 0.94 kg/m3 in developing countries and from 1-1.32 
kg/m3 in developed countries during the period 1995-2025. The UN-PAK/FAO/2000/1 
report says that in Pakistan, low level productivity would indicate that the irrigation 
system (82 % of the agriculture land) is not working efficiently and effectively. Cai et al. 
(2001) has suggested that with growing water scarcity and increasing competition for 
available resources, water savings and more efficient use are needed for the best water 
resources management.  
Approximately 10-12% of the wheat crop is planted under rain-fed conditions. Uncertain 
rainfall and frequent crop failures due to drought discourage input use. Crop husbandry in 
such rain-fed areas is primitive and yields are low. High efficiency irrigation systems are 
being successfully used to increase the water use efficiency and crop yield per unit of 
water. The self propelled sprinkling irrigation system is one of the interventions which 
meet the need of the time. Evan (2001) noted that these very adaptable water application 
methods have experienced tremendous popularity around the world due to their potential 
for highly efficient and uniform water application, and their high degree of labour 
reduction compared with most other irrigation methods. Application efficiency is as high 
as 80% dependant on management and properly designed installation for the site. 
To meet the food requirements of the growing population, it is imperative to develop 
strategies for crop, land and water productivity improvement and resource conservation. 
In this scenario the improved crop productivity in less intensively cropped and land 
degraded rain-fed areas may play a vital role in meeting the ever increasing food demand 
of Pakistan’s population. The Pothowar plateau has favourable climatic and agronomic 
conditions for agricultural production. The area is undulating with a creeping slope from 
the Northeast to the Southeast and rainfall ranges from 1000 mm in the Northeast to 350 
mm in the Southeast area. Nearly 70 percent of this precipitation is received during the 
months of the monsoon (Bhutta et al,. 2002). The spatial and temporal distribution of 
rainfall is very uneven, failing to meet the crop water requirement at critical times. Rains 



 Chapter 10: Irrigation scheduling on Wheat yield 

137 

in the Rabi season are very uncertain, regularly causing crop failure. The use of high 
efficiency irrigation systems to supplement crop water requirements and guard against 
rainfall failure may present a viable option. 
Centre pivot sprinkler irrigation systems have been introduced during last two decades in 
Pakistan. According to the company information, 66 center pivot sprinkler irrigation 
systems have been installed in Pakistan up until now (Valley irrigation Pakistan, 2012). 
The center pivot sprinkler irrigation system (CPSIS) is a high efficiency irrigation system 
which is being introduced in the country. The crop productivity gaps can be minimized if 
effective water management using these systems is implemented. Therefore this study 
was conducted to determine crop water productivity at different water application 
amounts to supplement the crop water requirement in case of rainfall uncertainty and to 
bring the crops closer to potential yields. Irrigations were applied at 100%, 80%, 60% 
and rain-fed (control) of crop water requirement / crop evapotranspiration. 
Experimental site description: The present study was conducted at the research fields of 
National Agricultural Research Centre (NARC), Islamabad, Pakistan. The site of the field 
experiments is located at latitude 330 43΄ N, longitude 730 04΄ E, and at an altitude of 490 
m. It lies in the Pothowar rain-fed region. The soil belongs to the Nabipur soil series 
(coarse loamy, mixed, hyperthermic Udic Ustochrept). It is deep, well drained, and 
moderately calcareous, developed on level to nearly level deposition of the flood plain. It 
lies under sub-humid to humid and medium to high rainfall zone with annual rainfall 
ranging from 517 to 1550 mm. Rainfall is erratic, and 60 to 70 % of the total rain is 
received during the monsoon (Kharif season). The winter rains are more uncertain but 
often consist of gentle showers of long duration, thereby making them useful for crop 
production. More than half of the rain is received in the form of high intensity down-
pours during July and August. Mean maximum temperature during summer ranges from 
36 to 42 °C. The average low is 2 °C in January, while the average high is 40 °C in June. 
The highest temperature recorded was 48 °C in June, while the lowest temperature was 
−4 °C in January. Soil is alkaline (pH, 7.8), calcareous (CaCO3 equiv., 4.3 g/100g), low 
in organic matter (0.50 g/100g), and deficient in NO3-N (3.5 mg kg-l), P (3.0 mg kg-l), 
with K (80 mg kg-l) and Zn (0.27 mg kg-l). Maize and wheat are the major crops of 
region. 
Datasets used  
The experiment used for model parameterisation and validation was of one year’s 
duration, with wheat sown in October 2011 and harvested in the first week of May 2012. 
Experimental Description 
Wheat was sown in three quadrants of the circle under a center pivot sprinkler irrigation 
system. Each Quadrant was divided into three equal parts for irrigation treatments namely 
I1, I2, I3. Fourth irrigation treatment I4 (rain fed) was selected in the adjacent field. 
Buffering of the treatment zones was done. Each treatment was subdivided into four 
replications namely R1, R2, R3 and R4 as shown in Figure10.1. 
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Figure 10.1. Experiment lay out of the study at WRRI, NARC field station 

The experiment was a randomised split plot design with four experimental treatments and 
three replications. Wheat variety named Chakwal-50 was sown in all plots on the 27th 
October, 2011 and harvested on the 5th May 2012. The size of the plots was one hectare. 
The treatments were: 
I1 Irrigation applied to 100% of crop water requirement 
I2 Irrigation applied to 80% of crop water requirement 
I3 Irrigation applied to 60% of crop water requirement 
I4 Rain-fed (control) 
Irrigations were applied to re-fill the water deficit to the appropriate percentage for the 
given treatment. The centre pivot irrigation system previously described was used and 
weather, crop and soil data was collected as described below: 
Weather data 
The mean monthly meteorological data (1994-2012) of Water Resources Research 
Institute observatory was acquired with average humidity 63.4 % and wind speed 28.2 
Km day-1 at the study site as shown in Table 10.1. Maximum/minimum temperatures and 
rainfall were available on daily basis. Sunshine hour data was acquired from Pakistan 
Meteorological Department observatory in Islamabad 15 km away from the experimental 
site. Daily incoming radiation (MJ m-2, as required by the APSIM model) was calculated 
using sunshine hours and location specific information.  
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Table 10.1: Mean monthly meteorological data of Rabi season, WRRI field station, 
NARC, Islamabad (1985-2011)  

Months Humidity 
(%) 

Wind speed
(Km day-1) 

Total Pan 
Evaporation 

(mm) 

Total. 
Rainfall 

(mm) 

Maximum 
Temperature 

(oC) 

Minimum 
temperature 

(oC) 
October 61.6 33.3 92.0 32.5 30.2 13.9 
November 65.5 30.0 63.10 7.10 26.0 9.7 
December 62.7 28.45 45.66 0.0 21.4 2.19 
January 68.5 32.6 41.73 59.06 16.9 1.3 
February 70.1 20.5 51.44 44.12 17.4 3.2 
March 58.6 23.8 103.1 15.95 24.9 8.9 
April 54.7 34.1 140.9 40.93 29.9 15.0 

Total   445.9 167.2   
Average 63.4 28.2 74.3 27.9 22.8 6.7 

Soil data 
Soil samples were collected from the study site at depths 0-15 cm, 15-30 cm, 30-60 cm, 
60-90 cm and 90-120 cm. The samples were analysed for soil bulk density, texture, pH, 
electricity conductivity (EC), organic matter, phosphorous and saturation moisture 
content (% volumetric) shown in table 10.2.  

Table 10.2: Soil analysis of study site  

Soil 
depths 
(cm) 

Soil PH 
(1:10) 

Soil (EC) 
(1:10 dSm-1)

Organic 
matter 

(%) 

Available 
Phosphorous 

(ppm) 

Saturation 
moisture content 

(% vol) 

Soil type

0-15 7.7 0.90 1.01 2.2 42 Silt loam

15-30 7.7 0.60 0.65 3.2 46 Loam 

30-60 7.8 0.37 0.49 2.6 48 Loam 

60-90 7.9 0.45 0.44 1.6 54 Loam 

90-120 7.9 0.37 0.33 1.0 50 Loam 

The topsoil of the site has a dominating silt component and in the lower profile the 
dominant component is loam. The soil pH ranges from 7.7 to 7.9 which is considered as 
normal for the region. The soil EC ranges from 0.90 to 0.37 ds m-1 from top to bottom of 
the soil profile. Organic matter ranges from 1% to 0.33% which is a bit higher than 
normal soils in Pakistan which are considered deficient in organic matter.  
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Water Quality 
Water samples were collected for determination of EC, (Ca2+ + Mg2+), Na+, Carbonate, 
Bicarbonate, Chloride, sodium adsorption ratio (SAR), residual soil carbon (RSC) and 
total dissolved solids (TDS). Electricity conductivity (Ec), carbonates, chlorides, SAR, 
RSC and TDS of water has no threats for extended use in irrigation of the study site 
(Table 10.3).  

Table 10.3: Water quality analysis  

EC 
(dSm-

1) 

(Ca+++Mg++) 

(me l-1) 
Na+ (me 

l-1) 
Carbonate

(me l-1) 
Bicarbonate

(me l-1) 
Chloride
(me l-1) 

SAR RSC TDS 
(ppm)

0.63 6.4 0.1 0.2 5.1 0.75 0.05 Nil 441 

Crop data 
Wheat crop variety Chakwal-50 was sown under the centre pivot irrigation system on 
October 27, 2011 and harvested on May 05, 2012. Total number of tillers (either spike-
bearing or not) was counted from a randomly selected unit area from each replication in 
each treatment. Ten randomly selected spikes were threshed manually and their total 
number of grains were counted and averaged to record number of grains per spike. Plant 
height and spike lengths were measured. Three random samples of 1000 grains were 
counted from each seed lot, weighed and averaged to record 1000-grain weight. At 
harvest maturity, two central rows were harvested, sun-dried for three days, tied into 
bundles and weighed to record the biological yield and then converted into kg ha-1 by the 
unitary method. After that, wheat was threshed manually, grains were separated and 
weighed on an electric balance to calculate the grain yield and then converted into kg ha-1 
by unitary method. To record straw yield, grain yield was subtracted from biological 
yield.  

Table 10.4: Wheat Harvest data (2011-12) 

Irrigation 
treatment 

No of 
Plants/m2 

Plant Height 
(cm) 

Spike Length 
(cm) 

Grain Yield   
(kg ha-1) 

Straw Yield 
(kg ha-1) 

I1 59.00 104.86 10.00 5770.7 11458.5 
I2  56.25 103.58 9.25 5557.3 10205.9 
I3  61.00 91.81 8.94 4214.6 7428.9 
I4  49.13 81.02 7.81 2492.0 4782.4 

Soil Moisture Data 
The soil moisture content over the profile at sowing was 16% (by volume), field capacity 
of the soil was 25% and wilting point was 11% by volume. Soil moisture contents in 
every treatment was measured before each irrigation at 0-15, 15-30, 30-60, 60-90 and 90-
120 cm depths on volumetric basis to decide the next irrigation amount and water 
budgeting of cropping period.  
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Irrigation Application 
First irrigation was applied on November 14, 2011, seventeen days after sowing of crop 
because of two rainfall events during this period. Soil moisture content was above 23 % 
and irrigation was applied for emergence and expansion of crop. Table 10.5 describes the 
irrigation applied (mm) at various crop phenological stages. Total crop water requirement 
was 331 mm. Irrigation applied at 100, 80 and 60 % of Evapo-transpiration (ET) came to 
be 198, 165 and 117 mm respectively. The highest irrigation was applied at tillering and 
maturity stages. 

Table 10.5: Irrigation applied (mm) at various crop phenological stages 

Crop Stages 
Days 
since 

Sowing 

I1 
(mm) 

I2 
(mm) 

I3 
(mm) 

ETc 
(mm) 

Rainfall* 
(mm) 

Emergence 0-20 18 18 18 33 7.1 
Tillering 20-80 60 57 39 67 57.6 
Anthesis 80-95 24 18 12 24 1.4 
Grain Filling 95-130 24 18 12 74 49.6 
Maturity 130-190 72 54 36 107 47 
Total 190 198 165 117 305 162.8 

* Rain received during the crop growing period 

Results of model parameterisation, calibration, and validation 
Data collected from the field experiment and from literature were used for the 
parameterisation of the APSIM model (Keating et al., 2003; Gaydon et al., 2012a, 
2012b). Phenological development of various stages especially maturity and harvest date 
were calibrated. Secondary data was used for calibration of various stages as observed 
growth data were unavailable. Secondary wheat biomass data at various crop stages was 
used as observed data was taken only at harvest. Likewise secondary data on soil bulk 
density, texture of the soil, field capacity and wilting point was used for model 
calibration. 
Wheat yield (kg ha-1) was simulated under various irrigation treatments as shown in 
Figure 10.2. The model showed good agreement for I3 and I4 treatments, but slightly 
underestimated the I2 scenario. In the I1 treatment slight underestimation was observed. 
The model underestimated wheat yields by 568 kg ha-1, 506 kg ha-1 and 78 kg ha-1 for I1, 
I2 and I3 treatments respectively, however all discrepancies between simulated and 
measured yields were within the bounds of experimental variability (see the error bars in 
Figure 10.2.). Hence overall the model showed good agreement with the observed wheat 
yield with coefficient of determination (R2) of 0.96, and was considered to be acceptable 
for use in subsequent scenario analyses. Comparison of treatments results showed that by 
applying full irrigation 3279 kg ha-1 more wheat yield was achieved from control (rain-
fed). Similarly by applying 20 and 40 percent less irrigation than the required, 3056 kg 
ha-1 and 1725 kg ha-1 more wheat yield was attained than rain-fed. Enhanced wheat yield 
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of 130 % over rain-fed yields was attained by applying full crop water requirement. 
When 20 % less water than crop water requirement was applied, increase in wheat yield 
of 120 % over rain-fed was obtained. Under limited water situations, when 40 % less 
irrigation was applied than full crop water requirement, a higher wheat yield of 69 % over 
rain-fed yields was obtained. 
Figure 10.3 expressed biomass simulation at harvest stage. The biomass results were in 
line with wheat yield but with large differences. Model showed under estimation for I1, 
I2 treatments and overestimation for I3 and I4 treatments in case of biomass results. This 
is often the case, as field experiments rarely measure dropped or dead leaves, and these 
are included in the APSIM simulated biomass figures. 

 
Figure 10.2: Simulated and observed grain yield of wheat under different amounts of 
irrigation application. The error bars represent the standard error over all treatments for 
both the simulated and observed data. 

 
Figure 10.3: Simulated and observed biomass of wheat under different amounts of 
irrigation application  
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Amount of irrigation applied under I1, I2 and I3 treatments came to be 198 mm, 165 mm 
and 117 mm and 139 mm, 123 mm and 114 mm respectively under model simulation. 
There was significant variation of irrigation amounts applied under I1 and I2 treatments 
as shown in Figure 10.4. Field irrigation applications were found much higher than the 
modelled.  

 
Figure 10.4: Irrigation applications (mm) under modelling and field conditions 

Definition of scenarios modeled 
Irrigation Management Scenarios 
Measured irrigation water was applied to the crop on critical stages through the center 
pivot sprinkler irrigation system. Irrigation scheduling was planned for four irrigation 
management strategies. Under I1 strategy, irrigation water was applied to the crop as per 
crop water requirement. In I2 treatment, irrigation of 80 % of crop water requirement was 
applied at various crop stages. Under I3 scenario, 60 % of required irrigation was applied. 
I4 represented the crop under rain-fed conditions. Eighteen years mean monthly 
meteorological data (1994-2012) was now applied to the validated APSIM model for 
these scenarios.  
Result of scenario analysis 
Multi-year APSIM model scenario runs were used to create cumulative distribution 
functions (CDF’s) which give a representation of risk and probability of yields and WUE 
in the system for each of the scenarios simulated. The long-term climate files provide a 
measure of likely seasonal risk in the system. 
The APSIM scenario simulations produced 18 wheat yields per treatment – one for each 
climatic year simulated (1994-2012). Based on the assumption that these 18 years gave a 
representative sample of the likely climatic variability at the site, the yields for each 
treatment were ranked and used to produce cumulative distribution functions (CDF’s) for 
the purposes of representing the probability of achieving a given wheat yield at the site. 
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The risk of obtaining a grain yield less than 5000 kg ha-1 under rain-fed conditions was 
over 95 % without the application of irrigation in case of rain failure (Figure 10.5). This 
means that opportunity of getting good yields under rain-fed was very low. On the other 
hand, if 100 percent irrigation was applied as per crop water requirement, the probability 
of getting yields of 5000 kg/ha or more was more than 40 %.  
The risk of obtaining a grain yield less than 4000 kg ha-1 under rain-fed conditions is 
more than 50%. These risks reduced to 22%, 29%, and 35% with the application of 
100%, 80% and 60 % irrigation water for the yield threshold of 4000 kg ha-1. 

 
Figure 10.5: Cumulative probability distributions of the simulated wheat yield under 
different amounts irrigation (for 16 years of climate data) 

Discussion of results  
For the model parameterisation, various data sets were collected from NARC. Weather 
data was also available for the same site for eighteen years. Irrigation at various stress 
levels was applied to wheat crops. Wheat yields at this site for various levels of irrigation 
were simulated. Simulated grain yield, after parameterisation, was in acceptable 
agreement with the observed ones for the year 2011-12, hence the model was considered 
to be validated. The model has shown good agreement for I2 and I3 treatments and 
underestimation for I1 and overestimation for I4 (rain-fed) treatments for wheat yield, but 
these were all within the bounds of experimental error. The biomass production at harvest 
stage was in line with yield but with greater variations. There were significant variation 
of Irrigation amounts applied under I1 and I2 treatments. Field irrigation applications 
were much higher than those modelled. This may be due to the insufficient 
characterization of sub-surface soil and water dynamics.  
The Pothowar area receives good rains but these are highly uncertain. Temporal 
distribution of rain is highly uneven. It may not rain when crop requires water, causing 
crop damage. Farmers are never sure of getting rain and good crop yields under rain-fed 
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conditions. Substantial increases in yields can be achieved if supplemental irrigation is 
applied in case of rain failure with proper irrigation scheduling. 
However, in order to generalise the simulated results across different agro-ecological 
regions, different varieties, and management practices, further simulations and field 
validation are required. Growth and phenology of other widely grown wheat varieties 
need to be studied and incorporated into the APSIM model. This site has been reserved 
for organic farming where various types of organic fertilizers are applied. Possible 
changes in crop phenology and growth, and soil characteristics in response to the changed 
fertiliser application and organic matter addition should be included into the model. Once 
model (re)parameterisation and validation were carried out with this information, 
simulations could be done across a wide range of phenomenon and interpretations and 
recommendations to farmers would be possible.   
Wheat yield could be increased to that of 6000 kg per ha with application of 
supplemental irrigation when rainfall did not meet crop water requirement. Substantially 
increased yield can be attained with irrigation application at critical crop development 
stages. Therefore, irrigation application reduced the risk for farmers both in good (when 
total rainfall is high but its distribution is not good) and bad years (less rain). The results 
support and demand introduction of water resources development and supplemental 
irrigation schemes in the area. Due to the highly heterogeneous terrain, only 
sprinkler/drip irrigation is possible. These highly-efficient irrigation systems are costly 
and beyond the reach of the majority of farmers. For agricultural development and 
livelihood generation, people-supported subsidized schemes must be launched.  

Conclusions 
• Irrigation at critical growing stages can increase average grain yields substantially. 
• Good yields in low rainfall seasons can be obtained under full, 80%, and 60% 

irrigation levels. 
• The risk of obtaining a grain yield less than 5000 kg ha-1 under rain-fed conditions 

was over 95 %. On the other hand, if 100 percent irrigation was applied, the chance 
of getting yields of 5000 kg/ha or more was more than 40 %.  

• Crop failures/damages due to unreliable and non-uniform rains can be avoided 
through supplemental irrigation. 
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Abstract 
In most regions of Sri Lanka, rice is grown with intensive management under both 
irrigated and rainfed low-land puddled conditions. Apart from use of high yielding 
improved rice varieties recommended by the Department of Agriculture and timely 
management of pest and diseases; high rates of nitrogen (N), phosphorus and potassium 
fertilisers are applied to attain high grain yield. Nitrogen is recommended to be applied in 
three splits i.e. basal dressing at the time of planting and top dressings at tillering and 
panicle initiation to increase the N-use efficiency. Farmers apply excess amount of 
nitrogen because of availability of subsidized N fertilizers. In addition to split application 
of high rates of N application, recently the Department of Agriculture also has 
recommended application of organic manure in rice fields. Therefore, now the 
Department is considering cutting down the application rates of N top dressing by 25 %. 
However, the possible impacts of reducing the amount of N top dressing in the rice fields 
receiving the organic manure have not been tested in detail. Therefore in this study yield 
response of a widely grown Sri Lankan rice variety Bg300 under different N application 
rates with and without the addition of organic matter was recorded, analyzed and 
simulated with APSIM after calibration and validation of the model. The simulation 
results showed that by addition of organic manure with 50% less top dressing of urea 
could be maintained the grain yield of Bg300 variety of rice at par with that of the 
standard rate of nitrogen application without addition of organic manure. The simulated 
grain yield with application of organic matter was much higher than that without organic 
matter application when urea top dressing was reduced. Application of organic matter 
resulted in reduction in the cost of urea fertiliser and proved less risky both in good and 
bad years. Therefore, based on simulation results it can be suggested that the Department 
of Agriculture consideration of reducing 25 % top dressing of nitrogen for Bg-300 in 
Maha-Illuppallama area in the low-country dry zone held promise.  

Description of the farming system modelled 
Rice is the staple food for Sri Lankans’ and it is cultivated mainly as a wetland crop in 
whole of the country. The total land area in the country under rice cultivation is estimated 
at 730,000 ha and the average yield is 3.1 t ha-1 (Department of Census and Statistics 
2011). In Sri Lanka, there are two rice cultivation seasons namely; Maha (major season) 
and Yala (minor season) which correspond with two monsoons. Maha season falls during 
the “North-East monsoon” from September to March in the following year. Yala season 
is effective during the period from May to end of August. The particular season is defined 
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based on the time of crop sowing and harvesting during above periods. However, the 
whole area devoted for paddy is not cultivated due to number of reasons such as shortage 
of water, problem soils (e.g. iron toxicity) and prevailing unsettled conditions on the 
ground after the civil war (Department of Census and Statistics 2011).  
Though most of the dry zone areas of the country possess high yield potential the areas in 
the wet zone have lesser yield potential. In order to improve the sustainability of the rice 
farming system, improvement in soil physical, chemical and biological properties were 
identified (Dhanapala 2000). The increased cropping intensity and use of only the 
inorganic fertilisers to supplement the nutrients loss has caused the reduction in organic 
matter content of rice soils. Since, the topsoil is often coarse textured the addition of 
organic matter, especially rice straw and/or animal waste and ploughing occasionally to a 
depth of about 20-25 cm is considered advantageous in the majority of the rice cultivation 
area while reducing the dependency on inorganic fertilisers.  
Management of the availability of major nutrients as nitrogen (N), phosphorus and 
potassium along with micronutrients is needed for optimum growth and yield of the crop 
(Dhanapala 2000). Nitrogen management of rice growing soils of Sri Lanka is the most 
important factor as the return from rice crop depends on its proper supply management. 
Therefore, in this study the yield response of a widely cultivated rice variety to different 
options of fertiliser nitrogen and organic matter addition was studied for high yield 
potential region of Sri Lanka.  

Dataset used 
In order to collect primary crop and soil data, an experiment was conducted at the rice 
field of the University of Peradeniya Sub Campus located at Maha-Illuppallama (agro- 
ecological region; low country dry zone -1) from December 2010 to April 2011. This was 
the major rainy season of the year for this region.  
Weather data 
Daily weather data was collected from Maha-Illuppallama Field Crop Research and 
Development Institute located three km away from the experimental site. The weather 
data from January 2004 to December 2011 was used for simulation. Maximum and 
minimum temperatures, rainfall and sunshine hours were available on a daily basis. Daily 
incoming radiation (MJ m-2) was calculated using sunshine hours and location specific 
information such as latitude and longitude (latitude 8.117° N and longitude 80.467° E 
with height above MSL 137 m), solar elevation (5), and angstrom coefficients (a = 0.29 
and b = 0.39) (Suriyagoda et al. 2011).  
Soil data 
The soil selected for the study is a loamy textured Reddish Brown Earth (RBE) (Mapa et 
al. 2010). Soil characteristics of the study site were collected from the available relevant 
literature (Mapa et al. 2010), unless calculated. Soil chemical and physical properties 
used in the model are summarised in Table 11.1. 
Since the crop was cultivated during the major rainy season there was no water scarcity 
during the season. A pond with a maximum depth of 8-cm was maintained either through 
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rainfall or irrigation. Irrigation was applied if rain was not received and the pond depth 
reduced to 1-cm. Water retention and release characteristics of the soil are summarised in 
Table 11.2. Initial soil water content at the time of sowing was set at saturation. 
Table 11.1: Soil physical and chemical characteristics 

Depth 
(cm) 

Bulk 
Density 
(g cm-3) 

Organic Carbon 
(Walkley and 

Black %) 

EC 
(1:5 dS m-

1) 

pH 
(1:5 

water) 

NO3-N 
(kg ha-1) 

NH4-N 
(kg ha-1) 

0-15 1.6 1.5 0.17 7.6    30 20 
15-30 1.6 1.2 0.11 7.8    30 20 
30-60 1.5 0.7 0.16 7.8   100 60 
60-90 1.5 0.4 0.19 7.9   100 60 

Table 11.2: Volumetric soil water dynamics (mm mm-1) 

Depth (cm) Air dry Lower Limit-(-
15 bar) 

Drained 
Upper Limit 

Saturation Water 
Content 

0-15 0.118 0.19 0.310 0.330 
15-30 0.195 0.25 0.320 0.340 
30-60 0.200 0.27 0.350 0.370 
60-90 0.210 0.27 0.350 0.380 

Crop data 
For model parameterisation purpose phenology and growth characteristics of the variety 
Bg300 were studied. Bg300 is a widely cultivated rice variety in Sri Lanka (Dhanapala 
2000). Soil was puddle followed by application of basal dose of N fertiliser and levelling 
of field. Pre-germinated seeds were broadcast distributed homogeneously over the 
saturated soil at a recommended rate of 100 kg seed paddy ha-1 over an experimental area 
of 0.5 ha on 2nd Jan 2011. The present fertiliser recommendation by the Department of 
Agriculture for rice was based on the region (i.e. agro-ecological region), expected yield 
(i.e. high, medium or low based on the soil fertility characteristics), and the duration 
group of the rice variety (i.e. short or long age class). The inorganic fertiliser 
recommendation is as given in Table 11.3 if the targeted rice yield is 5 t ha-1 for the 
variety Bg300 grown in the low-country dry zone of Sri Lanka.  

Table 11.3: Fertiliser recommendation (in kg ha-1) for Bg300 grown in the dry-
zone low country region if the targeted grain yield of 5 t ha-1 

Time of application 
(weeks after broadcasting) 

Urea Triple Super 
Phosphate 

Muriate of 
Potash 

ZnSO4 

Before broadcasting    12.5     62.5    37.5    5 
2    62.5    
6   100.0    
8    50.0     25  
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The plant density after two weeks of broadcasting was 100 plants m-2. Total above 
ground dry weight (DW) was measured five times during the growing season, including 
final DW at physiological maturity. At each sampling event four replicates were obtained 
using a 50 cm × 50 cm quadrate. At physiological maturity total above ground DW and 
grain DW were obtained using quadrates and for the total experimental area (only for 
grain yield). Time taken for flowering and physiological maturity was 63 and 97 days 
after broadcasting, respectively. Pest and disease events and weeds were managed as 
recommended by the Department of Agriculture.  
Apart from the above experiment, an exactly similar experiment was conducted at the 
same location for Bg300 under similar management from Nov-2006 to Feb-2007 
(Suriyagoda et al. 2006; 2011). However, only the total aboveground DW and grain DW 
were measured in this experiment apart from the dates of broadcasting and harvesting. 
Therefore, dry weight data from this trial was used for the model validation.  

Results of parameterisation and calibration 
Crop and soil data collected from the field experiment and soil data collected from the 
literature (Suriyagoda et al. 2006, 2011; Mapa et al. 2010) were used for the 
parameterisation purpose. Phenological characteristics of the variety Bg300 were 
adjusted/parameterised to calibrate the model (APSIM-Oryza) for precise simulation of 
the given crop variety under location specific soil and climatic conditions. Crop 
developmental parameter values were set as below; 
Development rate in juvenile phase (oCd-1)  = 0.000918 
Development rate in photoperiod-sensitive phase (oCd-1) =  0.00118 
Development rate in panicle development (oCd-1)  =  0.0008084 
Development rate in reproductive phase (oCd-1)  = 0.00205 
Maximum optimum photoperiod (h)  =  11.5 
Photoperiod sensitivity (h-1)  =  0.0 
Maximum relative growth rate of leaf area (oCd-1)  = 0.011 
Phenological development trend of Bg300 with use of above defined stage wise crop 
developmental parameters is depicted in Figure 1. Phenological development stages 1 and 
2 are the growth stages at which flowering and physiological maturity was reached, 
respectively. Therefore, for Bg300, flowering and physiological maturity were reached at 
60 and 90 days after sowing, respectively.  
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Figure 11.1. Phenological development of Bg300 from germination to physiological 
maturity 
The APSIM model simulated and actually observed values of total above ground DW and 
grain yield of Bg300 matched quite precisely during both the years (Figure 11.2).  
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Figure 11.2. Observed (dots) and simulated (solid lines) values of total above ground dry 
weight (black) and grain yield (red) of rice variety Bg300 for the major (Maha) rice 
growing season during the years 2006-07 (top), and 2010-11 (bottom) at Maha-
Illuppallama (Sri Lanka). 
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Definition of scenarios modelled 
Inorganic fertiliser prices increase in the world market continuously. Sri Lanka does not 
own resources with good quality to produce inorganic fertilisers required for the rice 
crop, and all required fertilisers are imported annually. Amount of urea fertiliser imported 
to the country is greater than that of other fertilisers. In order to make the rice farming 
more viable and profitable to farmers, the Sri Lankan government provides urea at a 
subsidised rate. Therefore, government spending on urea is huge.  
Sri Lankan Department of Agriculture has been conducting research trials on the ways to 
increase the fertiliser-use efficiency of rice without a significant yield loss and also to 
reduce the amount of fertiliser import. It is proposed that one way of increasing N-use 
efficiency is to reduce urea top-dressing by 25 % and the reduced amount of urea 
nitrogen could be supplemented through organic manure application at the time of land 
preparation. With this practice, reduced amount of nitrogen is supposed to be 
supplemented gradually during the cropping season apart from the provision of many 
other macro and micro nutrients, and improve soil physical and biological properties. 
Therefore, in this modelling exercise the yield response of Bg300 was simulated 
following different rates of reduction of the amount of nitrogen fertiliser applied through 
top dressing, in conjunction with the addition or absence of organic matter applications . 
Summary of the simulated fertiliser application plan is given in Table 11.4. 

Table 11.4:  Scenarios of urea fertiliser application modelled (kg ha-1) for Bg300 
grown in the dry-zone low country 

Time of application 
(weeks after broadcasting) 

Present 
practice 

25 % 
reduction 

50 % 
reduction 

75 % 
reduction 

100 % 
reduction 

Before broadcasting  12.5  12.5  12.5  12.5  12.5 
2  62.5  47.0  31.0  15.5   0 
6 100.0  75.0  50.0  25.0   0 
8  50.0  37.5  25.0  12.5   0 

Two basic approaches were simulated.. The first approach consisted of the variation (as 
given in table 4) in only the nitrogen fertiliser application without any change in soil 
organic carbon (SOC) pool. Here the SOC content was kept as shown in table 1 (top 0-15 
and 15-30 cm layers were 1.5 and 1.2 %, respectively). While in the second approach 
apart from the variation in nitrogen fertiliser (urea) application as given in table 4, SOC 
pool in the top soil was doubled through the addition of organic matter (top 0-15 and 15-
30 cm layers were increased to 3 % and 2.4 %, respectively). 
Results of scenario analysis 
When organic matter was not applied and the amount of urea application was reduced 
grain yield of Bg300 remained unchanged in the first year (i.e. 2004) (Figure 11.3). 
However, in successive years, yield penalties gradually became more noticeable. Initially, 
yield loss started from 2005 for the 100 % urea reduction simulation when compared with 
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the standard rate of fertiliser application. The greatest yield loss of 33 % was observed in 
2009 for the simulation with no urea application (i.e. 100 % rate reduction). When urea 
fertiliser application was reduced by 75%, yield loss was observed from 2009 onwards. 
In contrast, a slight increase in the grain yield was observed from 2009-2011 onwards for 
the 25 % urea reduction scenario. 
The results of the scenario analysis assuming an addition of organic matter suggest that 
yield penalties following a reduction in N topdressing can be avoided or at least 
substantially decreased, when compared with the recommended rate of urea application 
(Figure 11.3). Yield was not reduced for five years (until 2008) when organic matter was 
applied, irrespective of the amount of urea applied. Even with the addition of organic 
matter, the 100 % reduction of urea fertiliser scenario only reduced the grain yield by 14 - 
16 % in some years (e.g. 2009 and 2010) compared with the recommended rate of urea 
application. This is in marked contrast to the much higher yield loss when organic matter 
was not applied (i.e. 33 %) (Figure 11.3). When organic matter was applied yield was 
quite similar for 25 %, 50 % and 75 % reduction of urea applications.    
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Figure 11.3. Simulated grain yield of Bg300 under different amounts of urea fertiliser 
applications with and without additions of organic matter.  

The above results of the scenario analysis indicate that the application of urea fertiliser as 
a top dressing could be reduced up to 50 % from the recommended without a significant 
yield loss if organic matter were to be applied (Figure 11.4). However, modelled yield 
loss was 50 kg ha-1 to 300 kg ha-1 if organic matter was not applied. Moreover, 
application of urea fertiliser as a top dressing could be reduced up to 75 % or 100 % if 
organic matter could be applied, with only comparatively low yield penalties of less than 
100 kg ha-1 or 300 kg ha-1, respectively. However, yield losses were more than 200 kg ha-

1 and 1000 kg ha-1, respectively, if organic matter was not applied. 
The risk of obtaining a grain yield less than 5000 kg ha-1 without the application of 
organic matter was over 75 % and 30 % if urea was cut down by 100 % and 75 %, 
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respectively (Figure 11.4). In contrast, the risk of obtaining a grain yield less than 5000 
kg ha-1 with the application of organic matter was less than 20 % and 0 % if urea was cut 
down by 100 % or 75 %, respectively. When organic matter was not applied, irrespective 
of whether the seasons were favourable or not, yield loss was more than 1000 kg ha-1 
when urea was not applied (100 % rate reduction) compared with the present 
recommended practice. However, the difference was less than 300 kg ha-1 if organic 
matter was added.   
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Figure 11.4. Cumulative probability distributions of the simulated grain yield for Bg300 
under different levels of urea fertiliser top dressings (a) without and (b) with the 
application of organic matter.  

Discussion 
The simulations suggest that grain yield of Bg300 could be maintained to that at the 
standard rate of nitrogen fertiliser application if organic matter could be applied and urea 
top-dressing was reduced up to 50 %. Moreover, simulated grain yield when organic 
matter applied was much higher than that without organic matter application when urea 
top dressing was not applied (i.e. 100 % reduced urea application). Therefore, application 
of organic matter lowers the risk for farmers both in good and bad years, while reducing 
the cost of urea fertiliser. Therefore, simulated results support the Department of 
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Agriculture consideration of reducing 25 % of nitrogen fertiliser application through urea 
for Bg300 to Maha-Illuppallama area in the low-country dry zone. Application of organic 
matter improves the soil physical, chemical and biological properties, apart from the extra 
addition of nitrogen (Dhanapala 2000). Therefore, improved yield response with the 
addition of organic matter might be due to the all or some of these factors. Moreover, the 
exact reason(s) for the increased grain yield, in some years, when urea fertiliser 
application was reduced by 25 % is not known. The changes in soil properties and yield 
responses need to be explored experimentally.  
The growth and yield of rice variety Bg300 at Maha-Illuppallama area of the low-country 
dry zone was simulated after the APSIM model parameterisation based on eight years 
weather data available from the same site. Simulated above ground biomass and grain 
yield were in agreement with that the observed records for the two years. However, 
simulations for more elaborate scenario analysis are required to generalize the application 
of the simulated results for different rice varieties and management practices adopted 
across the different agro-ecological regions in the country. For this, past weather data are 
required from other sites. Growth and phenology of other widely grown rice varieties 
have to be studied and incorporated in to the model. Possible changes in crop phenology 
and growth, and soil characteristics in response to the changes in nitrogen fertiliser 
application and organic matter addition need to be incorporated in the model framework. 
Once model (re)parameterisation and validation were carried out with this information, 
simulations could be done across a wider range of simulations. This would allow for 
more conclusive interpretations and recommendations to farmers to be made. The high 
concentrations of NO3

- and NH4
+ found in deep soil layers would be due to the leaching 

and accumulation.   

Conclusion 
If organic matter could be applied (i.e. increase in organic matter content from 1.5 to 3 % 
in the top 15 cm layer, and 1.2 % to 2.4 % in the top 15- 30 cm layer of soil) urea 
fertiliser application as a top dressing could be reduced up to 50 % without a significant 
yield loss. Application of organic matter could reduce the risk of yield loss across the 
range of urea application rates.  
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Abstract 
Rice, which is the staple food, is grown under different climatic, soils and hydrological 
conditions in Sri Lanka. Rice is cultivated either as a rain fed or as a supplementary 
irrigated crop. The rainfed system of rice cultivation mainly depends on the available 
rainfall and its distribution. Rice yields are highly variable in rainfed areas compared to 
irrigated areas showing that water becomes a critical factor for rice cultivation in those 
environments. Time of sowing determines the rice yield as it is associated with the 
amount of rainfall and its distribution for application of fertilizer, weed management and 
other agronomic practices. Timely cultivation with the onset of monsoon rains is essential 
to economize the use of inputs and to maximize the use of natural resources. Therefore, 
this study was conducted to determine the best dates of sowing of three varieties of Bg 
366 (3 ½ months), Bg 300 (3 months) and Bg 250 (2 ½ months) for rainfed systems 
during maha (wet) season in the Intermediate Zone of Sri Lanka. The APSIM-Oryza 
model was calibrated and validated and then used to determine the optimum sowing dates 
with the scenarios of 18 sowing dates from 01st September to 15th January with 7 days 
interval. Simulation results showed that the best period of sowing paddy during wet 
season (maha) in the Intermediate Zone of Sri Lanka is 1st week of October for Bg 366, 
2nd week of October for Bg 300 and 3rd week of October for Bg 250.  

Introduction 
Rice is the staple food of 18.6 million Sri Lankans and is the livelihood of more than 1.8 
million farmers. More than 30 percent of the total labour force is directly or indirectly 
involved in the rice sector (Wirasignhe et.al. 2000). Although Sri Lanka is self-sufficient 
in rice production now, it needs to increase its production and the national average yield 
to feed the rising population. At the same time with global climate change, and likely 
changes in water availability, water productivity should also be increased.  
In Sri Lanka, rice is grown under a wide range of physical environments such as different 
elevations, soils and hydrological regimes since there is a wide range of climatic and soil 
conditions in the country (Punyawardana, 2008). The annual rainfall ranges from 600 mm 
in the arid areas to 6,000 mm in the very wet areas. Elevation ranges from mean sea level 
(MSL) to 2,575 m above MSL and the average temperature ranges from 30 °C at the 
MSL to 15 °C at the upper most elevations. Rice lands are distributed in almost all the 
above agro-ecological environments except for elevations above 1,200 m MSL. It is 
cultivated either as a rain fed or as a supplementary irrigated crop.  
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Rice growing systems have been categorized in Sri Lanka as major irrigation schemes, 
minor irrigation schemes and rain-fed systems based on irrigation systems. Rice areas 
under minor and major irrigation schemes are mainly distributed within the dry and 
intermediate zones of the country while rain-fed systems are spread more or less over the 
whole country. The main rice season is "Maha", which is from October to March. 
Rainfall variations are a principal factor that affects the inter-annual variability of rice 
production as distinguished from its long-term trends (Yoshino et al., 1983; Suppiah and 
Yoshino). The success of rainfed rice cultivation depends on how efficiently the rainfall 
is utilized during the season. In this context, time of rice planting is a crucial factor for 
efficient use of rainfall. The planting dates and duration of cultivation shows regional 
variability within the island reflecting adaptation to regional climatic variability (Zubair, 
2002; Yoshino and Suppiah, 1983). Delayed planting especially in the Maha (October-
March) season affects the growth and the age of the rice crop. Farmers are encouraged to 
follow a uniform cultivation calendar without any overlapping of different growth stages 
in a given tract. This would help to integrate crop management practices on a tract basis 
thus reducing time spent on maintaining individual crops. Further, it would make the job 
of extension and related supporting services easy as well as organizing marketing and 
other activities properly (Sandika and Dushani, 2009). Therefore, the objective of this 
study was to test the productivity trends of rice crop grown under total rain-fed condition 
at different sowing dates for 3 popular rice varieties of Bg 366 (3 ½ months), Bg 300 (3 
months) and Bg 250 (2 ½ months).  

Materials and methods 
Study Area 
The study area is situated in the low country intermediate zone (less than 300 m of 
elevation and 1750-2500 mm of rainfall) of Sri Lanka. The main type of the soil is Low 
Humic Gley (LHG). Rice-rice cropping system is practicing in the area and the rainfed 
rice cultivation is mainly practiced in maha (wet) season of the year.  
The Model – APSIM 
The cropping system model, APSIM (Agricultural Production System Simulator, Keating 
et al., 2003) is designed for the simulation of complex cropping systems and their 
management. It, through a suite of modules, enables the simulation of systems that cover 
a range of plant, animal, soil, climate and management interactions.  
Model calibration and validation  
APSIM-Oryza was calibrated and validated for the three rice cultivars, viz Bg 366, Bg 
300 and Bg 250 using data from the field experiment conducted during maha 2010/11 
and maha 2011/12 seasons. Maha 2010/11 was a regular wet season while maha 2011/12 
was a comparatively dry season. The field experiment was conducted as a Randomized 
Complete Block Design with 3 replicates under totally rain-fed conditions. The crop was 
direct seeded in 3m x 4m plots at 100 kg ha-1seed rate. The fertilizer recommendation of 
the Department of Agriculture, Sri Lanka was followed where Urea was applied to fulfill 
the Nitrogen requirement as basal (12.5 kg ha-1), and as three top dressings (62.5, 100, 50 
kg ha-1) at 2, 5, 7 weeks after sowing for 3 ½ month and 3 month rice varieties and the 
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same amount of Urea was applied for the 2 ½ month rice variety as basal and at 10, 25 
and 35 days after sowing. Muriate of potash at the rate of 37.5 kg ha-1 and triple supper 
phosphate at the rate of 62.5 kg ha-1 were applied as a basal to fulfill the requirements of 
potassium and phosphorus respectively for all varieties. In addition, Muriate of potash at 
the rate of 25 kg ha-1 was used at the 3rd top dressing for all varieties.   
Crop data 
Cultivars were calibrated for phenology, biomass production and for grain yield. In the 
calibration process, crop development rates (input parameters) in the model were 
incremented until a good fit was observed for crop phenology, biomass production and 
grain yield.  
Crop developmental stages i.e. Panicle Initiation (PI), flowering and physiological 
maturity for three different varieties were observed from the experiment each year. Crop 
above ground biomass was measured at PI, flowering and at physiological maturity. 
Grain yield and yield parameters (1000 grain weight and grains per spike) were measured 
at harvest.  
Weather data 
The weather parameters needed as inputs to APSIM, including rainfall (mm), maximum 
temperature (0C), minimum temperature (0C), and sunshine hours on daily basis for 30 
years from 1981 to 2012, were collected from the agro-meteorological station at Rice 
Research and Development Institute (RRDI), Batalagoda. Sunshine hours were converted 
to solar radiation (MJ m-2) (which is a model input in weather file) using location specific 
characters such as latitude = 7.550, solar elevation=5, Angstrom coefficients; a=0.27 and 
b=0.44 (Samuel, 1991) as inputs to the Angstorm formula.  
Soil data 
Soil samples were collected at different soil depths (0-15 cm, 15-30 cm, 30-60 cm and 
60-90 cm) from LHG soil at the experimental site of RRDI, Batalagoda before the crop 
establishment. Soil samples were analyzed for soil physical properties (texture, LL15, 
DUL, and Saturated water content, bulk density), and soil chemical parameters (electrical 
conductivity, pH, K). Data on Cation Exchange Capacity, hydraulic conductivity, organic 
matter NO3-N and NH4-N were collected from the literature (Mapa et al, 2010). Data 
used for the model were shown in the Table 12.1. 
Scenario analysis 
The calibrated model was used to determine the optimum sowing dates with the scenarios 
of 18 sowing dates from 01st September to 15th January with 7 days interval with past 30 
years climate data for the particular soil type. 
 

Results 
 

The final crop development rates for three rice cultivars are presented in the Table 12.2. 
Model simulated and observed total above ground biomass and grain yield of Bg 366, Bg 
300 and Bg 250 for model calibration are shown in Figures 12.1, 12.2 and 12.3. 



1 

Table 12.1. Physical and chemical properties of soil 
 

Depth (cm) KS 
(mm/da

y) 

Bulk 
Density 
(g/cc) 

Air dry 
(mm/mm)

LL15 
(mm/m

m) 

DUL 
(mm/mm)

SAT 
(mm/mm) 

NO3-N 
(kg/ha) 

NH4-N 
(kg/ha) 

Organic 
Carbon 

EC 

 (1.5 
dS/m) 

pH 

(1:5 
H2O) 

CEC 

(cmol/kg) 

Texture 

0 - 15 150 1.6 0.05 0.076 0.157 0.386 30 5 0.6 0.037 5.1 11.9 Sandy loam

15 - 30 150 1.6 0.06 0.076 0.157 0.386 20 1 0.6 0.040 5.1 10.5 Sandy loam

30 - 60 120 1.4 0.118 0.143 0.232 0.457 20 1 0.4 0.033 5.9 12.0 Sandy clay 
loam 

60 - 90 80 1.3 0.118 0.225 0.338 0.507 20 1 0.2 0.031 5.4 5.5 Clay 

 
Table 12.2. Phenological characteristics of the variety Bg366, Bg 300 and Bg 250 required for Oryza.xml ini file in 

APSIM-Oryza model 
 

 Bg 366 Bg 300 Bg 250  

Development rate in juvenile phase (oCd-1)  0.0010 0.0014 0.0025 

Development rate in photoperiod-sensitive phase (oCd-1) 0.000825 0.00086 0.0011 

Development rate in panicle development (oCd-1)  0.000947 0.00099 0.0092 

Development rate in reproductive phase (oCd-1) 0.001297 0.0016 0.0015 
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Figure 12.1. Observed and model simulated total above ground biomass and grain yield 
of Bg 366 for both seasons 
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Figure 12.2. Observed and model simulated total above ground biomass and grain yield 
of Bg 300 for both seasons  
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Figure 12.3. Observed and model simulated total above ground biomass (blue) and grain 
yield of Bg 250 for both seasons  

Results of scenario analysis 
Figure 12.4 shows that the rice grain yield of Bg 366 during wet seasons over past 30 
years at the station. Sowing dates of 01st October and 08th October recorded higher grain 
yields (>2700 kg ha-1) than other dates of sowing. Cumulative distribution functions 
(CDF) was created to find out a good solution for the scenario (Figure 12.5). CDF 
explained that the most suitable dates of sowing lie in between 01st October and 1st 
November for 3 ½ month varieties. Further, it pointed out that there was a 60% 
probability to have a yield less than 3120 kg ha-1 when the date of sowing was 01st 
October and it was 1st November to have a yield less than 2630 kg ha-1 at the same 
probability. Considering Figures 12.4 and 12.5, it could be concluded that the best 
sowing dates of 3 ½ month rice varieties lies between 01st October and 08th October. 
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Figure 12.4. Simulated grain yield of Bg 366 during past 30 years’ maha season at 
Batalagoda  
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Figure 12.5. Cumulative Probability distribution of simulated grain yield of Bg 366 
during maha season under different sowing dates 
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Simulated rice grain yields of Bg 300 during wet seasons over the past 30 years for 
different sowing dates are shown in Figure 12.6 and the created cumulative probability 
distribution functions (CDF) is shown in Figure 12.7. CDF explained that the most 
suitable dates of sowing lie in between 01st October and 1st November for 3 month 
varieties. Further, it pointed out that there was a 60% probability to have a yield less than 
1750 kg ha-1 with the date of sowing 01st October and it was 1st November to have 1500 
kg ha-1 of yield at the same probability. However, according to figure 6, 08th October and 
15th October are good dates of sowing for the 3 month varieties showing more than 1600 
kg ha-1 of rice yield. Therefore, it can be concluded that the best sowing dates of Bg 300 
lies between 08th October and 15th October, which is the 2nd week of October.  
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Figure 12.6. Simulated grain yield of Bg 300 during past 30 years’ maha seasons at 
Batalagoda  
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Figure 12.7. Cumulative Probability distribution of simulated grain yield of Bg 300 
during maha season under different sowing dates 
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Figure 12.8 and Figure 12.9 depict that simulated grain yield of Bg 250 during maha 
seasons within past 30 years and cumulative probability distribution of simulated grain 
yield of Bg 250 during maha season under different sowing dates respectively.  CDF 
explained that the most suitable dates of sowing lie in between 01st October and 1st 
November for 2 ½ month varieties. Further, it indicated that there was a 60% probability 
to have a yield less than 825 kg ha-1 when the date of sowing was 01st October and it was 
1st November to have less than 854 kg ha-1 of yield at the same probability. The figure 8 
indicated that 08th October, 15th October and 23rd October are good dates of sowing for 2 
½ month varieties and it showed a more than 800 kg ha-1 of rice yield. Therefore, 15th 
October is the best sowing date for 2 ½ month rice varieties and it ranged from 8th 
October to 23th October. 
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Figure 12.8. Simulated grain yield of Bg 250 during past 30 years’ maha seasons’ at 
Batalagoda  
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Figure 12.9. Cumulative Probability distribution of simulated grain yield of Bg 250 
during maha season under different sowing dates 
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Discussion of results-how do they compare to other available data? Are the results 
plausible? Reflections on utility of APSIM 
Results suggests that the optimum period of sowing paddy during wet season (maha) in 
the Intermediate Zone of Sri Lanka is October and further it could be explained as 1st 
week of October for Bg 366, 2nd week of October for Bg 300 and 3rd week of October for 
Bg 250. Cithranayana and Punyawardana (2010) reported that the onset of the rains takes 
place between 10th September and 8th October in the same area concerned in this study. 
They have advised to start land preparation from 2nd week of September to 1st week of 
October and to start sowing paddy on 2nd week of October without mentioning the rice 
varieties or age classes. However, according to our results, the time of flowering would 
lies around 1st week of January for any variety when the above 3 different sowing dates 
were adopted so that the crop experiences a moderate rainfall plus moderate temperature. 
Thus, pollen washing out due to excessive rains or sterility due to temperature stress will 
not take place.   
Figures 12.10, 12.11 and 12.12 shows that grain yield levels are not directly related with 
the amount of rainfall received during the cropping season. It differed with the 
distribution pattern of rainfall and the other climatic factors such as temperature and solar 
radiation which reflects the utility of APSIM. 
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Figure 12.10. Average seasonal rainfall at different sowing dates and average rice yield 
of Bg 366 
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Figure 12.11. Average seasonal rainfall at different sowing dates and average rice yield 
of Bg 300 

0

100

200

300

400

500

600

700

800

900

1‐
Se
p

08
‐S
ep

15
‐S
ep

23
‐S
ep

01
‐O
ct

08
‐O
ct

15
‐O
ct

23
‐O
ct

01
‐N
ov

08
‐N
ov

15
‐N
ov

23
‐N
ov

01
‐D
ec

08
‐D
ec

15
‐D
ec

23
‐D
ecRa

in
fa
ll 
(m

m
) &

 Y
ie
ld
 (k

g/
ha

)

Dates of Sowing

Rainfall Yield 
 

Figure 12.12. Average seasonal rainfall at different sowing dates and average rice yield 
of Bg 250 

Conclusions 
Optimum sowing dates of three and half (3 ½) month rice variety, Bg 366, for rainfed 
rice cultivation during wet season (maha) in the Intermediate Zone of Sri Lanka ranged 
from 23rd September to 15th October. Optimum sowing dates ranged from 08th October to 
23rd October for the rice variety Bg 300 which is three months in age. For the two and 
half month variety, Bg 250, optimum sowing dates were in between 08th October and 23rd 
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October. From this analysis we conclude that the best period for sowing paddy during 
wet season (maha) in the Intermediate Zone of Sri Lanka is 1st week of October for Bg 
366, 2nd week of October for Bg 300 and up to 3rd week of October for Bg 250. Although 
published data are available on yield of rain-fed rice, information on dates of sowing are 
not available to compare these results. However, it is a general fact that farmers practice 
rain-fed rice cultivation with the onset of rains and start sowing on October and 
November. These results will give an insight to carry on further research on this area. 
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Abstract 
Irrigation water scarcity is major threat to sustainability of the rice-wheat system in 
north-west India, which is critical to the food security of India. There are many crop 
management practices which can help to reduce irrigation water requirement for rice and 
wheat. A simulation study was conducted using the validated APSIM model to evaluate 
various crop management practices for rice and wheat, and for rice-wheat cropping 
system as whole, for their impacts on irrigation water requirement, yield and water 
productivity. Management options evaluated were wheat and rice sowing/transplanting 
dates, rice irrigation water management, and rice residue management. The results 
suggested that optimum sowing date for wheat in north-west India is late October to early 
November in terms of maximising yield, WPI and WPET. Yield decreased by around 60 
kg ha-1d-1 (1% d-1) when sowing was delayed from 10 November to 30 December. 
Mulching often resulted in higher yields advantage, more so with earlier (23 October) 
sowings, and the yield advantage decreased at 4% per day beyond 23 October. For rice, 
the optimum transplanting date for reducing irrigation water requirement was mid June 
(11 and 21 June), due to lower evaporative demand and higher crop season rainfall than 
for other transplanting dates. The most effective practice for reducing irrigation input was 
by changing rice irrigation management from continuous flooding to AWD. There was 
no yield penalty when changing from continuous flooding to irrigation up to 4 days after 
the pond water had disappeared (4-d). There was about 25% and 50% irrigation water 
reduction by switching from continuous flooding to 2-d and 4-d irrigation scheduling, 
respectively, with a significant increase in irrigation water productivity (WPI). The 
irrigation water saving was due to reduced deep drainage. Wheat yields were not 
significantly different under mulch and non-mulched conditions under different rice 
irrigation schedules. However, mulched wheat following frequently irrigated rice (CF, 2-
d, 4-d) required lower irrigation input than non-mulched wheat following rice with the 
same rice irrigation schedules. There was no effect of mulching on irrigation input to 
wheat following rice with less frequent rice irrigation (7-d, 10-d and 15-d). On average, 
there was a gradual increase in wheat irrigation input with delay in rice irrigation 
frequency from CF to 15-d. WPET and WPI were higher with mulch within each rice 
irrigation schedule. Total system (rice+wheat) yield and water productivity trends were 
similar to those for rice irrigation schedules and not greatly affected by rice residue 
management in the wheat crop.  
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Introduction 
Rice-wheat cropping systems are of great importance for food security in India, and for 
the livelihoods of hundreds of millions of rural poor. Occupying approximately 10 Mha, 
the rice-wheat systems of India provide 52% of the total national calorie intake (FAO, 
2007). The highly mechanised, irrigated rice-wheat systems of north-west (NW) India are 
particularly important for food security. The two small states of Punjab and Haryana 
occupy less than 3% of the total geographical area of India but contribute about 54% of 
the rice and 84% of the wheat procured by the Government of India (Yadvinder-Singh et 
al., 2003). The productivity of rice-wheat systems needs to increase to keep up with 
population growth in India, which is predicted to increase from 1.12 billion in 2008 to 
1.35 billion by 2025 (UNESCO, 1995). However, the sustainability of these systems is 
threatened by soil degradation, declining water availability and environmental 
degradation, as a result of high cropping intensity with imbalanced nutrient input, high 
irrigation input, intensive tillage, and almost complete residue removal.  
More than 90% of the rice-wheat area of Punjab and Haryana is irrigated using 
groundwater (Ambast et al., 2006). This part of India has access to the world’s largest 
underground aquifer system, containing 4,800 km3 of water (Tanwar and Kruseman, 
1985). There are currently around 1.3 million tubewells pumping groundwater for 
agriculture in Punjab, and 0.7 million tubewells in Haryana (Hira 2009, Statistical 
abstract for Haryana). As a result, 97% and 83% of the cultivable area of Punjab and 
Haryana, respectively, is under irrigation, in comparison with an average of 39.5% for 
India as a whole. The rapid increase in groundwater extraction and increased cropping 
intensity resulted in a steady decline in the depth to the groundwater in the NW India 
(Ambast et al., 2006; Hira, 2009; Rodell et al., 2009). The decline in the water table has 
accelerated alarmingly in some areas in the recent years; for example, in parts of 
Ludhiana district in central Punjab, the rate of groundwater decline increased from about 
0.2 m year-1 during 1973 to 2001 to about 1 m year-1 during 2000 to 2006. 
There are many improved crop water management technologies which can help to reduce 
the irrigation requirement by reducing losses through deep drainage, seepage, runoff and 
soil evaporation (Humphreys et al., 2010 and Sudhir-Yadav et al., 2012). These crop 
management technologies include date of transplanting for rice, irrigation scheduling for 
rice and wheat, mulching, crop establishment/tillage methods, variety duration, and laser 
levelling. These crop and land management practices have been tested in field 
experimentation for their irrigation water saving potential but the results are variable 
from year to year and across locations (Humphreys et al., 2010). In almost all studies 
management practices were evaluated for individual rice or wheat crop yield and 
irrigation water productivity, however these crops are grown in rotations with carry over 
effects on soil conditions, especially water and nutrient availability, and on the window 
of oppurtunity for field operations for succeeding crops. For example transplanting time 
of rice and rice varietal duration will determine whether the succeeding wheat crop can 
be sown at the optimum time. So to evaluate the impact of crop technologies on water use 
and productivity, these practices should also be tested for the cropping system as a whole 
rather than for individual crops. However, it is not possible to evaluate the many 
combinations of management practices for rice and wheat in field experimentation due to 
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time and resource limitations. However a validated cropping system model can be a 
helpful tool to evaluate the potential of these management practices on a system basis. In 
the present study we used the APSIM farming system model to evaluate the different 
crop management practices for rice and wheat, and for the rice-wheat system, in terms of 
yield, irrigation water use and water productivity. 

Material and methods 
All simulations were conducted using 40 years (1970-2010) of weather data from the 
meteorological station at Punjab Agricultural University (PAU), Ludhiana, on a sandy 
loam soil. The soil parameters were based on the properties of a field site at PAU, 
Ludhiana (Timsina et al., 2008; Yadvinder-Singh et al., 2009). The soil had a plant 
available water capacity (PAWC) of 110 mm over the 0-60 cm soil profile, and a PAWC 
of 290 mm over the 0-180 cm soil profile. The stage 1 soil evaporation parameter (U) 
was set to 10 mm for the sandy loam based on the values used by Arora et al. (2007) and 
Timsina et al. (2008). The soil evaporation stage 2 parameter (cona) was set to 2 mm 
based on the above studies.  
All wheat crop simulations used the variety PBW343 established at 150 plants m-2 with a 
row spacing of 20 cm, and were irrigated when the soil water content (0-60 cm) had 
decreased to 50% of plant available water content (50% soil water deficit, SWD). The 
amount of water added to wheat crop at each irrigation was 120% of SWD to represent 
the inherent inefficiency of flood irrigation. All rice crop simulations used the long 
duration (155 days) variety PR118 (photoperiod insensitive) with 25 day old seedlings 
transplanted at 33 plants m-2. Nutrients were non-limiting in all simulations. The results 
of all simulations were analysed in terms of grain yield, components of the water balance, 
and water productivity. 

Wheat 
Effect of sowing date 
The calibrated APSIM model for wheat (Balwinder-Singh et al., 2011) was used to 
evaluate a range of sowing dates from 10 October to 30 December, at 10 day increments 
for potential yield (no water and nutrient stress) and under more realistic conditions with 
irrigation scheduled at 50% SWD.  
Effect of mulch x sowing date 
The interactions between mulching treatment (with and without mulch) and sowing date 
on growth, yield and water balance components were studied. Wheat sowing dates started 
from 15 October (middle of the rice harvesting season in Punjab) with an increment of 8 
days up to 16 November. For all these simulations, 8 t ha-1 of rice straw was put as mulch 
on the soil surface on 15 October to simulate the situation after rice harvest. For non-
mulched treatments, the rice straw was removed one day before sowing, simulating 
burning of rice straw one day prior to sowing. Both the mulched and non-mulched wheat 
were sown with zero tillage. Irrigations were scheduled at 50% SWD. 
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Rice 
Effect of transplanting date 
The APSIM-Oryza (Version 7.3) rice module was calibrated using ACIAR project data 
(LWR2/2000/089 and CSE/2004/033) for the long duration rice cultivar (PR118) 
(Humphreys et al., 2008; Yadvinder-Singh et al., 2009). The calibrated model was used 
to compare 8 transplanting dates from 1 May to 11 July at 10 day increments. The crop 
was irrigated daily as needed to maintain continuous ponding (depth 5 cm) for the first 
two weeks after transplanting. Irrigation water was applied daily to top up the paddy to 5 
cm. Thereafter, the crop was irrigated 2 days after disappearance of the ponded water, 
and the amount of water added was the amount required to fill the top two soil layers (0-
30 cm) to saturation plus an additional 50 mm water to create a temporary surface pond.  

Rice-Wheat system 
The effects of the rice irrigation schedule and post harvest rice residue management on 
individual rice and wheat crop and total system yield and water productivity were studied 
for rice transplanted at the optimum time (see section 3.3). Six rice irrigation schedules 
were compared: continuous flooding (maintaining 5 cm pond until maturity) (CF), and 
irrigation 2, 4, 7, 10 and 15 days after disappearance of the pond water (2-d, 4-d, 7-d, 10-
d, 15-d). At each irrigation, the amount of water added was enough to saturate the topsoil 
and create a 50 mm temporary pond (as above). The rice was followed by wheat sown 
using zero tillage following rice straw removal (farmer practice), or zero till wheat with 
rice residues retained. In the straw removed scenario, the rice residues were removed one 
day after harvest and one pre-sowing irrigation of 70 mm was applied seven days before 
wheat sowing on 1 November. There was no pre-sowing irrigation for the rice residues 
retained treatment because of conservation of soil moisture by the mulch.  
The results of the simulations were analysed in terms of grain yield, components of the 
water balance and water productivity. The components of the water balance examined 
were irrigation amount, soil evaporation, transpiration, ET, deep drainage beyond 180 cm 
and runoff. Water productivity was computed with respect to ET (WPET) and irrigation 
(WPI). 

Results 
Optimum wheat sowing date 
Potential grain yield was strongly affected by sowing date and by seasonal weather 
conditions (Figure 13.1a). For example, with sowing on 10 November, potential yield 
ranged from 3.0 t ha-1 to 8.5 t ha-1. Potential yield was usually highest with 20 November 
sowing (mean 6.5 t ha-1), closely followed by 10 November sowing (mean 6.3 t ha-1). 
Potential yield increased as sowing date was delayed from 10 October (mean 4.0 t ha-1) to 
20 November, and then declined with delay in sowing beyond that. Average potential 
yield decreased by 68 kg ha-1 day-1 (1.1 % d-1) with delay in sowing from 20 November to 
30 December. 
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Table 13.1. Effect of sowing date on grain yield, irrigation amount, irrigation water 
productivity (WPI) and crop water productivity (WPET) for water non-
limiting (potential yield) and irrigation scheduled at 50% SWD 

 10-Oct 20-Oct 30-Oct 10-Nov 20-Nov 30-Nov 10-Dec 20-Dec 30-Dec

Potential yield 
Grain yield  
(t ha-1) 

2.9 4.3 5.5 6.3 6.4 5.8 5.0 4.4 3.7

WPET  
(kg ha-1mm-1) 

6.3 8.7 10.9 11.9 11.9 11.1 9.8 8.6 7.5

50%SWD 
Grain yield 
(t ha-1) 
Irrigation (mm) 

2.7 
 

127 

3.9 
 

186 

5.2

232

5.6

247

5.0

242

4.2

229

3.5

212

2.9 
 

186 

2.5

169

WPET  
(kg ha-1mm-1) 

10.8 12.5 14.3 14.4 13.2 11.6 10.2 9.0 8.1

WPI 
(kg ha-1mm-1) 

21.3 21.1 22.4 22.5 20.4 18.4 16.4 15.2 14.6

With irrigation at 50% SWD, yield was again strongly affected by both sowing date and 
seasonal conditions (Figure 13.1b). However, the yield trends as affected by sowing date 
varied in some ways from those for potential yield. In particular, the optimum sowing 
date was earlier (10 November), followed by 30 October. For each sowing date, potential 
yield was always higher than yield with 50% SWD scheduling. This was due to soil water 
deficit stress with irrigation scheduled at 50% SWD. For example, in 1997, potential 
yield of the 10 November sowing was 6.6 t ha-1, compared with yield of 5.7 t ha-1 with 
irrigation at 50% SWD with an average water stress index of 0.94. More irrigation water 
was required by 10 November sowing than all other sowing dates. However, 10 
November was optimum in terms of grain yield, WPI and WPET. 

Optimum sowing date for mulched wheat 
There were interactions between wheat sowing date and mulching treatment on grain 
yield, ET and irrigation amount. In most years, yield with mulch was higher than yield 
without mulch, for all sowing dates. However, the positive effect of mulch on yield was 
larger, and occurred more often, for the 23 and 31 October sowing dates (Figure 13.2a) 
(Table 13.2). For example, the yield advantage with mulch for 23 October sowing ranged 
from 500 to 1200 kg ha-1 (average 900 kg ha-1) whereas with 16 November sowing, 
mulch had a negative effect on yield in 40% years and the yield difference ranged from -
600 to +700 kg ha-1 (average 90 kg ha-1) (Table 13.2). 
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Figure 13.1. Effect of sowing date on (a) potential grain yield of wheat, (b) grain yield 
with irrigation scheduled at 50% SWD on a sandy loam 

Table 13.2. Absolute yield levels (kg ha-1) and difference between mean values for 
mulched and non-mulched wheat (mulch minus non-mulch) for grain 
yield (kg ha-1), irrigation water input (mm) and crop ET (mm) for 
different sowing dates 

 15 Oct 23 Oct 31Oct 8 Nov 16 Nov 
Absolute yields (kg ha-1) 
Non-mulch 3200 4800 5100 5300 5000 
Mulch 3830 5700 5850 5700 5090 
Differences (mulch minus non-mulch) 
Yield (kg ha-1) +530 +900 +750 +400 +90 
Irrigation 
amount (mm) 

+47 +5 0 -19 -23 

ET (mm) -1 +3 0 +10 +15 
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The effect of mulch on crop ET was small but variable within all sowing dates, and 
ranged from -22 to +33 mm (data not presented). For all three October sowing dates, 
mulch reduced ET in about 50% years. With 8 and 16 November sowing, mulch reduced 
ET in 70 and 95% of years, respectively. The effect of mulch on ET was driven by its 
effects on soil evaporation (Es) and transpiration. Mulch suppressed Es for all sowing 
dates in all years (except for 15 October sowing in 1 year). The effect of mulch on Es was 
variable within all sowing dates (range +6 to -53 mm). Averaged over all sowing dates 
for all 40 years, mulch reduced Es by 36 mm. 
The effect of mulch on irrigation requirement was also variable, usually resulting in 
either 1 less irrigation, no effect, or 1 more irrigation (Figure 13.2b). Mulch reduced the 
irrigation requirement more with November sowings than October sowings. For 8 and 16 
November sowings mulch reduced irrigation requirement by 1 irrigation (about 65 mm) 
in 32 and 40% of years, compared with a reduction in only 12% of years for October 
sowings (Figure 13.2b). In about 50% years under October sowings there was no effect of 
mulch on irrigation amount. The increase in irrigation requirement with mulch in some 
years was associated with higher biomass production and longer growth duration. 

 
 

 
Figure 13.2. Effect of sowing date on difference between mulched and non-mulched 
wheat (mulch minus non-mulch) for (a) grain yield (b) irrigation water input 
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Mulch gave higher yield and maximum advantage in terms of grain yield under late 
October and early Novemeber sowings, but with less chance of reducing irrigation 
amount than for late November sowings. The yield and irrigation water productivity of 
mulched wheat were higher under early November than mid/late October sowings (data 
not presented). Based on these results, the optimum sowing date of mulched wheat is the 
first week of November, which will avoid grain filling during hot weather. 
Optimum rice transplanting date 
There was a consistent trend for a small but steady increase in grain yield as transplanting 
date was delayed from late May (6.1 t ha-1) to early July (6.6 t ha-1), with similar yield for 
all transplanting dates in May (Figure 13.3). The average amount of in-crop rainfall 
varied from around 475 mm for the earliest and latest transplanting dates, and increased 
to a maximum of around 560-570 mm for late May to late June plantings.  

 
Figure 13.3. Effect of different rice transplanting dates in grain yield (kg/ha). Error bars 
represent standard deviation. 

There was steady decline in ET with delay in transplanting from 1 May (835 mm) to 11 
June (674 mm), beyond which ET only declined very slightly (Figure 13.4). As a result of 
trends in ET and rainfall, irrigation requirement declined from a maximum of 1,220 mm 
with 1 May transplanting to a minimum of 970 mm with 11 June transplanting, and then 
increased gradually as transplanting date was further delayed. Water productivity based 
on ET (WPET) increased steadily as planting was delayed from 1 May (7.3 (kg ha-1mm-1) 
to 10 July (10.3 (kg ha-1mm-1) due to both declining ET and increasing yield with delay in 
transplanting (Figure 13.5). However, irrigation water productivity (WPI) was maximum 
for plantings around mid to end of June. In this case, there are tradeoffs between yield, 
irrigation amount, WPET and WPI in determining optimum transplanting date. For a 
farmer for whom irrigation water is not limiting, delayed planting to 11 July would 
maximise yield, and this is also the best option in terms of minimising water depletion as 
ET and maximising WPET. However, if irrigation water is limiting, the best option for the 
farmer would be to transplant in late June. 
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Figure 13.4. Rainfall, Irrigation and rice crop ET under different transplanting dates 

 

 
Figure 13.5. Water productivity based on ET and irrigation water applied under different 
rice transplanting dates. Error bars represent standard deviation. 

Effect of rice irrigation schedule and residue management on rice-wheat 
system productivity 
Rice 
Grain yield was similar for CF, 2-d and 4-d irrigation schedules (mean 6.2 t ha-1), and 
then declined steadily with decreasing frequency of irrigation to 4.4 t ha-1 with 15-d 
irrigation scheduling (Figures 13.6, 13.7). Rice grain yield was also more stable in the 
more frequent irrigation treatments (CF, 2-d and 4-d) and never fell below 5 t ha-1 (Fig 7). 
In contrast, yields of the 7, 10 and 15-d treatments fell as low as 3.6, 1.6 and 0.6 t ha-1, 
respectively. Although there was no difference in yield of CF, 2-d and 4-d treatments, 
there was a big difference in irrigation amount (Figure 13.8). The highest irrigation 
amount was under CF (range 742 to 1860 mm) which was greatly reduced when 
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irrigation was switched to AWD. The mean irrigation amount with CF (1163 mm) was 
reduced by 340 with 2-d. With further decrease in irrigation frequency, the irrigation 
amount was further decreased but by smaller amounts and with increasing yield penalty. 
For example average irrigation input reduction was 433 mm when changing from 4-d to 
15-d irrigation schedule with an average yield penalty of 1.9 t ha-1.  

 
Figure 13.6. Average rice grain yields under different irrigation schedules. Error bars 
represent standard deviation of the data. 

 
Figure 13.7. Cumulative probability of rice grain yield under rice irrigation schedules 
based on 40 years data 
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Figure 13.8. Cumulative probability of rice irrigation input under rice irrigation schedules 
based on 40 years data 

Rice crop ET ranged from 477-890 mm for CF and similar ET for CF, 2-d and 4-d 
irrigation scheduling (670 to 675 mm). There was a small decline in ET as irrigation 
frequency was reduced beyond 4-d, with a 12% reduction to an average value of 601 mm 
for 15-d. Average WPI was increased from 5.5 to 8.0 (kg ha-1mm-1) as irrigation 
management changed from CF to 2-d, and increased further with less frequent irrigation. 
WPI was less variable under CF, 2-d, 4-d than less frequent irrigation treatments (Figure 
13.9).  

 
Figure 13.9. Cumulative probability of rice irrigation water productivity under rice 
irrigation schedules based on 40 years data 
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WPET was similar for CF, 2-d and 4-d irrigation schedules (consistent with their similar 
yield and ET) and ranged from 5.7 to 11.4 (kg ha-1mm-1). WPET was more variable under 
7-d, 10-d and 15-d irrigation treatments. The average WPET achieved was the same all 
irrigation treatments which is 9.3 (kg ha-1mm-1) except 10-d and 15-d irrigation where it 
was low at 8.2 and 7.4 (kg ha-1mm-1) respectively. 
Wheat 
Wheat yield (mean 5.8 t ha-1) was not affected by mulching treatment nor by irrigation 
scheduling for rice (Figure 13.10). However, there was in interaction between rice 
irrigation schedule and rice residue management on wheat irrigation input due to 
differences in soil profile water content at the time of rice harvest. The mean residual soil 
water content (0-180 cm) at rice harvest was 478, 432, 405, 381, 364, 354 mm under CF, 
2-d, 4-d, 7-d, 10-d and 15-d rice irrigations schedules, respectively. With CF, 2-d, 4-d 
rice irrigation schedules, the irrigation requirement for mulched wheat was lower than for 
non-mulched wheat. However, with less frequent irrigation scheduling for rice, the wheat 
irrigation requirement was similar with and without mulch. The mean difference in 
irrigation amount to non-mulched wheat compared with mulched wheat decreased from 
+43 to -8 mm with decrease in rice irrigation frequency from CF to 15-d. There was an 
increase in irrigation input to wheat as the frequency of irrigation of rice was delayed 
from CF to 15-d, much more so for non-mulched wheat. For non-mulched wheat, the 
irrigation amount increased from 277 to 312 mm as rice irrigation frequency decreased 
from CF to 15-d. 

 
Figure 13.10. Wheat grain yield and irrigation water input under mulch and non-mulched 
treatments following different rice irrigation schedules. M-mulch and NM-non-mulch. 
Error bars represent standard deviation of the data. 
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Figure 13.11. Wheat crop ET under mulch and non-mulched treatments following 
different rice irrigation schedules. M-mulch and NM-non-mulch. Error bars represent 
standard deviation of the data. 
The mulched wheat had lower ET than non mulched wheat, but the difference gradually 
decreased as irrigation frequency decreased from CF (49 mm) to 15-d (30 mm) (Figure 
13.11). Trends in ET were similar to trends in yield for mulched and non-mulched wheat, 
respectively. 
 WPET of mulched wheat decreased slightly with delay in irrigation of rice from CF to 15-
d, but there was only a very small effect of rice irrigation treatment on WPET of non-
mulched wheat (Figure 13.12a). At each rice irrigation level, mulched wheat had higher 
WPET than non- mulched wheat, but the absolute differences decreased with delay in 
irrigation. Similar trends were observed for WPI but the rate of decrease of WPI in 
mulched wheat with delay in rice irrigation was much higher than for WPET (Figure 
13.12b). 
 

            
Figure 13.12. Wheat water productivity based on ET (a) and irrigation water applied (b) 
as affected by rice residue management and rice irrigation schedule. Error bars represent 
standard deviation of the data. 
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Total rice-wheat system 
Total rice-wheat (RW) system yield (rice yield + wheat yield) was not affected by rice 
residue retention, but followed the yield trends for rice as affected by irrigation schedule 
(Figure 13.13a). Total system irrigation input was always higher in the non-mulched than 
mulched system, but the difference declined as rice irrigation frequency decreased from 
CF to 15-d.  
ET of the rice-wheat system (not including fallows) decreased slightly with delay in rice 
irrigation, and the mulched system had lower ET than the non-mulched system within 
each rice irrigation level (data not presented). Total system ET was highest with CF 
(mean 1055 mm) and decreased to 993 mm with 15-d irrigation scheduling and non-
mulched wheat. Total system WPET was similar for CF, 2-d and 4-d rice irrigation 
schedules irrespective of rice residue management, but decreased with further delay in 
rice irrigation, more so in the mulched system. 

 
Figure 13.13. Rice wheat system irrigation water input and grain yield (rice+wheat) under 
rice residue management and different irrigation schedules. 

There was a large effect of rice irrigation scheduling on total rice-wheat system WPI and 
a relatively small effect of rice residue management in the more frequently irrigated 
treatments only. The lowest WPI 8.0 (kg ha-1mm-1) occurred in the system with CF rice, 
which increased markedly to 11.0 (kg ha-1mm-1) when rice irrigation switched to 2-d, 
with a small increase to a maximum of around 13.7 (kg ha-1mm-1) for 7 to 15-d irrigation 
schedules (Figure 13.14).  
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Figure 13.14. Irrigation water productivity of the rice wheat system as affected by rice 
irrigation scheduling and rice residue management. Error bars represent standard 
deviation of the data. 

Discussion 
Wheat sowing date 
The large variability in potential grain yield between years was due to seasonal 
variability. For example, for 10 November sowing, the highest potential yield (8.5 t ha-1 
in 1988-1989) was associated with high solar radiation from tillering to anthesis, 
consistent with the findings of Fischer et al. (2007) that solar radiation during the 15-20 d 
period before anthesis is important for biomass production and potential grain number. 
The lowest potential yield (3.0 t ha-1 in 1976-1977) was associated with low solar 
radiation and hence low biomass production during the vegetative phase (sowing to 
anthesis) and low total biomass at anthesis. In 1976-1977 the grain number was very low 
(5,700 grains m-2) compared to the average of 12,780.  
With 50% SWD irrigation scheduling, maximum grain yield was observed with sowing 
on 10 November, while WPET and WPI were highest for sowing around 30 October-10 
November. Thus in terms of maximising yield, WPET and WPI, the optimum sowing date 
was early November. The lower grain yield of early sowings was associated with lower 
grain number due to a shorter vegetative growth period and lower LAI and biomass 
production. The lower grain yield with later sowing was associated with both lower grain 
number (due to higher water stress) and lower grain weight, as the grain filling period 
falls in increasingly hotter weather as sowing is delayed. These results are similar to 
those of the modelling study of Arora and Gajri (1998).  
In field studies over seven years at Ludhiana, the optimum sowing date for maximum 
yield was 15 November for varieties (PBW 154 and PBW 226) with similar duration to 
that of PBW 343 (Ortiz-Monasterio et al., 1994). They found that grain yield decreased 
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by about 0.7% per day delay in sowing beyond this date. In another field study, 
Randhawa et al. (1981) reported that with delay in sowing from 25 October to 15 
December, grain yield of Kalayansona, WL711, HD2009 and WG 357 varieties 
decreased by 1.2, 0.9, 1.2 and 1.0% per day delay in sowing after 25 October, 
respectively. In our simulations grain yield decreased by 0.7-1.0% per day delay in 
sowing beyond 10 November, consistent with the findings of the above field studies. 
While the results of our simulations of the effect of sowing date on potential yield using 
APSIM were consistent with those using other crop models in this environment (Arora et 
al., 2007; Arora and Gajri, 1998; Timsina et al., 2008), the magnitude of potential yield 
within each sowing date varied between the studies. The simulated average yields of 
Arora and Gajri (1998) with the SUCROS-WBM model (3.6 and 6.0 t ha-1 for 15 October 
and 15 November sowings, respectively) were similar to our results using APSIM. Using 
DSSAT-CSM-CERES Wheat version 4.0, Timsina et al. (2008) also predicted similar 
maximum average potential grain yield of PBW 343 (6.3-6.4 t ha-1) for sowings from 25 
October-25 November, however mean yield for the 10 October sowing (5.2 t ha-1) was 
much higher than the 3 t ha-1 predicted by Arora and Gajri (1998) and our study using 
APSIM. The variable results point to the desirability of some common data sets and 
comparative model studies. Accurate assessment of potential yield is important in; 
determining the gap between crop potential and on-farm yields; helping prioritise 
research investment in reducing this gap and increasing farm productivity.  

Wheat sowing dates and mulch 
The optimum sowing date of mulched wheat for maximum yield and maximum yield 
advantage as compared to non-mulch was 23 October, and there was a decrease in the 
yield advantage with mulch in earlier and later sowings. In contrast, Sidhu et al. (2007) 
did not find a significant interaction between sowing date and residue management in 
field experiments in the same location. Simulations indicate that on average, the yield 
advantage with mulch decreased from 890 kg ha-1 to 95 kg ha-1 with delay in sowing from 
23 October to 16 November (4% d-1). The yield decline after the optimum sowing date is 
explained by decline in grain number and grain weight. The mulched wheat sown in late 
October had higher grain number and grain weight than the non mulched wheat while 
under later sowings mulched and non mulched wheat had similar grain number, but 
mulched wheat had lower grain weight. In the model, potential grain number is based on 
biomass at anthesis, and the biomass at anthesis was higher in the mulched crop sown in 
late October. The higher biomass was the result of a longer vegetative phase in the 
mulched crop. However, the longer vegetative phase did not result in grain filling of the 
late October sown crops during periods of higher temperatures. This extension in the 
vegetative period due to mulch was decreased slightly with later sowings due to the 
exposure of the crop to relative high temperature. For example, flowering date of the 23 
October sowing was delayed by 6 days under mulch compared with a 4 day delay for 16 
November sowing and this was reflected by less advantage under mulch (more than 1 t 
ha-1) in biomass accumulation at anthesis. However, where there was yield loss with 
mulch under late sowings, this was more related to lower grain weight due to exposure of 
the crop to higher temperature during grain filling. Within each sowing date, the mulched 
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wheat on average experienced 1.1oC higher temperature during grain filling than the non-
mulched wheat, but as temperatures were much higher during grain filling for later sown 
crops, the effect of an additional 1.1oC on the mulched crops had a more detrimental 
effect. For 23 October sowings, average temperature during the grain filling period was 
23oC (without mulch), compared to 29oC for the 16 November sown crop. However, 
under irrigated conditions, a temperature of 29oC would not be as detrimental to grain 
filling as shorter exposure to extremely high temperature (>34oC). In 40 years, the 
number of days on which the crop was exposed to temperature >34oC increased as 
sowing was delayed. For the 15 November sowing there was a significant number of 
years and days in which the crop was exposed to even higher temperature (>40oC) during 
grain filling. High temperature during grain fill slows the rate of grain filling because of 
damage to the photosynthesis apparatus and which also results in acceleration of 
senescence and shortening of the grain filling period (Al-Khatib and Paulsen, 1984; Zhao 
et al., 2007). 
The higher water saving under mulch in late sowings (November sowings) result in a 
yield penalty (explained above), the crop requires less water and produces less yield. So 
there is trade-off between yield and water savings as we move from October to 
November sowings. In 15 October sowing mulch crop required higher irrigation water in 
some years to support higher biomass production as compare to non-mulch crop and in 
some years one extra irrigation due to longer crop duration under mulch. Higher number 
of irrigations under mulch resulted in more wetting events and hence high soil 
evaporation losses as compare to non-mulched crop. 
Rice transplanting date 
In contrast with our model results, most field studies in north-west India conclude that 
yields are stable or decrease when transplanting is delayed from May to July. However, 
the results may vary from year to year depending on weather and build up of insect and 
disease pressure as the season progresses. Using the CROPMAN model, Chahal et al. 
(2007) showed an increasing trend in yields from 1 May transplanting to 1 July 
transplanting using PR118, the same variety used in our study. In their study they also 
considered PR118 to be a photo-insensitive cultivar and showed that the lower radiation 
and temperature during early crop growth in late transplanted crops did not lower yield as 
argued by other researchers (Mahajan et al., 2009). Chahal et al., (2007) hypothesised 
that the later transplanted crop was less exposed to “super thermal temperature” (>37oC) 
and that this may be the reason for increasing trend in the yield in July transplanted crops.  
Early transplanted crops were exposed to higher evaporative demand after transplanting 
and thus required more frequent irrigation, resulting in higher Es and T (Figure 13.15). In 
Punjab 40-45% of annual open pan evaporation occurs during the 2 months from mid-
April to mid-June (Minhas et al., 2010). Thus, total pan evaporation during our 1 May 
transplanted crop was 846 mm compared to 628 mm during the 1 July transplanted crop. 
Crops exposed to high vapour pressure deficit during crop growth have lower photo 
assimilation per unit of water consumed and increased respiration due to higher day 
temperature (Kropff et al., 1993). The decrease in ET with delay in transplanting was due 
to both decrease in T and Es, but more due to decrease in T. Chahal et al. (2007), Arora 
(2006) and Singh et al. (1996) also reported a decrease in ET with delay in transplanting 
from early May to July. 
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Figure 13.15. Soil evaporation and crop transpiration from rice for different transplanting 
dates 

Rice irrigation schedule 
The main reasons for much higher water use in flooded rice than other crops are high 
seepage and percolation losses. Reduction of hydrostatic pressure is an important means 
for reducing such losses (Bouman et al., 1994). This is the principle behind AWD, also 
known as intermittent irrigation. This involves flooding the field to a shallow depth (e.g. 
50 mm), allowing the water to dissipate, and re-irrigating some time after the soil surface 
has dried out. It has been well-established that irrigation input can be reduced by the use 
of safe AWD (i.e. AWD managed to avoid yield loss). The reduction varies from 10-40% 
of the amount applied to a continuously flooded field, depending on soil hydraulic 
conductivity and depth to the water table. In our study on a sandy loam soil, shifting to 
safe AWD from CF saved 25% of irrigation water which is consistent with the results 
from other field studies (Chaudhary et al., 2006; Hira et al., 2002; Sharma et al., 1989, 
1999; Sudhir-Yadav et al., 2011a) and modelling studies (Arora, 2006; Sudhir-Yadav et 
al., 2011b). Irrigation water reduction was mainly due to reduction in deep drainage 
beyond root the zone. On average, deep drainage was reduced by the same amount as 
irrigation water when switching from CF to 2-d, however the reduction in deep drainage 
was quite variable from year to year depending on rainfall. With introduction of AWD 
there was no change in the crop ET with decreased frequency up to and including the 4-d 
irrigation schedule because the topsoil remains wet (above field capacity) between 
irrigations and irrigation water was applied before Es entered a reduced rate stage (stage 
2 evaporation), so there was no difference in Es under these irrigation schedules. 
However, with further delay in irrigation to the 7-d, 10-d and 15-d schedules, the soil 
dried more and the rate of Es decreased. In these treatments water stress also caused a 
reduction in transpiration and total biomass. 
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In wheat, the frequent rice irrigation treatments resulted in an almost full soil profile at 
the time of rice harvest, which reduced the need for irrigation of wheat. Wheat is able to 
use the moisture stored deep in profile after rice. Gajri et al. (1993) reported that one 
early season irrigation at about 30 d after sowing can force the crop to use the profile 
water resulting in yields as high as that achieved with more frequent irrigation. Keeping 
the rice residue as surface mulch reduced the wheat irrigation water requirement more in 
the frequent rice irrigation treatments because the need for irrigation of these treatments 
was delayed until the crop had dried the soil profile to 50% SWD, whereas crops starting 
with a drier soil profile needed irrigation sooner. It is well established that mulch is only 
effective in reducing Es when soil is wet and Es is at potential rate (stage 1 evaporation) 
(Bond and Willis, 1970). Therefore the difference between non-mulch and mulch system 
wheat Es decreased with delay in rice irrigation (Figure 13.16). Laboratory studies 
showed that in a single drying cycle, cumulative evaporation from straw-mulched soil 
initially lagged behind that from non-mulched soil, but with time, total water loss from 
the mulched soil was similar to or exceeded that of non-mulched soil (Jalota and Prihar, 
1990; Jalota, 1993). 

 
Figure 13.16. Soil evaporation under mulched and non-mulched wheat as function of rice 
irrigation schedules 

Rice-wheat system 
In the total rice-wheat system, rice received about 80% of the total irrigation water input 
under CF and non-mulched wheat, and rice also accounted for more than 60% of total 
system ET (not including Es during the fallow). Any crop management practice which 
affected irrigation water input and rice ET had a significant effect on system irrigation 
and ET and system irrigation water productivity. For example when switching from CF to 
2-d rice irrigation there was significant increase in system irrigation water productivity. 
Although wheat received much less irrigation water than rice, there was scope to use the 
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residual soil profile water after rice harvest. A combination of water saving practices like 
optimum rice transplanting date with safe AWD followed by timely sowing of wheat 
with surface mulch can have significant effect on system water compared to current 
farmer practices. 

Conclusions 
Crop management practices, especially sowing/transplanting dates and irrigation water 
management, are potential irrigation water saving practices in rice-wheat system in NW 
India. The optimum sowing date for mulched wheat for maximum yield and WPI is late 
October to early November. Rice yields increased as transplanting was delayed from May 
to July, while irrigation water requirement declined from a maximum under May 
transplanting to a minimum with mid/late June transplanting. The higher irrigation input 
to May and July transplanting was due to higher evaporative demand and lower monsoon 
rainfall during the cropping season. WPI was also higher with mid/late June transplanting 
but WPET was higher under July transplanting.  
There was about 25% irrigation water saving when changing from CF rice to irrigation 2-
d after the pond water had dissipated (2-d) without any yield decline, and further 
irrigation water savings (~50%) with no yield reduction with a 4-d irrigation schedule. 
Consistent with yields, there was no significant difference in crop ET under different rice 
irrigation schedules from CF to 4-d. Average WPI was increased from 8.0 to 9.5 to 10.7 
(kg ha-1mm-1) with changing rice irrigation from CF to 2-d to 4-d, respectively.  
Wheat irrigation water input was reduced with surface retention of rice residues provided 
that the rice was irrigated sufficiently to maintain yield (CF, 2-d, 4-d), leaving a fairly full 
profile at the time of rice harvest. Total rice-wheat system yield was maximised with rice 
irrigated using 4-d scheduling and mulched wheat, and with higher WPI than for CF and 
2-d rice irrigation scheduling. Total system WPI was higher under 7-d, 10-d and 15-d rice 
irrigation schedules, but there was high yield penalty when using these irrigation 
schedules.  

References 
Al-Khatib, K., and Paulsen, G.M. (1984) Mode of high temperature injury to wheat 

during grain development. Physiol. Plant 61, 363-368. 
Ambast, S.K., Tyagi, N.K., Raul, S.K., (2006) Management of declining groundwater in 

the trans Indo-Gangetic plain (India): some options. Agric. Water Manage. 82, 
279–296. 

Arora, V. K. (2006). Application of a rice growth and water balance model in an irrigated 
semi-arid subtropical environment. Agric. Water Manage. 83, 51–57. 

Arora, V.K, Gajri, P.R., (1998) Evaluation of crop growth-water balance model for 
analysing wheat responses to climate and water-limited environments. Field Crops 
Res. 59, 213-224. 

Arora, V.K., Singh, H., Singh, B., (2007) Analyzing wheat productivity responses to 
climatic, irrigation and fertilizer-nitrogen regimes in a semi-arid sub-tropical 
environment using the CERES-Wheat model. Agric. Water Manage. 94, 22-30. 



 Chapter 13: Crop Management for Land & Water Productivity 

189 

Balwinder-Singh, Gaydon D.S., Humphreys E, Eberbach P.L. (2011). Evaluating the 
performance of APSIM for irrigated wheat in Punjab, India. Field Crops Res., 124, 
1-13. 

Bond, J.J., Willis, W.O., (1970) Soil Water Evaporation: Ist stage drying as influenced by 
surface residue and evaporation potential. Soil Sci. Soc. Am. Proc. 34, 924-928. 

Bouman, B.A.M., Wopereis, M.C.S., Kropff, M.J., Tenberge, H.F.M., Tuong, T.P., 
(1994) Water-use efficiency of flooded rice fields. 2. Percolation and seepage 
losses. Agric. Water Manage. 26, 291–304. 

Chahal, G. B. S., Sood, A., Jalota, S. K., Choudhury, B. U., and Sharma, P. K. (2007). 
Yield, evapotranspiration and water productivity of rice (Oryza sativa L.)-wheat 
(Triticum aestivum L.) system in Punjab (India) as influenced by transplanting date 
of rice and weather parameters. Agric. Water Manage. 88, 14–22. 

Choudhury, B. U., Bouman, B. A. M., and Singh, A. K. (2006). Yield and water 
productivity of rice–wheat on raised beds at New Delhi, India. Field Crops Res. 
100, 229–239. 

FAO, (2007) FAOSTAT Agricultural Production Database, Food and Agriculture 
Organization of the United Nations, Rome. 

Fischer, R.A., (2007) Understanding the physiological basis of yield potential in wheat. J. 
Agric. Sci. 145, 99-113. 

Hira, G. S., Singh, R., and Kukal, S. S. (2002). Soil matric suction: A criterion for 
scheduling irrigation to rice (Oryza sativa). Indian J. Agric. Sci. 72, 236–237. 

Hira, G.S., (2009) Water management in northern states and the food security of India. J. 
Crop Improv. 23, 136–157. 

Humphreys, E., Kukal, S.S., Amanpreet-Kaur, Thaman, S., Yadav, S., Yadvinder-Singh, 
Balwinder-Singh, Timsina, J., Dhillon, S.S., Prashar, A. and Smith, D.J. (2008). 
Permanent beds for rice-wheat in Punjab, India. Part 2: water balance and soil 
water dynamics. In ‘Permanent beds and rice-residue management for rice-wheat 
systems in the Indo-Gangetic Plain’. Eds E. Humphreys and C.H. Roth. 
Proceedings of workshop held in Ludhiana, India, 7-9 September 2006. ACIAR 
Proceedings No. 127. Australian Centre for International Agricultural Research 
(Canberra, Australia). Pp. 37-61. Available at http://www.aciar.gov.au/ 
publication/term/18  

Humphreys, E., Kukal, S.S., Christen, E.W., Hira, G.S., Balwinder-Singh, Sudhir-Yadav, 
(2010) Halting the groundwater decline in North-West India – which crop 
technologies will be winners? Adv. Agron. 109, 155–217. 

Jalota, S.K., (1993) Evaporation through a soil mulch in relation to mulch characteristics 
and evaporativity. Aust. J. Soil Res. 31, 131-136. 

Jalota, S.K., Prihar, S.S., (1990) Effect of straw mulch on evaporation reduction in 
relation to rates of mulching and evaporativity. J. Indian Soc. Soil Sci. 38, 728-730. 

Kropff, M.J., Centeno, G., Bachelet, D., Lee, M.H., Mohan Dass, S., Horie, T., Defeng, 
S., Singh, S., Penning de Vries, F.W.T., (1993) Predicting the impact of CO2 and 



 SAC Monograph 

190 

temperature on rice production. In: IRRI Seminar Series on Climate Change and 
Rice, International Rice Research Institute, Los Banos, Phillipines. 

Mahajan, G., Bharaj, T.S., Timsina, J., (2009) Yield and water productivity of rice as 
affected by time of transplanting in Punjab, India. Agric.l Water Manage. 96, 525–
532. 

Minhas, P.S., Jalota, S.K., Arora, V.K., Jain, A.K., Vashist, K.K., Choudhary, O.P., et al., 
(2010) Managing water resources for ensuing sustainable agriculture: situational 
analysis and options for Punjab. Research Bulletin 2/2010, Directorate of Research, 
Punjab Agricultural University, Ludhiana-141004 (India), 40. 

Ortiz-monasterio, J.I., Dhillon, S.S., Fischer, R.A., (1994) Date of sowing effects on 
grain-yield and yield components of irrigated spring wheat cultivars and 
relationships with radiation and temperature in Ludhiana, India. Field Crops Res. 
37, 169-184. 

Randhawa, A.S., Dhillon, S.S., Singh, W., (1981) Productivity of wheat varieties, as 
influenced by the time of sowing. J. Res. (PAU) 18, 227-233. 

Rodell, M., Velicogna, I., Famiglietti, J.S., (2009) Satellite-based estimates of 
groundwater depletion in India. Nature 460, 999–1002. 

Sharma, B. R. (1999). Water saving irrigation techniques for paddy rice in India. 
International Symposium on Water Saving Irrigation for Paddy Rice Chinese 
National Committee on Irrigation and Drainage, Beijing, People’s Republic of 
China, pp. 72–83. 

Sharma, P. K. (1989). Effect of periodic moisture stress on water-use efficiency in 
wetland rice. Oryza 26, 252–257. 

Sidhu, H.S., Manpreet, S., Humphreys, E., Yadvinder, S., Balwinder, S., Dhillon, S.S., 
Blackwell, J., Bector, V., Malkeet, S., Sarbjeet, S., (2007) The Happy Seeder 
enables direct drilling of wheat into rice stubble. Aust. J. Exp. Agric. 47, 844-854. 

Singh, C.B., Aujla, T.S., Sandhu, B.S., Khera, K.L., (1996) Effect of transplanting date 
and irrigation regime on growth, yield and water use in rice (Oryza sativa L.) in 
northern India. Indian J. Agric. Sci. 66, 137–141. 

Sudhir Yadav, Balwinder-Singh, Elizabeth Humphreys and Surinder Singh Kukal. (2012) 
Effective Management of Scarce Water Resources in North West India. 
In: Agricultural Sustainability: Progress and Prospects in Crop Research Editors: 
G. Bhullar and N.Bhullar. Elsevier publication,pp 103-121. 

Sudhir-Yadav, Humphreys, E., Kukal, S.S., Gill, G., Rangarajan, R., (2011a). Effect of 
water management on dry seeded and puddled transplanted rice Part 2: water 
balance and water productivity. Field Crops Res. 120, 123–132. 

Sudhir-Yadav, L Tao, E Humphreys, G Gill, and SS Kukal. (2011b). Evaluation and 
application of ORYZA2000 for irrigation scheduling of puddled transplanted rice 
in northwest India. Field Crops Res. 122: 104-177. 

Tanwar, B.S., Kruseman, G.P., (1985) Saline groundwater management in Haryana State, 
India Hydrogeology in the Service of Man. Memoirs of the 18th Congress of the 



 Chapter 13: Crop Management for Land & Water Productivity 

191 

International Association of Hydrogeologists, Cambridge, (pp. 24–30. Retrieved 
August 12, 2012 from <http://iahs.info/redbooks/a154/iahs_154_03_0024.pdf>). 

Timsina, J., Godwin, D., Humphreys, E., Yadvinder, S., Bijay, S., Kukal, S.S., Smith, D., 
(2008) Evaluation of options for increasing yield and water productivity of wheat 
in Punjab, India using the DSSAT-CSM-CERES-Wheat model. Agric. Water 
Manage. 95, 1099-1110. 

UNESCO (1995). United Nations Educational, Scientific, and Cultural Organization 
(UNESCO) Statistical Yearbook 1995. UNESCO, Paris, France. 

Yadvinder-Singh, Bijay-Singh, Nayyar, V.K., Jagmohan-Singh, (2003) Nutrient 
Management for Sustainable Rice-Wheat Cropping System. National Agricultural 
Technology Project, Indian Council of Agricultural Research, New Delhi, India, 
and Punjab Agricultural University, Ludhiana, Punjab, India. 

Yadvinder-Singh, Humphreys, E., Kukal, S.S., Singh, B., Kaur, A., Thaman, S., Prashar, 
A., Yadav, S., Timsina, J., Dhillon, S.S., Kaur, N., Smith, D.J., Gajri, P.R., (2009) 
Crop performance in permanent raised bed rice-wheat cropping system in Punjab, 
India. Field Crops Res. 110, 1-20. 

Zhao, H., Dai, T., Jing, Q., Jiang, D. Cao, W., (2007) Leaf senescence and grain filling 
affected by post-anthesis high temperatures in two difference wheat cultivars. Plant 
Growth Regul. 51, 149-158. 







 Chapter 14: Mandate & Role of SAC in providing Modelling Support 

195 

Chapter-14 

The Role of SAARC Agriculture Centre (SAC) in Providing 
Ongoing Modelling Support: Mandate and Role 

I. Saiyed* and A. K. Azad 
SAARC Agriculture Centre 

*Corresponding author: Saiyed.Ibrahim@gmail.com 

Summary 
One of the major emerging threats to food security in South Asia is the decrease in or 
lack of water available for agriculture and the need for improved water productivity in 
both rainfed and irrigated agriculture. The South Asian Association for Regional 
Cooperation (SAARC) has called for “a paradigm shift in promoting agricultural 
productivity not only per unit of area but also per unit of water and time”. Under the 
sustainable agriculture flagship of Commonwealth Scientific and Industrial Research 
(CSIRO), SAARC Agriculture Centre (SAC) initiated a project on “Developing capacity 
in cropping systems modelling to promote food security and the sustainable use of water 
resources in South Asia”.  
Initially thirty one candidates were selected out of 51 trainees nominated from six 
SAARC member countries: Bangladesh, Bhutan, India, Nepal, Pakistan and Sri Lanka. 
The selected 31 candidates initially participated in an exposure workshop at SAC where 
they were assessed further to select a core group of 19 trainees for on-hand training on 
the modeling throughout the project period including training workshops. 
The project capitalized on SAC's core capability in convening and executing multi-
country training courses and workshops, as well as fostering multilateral collaboration 
across SAARC Member States. SAC’s specific roles in this project included co-
ordination of all project activities, to be the central hub of communication for the entire 
project team, organization of all workshops and review meetings, and establishment of 
key network resources such as on-line databases and modelling support. The SAC Project 
Coordinator received advanced training on APSIM-Oryza at IRRI, Philippines and 
CSIRO, Australia. The Project Coordinator also received training on database 
management. SAC has institutionalized a modelling support position for technical 
backstopping in modelling and future training of other scientists from SAARC Member 
States. In addition this person will maintain and expand the database (chapter 15).  
The final review of the project was organized on 14 March, 2013 at the SAARC 
Agriculture Centre (SAC), Dhaka, Bangladesh. The project activities and future plan 
were presented and discussed in the review meeting where the trainees, project team, 
project advisory committee, Governing Board members of SAC, representative from 
SAARC Secretariat and ACIAR reviewers participated.  
A key challenge in model applications is obtaining consistent, high quality datasets for 
model parameterization and validation. Therefore it was planned to assemble all the 
datasets generated by the project in a database administered by SAC (see chapter 15), to 
make model parameterization and validation datasets readily accessible to any modellers 
within SAARC Member States as well as countries outside SAARC. An ongoing role of 
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the modeling support person based in SAC would be to continue to grow the data library 
by including datasets from earlier ACIAR project trial sites as well as by acquiring 
additional datasets from SAARC research institutions as these sets become publically 
available. This activity would significantly contribute to help strengthen SAC's role. 
SAC has recruited a modeling support person, Senior Program Officer (NRM), who will 
be trained in APSIM-Oryza by the Project Coordinator. The Senior Program Officer 
(NRM) will provide modelling support to SAARC Member States and will establish a 
resident APSIM-Oryza modelling support capacity within SAC.  
The SAC monograph has been published which documented all the project activities 
carried out during the project period including peer reviewed papers prepared by the 
trainees from the results obtained in their research fields. 
SAC’s role in this project has significantly boosted the relevance and effectiveness of 
SAC in SAARC Member States, in turn strengthening SAARC's ability to foster regional 
cooperation. 

Introduction 
SAARC Agricultural Vision 2020 urges for science-based strategies for a collective 
response by SAARC countries to the threats, challenges and opportunities facing 
agriculture as agriculture is a critical economic sector and support for food security in all 
SAARC Member Countries. One of the major emerging threats to food security in 
SAARC Countries is the decrease in or lack of water available for agriculture and the 
need for improved water productivity in both rainfed and irrigated agriculture. An 
assessment study of Water Management in Agriculture reveals that all of South Asia 
either faces economic scarcity of water (e.g. eastern parts of the Indo-Gangetic Plain, 
Nepal, Bhutan, Sri Lanka, Bangladesh) or is confronted with physical scarcity of water 
(Pakistan, NW India, Central and South India) (IWMI 2007).  
Over-utilization of groundwater for irrigated agriculture and household results in severe 
depletion of water resources. On the other hand, in non-irrigated areas of South Asia the 
performance of rainfed agriculture lags behind the environmental potential possible from 
modern farming practices. Water use in agriculture has been a consistent theme for the 
SAARC Technical Committee on Agriculture and Rural Development (TCARD). 
Consequently, SAARC called for “a paradigm shift in promoting agricultural 
productivity not only per unit of area but also per unit of water and time”.  
Through the assistance of AusAid and Australian Centre for International Agricultural 
Research (ACIAR) the Commonwealth Scientific and Industrial Research Organisation 
(CSIRO) had undertaken an initiative and prepared a proposal highly relevant to SAARC 
Member States: India, Bangladesh, Pakistan, Nepal, Sri Lanka and Bhutan. The project 
was undertaken by the Sustainable Agriculture Flagship of Commonwealth Scientific and 
Industrial Research Organization (CSIRO), in collaboration with the International Rice 
Research Institute (IRRI). The main interface with SAARC was through the SAARC 
Agriculture Centre (SAC). Given the resources available and considering the 2-year 
project timeframe as well as recognizing SAC's mandate, this project capitalized on 
SAC's core capability in convening and executing multi-country training courses and 
workshops, as well as fostering multilateral collaboration across SAARC Member States. 
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SAC Mandate and Role 
Through the implementation of the project the existing mandate of SAC was broadened 
to include a SAARC-wide support role in cropping system modeling. This should 
significantly boost the relevance and effectiveness of SAC in SAARC Member States, in 
turn strengthening SAARC's ability to foster regional cooperation. The SAARC 
Agriculture Centre performed the following activities in collaboration with CSIRO for 
successful completion of the SAARC-Agriculture project:  
Recruiting SAC Project Staff and Selection of Trainees 
The first activities of the project were recruiting project staff (IRRI Post-Doc and the 
SAC project coordinator) and the selection of project trainees from across the six 
participating SAARC Member Countries. It was challenging for the project to identify 
appropriate candidates from the participating member countries. Calls for nominations 
were made through SAARC Secretariat, Ministry of Foreign/External Affairs, SAC GB 
Members and members of the project advisory committee in December 2010. 
Accordingly the relevant institutes of National Agricultural Research Systems and some 
universities in participating SAARC Member Countries nominated 51 candidates in total. 
Selection of candidates was then carried out against the selection criteria such as previous 
experience on modelling and scientific journal papers. In total, 31 nominees out of a total 
of 51 applications were selected to participate in an exposure workshop in August 
2011for further assessment.  
Co-ordination of Workshops 
Exposure Workshop 
The APSIM-Oryza exposure workshop was held at SAC in Dhaka during the 8 – 10 
August 2011. It involved 32 trainees from Bangladesh (5), Bhutan (3), India (9), Nepal 
(3), Pakistan (4) and Sri Lanka (7) and SAC Project Coordinator along with four trainers 
from CSIRO and IRRI. Whilst the structure of the workshop followed the standard 2 ½ 
day APSIM exposure training workshop format, the workbooks provided were 
completely redeveloped to contain simulation exercises and results using datasets and 
simulations pertinent to South Asian cropping systems.  
During the workshop trainees were further assessed by the resource persons with respect 
to their aptitude for modelling based on their performance and potential for future 
APSIM training. A final core set of 19 trainees (Appendix 14.1) including the SAC 
Project Coordinator were selected to continue training activities through the remainder of 
the project. The workshop was seen as very successful by the project team (Appendix 
14.2), receiving very positive feedback by the trainees and stakeholders from the 
Bangladesh Agricultural Research Council. The program for the Exposure Workshop is 
shown in Appendix 14.3. 
Parameterization/First Training Workshop 
The First or Parameterization Training Workshop was held during 20-24 November, 
2011 at SAC on APSIM parameterization and validation. The program for this training 
workshop is shown in Appendix 14.4. These trainees continued to receive learning-by-
doing training in APSIM, underpinned by a range of activities focusing on acquiring high 



 SAC Monograph 

198 

quality datasets, learning how to parameterize APSIM using this data. This time it 
involved the core team of collaborating trainees from Bangladesh (3), Bhutan (1), India 
(8), Nepal (1), Pakistan (2) and Sri Lanka (4) and SAC Project Coordinator along with 
four trainers/resource persons from CSIRO and IRRI.  
The trainees were provided soil sampling and weather station tools for using in their 
experimental sites. Certificates were distributed to the trainees. 
Scenario/Second Training Workshop 
A pre-workshop meeting was organized in Kandy, Sri Lanka during 26-27 May, 2012 
just before the Scenario/Second Training Workshop with the objective of reviewing the 
parameterization. The program of the workshop is shown in Appendix 14.5. The majority 
of the trainees had incorporated additional crop, soil or climate data in their APSIM data 
input files. This pre-workshop meeting for many was critical in assisting them with the 
final parameterization, without which they would not be have been able to proceed to the 
next step of scenario analysis. The outcome of the two days was that all trainees had a 
final parameterization of their chosen cropping system and were able to run APSIM for 
their chosen cropping systems.  
The main workshop for scenario analysis was organized in Kandy, Sri Lanka during 28-
31 May, 2012. The program of the workshop is shown in Appendix 14.5. An interactive 
session was conducted to define scenarios that each group of trainees wanted to set up 
and run with APSIM. A field trip was organized to visit the Rice Research and 
Development Institute (RRDI) in Batalagoda and farmer fields in an irrigation scheme 
close to the RRDI. This visit included the inspection of a trial set up by Ms. Upul 
Rathnayake, participating scientist from RRDI, designed to provide an APSIM 
parameterization dataset.  
On the final day of the workshop trainees spent time compiling their scenario analysis 
results into presentations prior to presenting the results to the entire group. Time was also 
spent on planning activities for the remaining project duration, in particular the structure, 
modalities and timelines around writing up the individual chapters and producing a 
monograph by SAC.  
Yield Gap analysis/Third Training workshop 
The yield gap analysis workshop was organized during 10-13 March 2013, at the SAARC 
Agriculture Centre, Dhaka, Bangladesh. The detail program of the workshop is shown in 
Appendix 14.8. The focus of this final workshop was for trainees to learn techniques for 
using the APSIM model to explore yield gaps in their home cropping systems.  
An awareness session was also organized on the second day of the workshop (11 March 
2013) where the scientists and policy makers of the NARS institutes and Ministry of 
Agriculture of Bangladesh and other relevant people from different organizations in 
Bangladesh participated. The key objective of the session was to develop the awareness 
of the participants by explaining importance of cropping systems modelling with special 
reference to APSIM-Oryza so that they can initiate as well as institutionalize the cropping 
systems modelling in their institutes/organizations. 
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Technical Backstopping 
After the parameterisation workshop the project team members visited to the institutions 
where the trainees are based to conduct field training and technical backstopping in 
sampling and monitoring techniques to acquire climate, soil and crop phenology datasets 
from their ongoing research trials for APSIM-Oryza parameterization and validation. The 
followings are the visits made by the project team members for technical backstopping to 
the trainees: 

 India (CSSRI, PDSFR in Karnal and Modipuram): November/December 2011, Dr. 
Balwinder Singh, Post-Doctoral Fellow, IRRI. 

 Sri Lanka (three institutions in Kandy, Mahailluppallama, Batalagoda): 
January/February 2012, Dr. Balwinder Singh and Dr. Ibrahim Saiyed 

 India (CRIDA, ICAR NEH, PDFSR - during AgMIP workshop in Hyderabad): 
February 2012, Mr. Perry Poulton, CSIRO, Toowomba, Australia 

 Nepal (NARC, Nepalgunj): March 2012, Mr. Perry Poulton 
 Bhutan (RNR-RDC, Timphu and regional centres): March 2012, Dr. Ibrahim Saiyed 
 Pakistan (PARC, Islamabad): April 2012, Dr. Ibrahim Saiyed 
 Bangladesh (BRRI, BARI, Gazipur): monthly modelling team meetings in 

conjunction with modellers from the ACIAR climate change adaptation project 
(LWR/2008/019), Dr. Ibrahim Saiyed. 

This support consisted in visiting the trials selected by trainees from which they intended 
acquiring their datasets and assisting them with the implementation of appropriate soil 
sampling and crop monitoring regimes to supplement their datasets. Furthermore, project 
team members reviewed data compilation and APSIM parameterization progress during 
the visits, fixed any software bugs and ensured that the most up-to-date APSIM software 
was running smoothly on all trainees’ computers. SAC continued co-ordination of 
technical backstopping throughout the life of the project. 
Organisation of project review meetings  
Midterm Review 
The Project Midterm Review Meeting was held on 01 June, 2012 at SAC, Dhaka, where 
the project activities as well as future plan was presented to the project advisory 
committee, Governing Board members of SAC, representative from SAARC Secretariat 
and the ACIAR manager. The program of the review meeting is shown in Appendix 14.6. 
In addition, other Sri Lankan stakeholders from the Ministry of Agriculture and the 
University of Peradeniya participated in the review meeting. The trainees also 
participated and presented details of their activities. The list of participants is shown in 
Appendix 14.7.  
Final Review Meeting 
The final review meeting of the project was conducted subsequent to the project 
workshop (Yield Gap Analysis) on 14 March 2013 at SAC, Dhaka by the ACIAR 
appointed reviewers, Dr. Ian Willet (Australia) and Dr. Himanshu Pathak (India). The 
program of the review meeting is shown in Appendix 14.9. The members of the 
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Governing Board members of SAC and advisory committee of the project, Director 
(ARD) from SAARC Secretariat, the project team and the project trainees were 
participated in the meeting. The list of participants is presented in Appendix 14.10. A day 
long presentations and discussion was held about the implementation of the project 
activities including the learning achieved by the trainees of the project.  
SAC Master Trainer 
SAC Project Coordinator received in-depth training on APSIM-Oryza at IRRI, 
Philippines and CSIRO, Australia and became a master trainer for APSIM-Oryza 
modelling. This represents an important resource for the SAARC countries and the 
growing modeller network. 
SAC Database 
A key challenge in model applications is obtaining consistent, high quality datasets for 
model parameterization and validation. Therefore it was planned to assemble all the 
datasets generated by the project in a database administered by SAC, to make model 
parameterization and validation datasets readily accessible to any modellers within 
SAARC Member States as well as countries outside SAARC (see chapter 15). An 
ongoing role of the modeling support person based in SAC would be to continue to grow 
the data library by including datasets from earlier ACIAR project trial sites as well as by 
acquiring additional datasets from SAARC research institutions as these sets become 
publically available. This activity would significantly contribute to help strengthen SAC's 
role. 
Institutionalization of SAC modelling position 
The role of SAC would be strengthen by including modelling support to SAARC 
Member States and by establishing a resident APSIM-Oryza modelling support capacity 
within SAC. For this to be effective, the SAARC Secretariat needs to continue supporting 
this position beyond the life of the project, thereby broadening the scope of SAC 
activities and strengthening its institutional relevance within SAARC. SAC has already 
recruited a Senior Program Officer (SPO) for the SAC modelling support. At present, the 
SAC resource person (Project Coordinator) has been coordinating all the activities of the 
project. The SAC Project Coordinator will also provide training to the SAC modelling 
support staff (SPO) up to the completion of his term (December 2013).  
Production of SAC Monograph 
A key role for SAC in this project was the production of a monograph reflecting on 
project achievements, while critically assessing the degree to which it has reached its 
objectives. It documents learning about the processes, and makes recommendations for 
future endeavors in establishing a sustainable network of APSIM modellers for South 
Asia. In addition to capturing learning, the monograph also documents the results of 
model parameterizations and scenario analysis. The monograph chapters have been peer-
reviewed and finalized, including all of the trainee chapters. Each chapter has been peer-
reviewed by two other people, apart from the trainee chapters which were each reviewed 
by two other trainees and one member of the training team. All chapters have had at least 
one revision following review, in some cases several revisions. A copy (pdf file) of the 
publication has been hosted on the SAC website, and arrangements have been discussed 
to conjointly host it upon the ACIAR publications website.  
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Conclusion 
The project aimed at the capacity building on APSIM-Oryza model to increase water 
productivity in rice based cropping systems in SAARC countries. The activities to 
achieve the objective were successfully completed. An exposure workshop and three 
training workshops were successfully carried out in which the trainees were taught to use 
APSIM-Oryza for parameterization, scenario analysis and yield gap analysis. They were 
also taught crop, soil and weather data acquisition techniques in APSIM format. Nineteen 
scientists from NARS institutes and universities of SAARC countries have been trained 
as cropping system modellers (APSIM-Oryza) who will contribute to increasing water 
productivity for the rice based farming systems in their home countries and also provide 
training to other scientists.  
SAC coordinated and organized all workshops and project review meetings in successful 
fashion, and the present SAC modelling support person (Project Coordinator) has been 
trained on APSIM-Oryza and database management. The web-based SAC database 
(chapter 15) has been prepared and linked to SAC website to support cropping systems 
modellers working in South Asia and other parts of the world.  
SAC has taken initiative for institutionalizing an ongoing modeling support role, to 
support cropping systems modeling in South Asia when the existing project finishes. 

References 
Comprehensive Assessment of Water Management in Agriculture. 2007. Water for Food, 

Water for Life: A Comprehensive Assessment of Water Management in 
Agriculture. London: Earthscan, and Colombo: IWMI. 

Gaydon, D.S., Roth, C.H., Humphreys, E., Balwinder-Singh, Saiyed, I. 2013. The 
SAARC-Australia Project – Developing capacity for cropping systems modelling 
in South Asia. Final Report of the ACIAR Project, LWR/2010/033. 

Roth, C.H. 2012. The SAARC-Australia Project – Developing capacity in cropping 
systems modelling to promote food security and the sustainable use of water 
resources in South Asia. ACIAR Annual Report (2011-12) of the project, 
LWR/2010/033. 

Roth, C.H. 2012. The SAARC-Australia Project – Developing capacity in cropping 
systems modelling to promote food security and the sustainable use of water 
resources in South Asia. Midterm Review Report of the ACIAR Project, 
LWR/2010/033. 

Roth, C.H. and Humphreys, E. 2010. The SAARC-Australia Project – Developing 
capacity in cropping systems modelling to promote food security and the 
sustainable use of water resources in South Asia. Project document: 
LWR/2010/033. 

Roth, C.H., Balwinder-Singh, Gaydon, D.S., Poulton, P., Saiyed, I. 2012. The SAARC-
Australia Project – Developing capacity in cropping systems modelling to promote 
food security and the sustainable use of water resources in South Asia. Midterm 
Review Progress Report of the ACIAR Project, LWR-2010-033. 

SAARC Agricultural Vision 2020. South Asian Association for Regional Cooperation. 
www.saarcagri.net/index.php?option=com_content&task=view&id=21&Itemid=32 











 SAC Monograph 

206 

Appendix 14.3: Program for Exposure Workshop of the SAARC-Australia Project 

Venue SAARC Agriculture Centre, Dhaka 
Date 8th – 10th August 2011 

Day 1:  8th August 2011 
Session 1 Inaugural Session (Launching of the Project and Workshop) 
Chief Guest H.E. Uz. Fathimath Dhiyana Saeed, Secretary General of SAARC 
Chairperson Dr. Wais Kabir, Executive Chairman, Bangladesh Agricultural Research 

Council 
08:30 – 09:00 Visit SAARC Agriculture Centre by H.E. Uz. Fathimath Dhiyana Saeed, 

Secretary General of SAARC 
09:00 – 09:25 Registration of guests 
09:25 – 09:30 Guests take their seats 
09:30 – 09:40 Welcome Address: Dr. Abul Kalam Azad, Director, SAARC Agriculture 

Centre 
09:40 – 09:50 Inaugural Address and Launching of the Project by the Chief Guest: H.E. 

Uz. Fathimath Dhiyana Saeed, Secretary General of SAARC 
09:50 – 10:10 Introduction to the SAARC – Australia Project: Dr. Christian Roth, Project 

Team Leader SAARC-Australia Project & Senior Principal Research 
Scientist, Commonwealth Scientific and Industrial Research Organisation 
(CSIRO), Australia 

10:10 – 10:20 Address by Special Guest: Mr. Syed Masud Mahmood Khundoker, 
Director General (SAARC & BIMSTEC), Ministry of Foreign Affairs, 
Government of the People’s Republic of Bangladesh 

10:20 – 10:30 Address by Guest of Honour: H.E. Mr. Justin Lee, High Commissioner of 
Australia to Bangladesh 

10:30 – 10:40 Address by Chairperson: Dr. Wais Kabir, Executive Chairman, Bangladesh 
Agricultural Research Council 

10:40 – 11:00 Refreshment 
Session 2 Training Session (Introduction) 
11:00 – 11:15 Photo Session for trainees, resource persons and others (For Certificate) 
11:15 – 11:30 Introduction to SAC – Dr. Abul Kalam Azad, Director, SAC 
11:30 – 11:40 Outline and objectives of training and exposure workshop – Dr. Christian 

Roth (CSIRO) 
11:40 – 12:40 Key concepts and tools of farming systems research – Dr. Christian Roth 

(CSIRO) 
12:40 – 13:30 Working Lunch 
13:30 – 14:10 Introduction to Modelling and APSIM – Dr. Don Gaydon, CSIRO 
14:10 – 14:50 Examples of data acquisition and APSIM application in Bangladesh – Mr. 

Perry Poulton, CSIRO 
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14:50 – 15:15 Using models to identify options to manage water scarcity in rice-based 
cropping systems – Dr. Liz Humphreys, IRRI 

15:15 – 15:30 Afternoon tea 
Session 3: Training Session (Interactive Training Exercises) 
15:30 – 17:30 Exercise 1 – Don Gaydon, Perry Poulton, Balwinder Singh 

Day 2:  9th August, 2011 
Session 3 Training Session (Interactive training exercises – continued) 
09:00 – 10:45 Exercise 2 – Don Gaydon, Perry Poulton, Balwinder Singh 
10:45 – 11:00 Morning tea 
11:00 – 12:30 Exercise 3 – Don Gaydon, Perry Poulton, Balwinder Singh 
12:30 – 13:30 Working Lunch 
13:30 – 15:00 Exercise 4 – Don Gaydon, Perry Poulton, Balwinder Singh 
15:00 – 15:15 Afternoon tea 
15:15 – 17:30 Exercise 5 – Don Gaydon, Perry Poulton, Balwinder Singh 

Day 3:  10th August, 2011 
Session 3 Training Session (Interactive training exercises – continued) 
09:00 – 11:00 Exercise 6 – Don Gaydon, Perry Poulton, Balwinder Singh 
11:00 – 11:15 Morning tea 
11:15 – 12:15 Survey of trainees’ access to field trials and data – trainees to complete 

template 
12:15 – 13:15 Working Lunch 
Session 4 Training Session (Planning project activities) 
13:15 – 13:45 Outline of Gap Analysis training workshop planned for October 2011 – 

Don Gaydon & Perry Poulton 
13:45 – 14:45 Planning of data acquisition activities – facilitated country working groups 

(5) 
14:45 – 15:00 Afternoon tea 
15:00 – 15:45 Report back from working groups – facilitated by Dr Liz Humphreys 

(IRRI) 
Session 5  Concluding Session (Reflection on Workshop) 
Chief Guest Dr. Wais Kabir, Executive Chairman, Bangladesh Agricultural Research 

Council 
Chairperson Dr. Sk. Ghulam Hussain, Member-Director (P&E), Bangladesh 

Agricultural Research Council 
15:45 – 16:15 Feedback from trainees – facilitated by Dr Christian Roth  
16:15 – 16:45 Distribution of certificate to trainees 
16:45 – 16:55 Address by Chief Guest: Dr Wais Kabir, Executive Chairman, Bangladesh 

Agricultural Research Council 
16:55 – 17:05 Closing address by Chairperson: Dr. Sk. Ghulam Hussain, Member-

Director (P&E), Bangladesh Agricultural Research Council 
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Appendix 14.4: Program for First/Parameterization Training Workshop of the SAARC-
Australia Project 

Venue SAARC Agriculture Centre 
Date 20-24 November, 2011 

Day 1: 20 November, 2011 
Session 1 Opening of workshop 
09:00 – 09:25 Registration of guests 
09:25 – 09:30 Guests take their seats 
09:20 – 09:30 Welcome Address: Dr. S. K. Pal, Deputy Director (Agriculture), SAARC 

Agriculture Centre 
09:30 – 09:45 Outcomes of exposure workshop held in August - Dr Christian Roth, Project 

Team Leader of SAARC-Australia Project & Senior Principal Research 
Scientist Commonwealth Scientific and Industrial Research Organisation 
(CSIRO), Australia 

09:45 – 10:00 Overview of project activities since exposure workshop – Dr Ibrahim 
Saiyed, Project Coordinator, SAARC-Australia Project , SAARC 
Agriculture Centre 

10:00 – 10:10 Inaugural Address and opening of the training workshop by the Chief Guest: 
Dr. Wais Kabir, Executive Chairman, Bangladesh Agricultural Research 
Council 

10:10 – 10:20 Address by Chairperson: Dr. Abul Kalam Azad, Director, SAARC 
Agriculture Centre 

10:20 – 10:45 Refreshment 
Session 2 Review of subject matter covered during exposure workshop 
10:45 – 11:20 Key concepts of APSIM and brief review of previous exercises – Dr. Don 

Gaydon, CSIRO 
11:20 – 11:40 Results of modelling conducted by IRRI and CSIRO – Balwinder Singh, 

IRRI 
11:40 – 12:30 Report back from trainees – facilitated by Dr. Christian Roth 
12:30 – 13:30 Working Lunch 
Session 3 Data compilation and sensibility analysis 
13:30 – 15:00 Data plotting techniques and sensibility testing using trainees’ data – Dr. 

Don Gaydon and Mr. Perry Poulton 
15:00 – 15:20 Afternoon tea 
15:20 – 16:30 Exercise 1: deriving solar radiation from sunshine hours –Mr. Perry Poulton 
16:30 – 17:30 Exercise 2: gap filling missing rainfall data – Dr. Don Gaydon 

Day 2: 21 November, 2011 
Session 4 Setting up APSIM with own datasets 
09:00 – 10:45 Exercise 1: inputting climate files into APSIM – Mr. Perry Poulton 
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10:45 – 11:00 Morning tea 
11:00 – 12:30 Exercise 2: generating soil data for input into APSIM – Dr. Christian Roth 
12:30 – 13:30 Working Lunch 
13:30 – 15:00 Exercise 3: inputting crop data into APSIM – Dr. Balwinder Singh 
15:00 – 15:15 Afternoon tea 
15:15 – 17:30 Exercise 4: inputting location specific management rules into APSIM 

Manager – Dr. Don Gaydon 
19:30 – 21:00 Workshop Dinner at Dhaka Hotel Regency 

Day 3: 22 November, 2011 
Session 5 Introduction to and use of Excel Pivot tables 
09:00 – 10:30 Demonstration of Excel PivotTables and their use – Dr. Don Gaydon 
10:30 – 11:00 Morning tea 
11:00 – 12:30 Exercise 1: Exporting APSIM output and generating Pivot Tables – Mr. 

Perry Poulton 
12:30 – 13:30 Working Lunch 
Session 6 Running simulations and using Pivot Tables to fine tune APSIM 

parameterisation-1 
13:30 – 15:00 Getting APSIM to simulate each trainee’s experiments/trials – Dr. Don 

Gaydon, Mr. Perry Poulton, Dr. Balwinder Singh 
15:00 – 15:15 Afternoon tea 
15:15 – 17:30 Exercise 1: Iterative running of simulations and matching of APSIM output 

against observed data to fine tune parameterisation –Dr. Don Gaydon, Mr. 
Perry Poulton, Dr. Balwinder Singh 

Day 4: 23 November, 2011 (carried out at BRRI and BARI campus, Gazipur) 
Session 7  Field day 
07:00 – 09:30 Travel to Gazipur 
09:30 – 10:00 Morning tea 
10:00 – 12:00 Visit selected farming systems trials on Gazipur research farm 

- CSISA trial – Dr. Murshedal Alam (IRRI) 
- ACCA trial – Mr. Mamun Sarker (BARI), Dr. Abdul Muttaleb (BRRI) and 
Dr.  
  Don Gaydon 

12:00 – 13:00 Working Lunch 
13:00 – 14:00 Field demonstrations 1 

- Group A: soil characterization techniques – Dr. Christian Roth, Dr. Don 
Gaydon 
- Group B: crop yield parameters and biomass measurements – Dr. 
Balwinder  
  Singh 
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- Group C: climate station and downloading climate data – Dr. Perry Poulton 
14:00 – 15:00 Field demonstrations 2 

- Group B: soil characterisation techniques – Dr. Christian Roth, Dr. Don 
Gaydon 
- Group C: crop yield parameters and biomass measurements – Dr. 
Balwinder  
  Singh 
- Group A: climate station and downloading climate data – Mr. Perry 
Poulton 

15:00 – 15:30 Afternoon tea 
15:30 – 16:30 Field demonstrations 3 

- Group C: soil characterisation techniques – Dr. Christian Roth, Dr. Don 
Gaydon 
- Group A: crop yield parameters and biomass measurements – Dr. 
Balwinder  
  Singh 
- Group B: climate station and downloading climate data – Mr. Perry 
Poulton 

16:30 – 19:00 Travel to Dhaka 

Day 5: 24th November, 2011 

Session 8  Running simulations and using Pivot Tables to fine tune APSIM 
parameterization - 2 

09:00 – 10:30 Iterative running of simulations and matching of APSIM output against 
observed data to finetune parameterisation – Dr. Don Gaydon, Mr. Perry 
Poulton, Dr. Balwinder Singh 

10:30 – 11:00 Morning tea 
11:00 – 12:30 Uploading of trainees’ work from SAC computers to trainees’ computers – 

Dr. Don Gaydon, Mr. Perry Poulton, Dr. Balwinder Singh 
12:30 – 13:15 Working Lunch 
Session 9 Planning next project activities 
13:15 – 13:40 Outline of Scenario Analysis training workshop planned for July 2012 – Don 

Gaydon & Perry Poulton 
13:40 – 15:00 Planning of data acquisition/experimental activities rabi season; 

identification of lab analytical needs; supplementary equipment needs – 
facilitated by Dr. Christian Roth 

15:00 – 15:15 Afternoon tea 
15:15 – 16:00 Planning of data acquisition/experimental activities rabi season; 

identification of lab analytical needs; supplementary equipment needs – 
facilitated by Dr. Christian Roth 

Session 10 Concluding Session (Reflection on workshop) 
16:00 – 17:15 Feedback from trainees – facilitated by Dr. Christian Roth 
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17:15 – 17:30 Distribution of certificate to trainees 
17:30 – 17:40 Address by Chief Guest: TBA  
17:40 – 17:50 Closing address by Chairperson: TBA 

Appendix 14.5 : Program for Pre workshop and Second/Scenario analysis workshop of the 
SAARC-Australia Project 

Venue Hotel Hill Top and Hotel Thilanka, Kandy, Sri Lanka 
Date 26-31May, 2012 

Day 1: Saturday 26 May, 2012 
09:00 – 17:30 Pre-workshop preparations 

Project team to work with trainees on reviewing and finetuning APSIM 
parameterizations 

Day 2: Sunday 27 May, 2012 
09:00 – 17:30 Pre-workshop preparations 

Project team to work with trainees on reviewing and finetuning APSIM 
parameterizations 

Day 3: Monday 28 May, 2012 
Session 1 Opening of workshop 
08:45 – 08:55 Registration of guests 
08:55 – 09:00 Guests take their seats 
09:00 – 09:10 Traditional Lighting of the Oil Lamp 
09:10 – 09:20 Welcome address - Prof K Samarasinghe, Dean/Faculty of Agriculture, 

Univ. of Peradeniya 
09:20 – 09:40 Outcomes of parameterization workshop held in November 2011 - Dr 

Christian Roth, Project Team Leader SAARC-Australia Project 
09:40 – 09:50 Address by Guest of Honour – Dr Abul Kalam Azad, Director SAC 
09:50 – 10:10 Inaugural address by the Chief Guest – Mr Kithsiri Perera, Acting 

Director General, Department of Agriculture, Sri Lanka 
10:10 – 10:20 Vote of Thanks – Prof Buddhi Marambe, Director/Agriculture Education 

Unit, Faculty of Agriculture, University of Peradeniya, Sri Lanka 
10:20 – 10:45 Tea break 
Session 2 Introduction to scenario analysis 
10:45 – 11:15 Key concepts of scenario analysis – Dr. Don Gaydon 
11:15 – 12:30 Examples of scenario analysis to improve water productivity - results of 

modelling conducted by IRRI – Dr. Balwinder Singh 
12:30 – 13:30 Working Lunch 
Session 3 Defining scenarios to be tested 
12:30 – 13:15 Brainstorming of possible water productivity improvements and their 

formulation as scenarios – facilitated by Dr. Christian Roth 
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Session 4 Consolidation of scenarios to be tested - setting scenarios up in 
APSIM 

13:15 – 15:00 Work in small groups – facilitated by project team 
15:00 – 15:20 Afternoon tea 
Session 5 Conducting scenario analysis 
15:20 – 17:30 Work in small groups – facilitated by project team 

Day 4: Tuesday 29 May, 2012 
Session 5 Conducting scenario analysis 
09:00 – 10:45 Work in small groups – facilitated by project team 
10:45 – 11:00 Morning tea 
11:00 – 12:30 Work in small groups – facilitated by project team 
12:30 – 13:30 Working Lunch 
13:30 – 15:00 Work in small groups – facilitated by project team 
15:00 – 15:15 Afternoon tea 
15:15 – 16:30 Work in small groups – facilitated by project team 
16:30 – 17:30 Report back and reflection – facilitated by Dr. Christian Roth 

Day 5: Wednesday 30 May, 2012 
09:00 – 17:00 Field day: Visit to research institutions / field experiments of Rice 

Research and Development Institute, Batalagoda, Sri Lanka 
Day 6: Thursday 31 May, 2012 

Session 6 Planning for next project tasks Conducting scenario analysis – 
continued 

09:00 – 10:30 Planning for SAC Proceedings Monograph 
10:30 – 10:45 Morning tea 
10:45 – 11:30 Planning for presentations at review meetings 
Session 7 Compiling output of scenario analysis into presentations for review 
11:30 – 12:30 Work in small groups – facilitated by project team 
12:30 – 13:30 Working Lunch 
13:30 – 15:00 Work in small groups – facilitated by project team; concurrently, Dr Ian 

Willet to conduct interviews of trainees 
15:00 – 15:30 Afternoon tea 
15:30 – 17:00 Work in small groups – facilitated by project team; concurrently, Dr Ian 

Willet to conduct interviews of trainees 
17:00 – 17:30 Close of training workshop 
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Appendix 14.6: Program for midterm review meeting of the SAARC-Australia Project 

Venue Hotel Thilanka, Kandy, Sri 
Lanka  

Date 1 June 2012  
Session 1 - Introduction 

08:30 – 08:50 Welcome by the Chair 
Dr. DB Wickramasinghe, 
Director NRMC, Dept. of 
Agriculture, Sri Lanka 

08:50 – 09:00 Introduction to SAC Dr. Abul Kalam Azad, 
Director, SAC 

09:00 – 09:20 Project background, overview, 
rationale Dr. Christian Roth 

09:20 – 09:45 Why APSIM-Oryza? Dr. Don Gaydon 
Session 2 – Applications of APSIM-ORYZA to identify options to increase productivity 
09:45 – 10:00 Bangladesh case study Dr. Sohela Akhter 
10:00 – 10:15 Bhutan case study Mr. Ganja Singh Rai 
10:15 – 10:30 Tea break  

10:30 – 11:30 India case studies 
Dr. N Subash, Dr. VP 
Kumar, Dr. Choudhury, Dr. 
Sena 

11:30 – 11:45 Nepal case study Mr. Rajendra Darai 
11:45 – 12:00 Pakistan case study Dr. Bashir Ahmad 

12:00 – 12:30 Sri Lanka case studies Dr. Lalit Suriyagoda, Ms. 
WMUK Rathnayake 

12:30 – 13:15 Lunch break  

13:15 – 13:40 Options to increase water 
productivity in NW India Dr. Balwinder Singh 

13:40 – 14:30 General discussion  
Session 3 – Building a legacy in SAC 

14:30 – 14:45 Developing a South Asian 
modelling database at SAC Mr. Perry Poulton 

14:45 – 15:00 
Reflections on the 
backstopping and APSIM 
support role of SAC 

Dr. Ibrahim Saiyed 

Tea break   

15:20 – 15:45 Synthesis, impacts, future 
opportunities Dr. Christian Roth 

15:45 – 16:30 General discussion  
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Session 4 – Review outcomes 
16:30 – 16:40 SAC perspective Dr. Abul Kalam Azad 

16:40 – 16:50 Project advisory committee 
perspective Dr. AK Singh 

16:50 – 17:00 SAC Governing Board 
perspective Dr. Hemal Fonseka 

17:00 – 17:10 SAARC perspective Mr. Tareque Muhammad 

17:10 – 17:30 Reviewer feedback Dr. Ian Willett & Dr. PK 
Aggarwal 

17:30– 17:45 Vote of thanks and close Dr. DB Wickramasinghe 
 

Appendix 14.7: List of participants in the mid-term review meeting of the SAARC-Australia 
Project 

ACIAR 
Dr. Kuhu Chatterjee (Country Manager South Asia) 
Dr. Ian Willett (Consultant; reviewer) 
Dr. PK Aggarwal (IMWI; reviewer) 
SAARC Secretariat  
Mr. Tareque Muhammad (Director, Agriculture and Rural Development) 
SAC Governing Board  
Ms. Singye Wangmo (Program Director, Information & Communication Services, MoA, 
Bhutan) 
Mr. Ram Prasad Pulami (Training Director, Directorate of Agricultural Training, Government 
of Nepal) 
Dr. Hemal Fonseka (Additional Director (Research), HORDI, Sri Lanka) 
Project advisory committee 
Dr. AK Singh (Deputy Director General, ICAR, India) 
Dr. Niranjan Prasad Adhikari (Director, Crops & Horticulture, NARC, Nepal) 
Dr. DB Wickramasinghe (Director, NRM/DoA – Sri Lanka) 
Project team 
Dr. Christian Roth (Project leader, CSIRO) 
Dr. Don Gaydon (CSIRO) 
Mr. Perry Poulton (CSIRO) 
Dr. Balwinder Singh (IRRI) 
Dr. Alam Kabul Azad (Director, SAC) 
Dr. Ibrahim Saiyed (SAC Project Coordinator) 
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Project trainees 
Bangladesh: Dr. Sohela Akhter, Dr. Faruque Ahmed (BARI); Dr. MD Abdul Muttaleb (BRRI) 
Bhutan:    Mr. Ganja Singh Rai (RNRRDC, Bhutan) 
India:      Dr. Anup Das, Dr. Burhan Uddin Choudhury, Dr. Kamal Prasad Mohapatra (ICAR 

Research Complex NEH Region); Dr. N Subash, Dr. Mohammad Shamim 
(PDFSR); Dr. Sena (CSWCRTI); Dr. Rajender Kumar Yadav (CSSRI); Dr. 
Puppala Vijaya Kumar (CRIDA) 

Nepal:     Mr. Rajendra Darai (NARC) 
Pakistan:   Dr. Bashir Ahmad, Mr. Irfan Ali (PARC) 
Sri Lanka:  Ms. WMUK Rathnayake (RRDI); Dr. LDB Suriyagoda, Dr. B Laknath Peiris 

(University of Peradeniya); Mr. Wasantha Kumara Malaviarachchi (FCRDI) 
 

Appendix 14.8: Program for the Third/Yield Gap analysis workshop of SAARC-Australia 
Project 

Day 1: Sunday - 10 March 2013 
Session 1: Inaugural Session 
09:00 – 09:10 Welcome Address: Dr Ibrahim Saiyed, Project Coordinator, SAARC-

Australia Project, SAARC Agriculture Centre 
09:10 – 09:25 Project update and outcomes of previous workshops: Dr Donald Gaydon, 

Project Team Leader, SAARC-Australia Project 
09:25 – 09:35 Address by Chairperson: Dr Abul Kalam Azad, Director, SAARC 

Agriculture Centre 
09:35 – 09:50 Refreshment 
Session 2: Workshop Session 1 
09:50 – 10:25 Dr Donald Gaydon, Project Team Leader, SAARC-Australia Project - 

Welcome trainees and introduction to workshop:  
a.   Re-cap on where we are all up to  
b.   Update on the SAC Monograph progress 
c.   Overview of plans for this workshop 
d.   Plans for the ACIAR review day (Thurs, 14 Mar) 

10:25 – 10:45 Round table - updates on trainees modelling work since last workshop, 
future plans (modelling, experiments, collaborations, training, modelling 
exposure seminars given)  

10:45 – 11:00 Dr Balwinder Singh, IRRI - Introduction to Yield Gap Analysis: 
Concepts, philosophies, and some examples 

11:00 – 11:30 Mr Perry Poulton: A worked example of Yield Gap Analysis using 
APSIM 

11:30 – 12:30 Dr Donald Gaydon – Writing your own APSIM manager logic 
12:30 – 13:30 Lunch 
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13:30 – 15:00 Hands-on session – Yield Gap Analysis 
15:00 – 15:30 Tea Break 
15:30 – 17:00 Hands-on session – Yield Gap Analysis 
Day 2: Monday - 11 March 2013 
Session 1: Workshop Session 2 
09:00 – 09:30 Dr Ibrahim Saiyed - Update on the SAC APSIM-World Database 
09:30 – 10:30 Hands-on session – Yield Gap Analysis 
10:30 – 11:00 Tea Break 
11:00 – 12:45 Hands-on session – Yield Gap Analysis 
12:45 – 13:45 Lunch 
Session 2: Modelling Awareness Session 
14:00 – 14:15 Welcome Address: Dr. Abul Kalam Azad, Director, SAARC Agriculture 

Centre (SAC) 
14:15 – 15:00 Cropping Systems Modelling – Horizon in research: Dr. Donald Gaydon, 

CSIRO, Australia & Project Team Leader, SAARC-Australia project 
15:00 – 15:15 Cropping Systems Modelling – Regional approach: Dr. Ibrahim Saiyed, 

Project Co-ordinator, SAARC-Australia project, SAC 
15:15 – 15:30 Address by Guest of Honour - Policy to be taken to establish modelling: 

Dr. M. Zainul  
Abedin, Former IRRI Representative, Bangladesh 

15:30 – 16:00 Address by Chief Guest: Mr. Monzur Hossain, Secretary, Ministry of 
Agriculture,  
Government of the People's Republic of Bangladesh 

16:00 – 16:20 Address by Chairperson & Closing the session: Dr. Wais Kabir, 
Executive Chairman,  
Bangladesh Agricultural Research Council (BARC) 

16:20 – 16:45 Refreshment 
Day 3: Tuesday - 12 March 2013 
Session 1: Workshop Session 3 
09:00 – 10:00 Hands-on session – including hands-on-experience with SAC APSIM-

World database 
10:00 – 10:30 Tea Break 
10:00 – 12:00 Hands-on session – 
12:00 – 13:00 Lunch 
Session 2:  Workshop Session 4 
13:00 - 15:00 Preparation of presentation for review 
15:30 – 15:30 Tea Break 
15:30 – 17:00 Preparation of presentation for review continued 



 Chapter 14: Mandate & Role of SAC in providing Modelling Support 

217 

Day 4: Wednesday - 13 March 2013 
Session 1: Workshop Session 5 
09:00 – 10:00 Presentation practice before project team 
10:00 – 10:30 Tea Break 
10:30 – 12:00 Presentation practice before project team 
12:00 – 13:00 Lunch 
13:00 –  Visit 

Appendix 14.9: Program for Final Review meeting of SAARC-Australia Project 

Thursday - 14 March 2013 – Final Review Meeting 
Session 1: Introduction 
08:45 – 09:00 Welcome Address & Introduction to SAC - Dr Abul Kalam Azad 
09:00 – 09:20 Project background, overview, rationale – Dr Donald Gaydon 
09:20 – 09:45 Adding value through modelling - Dr Donald Gaydon  
Session 2 – Applications of APSIM-Oryza to investigate yield gaps in current cropping 
systems 
09:45 – 10:00 Bangladesh case study – Dr Sohela Akhter, Dr Faruque Ahmed, Dr Abdul 

Muttaleb 
10:00 – 10:15 Bhutan case study - Mr Ganja Singh Rai 
10:15 – 10:30 Tea Break 
10:30 – 11:30 India case studies -Dr N Subash, Dr Sena, Dr Choudhury, Dr VP Kumar  
11:30 – 11:45 Nepal case study - Mr Rajendra Darai 
11:45 – 12:00 Pakistan case study - Dr Bashir Ahmad, Mr Irfan Ali 
12:00 – 12:30 Sri Lanka case studies - Dr Lalith Suriyagoda, Dr Laknath Peris, Ms 

WMUK Rathnayake, Mr Wasantha Malaviachchi 
12:30 – 13:20 Lunch 
13:20 – 13:40 Conservation Agriculture for Rice-Wheat system in NW India - Dr 

Balwinder Singh 
13:40 – 14:20 General discussion (facilitated by Dr Elizabeth Humphreys, IRRI) 
Session 3 – Building a legacy in SAC 
14:20 – 14:30 Developing a South Asian modelling database and Project Monograph at 

SAC – Dr Ibrahim Saiyed 
14:35 – 14:45 SAC’s vision for its role in the growing modeller network (including 

APSIM support role within SAC) – Dr Abul Kalam Azad 
14:45 – 15:00 SAARC-Australia II – the next project plans – Dr Donald Gaydon, CSIRO 
15:00 – 15:20 Synthesis, impacts, future opportunities – Dr Christian Roth, CSIRO 
15:20 – 15:30 Collect tea and biscuits and rejoin 
15:30 – 16:10 General discussion - Dr Christian Roth, CSIRO 
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Session 4 – Review outcomes 
16:20 – 16:30 SAC Governing Board perspective Dr Hemal Fonseka 
16:30 – 16:40 SAARC perspective - Mr Tareque Muhammad, SAARC Secretariat 
16:40 – 17:00 Reviewer feedback, Dr Ian Willett 
17:00 – 17:10 Address by Dr. A.K. Sikka, DDG (NRM), ICAR, India 
17:10 – 17:30 Certificate giving  
17:30– 17:40 Address & Vote of Thanks by Chairperson – Dr Abul Kalam Azad 
19:00 - Dinner at Dhaka Regency Hotel - to celebrate conclusion of SAARC-

Australia Project Phase-1 

Appendix 14.10: List of participants in the mid-term review meeting of the SAARC-
Australia Project 

ACIAR 
Dr. Ian Willett (Consultant; reviewer) 
Dr. Dr. Himanshu Pathak (IARI, India; reviewer) 

SAARC Secretariat  

Mr. Tareque Muhammad (Director, Agriculture and Rural Development) 

SAC Governing Board  

Dr. Md. Kabir Ikramul Haque (Member Director (Fisheries), BARC, Bangladesh) 

Ms. Singye Wangmo (Program Director, Information & Communication Services, MoA, 
Bhutan) 

Mr. Bishnu Prasad Aryal (Chief, Agricultural Information and Communication Centre, Ministry 
of Agriculture Development, Nepal) 

Dr. Ch. Muhammad Sharif (Director General, NARC, Pakistan) 

Dr. Hemal Fonseka (Additional Director (Research), HORDI, Sri Lanka) 

Project advisory committee 

Dr. Alok Kumar Sikka (Deputy Director General (NRM), ICAR, India) 

Project team 

Dr. Christian Roth (Project leader, CSIRO) 

Dr. Don Gaydon (CSIRO) 

Mr. Perry Poulton (CSIRO) 

Dr. Liz Humphreys (IRRI) 

Dr. Balwinder Singh (IRRI) 

Dr. Alam Kabul Azad (Director, SAC) 

Dr. Ibrahim Saiyed (SAC Project Coordinator) 
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Project trainees 

Bangladesh: Dr. Sohela Akhter, Dr. Faruque Ahmed (BARI); Dr. MD Abdul Muttaleb (BRRI) 

Bhutan:    Mr. Ganja Singh Rai (RNRRDC, Bhutan) 

India:      Dr. Anup Das, Dr. Burhan Uddin Choudhury, Dr. Kamal Prasad Mohapatra (ICAR 
Research Complex NEH Region); Dr. N Subash, Dr. Mohammad Shamim 
(PDFSR); Dr. Sena (CSWCRTI); Dr. Rajender Kumar Yadav (CSSRI); Dr. 
Puppala Vijaya Kumar (CRIDA) 

Nepal:     Mr. Rajendra Darai (NARC) 

Pakistan:   Dr. Bashir Ahmad, Mr. Irfan Ali (PARC) 

Sri Lanka:  Ms. WMUK Rathnayake (RRDI); Dr. LDB Suriyagoda, Dr. B Laknath Peiris 
(University of Peradeniya); Mr. Wasantha Kumara Malaviarachchi (FCRDI) 
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Summary 
The two-year Project of the SAARC Agriculture Centre (SAC) on “Developing capacity 
in cropping systems modelling to promote food security and the sustainable use of water 
resources in South Asia” provides a series of training workshops to experts, underpinned 
by a program of associated experimental activities designed to obtain quality datasets for 
modelling purposes to increase water productivity in the SAARC countries. The project 
included several training workshops along with the field experiments to obtain data sets 
for the APSIM simulations.  
SAC has taken initiatives to collect and store quality data from the experiments and 
simulations of the trainees of the six SAARC countries (Bangladesh, Bhutan, India, 
Nepal, Pakistan and Sri Lanka) associated with the SAARC-Australia project. The data 
have been stored in The Stack which is a community driven portal to facilitate the sharing 
and distribution of APSIM simulations and related data. It consists of two main 
components. A data management tool that allows uploading, downloading and 
management of data and a Google Earth interface that provides a geographical view of all 
data in the database.  
SAC has created a link to The Stack interface on its website so that users from SAARC 
countries as well as from other countries may use the required datasets as reference for 
their own simulations for cropping systems modelling. 

Introduction 
SAARC Agriculture Centre (SAC) initiated a project on “Developing capacity in 
cropping systems modelling to promote food security and the sustainable use of water 
resources in South Asia” under the Sustainable Agriculture Flagship of Commonwealth 
Scientific and Industrial Research (CSIRO) funded by AusAid and managed by 
Australian Centre for International Agricultural Research (ACIAR). 
The two-year project provided a series of training workshops to experts, underpinned by 
a program of associated experimental activities designed to obtain quality datasets for 
modeling purposes and to deepen experts’ skills and knowledge in data acquisition and 
participatory on-farm techniques. A key challenge in model applications is the difficulty 
in obtaining consistent, high quality datasets for model parameterization and validation. 
This is a problem not just specific to South Asia, but is shared with other countries, 
including Australia. Therefore it was planned to assemble all the datasets generated by 
the project in a database administered by SAC, to make model parameterization and 
validation datasets readily accessible to any modellers within SAARC Member States as 
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well as countries outside SAARC. An ongoing role of the modeling support person based 
in SAC would be to continue to manage the database. This activity would significantly 
contribute to help strengthen the role of SAC. 
Database 
SAARC Agriculture Centre (SAC) has prepared a database of APSIM simulations, and 
respective soil, crop and climate data obtained from the project trainees of the six 
SAARC countries (Bangladesh, Bhutan, India, Nepal, Pakistan and Sri Lanka) who 
performed the research as part of their project activities. The SAC modelling database is 
not only a repository of the primary soil, crop and climate datasets, but also the 
simulations using APSIM-Oryza. This is important to foster transparency in modelling 
and allow other modellers to verify the rigour of parameterization, or to build on prior 
parameterizations and modify these for their own purposes. It is an important step to also 
build wider credibility of the modelling results. Good progress has been made in 
developing the database. We embedded the SAC database within a global database being 
developed by the APSIM Consortium. This global database called The Stack is aimed at 
providing a means of uploading, storing and extracting APSIM simulations, soils, climate 
and experimental data. The prototype interface is Google Earth which is available for free 
download. 
The Stack 
The Stack is a community driven portal to facilitate the sharing and distribution of Apsim 
simulations and related data. The Stack is actually a collection of a number of tools. At 
this time it consists of two main components. A data management tool that allows 
uploading and managing data and a Google Earth interface that provides a geographical 
view of all data in the database. From this view it is able to look at an area of interest and 
able to download data related to that specific site.  
For access in to The Stack for uploading and for management of data files at first one 
needs a username and password for login. The username and password can be obtained 
by emailing Justin.Fainges@csiro.au. Once the required username and password are 
obtained one can login in to The Stack through accessing the following website: 
http://www.apsim.info/THESTACK/. Upon login The Stack homepage will be appeared 
for upload and manage options (Figure 15.1).  
 
 
 
 
 
 
 
 
 
 

      Figure 15.1: The interface of The Stack homepage. 
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Uploading and Managing Your Data 
There are two ways to get your data onto The Stack. You can use the Upload and Manage 
link on the main page and use the web form to upload files directly to The Stack. The 
second option is to share a Dropbox folder with The Stack. 
Sharing data with The Stack using Dropbox. 
Using a shared folder is the easiest way to share data with The Stack. Simply share a 
Dropbox folder with apsimthestack@gmail.com and add a file called stackmeta.txt to that 
folder which tells The Stack extra information about your files. When The Stack updates 
your added files will show in the Google Earth overlay. 
To share a folder with The Stack:  
1. You will need a Dropbox account. Go to www.dropbox.com if you don't already 

have one. 
2. Put the files you want to share in a folder under your Dropbox folder. The name of 

the folder will appear in The Stack. 
3. In order for The Stack to know where to place your items in Google Earth, a file 

called stackmeta.txt needs to be placed in the topmost directory you want indexed. 
If you're only sharing one folder then it just goes there. If you're sharing multiple 
folders you can have one file for each folder describing the contents of that folder. 
This is optional; The Stack will search up through the directory tree until it finds a 
stackmeta.txt file. If it cannot find a stackmeta.txt file then your files will default to 
coordinates (0, 0) which is in the Atlantic Ocean. Note that any special file types 
already handled by The Stack (.apsim, .met, .soils, .sol, .jpg) that contain location 
data will use that data instead. An example stackmeta.txt file can be downloaded 
here. 

4. Right click the folder then go to Dropbox > Share this folder. 
5. A web page will open asking you to invite a contact. Add 

apsimthestack@gmail.com 
6. An administrator will accept your invitation and your data will appear on The Stack 

the next time it is indexed (once an hour). 
Some things to note about using Dropbox:  

 When you share a folder with The Stack all files are uploaded to Dropbox then 
downloaded from there by The Stack. This means that both Dropbox and The Stack 
will hold a copy of any files in shared folders.  

 Shared files are served from The Stack and will not use any of your internet 
bandwidth apart from the initial upload. 

 The contents of the shared folder mirror what is on your computer. Therefore if you 
add to or delete from the shared folder, the changes will be reflected in The Stack. 
This means you will need to set aside some disk space on your machine to hold the 
files for as long as you want them shared. If you would like The Stack to host your 
files, see the Upload and Manage section below. 
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 The Stack will list all files found in the Shared folder. If you do not want a file 
publicly available, do not put it in the shared folder. 

 If you rename a folder after sharing, the new name will not update to Dropbox. To 
change the name you will need to stop sharing the folder then share it again. 

Uploading data directly to The Stack 
Clicking the 'Upload and Manage' link will allow you to view, upload and delete files 
(Figure 15.2). Files will be uploaded to the folder currently displayed. To create a new 
folder, type the name the Create a new Folder box, fill in the location, description and 
keywords fields then click Create. You can call a folder anything you want (as long as it's 
a valid Windows file name) but we suggest using the name of the project the files are 
related to. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 15.2: Interface for the uploading files. 

Uploading Files 
To upload files, you must have already created and selected a folder. You are unable to 
save to the main APSIM directory (the Save button is greyed out). 
You can add files to upload by either dragging and dropping or clicking the 'Select file' 
button. You can use SHIFT/CTRL + click to select multiple files (maximum 5) this way. 
Once you have selected your files, click the 'Upload' button. This only sends your files to 
the server, it does not add them to the database. Fill in the location, description and 
keywords (all are required) then click the 'Save' button. 
You can also upload multiple files and folders in a .ZIP. The .ZIP file will be 
decompressed and the individual files stored. This can be useful when uploading large 
archives. All files in the .ZIP will have the same location, description and keywords. 
Under the section "Google Earth Interface" there is more information on how files 
containing location data are handled. 
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Some things to be aware of 
 If you are the owner of a folder and someone else has uploaded other files to your 

folder, by deleting the folder you will delete their files as well. We do not 
recommend uploading to another Owners folder unless they are aware of what you 
are doing, e.g. working on the same project, uploading on their behalf, etc. 

 Your changes may take a few minutes to appear in Google Earth. 
 Saving large .ZIP files can take some time to process. When processing is complete 

the page will refresh and you will see your new files. 
Deleting File 

 To delete a file or folder simply check the boxes next to the items you want to delete 
then press the 'Delete' button. 

 Note that any files that do not have you marked as an 'Owner' will not have a check 
box next to them. 

Google Earth Interface 
Google Earth is needed to be installed to use the Google Earth Interface (Figure 15.3) 
from the website http://www.google.com/earth/. From the main web site, click the 
"download" link to download the file The_Stack_Library.kml. This file contains a link to 
the main database. It is recommended that you save the link as it will automatically 
refresh the database every time you open it. This saves you from having to go to the 
website every time you want to know if the repository has changed. 
You can navigate either by using the folder structure on the left or by using the globe to 
zoom in on the area you are interested and clicking on available resources. Regardless of 
what type of resource you click you will have the following options: The name of the file 
and any description added when uploaded.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 15.3: Google Earth Interface. 
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Some resources types have extra data available. For example, clicking a soil file will 
bring up the soil description along with a number of graphs depending on the data 
available in the soil. The four types of graphs that may be displayed are Volumetric 
Water Content, Particle Composition, Organic Carbon and pH. You can use these graphs 
to help decide if a soil is suitable for your use. 
Simulation files (.APSIM) also have the option to download prerequisite files such as met 
and xml files that are needed to run the simulation. These will only be available if they 
were uploaded to the same directory as the simulation.  
The Stack handles certain files that contain location data differently. Currently, Apsim 
simulations, soils, met files and .JPG picture files will use their internal coordinate data 
instead of the one added when the file was uploaded if valid data is included in the file. 
This means you can upload a large number of files in a .ZIP and they will each be placed 
on the Google Earth map in the location specified in the file. This can be very useful 
when dealing with geo tagged data. 
Once you've downloaded the file from the website (The_Stack_Library.kml) you don't 
need to download it again to see if the database has changed. Every time you open 
Google Earth it will download the latest version straight from the internet. You can also 
refresh the link by right clicking the 'The Stack' node as shown on the left and choosing 
refresh. 

Conclusion 
The Stack database management system is unique and is very useful to upload, download 
and manage APSIM simulations, soil, climate and other data. This database system 
facilitated SAC to store and manages all the data obtained from the trainees’ experiments 
and simulations. SAC made a link The Stack interface with its website so that the APSIM 
users from SAARC region as well as from the other countries may use the datasets as 
reference for their cropping systems modelling simulations. 

Reference 
http://www.apsim.info/THESTACK/Guide.aspx 
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Chapter 16 

A Critical Evaluation of the SAARC-Australia Project 
D.S. Gaydon1*, C.H. Roth1, P.L. Poulton2, Balwinder-Singh3, I.Saiyed4 

1 CSIRO Ecosystem Sciences, 41 Boggo Road, Dutton Park Q 4102, Australia 
2 CSIRO Ecosystem Sciences, 203 Tor Street, Toowoomba Q 4350, Australia 

3 IRRI, Los Baños, the Philippines 
4 SAARC Agriculture Centre, Farm Gate, Dhaka, Bangladesh 

*Corresponding author: Don.Gaydon@csiro.au 
 

Introduction 
The SAARC-Australia project aimed to build upon the experience and lessons from 
pioneering capacity-building initiatives in cropping systems modelling, such as the 
Simulation and Systems Analysis for Rice Production (SARP) project (Ten Berge, 2000) 
and the ACIAR-funded Collaboration on Agricultural / Resource Modelling and 
Applications in the Semi-Arid Tropics (CARMASAT)(Carberry, 2005). Lessons learnt 
from a range of smaller ACIAR modelling-training investments in Africa and China were 
also incorporated in designing the SAARC-Australia project.  
Clearly, developing capacity in modelling is in itself not a new concept. SARP targeted 
researchers across nine Asian countries and IRRI, and some of the limitations to capacity-
building included bottlenecks in access to personal computers and the generally low level 
of computer literacy in the late 80's early 90's, turnover (and loss) of staff trained, and 
non-acceptance of model output and general scepticism towards modelling by non-
modellers. With the exception of access to computers capable of running cropping 
systems models, to some degree the other constraints are still valid today. One additional 
identified constraint of SARP, never effectively solved, was how to appropriately support 
trainees (and trainee teams) once they had left workshops. It was expected that the 
development of central (international) support services would provide substantial help, 
but such modelling network elements never effectively evolved by themselves. 
The main constraints to emerge from Carberry's evaluation of CARMASAT 
achievements (Carberry, 2005) include: 
• Past capacity building was too narrowly focussed on training in the use of a particular 

piece of modelling software, with insufficient effort on providing a broader 
theoretical background in systems analysis and participatory action research 
approaches. 

• There often was a lack of institutional support to maintain a critical mass in 
modelling capacity and to avoid transferring trainees out of roles requiring modelling 
into new roles where the modelling skills were no longer required and languished or 
were lost. In part this lack of institutional support arises out of a lack of perceived 
benefits from modelling through to explicit scepticism that models can approximate 
reality. 

• Trainees were not able to apply the model to their local situation because of lack of 
data and lack of knowledge on how to acquire missing data. This reduces the 
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relevance of the model to trainees and diminishes their motivation and commitment 
to go through with the training. It also explains the ongoing scepticism by non-
modellers towards modelling, as the models will not have been sufficiently well 
parameterised to credibly reproduce observed results. 

• Candidates selected for training did not have a strong enough grounding in computer 
literacy, mathematics and university-based modelling courses to readily adopt 
modelling. Therefore, selecting collaborators for modelling activities needs to 
account for their affinity for modelling rather than accepting candidates with only a 
general interest in modelling. In addition, the few who do become proficient, thus 
demonstrating talent, are poached into other jobs and careers. 

One of the key observations from both the CARMASAT experience and the SARP 
experience in South Asia was that the modelling skills didn’t spread significantly past the 
original trainees.  
Quoting from Carberry (2005): 
The first aim of the CARMASAT project was to train ICRISAT staff and collaborators in 
using simulation modelling in agricultural systems R&D. Nine years hence, the outcome 
of this objective is a mix of success and disappointment. Success in that systems 
simulation remains an active tool and approach employed within ICRISAT centres in 
both India and Africa and the main legacy of CARMASAT, the use of the APSIM model, 
persists at most sites. Disappointment, because modelling remains a tool used only by a 
few devoted practitioners despite efforts at broad-scale training of staff from ICRISAT, 
other IARCs and NARES.  
For both CARMASAT and SARP, the fact that many of the project trainees are still using 
the models in their research work to the present day is praiseworthy, and certainly 
industry benefits which have flowed from those people trained are significant in both 
cases. However both CARMASAT and SARP did not really succeed in creating a self-
sustaining network of modellers, in the sense of producing first generation trainees who 
then went on to train others and build towards critical mass of modellers. 

Elements of a self-sustaining modelling network 
The SAARC-Australia project is probably little different to past efforts in the actual 
modeller training component – but if anything, it is quite different overall in that we have 
explicitly sought to build other key components of a self-sustaining network of 
modellers, addressing key constraints identified in both SARP and CARMASAT, and 
giving them equal importance in the project to the actual modelling work (Figure 16.1).  
With reference to figure 16.1, the central aim of the network is to achieve a critical mass 
of practicing modelling scientists. The SAARC-Australia projects has hypothesised that 
seven (7) key network elements are necessary to achieve this aim.  
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Figure 16.1. Elements of a self-sustaining network of cropping systems modellers for the 
SAARC countries, as envisaged by the SAARC-Australia project 

In no particular order, the elements are: 
• Training scientists in modelling: This is the element which all previous efforts at 

modelling capacity-building have primarily focussed on. It involves providing 
trainees with exposure to the model and philosophies of modelling, followed by 
hands-on training in actually using the model. It may or may not involve the use of 
the trainee’s own data, however in the SAARC-Australia project context, the use of 
trainee’s own data has been an essential element to make the model training more 
relevant and immediately useful. 

• Training scientists in field techniques: This element has often been overlooked in 
previous capacity-building efforts, on the assumption that trainees have the 
knowledge and facilities to obtain the required information on model input 
parameters and also appropriate data for validation. In fact, this is often not the case, 
and trainees may neither have the skills nor the resources to obtain the required data. 
In the SAARC-Australia project, we made this element an explicit part of the 
training, and consider this element to be an essential component in a modelling 
scientist’s training. Without good quality data, the value of a model is greatly 
diminished or negated. In fact, badly parameterised and tested models can be worse 
than no model at all, in providing flawed guidance to the scientist. By training in 
‘field techniques’ we mean a practical understanding of the best-practice protocols, 
methods and equipment for obtaining and analysing soil and crop samples to generate 
reliable data for model purposes. For example, multi-layer soil samples for mineral 
nitrogen, organic carbon and soil moisture, together with basic soil parameterisation 
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data such as soil bulk density, saturated moisture content, field capacity, and crop 
lower limit. Crop samples need to be collected for biomass and recognition of 
relevant phenological stages. Implicit in this element is the teaching of good practices 
and protocols for experimental data storage and handling. 

• Backstopping and model support: When trainee scientists leave the model-training 
workshops and return to their places of work to employ their new skills, one of the 
biggest hurdles to their continued modelling efforts is obtaining help and advice 
when they strike problems. If facilities or personnel to provide such assistance are not 
available, there is the danger that such hurdles (which trainees will invariably strike) 
could be insurmountable, and their modelling efforts come to a swift halt. The 
SAARC-Australia project has recognised the importance of this element, and created 
a position within the SAARC Agriculture Centre dedicated to model support and 
backstopping.  

• Shared resources of climate and soil data: Poor access to regional shared data 
(climate files, soils data, crop management information) has been identified as a 
constraint to widespread use of modelling in South Asia (Ten Berge, 2000), and 
indeed benchmark modeller networks like the APSIM group in Australia are 
characterised by shared resources, which include a number of heavily-used shared 
databases for soil and climate information. In Australia, for example, a modeller can 
easily establish an APSIM simulation for any chosen region of Australia by easily 
downloading a climate file from the SILO climate database 
(http://www.longpaddock.qld.gov.au/silo/ ), and then downloading soil data from the 
APSOIL database (http://www.apsim.info/Products/APSoil.aspx). Other sources of 
shared data are also available (ASRIS soils database http://www.asris.csiro.au/; 
Climate Change Scenario Generator, OzClim http://www.csiro.au/ozclim/home.do ). 
In the SAARC-Australia project we have seen the availability of these shared data 
resources as a key element in a self-sustaining modeller network for South Asia, and 
have take steps to consolidate these (see chapter 15) 

• Efforts to increase awareness of modelling benefits within NARS: The best training 
program for modeller scientists will effectively be useless if trainees return home 
after workshops and find no support for their future modelling careers within the 
institutions of their employment. Such institutional support from within SAARC 
country NARS is a vital element in establishing a truly self-sustaining network of 
modellers, and the SAARC-Australia has recognised that this is an element that 
cannot be left to chance, by initiating a series of ‘model awareness’ seminars 
delivered to high-level management in SAARC country government agricultural 
departments and institutions. 

• Spawning grounds for future young modellers: The exposure of agricultural science 
students to models and modelling philosophies during their undergraduate years is 
also seen to be a key element in producing the next generation of modellers who will 
join and help build critical mass in a self-sustaining modeller network for South Asia.  

• Annual network conference: Finally, an annual focal point for all members of the 
network to meet, share experiences, and inspire each other is seen as a critical 
component of an evolving (and sustainable) modeller network for the SAARC 
countries. It is suggested that this focal point could take the form of a conference, 
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where scientists have the opportunity to tell others what modelling work they have 
been doing, hear about other’s experiences, gain new ideas, cement friendships and 
professional relationships, and plan future network activities and initiatives. The 
SAARC Agriculture Centre would be ideally-placed to organise such an event, which 
would perform the essential role of keeping the network tied together and talking, as 
well as providing a gathering which all could look forward to. 

The experiences of CARMASAT and SARP were largely responsible for the SAARC-
Australia project taking the approach detailed above, and focussing on building of 
network elements, in addition to actual training of scientists in modelling skills. Since the 
times of SARP and CARMASAT, a number of things have changed in SAARC NARS, 
mainly in India and Bangladesh: institutional support at key apex levels (ICAR, BARC); 
better trained scientists to access; widespread access to computers within NARS. In 
designing the approach undertaken in the SAARC-Australia project we were able to use 
these changes in beginning out quest to establish the above self-sustaining network of 
APSIM modellers. 
The degree to which these aims were achieved is examined in the remainder of this 
chapter, together with an assessment of where similar future initiatives could head from 
here. 

Methods of evaluation 
Modeller training 
The success and failures of the model training process itself were assessed in two ways: 
(i) By the trainees themselves directly (via surveys), and  
(ii) Through a repeated cycle of reflections on the process by the project trainers 

following each workshop . 
Modeller network elements 
The degree to which the SAARC-Australia project has been able to establish some of the 
critical elements of a modeller network as shown in Figure 16.1 were evaluated by:- 
(i) Capturing the evidence for change in attitudes or approaches to modelling within 

SAARC country NARS. 
(ii) Examining the degree to which the establishment of physical elements (such as on-

line data-bases) was achieved. 
(iii) The evidence that trainees have embarked upon roles as trainers themselves. 
(iv) The evidence that trainees are communicating and collaborating with each other in 

modelling efforts, beyond the project and support of the project training team. 
The establishment of university modelling coursework (ie “spawning grounds” for young 
modellers) and an annual modelling network conference were not explicitly attempted in 
this project. 
Results 
Evaluation of Modeller Training 
Trainee Evaluation of the effectiveness of the training  
Formal feedback was sought from trainees after each workshop via written survey forms, 
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to assess the effectiveness of the workshop and obtain suggestions for improvements.  
The following surveys were conducted: 
1. November 2011 – following the Model Parameterisation Workshop (first workshop), 

SAARC Agriculture Centre, Dhaka, Bangladesh. 
2. June 2012 – following the Scenarios Workshop (second workshop) and ACIAR 

Project Mid-term Review Meeting, Kandy, Sri Lanka. 
3. March 2013 – following the Yield Gap Workshop (third and final workshop) and 

ACIAR Project Final Review Meeting, SAARC Agriculture Centre, Dhaka, 
Bangladesh. 

The results below were obtained through an analysis of the results from the surveys 
reported by the independent reviewers (Willett and Aggarwal, 2012; Willett and Pathak, 
2013). 
The value of these three sequential surveys is that we can see evidence of the growing 
impact of modelling in these trainees’ professional lives and in their views of themselves 
as modelling scientists and as model trainers. In summary, the following conclusions can 
be drawn from these data on the trainee’s evaluation of their training in this project:- 
• The quality of the model training indicated a high degree of trainee satisfaction and 

was rated as very good to excellent throughout the project.  
• Even higher satisfaction rating (excellent throughout) was obtained for the quality of 

the fieldwork training. 
• The ability of the trainees to independently use the APSIM model increased 

throughout the project, with 2 out of 17 trainees (12%) stating they could 
independently use the model in June 2012, up to 13 out of 19 (69%) by March 2013.  

• The functioning of the network was also improving with 65% trainees claiming 
modelling interactions within amongst their peers (outside workshops) in June 2012, 
up to 79% in March 2013. 

• Institutional support was growing throughout the project with 70% trainees 
answering “yes” to “do you have institutional support for continue modelling work?” 
in June 2012, up to 85% in March 2013. The biggest gains here were in Pakistan and 
Sri Lanka, and although it is likely that the SAARC –Australia project contributed to 
this outcome, it is also a function of a growing number of model-related projects in 
the region, including AgMIP (http://www.agmip.org/) and GYGA 
(http://www.yieldgap.org/ ). 

• The level of enthusiasm amongst trainees for continued modeller network 
interactions amongst SAARC country scientists was uniformly very high, with 100% 
of trainees responding that they intended to continue interactions with each other, and 
also with CSIRO and other model training staff. 

• By the end of the project, 15 out of 19 trainees (79%) felt that they were personally 
capable of now training others in the use of APSIM – in other words, conducting 
training activities. This figure contrasts favourably with only 12% of trainees who 
felt they were able to even use the model by themselves in June 2012. 

• All the trainees reported having used the model for realistic and useful research in 
relation to their national priorities, and rated the training as highly relevant. Further 
details of application topics can be found in chapter 17. 



 Chapter 16: Evaluation of SAARC-Australia Project 

235 

The above results clearly reflect that the trainees themselves considered that significant 
capacity building in APSIM modelling has been achieved during the course of the 
project. Participants get support from within the region and see value in the future of a 
network of SAARC country modellers. The results from surveys conducted by the 
independent reviewers (Willett and Aggarwal, 2013; Willett and Pathak, 2013) 
particularly reflect cooperation within each of India, Sri Lanka and Bangladesh. The 
smaller participating nations (Nepal, Bhutan) exhibit greater challenges for interacting 
and participating within the growing modeller network, largely due to smaller numbers 
(hence less critical mass in-country) but also due to greater constraints in resources and 
institutional support. Throughout the surveys, Nepal and Bhutan continued to indicate 
scepticism about the future interactions in the network, and Nepal indicated a continuing 
lack of institutional support for modelling.  
The Bangladesh trainees particularly have increased their in-country collaboration since 
these surveys were performed, conducting their own in-country training session on 
APSIM for BRRI and BARI scientists in August 2013.  
Project training team evaluation of the model training 
The following section records the views of the trainers in this project – reflecting on what 
they think went well and suited the aims of the project, what went poorly or would be 
removed in future, and also what was not covered but should be in future. 
a.) Strengths in the project training methodology 
Bringing everyone together in workshop formats encouraged collaborative spirit: The 
willingness of trainees to collaborative irrespective of institutional and country 
background gave positive insights into the possibility of a functioning modeller network 
(Figure 16.2). When together in the same room, the trainees from across the SAARC 
network were very open to sharing and helping one another. The primary reason such 
sharing and helping might cease after departing the workshops is simply related to 
distance and lack of infrastructure and communication vehicles to enable a functioning 
network. Shared visions and a willingness to make a network happen were not wanting.   

 
Figure 16.2. Trainee camaraderie in action 
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Training materials used. A completely overhauled APSIM training workbook was 
developed to match the training needs for South Asian cropping systems. Actual training 
material covered in the workshops worked well. The training manual, its examples, the 
structure, and the topic progression were all rated as “very good” to “excellent” by 
trainees in all evaluations undertaken. This means that the training workbook constitutes 
a critical project output and can be used in subsequent training by SAC in South Asia. 
Progression of training subject matter. The training began with an APSIM model 
exposure workshop, which was essentially an overview of cropping systems modelling, 
its scope and potential applications. The exposure session focussed on highlighting one of 
modelling’s fundamental roles in agricultural research - that is, helping us to extend and 
build on what we learn from field experiments – not replacing experiments. The training 
team thought this initial broad overview of modelling was a successful component in 
establishing a healthy philosophy relating to modelling amongst the trainees – to see 
modelling as another valuable tool in the scientist’s toolbox, rather than a replacement for 
traditional methods of research.  A chance for hands-on ‘play’ or experience with the 
model was also a valuable part of this initial session, undertaken before the trainees learnt 
any specific modelling techniques or practices, and allowed them to examine the model 
user interface and examine some example simulations. This was rated as a very useful 
first step, and it is recommended that it should always be included in training programs 
for modelling (rather than starting straight into how to use the model). Following this 
initial exposure workshop, subsequent workshops followed this progression: 
• Model parameterisation, calibration, and validation workshop (included training in 

field data collection). Rated as very useful by the trainers, and an essential step in the 
modelling education of the trainees. The important philosophy from this workshop:- 
models cannot be expected to give meaningful outputs and results unless they have 
been thoroughly parameterised (provided with reliably-measured input data, for 
example soil physical and chemical parameters) and calibrated (unmeasurable input 
parameters are varied until acceptable model performance is achieved, for example 
development rate parameters for different rice varieties) in the environment of focus, 
after which they must be validated (tested in their ability to simulate an independent 
dataset from the focus environment). Only then is a modeller able to confidently 
employ a model to investigate research questions and build scenarios. Devoting a 
complete workshop (5 days) to this topic was judged to be very worthwhile because 
it is such an important philosophy to ingrain in the trainees – models must be 
properly configured and tested before you can use them. 

• Scenarios workshop. Also rated as very important by trainers. This workshop 
focussed on how to employ the previously configured and tested model to answer 
relevant research questions in the region of focus. Relevant techniques for building 
different ‘scenarios’ within the APSIM model were examined and practiced, together 
with ways of analysing output to distil the important learnings, and make 
comparisons between the performance of different on-farm management strategies. 
Learning how to incorporate and compare climate change impacts addressed one the 
big desires of most, if not all, trainees.  One of the most valuable elements of this 
workshop was letting each of the trainees focus on the research questions in their 
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own home regions, thereby genuinely starting to use and think of the model as a 
research tool for their own work.  This monograph contains the trainee chapters 
which resulted from this key stage. 

• Yield Gap workshop. This workshop continued to increase the depth of understanding 
which trainees had about how the model worked, and why it was giving the answers 
it was giving. The trainers felt this was an essential component in the training 
progression. The exercises undertaken required the trainees to ask the model for 
much deeper information than just final crop yields – looking at the dynamics of crop 
water and nutrient stresses throughout the season, and using this information to focus 
on potential management practices to reduce the deleterious stresses at key times – 
leading to reductions in yield gap. By using the model to simulate (i) farmer practice; 
(ii) researcher practice; and (iii) potential production in their home regions, the 
trainees learnt to use the model to understand why there were difference between (i) 
to (iii), and maybe more importantly, what could be done about minimising the 
differences. The trainers felt that this workshop was a useful and thought-provoking 
end to the training progression.   

After this succession of four workshops, the trainers felt that the trainees have been 
exposed to all of the key philosophies and techniques for using the APSIM model wisely 
in their research work.   
Field training and follow-up visits. A new component added to modeller training by this 
project (to our knowledge absent from previously documented modeller training efforts) 
has been training in field techniques to collect high-quality model-ready data (part of the 
parameterisation, calibration, and validation workshop). This was successful from two 
perspectives: (i) the trainees learnt the skills and techniques necessary to obtain their own 
field data and were introduced to examples of the hardware and software required, and 
(ii) the trainees greatly enjoyed getting out into the field, getting their hands dirty, and the 
break from looking at the computer. It reinvigorated them for the remainder of the 
workshops, and it provided them with a further social opportunity to cement the 
friendships and linkages which are the key to a functioning network.  The follow-up 
visits by project trainers to trainees in their home countries further provided an 
opportunity to link the modelling work with real on-ground measurements, experiments, 
and discussions. 
b.) Weaknesses in the project training methodology 
Process for selection of trainees. Whilst the overall process of selection of trainees was 
rigorous and free of interventions, one problem that did emerge was that in three of the 
participating SAARC countries, the call for applications was only issued to institutions 
directly affiliated with the research councils of those countries, and not more widely 
disseminated for instance to the university sector in those countries, resulting in a 
narrower field of suitable candidates. Also disappointing was the low level of 
applications of females (3 out of 51). In future, such calls need to be circulated more 
widely within SAARC Member Countries. Also, the focus of nomination was not 
directed to candidates who had an immediate application for modelling in their work 
schedules, rather people with an interest in modelling. In any future selection process, an 
alternative might be to target individuals who are already involved in cropping systems 
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initiatives or project, or who have an immediate requirement to use modelling in their 
research. This would facilitate the trainee spending time working on the model between 
workshops, and greatly enhance their development as competent modellers. 
Lack of institutional support. The apparent lack of institutional support in some cases 
indicates that perhaps the project team should have conducted a briefing to heads and 
research managers within those institutions once trainees had been identified, either 
before or immediately after workshops. This would have significantly increased project 
costs, but possibly would have led to a sanctioning by institutional heads of some trainees 
to allocate more quality time to continue their practice of modelling. To some extent we 
attempted this during the visits of team members to individual institutions as part of the 
technical support visits, but this was only partially successful. 
Lack of time and motivation to work on modelling outside workshops. Whereas trainees 
had been granted time to attend the workshops, in some cases there was no explicit 
allocation of time within their home institutions to work on improving modelling work 
and simulations between workshops. This resulted in trainees becoming distracted from 
their modelling efforts and losing focus between workshops. 
Evaluation of achievements in developing modeller network elements 
Changing attitudes or approaches to modelling within SAARC country NARS 
Institutions such as BARC (Bangladesh Agricultural Research Council) have 
demonstrated a new commitment to institutionalise modelling as part of their core 
business, no doubt influenced by this project and other associated modelling projects. In 
June 2012, BARC instigated the Bangladesh Agricultural Research Institute (BARI) and 
the Bangladesh Rice Research Institute (BRRI) to establish and support modelling teams, 
particularly for future climate change research. As part of this process, BARC has 
requested that modelling become a standard part of BRRI and BARI's annual program, 
and we understand that this will be supported by funds and resources through BARC. 
In India, modelling as core research activity is much more established, particularly in 
some of the Indian Council of Agricultural Research (ICAR) institutes (e.g. Central 
Research Institute for Dryland Agriculture (CRIDA), Project Directorate for Farming 
Systems Research (PDSFR)). In this case, exposure of trainees from these institutions to 
APSIM has strengthened the debate for the use of integrated systems research, 
contributing to the ICAR internal discussions to progress from the use of mere crop 
models to farming systems models. This has also triggered a request from PDFSR for 
assistance by CSIRO in training Indian modellers in farming systems modelling, 
currently under consideration by ICAR.  
Follow-up discussion with ICAR are exploring options to strengthen the linkages 
between Australian and Indian modelling activities under the umbrella of the new 
ACIAR –funded Sustainable and Resilient Farming Systems Initiative (SRFSI) in the 
Eastern Gangetic Plains, as well as with CIMMYT under the auspices of the Cereal 
Systems Initiative for South Asia (CSISA). 
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Establishment of physical network elements (such as on-line data-bases, support 
positions)  
On-line soils and climate database. One of the largest barriers for commonplace use of 
models by SAARC regional scientists is the lack of accessibility of model-suitable data 
on soils, crops and climates. This same issue was recognised a long time ago in Australia, 
leading to such valuable initiatives as: 
• the SILO climate resource (http://www.longpaddock.qld.gov.au/silo/) 
• the ASRIS soils database (http://www.asris.csiro.au/index_ie.html) 
• the APSOIL database (http://www.apsim.info/Products/APSoil.aspx)  
Modelling scientists can access model-ready data on soils and daily long-term climate for 
sites across the country from these websites. These resources make the data-sourcing task 
much easier for Australian modellers, but they have not always existed, having originally 
arisen from the same problems which now confront scientists wishing to use models in 
the SAARC countries. Given this history, an early initiative of this project was the 
establishement and initial population of a database for APSIM-ready information for 
locations throughout the SAARC countries – aimed to be easily accessible for regional 
modelling scientists, both current and future. In addition to model input data on soils, 
crops, and climate, the database stores complete validated APSIM simulations which can 
be used as examples by new users 
The project team has taken the initiative to collect and store quality data from the 
experimental fields of the trainees associated with the project. Despite the challenges 
associated with obtaining quality data, SAC has obtained sets of quality data (APSIM 
simulations, soil, climate) from experimental plots originating from the six SAARC 
countries (Bangladesh, Bhutan, India, Nepal, Pakistan and Sri Lanka), as well as IRRI 
datasets from South Asia. The data have been stored as a special SAARC component in 
the “APSIM-World” database. APSIM-World is a community driven portal to facilitate 
the sharing and distribution of APSIM simulations and related data 
(www.apsim.info/THESTACK ). It consists of two main components:- (i) a data 
management tool that allows to upload, download and management of data; and (ii) a 
Google earth interface that provides a geographical view of all data in the database. From 
this view one is able to focus in on a global region one is interested in and download data 
related to that specific site. New tools are being planned to be included in the future. 
Specific details on accessing and using this database are contained in Chapter 15. 
SAC will link the APSIM-World interface with its website so that users not only from 
SAARC countries but also from around the world may use the required datasets for their 
own parameterization, validation and simulations. Chapter 15 provides more detail on 
this initiative. 
Permanent modelling support and co-ordination of network and database.roadening the 
current mandate of SAC to include a SAARC-wide support role in farming systems 
analysis and modelling was seen to constitute a significant capacity building outcome of 
this project. This was seen as an opportunity to significantly boost the relevance and 
effectiveness of SAC in SAARC Member States, in turn strengthening SAARC's ability 
to foster regional cooperation. In order to build this capacity within SAC, the project 
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funded a dedicated project officer based within SAC (Dr Ibrahim Saiyed), who was 
trained to become the nodal point of contact for ongoing technical backstopping in 
modelling and future training of other scientists from SAARC Member States. In addition 
this resource person established, and is maintaining and expanding the APSIM-World 
database described above. 
For this arrangement to be effective in the long-term, it was clear that the SAARC 
Secretariat needed to continue supporting this position beyond the life of the current 
project, thereby broadening the scope of SAC activities and strengthening its institutional 
relevance within SAARC. This required a formal approval process within SAARC 
involving the SAC Governing Board, which met on 3-4 September 2012 and approved 
the appointment of a Senior Project Officer (NRM) for this purpose. SAC has appointed a 
new officer to the role in October 2013. 
Evidence that trainees have embarked upon roles as trainers themselves 
The Bangladesh trainees particularly have increased their in-country collaboration since 
the project conclusion, conducting their own in-country training session on APSIM for 
BRRI and BARI scientists in August 2013, completely unsupported by Australian project 
staff (apart from provision of materials). By all reports this workshop was very successful 
and another has been planned within the next 6 months. This success of the Bangladeshi 
trainees in moving into the role of “trainers” also reflects the contribution of another 
ACIAR project (Developing multi-scale adaptation strategies for farming communities in 
Cambodia, Laos, Bangladesh, India http://aciar.gov.au/project/ lwr/2008/019) where 
modelling training efforts were conducted and an effort to establish a “Bangladesh 
Modelling Group” was undertaken, bringing in up to 8 scientists over-and-above the 
Bangladesh SAARC trainees. This may illustrate the value of critical mass in a self-
sustaining regional modelling group. 
Conduction of smaller-scale workshops and supervision of students (Masters and PhD 
level) in modelling activities have also been undertaken by SAARC-Australia project 
trainees in Nepal, Pakistan, India, and Sri Lanka. 
Evidence that trainees are communicating and collaborating with each other in 
modelling efforts, beyond the project and support of the project training team. 
Trainees with long-term career aspirations in farming systems research have received 
further entry into the international modelling community via participation in a range of 
workshops and projects, additional to this project . Their participation in these initiatives 
resulted directly from their involvement in this SAARC-Australia project – it was the 
justification for their being selected as part of those further initiatives. This has 
doubtlessly resulted in consolidation of their confidence, extension of their modeller 
networks, and general increased capacity as model practitioners, as each of these 
additional projects/workshops. Examples of trainees and associated additional workshop 
activities are listed below: 
o AgMIP South Asia Regional Project: Dr Subash, Dr Choudhury, Dr Das, Dr 

Mohapatra (India); Dr Rajendra Darai (Nepal), Dr Sohela Ahkter (Bangladesh) as 
well as project trainer and post-doc Dr Balwinder Singh (see figure 16.3). 
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o APN Project on Developing Rice Modelling Capacity in South Asia (led by Professor 
Holger Meinke, University of Tasmania); Dr Puppala Vijaya Kumar (India); Dr 
Lalith Suriyagoda, Dr Laknath Peiris (Sri Lanka) 

o DSSAT model training initiative in Thailand. Dr Balwinder Singh. 
o Global Yield Gap Atlas Project (led by Prof Ken Cassman): Dr Balwinder Singh; Dr 

Subash 

 
Figure 16.3. South Asian regional AgMIP modelling team 2013, with SAARC-Australia 
project trainees circled in red. 

Discussion  
This project has created a fledgling network of 19 APSIM modellers from across the 
SAARC countries. Their experience, skills, modelling achievements, institutional 
support, and access to resources vary. However they have provided a test-case for 
evaluating interaction, cooperation, and communication issues within the future planned 
network. This is built on a strong spirit of collaboration and shared sense of purpose 
evident within the group.  First and foremost has been an endeavour to perform as a 
group of agricultural scientists who want to contribute to a future productive and 
sustainable world, and they see cropping systems modelling as one of the tools of their 
future work. It has become clear to the project trainers also that this group recognises the 
value of their small network, and the value of having other people with whom they can 
share their successes, problems, and ideas. This is the major supportive role which a 
network can offer to an isolated modeller – not leaving someone struggling with a 
modelling problem alone and trying to “re-invent the wheel” with their efforts.  
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The trainees and the trainers evaluated the training aspects of this project positively, 
however along with successful project elements, a range of areas for improvement were 
also identified. Evidence has also been presented in this chapter on progress in 
establishing several of the other key elements of a self-sustaining modeller network. We 
propose that this project has successfully built upon learnings from previous modeller 
training initiatives (SARP, Ten Berge 2000; CARMASAT, Carberry 2005) and 
established a base for which a truly sustainable network of APSIM modellers from the 
SAARC countries can develop. 
As this network grows, co-ordination and management of shared infrastructure and 
resources (for example, the APSIM-World database (chapter 15), together with the ability 
to link people with other people across the network with whom they may share common 
research interests or problems, or organise training workshops, distribute training 
materials or updates/news etc., becomes a critical aspect to plan and implement. 
Otherwise the risk is that all the good intentions in the world will result in an unworkable 
and fragmented collection of scientists who, despite sharing and collaborating well within 
project workshops, soon split off into their own worlds as project initiatives like this 
come to completion. For a modeller network in the SAARC countries, such a co-
ordination role is custom-made for the SAARC Agriculture Centre (SAC) and this project 
has established a modelling support and network coordination position within SAC. 
Several trainees from this project have subsequently become involved in other modelling 
networks in South Asia as a direct result of their involvement in this SAARC-Australia 
project (see previous section). 
Some of the trainees started this project without any prior exposure to modelling; others 
had limited experience. Some were experienced practitioners in hydrological and other 
types of models, yet beginners with cropping systems modelling. All of the trainees made 
significant progress throughout this project, regardless of their background, evidenced by 
the completion of their chapters in this SAC Monograph. From the perspective of 
individuals, this project has resulted in increased personal capacity as scientists, and 
opened up several new modelling opportunities for some trainees.  These include: 
1. Understanding of systems modelling philosophy 
• The concept of a “system” and the range of interacting processes in soils, 

atmosphere, and crops. 
• Importance of careful model calibration/parameterisation followed by model 

testing/validation before the model can be confidently used to answer “what if?” 
questions in scenario analysis.  

• The potential contribution of cropping systems models to agricultural research – not 
replacing experiments, but augmenting them by adding value and understanding, 
particularly in relation to climate-driven risk and climate change. 

• The philosophy of always questioning model outputs, never blindly accepting what 
the model says. 

2. Understanding model data needs and techniques for obtaining high quality data 
3. Framing research questions leading to scenario analysis 
4. Understanding of ways of presenting scenario analysis information and its limitations 
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Trainees have done more than just learn about these concepts – each one of them has 
investigated a research question related to water use efficiency in their home country, 
starting from first principles data collection for the model (soil/crop information, climate 
etc.), parameterised/calibrated APSIM for their home site, validated the model using 
either existing datasets or specially-collected field datasets, then envisaged research 
questions and used the model for scenario analysis to investigate the long-term 
characteristics of various scenario management options aimed at increasing water-use 
efficiency. This has been a comprehensive and challenging undertaking for all of the 
trainees – taking a research question from first-principles to final analysis using the 
APSIM model – and has resulted in significant personal and professional development as 
modellers for all trainees. 
A range of proposed network elements (figure 16.1) have been established by the project, 
creating a basis upon which to continue growth and development of the SAARC country 
modeller network 
Opportunities for improvement 
Changes to selection protocols for trainees. In future initiatives of this kind, it is 
recommended to investigate changes to selection protocols which would allow the 
targeting of younger scientists with an expressed desire to make cropping systems 
modelling a key component of their careers. Particular preference should be given to 
candidates who are already committed to project work with modelling deliverables, or 
who are already participants in other international modelling initiatives (such as AgMIP 
projects, for example). 
Treat the training like a course. It is recommended that future training initiatives design a 
training process built around assignments, testing, and marking. As discussed above in 
16.4.2, one of the major problems encountered was that trainees would make enthusiastic 
progress during the actual workshops, then return to their home institutions and set aside 
modelling activities until the next workshop. In future, we would dispense with the idea 
that the training consists primarily of 3 or 4 workshops, and replace it with the idea of a 
continuous “modelling course” in which trainees undertake regular assignments and 
testing, with associated marking. These on-line or emailed components would need to be 
supported by several workshops, but the emphasis would be placed on regular use of the 
model with progressive challenges, and an overall assessment (or mark) at the end of the 
training (as an incentive). The project team feels that this would overcome the sporadic 
nature of trainee modelling effort which occurred in the current project. 
Inclusion of university sector to establish the modeller “spawning grounds”. Following 
on from the point above, such a course-work approach to modeller training could align 
itself with the needs of universities and could be envisaged to constitute a future 
university-based modelling course – available at universities throughout the SAARC 
countries. From the perspective of a future self-sustaining modeller network within 
SAARC countries, such a university option would create the “spawning grounds” for 
future professional modellers. After leaving university, the young researcher would 
already be model-exposed and ready to join/participate in the active network of practicing 
modeller scientists. 
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Include master trainers from the current cohort as assistant trainers in the following 
cohort. We believe that subsequent cohorts in a modeller-training initiative like the 
SAARC-Australia project need to be linked by a system of master trainers who become 
part of the training team, based on the premise that the best way to really learn something 
is to try to teach it to someone else. It is proposed that the assistant trainer role effectively 
becomes part of the education process, further cementing the learnings from being a 
trainee. 
Establish an annual network conference. Finally, the project team believes there is a 
strong case for an annual focal point for all members of the network to meet, share 
experiences, and inspire each other. An Annual Conference is seen as a critical 
component of an evolving (and sustainable) modeller network for the SAARC countries, 
where scientists have the opportunity to tell others what modelling work they have been 
doing, hear about other’s experiences, gain new ideas, cement friendships and 
professional relationships, and plan future network activities and initiatives. The SAARC 
Agriculture Centre would be ideally placed to organise such an event, which would 
perform the essential role of keeping the network tied together and talking, as well as 
providing a gathering which all could look forward to. 

Conclusions 
Cropping systems models are key research tools for effective systems research. The 
historical use of cropping systems models in SAARC countries has been fragmented or 
absent, with little residual capacity to address many of the major agricultural challenges 
facing the region (climate change, adapting to changing water supplies etc). Worldwide, 
there is a documented history of successes and failures with cropping systems modelling 
groups – the demonstrated key factors for long-term success, growth, and sustainability 
of skills include (i) co-ordinated training; (ii) the creation and maintenance of a critical 
mass of networked practitioners and (iii) functional structures for sharing network 
resources (particularly model-related data – climate, soils, crops etc). This project offered 
Australia’s expertise in establishing and maintaining such networks to build capacity 
within SAARC agricultural research organisations to undertake more effective research 
using modelling-supported systems approaches to future food security and water use 
research issues.  
 In its two years duration, this project has been successful in laying the groundwork for a 
future functional network of cropping systems modellers in the SAARC countries. Key 
project achievements include: 
• Training the a cohort of 19 scientists from Bangladesh, Bhutan, India, Nepal, 

Pakistan and Sri Lanka in the use of the APSIM model; including field data 
collection requirements and techniques for high-quality model input and validation 
data. 

• Linking several of the trainees into wider on-going modelling initiatives in the 
region.  

• Establishment of an on-line modelling database for the SAARC countries, containing 
soil, crop, climate and a range of other key APSIM-model related data, linked with a 
Google-Earth interface and easily accessible by all current and future regional 
modellers (part of the wider global APSIM-World initiative). 
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• Incipient institutionalisation of a modelling support role within the SAARC 
Agriculture Centre to coordinate and support the growing network of modellers. 

• Improved visibility of modelling as a vital research discipline with SAARC country 
stakeholders and the national agricultural research organisations. 

• Obtained critical learnings on how best to conduct future training of this type in the 
SAARC countries 

• Production of this 200+ page SAC Monograph detailing learnings from the project 
and providing a repository of modelling results obtained by trainees during the 
project. 

Evidence from a range of sources has been presented in this chapter to highlight 
successes of this project and also things which could have been done better, in the hope 
that similar future initiatives might build on the lessons learnt in this project. 
Beyond the capacity building impact this project has achieved, in the medium to long 
term the main envisaged pathway to community and policy impacts is the assumption 
that use of modelling to underpin experimentally based choices of improved crop water 
and nutrient management options will shorten the time required to evaluate promising 
techniques, as modelling will allow a more rapid temporal and spatial extrapolation of 
feasible technology. This should in turn shorten the time to dissemination and impact, as 
well as fostering a more efficient and effective deployment of resources used in 
agricultural research. 
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Introduction 
A major challenge facing South Asian countries is to continue to provide sufficient and 
affordable food for their growing populations. In the last decade, water scarcity has risen 
to the forefront of the debate on emerging threats to future food production. Large areas 
of South Asia are regarded as either already experiencing physical water scarcity or 
affected by economic water scarcity (Comprehensive Assessment of Water Management 
in Agriculture, 2007). Physical water scarcity occurs when there is not enough water to 
meet all demands, including environmental flows. Economic water scarcity is caused by a 
lack of investment or a lack of human capacity to meet water demands. The causes of 
physical water scarcity are diverse and location-specific, but include decreasing 
availability (e.g., falling groundwater tables, silting of reservoirs), decreasing quality 
(e.g., chemical pollution, salinization), malfunctioning irrigation systems, and increased 
competition from other sectors such as urban and industrial users. Concern about water 
scarcity has intensified research into policy options for alleviating the impending water 
crisis (e.g. Rosegrant et al., 2002; Comprehensive Assessment of Water Management in 
Agriculture, 2007), as well as spurning research into a wide range of practical options to 
save water at the field or farm level (e.g. laser land levelling, alternate wetting and drying 
water management for rice, dry seeded rice, planting date, zero tillage, mulching etc. 
Humphreys et al., 2010; Sudhir-Yadav et al., 2012).  
Even in some of the wetter rice environments in South Asia (e.g. northeast India, Sri 
Lanka, Bangladesh), water scarcity is an important constraint to crop productivity 
because of erratic and uneven rainfall distribution affecting timeliness of rice crop 
establishment, and resulting in dry spells during the monsoon season and terminal 
drought stress. This is the situation in vast areas where farmers are solely or largely 
dependent on rainfall for the rice crop. Furthermore, the rainy season is followed by a dry 
season of several months during which there is little to no rainfall.  
Where irrigation is available, a wide range of technologies are available to reduce 
irrigation input and increase irrigation water productivity, of both rice and non-rice crops, 
without sacrificing yield. However, these must go together with optimum crop 
management to maximise irrigation water productivity and yield. Nitrogen is normally 
the most limiting nutrient to yield (Gregory et al., 2008), except in extremely harsh 
environments due to limitations such as water scarcity or problem soils (e.g. sodic and 
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acid sulphate soils). However, nitrogen transformations and transport in soil are very 
dynamic, and greatly affected by soil water status (Buresh et al., 2008). Water 
management can greatly influence losses of fertiliser nitrogen applied to soil and the 
efficiency with which it is used. In rainfed situations the response to nitrogen will depend 
greatly on the incidence and amount of rain and its effects on water deficit stress and 
nitrogen losses. 
Farm level research into water savings and improved crop and nutrient management has 
been largely experimentally based, and while it has generated numerous 
recommendations and technology options (Humphreys et al., 2010), in many cases the 
short-term nature of the underlying experimental work has not been able to fully assess 
the impact of climate variability on the long-term feasibility of many of the new 
technologies proposed. Neither is it possible to experimentally determine the many 
possible combinations of crop, water and varietal interactions, nor to quantify impacts on 
important components of the water balance such as deep drainage and evapotranspiration 
(ET). This usually requires some form of modelling to extrapolate short term results 
across longer climate sequences and to expand the envelope of treatment combinations. 
Compared with the large number of published papers assessing water savings based on 
experimental work, papers presenting results of modelling are far fewer. However, more 
recently modelling studies for South Asian (mostly northwest India) crops and cropping 
systems are becoming more common (e.g. Jalota and Arora, 2002; Arora, 2006; Das et 
al., 2007; Jalota et al., 2009; Sudhir-Yadav et al., 2011; Carberry et al., 2011). 
This report presents the results of the 11 modelling case studies for cropping systems 
(mostly rice-based) across a wide range of environments, irrigated and rainfed, in 6 South 
Asian countries. The work was conducted as part of the SAARC-Australia project for 
building capacity in cropping systems modelling in South Asia. In this chapter we 
attempt to extract some general insights into the progress in model parameterisation, and 
the results of the model calibration and simulations, and possible implications for future 
research and choice of technologies likely to be pursued for future extension to 
farmers.Evaluation of the performance of APSIM-Oryza 
The performance of a model depends on a range of factors. The most important ones 
include: 
1. Skill of the modeller and knowledge about the agriculture system 
2. Quality and completeness of the input data 
3. Ability of the model to represent the key processes being modelled, and their 

interactions. 
All three factors to varying degrees affected the quality of the modelling performed in the 
10 case studies of this project. The ability of trainees to parameterize the model, to query 
it and to run the simulations varied quite widely, reflecting a range of disciplinary 
backgrounds, whether trainees had already been exposed to modelling before joining the 
project, and the amount of time they were able to dedicate to learning and using APSIM. 
Some of these aspects are discussed in greater detail in previous chapters of this 
monograph. In the following we will reflect more on issues regarding data and process 
representation within the model. 
The quality and completeness of the data showed significant variation (Table 17.1). In 
terms of length of the climate record, only four cases had datasets that were in excess of 
20 years (case studies 1, 3, 5, 7 and 11), the length generally recommended to ensure long 
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term climate variability is fully captured. In four cases, the climate datasets were 
probably too short (case studies 2, 4, 8 and 10) to be able to come to fully conclusive 
results. Only one dataset provided radiation rather than sunshine hours, while in the case 
of the Bhutan and Nepal datasets (2, 8 in Table 17.1), no climate data representing the 
case study location could be sourced. In these cases, data from other sources (e.g. NOAA 
- National Oceanic and Atmospheric Administration) had to be used. In summary, 
obtaining good long-term climate datasets still presents a constraint to modelling location 
specific conditions in South Asia. However, collaborating trainees were exposed to, and 
in some cases equipped, with low cost radiation and temperature sensors and trained in 
their use. It is now possible to set up comparatively low cost climate stations for about 
1000 USD that can automatically record all the climate variables required for APSIM.  
The completeness of soil data, in particular critical parameters such as the Drained Upper 
Limit (DUL) and the Crop Lower Limit (CLL) was only partial at best. Of the 11 case 
studies, only four had complete soil datasets (1, 3, 5 and 11 in Table 1), including some 
NO3 and NH4 as well as soil moisture measurements during the crop growth cycle (not 
shown). If texture, or preferably particle size distribution, and bulk density are known, 
DUL and CLL can be estimated using pedotransfer functions (e.g. Saxton et al., 1986; 
Saxton and Rawls, 2006; Adhikary et al., 2008), which was the approach take in some of 
the cases. Alternatively, soil parameters can be found by homology, i.e. texture, soil 
carbon and bulk density data allowing for the identification and use of homologous soil 
profile data obtained from other sites where the same key parameters are known. This 
was also done in a few cases (case studies 2 and 8: inference from similarly textured 
soils; case studies 4, 6, 7, 9 and 10: estimated from particle size distribution and use of 
pedotransfer functions), but to ensure plausible values are used for parameterisation does 
require a solid background or experience in soil hydrology and significant modelling 
skill. 
The lack of soil physical and soil hydraulic properties was recognised as a significant gap 
early within the project life, so more emphasis was placed on training in methods of data 
collection, as well as supplying some of the collaborating trainees with sampling and 
monitoring equipment. In some cases this allowed for the necessary soil data to be 
obtained during the project life (e.g. cases studies 3, 6, 11). However, it is clear from 
Table 1 that the lack of adequate and complete soil characterisation (DUL, CLL) and soil 
monitoring data (soil moisture, soil N) can be expected as a major impediment to other 
researchers adopting and applying APSIM (or many other models for that matter). More 
emphasis must be placed on designing and implementing soil sampling and monitoring 
regimes in current and future long term experimental trials to ensure these valuable sites 
can also be also used for future modelling purposes. For example, following exposure to 
APSIM, the IRRI CSISA team was able to identify critical datasets in some of the long 
term CSISA experimental sites that were missing and subsequently have established 
sampling regimes to close those gaps. 
By comparison, crop data tended to be the most complete. In all cases, there was 
sufficient phenology data to adequately parameterise the rice crop module (Oryza), and 
as a result, the project has generated a catalogue of crop development stage parameters 
for a broad range of rice varieties in South Asia, that is being made available in the web-
based database (APSIM World) being developed and to be hosted on the SAC webpage. 
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Table 17.1: Summary data characteristics of case study modelled and level of confidence in parameterisation. 

Climate data Soils data Crop data Level of confidence in parameterisation Reference / case 
study no. 

RF years Radiation Texture/PSD BD DUL CLL PWP Biomass Yield Phenology  

1. Akhter et al. 31 Sunshine hrs PSD Y Y Y Y Y Y 4 stages High, due to completeness of local dataset 

2. Rai 8 No local data Texture N N N N Y Y 3 stages 
Moderate; carry over effects reduced ability to 
run long-term simulation; requires better soils 
data to improve  

3. Choudhury et al. 24 Radiation PSD Y Y Y Y Y Y 5 stages High, due to good local data and model 
validated on an independent dataset 

4. Kumar et al. 11 Sunshine hrs PSD Y N N N Y Y 4 stages Moderate to high; parameterisation largely on 
basis of phenology 

5. Balwinder-Singh 
et al. 40 Sunshine hrs PSD Y Y Y Y Y Y 3 stages High, due to completeness of local data  

6. Subash et al. 17 Sunshine hrs PSD Y Y N Y Y Y 3 stages High, due to good local data 

7. Sena et al. 21 Sunshine hrs PSD Y N N N Y Y 5 stages Moderate; requires better soils data to improve 

8. Darai et al. 12 No local data Texture N N N N Y Y 2 stages Moderate; requires better soils data to improve 

9. Ahmad et al. 18 Sunshine hrs PSD Y N N N Y Y  2 stages 
Moderate to high; crop parameterisation was 
good, but lack of soil data constrained fully 
capturing irrigation 

10. Suriyagoda & 
Peiris 7 Sunshine hrs Texture Y Y N Y Y Y 5 stages High, due to good local data 

11. Rathnayake & 
Malaviarachchci 30 Sunshine hrs PSD Y Y Y Y Y Y 4 stages High, due to good local data 

RF = rainfall; PSD = particle size distribution; DB = bulk density; DUL = drained upper limit (field capacity); CLL = crop lower limit; PWP = permanent 
wilting point 
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A significant outcome of the modeling summarised in this monograph is that overall, 
ASPIM-Oryza was able to be parameterised with sufficient degrees of confidence and 
that the model was able to reproduce cropping system dynamics with a reasonable, and in 
some cases, high to very high degree of reliability (Table 17.1). This is the first time that 
APSIM-Oryza has been so extensively tested beyond the original validation datasets used 
by Gaydon et al. (2012a; 2012b). In fact, Table 1 tends to indicate that the quality of the 
parameterisation seems to have been more directly affected by the completeness of the 
datasets rather than the model not performing due to an inability to properly represent a 
particular process. 
Despite this very encouraging result that significantly strengthens our view that APSIM-
Oryza can now be widely used to simulate rice-based cropping systems under a wide 
range of environmental and management conditions in South Asia, our work has 
identified some shortcomings that will require refinements or modifications to be 
undertaken to a few of APSIM’s modules (in addition to suggestions made by Balwinder-
Singh et al., 2011). These shortcomings are already earmarked for improvement and 
include aspects such as: 
• Simulation of soil cracking in AWD water management systems, and capturing the 

subsequent temporarily high rate of water use upon re-flooding; capturing the 
differences between puddled transplanted rice systems and dry-seeded, non-puddled 
system behaviour. Better capturing the percolation rate dynamics during ponded soil 
periods 

• Conversion from conventional tillage systems to reduced and zero tillage systems and 
simulating dynamics of soil physical properties 

• Changing APSIM soil water-holding parameters transiently after tillage. Changing 
soil hydraulic properties in wheat when grown after by puddled (soil with a low 
permeable soil layer) transplanted rice in continuous rice –wheat system. This low 
permeability slowly diminishes during the rice growth period due to root growth and 
is less effective at wheat sowing. 

• Improving APSIM-Wheat phenology modelling under mulched systems (Balwinder-
Singh et al., 2011). 

• Effect of soil moisture, temperature etc on rice emergence in direct seeded crop 
• Excluding nursery time from the simulation period in case of fitting three crops in 

triple cropping system 
• Including dynamics of root growth and water extraction factors for aerobic rice 
• Simulating phosphorous dynamics for rice crop 
• Simulating soil matric potential 
• Improving the response of rice phenology to stresses such as water and nitrogen 

deficit 
The ability to make such improvements will require collection of comprehensive data 
sets, especially in relation to soil physical properties. 
Overall, based on the results presented in Table 1, we conclude that the parameterisation 
performed in at least half of the case studies (1, 3, 5, 6, 10 and 11) was of a good to high 
standard, so that the scenario analyses resulting from these case studies and discussed in 
the following section can be regarded with a some degree of confidence. 
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Synthesis of the scenario analysis results 
The results of the scenario analyses conducted in the 10 case studies are summarised in 
Table 2. The scenarios tested can be grouped into the following four topics:  
1. Improving irrigation efficiency (case studies 1, 5, 6, 7, 9) 
2. Optimising planting dates (case studies 3, 4, 5, 7, 11) 
3. Performance of varieties over a wide range of weather conditions (case studies 2, 11) 
4. Optimisation of N fertilisation regimes (case studies 3, 8, 10) 
The two case studies that explored the feasibility of reducing the amount of irrigation 
water applied to rice crops in the western part of the IGP (5, 6 in Table 2) came up with 
quite contrasting results. In the case of the Modipuram site (6), reductions in irrigation 
water, while increasing water productivity, came at the cost of yield, with increased yield 
penalties which increased as the irrigation interval increased. In this case therefore it is 
likely that farmers would be confronted with a typical trade-off decision, making 
adoption trickier. However, the substantial reduction in yield in switching from 
continuous flooding to alternate wetting and drying with a 2-day interval (2 AWD) is in 
contrast with the case study 5 which was on similar soil type, where rice yield was 
maintained up to 4-days interval with about 50% saving irrigation water as compared to 
continuous flooding. Similar findings were reported from many experiments and other 
modelling studies in the region (Humphreys et al. 2010). Based on such findings, a 2 - 3 
day interval (after the floodwater has dissipated) is the generally accepted 
recommendation across the IGP. It appears that further model parameterisation and/or 
adjustments of the simulation rules are needed in case study 6 to ensure that the model 
simulations more closely reflect observations in relation to AWD interval. Furthermore, 
the amount of irrigation water applied to 2 AWD (1,000-2,000 mm) was well in excess of 
that required to meet both ET and net evaporative demand (ET-rain).  
In the case of the Gazipur site in Bangladesh (1), small reductions in irrigation water 
supply did not lead to any significant effects on yields (further modelling should explore 
by how much more irrigation input can be reduced before triggering yield losses). In this 
case it appears that the irrigation of boro was occurring within a ‘luxury’ regime (12-14 
irrigations of 100 mm, compared with evaporative demand of about 600 – 700 mm, on a 
soil with low hydraulic conductivity). The results suggest that there is significant scope 
for irrigation water savings in boro (e.g. through AWD), necessitating further back-up by 
experimental work on irrigation regimes in boro, or at least, a renewed assessment of 
already existing results emanating from experimental work on irrigation efficiency. 
Achieving irrigation water savings is very attractive to farmers paying for the cost of the 
amount of water used (or the energy used to pump the water) provided that there is no 
yield loss. However the other important question is whether a reduction in irrigation 
water input leads to a reduction in water depletion from the region (i.e. a real water 
saving). To help answer this question, analysis of the other components of the water 
balance (ET, drainage, runoff, changes in water stored in the root zone) is also 
recommended for future work. 
The two case studies evaluating planting dates came to quite clear conclusions in terms of 
optimum sowing or planting dates for the varieties tested. In north west India the 
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optimum transplanting date for reducing irrigation water requirement was mid June (11 
and 21 June), due to lower evaporative demand and higher crop season rainfall than for 
other transplanting dates. The findings of decline in yield in eastern India as transplanting 
date was delayed beyond 10 June were consistent with the experimental results of 
findings from north west India (Humphreys et al. 2010), apart from the dramatic decline 
in yield between 10 and 20 June plantings. Further delving into the model outputs to 
understand the reasons may provide some useful insights. A likely explanation is the fact 
that the rice was only irrigated 5 days after ponding ceased (5 AWD), so it is possible that 
later plantings suffered more from terminal drought stress following the end of the 
monsoon rain. Another important finding was the decline in irrigation water productivity 
as transplanting date was delayed. However, the availability of water for irrigation in 
eastern India prior to the start of the monsoon is poor (canal water is not yet available, 
few farmers have access to groundwater and most can’t afford the cost of pumping). 
Therefore most farmers currently have no choice but to delay sowing their seedbeds until 
after the rains start, meaning that transplanting is delayed well beyond the optimum date. 
This case study points to the potential of model simulations to help inform policy makers 
about the value of investment in irrigation to increase rice production – based on this 
study yields could be doubled by enabling farmers to plant at the optimum time. The 
decline in yield of rainfed rice in Sri Lanka as varietal duration decreased, even when 
sown at the optimum time for each variety, was also consistent with observed lower yield 
of shorter duration varieties.  
In both cases, the value of the scenario analysis is not so much in defining the optimum 
sowing date or choice of variety per se (which can be done fairly easily using classical 
experimental approaches), but that the combination of trial data and modelling could 
allow for a substantial shortening of the trial duration, allowing resources to be re-
allocated to other experiments, because recommendations can be made sooner and on-
farm testing or demonstrations commenced earlier. This in turn potentially enables the 
time to adoption to be significantly reduced. This is largely due to the fact that the use of 
a crop model provides the ability to analyse the options for the wide range of rainfall 
variability – in terms of yield, and also in terms of irrigation requirement and water 
productivity where available. 
In some cases scenarios spanned two of the above topics, allowing interactions to be 
explored (planting date x N rate interactions, case study 3; irrigation scheduling x 
planting date, case studies 5 and 7; sowing date x variety interactions, case study 11). 
These are examples that more clearly demonstrate the power of modelling, as the 
permutations of treatment interactions generated often will quickly exceed experimental 
possibilities. In all cases, the modelling has pointed to clear thresholds, helped understand 
interactions and point to opportunities for synergies. For instance, in the work done by 
Choudhury et al. (Table 17.2), the results led the trainees to conclude that early planting 
in conjunction with moderate levels of N fertilisation (60 kg/ha) will most likely achieve 
the highest yields in the long term. Apart from the fact that the question asked in the 
above scenario analysis requires a complex multi-factorial experiment design, without a 
lot of additional data, it would be very difficult to unravel the causes for declining yields 
with later planting dates and to understand how rainfall x soil N dynamics interact to 
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affect yield. However, in this case, a broad spectrum of model output was used to query 
the underlying processes leading to decreases in rice yields at late planting. This made it 
possible to clearly demonstrate that there is a better match between crop growth and the 
prevailing rainfall and radiation patterns when crops are sown at the earlier end of current 
farmer practice. The analysis also indicated that rainfall and radiation regimes had a 
greater influence on crop performance than N fertilisation, because the soils in this 
location have a high organic matter and nitrogen status. 

Table 172: Overview of the cropping system case studies modelled: characteristics, 
scenarios tested and key findings of the scenarios analysed 

Reference Location Climate Soil type 
Cropping 
system 
modelled 

Scenarios 
tested Objective  Outcome 

1. Akhter et 
al. 

Gazipur, 
Banglade
sh 

Monsoonal, 
with average 
yearly 
rainfall of 
2125 mm 

Alluvial, 
silty clay 

Triple rice 
(T. Aus - 
T. Aman - 
Boro) 

Reduced 
number of 
irrigations in 
Boro and T. 
Aus. 

To assess 
whether 
reduced 
irrigation 
results in water 
savings without 
affecting yield. 

Reducing irrigation from 
1400 to 1200 mm in Boro 
did not affect yield, but 
significantly increased 
irrigation WP and gross 
margins. 

2. Rai Bhur, 
Bhutan 

Monsoonal, 
with average 
yearly 
rainfall of 
4000 mm 

Acid 
sandy 
loam 

Rice - 
fallow 
(non-
irrigated) 

Compared 
three 
improved 
IRRI 
varieties 
against local 
variety. 

To assess 
whether 
improved 
varieties 
outperform 
local variety 
w.r.t drought 
tolerance. 

IRRI RC68 has the 
potential to yield 
significantly higher. There 
was little difference 
between the local variety 
Kamja and the other two 
IRRI varieties (IR72 and 
IR780). 

3. 
Choudhury 
et al. 

Meghalay
a, North-
Eastern 
Hills 
Tract, 
India 

Monsoonal, 
with average 
yearly 
rainfall of 
2450 mm 

Acid 
sandy 
loam 

Rice - 
fallow 
(non-
irrigated) 

Compared 
interactions 
of three 
planting 
dates with 
three N rates.

To determine 
optimum plant 
and N 
fertilisation 
rates. 

Late planting (21 July) 
generally resulted in yield 
penalties, irrespective of N 
rate. Optimum N rate was 
60 kg/ha, as the marginal 
increase from 60 kg/ha to 
90 kg/ha N did not result in 
significant additional yield 
gains. 

4. Kumar et 
al. 

Faizabad, 
Uttar 
Pradesh, 
India 

Monsoonal, 
with average 
yearly 
rainfall of 
920 mm 

Alluvial, 
silt loam 

Irrigated 
rice -
wheat 

Varied 6 
planting 
dates of rice 
from early 
(10 June) to 
late (30 July).

To assess the 
effect of 
planting dates 
on yield and 
WP of irrigated 
rice. 

Early planting predicted 
significantly higher yields 
(by about 1 to 1.5 t/ha) 
compared to more 
traditional July planting 
dates, as well as indicating 
a much higher irrigation 
WP. 

5. 
Balwinder-
Singh et al. 

Ludhiana, 
Punjab, 
India 

Monsoonal 
with average 
yearly 
rainfall of 
734 mm 

Alluvial, 
sandy 
loam 

Irrigated 
rice-wheat

Varied 
sowing dates 
for mulched 
and 
conventional 
tilled wheat 
in 
conjunction 
with different 
rice 

To find out 
optimum 
sowing and 
transplanting 
date of wheat 
and rice and to 
study the 
interactions 
between rice 
irrigation and 

Optimum sowing date for 
wheat is early November 
for high water productivity, 
while optimum 
transplanting date is mid-
June to get high irrigation 
water productivity in rice. 
Rice-wheat system water 
productivity can be 
increased by following 4-d 
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Reference Location Climate Soil type 
Cropping 
system 
modelled 

Scenarios 
tested Objective  Outcome 

transplanting 
date.  
 

wheat 
irrigation.  

rice irrigation schedule and 
followed by mulching 
wheat. 

6. Subash et 
al. 

Modipura
m, Uttar 
Pradesh, 
India 

Monsoonal, 
with average 
yearly 
rainfall of 
747 mm 

Alluvial, 
sandy 
loam 

Irrigated 
rice -
wheat 

Compared 
different 
AWD 
irrigation 
regimes in 
rice and 
reduced 
number of 
irrigations in 
wheat to 
conventional 
irrigation. 

To assess the 
irrigation 
thresholds that 
optimise WP at 
acceptable yield 
penalties. 

Shifting from CF to various 
AWD regimes in rice and 
reduction of irrigations in 
wheat is predicted to 
significantly decrease 
yields. In some cases these 
yield losses generated only 
marginal irrigation water 
savings. 

7. Sena et al. 
Karnal, 
Haryana, 
India 

Monsoonal, 
with average 
yearly 
rainfall of 
675 mm 

Silty 
loam, 
sodic  

Irrigated 
rice 

Compared 
different 
planting 
dates and 
three 
different 
irrigation 
regimes for 
puddled rice 

To determine 
optimum 
planting dates 
under AWD 
irrigation 
regime  

Transplanting medium 
duration non aromatic rice 
in first week in July and 
applying irrigation 2 days 
after receding of ponded 
water could maintain 
optimum yield and sustain 
water resources. 

8. Darai et al. 
Nepalgun
j, Terai, 
Nepal 

Monsoonal, 
with yearly 
rainfall of 
1000 - 1500 
mm 

Sandy 
loam 

Partially 
irrigated 
rice - 
wheat 

Compared 
effect of 
inorganic and 
organic 
fertilisers on 
yields of rice 
and wheat. 

To determine 
optimum long 
term 
fertilisation 
regimes for rice 
and wheat. 

Rice and wheat yields were 
predicted to respond 
positively with increasing 
N from 50 to 100 kg/ha or 
in the 10t FYM treatment, 
although effect in rice was 
only marginal. WUE is also 
likely to increase with 
higher N. 

9. Ahmad et 
al. 

Islamaba
d, 
Pakistan 

Monsoonal, 
with some 
winter 
rainfall 

Silt loam 
to loam 

Irrigated 
wheat 

Compared 
three 
sprinkler 
irrigation 
options 
against 
rainfed 
wheat. 

To determine 
optimum 
sprinkler 
irrigation 
regime in 
maximising 
wheat yield. 

Irrigation increases 
probability of attaining 
higher wheat yields by 
about 1 t/ha. Differences 
between sprinkler regimes 
were marginal, suggesting 
that the 60% of crop water 
requirement irrigation level 
is sufficient. 

10. 
Suriyagoda 
& Peiris 

Maha-
Illuppalla
ma, Sri 
Lanka 

Monsoonal, 
low-county 
dry zone 

Loamy, 
Reddish 
Brown 
Earth 

Irrigated 
rice 

Reduced N 
top-dressing 
by 25 - 
100%, in the 
presence or 
absence of 
organic 
matter 
additions. 

To determine 
thresholds for 
reduction in N 
rates that do not 
affect rice 
yield. 

Without organic matter 
additions to the soil, similar 
rice yields could still be 
achieved at 25 and 50% 
reduction of N rates. With 
organic matter addition, it 
may be possible to achieve 
a 75% reduction of N top-
dressing without yield 
penalty. 
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Reference Location Climate Soil type 
Cropping 
system 
modelled 

Scenarios 
tested Objective  Outcome 

11. 
Rathnayake 
& 
Malaviarachc
hci 

Batalago
da, Sri 
Lanka 

Monsoonal, 
low-country 
intermediate
zone 

Sandy 
loam, Red 
Yellow 
Podsolic 

Rainfed 
direct-
seeded 
rice 

Compared 
interactions 
of 18 sowing 
dates with 
three medium 
to short 
duration rice 
varieties. 

To determine 
optimum 
sowing dates 
for three rice 
varieties 
(Bg366, Bg300, 
Bg250). 

Irrespective of planting 
date, the shorter duration 
varieties indicated 
significant drops in yield 
ranging from 1 -2 t/ha. 
Optimum planting dates 
ranged from early October 
(long duration), 2nd week 
October (medium) and mid-
late October (short 
duration). 

AWD = alternate wetting and drying; WP = water productivity; WUE = water use efficiency 

Case study 5 studied rice irrigation and wheat irrigation interactions under mulch and 
non-mulch conditions. Wheat irrigation water input was reduced with surface retention of 
rice residues provided that the rice was irrigated sufficiently to maintain yield 
(continuously flooded, 2-d, 4-d interval irrigation), leaving a fairly full profile at the time 
of rice harvest. Total rice-wheat system yield was maximised with rice irrigated using 4-d 
scheduling and mulched wheat, and with higher irrigation water productivity than for 
continuous flooding and 2-d interval rice irrigation scheduling. 

Conclusions and recommendations 
The evaluation of the performance of the APSIM-Oryza model and the synoptic 
reflections on the results of the scenario analyses allows for the following main 
conclusions and recommendations. 
1. Data gaps that preclude a location-specific parameterisation of cropping systems 

models were, and are likely to continue to be a constraint to modelling. This is 
particularly true of certain climate parameters (radiation), soil characteristics (DUL, 
CLL) and soil dynamics (soil moisture regime, N dynamics). 
Recommendation: Soil, climate and crop data acquisition regimes that fulfil 
minimum data requirements for models need to be designed into future major long 
term experimental trials, and where feasible, implemented with existing trials (e.g. 
CSISA platform trials). 

2. Overall, APSIM-Oryza performed satisfactorily and can be confidently 
recommended as a model to simulate rice-based cropping systems in South Asia. 
The level of confidence in modelled outputs is more related to the quality of input 
data and the parameterisation skills of the modeller than to shortcomings in process 
representation within the model. However, a number of gaps were identified and 
there is scope for improvement. 
Recommendation: The APSIM-Oryza developers should consider implementing the 
identified model improvements specified in earlier in this chapter: 
• Simulation of soil hydrologic dynamics in AWD water management systems 
• Conversion from conventional tillage systems to reduced and zero systems  
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• Changing APSIM soil water-holding parameters transiently after tillage 
• Improving APSIM-Wheat phenology modelling under mulched systems and 

under abiotic stress situations 
• Effect of soil moisture, temperature etc on rice emergence in direct seeded crop 
• Including dynamics of root growth and water extraction factors for aerobic rice 
• Simulating phosphorous dynamics for rice crop 

3. The results of the scenario analyses point to a range of benefits than can be achieved 
when modeling is used as a complementary tool to experimental approaches. On the 
one hand, modelling can shorten the duration of trials designed to determine 
optimum planting dates or to select varieties, as well-parameterised models will to 
able to more effectively extrapolate crop performance over a range of seasonal and 
climate conditions. On the other hand, when used as a learning tool to query and 
explore causes for crop responses, modelling can help generate deeper process 
understanding, particularly in more complex water-nutrient-crop system interactions. 
This to some degree obviates the need for complex trials to test interactions, while 
still placing conclusions and recommendations for improved practices on a sounder 
theoretical base. 
Recommendation: NARs should increasingly couple modelling approaches with 
experimental approaches to shorten trial duration and complexity, to reducing costs 
and freeing up research funds that could be deployed elsewhere. Shortening of trial 
duration also accelerates the time to market or adoption f new technologies. 
Recommendation: Further in-depth training should be provided to modellers so that 
they acquire the necessary skills to fully capitalise on model capability in querying 
and exploring more complex systems interactions. The net effect should result in 
efficiency gains in the research process. 

4. The scenario analyses to date have largely focussed on a limited range of 
management factors for individual crops within a cropping system. How each crop 
in the system is managed may affect the performance of other crops in the system. 
This is especially likely to be the case when changing rice establishment method 
from puddling and transplanting to dry seeding, and with the introduction of 
conservation agriculture (reduced tillage, residue retention, suitable crop rotation). 
Recommendation: Once adequate data sets and sufficient expertise is developed, 
whole system analysis is needed to identify optimal crop combinations and 
management depending on resource availability (especially water) and local 
priorities of farmers, resource managers and policy makers. 
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