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0 Aims 

0 

To utilise the Cotton Research Unit (CRU) and the Agricultural Production Systems 
Research Unit (APSRU) modelling capabilities to identify where and how cotton 
management · can be improved and to deliver these outcomes to the cotton industry. 
Specific objectives will be to: 

. • to utilise the total modelling capacity of CRU (CERCOT) and APSRU (APSIM) to 
undertake a risk analysis study, for each cotton region, to provide information for better 
agronomic management, especially addressing the issues of soil fertility, nitrogen 
application, sowing date effects, use of limited irrigation water, varietal selection and 
row configuration 

•. to demonstrate the value of linking crop and soil monitoring with the predictive capability 
of a cropping systems model (APSIM) to make better decisions regarding planting 
options (crops), timing and fertiliser input requirements 

• to assist with development and validation of stable parameters to quantify differences 
between cotton varieties and incorporate these into CERCOT, to allow the model to 
accurately reflect varietal differences in performance and enhance the value of 
predictions 

• to involve industry in developing and implementing mechanisms for delivery of 
simulation outcomes and to provide access to information from this project for 
evaluation. 

Background 

The problems: 
The consequences for profitability of many of the strategic decisions that growers and 
consultants make are being amplified by chronic water shortage within the main irrigated 
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cotton valleys over recent years. Margins have been reduced and every bale possible 
must be squeezed out of the resources that are available in any one season. For the 
increasing proportion of the industry facing severe shortages of water, important decisions 
include: how to best utilise limited irrigated water supplies, how much to plant, when to 
sow, what variety to sow (short or long season) and so on. As cotton has captured the 
attention of many farmers in the traditional dryland grain cropping regions of northern 
Australia, the above decisions, as well as the decision about which crop to plant, are 
relevant. Most of these decisions involve risk and many of the factors involved are 
unknown, eg when will it rain? In many of these situations, history can serve as our best 
guide to the potential risks or benefits of a particular strategy. This knowledge can be 
tempered with local information to provide a basis for making informed decisions with a 
reasonable understanding of the risks and benefits. The use of crop models is an ideal and 
often the only way to address these sorts of issues. 

The Cotton Research Unit has considerable expertise in modelling and in the agronomy of 
cotton and over the years it has developed. first, the OZCOT cotton simulation model and 
more recently the CERCOT crop model. Both OZCOT and CERCOT provides a useful and 
very powerful tool for obtaining a long term historical perspective for specific problems in 
cotton production. Given weather infonnation, basic soil physical and chemical 
characteristics, and a set of agronomic inputs the model can be used to detennine 
potential yield for each year of weather data. The Agricultural Production Systems 
Research Unit (APSRU) was established to assist in improving the production efficiency, 
risk management, and sustainability of the dryland farming systems of northern Australia. 
APSRU's core expertise and research technology is in crop and soil management and in 
the computer simulation of crop production systems. The APSRU model is called APSIM 

' (Agricultural Production Systems Simulator) and it has the capability to simulate many 
aspects of the cropping system, including a range of crops grown in rotation or with 
fallows. The cotton module in APSIM is the OZCOT model developed by CSIRO Cotton 
Research Unit at Narrabri. 

Industry Significance 

This collaborative project between the CRU and APSRU used models to provide access ) 
to infonnation regarding the benefits and risks of crop and agronomic decisions, of critical 
value to the cotton industry, that would not otherwise be available. Furthermore, it 
considered the value of different approaches to ensure effective extension of this 
infonnation to industry. This information has led to examples of better, more informed 
decision-making on-farm aimed at reducing risk and increasing profitability and 
sustainability. Specific points of significance are expanded on below: 

a) risk analyses were conducted using the. OZCOT crop simulation model and APSIM 
farming systems model to explore options and provide information to the cotton 
industry for existing and new regions on five key issues; cotton production with limited 
water, the effect of sowing date on yield potential, the optimal use of nitrogen fertiliser, 
the impact of row spacing and varietal selection. Application of crop models was an 
efficient means for this information to be made available to the cotton industry. 
Outcomes were presented in a form where growers, consultants and industry 
development officers were able to easily assess the associated risks of different 
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management strategies in terms of yield and other state variables (soil water storage, 
mineral N etc). 

b) the value of linking crop and soil monitoring with the predictive capability of a farming 
systems model (APSIM) was conclusively shown to assist growers in making better 
agronomic decisions, such as planting options or fertiliser requirements. This approach 
was tested by working closely with groups of dryland cotton growers and their 
consultants and providing them with better information on their soil, the pe11ormance of 
crops and the impact of their management decisions within the context of the whole 
climate record rather than a single season. To CRDC this provided an assessment of 
the value of combining on-farm research and simulation models in providing practical 
benefits to growers. For the industry it helped developed a framework by which use of 
models to assist in decision making could be extended to all growers, both dryland and 
irrigated. This project followed on from a previous pilot CRDC project (DAQ69) in which 
key issues in dryland cotton management were addressed using on-farm trials, crop 
and soil monitoring and simulation modelling. 

0 c) the issues identified above come up repeatedly in requests to researchers and 
agronomists for information. This proposal provided the opportunity to make the 
relevant information widely available to growers and consultants and to consider 
different ways of using models to provide information. Furthermore, it provided the 
opportunity to use and capitalise on the power of our models, and to realise the value of 
the years of agronomic and physiological research and of the validation and calibration 
that have gone into their development. 

0 

Research Methodology and Justification 

This project had three major components, the first was to undertake a detailed risk 
analysis for each region for key agronomic decisions such as nitrogen application, sowing 
date effects, use of limited irrigation water, varietal selection and row configuration. This 
was largely undertaken at CRU using OZCOT and CERCOT. The second component was 
to demonstrate the value of linking crop and soil monitoring with the predictive capability of 
a farming systems model (APSIM) to make better agronomic decisions and to evaluate the 
effectiveness of this means of communicating information from models. The third 
component was to assist with the collection of data to derive varietal specific parameters 
for the cotton crop simulation models. Details are given below: 

a) Rjsk analysis - Growers and consultants are faced with the perennial problem of 
identifying the best strategy from a number of options. Dr Brian Heam investigated 
these issues using OZCOT and long term weather data. He produced tables and 
charts of the risks in terms of yield probability distributions. These analyses need to 
be undertaken for a greater number of growing regions and management options 
(including nitrogen rates, irrigation management and sowing time). 

b} Value of systems models - in 1994/95, CRDC funded a one year pilot project 
(DAQ69) in order to trial an approach to delivering benefits to a targeted group of 
dryland cotton growers by making use of APSRU1s expertise in systems research. In 
this pilot project of on-farm research on dryland cotton systems, key issues in cotton 
management were addressed using on-farm trials, crop and soil monitoring and 
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simulation modelling. Model credibility was established through simulation sessions 
with small grower groups and, once achieved, subsequent results were fed on to 
other growers and consultants through established grower networks. The response 
of participating growers and their consultants was very enthusiastic, both to the 
approach used by and the benefits resulting from this pilot study. This support was 
acknowledged by CRDC in its review of the pilot study (Dec. 1994). 

c) Developmental parameters for varieties - A final objective of this project was to make 
OZCOT and CERCOT more variety sensitive. OZCOT and CERCOT use a suite of 
six 'genetic coefficients' to describe the genetic attributes of a variety. A detailed 
study prior to this project had been undertaken to establish differences between 
varieties for four of these parameters. The study showed that (i) there were 
differences between varieties in the parameters measured; (ii) the crop model 
responds as expected to these differences and (iii) but most significantly, the 
parameters as measured were not stable between different sowing dates or between 
years. Analysis indicated that the underlying assumption that the rate of development 
of the plant and fruit is linearly related to temperature was incorrect, it is more likely to 
be linear up to a maximum temperature, then to be constant or ev~n decline slightly ) 
as temperature increases further. Preliminary analyses have indicated that using the 
latter assumption greatly improves the stability of some of these parameters. This 
approach will be investigated further in this project and will probably require some 
small field experiments. 

, Summary of Outcomes 

A brief outline of the major results and outcomes from this project is given below. 
Research outcomes will be discussed under the relative objective headings. Where 
research has been written, published the appropriate reference in the list of publications is 
given. 

To utilise the total modelling capacity of CRU (CERCOT) and APSRU (APSIM) to 
undertake a risk analysis study, for each cotton region, to provide information for 
better agronomic management. 

In investigating the application of cropping systems models for strategic farm management 
we identified that it was necessary to conduct a multitude of simulations for different 
management scenarios for many regions. The output of the model simulations was used 
to undertake risk analyses across cotton producing regions. An example of the type of 
information produced is shown in the extract of the Dryland Cotton Production Guide 
attached to this report. 

· It was soon found that the amount of data created by the model would be difficult to handle 
without a detailed database system. The advantages of utilising a database would be that 
data for specific management scenarios could be accessed much more quickly, with 
greater precision and with much more control. A database was soon created for a range 
of specific management options for the major cotton growing regions. Information on crop 
risk was provided as Excel spreadsheets. Graphs taken from this database were used for 
the following initiatives and by participants in the cotton industry: 
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• Information provided directly to growers and consultants - This information mainly 
related to investigating the risks associated with production with limited water and the 
effects of sowing time 

• Insurance and Financial firms - Over the duration of the project information on the 
relative risks and potential yield for different management options were provided to 
numerous insurance firms and financial firms. This information was used by insurance 
firms to help develop strategies for insuring different regions, while the financial firms 
used the information with growers to asses the potential yields and risks of cotton 
production in their financial planning. 

• Extension officers and commercial seed companies - Strategic risk analyses were used 
by these people as part of their extension activities which included numerous 
presentations at field days. 

• Best management practice group in Emerald - Strategic risk analyses were used by the 
Best Management Practice group in Emerald to confirm existing agronomic 
management strategies and to identify opportunities and possible limitations in their 
farming systems. 

• Drvland Cotton Production Manual - Information taken from the database was used to 
derive strategic risks analyses for agronomic management to asses potential and risks 
associated with dryland cotton production for all cotton producing regions. {Shown in list 
of publications attached - Document 1 ) . 

• Specific databases were created to investigate potential cotton production and 
associated risks with different management options in new regions. They included 
irrigated production at lnverell, Richmond (Old), and Windorah (Old). Dryland cotton 
production was also investigated for Coonamble, Burren Junction, Trangie, Walgett, and 
Warren. 

Other uses ·of the cotton simulation model for strategic risk analyses not specific to this 
project were: 

• Strategic information derived from the database on the effects of sowing time on 
potential yield and crop development is being used in studies by Dr P. Wright to assist 
in investigation on the effects of poor early season growth •cotton doldrums'. 

• Strategic information on the effects of water allocation on the associated risks of 
production is being provided to the Department of Natural Resources in Queensland 
who are investigating the impacts of seasonal climate variablllty of streamflows on 
cotton production and profitability. 

• While simulations were conducted for cotton production at Kununurra, the results have 
not been successful as predicted yields failed to match observed yields from dry season 
cotton production trials. Investigations with the help of Dr Brian Heam are continuing to 
improve the models for dry season production in Northern Australia. There is an 
ongoing need to optimise the model for these environments. 
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Development is continuing on a decision support package using the 'Whopper Cropper' 
concept derived by Dr Graeme Hammer and Dean Holzworth at APSRU. In collaboration 
with APSRU a number of tools will be developed to conduct multiple simulations more 
effectively and to store and access model output more easily and graphically. Prototypes 
of these tools have already been developed. 

Demand for information derived from the models has increased rapidly. The cotton 
industry development officers and other extension personnel in both the public and private 
sectors are significant users of model simulations in the 1998/99 season. New growers in 
both existing and new regions are using model outputs to investigate the potential of 
dryland cotton production, while both irrigated and dryland growers are using model 
information to evaluate potential effects of delayed sowing caused by the wet weather. 

The dramatically increased demand for this type of information is a significant highlight of 
this project which indicates that the potential of models is now more widely accepted and 
understood by many elements of the cotton industry. Much of this acceptance can be 
attributed to the enhanced credibility of models in being able to simulate commercial 
yields. This was demonstrated through the FARMSCAPE approach employed by APSRU ) 
and CRU as part of this project. This is discussed further below. 

To demonstrate the value of linking crop and soil monitoring with the predictive 
capability of.a cropping systems model (APSIM) to make better decisions regarding 
planting options (crops), timing and fertiliser Input requirements 

This part of the project employed the FARMSCAPE approach. The methodology and 
· examples of where this approach has been used is outlined in the invited paper to the 

1998 Australian cotton Conference (Document No. 7 attached). Research was conducted 
to determine whether farmers could gain benefit from tools such as soil characterisation 
and sampling, climate forecasts and, in particular, simulation modelling and, if so, how 
such tools could be delivered cost-effectively. While APSRU managed this part of the 
project Dr M.P. Bange of the CSIRO Cotton Research Unit participated in all components 
of this rese~rch. Key outcomes of this research included: 

•Established farmer networks. As part of FARMSCAPE activities, this project contributed 
to direct working relationships with a range of farmer and adviser collaborators -
indicated in the following table. These collaborators from both the public and private 
sectors, have influenced project direction and provided strong support for continued 
development towards commercial application of FARMSCAPE tools and techniques. 

No. No. No. No. Full 
Collaborator District advisers groups Farmers strips Weather 

Stations 
IAMA Pittsworth 3 12 100 17 4 
Seed&Grain 

Dalby 3 4 38 8 2 
Michael Castor & Goondiwindi 3 5 50 6 2 
Assoc. (MCA) 
Mike Lucy, ODPI Brookstead 1 2 10 25-35 2 
Nevil Olm, Brigalow 1 2 14 1 
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Landcare 
Mike Bange, Narrabri, . 3 2 8 5 1 
Cotton Research Moree 
Unit, Narrabri 
Farmer initiated Ku pun 1 1 12 - 1 
TOTAL 15 28 232 70 13 

•Established a baseline of current management practices. Over the duration of the 
project FARMSCAPE, Peter van Beek (SyTREC Pty Ltd) has been contracted as an 
independent consultant to interview a range of project stakeholders to elicit information 
on both current and possible changes to management practice. To date, five consultancy 
reports have been completed (-100 interviews). Sµfficient baseline data now exists 
against which the project's impact can be assessed. 

• Train collaborators in soil & climate monitoring. A number of soil characterisation, soil 
monitoring and weather station training days have been conducted. A comprehensive 
soil monitoring handbook is being produced and is in final draft form. Training activities 
have been run by APSRU and have used outside experts such as Cliff Thompson (soil 
characterisation). Some collaborators have become active in providing water and N 
monitoring services to farmers. !AMA S&G has invested in several weather stations, two 
drying ovens and are building up their own soil characterisation database. Likewise, 
MCA is now providing soil monitoring services to its clients. Several farmers have 
equipped themselves with coring equipment and are doing their own coring and in some 
cases drying (using a micro-wave oven). Intensive soil monitoring has become a 
commercial management tool for many northern farmers. 

•Train advisers in running APSIM. Fifteen agronomists have completed one day training 
courses on APSIM/OZCOT and received a workbook containing six exercises covering a 
wide range of APSIM applications. Evaluation of the course showed a very high level of 
appreciation for the course, the workbook and the APSFRONT user interface. Eight 
APSIM licences have been issued to farmer and adviser collaborators. While 
appreciation of APSIM/OZCOT is high, their use by collaborators has been limited 
through their high competency requirements and steep teaming curve. 

•APSIM/OZCOT tested against field measurements. All crops that have been monitored 
within the project (>30 over the past 12 months) have been used to test APSIM and 
OZCOT simulations. These tests have confirmed that these models are able to simulate 
commercial crop production in most cases. For many collaborators, APSIM/OZCOT have 
proved credible enough to be now employed in benchmarking the performance of their 
own crops. (Examples given in Documents Nos. 2 & 7). 

• APSIM/OZCOT has been used to extrapolate field experiments in time, using historical 
weather data. Over the past 12 months, 10 interactive sessions based on 
APSIM/OZCOT simulations have been conducted with collaborating farmers. In addition, 
the outputs of long runs have been presented in numerous media articles, to about 100 
farmers In 12 IAMA groups, to about 50 farmer clients of MCA, a group of bank 
managers invited by QGGA, the Big Grain day at Roma, QGGA meetings, IAMA 
northern agronomy conference, Moree Conservation Farmers Association Farming 
Systems day, CSD/CSIRO review at Narrabri, a QGGA Precision Farming day and four 
CSD dryland farmer information days. Many topics of discussion related to dryland 
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cotton production in farming systems. APSIM and OZCOT simulations have become a 
legitimate source of information to assist management of northern cropping systems. 

•Evaluation of impact of collaboration on relevant behaviour of farmers and advisers. 
Under the guidance of Dr Jeff Coutts, UQ Rural Education Centre, a number of 
evaluation activities have been undertaken, including (i) "entry/exit" questionnaires at all 
Interactive sessions, (ii) annual external evaluations conducted by Peter van Beek, (iii) 
targeted interviews with select stakeholders, and (iv) a mail survey of 150 tanners from 
the eastern Downs. The following is an extract from a recent paper by Coutts et al. "The 
evaluation process provided strong evidence that the project was having a positive 
impact on: learning within each participant group; attitudes, decision-making and 
practice. The evaluation highlighted the complexities in the management of dryland 
crops and the limitations of simulation aided decision making. However, the evaluation 
has shown that simulation, adequately contextualised, was valued by participating 
farmers and advisers In (a) gaining insights into production system function and (b) 
augmenting their farming experience in making judgements required in tactical 
responses and the evolution of improved production strategies." Tools and methods used 
in this project and techniques have had significant impact. (Document No. 10). 

•Transfer capabilities to private consultants. The soil monitoring tools and APSIM/OZCOT 
have been made available to collaborating consultants through a series of training 
workshops. APSRU/CRU have also provided at-call help services to all collaborators and 
have contributed to a number of collaborator-initiated activities w eg. tailored simulations 
were undertaken for MCA and delivered to a client base of around 50 farmers. However, 
in most cases, the models have not being run directly by the consultants, for reasons 
attributed mainly to a lack of in-house expertise and time. In a innovative response to this 
constraint, an APSRU researcher, Zvi Hochman, joined IAMA Seed&Grain for a three 
month period as a "Scientist in Residence" in order to research the feasibility of an 
agribusiness firm, if it did have the capability, delivering APSIM services to its customers. 
IAMA's reaction to this experiment has been to increase their interest and investment in 
FARMSCAPE tools and techniques. There exists strong support for commercial delivery 
of FARMS.CAPE tools via agribusiness. 

•Provide FARMSCAPE data and information to farmer clients. APSRU/CRU has serviced 
requests for soil data and simulations for a significant number of farmers mainly through 
collaboration with agribusiness but also on an individual request basis - over 100 
simulation scenarios have been conducted and delivered in the past 12 months - see 
details in previous section. One APSRU member, Natalie Brodie, has essentially been 
providing a full-time service for simulations to clients. The demand for simulations has 
increased rapidly to the point where neither APSRU nor CRU can meet demand, nor 
justify, providing a "commercial'' delivery service. 

•Carry out evaluation interviews, provide feedback and respond to views of stakeholders. 
On-the-spot evaluation of all interactive sessions has been introduced. External 
evaluation by Peter van Beek was found to be highly useful, and the re-deployment of 
resources to enable a change of emphasis in other areas (eg setting up of the web page, 
and instigation of the "scientist in residence" activity) have resulted from the evaluation 
activities. The van Beek evaluation reports make several references to changed 
practices, for example: "effects have been quoted by farmers and observed by others in 
a wide range of practices - using coring and soil testing; applylng fertiliser; stubble 
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mulching; crop and varietal selection; crop rotations; using limited irrigation water; 
investment decisions about water harvesting; soil surface management; land levelling; 
tram lining; and trying out new crops. Even when current crop rotations are the optimum 
choices (best practice) and firmly set, and where cropping practices are very advanced, 
the products are seen as useful scientific confinnation of these choices and practices. 
The existence of APSIM is valued as a stand-by for when prices and conditions change 
dramatically, as they will.". The evaluation activities have provided evidence of impact as 
well as giving direction as to future effort. A copy of an evaluation report is attached to 
this report (Document No. 14). 

To assist with development and validation of stable parameters to quantify 
differences between cotton varieties and Incorporate these Into CERCOT, to allow 
the model to accurately reflect varietal differences In performance and enhance the 
value of predictions 

In attempting to quantify the physiological and developmental differences between long 
and short season cultivars, two seasons of field experimentation and analysis of data were 
conducted in collaboration with Dr S. Milroy. Results showed that assimilate production 
did not differ between the cultivars, and light interception and assimilate partitioning were 
similar. Analysis of fruiting dynamics is presently being conducted. Further field 
experimentation is continuing to provide data sets for validation of the cotton model for 
different cultivars (ie. long and short) (Documents Nos. 3,4 & 6). 

In addition to the field experimentation, we conducted a phytotron (controlled environment) 
, experiment using short and long season cultivars. This experiment demonstrated that high 

average temperatures can actually slow crop development. Work is continuing to refine a 
degree-day function, which accounts for these effects of high average temperatures 
(Document No. 12). 

Future Research 

A new project (CSP98C) is already underway titled 'Delivering to industry the benefits of 
cropping systems models'. This focuses primarily on identifying and researching the most 
appropriate means of delivering systems simulation to industry clients. There is now 
significant market demand for access to cotton simulations. The key to having growers 
value systems simulation was the positioning of these simulations in the context of on-farm 
research, grower groups, soil characterisation, monitoring of the crops, soil and climate 
and "what if" analysis sessions. Although successful, this approach is not sustainable 
because of the high cost cf scientists being so closely associated with growers and . 
advisers and the limited number of beneficiaries from such an association. 

The new project will have three major components in delivering results of systems 
simulation to industry: 

1. Enhanced role of systems models - In CRDC project CSP67C key issues in dryland 
cotton management were addressed using on-farm trials, crop and soil monitoring, and 
simulation modelling. Model credibility was established through simulation sessions 
with small grower groups and, once achieved, subsequent results were fed on to other 
growers and consultants through established networks. The response of participating 
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growers and their consultants has been very enthusiastic. The same enthusiasm was 
expressed by irrigated growers who were part of these existing grower groups or were 
involved in other activities utilising simulation modelling capabilities (eg. best 
management practice workshops). This project aims to further explore the role of 
paddock monitoring and systems simulation in the commercial management of cotton 

.. by maintaining involvement with existing dryland grower groups and expanding efforts in 
irrigated cotton production. 

2. Assisting in the analysis of results from the CRC Farming Systems trials and in 
the extension of their outcomes to all cotton production regions - In recognition of 
the increasing importance of crop rotations to maintain productivity in both irrigated and 
dryland cropping systems the CRC has established long-term farming systems 
experiments at a number of key locations. Certain aspects of these trials are being 
recorded in order to provide information on system sustainability. However, 
experimental measurements alone will be largely specific to the particular site and the 
run of the seasons that are encountered. Clearly, for the wider industry benefit, this 
fanning systems initiative requires a means of extending lessons learnt beyond these 
trials to other cropping regions and future seasons. Part of this proposal is targeted at """\ 
fulfilling this role, of employing systems simulation to assist in the interpretation and J 
extrapolation of results for the benefit of the broader cotton industry. 

3. Undertake research into the appropriate means of delivery of systems simulation 
to Industry clients - This part of the project will involve researching some alternative 
means of delivering systems simulation to cotton industry clients. Two approaches 
have been proposed and their feasibility will be investigated: 

(i) the development and delivery of the CERCOT crop simulation model in a form for use 
directly by industry clients - This will assist growers with agronomic decision making 
with issues purely related to cotton production (especially irrigated cotton). Development 
of a User ~friendly version will also finally allow other researchers and extension 
personnel access to cotton simulation model. Developing and evaluating this approach 
will use the groups established as part of the first objective outlined in this project, as 
well as the involving the CRC development officers and other extension staff. 

(ii) the development and support of a simulation capability within agribusiness and private ) 
consultantancy services to enable provision of simulation services to their clients - This 
approach will involve market research on the prospects for commercial delivery of 
simulation results (from APSIM and OZCOT via agribusiness consultants. 

In addition to this new project other activities that are linked to this work, the cropping 
systems models (APSIM and OZCOT), and components of the FARMSCAPE approach 
are: 

• Using the models for benchmarking cotton crop performance as part of the Cott-Check 
program being trialed at Moree. 

• Water use efficiency studies conducted by Dr Sunil Tennakoon (Project CSP93C 
'Assessing the water use efficiency on Eastern Australian cotton farms'). 
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• Simulation results from OZCOT being used in the Whopper Cropper project initially in 

OLD. The project will use a database of cotton model simulation output for a range of 
crop management options for the major crops in the NE Australian cropping system 
and to use a friendly front end to interrogate this data base to examine production and 
economic risks associated with management options. The target client for Whopper is 
the public and private extension/adviser. The range of management options to be 
covered includes planting date1 starting moisture, nitrogen management, planting 
density/arrangement, and crop maturity. The Queensland Centre for Climate 
Application has just employed a number of extension specialists who will be using this 
material in their planned new round of workshops on managing climate variability. 
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PLAIN ENGLISH SUMMARY 

Project Title: Improved Cotton Management through the Application of Cropping Systems 
Models 

Aims: To utilise the Cotton Research Unit (CRU) and the Agricultural Production Systems 
Research Unit (APSRU) modelling capabilities to identify where and how cotton 
management can be improved and to deliver these outcomes to the cotton industry. 

Summary: 
This project involved three major components, the first Is to use the cotton crop model to 
undertake a detailed risk analysis for each region for key agronomic decisions such as 
nitrogen application, sowing date effects, use of limited irrigation water, varietal selection 
and row configuration. The second component was to demonstrate the value of linking 
crop and soil monitoring with the predictive capability of a farming systems model (APSIM) 
to make better decisions regarding planting options (crops) , timing and fertiliser input 
requirements and to evaluate the effectiveness of this means of communicating 
information from models. A third minor component will be the derivation of parameters to 
enable the CERCOT crop model to more accurately simulate differences between cotton 
varieties (ie. between short and long season varieties). Major outcomes of the project 
were: 

• Current significant market demand for access to cotton simulations. 

• An established database of cotton model simulation output used to assess the 
potential yields and risks associated with different agronomic management options for 
many regions now available to industry on request. 

• Demonstrated value in linking crop and soil monitoring with the predictive capability of 
a farming systems model (APSIM) to make better agronomic decisions. 

• Clear direction on the most appropriate means of delivering systems simulation to 
industry clients resulting in the new CRDC project titled 'Delivering to industry the 
benefits of cropping systems models CSP98C'. 

• Greater physiological understanding of the differences between long and short season 
cultivars leading to stable parameters for the cotton simulation model for biomass 
accumulation, partitioning and light interception. 
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Dryland cotton growers need not take uncal-
culated risks. Mike Bange from CSIRO Cotton 
Research Unit at Narrabri has used long tenn 
climatic records (90 to 100 years )and the 
OZCOT crop simulation mocel, developed by 
Brian Hearn, to study the prospects for dryland 
cotton production in the major cotton growing 
regions. 

Rainfall in these regions differs greatly and gen-
erally the risk of less rainfall between ~~e 
months of October and April is greater· in the 
southern cotton growing areas (Table 1). · 

Table 1. Average rainfall for cotton producing regions 
between the months of Octob~r and April and 
between December and March (Source: Australian 
R.ainman). · 

eg1on ecem erto. 
March ... \ (mm) 

unnedah 2 
Wee·Waa 251 ~'"·,.. 

Bellata 253 
Moree 253 ·."'. ; 

.; .; 

Croppa Creek 258 
Gooodiwindi 275· ·: 

Dalby" 319 
Biloela 373 
Emerald 363 

Some assumptions used in this study were: 
• Cracking clay soil storing 200 mm of avail-
a~le soil moisture in 1.5 m profile. 

• Siokra variety. 
• Row spacing 1 m. 
• Established· population of 7 plants per 

metre of row. 
• Solid plant configuration. 

Sowing Opportunities 
The risk of failing to obtain a sowing opportuni- .. 1 

ty was assessed for three, 30 day periods start-
ing on September 15. A sowing opportunity was · · 
defined in terins of adequate soil moisture and , .. , 
temperature: 

25 nun (1") of water in top 100 nun (4") soil; ) · · 
18°C mean temperature for 3 days. . 

The Darling Downs and Gunnedah had a slight-
ly lower risk of failing to sow for the 90 day 
period starting September 15 for dryland cotton 
production than for most other areas especially for 
the period October 15 to December 15 (Table 2) . . 
Recent experience in the region has confirmed 
this finding. 

Fallowing 
Growers can reduce the risk of not breaking-
even if they plant with greater soil moisture. 
Fallowing between crops is a strategy to 
increase subsoil moisture which will reduce the 
risk of crop failure and increase average yield. ) 
Table 3 (overleaf) shows that in all regions at . . 
least half a profile of soil moisture will increase 
yield significantly when the crop is sown on 
October 15. 

Table 2. Probability of failing to sow based on the sowing rule for different periods starting September 15. 
Probability of failing to sow(%) ·· --~~-:- .. : .~ :. - """···· - . 

' -· 
Region Sep 15 to :Oct15 to , ~· NovlS to ~ · ; .-. Qverall.~~p : -" Oct 15 ~:Nov 15 I :· DeclS .:": . 1S:-'to .. Dec15 · . ·. 

' ' 
Gunnedah 43 15 14 24 
WeeWaa 49 . .. 18 .. 25 ..... ." .. :.,q:· ~31 ~ "'-::.-. ' · r ... , ,. -
Bella ta SS 21 13 30 
Moree 42 

.. 
16 18 25 :"'! ' C .. ~ ... •, 

Croppa Creek 36 18 17 3o -
Goondiwindi 39 17 ' 24 ' ,;: . . 27 " ..... ,, .. : 

Dalby 52 10 10 25 
Brookstead 44 .. 13 12 22 · . .. . 
Biloela 52 18 10 27 
Emerald 50 33 17 33 
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) Table 3. Effects of three starting soil moistures on yield (bales/ha) and chance of crop failure (%). 
Yields associated with 80% and 20% probability of exceedence are also presented. 

One Quarter of a One Half of a Full Full Profile 
Region Full Profile ·.Profile 

Mean 80% 20% Mean 80% 20% Mean 80% 20% 
Gunned ah 2.5 0.7 4.1 3.5 2.2 4.7 3.4 2.2 4.7 
WeeWaa 2.2 0.2 4.2 3.5 2.1 5.3 3.6 2.4 5 
Bella ta 2.3 0.7 . 4.3 3.5 2.3 5.2 3.6 2.4 4.9 
Moree . 2.0 0.4 3.1 3.4 2.1 4.6 3.4 2.3 4.6 
Cropp a 
Creek 

2.3 0.5 4.2 3.7 2.2 5.3 3.6 2.3 4.9 

Goondiwindi 1.9 0.1 : 3.6 3.4 2.2 4.7 3.5 2.4 4.4 
Brookstead 2.8 1.5 4 3.5 2.5 4 .6 3.4 2.4 4.4 
Dalby 3.3 2.1 4A 3.6 . .. . ... 2.5 4.7 3.6 2.4 4.5 
Biloela 3.7 1.9 5.4 4.3 3.2 5.5 4.1 3.1 5.0 
Emerald 3.2 1.2 ; 4.9 4.1 . 3.0 5.5 4.1 3.0 5.0 

It also shows that a full profile is not essential 
for achieving higher average yields. If the crop 
is established it requires minimal soil moisture 

) prior to first flower, thereby increasing the 
chance of subsequent rainfall providing useful 
moisture for later crop growth. In some cases a 
full profile increased the chance of waterloggmg 
and reduced average yields. 

Average yields, ·along with yields associated 
1 with 'Probability of exceedence' values, for each 
region are also presented in Table 3. This is used 
to indicate the yield variability that exists with 
different seasonal climatic conditions experi-
enced in each region. An. 80% probability of 
exceedence means that there is an 80% chance of 
at least achieving the yield presented for that 
region. 

lack of moisture was eliminated when the pro-
file was at least half full. However, other envi-
rorunental factors ensure the risk is never com-
pletely eliminated. 

Time of sowing 
In all regions average yields were less when 
crops are sown before September 30 (Figure 2). 
The latest sowing dates where there was no 
penalty to average yield is November 30 for all 
regions except the Darling Downs, where yield 
reduced after November 15. When considering 
the effect of sowing date on potential yield the 
timing of crop maturity must also be considered 
as rainfall at harvest can affect lint quality. 

Skip Row Planting 
Skip row planting reduces the risk of crop fail-
ure in years where rainfall is limiting. A com-
parison of solid plant yields with single skip 

-+-Darling Downs 
--Central OLD 
----Macyntire Valley 

·-:: 
,. ~NamoiValley 

~GywdirValley -·-· 
·.· 
1. 

c 
' .. 

" 
1 ....__ __________________ ___.. 

30· 15- 30- 15- 30- 15- 30- 15- 30· 15· 
Aug Sep Sep Oct Oct Nov Nov Dec Dec Jan 

Sowing Date 
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row yields showed that a skip row configura-
tion performed better in environments that had 
less average rainfall and more variable rainfall 
(Table 4). The disadvantage of skip row howev-
er, was that in years where rainfall was high the 
solid plant configuration produced substantial-
ly higher yields. 

Table 4. Proportion of years where a single skip I 
row configuration performed better than solid- · 
plant configurations. 

Nitrogen Fertiliser 
The addition of fertiliser N improved average 
yields in all regions. Increased averages were 
mainly due to those years where. rainfall was 
high and crops were better able to utilise this 
nitrogen. Yields showed little response to nitro-
gen in low rainfall years in any region 

Dryland Cotton Production 

j 
CONCLUSIONS 

j 
~ Growing dryland cotton is subject to rela-
i tively large risk, not only in achieving 
l yields but also because costs are a high pro-
i portion of income. Therefore, the potential 
j and risks associated with_dryland produc-
t -i tion need to be calculated. 
J 
~ Risk can be reduced where d.ryland cotton 
~ production forms part of a mixed cropping 
~ enterprise or, is undertaken in conjunction 
i with irrigated cotton production where 
~ water allocations are unreliable. 
:l 
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Application of soil monitoring, benchmarking and crop simulation in commercial 
dryland cotton management 

M.P. Bange1 and P.S. Carberry2 

1CSIR.0 Plant Industry Cotton Research Unit Locked Bag 59, Narrabri, NSW 2390, 
Australia. CRC for Sustainable Cotton Production. Michael.bange@pi.csiro.au 
2Agricultural Production Systems Research Unit P.O. Box 102, Toowoomba, QLD 
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ABSTRACT 

Many agronomic decisions involve risk as many of the factors involved are unknown or 
uncertain ( eg. rainfall). History can often serve as our best guide to the potential risks 
and benefits of a particular strategy. The use of crop simulation models is a powerful, 
and often the only, way to address such issues. Participatory research approaches were 
used to address key issues in dryland cotton management through on-fann trials, crop 
and soil monitoring, and simulation modelling (OZCOT and APSIM). Model credibility 
was established through simulation sessions with small groups of farmers. Subsequently 
the results provided farmers and consultants with information on their soil, 
benchmarked performance of commercial crops, and provided an assessment of the 
impact and .risk of their management decisions within the context of the whole climate 
record rather than a single season. The results were also provided to other fanners and 
consultants through established networks. Future studies aim to investigate the more 
efficient means of delivering systems simulation to industry. 

Introduction 

Australian d.ryland cotton farmers face increasing pressures with rising production costs 
in a rainfall environment that rates among the most variable in the world. Adding to 
this, fanners also face uncertainty about the amount of water and nitrogen that is stored 
in their soil. Farmers can overcome much of this variability by achieving a greater 
understanding of their soil and linking this information with crop simulation models. 

Simulation models can predict the performance of crops under different 
environmental and management conditions. They are a means of easily and efficiently 
achieving understanding and gaining "experience", without suffering the consequent 
pain and cost of real-life experience when mistakes are made. 

The questions remain, however, as to how well simulation models perform in 
relation to commercial agriculture and how can industry make use of these tools? 
Scepticism on the applicability of models is neither due to their rarity nor lack of 
exposure. While many computerised decision support systems (DSS) have been 
developed and/or supported in Australia fanner acceptance has been disappointing low 
(Cooke, 1994). 

The first objective of this paper is to relate the experiences of some cotton fanners 
and consultants which have benefited from monitoring their soil and crops, 
benchmarking their cropping system, and applying systems models in their farming 
operations. The second objective of this paper is to describe a recent effort employing a 
participatory action research approach within the Australian cotton industry towards 



commercial delivery of systems simulation. This approach has important distinguishing 
features from past efforts into decision support systems. 

Participatory Research 

FARMSCAPE (Fanners, Advisers, Researchers, Monitoring, Simulation, 
Communication And Peifonnance Evaluation) (Mccown et al., 1998) is an acronym 
employed to represent a participatory action research approach that explicitly addressed 
the question of relevance of systems models to commercial farming. Using an action 
research approach allows for an evolution of a research methodology rather than 
limiting understanding and outcomes through undertaking traditional scientific 
experimentation. In the context of 'farming systems research' bard systems tools 
(models) have been used in interactions with the FARMSCAPE participants in ways 
that utilise soft systems methodologies (McCown et al., 1998). The research explores 
whether any farmer or adviser could gain benefit from tools such as soil characterisation 
and sampling, seasonal climate forecasts and, in particular, simulation modelling and, if 
so, how such tools could be delivered cost-effectively to industry. FARMSCAPE has 
been based on the key elements identified in its name: · 

(i) close collaboration of farmers, their advisers and researchers in groups 
discovering together how best to explore management options; 
(ii) implementation of research on farms, especially incorporating improved soil 
monitoring to gain better knowledge of soil water and nitrogen in individual paddocks; 
(iii) application of the APSIM systems model (McCown et al 1996) linked with the 
OZCOT cotton model (Hearn, 1994) with a requirement that simulations be credible 
against real-world experience; 
(iv) the broader communication of project outcomes not only through public 
extension activities but particularly through agribusiness client services, and 
(v) continual assessment of project activities and impacts via formal evaluation 
processes. 

Direct working relationships have been established with over 200 farmers and 15 
advisers who have influenced research direction and provided strong support for 
continued evolution of the FARMSCAPE tools and techniques. 

Crop and soil monitoring 

Farmers benefit from understanding their soils and knowing the current status of their 
soil nitrogen and water availability. This infonnation while initially collected to 
parameterise and initialise the simulation models has become in itself a valuable source 
of information for farmers. Participatory research activities involving co-learning 
between the researchers, farmers and advisers have allowed for the development of 
robust and inexpensive equipment that allow simple characterisation of the soil with 
respect to plant rooting depth and plant available soil water holding capacity; and to 
allow rapid measurement of soil water and nitrogen status at depth (Foale et al., 1997). 
Farmers are using this information to change management practices such as fertiliser 
rates or crop selection, or to confirm their existing strategies (Dalgliesh et al., 1998). 

Monitoring crops is also important in order to establish model credibility and 
relevance to conunercial farming practices. Commercial cotton crops have been 
monitored and used to test OZCOT simulations (Fig. 1). Most crops where predictions 
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were significantly different, discrepancies were mostly due to impacts of factors not 
accounted for in the models (eg. severe pest damage). For many farmers and 
consultants, APSIM and OZCOT have proved credible enough to be relevant to 
commercial cropping practices and now use them in benchmarking the performance of 
their own crops and in exploring alternative management strategies. 
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Figure 1: Predicted yields versus commercial crop yields. 

Crop simulation in commercial crop management 

The following sections provide several examples of bow simulation has been used in 
commercial management. 

Benchmarking performance of commercial crops 

Whether a crop has performed to its potential is often of great interest to farmers. Given 
actual seasonal climate and management inputs, models are used to predict what a crop 
should have yielded in the absence of extraneous factors, thus providing a benchmark 
against. which actual crop yield can be assessed. The models are then used as a learning 
tool to explore other management options which could have been use to better yields in 
a particular season. If an option is inore successful it can then assessed using simulation 
within the context of the whole climate record rather than a single season. 

Strategic decision making 

A common and useful application of simulation models is to explore new options or 
environments as general scenarios that are broadly relevant to a region or group of 
farmers. An example of this is taken from a group of farmers investigating the potential 
of dryland cotton production. The OZCOT cotton model was run with inputs generated 
by the farmers and a local consultant in order to generate risk analyses and gross 
margins for dryland cotton assuming a full and half a profile of soil water at sowing 
time (Table 1). 



Table 1: Information provided to farmers to assess risk of dryland cotton production. 
Outcome Probability of Achit~ving Outcome (%) 
;;::: Greater than or equal to Full Profile Soil Half Profile Soil 

~ 1.70 bales/ha (0.7 bale/ac breakeven) 
~ 2.47 bales/ha (1.0 bale/ac) 
~ 3.71 bales/ha (1.5 bales/ac) 
~ 4.94 bales/ha (2.0 bales/ac) 

Moisture 
84 
63 
43 
32 

Moisture 
78 
53 
34 
22 

The resultant predictions were mostly consistent with the expectations of both a 
neighbouring cotton farmer and the local consultant. While there was risk, the farmers 
considered the risk in crop failure was not much greater than that for their other crops. 
The group discussed offsetting this· risk by limiting the area of cotton in relation to their 
other summer crops. While some growers decided to grow cotton it is important to note 
that this simulation exercise did not make the decision for the farmers, but merely 
provided them with another source of information to assess the returns and risk of a new 
farming option. 

Tactical decision making 

The APSIM or OZCOT models can be used in planning for the current or upcoming 
crop. Decisions on crop choice, varietal selection, fertiliser rate, sowing date, plant 
population, row configuration and so on can be assessed based on knowledge of pre-
plant soil water, soil chemical analysis and seasonal climate outlook. Based on this 
information, the models can provide an assessment of expected crop performance in the 
upcoming season by simulating what would have happened under these same conditions 
in past years for which climate records exist. Figure 2 presents an example for cotton 
planted as either solid or single skip row configuration under low starting soil water 
conditions. The farmer for whom these simulations were undertaken, changed to single 
skip cotton in the 1997/98 (El Nino) season rather than his normal solid plant 
configuration. Another significant advantage of APSIM is that it is a model of a 
cropping system, able to simulate the production and environmental consequences of 
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Figure 3: Predicted gross margins for solid and single skip cotton crops. Solid bars 
represent El Nino seasons, the average for which is represented by the horizontal thick 
line, whereas the thin line is the average over all seasons. 

Leaming and Evaluation in FARMSCAPE 

FARMSCAPE is a research activity that recognised early on that, in exploring ways in 
which farmers could better manage their farms, then farmers needed not only to be 
consulted on the design of what should undertaken, but they also needed to participate 
in the implementation of the research and the interpretation of its outcomes. In other 
words, instead of using scientific models to build derivative tools which scientists 
believed could help farm managers (such as a computerised Decision Support System 
DSS), base models were taken to farmer and advisers to design and test applications for 
their own situations. What emerged has been confirmation of the benefits of farmers 
gaining better knowledge of their water and nitrogen resources through increased 
intensity of soil monitoring and the discovery of a role for systems models in assisting 
the management of cropping systems. 

Assisting in this learning and steering the direction of the research has been the 
formal evaluation component of FARMS CAPE. The evaluation process sought to 
monitor and interpret the project through the eyes of all participants in a longitudinal 
study. .Through iterative interviews of participants this provided an effective 
mechanism to capture perceptions, learning and management practice changes (Coutts 
et al., 1998). 

FARMS CAPE has helped demonstrate that the key to fann managers valuing 
simulation is the positioning of simulations in the context of their own fanning 
situation. In contrast, many DSS packages, provide generic or representative 
information for. a district, they depend on plausible answers (as many of their 
assumptions cannot be tested using one's own data), and many DSS are generally 
targeted at single or few issues. Another important distinguishing feature is that many 
DSS packages have been designed to provide recommendations on what decisions 
should be taken. The FARMSCAPE approach however, leaves the interpretation to the 
farmers, while providing a means of learning about their farming systems. 

The Future 

Developing the FARMS CAPE approach and tools to the point of commercial delivery 
is the next step for this research and development activity. A market now exists for 
timely and high quality interactions based on soil monitoring and simulation amongst a 
significant sector of the dryland farming community. Formal evaluation of the current 
FARMSCAPE project has demonstrated impacts on participating farmers and advisers. 
The demand for simulations has increased rapidly to the point where researchers cannot 
meet the demand, nor justify providing a "commercial" delivery service. One preferred 
delivery mechanism is to establish and support an Accredited Adviser Network of 
agribusiness and private consultants for delivering simulation and related products. 
Finally, on the research front, the intention is to continue exploring the role for 
simulation, expanding to include irrigated cotton production systems and include other 
agribusiness service sectors (bank lenders, crop insurance, product inventory, marketing 
advice, etc.). Whether better information on seasonal climate forecasting and cropping 



prospects can improve institutional decision making is an emerging area worthy of 
further exploration. 

Acknowledgements 

The contribution from colleagues in APSRU, CSIRO CRU, QDPI, IAMA Ltd., Michael 
Castor and Associates and many farmer and advisers is gratefully appreciated. Thanks 
to the Australian Cotton and Grains R & D Corporations for their support. 

References 

Cooke P. 1994. Fanners give research wish list. Farming Ahead 26:3 
Coutts, J.A., Hochman, Z., Foale, M.A .• Mccown, R.L., and Carberry, P.S. 1998. Evaluation of 
participative approaches to RD & E: a case study of FARMSCAPE. P. 681-682. 
Dalgliesh, N.P., Olm, N., Douglas, N. and McCown, R.L. 1998. Improving management using soil 
monitoring and simulation: A case study of co-operative learning. P. 791-792. Proc. 911> Aust. Agron. 
Conf. Charles Sturt University, Wagga Wagga. 
Foale, M.A., Carberry, P.S., Hochman, Z., and Dalgliesh, N.P., 1997. Management of Dry-land farming 
systems in North Eastern Australia. Agricultural Science. I 0:34-37. 
Hearn, A.B. 1994. OZCOT: A simulation model for cotton crop management. Agric. Syst., 44:257-299. 
McCown, R.L., Carberry, P.S., Foale, M.A., Hochman. Z., Coutts, J.A. and Dalgliesh, N.P. 1998. The 
FARMSCAPE approach to fanning systems research. P. 633-636. Proc. 9th Aust. Agron. Conf. Charles 
Sturt University. Wagga Wagga. 
Mccown, R.L., Hammer, O.L., Hargreaves, J.N.G., Holzworth, D.P. and Freebaim, D.M., 1996. APSIM: 
A novel software system for model development, model testing, and simulation in agricultural research. 
Agric. Syst. 50: 255-271. 
McCown, R..L., Carberry, P.S., Foale, M.A., Dalgliesh, N.P., Hochman, Z. and Coutts, J.A., 1997. 
Decision support for systems: Back to basics in managing crops and croplands in northern Australia. 
Agronomy Abstracts. p.21. 

.I 



0 

0 

DRAFT 30_7_98 

Growth analysis of early and late season cotton cultivars 

M.P. Bange* and S.P. Milroy 

CSIRO Plant Industry, Cotton Research Unit, Locked Bag 59 Narrabri, NSW 2390, 

Australia 

*Corresponding author: Phone: +61-02-67991540, Fax: +61-02-679311&6 Email: 

mikeb@mv.pi.csiro.au. 

I , 



Abstract 

There is a need for cotton simulation models to be able to differentiate 

between early and late maturing cultivars. Cotton is an indetenninate species; the 

timing of crop maturity is determined by the capacity of the plant to continue the 

production of new fruiting sites. According to the nutritional hypothesis, the cessation 

of fruit production ('cutout') occurs when the demand for resources by growing fruit 

leaves none for the initiation of new fruiting sites. Fully irrigated field experiments 

were conducted in which early and late maturing cultivars were sown on different 

occasions. Growth analysis was used to ascertain whether differences in resource 

supply occurred between the cultivars which could contribute to differences in crop 

maturity. The production of dry matter, as a function of radiation use efficiency 
' 

(RUE) and light interception, and its partitioning to different plant parts were 

calculated as indirect measures of carbon supply. 

Differences were found in the total dry matter production of the cultivars but 

not in the dry matter partitioning. The early cultivar produced more dry matter due to 

greater light interception and RUE. The difference in RUE persisted after adjustment 

for the energy content of different organs. Light interception was greater due to an 

earlier production of a larger canopy and not differences in light extinction coefficient. 

These differences do not explain the differences in maturity. Intra-season changes in 

RUE <?Ccurred with the fall in RUE of the early maturing cultivar occurring just prior 

to a rapid reduction in·square (flo~er bud) numbers. It is hypothesised that this may 

have been involved in determining the timing of cutout in this cultivar. 

Additional keywords: Gossypium hirsutum; growth; development; radiation use 

efficiency; light interception 

1. Introduction 
There is an increasing need for simulation models of cotton (Gossypium hirsutum L.) 

to account for differences in the timing of crop maturity or 'earliness' of cultivars in 

different environments because it is an important consideration in crop management. 

Late maturing cultivars are suited to regions with longer growing seasons, while early 
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maturing cultivars are used in short season areas, for late plantings, or to avoid late 

season pest infestations. 

Cotton is an indeterminate species. The timing of crop maturity is not directly 

governed by temperature and photoperiod, but is determined by the capacity of the 

plant to continue the production of new fruit. As the fruit load on a crop increases, the 

rate of production of new fruiting sites (hence flower buds, 'squares') decreases and 

eventually ceases (Ehlig and LeMert, 1973; Patterson et al., 1978). The cessation of 

fruit production, commonly termed 'cutout', is generally considered to result from the 

monopolisation of resources, nitrogen or carbohydrate, by fruit that are already 

growing, resulting in a limitation of resources for the production of new sites (Heam, 

1981; Heam and Constable, 1984; Guinn, 1985) although the involvement of plant 

Q hormones cannot be excluded (Guinn, 1986). The simulation of fruiting dynamics in 

the cotton simulation model OZCOT (Hearn, 1994) is based on this approach. Using 

a surrogate for carbon supply/demand ratio, the model successfully simulates the 

dynamics of fruit production and timing of crop maturity. The rate of fruit production 

in OZCOT is described by the following equation: 

-=q.JS 1--dS ( B) 
dT C 

Hearn and da Roza (1985). The squaring rate constant (q) is a cultivar specific 

parameter which detennines the potential rate of site production in thermal time, T 

(base=12°C). Sis the number of fruiting sites already present per plant. The boll load 

(B) is a sum of the number of bolls on the plant weighted for age. Carrying capacity 

0 (C) is the number of bolls that can be maintained by the plant's carbon assimilation. 

The relationship of BIC represents the balance of carbon supply ( C) and demand by 

the fruit (B). As the ratio B/C increases, site production is reduced below its potential 

rate. When BIG= 1, site production ceases; cutout occurs. 

Within this framework, a change in C through changes in the capacity of the 

plant to supply carbon, will effect site production thence cutout and ultimately crop 

maturity. On the other hand, the demand for resources will be affected by the rate of 

fruit production, the proportion of fruit that survives, boll period (the time it takes for 

a boll to mature), and the potential size of the individual bolls (Hearn and Constable, 

1984). 



OZCOT has been used as a tool for strategic (Hearn, 1992, 1995) and policy 

level (Dudley and Hearn, 1993) decision making. While OZCOT is a good generic 

simulator of cotton crops (Heam, 1994) it lacks the capacity to simulate the difference 

in behaviour of early and late cultivars. Wells (1994) attempted to measure cultivar 

specific parameters for OZCOT in the field, but found that they were not stable 

between different sowing times, or between experiments. He suggested that an 

improved method of accounting for the environmental effects on fruiting development 

needed to be derived. 

If the timing of crop maturity in cotton is detennined by the carbon balance of 

the plant, to be able to reliably predict the maturity of different cultivars we need to 

identify whether differences in carbon supply exist, and whether production and 

development of fruit differ. This study specifically compares the physiological 
' 

determinants of crop growth of an early and a late cotton cultivar which determine the 

supply of carbon to the crop which may affect canying capacity and hence influence 

crop maiurity. Subsequent investigations will investigate production and development 

of fruit. 

2. Materials and methods 

2.1. Cultural details 

: Two field experiments were conducted at the Australian Cotton Research 

Institute (ACRI) and one on a neighbouring farm at Narrabri (30° S 150° E), in a 

semi-arid environment of north-west New South Wales, Australia. Two okra leaf 

cultivars, Siokra S324 and Siokra L22 (hereafter S324 and L22), were used in all 

experiments. S324 is an early maturing cultivar used for late plantings or in shorter 

season areas while L22 is later maturing and suitable for longer, hotter growing areas. 

All experiments were sown with a commercial row crop planter. 

The first experiment (Exp. 1) sown at ACRI consisted of three sowing times 

and two genotypes arranged factorially. Plots (4 m by 75 m), containing four rows 

spaced at 1 m, were sown on 10 October (Sl), 20 November (S2) and 5 December 

1995 (S3). A completely randomised design was used with four replications. 

The second experiment (Exp. 2) also sown at ACRI consisted of two sowing 

times with two genotypes arranged factorially. Plots (8 m by 20 m), containing eight 
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rows spaced at 1 m, were sown on 11 October (Sl) and 13 November (S2) 1996. For 

this experiment a randomised complete block design was used with four replications. 

The third field experiment (Exp. 3) sown in the same season as the second 

experiment but on a neighbouring farm had a single sowing time using the two 

genotypes. Plots ( 4 m by 150 m), containing four rows space~ at 1 m, were sown on 

14 October (SI) arranged in a randomised complete block design with three 

replications. 

All experiments were established and grown with full irrigation on a grey·clay 

soil utilising high input management and insect control as described in Hearn and Fitt 

(1992). Nitrogen was applied as anhydrous ammonia at a rate of 150 kg ha-1, 62 days 

before the first sowing in Exp. 1, 113 kg ha-144 days before the first sowing in Exp. 2, 

and 142 kg ha-1, 61 days before sowing Exp. 3. 

Meteorological data for the experimental period was measured 2 km from the 

sites at a fully serviced weather station. Daily maximum and minimum temperatures, 

and incident solar radiation were measured throughout the experimental period (Fig. 

1). 

2.2. Measurements 

Plants samples were taken approximately fortnightly from each plot starting 

just prior to the appearance of the first square in each sowing. Sampling involved 

taking all plants from within one metre of row, selected randomly from the inner two 
: . 

or four (from eight row plots) rows of each plot. Total fresh biomass was measured 

Q and a sub-sample of four plants was taken for partitioning and dry matter 

detennination. Sub-samples were partitioned into green leaf (laminae), stem 

(including petioles), tap root, squares, green bolls and open bolls. The number and 

type of fruit were recorded. A square was defined as being present when the leaf that 

subtended the square had unfolded. Leaf area was measured in each sub-sample using 

a leaf area planimeter (Licor 3100, Nebraska, USA). 

All samples were dried in a forced draught oven at 70° C for at least 48 h,. 

weighed and measurements were then converted back to m·2 basis using a drying ratio. 

Masses are presented on an oven-dry basis. Dried samples were ground to pass 

through a 2 nun sieve. Samples were analysed for nitrogen content using Near 

Infrared Refractometry (Perten Jnframatic 8100, Germany). 



Measurements of photosynthetically active radiation (PAR, 0.4-0.7 µm) were 

taken in each plot above (PARo) and below of the canopy (PART) at approximately 

weekly intervals. Three measurements were made on each plot using a ceptometer 

(Decagon, Delta-T Devices Ltd., Cambridge, UK) between the 1100 and 1300 hours 

(Eastern Standard Time). 

2.3. Data analysis 

The proportion of radiation intercepted by the crop (Q1)was calculated as: 
•- -~ 

. . 
' 

Because light interception measurements were not always taken on the same day as ~) . · 

the biomass harvests, Qi was then regressed on days after sowing (DAS) to allow 

interpola~ion between measurements. An exponential function was fitted to data 

collected from each plot: 

Q1 = a[l-exp(-bDAS)]+ c (1) 

where a, b, and c are fitted coefficients. 

Using values of Qr for the day of the biomass harvests as derived from 

equation 1, a canopy light extinction coefficient (k) was derived for each plot from a 

non-linear regression between Qr and leaf area index (LAI): 

Q1 = d[ 1-exp(- klAI)] + e (2) 

where k is the canopy extinction coefficient, d and e are fitted coefficients. Treatment 

effects on k were tested using forward stepwise regression analysis. 

LAI was calculated using the product of specific leaf area of sub sample and 

the total mass of leaf material (m2
), ·both measured at each biomass harvest Specific 

leaf nitrogen (SLN), which is the amount of nitrogen (g) per unit of green leaf area 

(m2), was calculated as the quotient of leaf nitrogen concentration and specific leaf 

area. 
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Charles-Edwards and Lawn (1984) reported that the proportion of intercepted 

PAR for a day is under estimated if instantaneous measurements are used instead of 

integrating them over the day. Therefore before deriving radiation use efficiency 

(RUE, g MT1
) Q1 was adjusted using their relationship: 

where Q0 is an estimate of the proportion of PAR intercepted over the day. Again 

because light interception measurements were not always taken on the same day as the 

biomass harvests, Q0 was then regressed on days after sowing (DAS) to allow 

interpolation between measurements using a function of the same form as equation 1. 

0 Average RUE for the season was derived from the linear regression of shoot 

biomass against cumulative intercepted radiation (RUEdrn). In Exp. 1 measurements 

were used from 67 to 131 DAS in S 1, 41 to 111 DAS in S2, and from 48 to 90 DAS 

in S3. Jn" Exp. 2 measurements were used from 54 to 137 DAS in Sl, 34 to 119 DAS 

in S2. Measurements were used in Exp. 3 from 59 to 162 DAS. 

To account for the high cost of synthesis of cotton fruit relative to vegetative 

tissue. biomass was converted to glucose equivalents using production values (g 

glucose per g dry matter) from Wall et al. (1994) for cotton leaves, stems, roots, 

squares and fruits. A glucose adjusted total dry matter (I'DMg) could then be derived. 

RUE was thence also derived in glucose equivalents (RUEg). 

In all experiments, variation in RUEg within the crop life cycle was examined 

0 by deriving RUEg for periods including three consecutive dates of dry matter and PAR 

measurements. Regressions were centred on harvests from 77 to 117 DAS in SI, and 

from 57 to 97 DAS in S2 for Exp 1. In Exp. 2 the regressions were centred from 67 to 

122 DAS in Sl, and from 50 to 104 DAS in S2. Finally in Exp. 3 regressions were 

centred from 70 to 147 DAS. This method is similar to that employed by Sadras 

(1996). 

Significant differences are expressed at the 95 % (P < 0.05) confidence level 

unless otherwise stated. 

3. Results 
3.1 Fruit Production 



Cultivar S324 developed significantly higher peak number of squares than L22 

in five of the six sowings (Figures 1 & 2); the exception being S2 in Exp 2. In all 

cases the rate of increase in square numbers was greater in S324 than L22. It should 

be noted that this rate will be effected both by the rate of square production and the 

degree of early shedding. 

The higher peak square number of S324 was generally translated into a higher 

peak number of green bolls (Figures 1 & 2). The exceptions were S 1 in Exp 2, where 

the two cultivars showed very similar patterns of green boll numbers over time, and 

the very late sowing (S3) in Exp 1 in which development of the crop was severely 

truncated. Reflecting the rate of increase in square numbers in"S324, this cultivar set a 

larger number of green bolls sooner than L22. Interpolating between sampling dates 

indicates that S324 set 100 green bolls m·2 at least ten days earlier than L22 in four out 

of five cases. In SI of Exp 2 it was only three days earlier. 

S324 produced more open bolls in each of the normal sowing times (Figures 1 

& 2): Exp 3 and S 1 in Exp 1 and Exp 2. For the November sowings in Exp 1 and Exp 

2 the cultivars produced similar numbers of open bolls at similar rates. 

Fruit numbers varied between sowings. Excluding S3 in Exp l, the peak number 

of squares varied between 160 and 235 m·2 for S324 and 120 and 190 for L22. Peak 

green boll numbers also varied but to a lesser extent: S324 ranged between 130 and 

160 m·2 and L22 between 100 and 120 m·2• In S3 of Exp 1 the peak square number 

was 155 for S324 and 90 for L22, these numbers were translated into only 65 and 50 

green bolls respectively. 

3.2. · Dry matter production 

Total above ground dry matter production converted to glucose equivalents 

(TDMg) from each sampling date was plotted against DAS (Fig. 3). In Exp. 1 Sl 

cultivar S324 was greater at 89 and 105 DAS and then later at 161 DAS. In Exp. 2 S2 

TDMg for S324 was again greater between 57 and 83 DAS then later at 132 DAS. 

The third sowing of Exp. 1 had no apparent differences in TDMg between cultivars .. 

Greater TDMg was achieved in Sl, followed by S2 then S3, although S2 and S3 

produced biomass earlier. 
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In Exp. 2 S 1 there was no consistent difference in TDMg. For S2, TDM was 

similar until 76 DAS then S324 was greater on 89, 104 and 131 DAS. Finally in Exp. 

3 there were no apparent differences in TDMg throughout the season. 

Total fruit dry matter glucose adjusted in Exp. 1 was simular until 117 DAS in 

S 1, 83 DAS in S2, and 90 DAS in S3 (Fig. 3). After these times in all sowings S324 

had greater fruit biomass. In Exp. 2 S 1 fruit biomass was simular until 94 DAS and 

on at 164 DAS, but S324 was greater between 109 and 137 DAS. At 152 DAS L22 

had greater fruit biomass. In Exp. 2 S2 fruit biomass was simular until 89 DAS and 

on at 131 DAS, but S324 was greater on 104 and 119 DAS. At 145 DAS L22 had 

greater fruit biomass. Finally for Exp. 3 there were no apparent differences in total 

fruit biomass. 

3.3. Radiation interception and leaf area index 

Equation 1 was fitted to radiation interception data collected from each plot 

and allowed interpolation of Qo between measurements. For each plot the responses 

were used in conjunction with daily PAR to derive accumulated intercepted PAR for 

the period of measurement. In Exp. 1 cultivar S324 intercepted significantly more 

·radiation than L22 in each sowing during these periods (Table 1). There were no 

significant differences between cultivars in Exp. 2 or Exp. 3. In addition there were 

no differences between sowings in Exp. 2 (Table 1) . 

. In each sowing of Exp. 1, S324 intercepted a higher proportion of light sooner 

than L22, but by the ·end of the. season L22 had attained the same level of light 

0 interception as S324. There were no apparent differences between cultivars during 

growth of the crop in experiments 2 and 3. 

LAI differed significantly between cultivars and across cultivars (Fig. 4) in 

Exp. 1. In each sowing S324 developed its canopy sooner than L22. Higher peak LAI 

was produced by both cultivars in S 1 followed by S2 then S3. As for light 

interception, LAI increased later in S 1 than in S2 and S3. 

In Exp. 2 LAI did not differ between cul ti vars in S 1. but in S2, S324 was· 

significantly greater than L22 between on 89 and 104 DAS. LAI remained high for a 

longer period of crop growth in S2 compared to S 1 and as in Exp. 1. the canopy took 

longer to begin to develop in the earlier sowing. In Exp. 3 L22 had greater LAI on 

129 DAS, while S324 was greater on 147 DAS. The differences between cultivars in 



LAI between cultivars in experiments 2 and 3 did not correspond to any differences in 

light interception. 

Using data from all replicates, equation 2 was used to fit a regression of <O 
against LAI to estimate canopy light extinction coefficient (k). Forward stepwise 

regression analyses were used to test for differences between cultivars and among 

sowings for each experiment. No significant differences between cultivars were found 

in any experiment. Pooled across times of sowing and cultivars. k was 0.75 (±0.13,P 

< 0.05) in Exp. 1 and 0.74 (±0.14,P < 0.01) in Exp. 3. In Exp. 2 differences were 

identified between sowings. The k value for S2 (0.58±0.04, P < 0.01) was 

significantly less (P < 0.05) than for Sl (0.68±0.03, P < 0.01). 

3.4. Radiation use efficiency 

RUEdm was derived as the slope of the linear regression of total above ground 

dry matter against accumulated intercepted PAR. Again, forward stepwise regression 

analyses· were used to test for differences between cul ti vars and among so wings 

(Table 2). In Exp. 1, significant differences were found between cultivars; S324 being 

greater than L22 when pooled across sowings. In Exp. 2 the cultivars had similar 

RUEdm in Sl, but in S2 S324 had a significantly greater RUEdm than L22. Similar 

results were obtained when RUE was based on glucose equivalents (RUE8). There 

were no significant differences between cultivars in RUEdm or RUE8 in Exp. 3. No 

signifi~ant differences across sowings were found in experiments 1and2. 

RUE8 calculated for shortt;r time periods showed different patterns in RUEg 
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over the development of the two cultivars. In Exp. 1, RUEg for S324 was greater than ) . ..> 

that for L22 at 77 and 89 DAS in Sl, and at 57 DAS in S2 in Exp 1 (Fig. 5). In Exp. 

2 S 1 there were no differences between cultivars, however, in S2 RUEg of S324 was 

greater than cultivar L22 at 89 DAS. In Exp. 3 there were no differences between 

cultivars throughout the duration of crop development (Fig. 5). 

3.5. Specific leaf nitrogen 

. Trends in specific leaf nitrogen (SLN) over time were similar for the two 

cultivars in both experiments 1 and 2 (Fig 6). No leaf nitrogen measurements were 

taken in Experiment 3 in b. In Exp. l, S 1 and S3, and in both sowings of Exp. 2 SLN 

generally declined over the period of measurement whereas in s2· of Exp. 1 there was 
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an initial significant increase prior to the decline. Substantial differences between the 

cultivars rarely occurred across all sowings. 

3.6. Dry matter partitioning 

When considered on a harvest by harvest basis, fruit dry matter of S324 tended 

to be higher than for L22. This only sporadically reached significance. As S324 also 

tended to have a greater total dry matter, to test whether there was a significant trend 

for one cultivar to partition more dry matter to fruit over time, a distribution index 

(DI) for the partition of dry matter to fruit was calculated for the interval between each 

sampling. This was derived as the ratio of the increment in fruit dry matter to the 

increment in total dry matter over the interval expressed in glucose equivalents. DI for 

L22 was plotted against DI for S324 using data up to the time of peak green boll 
' 

number from all experiments (Fig. 7). The regression line fitted through this data had 

a slope of 0.70 which was significantly different from unity (P<0.001). This indicated 

that S324 partitioned significantly more dry matter to the fruit during the initial period 

of boll growth than did the other cultivar. · A single regression held over both years 

and all times of sowing. 

4. Discussion 

The aim of this experiment was to determine whether or not there were 

differe~ces in the dry matter production or partitioning of a late and an early cotton 

cultivar which could have contributed to the differences in crop maturity. Differences 

were found between S324 and L22 in terms of accumulated light interception and 

radiation use efficiency as measured over the whole period of measurement but not in 

a way that explained their respective maturities. 
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Tables 

Table 1. Accumulated intercepted PAR (MJ) for cul ti vars S324 and L22 for each 

sowing and experiment. 

Experiment Sowing Cultivar S324 Cultivar L22 

1 1 657 611 

2 753 724 

3 394(CM601) 385 (CM 573) t 
2 1 626 602 

2 602 611 (GM 609)t 

3 1 780 776 (GM768) 

t LSD (least significant difference, P < 0.05) = 28.02 MJ for cultivar means (CV) 

+Grand Mean 

Table 2. Radiation use efficiency calculated from dry matter (RUEdm) and glucose 

equivalents (RUEg) for each experiment (Exp.). Sowings of experiment 2 were 11 

October (Sl) and 13 November (S2) 1996 and cultivars are S324 and L22. 

Experiment/ RUEdm (g/MJ) SE RUEg (g/MJ) SE· 

Sowing/ Cultivar 

Exp. l,S324 0.99 0.04 1.54 0.06 

Exp. 1, L22 0.85 0.04 1.32 0.06 

Exp.2,Sl 1.04 0.03 1.61 0.04 

Exp.2,S2,S324 1.14 0.04 1.7 0.07 

Exp.2,S2,L22 0.97 0.03 1.47 0.05 

Exp. 3 0.99 0.02 1.54 0.04 
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Figure Captions 

Fig. 1. Fruit development for cultivars • S324 and 0 L22 across three sowings of 

experiment 1 ( 1995/96 season). Error bars are one standard error of the mean. 

Fig. 2. Fruit development for cultivars • S324 and 0 L22 across two sowings of 

experiment 2 and experiment 3. Error bars are one standard error of the mean. 

Fig 3. Total dry matter and fruit dry matter production adjusted for glucose 

equivalents for cultivars • S324 and 0 L22 across all experiments. 

Fig. 4. Leaf area index development for cultivars • S324 and 0 L22 across all 

experiments. Error bars are one standard error of the mean. 

Fig. 5. Radiation use efficiency (RUE) on a glucose equivalent basis during crop 

development for cultivars • S324 and 0 L22 across all experiments. Error bars are 

twice the standard error of the mean. 

Fig. 6. Change in specific leaf nitrogen over time for cultivars • S324 and 0 L22 for: 

(a) sowing 1, (b) sowing 2, and ( c) sowing 3 for experiment; and ( d) sowing 1 and ( e) 

for sowing 2 experiment 2. Error bars are one standard error of the mean. 



.,.... 3.5 
~ 
::2 3.0 
O> -
~ 2.5 
c: 
(J) ·o 2.0 
~ 
(J) 
(J) 1.5 
CJ) 
::s 
c: 1.0 
0 
+:: 
-~ 0.5 
"C a:s a: o.o 

-.,.... 3.5 
I --, 
::2 3.0 
O> -~ 2.5 
c: 
(J) 

(a) 

(b) 

·o 2.0 
:E 

(J) ~ ~ 1.5 
::s . !/" 
c: 1.0 r 
0 ;, 
.~ 0.5 
~ a: 0.0 .___.___.__....___.___.__..____.___,__.___.___,____. 

40 60 80 100 120 140 160 -Days after sowing .,.... :...., 
::2 
O> -
~ c: 
(J) 
·5 
E 
(J) 
(J) 

"' ::s 
c: 
0 

~ 
"C a:s a: 

(c) 

(d) 

3.5 
(e) 

3.0 

2.5 

2.0 

1.5 

1.0 

0.5 

0.0 
40 60 80 100· 120 140 

Days after sowing 

t . 

. . 

160 

' . . . 

- . 
I . 

. ,_ 

. ' 



(a) (d) 

3 

2 

1 

0 

\J 
(b) (e) 

;... 
(1) 3 
TI 

... _ 
2 (]) 

"-
'" 
w 

...J 1 

o..__.__._._.__._..._.__.__ ............ _.__...._.__._..___._. 

4~~~~~~~~~~~--. 

(c) (f) 

. .) 

2 

1 

o-------.__.__._ .............. _.__ ............ _._ ............ _._..__...__.__. 
20 40 60 80 100 120 140 160 180 200 20 40 60 80 100 120 140 160 180 200 

Days after sowing 



Sowing 1 Sowing 2 Sowing 3 
300 

250 -~ 200 .s 

A 
{/) 

150 Q) ..... 
<'II 
:l 
O' 100 
rfJ 

50 

0 

300 

250 -<)I .s 200 
!!). 
0 150 JJ 
c: m 100 m 
(!j 

50 

0 
300 40 60 60 100 120 140 160 180 200 

250 
Days after sowing 

cf"' .s 200 

~ 
0 

..0 
150 

c: 
ID 100 a. 
0 

50 

0 
_ _,,,,,.;J 

40 60 60 100 120 140 160 180 200 40 60 80 100 120 140 160 160 200 

Days after sowing Days after sowing 



Experiment 2 Sowing 1 Experiment 2 Sowing 2 Experiment 3 
300 

250 -, Cl' 
E 200 -Cl.I 
l!? 150 

C)! 100 

so 

0 
300 

- 250 
~ 
E 200 -<IJ 

._g 150 

c 
<1> 
(I) ... 100 

(!) so 

0 

300 

-~ 250 

.s 200 

) !!l 
0 150 .a 
c 
(I) 100 
Q. 
0 

50 

0 
40 60 80 100 120 140 160 180 200 20 40 60 BO 100 120 140 160 18040 so so 100 120 140 160 180 200 

Days after sowing Days after sowing Days after sowing 



2000 

1800 (a) f (d) 

1600 i i 1400 i 1200 

t ' 
1000 i ~ 
800 ! t i f 

! ' 
0 t ! 600 

400 f i ~ ! i 
0 ~ ! ~ 

200 n I I 

Q ~ t a • 0 • g ·• • 

2000 - 1800 (b) (e) 
\J 
' E 1600 
O'l 

~ - 1400 ~ 
(/) ....... 

1200 

i i d c: ! i CD f ctS 1000 
.2:: 
:::} 800 2 ~ 
C" ' t d i CD 600 i Q a 
Q) I Q ~ ! (/) 400 ~ • 0 .. li 0 200 Q t a 
:::} n .. e I 
(.!) 0 e • • I 0 • • • 

20 40 60 80 100 120 140 160 180 200 20 40 60 80 100 120 140 160 180 200 

Days after sowing Days after sowing 



5 
(a) (d) 

4 4 

3 3 

2 2 

1 

( ) 0 
5 

0 

5 
{b) (e) -~ 4 E 4 

Ol -c: 
~ 3 e 3 
-~ c: J 

(ij 
~ 2 2 
(.) -·13 
Cl> 1 c. 1 

Cl) 

0 0 
20 40 60 80 100 120 140 160 180 

5 

0 (c) 
4 .... 

Days after sowing 

3 ..... 

2 ..... 

1 ..... 

0 I I I I I ' - I 

20 40 60 80 100 120 140 160 180 

Days after sowing 



y 

3;!has been 
:icant that 
0fvanous 
Research ;f sowing 

nase. The 
:iagcment 
ilto fann 
' insighcs 

J.N.H., 
·ic. ~Vl'· 

st. So,... 

., 
'-

~· 

<' • p,<>e<.u/&.g< of''' 9,h Au,Y"oUon Awonomy Conf•nnu, Wagga Wagg~ J 998, pog" 4 I 54 J 6 415 

··Growth analysis of short and long season cotton cultivars 

M.P. Bange and S.P. Milroy 

· CS!RO Cotton Research Unit, Narrabri, NSW, 2390 

! - Accocling to the nutritional hypothesis, the timing of crop maturity in cotton is affected by when the fruit that are already growing 
monopolise resources and prevent the crop from producing new fruiting sites. Maturity can therefore be influenced by either the 
suPPIY of resources to the fruit or the level of demand generated by the fruit. Growth analysis was used co examine the supply of 
resources. in terms of the production and partitioning of dry matter, of an early and a late maruring cultivar grown in two fully 
irrigated field experiments. The two cultivars did not differ in peak leaf area index. above ground dry matter production or in 
allomeoic partitioning between the fruit and the rest of the shoot. Differences were however. found in light interception, canop" 
Jiglu extinction coefficient and radiation use efficiency in one experiment but not in a way that explain the differences in maturil, ) 

.,)·- ·Key words: Extinction coefficient, Gossypium hirsutum. light interception, partitioning, RUE. 

Cotton is an indeterminate species. The timing of crop 
marurity is not governed directly by temperature 

and photoperiod. Rather, according to the nutritional 
hypothesis, the timing of crop marurity is detenn ined by 
when the fruit that are already growing monopol.ise 
resources and prevent the crop from producing new 
fruiting sites (I). Usually, the crop then fmishes matur-
ing the fruit that are already set. Crop maturity can 
therefore be affected by either the supply of resources to 
the fruit or the demand the fruit are generating in terms 
of their number or growth rate. In this paper we use 
growth ~alysis to examine the supply of resources in 
terms of the production and partitioning of dry matter, 
of an early and a late maturing cul ti var. 

Methods 
An early maru.ring (Siokra S324) and late maturing 

(Siokra L22) conon cultivar were srudied in two field 
experiments grown on a uniform grey clay at Narrabri. 
NSW. The crops were sown on a 1 m row spacing with 
10 plant/m2. Full irrigation and commercial insect con-
~ol were used and N was applied as anhydrous ammonia 
six to eight weeks prior to sowing. Experiment 1 was 
sown on lOOct, 1995, and received 150 kg/haofN. Plots 
were 175 m by 4 rows and a completely randomised 
design was used with three replicates .. Experiment 2 was 
sown on l I Oct. 1996 and received l l 3 k2/ha. A ran-
domised comp I ere block design and four rePiicares were 
used. Plots were 75 m by 4 rows. Starting just before 

') 

first square, l m- samples were taken on a fort-nightly 
basis and leaf area index (LAI) and dry weight of fruit, 
leaf and stem determined. The proportion of photosyn-
thetically active radiation intercepted (PAR) by the 
canopies was measured weekly. 

Results and discussion 
The aim of this experiment was to detennine whether 

differences in the dry maner production or partitioning 
could have contributed to the differences in crop matur· 
ity of a late and an early cotton cultivar. Differences were 
found between S324 and L22 in Experiment 1 in terms 
of accumulated light interception and radiation use effi· 
ciency (RUE) a.S measured over the whole period of \ 
measurement but not in a way that explained their ma- J · 
rurity (fable l). No differences were measured in Ex-
periment 2. The difference in light intercepted be- tween 
cultivars in Experiment l was due to a higher light 
extinction coefficient (k) and not greater canopy size 
(Table 1). 

According to the nutritional hypothesis, a greater 
assimilate supply for the production of fruiting sites 
should result in prolonged fruit production and delayed 
maturity. The combination of the higher cumulative 
light interception and the higher RUE of S324 might 
suggest that S324, the early cultivar, would have the 
greater supply of photosynthate for the production of 
new fruiting sites_ However, since the allometric parti· 
tioning (2) of the resources did not differ between the 
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Table 1: Comparison of peak LAI, cumulative PAR, k. total dry matter (TOM) and RUE for the two cultivars in the two field 
experiments. (n.s.d. - no significant difference). 

Variable Experiment Cultivar 5324 

I LAI ~ 
· PAR (MI/m-) 

lk 
i ., 
) TDM (gtm-) 
I I RUE (g/MJJ) 

I 

I 3.02 
2 1.70 
I 1024 
2 626 
I 0.64 
2 0.62 
1 870 
2 621 
1 1.07 
2 1.03 
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Figure 1: Comparison of the allometric partitioning of the two 
cultivars in the two field experimems. 

Cultivar l.22 Pooled SE Significance 
2.52 0.30 n.s.d. 
1.82 0.27 n.s.d. 
976 12• (P<0.05) 
599 20 n.s.d. 

0.77 0.03• (P<0.05) 
0.65 0.03 n.s.d. 
811 47 n.s.d. 
582 22 n.s.d. 

0.89 om• (P< 0.05) 
1.00 O.Q3 n.s.d. 

cultivars the greater supply of dry matter should lead 
merely to a larger plant in S324 (Fig. 1 ). In either case, 
the differences do not explain why it is the earlier 
cultivar. Further studies are considering within season 
variation of growth and panitioning, demand for re-
sources by fruit, and are including a greater range of 
growth conditions. 

Conclusions 
.The late and· early cultivars did not differ in peak leaf 

area index, above ground dry ma~er production or in 
allometric partitioning beri¥een the fruit and the rest of 
the shoot. In one season differences were however, 
found in light interception and canopy light extinction 
coefficient. The short season cul ti var also had a signifi· 
cantly higher radiation use efficiency, but this does not 
explain why it matures earlier. 
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Assessing Effects of Canopy Nitrogen and Light Distribution on Radiation Use 
Efficiency of Cotton. 

M.P. Bange and S.P. Milroy 

Cooperative Research Centre for Sustainable Cotton Production 
CSIRO Cotton Research Unit, Locked Bag 59 Narrabri NSW 2390. 
E-mail: michael. bange@pi.csiro.au 

' Abstract 
As a surrogate for photosynthesis, biomass accumulation at the crop level can be estimated 
from the product of the amount of radiation intercepted and the amount of dry matter 
produced per unit of radiation intercepted (radiation use efficiency, RUE). The cotton crop 
simulation model CERCOT uses this approach and modulates RUE in response to canopy 
nitrogen status. However, the response of RUE of cotton to its nitrogen status is uncertain. 
Using a previously reported approach to scale from leaf photosynthesis to canopy RUE, we 
explored the significance of developmental changes in the vertical distribution of canopy N 
and canopy light interception characteristics on the response of RUE to nitrogen status. Tested 
against a field experiment, the framework performed reasonably well for high observed RUEs 
but over-estimated low RUEs. A number of avenues are being explored to improve its 
performance. A sensitivity analysis with the framework suggested that RUE in cotton was not 
effected by developmental changes in the vertical distribution of canopy N or light 
interception characteristics, but this needs to be tested in cotton crops with larger canopies 
where these effects are likely to be more important. 

Introduction 
The cotton crop simulation model CERCOT has been developed for use in research and to 
assist in tactical and strategic decision making. In CERCOT, biomass accumulation by the 
crop is estimated from the product of the amount of radiation intercepted each day and 
radiation use efficiency (RUE, the amount of dry matter produced per unit of radiation 
intercepte~). RUE for a given day is modulated according to the canopy nitrogen status. 
However, ·changes in either light interception properties or the vertical distribution of N within 
the canopy can effect RUE for a given canopy N status (Hirose and Werger, 1987; Pons et al., 
1989). Developmental changes in both these factors have been observed in cotton (Sadras, 
1996; Milroy et al., 1998) and could effect the relationship between th.e canopy nitrogen status 
and RUE over the development of the crop. This would have implications for models which 
use RUE to simulate biomass production. 

To explore the importance of these developmental changes for RUE in cotton, we used a 
simple framework developed by Hammer and Wright (1994) that scales from leaf 
photosynthesis to RUE which accounts for, amongst other factors , both the vertical 
distribution of N and the light interception characteristics of the canopy. The framework 
estimates the photosynthesis of sunlit and shaded leaves at each of the specified layers in the 
canopy as a function of their light receipt and N status. The photosynthesis of leaves in all the 
layers are totaled and adjusted for respiration to calculate a whole canopy photosynthesis. In 
this paper we aim (1) to test the suitability of the framework of Hammer and Wright (1994) 
for estimating RUE of field grown cotton crops and (2) use it to explore the predicted effects 
on RUE of average canopy N, the vertical distribution of N and the canopy light interception 
characteristics. 

: . 

., 
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Materials and Methods 
A field experiment was conducted at the Australian Cotton Research Institute Narrabri (30°S 
150°E), a semi-arid environment in north-western New South Wales, Australia. The soil was 
a grey-clay. Cultivar Sicala V-2i was sown on 14 October with two nitrogen treatments; nil 
and 150 kg ha"1 of N applied as anhydrous ammonia The crop was grown using full irrigation 
and commercial insect control methods. A completely randomised design was used with four 
replicates. Plots were 75m by four rows spaced at lm. Incident solar radiation was measured 
throughout the experimental period at a meteorological station 3 km from the site. 

From about the time of first square, 1 m2 destructive plant samples were taken each fortnight. 
On each occasion, the canopy was cut in four successive strata of equal vertical thickness. For 
each layer, the leaf area (hence LAI) was measured using a planimeter and the leaf material 
dried and weighed. The total dry matter (TDM) in the sample was also measured. Leaf N 
concentration (g N/g DM) was determined using a near infrared refractometer or a Leco high 
temperature combustion system, both calibrated against the Kjeldahl method. The stratified 
cuts continued until boll growth was completed and the crop was approaching maturity, giving 
five samplings. Two additional samples were taken, one before the first and one after the last 
stratified cut, for TDM and N only. The proportion of photosynthetically active radiation 
(PAR) intercepted by the crop was measured using a ceptometer at approximately weekly 
intervals. Readings were taken above and below the canopy in each plot at around noon under 
clear conditions. 

Instantaneous canopy light extinction coefficients (k), vertical specific leaf nitrogen (SIN, g 
N/m2 of leaf) gradients within the canopy (henceforth referred to as SLN gradient) and 
average canopy SLN were calculated for each harvest date. The coefficient k was based on 
total global radiation and calculated from the light intensity above (lo) and below (I) the 
canopy and LAI using the equation: k = ln(Iflo)l-LAI. The SLN gradients were calculated from 
the regression of SLN in a given layer against cumulative LAI CLAlcum) from the top of the 
canopy to the mid-point of that layer. 

RUE was calculated for each date when a stratified harvest was taken by using data from three 
consecutive sampling dates centred on the date of interest. For each date RUE was calculated 
from the linear regression of accumulated biomass on cumulative intercepted PAR over the 
three dates. The prop<>rtion of light intercepted by the crop canopy over the day (Q) was 
estimated from the proportion of interception measured around noon (Qn) using the equation 
of Charles Edwards and Lawn (1984): Q = 2.QJ(l+Qn). In calculating biomass, the high 
synthesis cost of cotton fruit relative to vegetative growth was taken into account by adjusting 
the reproductive biomass by the ratio of the biosythethic production costs (g glucose per g dry 
matter) of reproductive and vegetative tissues using the conversion factors ?f Wall et al. 
( 1994). That is, the RUE is equivalent to that for the production of vegetative tissue. 

The performance of the framework was tested by comparing the derived RUE' s to those 
measured for each sampling date. For this purpose, the LAI for each layer, actual incident 
radiation, average canopy SLN, canopy SLN gradients and k as measured at each sampling 
date were used as inputs to the framework. A limitation was the lack of a field based response 
of leaf photosynthesis (Pn) to SLN. The response equation used was based on that of Hammer 
and Wright (1994) but with a maximum Pn of 1.5 mg C02 m·2 s·1 at high SLN based on 
Australian cultivars grown in the field at Narrabri (Warwick Stiller CSIRO, unpublished 
data). 



Results and Discussion 
In the field experiment, RUE varied between 0.6 and 2.1 g MJ-1• These values compare well to 
published data for the production of vegetative tissue by cotton which range between 1.2 and 
2.1 g Mr1 (Rosenthal and Gerik, 1991; Sadras 1996). Significant relationships were found 
between SLN in a layer and cumulative LAI from the top of the canopy (P<0.05). The 
negative slope of the relationship (ie: the SLN gradient) varied between the sampling dates 
and between nitrogen regimes (P<0.05, Fig. 1). Average canopy SLN also varied between 
treatments and sampling dates (P<0.05, Table 1), but k only varied significantly between 
sampling dates (P<0.05, Table 1). The k values in Table 1 appear low relative to previously 
published values for cotton (eg. Constable, 1986; Sadras, 1996) because they are based on 
total global radiation not PAR. On a PAR basis, the observations ranged from 0.51 to0.81 
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Fig. 1. Examples of the relationship between SLN and cumulative LAI for (a) the high ·N 
treatment and (b) the nil N treatment. Open symbols and broken lines are for 77 days after 
sowing (DAS). closed symbols and solid lines are 128 DAS. 

Table 1. Observed values for the canopy light extinction coefficient, SLN gradient, total LAI 
and average canopy SLN for cotton crops grown under nil (LN) and high (RN) nitrogen for 
different s~pling dates (DAS = days after sowing) and used as inputs to the framework. 

DAS Extinction SLN Gradient Total LAI Average SLN 
Coefficient (k2 ~g N/m2

) 

HN LN HN LN HN LN HN LN 
64 0.50 0.57 0.72 0.58 0.57 0.36 3.05 2.11 
77 0.36 0.44 0.72 0.58 1.65 0.75 2.46 1.73 
94 0.47 0.47 0.82 1.17 2.33 0.91 2.31 1.46 
113 0.42 0.47 0.31 1.03 2.64 1.01 1.90 1.29 
128 0.51 0.51 0.59 1.60 2.41 0.96 1.67 1.71 

The RUEs calculated for the field experiment using the. framework were plotted against the 
observed values (Fig 2a). The calculated RUEs were approximately correct for the higher 
observed values but were over estimated at moderate to low observed values, particularly for 
the nil N treatment. Part of the reason for the lack of response to low N supply is most likely 
due to the function used for the response of Pn to SLN. The function had been derived for 
peanut but was modified for cotton by changing the asymptotic maximum Pn rate. Although 
Reddy et al. (1979) have developed a relationship of this kind for cotton, it only used a limited 
range of SLN and was developed in a controlled environment. Significantly higher rates of Pn 
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than the maxima reported by Reddy et al. (1979) or Constable and Rawson ( 1980) have been 
obsetved in the field (Warwick Stiller CSIRO, unpublished data). Leaf age may have also 
contributed to the over-estimation of RUE for the nil N treatment late in the season. The nil N 
treatment cut out earlier than the high N treatment and thus from this point onward the leaves 
at the top of the nil N canopy were older than those in the high N treatment. Thus, although 
they had only a slightly lower SLN (Fig. 1) they would have had significantly lower Pn rates 
(Constable and Rawson, 1980). Work is continuing to explore the response of Pn to SLN in 
the field and the interaction of leaf age and also light acclimation with this relationship. Non-
linear canopy gradients (Hirose and Werger, 1987) may also have contributed to the scatter of 
the calculated R UEs. Research is continuing to quantify the importance of these aspects to the 
perf onnance of the framework for cotton. 
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Figure 2: Derived versus observed RUE for the different dates in the field experiment using: 
(a) k and SLN gradient as measured for each date, (b) measured SLN and a common k 
calculated by pooling all the data and ( c) measured k and a common SLN gradient. 

To assess the significance of the observed developmental variation in k on the calculated 
RUE, we substituted a k derived across all dates and treatments in place of the actual k for 
each date. This had only a limited effect on the estimated RUE (Fig 2b ). This was surprising 
given that .a sensitivity analysis showed that the calculated RUE from the framework varied by 
15% over the range of k values obsetved in the field trial (with SLN gradient = 0.61 and 
average SLN = 3.0). The small effect on the calculated RUEs for the field trial was 
presumably because, while there was statistical variation between the observed k values 
(P<0.05), most of the values lay near the overall value of 0.46. Thus only a few of the 
calculated RUE's where altered by using a common k. 

When we tested the significance of the obsetved variation in SLN gradient by substituting an 
overall gradient in place of those specific for each date, it had even less effect than using a 
common k (Fig 2c). This was at least partially due to the low LAis developed in the 
experimental crop. The analysis of Hirose and Werger ( 1987) indicated that canopy 
photosynthesis responded more strongly to SLN gradient at higher LAI; at an LAI of 2.12 the 
response was negligible. The highest LAI recorded in these crops was only 2.6 even though a 
yield of 2100kg ha-1 was obtained in the high N treatment. 

The stability of the predicted RUE with changes in either k or canopy SLN gradient over the 
range obsetved in this study is promising for the development of a response of RUE to SLN 
which could apply through out the development of the crop. However, higher SLN gradients 
are likely with higher LAI (Sadras et al., 1993) and also the consequences of variation ink or 



. •:"' . ~ · 

SLN gradient are greater with higher LAI (Hirose and Werger, 1987). Therefore, it will be 
necessary to assess their importance in cotton crops which develop larger canopies than those 
in this study. This is the focus of ongoing experimentation. 

Conclusions 
The calculated RUE derived from the framework needs to be improved. This may be achieved 
through developing an appropriate field based response function for Pn versus SLN. Other 
aspects of the framework will also be examined to reduce the variability of the estimated 
RUE. The importance of developmental changes in SLN gradient and k for RUE in cotton 
needs to be quantified in crops with higher LAI than observed here. 
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Characterising the Fruiting Dynamics of Commercial Cotton Varieties 

Bange, M.P. and Milroy, S.P. 

CSIRO Cotton Research Unit, Narrabri. 

Summary: This paper reports the results of an experiment to quantify the fruiting 

characteristics of eight cotton varieties to enable crop simulation models to more 

accurately reflect yield and maturity of current varieties. Characteristics measured were 

time to first square, square period, and boll period, and their subsequent effects on crop 

maturity. Thennal time to first square and boll period were correlated to the maturity 

ranking of the varieties. However, differences in the length of these periods compared 

with other reports indicates the need to pursue better methods to quantify these 

characteristics. 

Introduction 

Crop simulation models can be used to evaluate. risks of management decisions before 

substantial investment has occurred. Variety selection for yield and its maturity 

(earliness) is an important decision, particularly in marginal areas or under conditions of 

late planting. In order to simulate the maturity of a particular variety, the processes that 

change between varieties must be identified and then related to an environniental factor 

such as temperature, so that they can be reliably predicted. This paper presents the results 

of continuing studies to update models to ensure that they reflect the fruiting patterns of 

current varieties. 

Experimental Design and Management 

A field trial was conducted at the. Australian Cotton Research Unit in the 1995/96 

growing season. Eight varieties were sown twice in a split-plot experimental design with 

three replications using conventional techniques. The two sowing times were 11th 

October and 29th November. The eight varieties are presented in Table 1 along with their 

marurity ranking. These varieties include six current coIIUilercial varieties and two which 

have just been released for the corning season. 

The node of the first fruiting branch, the time of 1$t square and 15
' flower open were 

recorded on each plot. To determine boll period, in each plot, fifty new flowers were 
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tagged on a single day in the middle of the flowering period, and were monitored daily 

when bolls began to open. The date on which bolls were open and suitable for picking 

was recorded. In addition when bolls began to open, a maturity pick was conducted on 1 

m of row twice weekly to determine date of crop maturity. Just prior to a machine picked 

harvest, cotton was hand picked and bolls counted from 1 m of row in each plot to 

detennine seed cotton mass per boll. 

Table 1: Varieties used in field experiment and there respective ranking of maturity, 
where I is the earliest and 8 is the latest (Constable pers. comm). 

Variety Maturity ranking 
CS 8S 
Siok.ra S-101 (replaces 8324) 
cs 50 
Siokra 1-4 
Siokra V-15 
Siokra V-2 
Siokra L-23 
Sicot 189 (replaces CS189+) 

1 
2 
3 
4 
5 
6 
7 
8 

·Boll period was only derived for the crop sown on the 11 lh October. Boll opening in the 

second sowing was accelerated by the effects of low minimum temperatures, and 

therefore, boll periods were excluded from the analyses. 

Results 

Yield: Machine picked yield in the first sowing was not significantly different among 

varieties (mean = 6.3 bales/ha). There was also no difference in number of bolls per m 

(mean 77 bolls), however, significant differences in seed cotton per boll (bol1 weight) 

were found (LSD 0.67). 

Table 2: Yield parameters for varieties grown in 1995/96 season. Values followed by the 
same letter are not significantly different (P < 0.05) for seed cotton per boll. 

Variety Yield bales/ha Open Bolls per m2 Seed Cotton (g) 

CS 8S 
Siok.ra S-101 
CS50 
Siokra 1-4 
Siokra V-15 
Sicala V-2 
Siokra L-23 
Sicot 189 

6.1 
6.5 
5.9 
7.5 
6.4 
5.6 
6.6 
5.8 

86 
85 
85 
79 
69 
74 
70 
71 

per Boll 
4.07 ac 
3.93 ab 
3.75 a 
4.63 c 
4.84 de 
5.09 e 
4.53 be 
4.38 acd 
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Nodes to First Fruiting Branch: Nodes to first fruiting branch varied from 8 to 11 nodes 

and differed significantly (P < 0.05) between sowings (sowing l mean 9.85, sowing 2 

mean 8.98, LSD 0.7) and among varieties (LSD 0.8). The differences among varieties 

was not consistent between the two times of sowing (significant interaction, P < 0.05, 

LSD 1.2) (Table 3). 

Table 3: Nodes to first fruiting branch for varieties sown in field experiment in the 
1995/96 season 

Variety Sowing 11 tli Oct Sowing 29c11 Nov 
CS8S 8.2 9.0 
Siokra S-101 10.3 8.7 
cs so 9.1 8.5 
Siokra 1-4 10.7 9.4 
Siokra V-15 10.7 9.1 
Sicala V-2 9.8 I 9.4 
Siokra L-23 10.8 9.1 
Sicot 189 9.0 8.7 

Time to First Square: Thermal time to first square was longest in Sicala V-2 and Siokra 

. V-15, while CS 50 and CS 8S were shortest (Figure 1) ~d there were no significant 

differences (P < 0.05) between sowings . The correlation coefficient was 0.66 between the 

thermal time to first .square and the maturity ranking of the variety. 

SlctlaV.fl 

Sio4aa V·IS 

Siolcl'a L-23 

. i Sioln , ... 

'5 SiCll 189 0 

Sldcr1 S-1G1 

csso 

cses 
_ UdS9.12°cd 

o 1 oo 200 3:lO 400 soo eoo 100 aoo 
Thermal time ("c d) 

Figure 1: Thermal time to first square for varieties during I 995196 season. 

Square and Boll Period: Square period differed significantly (P < 0.05) among varieties 

(Figure 2) but not between sowings. CS 8S had the longest square period while Line 114 

had the shortest. There were no significant differences between sowings, and no 

correlation was found between maturity ranking and square period. 
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While Figure 2 shows that there were no significant differences (P < 0.05) in boll period 

found among varieties in the first sowing, there was however, a correlation coefficient of 

0.65 when compared to the recommended maturity ranking. 

I cat 

_, 

cus S.O• ... _, .. -·· CUo &lo ... W> 

! -·· lio•Y.11 

- t·D -N 
lk*IY..tl CllS 

CISa 

&loln S.101 

L.ol$>.l'Cd 
' 

ISO 300 250 JOG ICO ... ,,,_.,ti,,.. re dl 

Figure 2: (a) Square period for both sowings and (b) boll period for the first sowing in 

1995/96 season. 

Crop Maturity: Days from sowing. to 60% of bolls open was not significanµy different 

among varieties in the first .sowing. Maturity dates varied from 177 to 186 days after 

sowing and had a correlation coefficient· of 0.55 when compared with the maturity 

ranking (fable 4). 

Significant differences (P < 0.05) in fibre length were found among varieties where 

Siok:ra L23 had the greatest and CS 8S had the shortest (LSD 0.035). Later maturing 

. varieties had greater length (correlation coefficient 0.64). There were no ·differences in 

micronaire. 

Table 4: Maturity and quality parameters for varieties grown in 1995/96 season. Values 
followed by the same letter are not significantly different (P < 0.05) for fibre length. 

Variety Maturity Date (Days Fibre Length Micronaire· 
after sowing) (inches) 

Siokra S-101 178 1.18 c 3.67 
Sicot 189 186 1.18 c 3.00 
CS8S 177 1.12 a 3.67 
CS 50 184 1.14 ab 3.67 
Siokra V-15 183 1.16 be 3.67 
Siokra 1-4 179 1.19 c 3.33 
SiokraL-23 182 l.20c 3.00 
Sicala V-2 177 1.17 c 3.33 
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Discussion 

Crop yields were variable and generally depressed, probably due to cool temperatures and 

waterlogging problems experienced during this season. Greatest yields were measured in 

Siokra 1-4 which generally had a longer thennal time to first square and boll period . 

Fibre length was greatest for Siokra L-23 and 1-4, and was also related to maturity . 

Measured crop maturity found in this experiment was not correlated with time to first 

square, square period, and boll period, as maturity in this experiment was probably 

effected by cool temperatures effecting boll development. Time to first square and boll 

period were however, related to the recognised maturity ranking of the varieties. These 

two periods have an effect on maturity via their effects on carbon supply. A shorter time 

to first square places a demand on carbon supply earlier, whereas a shorter boll period 

places a greater demand on resources because each boll is trying to grow faster. Square 

period is not so important because the demand for carbon of developing squares is small 

in comparison. 

The duration of all the periods were different to those found by Wells (1994). He also 

found that the thermal time for these periods differed across times of sowing and between 

years. The results in this experiment in conjunction with his data indicate that the 

methods for measuring fruit development traits requires further exploration. Further 

studies are investigating in niore detail the quantification of fruit development traits and 

the interaction of these traits and carbon supply on crop maturity. 
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Using systems models in farm management 

Peter Carberry1 and Mike Bange2 

1CSIRO Tropical Agriculture, Agricultural Production Systems Research Unit, Toowoomba, Qld 
2CSIR.O Plant Industry, Australian Cotton Research Institute, Narrabri, NSW 

Introduction 

"We 're getting a better understanding of the science behind (them) and it's giving us confidence 
to make decisions using the information. We're getting a handle on the situation rather than 
functioning on gut feeling." Farmer 

"Advantage is that you know where you are likely to be going in six months time, this give$ 
'hindsight in advance', and farming with hindsight is much easier' Fanner 

"It influenced my advice: cropping and rotations, planting and nutrition" Agribusiness 
consultant 

"There are not too many opportunities that come along tluit can deliver major outcomes to 
fanners and (this) is clearly one such" Industry reviewer 

"The evaluation process provided strong evidence tluit (it) was having a positive impact: on 
learning within each participant group, attitudes, decision-making and practice." Researcher 

These quotes explicitly address the topic of this paper - the application of simul;;ition models in 
assisting the management of commercial farming enterprises. The need to begin this paper with 
such statements of support is because many readers, whether they be growers, consultants, 
extension officers or researchers, would have contrary or, at best, non-committal views on the 
usefulness of models in commercial agriculture. 

Scepticism on the applicability of models is not due to their rarity nor lack of exposure. A recent 
survey of models targeted at farm production and catchment management (Hook, 1997) recorded 
over 90 models or computerised decision support systems (DSS) developed and/or supported in 
Australia. The compilation included models relevant to the cotton industry, the OZCOT and 
CERCOT cotton models and the now defunct SIRATAC DSS. It would be safe to assume that 
there are probably many more such products than those listed in this report. Yet, in Australia 
(Cooke, 1994) and world-wide (Plant, 1997), fanner acceptance of models and decision support 
systems has been disappointingly low . 

In this paper, our objective is to relate our experiences of how some farmers and consultants have 
benefited from the application of systems models in their farming operations. We argue that this 
recent effort in applying models within industry has imp~~nt distinguishing features from past 
efforts on decision support systems and that the current market pull for commercial access to 
systems models may be sustainable. We conclude with proposed plans to progress towards 
commercial delivery of systems simulation to farmers in the northern cropping region. 
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Why simulate? 

A simulation model is simply a mathematical representation of an aspect of the real world. The 
case for simulation modelling as a scientific research tool needs not to be argued here. To be able 
to quantitatively explain biological and physical phenomenon and predict outcomes under different 
environmental stimuli is the goal of much of science. Nor would one argue with the widespread 
application of models in engineering and other real-life professions. One doesn't build bridges nor 
put people on the moon using trial and error when models can accurately predict consequences of 
different designs and actions. Likewise, in our everyday life, simulation is becoming ever more 
relevant --0ne can now assess mortgage loans at our banks via a loan repayment simulator. The 
awareness and acceptance of simulation as a legitimate form for generating information is 
undoubtedly increasing due to its wider exposure within the general public. 

Simulation models are a means of easily and efficiently achieving understanding and gaining 
"experience". Maybe one doesn't have to live. through 50 years of farming experience to gain some 
insight if one can simulate in minutes what would have happened in each of those 50 years. In this 
sense, a farming systems simulator could be used akin to a flight simulator - where one can learn 
from successes and mistakes of implementing actions without suffering the consequent pain and 
cost of real-life experience. 

So, will farming systems simulation ever get to the point where real-life experience is no longer 
required for learning? Unfortunately, the answer is a definite no. Biological systems are .not as 
predictable as physical systems, with no two organisms being nor behaving exactly the same - well, 
except perhaps for clones like Dolly the sheep. Where Newton's physical laws allow accurate 
prediction of mass and state in engineering, biological relationships are based on observed 
performances of populations of plants and animals. Nevertheless, we can say with some 
confidence, for instance, that a cotton plant will produce 1.5 g of matter for each megajoule of 
radiation it intercepts _(Rosenthal and Gerik, 1991), or that a cotton crop will take close to 780 
degree days to fir~t flower appearance (Constable and Shaw, 1988). By combining such 
relationships· into a simulation model such as the OZCOT cotton model (Hearn, 1994), the 
performance of cotton crops ·can be predicted under different environmental and management 
conditions. 

The questions remain, however, as to how well simulation models perform in relation to 
commercial agriculture and how can industry make use of these tools? 

What is FARMSCAPE? 

FARMSCAPE (Farmers, Advisers, Researchers, Monitoring, Simulation, Communication And 
Peifonnance Evaluation) is an acronym we have employed to represent a participatory R&D 
approach that explicitly addresses the question of relevance of systems models to commercial 
fanning. It involves research to explore whether any farmer or adviser could gain benefit from tools 
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such as soil characterisation and sampling, seasonal climate forecasts and, in particular, sirrrulation 
modelling and, if so, how such tools could be delivered cost-effectively to industry. 

FARMS CAPE has been based on the key elements identified in its name: 
(i) the close collaboration of farmers, their advisers and researchers in discovering together how 

best to explore management options; 
(ii) the implementation of research on commercial fanns, especially incorporating improved soil 

monitoring to gain better knowledge of actual soil water and nitrogen in individual paddocks; 
(iii) the application of a well-developed capacity to simulate systems using the APSil.\1 systems 

model (McCown et al 1996) linked with the OZCOT cotton model (Hearn, 1994) with a 
requirement that simulations be credible against real-world experience; 

(iv) the broader communication of project outcomes not only through public extension activities 
but particularly through agribusiness client services, and 

(v) the continual assessment of project activities and impacts via formal evaluation processes . 

Since 1992, FARMSCAPE has encompassed on-farm research and fanner group activities 
conducted from Capella in Central Queensland to Breeza in northern NSW, with most emphasis 
having been on the Darling Downs. The focus of FARMS CAPE has almost exclusively been on CJ 
dryland farming systems. We have established direct working relationships with over 200 farmers 
and 15 advisers who have influenced research direction and provided strong support for continued 
evolution of the FARMS CAPE tools and techniques. 

Are simulation models relevant to the real world? 

O.ver the past 6 years, a number of commercial 
dry land crops have been monitored and used to 
test APSIM and OZCOT simulations. Figure 1 
presents results for cotton, sorghum and 
mungb~n, while other crops such as wheat 
and chickpea have also been tested. In most 
cases, these tests have confirmed that the 
models are able to simulate commercial crop 
production - in Fig 1 they accounted for 87% 
of observed variation over 59 crops (70% for 
the 30 cotton crops). For most of those crops 
where predictions were significantly different, 
we have been able to determine the reasons for 
the discrepancies - most are due to impacts of 
factors not accounted for in the models ( eg. 
severe pest damage). For many farmers and 
consultants, APSIM and OZCOT have proved 
credible enough to be relevant to commercial 
cropping practices and now wane to use them 
in benchmarking the performance of their own 

crops and in exploring alternative management 
strategies. 

Fig. 1: Predicted yields versus commercial 
crop yields 
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How can systems models be used? 

(i) Scenario exploration 
A common and useful application of simulation is to explore new options or environments as 
general scenarios that are broadly relevant to a region or group of farmers. In this light, we were 
asked recently to investigate the returns and risks of dry land cotton by a group of farmers located 
near Spring Ridge on the Breeza Plain, NSW. The farmers in this group have been primarily 
growing wheat and sorghum in rotation after long fallows, with the occasional sunflower crop. 
While the farmers were comfortable with their present cropping systems, they did raise the 
question of whether alternative crops should be considered. 

The OZCOT cotton model was run ~th inputs generated by the farmers and a local consultant in 
order to generate risk analyses and gross margins for dryland cotton assuming a full profile of soil 
water (300 nun available water) at sowing time (Table 1). The resultant predictions were mostly · 
consistent with the expectations of the both a neighbouring cotton farmer and the consultant. The 
average gross margin was calculated as $1100/ha for cotton (yield ~.7 bales/ha; $560/bale) 
compared with $630/ha for sorghum (yield 6.2 t/ha; $120/t). While there was a risk of not breaking 
even, the farmers considered the .risk in crop failure was not much greater than that for other crops. 
The group discussed offsetting this risk by limiting the area of cotton in relation to their other 
summer crops. Their farmers also confirmed that there were better chances of making higher gross 
margins than for either sorghum and sunflower. 

The farmer group also asked for simulations to investigate the risks of dryland cotton starting with 
~alf a profile o.f soil moisrure (average 3.23 bales/ha; Table 1), the effects of sowing time and 
different rates of nitrogen. Subsequent to undertaking these analyses, three of the farmers ~ve 
decided to grow cotton for the first time in the 1998/99 season as part of their summer crop 
program. It is important to note that this simulation exercise did not make the decision for the 
farmers, but merely provided them with another source of infonnation to assess the returns and risk 
of a new fanning option. 

Table 1: Risk analyses generated for dry land cotton production at Spring Ridge (Breeza Plain). 
Outcome Probability of Achieving Outcome (%) 

· Full Profile Soil Moisture Half Profile Soil Moisture 
~ 1. 70 bales/ha (0. 7 balelac b~even) 
~ 2.47 bales/ha (1.0 bale/ac) 
~ 3.71 bales/ha (1.5 bales/ac) 
~ 4.94 bales/ha (2.0 bales/ac) 
~ Greater than or equal to 

(ii) Benchmarking past crop performance 

84 78 
63 53 
43 
32 

34 
22 

Whether a crop has performed to its potential is often of great interest to farmers. Given acrual 
seasonal climate and management inputs, models can predict what a crop should have yielded in 
the absence of extraneous factors, thus providing a benchmark against which actual crop yield can 
be assessed. Fig 2 demonstrates a benchmark simulation of a sorghum crop at Kupun, Qld. In this 
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case, the simulated and actual yields were 
very close and so the farmer could conclude 
that his crop yielded close to its potentia~. 

However. by re-running this benchmark 
simulation, but using a higher plant density 
and fertiliser rate, the model also suggested 
that the farmer could have produced even 
higher yields than that achieved - the crop did 
not reach its environmental potential in that 
season 

Fig. 2: Simulated daily increase in sorghum 
grain and total dry weight - X signifies 
actual weights at crop maturity 

(iii) Tactical crop management 

Sorghum benchmark 
16000...--------------------------
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The APSIM or OZCOT models can be used in plann~ng for the current or upcoming crop . 
Decisions on crop choice, varietal selection, fertiliser rate, sowing date, plant population, row 
configuration and so on can be assessed based on knowledge of pre-plant soil water, soil chemical 
analysis and seasonal climate outlook. Based on this information, the models can provide an 
assessm~nt of expected crop performance in the upcoming season by simulating what would have 
happened under these same conditions in past years for which rainfall records exist - Fig 3 presents 
an example for cotton planted as either solid or single skip under low starting soil water conditions. 
The grower for whom these simulations were undertaken, changed to single skip cotton in the 
1997 /98 (El Nino) season rather than his normal solid plant c~nfigur~tion . 

Fig. 3: Predicted gross margins for solid and single skip cotton crops grown at Brookstead when 
sown on 40% soil water profile. Solid bars represent El Nino seasons, the average for which is. 
represented by the horizontal thick line, whereas the thin line is the average over all seasons . 
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(iv) Planning strategic crop rotations 
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A significant advantage of APSil\1 is that it is a model of a cropping system, able to simulate the 
production and environmental consequences of different crop rotations. This capability has been 
used by farmer collaborators in FARMSCAPE to explore cropping rotations suited to their own 
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farming operations. It has also been used as a research tool to explore the prospects for innovative 
design of cropping systems. For example, the degree to which the efficiency of dryland cotton 
syste~ could be improved if they became more flexible through an opportunity cropping strategy 
has been recently explored by Carberry et al (1998). In a simulation case study, a standard dryland 
rotation of long fallowing from sorghum to cotton was compared to alternative fixed rotations and 
to a rotation influenced by a seasonal climate forecast based on the Southern Oscillation Index 
(SOI). The decision point is the October after sorghum harvest where the manager can choose to 
proceed with the standard summer fallow or plant sorghum or cotton in that season with the 
intention in all cases of planting cotton in the following summer. These three fixed rotations 
(fallow-cotton, sorghum-cotton, cotton-cotton) are compared to a SOI-influenced strategy - where 
the rotation chosen each year was determined by the phase of the SOI in October - using APSIM 
and OZCOT to simulate system performance over the 100 yr climate record for Dalby Qld. 

This simulation case study demonstrated that SOI could contribute some skill in improving 
management decisions over a two year rotation. By changing between fallow-cotton, sorghurn-
cotton or cotton-cotton rotations based on the SOI phase in the August-September period preceding 
the next two summers, average gross margins for the two year period increased by 14% over a 

Q standard fallow-cotton rotation (Table 2). At the same time, soil loss from erosion was reduced by 
23% and cash flow was improved in many years because an extra crop was sown. The SOI strategy 
did however increase the risk of economic loss from 5% of years for the standard fallow-cotton 
rotation to 9%, but this risk was _considerably less than the 15% for sorghum-cotton and 19% for 
cotton-cotton rotations. 

0 

Table 2: Average performance of three fixed rotations and a flexible rotation based on an SOI 
seasonal climate forecast (from Carberry et al., 1998). 

Gross margin ($/ha/2 yr) 
Risk (% yrs GM < $500) 
Cash flow (year 2) 
Soil loss (relative to fallow) 

Fallow-Cotton 
1482 

-56 
1 

·Sorghum-Cotton Cotton-Cotton SOI 
1605 :y_-;~.~169J "7· • .==.·:. 

. ~ ' .. .. . . '.. .. . . 1683 
15 . 19 

380 ~£;~~ '81:~~~'v ,.':?: 
~~J~%::.i:i>i49 .· ·;_.:, 0.72 

9 
405 

0.77 

Fig. 4: Gross margins for either sorghum-
cotton or fallow-cotton rotations simulated 
at Bongeen Old. 
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The scenario described above is sinu1ar to that 
of a farmer collaborator at Bongeen, Qld, in 
late Nov. 1995 when his doubled cropped 
wheat after sorghum failed. He was faced with 
a decision on whether to continue with 
essentially a bare fallow through to cotton 10 
months hence or plant sorghum at that time 
and follow with a short fallow through to the 
intended cotton crop. The simulation of the 
two rotations showed only a slight gross 
margin advantage to long fallowed cotton (Fig. 
4). The farmer planted sorghum to gain stubble 
cover for soil protection and was still able to 
follow with a cotton crop in 1996/97. 
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What have we learnt? 

FARMSCAPE is a research activity that recognised early on that, if we wanted to explore ways in 
which farmers could better manage their farms, then these farmers needed not just to be consulted 
on the design of what should be done, but they also needed to participate in the implementation of 
the research and the interpretation of its outcomes. In other words, instead of using our scientific 
models to build derivative tools which we scientists believed could help farm managers, for 
instance a computerised Decision Support System (DSS), we took these base models out onto 
fanns and asked farmer and adviser collaborators to design and test applications for their own 
situations. What emerged has been confirmation of the benefits of fanners gaining better 
knowledge of their water and nitrogen resources through increased intensity of soil monitoring and 
the discovery of a role for systems models in assisting the management of cropping systems . 

F ARMSCAPE has helped demonstrate that the 
key to farm managers valuing simulation is the 
positioning of these simulations in the context 
of their own fanning situation. A simulator 
enables information to be specified to ~ 
~ndividual paddock, its results can be tested 
against one's own crop performance and a 
simulator such as APSil\1 can be used to 
explore a whole range of issues. In contrast 
(Fig. 5), many DSS packages, (eg. 
WHEATMAN; Woodruff, 1992), provide 
generic or representative information for a 
district, they depend on plausible answers (as 
many of their assumptions cannot be tested 
using one's own data), and many DSS are 
generally targeted at single or few issues. 

Fig. 5: Schematic comparison of a simulator 
versus a decision support system (from 
Mccown et al, 1997). 

An important distinguishing featur~ in our use of a simulator with farmers is that, while the 
simulator provides information that may be useful in making a decision, in the end, the fanners 
have to decide what would be best for their own situation. In contrast, many DSS packages have 
been designed to provide recommendations on what decisions should be taken. In leaving 'the 
interpretation up to the farmers, a simulator provides a means oflearning about the farming system. 

Where to next? · 

Developing the FARMSCAPE approach and tools to the point of commercial delivery is a logical 
next step for this R&D activity. A market now exists for timely and high quality interactions based 
on soil monitoring and simulation amongst a significant sector of the farming conununity. Formal 
evaluation of the current FARMSCAPE project has demonstrated impacts on participating farmers 
and advisers. The demand for simulations has increased rapidly to the point where we can not meet 
that demand, nor justify providing a "conunercial" delivery service. Our intention is to do all we 
can to transfer to agribusiness the capability to deliver FARMSCAPE-based interactions. 

) " 
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Our preferred delivery mechanism is to establish an Accredited Adviser Network for delivering 
simulation and related products such as soil monitoring. seasonal climate forecasts, analysis of 
relevant management scenarios and "what~ifs, analysis and discussion" to farmer clients in the 
northern cropping region. Our proposal is that a number of agribusiness and private consultants be 
accredited and supported in implementing the F ARMSCAPE approach within their business 
practices. Due to the high demands of training and support required, accreditation training and 
support initially could only be provided to a limited number of collaborating companies. 

Finally, on the research front, we intend to continue exploring the role for simulation, expanding 
our interests to include irrigated cotton production systems and the agribusiness service sector. In 
the latter case, bank lending policy and agribusiness advice were definitely affected by recent EL 
Nino events. Whether better information on seasonal climate forecasting and cropping prospects 
can improve institutional decision making (eg. bank leading policy, crop insurance policy, product 
inventory, marketing advice, etc.) is an emerging area worthy of further exploration. 
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Farming Systems Research - dryland cotton 
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Mike Bange, Cotton Research Unit, CSIRO Plant Industry 

CRDC Project (CSP67C): Improved cotton management through the application of cropping 
systems models 

The Farming Systems Research (FSR) approach employed in this project is aimed at identifying 
opportunities for and resolving constraints to implementation of more profitable and sustainable 
dtyland farming systems through participatory on-farm research where farmers, advisers, and 
researchers are part of the research team. The main areas of activity are; 

Negotiation of grower and adviser involvement 
Farmer groups working within the project are functioning on the Brigalow Flood Plains (2 
groups), at Dalby, Brookstead, Goondiwindi, Moree, Edgeroi and Breeza. Group facilitators include 
Nevin Olm, Mike Lucy, Mick Castor, Chris Lehmann and agronomists from Primac and IAMA-
Seed and Grain Sales (multiple groups). 
Issues being addressed include fallow water storage, cotton water use efficiency, soil fertility 
management, n;>w configuration, cropping sequence, soil water conservation and soil erosion. 

Monitoring climate, soil and crop performance 
More than 30 soils in the cotton growing regions from Capella to Breeza have been characterised 
for water hoJding capacity, bulk density, background fertility (OC%) and subsoil salinity. 
A network of 20 automatic and manual weather stations (measuring rainfall, max/min/ground 
temperatures, radiation, relative humidity) are providing daily data for locations from Emerald to 
,Croppa Creek .. These are additional to the existing network of Cotton CRC weather stations. 
As part of negotiated on-farm trials, a number of cotton and other crops (wheat, barley, 
mungbean, chickpea, sorghum) have been monitored for each farmer group. Data on the pre-plant 
and post-harvest soil water and N status, and crop yield of each paddock are being collected. 

Testing model capabilities 
Through collaboration with Brian Hearn, the OZCOT cotton model has been extended to deal 
with skip row c_onfigurations and cool temperatures during establishment. 
The APSIM systems model (incorporating ozcon has successfully predicted commercial 
dryland yields for cotton and other crops grown in a range of systems. 

Example applications addressing industry issues 
Issues that have been addressed through crop and soil monitoring include quantifying the water 
holding capacities of different soil types, the fate of early applied N fertilizer, the relative 
extraction of deep soil N by sorghum and cotton, soil water storage after heavy May 1996 rains, 
etc. 
Issues that have been addressed through simulation include comparison of long versus short fallow 
cotton systems, the impact of different cotton planting dates, sorghum versus cotton production 
systems, cotton in rotation with mungbeans, cotton yield forecasting in January, etc. 
On a number of occasions, simulation results concerning pressing issues have been undertaken for 
local consultants and growers on a request basis. · 
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The potential value of seasonal climate forecasting in managing cropping systems 

Summary 

Peter Carberry1, Graeme Hammer2 and Roiger Meinke2 

Agricultural Production Systems Research Unit, Toowoomba, QLD 4350 
1CSIR.O Tropical Agriculture 

2QDPI Fanning Systems Institute 

There is considerable interest in exploring the value of seasonal climate forecasts in assisting 

farmers manage cropping systems, not only for short-term tactical decisions but also longer-term 

strategic decisions. This paper reviews a range of applications for climate forecasts, especially 

- ') systems issues that would benefit from long lead-time forecasts. A specific case study is used to 

demonstrate the potential for using the Southern Oscillation Index in assisting the incorporation of 

opportunity cropping into dryland cotton production systems. 
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In the case study, the standard dryland cropping rotation of long fallowing from sorghum (through a 

subsequent swmner fallow) to cotton is compared to alternative fixed rotations and to a rotation 

influenced by an SOI forecast. The decision point is the October after sorghum harvest where the 

manager can choose to proceed with the standard summer fallow or plant sorghum or cotton in that 

season with the intention in all cases of planting cotton in the following summer. These three fixed 

rotations (fallow-cotton, sorghum-cotton, cotton-cotton) are compared to an SOI-influenced strategy 

using APSil\1 to simulate system performance over the long-term climate record for Dalby, Qld. 

The simulation case study demonstrated that SOI contributed some skill in improving management 

decisions over a two year rotation. By changing between fallow-cotton, sorghum-cotton or cotton-

cotton rotations based on the SOI phase in the August-September period preceding the next two 

summers, average gross margins for the two year period increased by 14% over a standard fallow-

cotton rotation. At the same time, soil loss from erosion was reduced by 23% and cash flow was 

improved in many years because an extra crop was sown. The SOI strategy did however increase the 

risk of economic loss from 5% of years for the standard fallow-cotton rotation to 9%, but this risk 

was considerably less than the 15% for sorghum-cotton and 19% for cotton-cotton rotations. 
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In conclusion, there are many decisions in the management of dryland cropping systems that would 

greatly benefit from climate forecasts with persistence in skill out to two years in duration. The case 

study used in this paper demonstrated some skill in using the SOI in choosing a cropping rotation of 

two year duration. Such applications are the obvious next frontier both for the development of 

enhanced forecasting schemes and for their application within the cropping systems of northern 

Australia and possibly elsewhere. 

Introduction 

In managing cropping systems, farmers make decisions that are influenced by many factors. 

Certainly economic returns are of primary importance, but decisions will also be made based on 

perceived risk of economic loss, cash flow. weed and disease control, the risk of soil degradation, 

and lifestyle among a long list of influences (Blacket, 1996). The fact is that there are not many 

decisions in farming that are simply based on a single factor nor are they made in line with a purely 

tactical response to current information. In most cases, management decisions have to fit within a 

whole farm strategic plan such that many decisions are planned months ahead and their 

consequences seen months afterwards. This characteristic of managing cropping systems, the 

·' requirement for a long lead-time between deciding on a course of action and realising its results, is 

the subject of this paper. Can seasonal climate forecasting provide a long enough lead-time to 

contribute to the strategic management of cropping systems in northern Australia? 

Just as the general public are becoming increasingly aware of events such as El Nifi.o, managers of 

cropping systems are increasingly utilising climate forecast information in making management 

decisions (Meinke and Hochman, 1998). The Southern Oscillation Index (SOI) is widely promoted 

as a forecast of seasonal outlook, providing probabilities of achieving above or below average 

rainfall in upcoming seasons. While the SOI is proving useful to managers, to date its application to 

cropping systems has been largely for tactical decisions involving short lead-times (Hammer and 

Muchow, 1996; Meinke et al.,??; Meinke and Hochman, 1998). Even though SOI persistence in 

prediction skill declines beyond a 3 to 6 months lead-time (Stone ??), its application to management 

decisions requiring longer lead-times is worth exploring. 

The objective of this paper is to explore the potential value of seasonal climate forecasting in the 

management of dryland cropping systems in northern Australia. While a range of applications for 

seasonal climate forecasting are reviewed, a specific case study is employed to both demonstrate 
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and assess the potential for using the SOI to aid a management decision, the consequence of which 

is realised over a two year period. 

3 
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Management of cropping systems 

Cropping systems, in their simplest sense, are defined by the sequence of crops grown in a rotation 

and by the agricultural commodities they produce. However, while most farmers see production as a 

primary goal, the management of cropping systems is done within the context of economic, natural 

resource, capital and labour, political, marketing and lifestyle influences (Blacket, 1996). How 

farmers manage their cropping system depend on their own objectives within these varying and at 

times conflicting factors. 

The cropping systems of the northern grain region of Australia are characterised by the opportunity 

to produce a wide range of cereal, pulse, oilseed, forage and fibre crops. Both summer and winter 

crops are grown, with yields largely determined by water supply from either in-season rainfall or 

storage in the soil prior to planting: While the diversity in crop choice and planting time can be seen 

as advantageous, the high variability in seasonal rainfall (Hammer ??) means that the prospects for 

any one crop is often risky. Fallowing the soil between crops in order to build up soil moisture 

storage is a recommended management strategy to offset the risk of low in-season rainfall. 

However, fallow lengths of up to 18 months result in low cropping frequencies and, in some 

locations, may be contributing to resource degradation through increased soil erosion or salinisation 

(Freebaim, 19??; Hayman, 1996). As an alternative to rotations of fixed fallow length, opportunity 

cropping represents the practice of planting a crop whenever a planting opportunity is triggered, 

based usually on the accumulation of a minimum level of soil moisture storage and a planting rain. 

A rotational farming program, whether based on long fallowing or opportunity cropping, needs to 

not only contain a profitable combination of enterprises but also be able to maintain soil structure 

and fertility, facilitate control of insect, weed and disease pests, allow for timely field operations and 

spread the requirements for labour and machinery. These longer-term strategic considerations need 

to be balanced with and considered alongside the short-term tactical decisions. For example, the 

application of some residual herbicides ( eg Atrazine) can restrict the opportunity to plant some 

crops for up to 18 months after application. L~ewise, dryland cotton is generally planted in long 

fallows after preceding sorghum or wheat crops, the stubble of which is desirable protection from 

soil erosion during the fallow and cotton crop. Thus, decisions such as applying residual herbicides 

or planning for dryland cotton generally form part of farmers' strategic management of their 

cropping system. 



For this northern region, Wylie (1996) proposed five important aspects to successful farm business 

management: 

1. Optimum enterprise mix 

2. Optimum crop yields 

3. Efficiency in resource use 

4. Marketing 

5. Making it happen (management skill) 

There is obvious potential for seasonal climate forecasts to impact on at least the first four of these 

requirements for managing cropping systems. A number of analyses have already demonstrated 

value in seasonal climate forecasting on improving tactical agronomic management of crops to 

optimise yields (Hammer and Muchow, 1996; Meinke et al.,??; Meinke and Hochman, 1998). 

Chapman et al. ( 1998) has also explored whether climate forecasting can impact on marketing 
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0 strategies. However, there has been little attention to date on exploring the potential of seasonal 

climate forecasts in the more strategic management decisions regarding crop rotations and resource 

sustainability. 

0 

The potential to utilise climate forecasts to improve enterprise mix or resource use requires forecasts 

of sufficient persistence to extend beyond a single crop into the subsequent fallow and even as far as 

the next crop. This will require forecasting skill out beyond 12 to 18 months from the time of 

forecast. If this was the case, one may be able to tradeoff length of fallow, and consequent soil 

moisture storage, for improved prospects of future rainfall. Reduced fallow lengths from 

opportunity cropping have been suggested as advantageous not only in tenns of profitability but also 

for resource use efficiency and sustainability (Keating, 199?; Hayman, 1996; Wylie, 1996). 

However, opportunity cropping is riskier - in some seasons one may be sacrificing an assured good 

crop after long fallowing for two mediocre crops. The prospect of climate forecasting being able to 

reduce this risk is an appealing objective. 

Analysis of cropping systems 

Assessing the value of a climate forecast in a cropping system is difficult to achieve through 

experience alone. Experiments just can not be run for sufficient duration to sufficiently sample the 

distribution of seasons experienced in the northern cropping region. Alternatively, crop simulation 

models combined with the historical climate record have been used to analyse the value of seasonal 
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climate forecasting for tactical decision making (Hanuner and Muchow, 1996; Meinke et al.,??; 

Meinke and Hochman, 1998). 

The ability to assess the value of a climate forecast in a cropping system requires an ability to 

simulate the key components of the relevant system. The Agricultural Production Systems 

Simulator (AP SIM) is a simulation model designed to simulate the production and resource 

consequences of agricultural systems, including fallowing and cropping sequence (McCown et al., 

199?). APSTh1 has been specified for and it's simulations tested against a range of farming systems 

(Carberry et al., 199?; Carberry et al., 199?; Turpin et al., 1996; Probert et al., 1998). Such testing 

has also demonstrated that APSIM is suitable for simulating commercial yields in the northern 

cropping region (Foale and Carberry, 199?). 

In the following case study, APSIM is used to explore the potential for using a climate forecast in 

influencing management that has consequences beyond the yield of a single crop. 

A case study: cotton in an opportunity cropping system? 

Dryland cotton production in northern Australia is a high return, high risk cropping option. For this 
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reason, farmers who to decide to grow cotton generally become dedicated cotton growers, with 

grain production a secondary priority. Other crops are grown as rotation crops with cotton, usually 

to provide stubble cover to protect against soil erosion or as a disease break. Because of its high 

production costs and high risk, the recommendation for dryland cotton is for planting after long 

fallowing from either sorghum or winter cereal (QDPI Crop Management Notes, 199?). Thus, the 

decision to produce dryland cotton is usually made 6-12 months ahead of planting time and income 

received 6-8 months thereafter. In many years long fallowing will improve yields and reduce risk of 

crop failure. But in other years, the soil water profile may have been full long before planting time 

or in-crop rainfall may have been sufficient to discount the value of pre-plant moisture storage. The 

degree to which the efficiency of dryland cotton systems could be improved if they became more 

flexible through an opportunity cropping strategy has not previously been explored. 

In this case study, three set crop rotations (Figure 1) are compared with an opportunity cropping 

rotation. The recommended sorghum-long fallow-cotton rotation (SFC) is compared with the option 

of planting sorghum (SSC) or cotton (SCC) in the second year of the rotation and short-fallowing 

through to cotton in the third year. All three rotations are committed to sorghum in year 1 and cotton 

. .. 
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in year 3 based on the rationale that the fann is geared for cotton production in terms of 

infrastructure (machinery, labour), markets (futures trading) and rotation of farm strips. While this 

degree of rigidity may not be completely realistic, it is assumed for the purpose of this case study. 

Figure 1: Schematic representation of the three crop rotations. 

year1 year2 year3 

SFC sorghum fallow cotton 

SSC sorghum sorghum cotton 

sec sorghum cotton cotton 

Oct Oct Oct 

In order to simplify the comparison of the three rotations, subsequent analyses assumed that the 

decision point is the 1st October in year 2. That is, the fann manager has come out of sorghum in 
I 

year 1 and is faced with the question of which of three rotations to select given known soil 

resources. At this point, the manager has the option of planting a sorghum or cotton crop or of 

fallowing through to the set cotton crop in year 3. This case study is thus considering a tactical 

decision for a given decision point and one set of soil water and nitrogen values. A more strategic 

, consideration of this decision would need to accommodate a range of.decision points and soil 

resource conditions. 

APSIM version 1.40 was configured to simulate crop rotations grown on a Brigalow soil type at 

Dalby (lat. ??) over the historical climate record between 1887 and 1997. Over the 100 years, the 

simulations were run continuously with the system's status reset every two years - soil water was 
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Q reset to 122mm available soil water, representing a 47% full profile to 1.8m depth. The three 

rotations, fallow-cotton, sorghum-cotton or cotton-cotton, were simulated with the initial sorghum 

or cotton crops planted on 1st October and the final cotton crop planted based on a sowing criterion 

of receiving 25mm rainfall over a 5 day period between the 1st October and 25th November. For 

sorghum, the cultivar Buster was sown at 100,000 plants/ha. For cotton, a Siokra-type variety was 

planted in single-skip configuration (two rows planted followed by one missed row) at 12 plants/m 

row. Both sorghum and cotton crops were fertilised with 150kg N /ha. Each simulation run was 

repeated a second time with the starting year offset by one in order to enable the crops in rotation to 

be represented in all years. 
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As can be seen in the example output of simulated yields for the three rotations in Figure 2, 

fallowing in year 2 resulted in some guarantee in cotton yields in year 3. Planting sorghum or cotton 

in year 2 dramatically affected subsequent cotton yields in some years, whereas there are other years 

where there was little or no effect. Lower year 3 cotton yields were a consequence of the previous 

crop reducing the soil water available to the following cotton crop. This effect of a preceding crop 

was reduced in those years where pre-season or within-season rainfall was adequate to produce 

good yields for the cotton crop in year 3. futerestingly, there are a number of years when a preceding 

crop resulted in increased cotton yields due to a reduced incidence of waterlogging. 

Figure 2: Simulate yields for the three rotations for the period 1985-1994. Yields are plotted against 

the year in which the decision point was made (i.e. year 2 of the three year rotation). 
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At the decision point of 1st October in year 2 of the rotation, the manager can either select the same 

rotation every year or choose to opportunity crop. i.e. select a different option (SFC, SSC or SCC) 

each year based on knowledge of his system status at that point in time. Given in this case study that 

soil resources are set to the same nominated value at this point in time, this decision can be based 

solely on a forecast of future climate. In this case. the five-phase SOI system of Stone (??) is 

employed whereby the value of the August-September SOI phase determines which of the three 

rotations will be chosen in an opportunity cropping situation. 

) 
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The selection of a rotation for each SOI phase is not straight forward as there is no clear advantage 

of any one rotation in the analogue years consistent with each SOI phase. Therefore, the choice 

between any rotational strategy would depend on a manager's attitude to returns and risk. In order to 

select a preferred rotation for each SOI phase, average gross margin is plotted in Figure 3 against 



Figure 3: Average gross margin ($/ha/2 years of rotation) for the SFC (e), SSC {.A) and SCC (•) 

rotations plotted against a measure of risk (defined as the proportion of years where the 

accumulated 2·year gross margin was less than $500/ha) for all years and for each SOI 

phase. The dashed line represents the nominal farmer utility function adopted for this 

analysis. 
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a measure of economic risk for each of the three rotations to create a return-risk tradeoff space over 

all years and for each SOI phase. The assumption is that risk-efficient strategies dominate others by 

higher mean gross margin return at a given level of risk. Choice between rotations in this return-risk 

space depends on attitude to risk of individual decision-makers, which can be expressed as an utility 
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function. Within this return-risk space, iso-utility or indifference lines can be drawn tangential to the 

points of highest return or lowest risk. A horizontal indifference line tangential to the strategy of 

highest mean return would represent the choice of a risk-neutral fanner. Indifference lines of 

increasing slope depict increasing aversion to risk, culminating in a vertical indifference line of a 

highly risk-adverse fanner tangential to the strategy of lowest risk. This depiction of return-risk 

tradeoff and the application of iso-utility or indifference lines has been successfully employed by in 

a number of previous studies (Barah et al., 1981, McCown et al., 1991, Keating et al., 199?, 

Carberry et al., 1993, Muchow and Carberry, 19??, Parton and Carberry, 1995 and Hammer et al., 

199?). 

Jn d.ryland cotton production regions, the recommended strategy is to long fallow into cotton, 

analogous to the SFC rotation. Accordingly, the slope of the indifference line depicted in Figure 3 

was determined as that required to select the SFC strategy marginally ahead of the, next best rotation 

over all years. The rationale for choosing this slope for the indifference line was to depict a 

decision-maker whose current preference is for the reconunended SFC rotation but who would also 

not be far from choosing a higher return, higher risk strategy (eg SCC). In fact, over all years, the 

three fixed rotations are close to forming a linear efficiency frontier (SSC is slightly below this 

J frontier) whereby the chosen indifference line would find it difficult to discern between the three 

rotations. Nevertheless, by using an indifference line with this same slope within the return-risk 

tradeoff space for each SOI phase (Figure 3), a preferred rotation can be selected in each case, 

namely: 

Phase 1 (SOI negative) =SSC 

Phase 2 (SOI pos~tive) =SCC 

Phase 3 (SOI rapidly falling) =SFC 

Phase 4 (SOI rapidly rising) =SCC 

Phase 5 (SOI near zero) =SFC 

By selecting the rotation corresponding to the SOI phase at the time of the decision point in year 2 

of the rotation, a SOI-responsive tactic (SOD can be determined for each year of the simulation 

analysis. Gross margins calculated for the 100 year climate record based on this SOI-responsive 

strategy are presented in Figure 4. 

The performance of the three set rotations and the SOI-responsive tactic can be compared us_ing a 

number of criteria. In this case, performance criteria included: 

(i) gross margin accumulated for the simulated two year period (years 2 ~d 3 of the rotation); 

0. 
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(ii) the risk of economic loss, quantified as the percentage of years when the accumulated gross 

margin for the two year simulation period was less than $500/ha/2 years (an estimate of the 

fixed costs required to maintain a typical cotton farm at Dalby); 

(iii) cash flow, quantified as the gross margin attained at the end of year 2 in a three year rotation; 

and 

(iv) relative soil loss, quantified as the simulated soil erosion loss for each rotation relative to the 

simulated soil loss for the recommended SFC rotation (set to 1.0). 
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A final assessment of the four rotational systems is to compare their performance against a rotation 

where the choice at the decision point in year 2 is determined by future knowledge of the rotation in 

each year that produces the highest gross margin (criterion (i) .above). This rotation is termed 

"perfect knowledge .. (PK) as is an indicator of the potential perfonnance of the farming system. 

O Figure 4: (A)Gross margins calculated from simulated yields for?? and (B) the difference in gross 

margin?? 
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A summary of the average performance of the three set rotations, the SOI-responsive rotation and 

the rotation based on perfect knowledge is given in Table 1. Long fallowing into cotton (SFC) 

clearly produced the highest average cotton yields in year 3 of the rotation. It produced a high 

expected gross margin with the lowest risk of economic loss. However, long fallowing performed 

poorly in other performance criteria in ha:ving negative cash flow in year 2 of the rotation and the 

highest risk of soil erosion. Rotations where sorghum or cotton replace the summer fallow (SSC or 

SCC) reduced final cotton yields, on average by 13% and 28% respectively. However, the 

compensation for lower final cotton yields was the increased overall productivity of the SSC and 

SCC rotations due to the additional crops planted in year 2 of these rotations. The SCC rotation 

increased average gross margin by 14% and SSC by 8% relative to the recommended SFC rotation. 

While cash flow and erosion risk were also positively affected by these more intensive rotations, a 

significant downside was the large increase in risk of economic loss, increasing from 5% of years 

when SFC would have failed to 19% and 15% of years when SCC and SSC resp~tively would have 

resulted in economic losses. So, while each set rotation performed best in at least one performance 

criterion, no one rotation was best overall. rn· fact, using the fru:mer indifference line nominated in 

Figure 2, the lower return but lower risk outcome for the recommended SFC rotation would result in 

its preference over the other two set rotations. 

Table 1: Average performance of five systems. "' ... 

SFC SSC sec SOI PK 
Yields 

Year 2 (bale or t I ha) 0.0 3.2 4.2 
Year 3 (bale I ha) 6.0 5.2 4.3 

Gross margin ($/ha/2 yr) 1482 1605 1683 2226 

Risk(% yrs GM< $500) 15 19 9 3 

Cash flow (year 2) -56 405 578 

Soil loss (relative to SFC) 1 0.77 0.65 

The opportunity cropping, or SOI-responsive rotation, performed well against the three set rotations 

yet it was not best in any one performance criterion (Table 1). It was significantly better than SFC in 

terms of average gross margin, cash flow and erosion risk, but it was also almost twice as risky on 

average. The SOI-responsive rotation produced very close to the average gross margin and soil loss 

values of SCC yet was considerably less risky and it was better than the SSC rotation in all but the 

) . . 
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soil loss criterion. Perfect knowledge produced significantly greater average gross margins at lower 

risk than any other of the management strategies. However, perfect knowledge, selected on a basis 

of maximisation of gross margins, did not produce the best outcomes for cash flow nor erosion. No 

one rotation, even including perfect knowledge, provided a best option for all selection criteria. 

For a decision-maker with an indifference line used in Figure 2, the SOI rotation would be the 

preferred rotation based on a tradoff between gross margin return and risk (Figure SA). For a 

decision-maker to not select the SOI rotation, the slope of the indifference line would have to 

increase by a factor of 3.3. It is important to note, however, that a number of decision-makers could 

remain indifferent to the SOL rotation if their attitude to risk is represented by an indifference line of 

slope greater than this value. 

0 The previous analyses traded off gross margin return against risk of financial loss. However, other 

criteria may be of greater importance to some decision-makers. Figure SB presents a tradeoff space 

for gross margin return versus erosion risk over all years for the three fixed rotations and the 

rotations based ·on SOI and perfect knowledge. Such a tradeoff space is relevant to a decision-maker 

wishing to maximise gross margin while minimising soil erosion. In this situation, there are only 

I two risk-efficient strategies, SSC and sec, which have equal or higher average gross margins at 

lower levels of erosion risk than the other rotations. Thus, a rotational system using a SOI seasonal 

climate forecast provided no advantage to such a decision-maker - the sec rotation provided . 

equivalent returns at a lower risk of soil loss. While the sec rotation would be selected by a 

decision-mak~r who was indifferent to erosion, selection of the SSC rotation would only require a 

small increase in the slope of the indifference line away from the horizontal, suggesting that the 

0 SSC rotation would be a preferred rotation for decision-makers concerned with soil loss from 

erosion. In fact, some decision-makers who were extremely adverse to erosion risk would even 

select SSC in preference to a.i rotation that used per.feet knowledge to maximise gross margin. 

This case study examined the use of an SOI seasonal climate forecast in incorporating cotton into an . · 

opportunity cropping system. The example dealt with only one decision point and a given set of soil 

water and nitrogen values. Further analyses are obviously warranted for alternative decision points 

and soil conditions -values for soil water set closer to 0% or 100% would undoubtedly favour the 

SFC and SCC rotations respectively. And in reality, the assumed obligation to lock into cotton in 

year 3 could be reassessed prior to its planting, based on soil water and the SOI outlook at that point 
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in time. Nevertheless, faced with the situation of 47% full water profile and a planting opportunity 

in early October, this case study was able to demonstrate that an SOI forecast at this time could.be 

Figure 5: Average gross margin ($Jha/2 years of rotation) for the SFC (e), SSC(•). SCC (•),SOI 

(+)and PK(+) rotations plotted against (A) financial risk, defined as the proportion of years where 

the accumulated 2-year gross margin was less than $500/ha; the dashed line represents the minimum 

slope of the indifference line required for preference of SFC over the SOI-based rotation, and (B) 

erosion risk, defined as the simulated soil erosion loss for each rotation relative to that for the SFC 
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advantageous to making a decision with consequences seen 18 months thereafter. As the persistence 

in SOI forecast skill beyond 3-6 months is low, it is likely that the SOI forecast was providing an 

. ' 

) 

!.: 

7 

) 



indicator of soil moisture storage 6 months hence, which is turn provided a forecast of summer 

cropping potential 12-18 months after the original decision point. Soil moisture storage is a strong 

indicator of future crop yields (Hayman, 19??, other??). 

Conclusions 

17 

Seasonal climate forecasts can undoubtedly assist fanners in managing cropping systems, either in 

short-term tactical decisions or long-term strategic decisions. This paper reviewed a range of 

applications for climate forecasts and concluded that there are a number of systems issues that 

would benefit from long lead-time forecasts. A specific case study was employed that demonstrated 

considerable potential for using the Southern Oscillation Index in assisting the incorporation of 

opportunity cropping into dryland cotton production systems. While this example dealt with only a 

0 limited situation, the suggested benefits derived from using SOI forecasts in selecting crop rotations 

clearly warrant further exploration. 

0 

The value of the SOI has often been assessed on crop perlormance within 3-6 months of a forecast. 

The results from the case study presented here demonstrated impacts on crop rotations ending 18 
1 
months after the initial forecast. Such impacts were mainly a consequence of the effects on soil 

water storage at the end this initial 3-6 month period. This telegraphing of a SOI forecast beyond 6 

months via a soil water signal provides the opportunity to assess SOI as a longer-lead time forecast 

than has been explored to date in analyses that have considered correlation solely with seasonal 

rainfall. 

Titls paper has demonstrated a significant point that should not be lost on those who are at the 

forefront of developing and extending new seasonal ~limate forecasts, namely that even a good 

climate forecast may still not be of value to decision-makers. The decision-analysis frainework 

adopted in the case study indicated that the SOI-based rotation would not have been selected by the 

very risk adverse decision-makers (Figure SA). Similarly, a decision-maker who would place soil 

erosion as a higher concern than financial risk would also not adopt the SOI strategy developed in 

this paper (Figure 5B). All decision-makers, including fanners, make decisions for a multitude of 

reasons and so, while a seasonal climate forecast may be of use to some, it may not necessarily be 

useful to all. 
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Finaily, this paper introduced a decision-analysis framework to assess the value of the SOI against 

multiple criteria. This analysis framework proved useful in exploring tradeoffs between conflicting 

objectives in assessing the value of a climate forecast. This approach is subsequently used by 

Hanuner et al (1998) to assess the relative skills of several alternative forecasting systems in 

assisting management of cropping systems. 
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. Evaluation Of Participative Approaches To RD&E: a case study of 
FARMS CAPE 
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~Rural Extension Centre, University of Queensland, Gatton, Qld, 4350 
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Abstract 

This paper describes the evaluation framework and process developed and used for the FARMSCAPE project. It considers the 
impact of che evaluation on the RD&E process and its value/limitations in making meaningful statements/conclusions abouc the 
effectiveness of the participative RD&E project. Indicative results emerging from the evaluation about the FARMSCAPE project 
are presented. The paper concludes that cbe evaluation approach used was useful in providing benchmarks and teasim! out the ) 
impact of the project on different participants. It also provided some evidence that the FARM SCAPE approach to develo-pinE and 
using decision support tools was useful in complementing fanner experience in dry land farming systems. ~ 

Key words:. Process evaluation, participative RD&E, fanning systems research and extension. 

Effective evaluation of Research Development & Ex-
tension (RD&E) projects and programs has bec.n a 

difficulty faced by funders and project managers for 
many years. Adoption and cost-benefit studies have 
been plagued with the problems of measuring and then 
attributing changes to specific activities, and capturing 
impacts in extremely variable climatic and marketing 
conditions (I). Participative RD&E adds an extra level 
of comp)ication: outcomes are often emergent rather 
than pre·determined; RD&E is enacted through interac-
tion between a nwnber of players; and impacts on all 
stakeholders are also critical rather than change in a 
single target group. 

There is also a stronger need to provide ongoing input 
into project management in participative RD&E rather 
than a reliance on post project analysis. (2). The 
FARMSCAPE project, a participative RD & E project 
'Fanner-Adviser-Researcher Monitoring, Simulation 
and Performance Evaluation for best dry land cropping 
practices', has these fearures and was the subject of this 
study. 

Methodology 
The evaluation sought to monitor and interpret the 

project through the eyes of the key participant groups: 
researchers; fanners; private consultants; and extension 
officers (both within and outside of the project) over the 

life of the project. At intervals throughout the project, 
interviews were undertaken with (approximately 30) 
representatives of these groups to capture learning and 
practice change as it happened and within the context of 
project activities and seasonal conditions. Interview data 
was collated and summarised from each participant 
group and returned to interviewees for checking that the 
infonnation was correct. The project team received the 
summaries of all groups to provide an overview and 
stimulus for change in the project direction and activi-
ties. Insights gained were included in a project newslet-
ter which was widely circulated. 

Results and discussion J . , 
The iterative interviews and their analysis yielded 

strong, corroborated data about the impact of the project 
and its process on the key participant groups. Informa-
tion gathered from each participant groups supponed 
emerging conclusions. For example, follow-ing the mid-
tenn (two years into the project) analysis of interviews 
with commercial advisers, an external evaluator, Van 
Beek (3), concluded that " ... the inter-viewees in this 
.group confirmed all the effects claimed by fanners: ... 
farmers have begun to think differently: more three 
dimensional: taking soil, water and nutrient balances 
down to 1.8 metres into account more long term; more 
strategically towards maintaining and improving re-
sources; and taking economic aspects more into ac-
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count." The iterative nature of the interviews also 
proved valuable in providing benclunarks of a~irudes 
and practice. As Van Beek (3) observed ... companng last 
vear' sand this years notes ... there is a substantially more 
positive attitude to FARMSCAPE products than a year 
ago. The evaluation process was flexible to fit in with 
k~v decision-making periods in the farming cycle, and 
to pursue data from new sources as their importance was 
established. For example, the mid-tenn interviews were 
broadened to include cotton growers and research man-
agers. Some of the impact value of the evaluation was 
!;st. however, because the data collection and its analy-
sis took place within a sub-team rather than involving 
the whole team. 

The analvsis of interview data (developing and link-
ing emerge~t categories and relationships - and using 
participants' direct quotes to minimise bias) indicated 
that those farmers directly involved in the project in-
creased their use of soil testing; and e~plored crop 
simulations for: confirmation of current practices; use 
of alternative crops~ and considering 'what-if scenari~s 
for the most efficient use of soil water. They did not 
embrace simulation outputs as expert knowledge to be 
adopted, but rather as an inquiry framework to test 
against their own experience. Commercial advisors used 
new soil monitoring techniques and simulation model 
outputs to enhance their advisory value to leading fann-
ers. Model complexity and organisational changes lim· 
ited the ability of commercial companies to directly and 
independently use the simulations - they relied on i:e-
searcher support and input. On-going evaluation will 
monitor whether these farmers and advisors continue to 
use the tools and framework post the intensive phase of 
the project. Some extension officers claimed that they 
benefited from the project through an increased under-
standing about soil, water and crop management. Con-
cern by others centred around the limitation of the 
approach to benefit the wider group of fanners and 
advisors, and the need to maximise the educational value 
of simulation, rather than focusing on its role in making 
recommendations. As a result of the evaluation process, 
researchers modified the model parameters and user 
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interface, and changed the emphasis of the project from 
providing solutions to dryland fanners to providing a 
framework for farm~r decision makers to test alterna-
tives and complement their own experience. 

Conclusion 
The use of iterative: interviews with different partici-

pant groups as an evaluation approach has proven to be 
very effective and robust in terms of capturing perceP"' 
tions, learning and practice change in the stakeholder 
groups closely associated with the project. It has pennit-
ted a •ceasing out' of the value and impact of different 
project activities on participants, and provided a deeper 
understanding of the context and complexities operating 
within the project environment. The process could be 
strengthened by including the total project team in the 
analysis of collected data 

The evaluation process provided some evidence that 
the project was having a positive impact on: learning 
within each participant group; anirudes, decision-male· 
ing and practice. It highlighted the complexities in the 
management of dryland crops and the limitations of 
simulation aided decision making in providing expert 
recommendations. However, the evaluation has shown 
that simulation, adequately contexrualised, was valued 
by participating farmers and advisers in: (a) gaining 
insights into production system function; and, (b) aug-
menting their fanning experience in makingjudgements 
required in tactical responses and the evolution of im-
proved production strategies. 
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:,Leaf nitrogen gradients in cotton canopies vary with ontogeny 
; and nitrogen supply 

'.$.P. Milroy, M.P. Bange and V.0. Sadras 
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Abstract 

417 

Leaf nitrogen (N) concentration usually declines with depth in plant canopies. For use in a framework to scale-up from leaf 
uld lead pnorosynlhesis to canopy radiation use efficiency. we quantified the leafN gradients in the canopies of three cotton crops. Stratified 
·er case, cuts were taken regularly, starting around the time of first square. and the leaf area index (LAI) and leaf N concentration in each -· 
· earlier layer detern?ned. The s~ope of the regression of specific leaf nitrogen ( SLN. g N/m2 leaf) against cumulative LAI from the top of · 
. season ---"'J--- the canopy increased wuh ontogeny. It was also more marked under low N supply than high supply. """\ . 
for~·- J Key words: Gossypium hirsu1um, leaf nitrogen, nitrogen distribution, ontogeny :inge of . . :. 
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Radiation use efficiency (RUE) of cotton crops varies 
with ontogeny and leaf N accounts for part of this 

variation (6). Hammer and Wright (2) have developed a 
framework which can be used to scale-up from leaf 
photosynthesis to canopy RUE. The framework allows 
for the leafN gradients within canopies and calculates 
photosynthesis by leaves at different levels in the canopy 
as a function of their N status and light receipt. This 
paper presents canopy gradients of SLN for use within 
this framework with the aim of exploring the mechanism 
by which ontogeny and leaf N affect RUE. The fmal 
purpose is to improve the response to nitrogen within 
the CERCOT cotton crop simulation. 

Methods 
Measurements were made on two field experiments 

grown on a uniform grey clay at Narrabri, NSW. The 
crops were sown on a 1 m row spacing with I 0 plants/in 2. 
Full irrigation and commercial insect control were used. 
In Experiment I, cotton (cultivar Siokra L22) was sown 
on 11 Oct. 199 5. On 9 Aug., 150 kg/ha ofN was applied 
as anhydrous ammonia. Each plot was 175 m 5 4 rows 
and there were three replicates. In exp 2, two N treat-
ments were established: nil and I SO kg/ha as anhydrous 
ammonia applied on 28 Aug. Cultivar Sicala V2i was 
sown on 14 Oct 1996. A completely randomised design 
and four replicates were used. Plots were 75 m 5 4 rows. 
Each fortnight, beginning around the time of first square, 
I m2 destructive samples were taken. The canopy was 
cut in four successive strata of equal vertical thickness. 

The leaf area (hence LAI) in each layer was measured 
and the leaves dried and weighed. N concentration (g 
N/g DM) was detennined using a near infrared refrac-
tometer or a Leco machine, both calibrated against the 
Kjeldahl method. Sampling continued until the period 
of maximum boll growth was over and the crop was 
app.roaching maturity. Seven stratified harvests were 
made in Experiment 1 and six in Experiment 2. 

Results and discussion 
In Experiment 1, pooling data across all samplings, a 

strong linear relationship was found between In SLN and 
cumulative LA1 from the top of the canopy (Fig. I). The 
production of branches by the cotton plant means that at 
any height in the canopy there are leaves of a variety c ) 
ages. Nevertheless, clear N gradients were still apparent. · · 
This is consistent with the hypothesis that leaf N con-
centration is influenced by light receipt as well as age 
(3, 5). In Experiment 2 the gradient varied with ontogeny 
and became steeper (P<0.01) as the reproductive sink 
increased (Fig. 2). In contraSt, N gradients in sunflower 
were more uniform in the reproductive than in the vege-
tative phase (7). This difference may be due to lhe 
indeterminate nature of canon and/or the different dis-
tribution of reproductive sinks in the canopy. In Experi-
ment 2, the gradient was greater for the low N treatment 
than for the high N treatment (P<0.001) (Fig. 1). A 
non-uniform N distribution in plant canopies results in 
higher canopy photosynthesis than a unifonn distribu-
tion by maximising N in leaves which receive the most 
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Figure 1: Relationship between ln SLN and cumulative LAI . 
from the top of the canopy in (a) Experiment l and (b) 
Experiment 2. including data from all samplings. 

light (4), although alternative reasons for the existence 
of gradients have been proposed (1 ). The greater N 
gradient in the low N treatment may reflect a mechanism 
that increases the efficiency with which limited N is used 
in photosynthesis. Investigations into the possible 
causes of ontogenetic changes in N gradients in cotton 
and their ilriplications are continuing . . 

( ) Conclusion 
Leaf N grad!ents in cotton canopies were found to 

vary with N supply and ontogeny. In contrast to publish-
ed data on other species they became steeper in the 
reproductive phase. 
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Do Degree Days accurately describe rates of cotton 
development? 

Summary 

S.P. Milroy1 and M.P. Bange1 

CSIRO Plant Industry, Cotton Research Unit, Narrabri. NSW 
CRC for Sustainable Cotton Production 

Degree days are commonly used by industry and researchers to estimate expected crop 
development. This assumes that cotton's potential development is largely a function of 
temperature. Controlled environment studies· show that the function currently used to 
calculate Degree Days does not accurately reflect the effect of high temperatures on 
development. Preliminary analysis of the data shows that the inclusion of an optimum 
temperature in the degree day function in addition to the base temperature of 12°C can 
make more consistent predictions of cotton development. Improving this function will 
enable better predictions of cotton development in a greater range of environments and 
seasons. ., 

Introduction 

The rate of crop development is controlled by temperature and the relationship is often 
described using the convenient concept of degree days (DD). This is essentially the 
average temperature on a given day minus a base temperature of 12 °C; the temperature at 
which development ceases. The present function used in the Australian cotton industry to 
derive DD12 is: 

(Tmax -12) + (Tmin-12) 
Degree Days (° C d ) = 

2 

where Tm.ax and Tmin are daily maximum and minimum temperatures respectively. When 
Tmin is less than 12 °C, (Tmin - 12) is set to O (Constable and Shaw, 1988). Degree days 
can be accumulated over time to predict developmental phases or rates of cotton growth 
(eg. time to first square). In the cotton industry DD12 are used for a variety of purposes, 
such as comparing the perfonnance of crops within and across seasons; nitrogen 
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management (nutriLOGIC)~ pest management (entomoLOGIC); and the cotton crop 
simulations models OZCOT and CERCOT. 

Since the DDI2 function was derived from experiments which focused on the 
effects of early season development of cotton (Constable, 1976). The effects of low 
temperatures were the primary concern. Hence, this function describes the development of 
cotton ceasing when minimum air temperature drops below 12 °C. This minimum 
temperature for development is often referred to as the base temperature. 

Recent studies into the effects of environment on crop development have 
highlighted some deficiencies in using this function to predict development. Constable and 
Shaw (1988) estimate that approximately 505 DD12 are required from sowing to first 
square. However, the measured DD 12 for this period varied COD;siderably (from 510 to 695 
DD12) in a series of field experiments when calculated using the standard function (Table 
1). Similarly, recent investigations of dry season cotton production in the Ord (North West 
Australia) where high daily temperatures are experienced early in crop growth have shown 

( that the time to first square varied between 440 and 600 DD12 (Yeates pers comm). Such 
variation devalues the usefulness of DD12 in predicting development. Especially when 

0 

L 

very hot conditions can be expected. 

Table 1: Degree days (base 12) calculated for the time to first square for cultivars S324 
and L22 (there was no significant difference between cultivars). 

Season 
1995/1996 

1996/1997 
1997/1998 

Sowing date 
10 October 1995 
20 November 1995 
5 December 1995 
11 October 1996 
16 October 1997 

Degree Days (°C d) 
696 

. 608 
644 
510 
622 

While variation in development can be caused by a number of environmental 
influences (such as waterlogging, pest attack, disease, cold shock), there is evidence to 
suggest that some of this variation may be caused by high daily temperatures. The DD12 
function assumes that the rate of a process continues to increase as temperatures increase. 
However, at high temperatures many biological processes don't respond as markedly to 
temperature as they do at moderate temperatures. 

Studies conducted by Wells (1994) have shown a tendency for the rate of progress 
toward first square to increase only gradually when average daily air temperatures exceed 
the mid twenties (Figure 1). Constable (1976) in his studies in early cotton crop 
development also indicated that there appeared to be a plateau in the rate of crop 
development when temperatures exceeded 23° C. 
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Figure 1. The rate of development co first square versus average daily air temperature 
(Wells, 1994). 

Little work has been conducted to determine the effects of high temperature on the 
development of cotton. This paper outlines results from continuing studies to develop new 
functions that can be used to calculate DD that will account for both low and high 
temperature effects on cotton development. 

Experimental Methods 

To quantify the response of cotton development to temperature, specifically the time to first 
square and squaring rate, an CXI-".!riment was conducted in a controlled temperature 
glasshouse under natural light. A short season (Siokra S324) and a long season (Siokra 
L22) cotton cultivar were sown on October 7 1996. Nine plants of each cultivar were 
grown under each of five maximum/minimum temperature regimes: 12/20, 18/26, 21/29, 
23/31 28/32 °C (daily means of 16, 22, 25, 27 and 30 °C respectively). 

Plants were observed three times per week and the date of appearance of the first 
square was recorded. The appearance of a square was defined as the date when the 
subtending leaf unfolded (Constable, 1991). From the appearance of the first square until 
one week after the opening of the first flower, the date of appearance of each square/site 
(sites analogous to new square production) was recorded for cultivar S324. This provides 
an estimate of the potential rate of squaring before the effects of increasing boll load could 
be expected to slow the rate of square production. Degree Days (DD l2) were calculated 
using the function presented previously. 
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Results and Discussion 

Rate of development calculated using the present cotton industry function (DD 12) 
appeared to decrease as average daily temperature increased, in other words the apparent 
duration to first square in DD12 for both cultivars increased as average temperature 
increased (Figure 2). Degree Days to first square for cultivar S324 increased from 356 
DD12 at 22 °C average daily temperature to 415 DD12 at 30 °C. This means that the 
DD12 calculation may not be adequately allowing for high temperatures. A better function 
would give similar estimates of developmental rate at all temperatures. A similar response 
was seen for cultivar L22, only the calculated DD 12 were greater for each average 
temperature. No squares were produced in the 16 °C average daily temperature treatment 
in the experimental period. 

540 

C3' ......-. Cultivar 5324 
0 520 ···"iJ ... Cultivar L22 .. 'V 
Cl.I ..... 500 Q.l 
(/) ... 
ttl 480 ... -··" @. 

e .. v······· 
co 460 
;l 
C" .. 
VI 440 
~ 'V 
£ 420 

~ 400 c 
Q) e 380 
Cl> 
Cl) c 360 

340 
20 ·22 24 26 28 30 32 

Average daily temperature (°C) 

Figure 2. Degree Days (calculated using present industry function) to first square versus 
daily average temperature (°C) for cultivars S324 and L22. 

After first square the rate of site production can be described by the squaring 
constant. The constant indicates the rate of square production as a function of temperature. 
It is a characteristic of the cultivar and should be constant across temperatures. Cultivars 
with a greater squaring constant have a higher rate of square production. The squaring 
constant for cultivar S324 calculated using the conventional DD12 function decreased as 
average temperatures increased (Figure 3). So again it would appear that the function did 
not adequately reflect the effects of high temperature. 
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Figure 3. Squaring rate for cultivar S324 versus daily average air temperature (°C) 
calculated using the present cotton in~ustry function (DD12) as well as a function that 
includes ai:i optimum temperature . 

These results demonstrate that the present function to calculate DD does not account for 
the effects of high daily temperatures. The addition of an optimum temperature in the DD 
function, in the· same way as a base temperature of 12 °C, may allow for mQre consistent 
predictions of developmental rates. Figure 3 shows that a more reliable squaring constant 
can be estimated when an· optimum temperature is included in the DD function. The 
functions are still being explored, particularly for the development to first square. 

Improving the function that calculates DD by including an optimum temperature 
will enable better prediction of cotton development in a greater range of environments and 
seasons. Continufog work is concentrating on developing the response over a greater range 
of temperatures and for different developmental processes in cotton growth. as well 
allowing for differences between cultivars. The new temperature functions are also being 
tested using field grown crops. 
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Reproductive Allocation of Cotton in Response to Plant and Environmental 
Factors 

V. 0. SAD RAS*, M. P. BAN GE and S. P. MILROY 
CSIRO Plant Industry, Locked Bag 59, Narrabri, NSW 2390, Australia 

Received: 28 October 1996 Accepted: 23 January 1997 

We measured the responses of cotton reproductive allocation (reproductive dry matter/total shoot dry matter) to 
environmental and plant factors in five field e:tperiments. A wide range of growing conditions were generated by 
manipulation of sowing date, nitrogen fertilizer, and plant density. Plant factors that varied included phenological 
development (short- N. long-season cultivars), and leaf morphology (normal· ris. okra-leaf types). We quantified the 
relationships between reproductive dry matter and shoot dry matter using allometric analysis, and calculated the daily 
rate of increase in reproductive allocation. Shoot dry matter ranged from 4 to 235 g per plant, and reproductive dry 
matter from negligible to 138 g per plant. Within these ranges, the linear regression between log.- reproductive dry 
matter and Jog.· shoot dry matter had an r"" 0·81 (P .. 0·0001). Differences among experiments were significant, but 
they accolµlted for only a small proportion of the va.riance of reproductive dry matter (8 %). The dynamics of 
reproductive allocation followed a logistic pattern. The rate during the linear phase of increase in reproductive 

· allocation wu fairly stable across experiments ( ~ 0·006 d-1). The effect of experiments was significant, but it 
accounted for only 7 % of the variance in the rate of reproductive allocation inctcasc. Analysis of treatment effects 
on both allometrlc coefficients and on the rate of increase in reproductive allocation showed that: (a) few of the 
sources of variation included in these experiments caused significant changes in reproductive allocation; and (b) when 
significant changes occurred, their magnitude was comparatively small. The relative stability of cotton reproductive 
allocation suggests that for some applications simple models can be developed on the basis of a fixed rate of increase 
in reproductive allocation. ~ 1997 Annals of Botany Company · 

Key words: Gossypium hirsulum L., cotton, reproduction, allometry, harv¢St index, allocation, nitrogen, plant density, 
okra leaf, phenology. 

INTRODUCTION 
Reproductive allocation (reproductive dry matter/total 
shoot dry matter) is an important component of plant 
fitness (Bazzaz et aL, 1987). Chiarello and Gulmon (1991) 
examined the responses of reproductive development to 
environmental stresses and highlighted the strong coupling 
that exists between tb:e reproductive and vegetative growth 
of plants. As they pointed out, the coupling is implicit when 
reproduction is viewed as a fonn of resource partitioning. 

Reproductive allocation is also a major determinant of 
economic yield in seed crops (Gifford et al., 1984). Increased 
partitioning of dry matter to reproductive organs accounts 
for much of the progress in breeding for high yield potential 
in wheat (Triticum aestivum L.), barley (Hordeum vulgare 
L.), oat (Avena sativa L.), rice (Oriza sativa L.), maize (Zea 
mays L.), and sunflower (Helianthus annuus L.) (Slafer, 
1994). 

In grain crops, harvest index (seed dry matter/total shoot 
dry matter) is a measure of reproductive allocation. In 
reviewing the concept of harvest index and its application in 
plant breed!!ig and crop physiology, Hay (1995) pointed out 
that in the absence of severe stress, major environmental 
factors have little influence on harvest index. Hay (1995) 

•Address for correspondence: Locked Bag 59, Narrabri, NSW 2390, 
Australia. 

also emphasized the high heritability of this trait in several 
species. The dynamics of harvest index have usually been 
described with a logistic function and a number of studies 
have concentrated on the stability of harvest index increase 
during the linear pbase of seed growth. Effects of genotype 
and/or environmental conditions on the rate of harvest 
index increase during this phase have been investigated in 
soybean [Glycine max (L.) Mcrr.] (Spaeth and Sinclair, 
1985), sorghum [Sorghum bicolor (L.) Moench] (Muchow, 
1990), barley (Goyne et al., 1996), wheat (Moot et al., 1996) 
and sunflower (Chapman, Hammer and Meinke, 1993). The 
relative stability of the rate of harvest index increase found 
in some of these studies implies that 'grain yield ac-
cumulation can be estimated from crop biomass at any 
stage of grain growth without knowledge of grain number 
or the rate of grain growth' (Muchow, 1990). For some 
applications this simple approach to modelling crop yield 
could be useful, as illustrated by the models of Chapman 
et al. (1993) and Goyne et al. (1996). 

Studies of reproductive allocation are therefore important 
in understanding both the adaptation of wild plants to their 
natural environments and the physiology of yield de· 
termination. Quantitative relationships to account for the 
effects of plant and environmental factors on reproductive 
allocation are essential components of crop simulation 
models. In cotton (Gossypiwn hirsutum L.), lint yield is 
closely related to fruit production (e.g. Heam, 1975). 

0305-7364 /97 /07007 s + 07 $25 .00 /0 bo970402 <Cl 1997 Annals of Botany Company 
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76 Sadras et al.-Reproductive Allocation in Cotton 
The objective of this study was to evaluate the variation 

in cotton reproductive allocation caused by environmental 
. and plant factors. A range of contrasting growing conditions 
was available through manipulation of sowing date. nitrogen 
fertilizer and plant density. Plant factors that varied 
included leaf morphology, viz. normal- vs. okra-leaf, and 
phenological development, viz. short- vs. long-season 
cultivars. The okra-leaf trait is linked with a high rate of 
flowerbud production (Thomson, 1995), and this could 
cause differences in reproductive allocation between normal-
and okra-leaf types. Likewise, short season cultivars are 
expected to have earlier reproductive growth and/or greater 
rates of increase in reproductive allocation (Spaeth and 
Sinclair, 1985; Chiarello and Gulmon, 1991). 

In this study we used two analytical methods: firstly, 
allometric analysis of the relationship between reproductive 
dry matter and shoot dry matter was used to separate 
changes in partitioning related to plant size or 'ontogenetic 
drift• (Evans, 1972) from changes in partitioning related to 
other sources of variation (Coleman. McConnaughay and 
Ackerly, 1994). Secondly, we calculated the rate of increase 
in reproductive allocation with time, a method that allows 
comparisons with other species. 

MATERIALS AND METHODS 
Crops and treatments 
Five experiments were conducted at Narrabri, a semi-arid 
environment in NW New South Wales, Australia (30°13' S, 
149°47' E). Crops were furrow-irrigated at approx. 14 d 
intervalsj weeds were controlled with pre-sowing herbicides 
and manually through the season, arthropod pests were 

, monitored twice weekly and controlled with chemicals 

following the guidelines in entomoLOGlC, a pest man-
agement package used in commercial cotton farms 
(McKewen er al., 1994) . 

Treatments are summarized in Table I. Experiment 1 
compared two short season cultivars of different leaf 
morphology (Siokra S324, okra leaf vs. CS1S, normal leaf) 
grown under contrasting availability of resources: low, 
resulting from high plant density and no nitrogen ferti-
lization; and high, resulting from low plant density and high 
nitrogen rate. No attempt was made to separate the effects 
of plant density and fertilization, which would have required 
a fully factorial experiment, but rather the treatments were 
designed to generate extreme growing conditions, as 
described in Sadras (1996). Experiment 2 compared two 
plant population densities. Experiment 3 combined two 
cultivars of contrasting leaf morphology (Siokra 1-4, okra 
leaf vs. Deltapine 90, normal leaf) and two rates of nitrogen 
application at high plant density. Experiment 4 compared 
normal and okra-leaf cultivars. Experiment S compared 
short- (Siokra S324) and long-season (Siokra L22) cultivars 
at three sowing dates. 

All experiments included four replicates per treatment. 
Treatments were laid out in completely randomized blocks 
(expts 1, 2, 4 and 5) or a split-plo~ design with nitrogen rate 
as main plot and cultivar as sub-plot (expt 3). Individual 
plots comprised S rows x 17 m (expts 1 and 2), 6 rows x 17 m 
(expt 3), 6 rows x 25 m (expt 4), and 4 rows x 75 m (expt 
5). In all experiments inter-row distance was l m. 

Measurements 
Dry weights of shoots and of reproductive organs 

(ftowerbuds, green fruit and mature fruit) were obtained 

TABLB 1. Summary of treatments in five field experiments at Narrabri and reproductive allocation measured at the end of 
the growing season 

Experiment Season 

1993/94 

2 1994/95 

3 1993/94 

4 

5 

1994/95 

1994/95 

Treatment 
code 

A 
.B 
c 
D 
A 
B 
A 
B 
c 
D 
A 
B 
A 
B 
c 
D 
E 
F 

Sowing 
date 

23 Nov. 
23 Nov. 
23 Nov. 
23 Nov. 
12 Oct. 
12 Oct. 
11 Oct. 
11 Oct. 
11 Oct. 
11 Oct. 
13 Oct. 
13 Oct. 
13 Oct. 
13 Oct. 
30 Nov. 
30Nov. 
21 Dec. 
21 Dec. 

Reproductive 
Plant density Fertilizer allocation± s.e. 

Cultivar• (m·S) (kgNha.1) (dimensionless) 

Siokra S324 s 180 0·63±0·01 
Siokra S324 12·5 0 0·66±0·01 
CS7S s 180 0·68±0·03 
CS7S 12-S 0 0·70±0·02 
Siokra V-lS s 120 0·68±0·02 
Siokra v.15 10 120 0·66±0·03 
Siokra 1-4 16 0 0·67±0·01 
Siokra 1-4 16 105 0·62±0·01 
Deltapine 90 16 0 0·64±0·01 
Deltapine 90 16 lOS 0·55±0·03 
Siokra 1-4 16 86 0·61±0·02 
Dcltapine 90 16 86 0·61 ±0·02 
Siokra S324 8 i20 0·60±0·02 
Siokra L22 8 120 0·56±0·02 
Siokra S324 8 120 0·48±0·03 
Siokra l.22 8 120 0·40±0·01 
Siokra $324 8 120 0·20±0«)3 
Siokra L22 8 120 0·09±0·02 

• Siokta S324, Siokra V-15, Siokra L22, and Siokra 1-4 arc okra-leaf cultivars while CS7S and Dcltapine 90 are normal-leaf cultivars. Siokra 
L22 is a 'long'·scason. Siokra S324 and CS7S are short·scason, and Deltapinc 90, Siokra V-15 and Siokra 1-4 are medium-season cultivars 
(ComtabJc, pers. comm.). 
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from samples taken from each replicate at approx. 14 d 
intervals. Samples were taken at random from the central 
crop rows and sample size varied between 0·5 m1 (expts I~) 
and l m1 (expt 5). No attempt was made to separate seed, 
fibre and other fruit components. 

Data analysis 
Using values of reproductive dry matter (y) and shoot dry 

matter (x), allometric relationships were investigated with 
least-squares linear regressions oflog.-transformed variables 
(Coleman et al., 1994). The slope of the regression, b, is an 
allometric coefficient or 'scaling factor' (Niklas, 1993 a) that 
expresses the ratio between the relative growth rates of 
reproductive structures and shoots (Thornley and Johnson, 
1990). Regression analysis was applied to the data pooled 
across experiments and differences in b among experiments 
were- assessed using stepwise procedures (Sokal and Rohlf, 
1981). Separate regressions were also calculated for each 
experiment and the effects of treatments within each 
experiment on b were assessed with stepwise procedures as 
before. 

Reproductive allocation was calculated as the ratio 
between reproductive and total shoot dry matter. The time 
course of reproductive allocation followed a logistic pattern 
(e.g. Fig. 3A). Thermal time (Hodges, 1991) was calculated" 
using a base temperature of 12 °C (Constable, 1976). The 

. rate of change in reproductive allocation (y) with time (xJ 
& thermal time (xJ during the linear phase was calculated 
using least square regressions; points for inclusion in the 
analysis were selected as in Spaeth and Sinclair (1985) and 
Moot et a/. (1996). Variation in the rate of increase in 
reproductive allocation among experiments and in the rate 
due to treatments within experiments was analysed stat-
istically as explained above for the allometric coefficient. 

To account for the oil-sy,nthesis cost of the cotton seed, 
dry matter was converted to . glucose equivalents using 
production values of fruit and vegetative organs given by 
Wall, Amthor and Kimball (1994). The responses of 
reproductive allocation to environmental and plant factors, 
however, were unchanged by the method used in the 
calculations (i.e. dry matter or glucose equivalent) (see also 
Sadras, 1997). Thus, for simplicity, and to allow for 
comparisons with other studies, this paper presents results 
on a dry matter basis. 

RESULTS 
Allometric relationships 
Shoot dry matter ranged from 4 to 235 g per plant and 
reproductive dry matter from negligible to 138 g per plant. 
Across these ranges, the linear regression of the lo~ 
transformed variables had an r2 of 0·81 (Fig. 1 A). The 

· experiment effect, i.e. the variation in b among experiments, 
was highly significant (P == 0·0001)," and the inclusion of this 
effect in the model increased the coefficient of determination 
from 0·81 to 0·89. 

The allomctric relationship obtained in our experiments 
was compared with data from experiments of Heam (1975) 
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Flo. I. A, Allomccric relationship between reproductive dry matter and 
shoot dry matter in the five .field experiments summarized in Table 1. 
(e} Expt l; (0) cxpt 2; <•> cxpt 3; (0) cxpt 4; (.t..) expt 5. The fitted 
regression had a slope• 1'97 (s.e .... 0-085), r1 = 0·81 (P"" 0-0001). B. 
Comparison between the allomctric relationship in Fig. 1 A (-) and 
data ftom plants grown at Kununurra (15°29' S, 128°43' E). (0, e ) 
Fortnightly irrigation; (0, •> 3-wceldy irrigation; (0, 0) 
34 kg N ha- 1 ; (e , •> 168 lcg N h.a-1. Data from Heam (unpub. res.) 

from expcrimcnt5 described in Heam (1975). 

in a tropical environment (Fig. l B). The plants of Heam's 
experiments were initially well below the allometric re-
lationship obtained for our plants, but differences dimin-
ished as reproductive growth progressed. 

Allometric analysis for the treatments in each experiment 
showed that plants growing under low availability of 
resources (low nitrogen supply, high density) had a 
significantly greater idlometric coefficient than their counter~ 
parts grown under more favourable conditions (Fig. 2, expt 
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Expt l Expt2 ExptS 

5..--~~~~~~~~---. 

cv:Pc0.126 
N/Density: P = 0.0001 

P=0.161 cv:P= 0.918 
N:P= 0.105 

4 -

3 -
-

~ 

2 ..... 

1 ..... 
~ g 
·a IS CV 
!I! Density (m-2) 
~ N(kgha-1) 

o.....___.--.~........._..____..._._~~ 

SS24 5324 CS7S CS7S 
5 12.5 6 12.5 

180 0 180 0 

Sl-4 D90 D90 Sl-4 
5 10 

0 105 0 105 
'.5 
II Expt4 Expt5 

· E .s < - p = 0.674 cv:P= 0.494 
Sowing date: P = 0.349 -

8 -
.,... 

~ -2 

1 -
0 

Sl-4 D90 CV • SS24 L22 8324 L22 8324 i.22 
Sowing date Oct. Nov. Dec. - Treatment 

F10. 2. Allometric coefficients (dimensionless) of cotton plants as affected by plant and environmental factors in the five experiments summarized 
in Table l. Error bars are s.e. 

I). Allometric coefficients were unaffected by (a) leaf type 
(expts 1, 3 and 4), (b) plant density (expt 2), or (c) 
phenological development and sowing date (expt 5) (Fig. 2). 

Dynamics of ;eproductive allocation 
Changes in reproductive allocation with thermal time 

followed a logistic curve, as shown in the example of Fig. 
3A. The only exception to this pattern was the December 
sowing of expt 5 (Table 1) in which plants did not reach the 
linear stage of reproductive allocation increase due to low 
temperatures which terminated plant growth. Excluding 
this treatment, the pooled data for the linear stage of the five 
experiments is shown in Fig. 3 B. A linear model with 
thermal time as the independent variable accounted for 
88 o/o of the variation in reproductive allocation, a marginally 
better correlation than that obtained using time as the 
independent variable (r ""'0·82). The average rate of 
increase in reproductive allocation was 5·45 x 10-• (°C dt1 

or 5·98 x 10-3 d-1• The experiment effect, i.e. the variation in 
rate among experiments wa.s significant (P = 0·004) and the 
inclusion of this effect in the thermal-time model raised the 
coefficient of determination from 0·88 (Fig. 3B) to 0·95. 

Analysis for the treatments in each experiment showed 

that in expt 1 plants grown under low availability of 
resources had a significantly greater rate of increase in 
reproductive allocation than their counterparts grown under 
more favourable conditions (Fig. 4). In expt 3, the rate of 
increase in reproductive allocation was greater in Siokra 
1-4 (okra-leaf) than in Deltapine 90 (normal-leaf), but no 
significant differences between cultivars with different leaf 
morphologies were found in expts I and 4. Rates were 
also unaffected by plant density (expt 2), pbenological 
development or sowing date (expt S) (Fig. 4). 

DISCUSSION 
We used allometric analysis (Figs 1 and 2) and analysis of 
the dynamics of reproductive allocation (Figs 3 and 4) to 
explore the effects of plant type and growing conditions 
(Table 1) on the reproductive allocation of cotton plants. 

Okra-leaf cultivars have a high rate of flowerbud 
production compared with normaMeaf types (Thomson, 
1995). Although strict comparisons should include isogenic 
lines for leaf morphology, comparisons between okra~ and 
normal-leaf types with different genetic backgrounds (e.g. 
Deltapinc 90 vs. Siokra 1-4, expt 4) have often had the 
resolution to detect biologically meaningful differences (e.g. 
Wilson, 1994). Allometric analysis showed no. difference 
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Fio. 3. A, Example of the pattcm of change in reproductive allocation 
with ontogeny (expt 1, Treatment B). B, Reproductive allocation 
during the linear phase in the five experiments summarized in Table 1. 
The fitted regression had a slope= 5-4 x io-• (°C dt1(s.e .... 2·0 x to-5), r = 0·88 (P"" 0·0001). Symbols as in Fig. l A. Reproductive aUo<:ation 

is a dimensionless variable. 

between normal- and okra-leaf types in three experiments 
(Fig. 2), and the rate of increase in reproductive allocation 
was higher in the okra-leaf type in one out of three 
experiments (Fig. 4). 

The rate of harvest index increase of Gokuwasechishima, 
an early soybean cultivar, was almost twice as high as the 
average rate of mid-season cultivars (Spaeth and Sinclair, 
1985). Also, comparisons of plants grown in contrasting 
environments indicate that the stress of a shorter growing 
season may increase partitioning to sexual reproduction 
(Chiarello and Gulmon, 1991). In our study, a comparison 

of cultivars of contrasting phenology showed trends in the 
expected direction: i.e. the short-season cultivar (Si okra 
$324) had a greater allometric coefficient than the long-
season cultivar (Siokra L22) in three sowing dates (Fig. 2, 
expt 5), and it also had a slightly greater rate of increase in 
reproductive allocation at two sowing dates (Fig. 4, expt 5). 
None of these differences, however, were statistically 
significant. 

Plant density, ranging from 5 to 10 plants m-2• did not 
affect reproductive allocation of well fertilized plants (Figs 
2 and 4. expt 2). In contrast, plants grown under severe 
stress due to the combination of high population density 
and no fertilization bad a greater reproductive allocation 
than their counterparts grown under more favourable 
conditions in expt 2 (Figs 2 and 4). This response is 
consistent with the high initial rate of fruit setting of 
nitrogen- and water-stressed cotton plants in comparison ~-.... 
with well fertilized and frequently irrigated controls (Con-
stable and Heam, 1981). The responses of reproductive ) · 
allocation to stress depend on (a) the resource(s) involved. 
vi=. water, light, space, minerals, (b) interactions between 
stresses ; and (c) plant type, e.g. perennials vs. annuals, wild 
vs. domesticated (Chiarello and Gumon, 1991). In general 
polycarpic perennials reduce their partitioning to sexual 
reproduction under low availability of resources, but there 
are many exceptions to this rule including the case of · 
perennials that act as annuals under stress (Chiarello and 
Gulmon. 1991). In all four species of cultivated Gossypium, 
a genus of perennial shrubs, annual ·types have been 
developed under domestica tion (Evans, 1993) that retain 
some perennial traits (e.g. Sadras, 1996). 

The small magnitude of the changes in reproductive 
allocation of the plants in our experiments contrast with the 
apparently high responsiveness of wild plants (Chiarello 
and Gulmon, 1991). This could be, in part, due to intrinsic 
differences between wild and domesticated plants. However, 
it could also be that some of the changes in reproductive 
allocation repor.ted for wild species are riot true changes in 
partitioning, but rather variations associated with plant size 
that require allometric analysis to be resolved (Coleman et ) 
al .. 1994). Using allometric analysis, Niklas (1993a, b) - ' 
found a stable relationship between reproductive biomass 
and stem diameter for different species in each of three taxa 
(Pteridophytes, four species; Gymnosperms, six species; 
Angiosperms, two species). Likewise, allometric analysis 
showed that signi.frcant reductions in reproductive allocation 
of cotton plants caused by spider-mite (Tetranychus urricae 
Koch) infestation were not due to true changes in 
partitioning, but rather reflected the effects of mites on plant 
size (Sadras and Wilson, 1997). 

We compared the allometric relationship obtained in our 
experiment (Fig. 1 B) with data from the experiments of 
Heam (1975). Hearn's experiments contrast with ours in 
three aspects: · (a) they included an obsolete cultivar 
(Deltapine 16) ; (b) crops were grown in a tropical 
environment (latitude 15° S); and (c) they were unprotected 
from insects during the 'wet' season. The initial divergence 
between Hearn's data and ours is probably due to the 
relatively high vegetative growth caused by high tem-
perature. and insect-induced fruit sheqding (Sadras, 1995). 
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F10. 4. Rate of increase in reproductive allocation during the linear phase as affected by plant and environmental factors in the five experiments 

summarized in Table 1. Error bars arc s.e. 

Once the plants were allowed to set fruit by protecting them 
with insecticides, they gradually reached allometric pro-
portions similar to the plants in our experiments, which 
include current cultivars in a temperate environment. 

Final harvest index depends on the rate of harvest index 
increase and the duration of the reproductive growth 
period . Previous studies with cotton indicate that final 
harvest index is fairly stable ~n relation to major en· 
vironmental factors such as water availability, nitrogen 
supply and C02 concentration (Constable and Hearn, 1981; 
Orgaz, Mateos and Fereres, 1992; Kimball and Mauney, 
1993). In our study reproductive allocation at the end of the 
growing season consistently showed relatively little variation 
except for expt S, in which delaying the sowing date 
consistently reduced the final value of reproductive al~ 
location (Table 1). This, together with the relative stability 
of the rate of change in reproductive allocation of cotton 
found in the present study (Fig. 3), suggests that significant 
changes in final harvest index are more likely to be found in 
.cases when plant and/or en·viromnental factors affect the 
duration of reproductive growth. 

The stability of the rate of change in reproductive 
allocation of cotton is comparable to that reported for a 
number of cultivated species (see Introduction). The average 
rate of change in reproductive allocation in cotton found in 
this study ( ~ 0·006 d-1) is much lower than the rates 

reported for other species, which range from about 0·01 to 
0·02 d-1 (soybean, Spaeth and Sinclair, 1985; sorghum, 
Muchow, 1990; barley, Goyne et al. , 1996; wheat, Moot et 
al., 1996). Given that.reproductive allocation in our study 
included flowerbuds and whole fruits, while only seed was 
considered in other studies, the differences between cotton 
and other species arc still greater. The low rate of increase 
in reproductive allocation of cotton, in comparison to 
cereals, could be related to differences in growth habit: in 
determinate species there is usually little vegetative growth 
from shortly after anthesis, while significant vegetative 
growth is often observed during part of the post-fiowering 
period of cotton. Comparisons between cotton and soybean 
(Spaeth and Sinclair, 1985), however, indicate that the low 
rate of increase in cotton reproductive allocation with time 
cannot be completely attributed to cotton's indeterminate 
growth habit. The lack of allometric analyses for other 
species precludes further comparisons. · 

Io summary, few of the sources of variation included in 
these experiments caused statistically significant changes in 
reproductive allocation of cotton, and when significant 
changes did occur, their magnitude was comparatively 
small. The relative stability of cotton reproductive allocation 
suggests that for some applications simple models can be 
developed on the basis of a fixed rate of reproductive 
allocation increase. 
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1 ri ~ . . recent e~po ~nee • , , ,. · . .. .; .. . . 
J . .! lntarac1(m1 with. ~ lffe~s cm. /iJrmers · ·.: · · 

... I I • • 

•• J. • • 
Some lqlVJ"Ylewccs allld they have li\tlc interaction with Car.mars. OUlcn Raid they ha.vc 
normally, ~·l.$t of ini0raction with fatmers: •A lot of u.11 d~ grower qucrlos': 'It Is nothlna 
new lo us, only capiWJ.pclty folk uso that. terminolol:Y'· Fanner contncl became i111rUsive in 
n:soarch~.I try to pas,s-ptT comput~T a.ppllcm.iori.~ to !~s which is a slow proccu, but Ill 
tln1c goea 91'.l: people get l1'1oro comfonublq ~Pl computers' and •r 1uw~ alway11 had n oleElr 
und"rstundP18 or who~ .farmers wan\ and do; .b1.:1~1wc were jnot .nece~arlly sUccosiful tn gettlna 
th~nt to ad.oP.. But i c?o ,l10t necessarily un~~{stund how\ lb.m1crs me.kc: decift.lons. I'd rath~r 
do research and leave that tu fimncrs end QOnaulumts'. · 

Ono ln!c~l~,;,.. hrui ~d with cotton lnduoli-Y Devel~~mont om= 'Which would be , 
F ARMSC?~.B.uppro~I\ once It .is appUod {n irrl~tion EqCas on a wide Reale. We found out .. ' 

.. . . 
"' .~ 

p.e~ 
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what questions farmora ask. It 1howcd anp& In o~r knowlcdg~ and alao tho tclativc 
unlmportance of acme iasue', . ' 

Anutber . .1n4orviewce had seen intoracti\'\n wlth thr:tnen1j be.fore, but not about a model: 'Nol 
like PARMSCAP~.thls is very ll()Od, it gcL'i credll,ilit)' jror the model from the farmers•. 11le 
mL~rviewcc· beJieved that Au'Ulors need to baoouviiwcd it is worthwhile using lhe model - the 
be~ thlltg 10 do on the f\Uill'. 'The intcrnotiou provi~es a two way thing which provides 
crcdibillty nitd solve., problems. The grower aets balafJts. and the sclcnti~t JSCts to sea whi::to 
the system (model) i~ flllin& down c.1. 1lu: need for lncluc.ling variety und skip .. mw versus 
solid set'. 

An interviewee with little up-ltont farmet cotltact, tho~ tlurt the 'ltttcractian or Miko with 
fiu'mcn is ~t, even tr lt l11 l1al'd tu ilKurc out w1lat ts ~SC"..AflE imd what iu lnteractian. 
I CJUl see. ~·.enonnoua increase in pan:cptivcness of far~rs and funder• tu using models for 
atrategt~ '(1Qan WC plunt") and Ulttical ('ahould WC planl Jnow') questions. l sec a lot of value 
in sitting ~.'i>WL'l wl~ e..~oup and u~'itlon thcJr, Ct>nfi~cncc berore pushing 1'$"u1ts do'Wn l1'elr 
throat.$. rI .QI~ ~ m~.rc readily KCCeptancc P.f.~ '°aerice•. 

One iut~Jewee ~~~t that •Being In. .~~scAPH makes Mikc:'s role mote lib 
extc.nsi~, or a blgh~rprQportlon of it. That.ha.s.~cts of implications: for fru;lallcc wo huve no 
Wining In, th8l uspcct1

, • ••• • • , ~ • . 
3. 4 r'Jft!ctg ott lrrtu-vtowees 

. ' . .. ,,. . ' ·-
Ona lntcr\ilcwee stntcd •t can sec valua in feedback to lmc of fanner•co.nccrnfl. ! am not a -
great advoe~le uf F~nnina Smcms R.caearcil. nm cnn~ about the aaenda bolna driven .-
lOo much· b~ prod~s ~nd short lcnn co~nus, rathc\o than pulling the systcn1 ap2rl ;md 
analyse ~ea~ncsses. ·p~SCAPF. ident~ A .11umbe~ of 1hortcoming1 in our 11\odel. and 
idenUfi~ µ4.~ the ~nnm wero concon1dd· ~~~nl. Thlssc were net new, but were then not 
sec=n ns prio~Ules; skiJN'OW and rates or devclapmenl qr cultlvars. Inchidlna them did nol 
make m~: r•~l lcss Q.[· n~ solcntiata. Anothet eliect on l~e i:t encoura;cm=1t ill my work, 
b~uft~ : ·o~ ,>tcccp~ greater use and ~~ct: app\icaifon than lt would have achieved 
otheMe. Th11t &lv.os·pcrsonAl aatisfnciian'. 

• • 1· • • 

Another lrne,vtowca said ho I H11d seen ~ \:l~coma m~rc confidont in tbe vAlu~ or mucmls, 
judglna by the poslt\"{c:. feedback, intcre.ctt and lype oflquestioll!i. lts outputs arc seen as 
valuabte.&lilti' rcalisti"C, with ftsrmer•p'2ll for tl~cSJ to the mo<icJ'. 

• I •It• f C 

' . . . 
J.S Fffectran rh~ tnim•lawees'wo>'k' , 

' . . ... 
• I f I :. 

',, :;: • • • • •'. t 

Scvcrtd ~t~cwees ~d PARMSCAPE a~~\tes had ~elpod to guidf.1 development of the 
cotton ntP.A~i: TM)' men\toncd the inclution.u!)klp.tow rcrsus soliu set plantmg, differences 
between· ve.rfclies, and ti=dllng e&~bllthment. &me lilterviewccs ~were awan= of these 
needv but 'hUd SCClt:·1hroi as re1alivcly unimportant'. One .!!.aid ii helped tn show thm 

• 1 I ,. , 

'Ex!rcm~·~ Jmpo~~ and so ls avoiding thc·~ry Rntl utsina the wet'. 

Sc.>me people !BW value 11n FARMSCAPI-: b~oause 'It ta access to farmers through ogr{ .. 
bwdness 11nci a.ecred~t~d Udvi$c;rs1 and 'An iAiiue.rnrus is L wr: arc no1 ln other colton ar&l!St 
f'OOple Dut411~c tliiR . all~l\ pften oomplrun Cib~ul .not bo~ involved. puctieutarll' in Centni.1 
QuecnsIW1d'. i • 

. I 

t I : 1• 

. ' 1 
I 

? 
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One Interviewee ateled lhat bis observations of the ~~se lntemtton with fat·n1ors 1Dld not 
lntluenae the doetgu of my work. l ~nd to dn whal 1 tnk 11 right. l would he rotlecnl Lo 
lnclucle .~•nqjsy" {ncit lUlly tc."ted) inronll81i~ even tr kcd. unlou lt Wll.1' on nn onc•to-ono 
bmi~ lllld l• tclt tile- other pcrAon could bendle it. l ould nnl put some\hlna wblch no1ds 
~autlous ln.torprctullon and assessment or value in a pa~go uni CM I knew it w0t1ld al ways be 
handled by some.one who could explain it. This _l~ lq pwt protecting myself. even it 1 He 
value ill• It for a manager. I am o.utlous· abO\it ~out there unaccompanied. We can 
provide mmiy thinJ:,rs wl1lch ce ~of higher value'. · . 
011e intorvi~woc stated that 'We used to N&Elnl fAjRMS~.APE at first for the tock or 
rccognillon thul we did modcUing before \hey came onlthc scene. Now I see PARMSCAPE 
~a Wirt tu get c\lf work out, bfoakini down bmrl~!'!I. FAR.MSCA'PE is a gaod thlna. and 
they ba~e: .dqnc lt l't?llQl'l,y. Tuey have a loJ of,n=~o. , we have only one modeller. CRDC 
don'l ~ee mPdelling a.1 necessary. IfFARMSCAPH sex.ponded we may ae lnduuhy call 
for 1\10.CC

0 

ttlO~Clttng •. ~ , 'I .' t' '• ' . 
' I \. ' . ' .. ..~ ..... : ' ; ' 

Anolhe:r.. ~tCL'\'lewi::~ ,sold be •Met Jhrn103. ;~. pprt of ~tht!r duties. TM)' wcro unlbnslnstlc 
about JtARMSCAP,ll~ pever ncgntivo, 1\1:tl gmwcrR l<lon•t know about contrlbut!o11a io 
FARMSC~PB by <l.tJ\crl. Thi~ luck of m:~r;\flion oft work by othcna is Krious, it cfFe<rta 
funding' 1qF,4cvclQP:.~~Fi work ftlrther. 1ll~·1!s also ~ lQck of recognition In some printed 
material. even though Rome APSRU people bent over ~ackwarda lo try and avoid that. This 
lack of ~ognltion ~~real fear of manago~ ln.cpLton ~@proarama'. 

When uk~· abcul .~~ ~slribli: value or W,¥sCA1 groups u, for Wlltnoe. l~g or 
rosca,cl\ J1:0\lps In,~~c ~stnlna.l>lo area, B?me:,intcrvi~ 511jd \hey 1Havc not seen the 
"LoamiO:S $,~thet"" .~.Pe.eta In FARMSC~~ •• · ~ i: · . 
Auother)~o~gbt th~ thOre i. 'Value in recognUlng l'hc kllb and knowledge orfanncrs, lhey 
hive en i9-ng min<h .. aa woll. Bu\ wh11t a~ut ·thc ri ur, snd not dri£\m; along? I think 
partncrsWPi'··~~ the ~or'd fu use, we need to ·(ccniwlftc th lc'fcl ofwba.t is at stake. We coutd 
draw cueq~usione ~hie~ '" artcfact!f un~.~ultl ~me pnrt of 1bc tolklorc without 
foundatio~, .)'i1Itncrs~1P. need 11 cJitr~rctU pz;p~ .. ~ to at~ for the lack of cbntml {·treaumnt). 
We need L0 1bc aware of the pltfalls whc:q d9h~i 1hc1r t)'pc or work. We new a thooretir.:nl 
~ltlaoturq.to .~lluw Eoi .~osc pitfalls. Orowc;t:~.P.erioncc l$ not ttUly an ~pcrlmcnt. However. 
when a P,?Wt:r ~cs a partloulur cbaice,.mur· gets J.l1'Ull:i. we can run the model to tem: 
altcrnaliy~:. ;

1

1.1!4l is ~scf}ll in £onnulatinB ~~i,iou might do in .tuturc, nr ror checking ir the 
modd ls:Wrang • :1. . . •. ···. · ••• :·i.1 • \ • •.I I 

; t , .. ; t 1o • :~ • '1.·· • f I 

J. 6 ClranP,i 'In tht! ur11 "and de~'lgn of mudtdlfng product: 1 
"' •• 1• ., t 'I! l"'I , ; ' I • ~ 

One ln\mlcwee 'llad aee111 chanic in the i.wo pf'mo<le s. OZCOT used to he atl~toalo, now 
in A'PSlM:·lti~ also ~sc&:ror tactlcal dccisi~.· . t think· is great. It Is dfsappofating thtH we 
am•t ;c~1 F!'.'?re pcol?t~ ~orking ctoacly ~~·-pmnc~.' A.nolh~r sugge.qled that 'When 
working lf~~ FAR~PAP~ wo use the collj)j) .111odcl a zbk analyds. tailored for diffcro.nt 
n:1lom: i~~ID.3 dutes, ~·mtea spooiOo fol ~glpns: wh n targcHn~ irdgatfon growers: how 
bis m\ ~· \\n~ orP.111-rtip.&', = . ·. ~ 

I • t • .. . . . ·: ,. 
J, 1 Thefo111rt 

t •• • 

r • . •, ., .. .,. . 
• ·t . ·, ' 

"~' ... , 
.. 
' 

.,· 
., .. . ' .. . 

.. 
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Somo tnteNlowccs can sec further linkages ormodol1: 1 om aeo APSIM as 11 core around soil 
and watet, wi1h crop models attached to lf,, We can b na to 1ho firmer ell lhe things wci ocm 
of!or ln one paokago•; 'Next thing is to link. /\PSJM. cotton and ~est manogerncn1 modDls' 
Brtd 'Linking cotton . la APStM opened o.PP9rtuni5i for wnrklng on lntcrac1ion b~twt'en 
cmppf ng ~stom u11d pc$l, rather lbnn bctwecu orop p~t, and compare options. Our focus 
for colton here ls on lrrleatlnn. diytnnd only c'omes in rough APSIM' • .. 
01\C interviewee expr~aed concern tbct 'll'ldlari Ocean . atll is not in llit 1nodc' ', 

When B-ilkod for suggc:atlous about how to pt the rnodFt u.cr?d by a large number o! growers, 
one Interviewee said 1That is too scary ror me, but J can see nicril tn commerclallsallon. 
Whila lt must be avo.ihtblc to tho w!deat il'Q\IJ)1 with litl~I exclusiveness, r accept tbal .ome 
people ~i:tl to acl ~e b_cncfits wlttiout sp~l~ 1.lmc. and pay some-one. Thu.I. p,craon must 
be woll ~lfnln~ and~t.nccds QA. ~t,:iboucv that. cnd·~ers should be mvotv~ in 
educati<?JJt~o, not j~t the conault111L Th~ nt:F:d to::precxata bmilutlon~ and 2Sb1l!nptiuns. 
oth~q .. ~c:r dwnp. all n:sponslbWty on ~-~~>nsul If they know a bit "bout it. they can 
support,~. ~nsul~ri~ bfttcr. Growers ttei:~:tp:~O inw . tcd in the education lll'td know ~at 
ta bap~~g. .. · ! • :. 

I 
I 

Anothot: ll)!~rvll:Wc~ IJ:lli.~ ho 'Wa5 eoncc~paut ox~luslvlcy, othc:rwise commerclallsatiun 
ls OK. It Js a 4.:hqc, I atn ao used to sec scf ence gof11& oul llll'ouglt the P~'bllc dnmuin for 
free, tho!.i~.is dlfficu1l ~ aeccp\ \hat Wm.ea. m~ hov~ to pay for ex.tension orru:~rs visiting 
the f8Jnl.:. ·. .. . 

• 'I' •: I II I •, \ t 

A third.:liijw.vlowa:c.~d. Lhat 'I only ~~~~~l_the cdtto4 mod.el, but r ha\IC real eonc.n.i .. : 
a.boul. At>S~U; TA~ .. c~=is. tha1 il c~19rtl ;icclud9 consultants and thus the main grower 
body. ~Y·.9\illn co.~~ uc to: not den>:~~ to apy grouP'!. attd not 1Ink 1.htS .model to· · 
pestlcld~ •t>:d fcrtilibi:r i681cs'. ·J :. • 1 • · 

,.,., , u L ... ·· ·~\ . I 

One intc~ji\vcc sa~J1~ 11'.f.oblcm in rhet 'Rcs~~l! wants~I) develop thc.i pro1ram further, while 
mdUHtry warit~ it novt Another conuncnt was lllet •we should 1ftkc feedback DQ! as neaative. 
but as .1n~jpalors V{h~ . to do research ~l:.•.1. Fccdb . • and l'CJlea.rc:h both neecl to drive 
research. · H,owcver, ·we •!so need rcscaitb ,~r und~11ndfna. Thnt gets lost fn funding 
bodies. .~ ,pro¢ess; ~f applying ~r money.~ lhi5 out as \hey need tnnslblc otttconics, On 
the olhei.:l~, ma~·thal i& all they (tbc furtdillg ba~ca) get ill a.Ppticatlons. end 110 basic 
research type sturr. 

l .,•• • I• I ' I • 

Ont# ~nte~~ec be~~~~ ln •Top~iown ~ keling the modol BJ simple as possible. 
That mcA~ 1~ti ns..'!"'i~.,iusl u11 much in1b.~a11~n u if n~cdea ~r a pttrticular management 
appllc~oi;;~(KTSS pr'!Pciple) Blld wing fild'$~·'.'"9to1'S o*cnly and empirical c1llbntlfon when 
needed. .f u~ bottorh-L:&P• collectiq togelher ·~ff know 1*Jatlonships of a crop and JnlCJir.lling 
thcl11 is •x~moty ~mp1Qx. It dcf'eats tbi:~ purp¢se of\ mcxlcnling: simplifying lhc: world to 
make $0JlsC P.f il'. . .. 

.. • • • -: i• ... 
Tho intcrvi~~cc beJj~vca thut 'APSRU p{oyfdr:s a co · t~K1 for usfng cotton mf.tdcls Which 
bcmdl!S. J~~\ cottl)n •.in:dU.~lty, APSRU oould .:bcn<!nt fi'om being seen 11.11 notworlcc:s. as 
a:edlbilil}'.Ji\lba o!r -botq WAYS· They car\. ultto help KCttlng models out amongst uscm 
Farmers a~.praamaric and can I.nfiuen~ modellm \om c: lhin~s work NOW, even lfuot Pll 
lh~ 1Dfunn~ti01l IS theN, .They can mllko them Sf!SWCr e question: "What t~ th~ best we: can 

• ': • ·~J. ' , •• : 

•• • ~·h ' ' .. ~i. ~~ t• . ·.. . 
~ h : I . ... 

~· . ·, . . 
·· ' . . ·, ' . .. 

·:1·· ' c 
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do with tho cuttcnt information nvaitQble to Us now•. 
pcriccllon by the mod ell or', 

: \ I 

4 Dhl(UISion 

'· J Ouf.'flll11d/ng point: 

.odola can be hold bnck by a semc of 

. . ·. . I 
1'bis discussion is prclin'l.inQ?Y on1y. A number of aspec~s stand out to mo: 

1. FAllMSCAPE hos influeticcd the content ormodcls!b.Y ch1m3ing per;eptlon of'pdoritits~ 
l. FARMSCAPR baa helped to wt~n tho ttse of OZ<1;0T across wldor a~ographlo rcafons 

and tnto dr)'lund arcB.S; I 
3. su~ ~option o~~~aroh ond 1Dodellil1~ ~J:'~cn u s~fuf)'ing and molfvudno: 
4~ rccos~1~on cf ~.qtkj done is important far anaolnal funding. as well as fnT proibslJonAl 

smtus and ptTUonel satisfaction; 1 . 
5. APS:I.M~·wu Aeen by some interviowocs as a c011el onto which other mndels can be 

attached; · 
6. so~.ffi~ervie~~~ saw a role for Al>SR.U 1U 11 nctwolkcr; 
7. commcrciaUsatlon or APS!M isi acc~ble '° most l 1tmicwces provided it does not load 

to e~~~~~fon of~ groups. or abusC:1P·~~t sale : 
8. 'the approathc5 to. and uses of. modelling can appcarlto ~conflicting: 

"7. :, • ~lmpliryi13~ rqabt1 HS much as p~ssiplc, so il be better understood (top-dawn1 
-: : :~ ~Tiltu~ i~P,th~r all tbul l5 kno~ ~uom-~uaud ldentifyins gaps. 

•• 1.~ (fo\l~~.dµrlna corlic:r interviews With fa participating In FARMSCAPE) 
": ·'' ~umtlfy1'1F.. gµt·fccl ond gene1·al.;P9n?iples by using locally-specific data and Lhus 
; l•'·~ding in .. ~~pl-lifo decisions: anf :,.: , • 

9. FA.Rfyf~~APE .~~ .seen by all except one interv~wees qs extensior\ • a way to Jet 
info1:m.allon to and Crpm cnd·usi:rs - and .1\91 us something morct .1uch ns co-loarning. 

' ,p , .. ' . • I .,_ ... ,, . 
4,2 Rel~., ... •· ·· . 

The flrsi 't~~'r "Oln~ ~ ~olf-explanmorv, T~er \]\qr ~UAQCst tliut 17 ARMSCAPn was. "eon "ir .r • r. ·~ . . r I by thcac;n:t)'c.roscarolien. ns useful In making ~c&U'Ch ~laYant and rewarding • 
• Ill• ' • • • 

4.J Fur~r)n1cgra1JR! ~twnrlctng and cori~11:~f~;.ratlo~ 
The fi~~~ shdh P~Xn~ indicate ways rn;;~~·:lccOgnfhOll ofb~nc.fits or, fntcgraling future 
acllvillcs: 11fih~ scvcntll point i11dicatca that ~mmerciallsruun is soon a~ u fact or lire. even if 
not a p~l~~larly wcJ~~nio fB1ll, .. · : 11.' • ... , ., 
4.4 D(lfi,!~~j usesJ,r'hzudflS · · . • · \ 

The cjg}ltn'·:.P.~>int ab~ut:divCT1ily of approaches and u~cs hos been documented in other _ 
intervic~s ~ this s~~ ns welL This lea~ tp' ."'1c ques~ 1 A.q the widcrl)ing logic ls lhe 
same for· at~ tntw p\j~scs, bcina btlSCd on·1~~i.~al Idatipnships, ere tht!tle conflicts rc8l? Or 
am lhcsc· ust\s be dQ°alt W!lh in one model tllrouiJ! different rormats or the model, or dlt'1l!n!nt 
enlty poJn,tS.~i' l \lruf~~l~)ld U181 APSRU 1~ .alrGttdy mov~g in the direction o! enlcy and I or 
presentation~ at difl'urent ·1cveh;. . . · 

1 I f t • I I 1 
• t , ,. , • t l . \~ . ~· .. •. ., 
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4.5 Better articulatitJn need1d -
.. 

Point nfnc ~o.y neod further thought. One lntervie~ clearly saw F ARMSCAP£ os mere 
thn.11. ex!C~sion, UQ ·dcscrib\..il lt es a polnt whcrc i~e ditTcrmt uses of model$, and the 
diffoNnt ul.tcrc:il.5 of 1d~ und fanners ll1 science~ modelUng, .:an come togel'hcr, JeRrn 
from, nnd ro-in!orce each olhcr. Another · intcrvi wee looked R1 thesu mceth1gs as 
par1nmhips1 nnd questloncd if suoli co-learning shoul be ~cd research or something else. 
The use of the wotd partn~rship appears it> mo Lo be useful as ll 11volds semantic ~1\llllcnl.$ 
about what is, or i:s JlOt, research. ' . 
Point nine suascsts that ~llBUR of FAR.MSCAPE, a.al! the values ;t adds beyond tnulltioaal 
extemilonJ may need to be still better undctstuod and atllculatcd, and more clearly prosenied. 
Other int~>ows. ~ this. sarios suggest thal FARMS.CAPH group 1!'tercJctions around APSJM 
arc, at 1eest In part, e.bQut bringins togelhcr sotentiflc ~a and cigour with Jnan&Surlal and 
commcrcl81.data. nus Jlas led to incrca:l'1d ~utua1.approclation, co--learnina, undcrsWnding 
uf reJeY?nc:~. a11d ~ction :setting, as home .~ut.by car11cr iDlcrvlcw~ and conllnnea to some 
exte~ b~jthcsc 1nlelVlc't's· . . : , . · 

4. ~ All ~thctical ilPJ1flcat!On nf the FAR~PP, app~ 
.. , .. ' .. .· " ' 

While tho 'f ARMSq~p~ interaction.i; may, or ma)' nat. be sc:icn~. the sua1c~l1."tl benonu arc 
,POltmlizdb' important for the managemen1 or :science. This llllportonce can be illustmled by 
the rouo~Ins qucsti~: ' :--. . l 

• 'ltEntoincluglc fud been d"velopcd in ~~~ncr simJL to APSlM. could tllil hu~e resulted 
In. rar ~ce, ~ JCScart:b aiming ii ~o."~velop1*nt at cammcrcially tcaslbJe muthod!i 
of count!ftg ?tC&if£?rs?" i:....i ,:·! . : . 

I 

p.ee 

I ·1 •• .• • • f . · ·· . · · ... I ' 1 90

~iil. ~~mo!~~~ ~ have becorno a .1Qlliil!C ""WI 1ool of conslderablo potcntlal 
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