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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 dsliver 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



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 information, basic soil physical and chemical
characteristics, and a set of agronomic inputs the modsel can be used to detemnine
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 northem Australia.
APSRU's core expentise 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 CSIRC Cotton
Research Unit at Narrabri.

Industry Significance

This collaborative project between the CRU and APSRU used models to provide access
to information 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
information 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.
Qutcomes were presented in a form where growers, consultants and industry
development officers were able to easily assess the associated risks of different



management strategies in terms of yield and other state variables (soil water storage,
mineral N atc).

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 performance 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-famm trials, crop
and soil monitoring and simulation modelling.

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.

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 valus of linking crop and soil monitoring with the predictive capability of

() @ 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) Risk analysis - Growers and consultants are faced with the perennial problem of
identifying the best strategy from a number of options. Dr Brian Hearn investigated
these issues using OZCOT and long term weather data. He produced tables and
charts of the risks in terms of yield probabiiity 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
(DAQSE9) in order to trial an approach to delivering benefits to a targeted group of
dryland cotton growers by making use of APSRU's 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



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 consuitants 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
QZCOT and CERCOT more variety sensitive. OQZCOT 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; (i) the crop model
responds as expected to these differences and (ili) 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 even 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 fotal modelling capacity of CRU (CERCOT) and APSRU (APSIM) to
undertake a risk analysis study, for each cotion region, to provide information for
better agronomic management.

In investigating the application of cropping systems models for strategic fanm management
we identified that it was necessary to conduct a muititude 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 repont.

- 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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 |nformation 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

e |nsurance _and Financial fitns — 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.

o Dryland Cofton 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).

e Specific databases were created to investigate potential coiton production and
associated risks with different management options in new regions. They included
irrigated production at Inverell, Richmond (Qld), and Windorah (Qid). Dryland cotton
production was also investigated for Coonamble, Burren Junction, Trangie, Walgeit, 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’.

o 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 variability 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 Hearn are continuing to
improve the models for dry season production in Northem Australia. There is an
ongoing need to optimise the model for these environments.




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 1938/99 season. New growers in
both existing and new regions are using mode! outputs to investigate the potential of
dryland cotton production, while both irrigated and dryland growers are using mode!
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 slements 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 research. 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. Fulf
Collaborator District advisers | groups | Farmers | strips | Weather
Stations

[AMA Pittsworth 3 12 100 17 4
Seed&Grain

Dalby 3 4 38 8 2
Michael Castor & | Goondiwindi | 3 5 50 0 2
Assoc. (MCA)
Mike Lucy, QDPI | 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 i
Cotton Research | Moree
Unit, Narrabri
Farmer initiated | Kupun 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). Sufficient baseline data now exists
against which the project's impact can be assessed.

e 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 famers. IAMA 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 themsselves 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.

e 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 famer and adviser collaborators. While
appreciation of APSIM/OZCOT is high, their use by collaborators has been limited
through their high competency requirements and steep leaming 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 benchmarkirig 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/CZCOT 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 |AMA groups, to about 50 farmer clients of MCA, a group of bank
managers invited by QGGA, the Big Grain day at Roma, QGGA meetings, |AMA
northem 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




cotton production in farming systems. APSIM and OZCOT simulations have become a
legitimate source of information to assist management of northem 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, (i) annual extemnal evaluations conducted by Peter van Beek, (iii)
targeted interviews with select stakeholders, and (iv} a mail survey of 150 famers 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: leaming within each participant group; attitudss, 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 famtming 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/QZCOT
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 - 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 responss 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.
[AMA'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 FARMSCAPE tools via agribusiness.

» Provide FARMSCAPE data and information to fammer clients. APSRU/CRU has serviced
requests for soil data and simulations for a significant number of famers mainly through
collaboration with agribusiness but also on an individual requsst 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. Extemal

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; applying 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 confirmation 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 fo 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 bstween 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 fisld
experimentation is continuing to provide data sets for validation of the cotton model for
different cultivars (ie. long and short) (Documents Nos. 3,4 & 8).

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
sianificant 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 charactarisation, monitoring of the crops, soil and climate
and “what if" analysis sessions. Although successful, this approach is not sustainable
because of the high cost of 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 resulis 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 modeliing. Model credibility was established through simulation sessions
with small grower groups and, once achieved, subsequent resuits 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 famming 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
farming systems initiative requires a means of extending lessons leamt 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
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 mode! 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 stafi.

(i} 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 dslivery 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 OZCQOT), and components of the FARMSCAPE approach
are:

s Using the modeis for benchmarking cotton crop performance as part of the Cott-Check
program being trialed at Morese.

» Water use efficiency studies conducted by Dr Sunil Tennakoon (Project CSPS3C
‘Assessing the water use efficiency on Eastem Australian cotton farms’}.

11



——

o Simulation results from OZCOT being used in the Whopper Cropper project initially in
QLD. 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 date, 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 accuratsly simulate differences between cotton
varieties (ie. between short and long season varisties). Major outcomes of the project
were:

¢ Current significant market demand for acecess 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 fanming systems model (APSIM) to make better agronomic decisions.

o 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 CSP38C'.

¢ 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 term
climatic records (90 to 100 years)and the
QZCOT 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 the
months of October and April is greater in the

southern cottor: growing areas (Table 1).

Table 1. Average rainfall for cotton producing regions
between the months of October and April and

between December and March (Source: Australian

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

25 mm (1") of water in top 100 mm (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

§ Reinmgn). period starting September 15 for dryland cotton
£ — e Ramel production than for inost other areas espedially for
; Region October to | December to. the period October 15 to December 15 (Table 2).
' April March Recent experience in the reglon has confirmed
: - (mm) (mm) this finding.
3 Gunnedah 405 255
i WeeWaa | 387 251
; Bellata 394 253
: Moree 390 253 Fallowing
: Croppa Creek 396 258 Growers can reduce the risk of not breaking-
; Goondiwindi 421 275 even if they plant with greater soil moisture.
i Dalby’ 489 319 Fallowing between crops is a strategy to
; Biloela 534 373 increase subsoil moisture which will reduce the
Emerald 496 363 risk of crop failure and increase average yield.
Table 3 (overleaf) shows that in all regions at
Some assumptions used in this study were: lgast he!lf a profile of soil moisture will increase
* Cracking clay soil storing 200 mm of avail-  yield significantly when the crop is sown on
able soil moisture in 1.5 m profile. October 15.
Table 2. Probability of failing to sow based on the sowmg rule for different periods starting September 15.
— Probability 7 of fail failing to sow (%) 2w ¢ S
Region Sep 15 to :Oct15to }- Nov15to ~f Overa]lSep
| Oct 15 “‘Novl5 t - Decl5 | 15to Decl5
Gunnedah 43 15 14 24
Wee Waa 49 18 25 SR il MR
. Bellata 55 21 13 30
Moree 42 16 18 A il
i Croppa Creek 36 18 17 30
i Goondiwindi 39 17 24 =27
Dalby 52 10 10 25
Brookstead 44 13 12 e 27
Biloela 52 18 10 - 27
Emerald : 50 33 17 e

Dryland Cotton Production
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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 Quarterof a One Half of a Full Full Profile |
Region Full Profile ~Profile s
Mean | 80% | 20% | Mean | 80% | 20% | Mean | 80% | 20%
Gurnedah 2.5 07 | 4.1 3.5 22 | 47 | 34 | 22 | 47
Wee Waa 2.2 0.2 4.2 3.5 2.1 53 3.6 2.4 5
Beliata 2.3 0.7. 43 3.5 2.3 5.2 3.6 2.4 49
Moree 2.0 0.4 31 34 2.1 4.6 34 23 | 4.6
Croppa 2.3 0.5 42 3.7 22 5.3 3.6 2.3 | 49
Creek
Goondiwindi | 1.9 0.1 3.6 3.4 2.2 4.7 35 24 | 44
Brookstead 2.8 15 4 3.5 2.5 4.6 34 24 | 44
Dalby 33 | 21 | 44 | 36 ) 25| 47 | 36 |24 |45
Biloela 3.7 1.9 5.4 4.3 3.2 55 4.1 3.1 150
IL Emerald 3.2 | 12 4 49 41 | 3.0 55 41 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
pror 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 waterlogging
and reduced average yields.

Average yields, ‘along with yields associated
,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. '

The advantages of fallowing however, must be bal-
anced against the loss of production when a suc-
cessfit crop could have been grown on the fallowed
country. The risk of crops failing (0 bales /ha) from

Figure 2. Sowing date effects on crop yield.
4 . —

lack of moisture was eliminated when the pro-
file was at least half full. However, other envi-
ronmental 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

L
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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 rainfail
(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.

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

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

plant configurations.

LIS

CONCLUSIONS

S P Y I

Growing dryland cotton is subject to rela-
tively large risk, not only in achieving
yields but also because costs are a high pro-
portion of income. Therefore, the potential
and risks associated with dryland produc-

| tion need to be calculated.

{ Risk can be reduced where dryland cotton

production forms part of a mixed cropping

i enterprise or, is undertaken in conjunction
{ with irrigated cotton production where
3 water allocations are unreliable,

-t
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Application of soil monitoring, benchmarking and crop simulation in commercial
dryland cotton management
M.P. Bange' and P.S. Carberry”

1CSIRO Plant Industry Cotton Research Unit Locked Bag 59, Narrabri, NSW 2390,
Australia, CRC for Sustainable Cotton Production. Michael.bange @pi.csiro.au

2 Agricultural Production Systems Research Unit P.O. Box 102, Toowoomba, QLD
4350, Australia. Peter.carberry @tag.csiro.au

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-farm 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 farmers and
consultants through established networks. Future studies aim to investigate the more
efficient means of delivering systems simulation to industry.

Introduction

Australian dryland 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, farmers 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 farer acceptance has been disappointing low
(Cooke, 1994).

The first objective of this paper is to relate the experiences of some cotton farmers
and consultants which have benefited froin 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 (Farmers, Advisers, Researchers, Monitoring, Simulation,
Communication And Performance 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’ hard 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 pitrogen and water availability. This information 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 commercial 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 benchrnarking 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 how 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 more successful it can then assessed using simuiation
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.

QOutcome Probability of Achieving Outcome (%)

2 Greater than or equal to Full Profile Soil Half Profile Soil
Moisture Moisture

2 1.70 bales/ha (0.7 bale/ac breakeven) 84 78

2 2.47 bales/ha (1.0 bale/ac) 63 53

= 3.71 bales/ha (1.5 bales/ac) 43 34

> 4.94 bales/ha (2.0 bales/ac) 32 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 (E! 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
different crop rotations.

Solld plant cotton Single skip cotton
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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.

Learning and Evaluation in FARMSCAPE

FARMSCARPE 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 FARMSCAPE. 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, leaming and management practice changes (Coutts
et al., 1998).

FARMSCAPE has helped demonstrate that the key to farm managers valuing
simulation is the positioning of simulations in the context of their own farming
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 FARMSCAPE 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 demnand 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.
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Abstract

There is a need for cotton simulation models to be able to differentiate
between early and late maturing cultivars, Cotton is an indeterminate speciés; 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 occurred with the fall in RUE of the early maturing cultivar occurring just prior
to a rﬁpid reduction in square (flower 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
govemed 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 (Bhlig 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 (Hearn,
1981; Hearn and Constable, 1984; Guinn, 1985) although the involvement of plant
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:

das B
T ¢)

Hearn and da Roza (1985). The squaring rate constant (g) is a cultivar specific
parameter which determines the potential rate of site production in thermal time, T
(base=12°C). S is the number of fruiting sites aiready present per plant. The boll load
(B) is a sum of the number of bolls on the plant weighted for age. Carrying capacity
(C) is the number of bolls that can be maintained by the plant’s carbon assimilation.
The relationship of B/C 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 B/C = 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 (Heamn, 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 determined 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 caﬁying capacity and hence influence
crop maturity. 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 122 (hereafter S324 and 122}, were used in all
experiments. S324 is an early maturing cultivar used for late plantings or in shorter
season areas while .22 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 (S1), 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 (S1) 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 spaced at 1 m, were sown on
14 October (S1) 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'l, 62 days
before the first sowing in Exp. 1, 113 kg ha' 44 days before the first sowing in Exp. 2,
and 142 kg ha!, 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 sémples 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 rbiomass was measured
and a sub-sample of four plants was taken for partitioning and dry matter
determination.  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? basis using a drying ratio.
Masses are presented on an oven-dry basis. Dried samples were ground to pass
through a 2 mm sieve. Samples were analysed for nitrogen content using Near

Infrared Refractometry (Perten Inframatic 8100, Germany).



- Measurements of photosynthetically active radiation (PAR, 0.4-0.7 pm) were
taken in each plot above (PARg) and below of the canopy (PARfT) 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 (Qpwas calculated as:

0, = (PAR, — PAR,)/ PAR,.

Because light interception measurements were not always taken on the same day as
the biomass harvests, Q; was then regressed on days after sowing (DAS) to allow
interpolation between measurements. An exponential function was fitted to data

collected from each plot:
Q, = a[1 - exp(~ bDAS)] + ¢ (1)

where a, b, and ¢ are fitted coefficients.
Using values of Qp for the day of the biomass harvests as derived from
cquatidn 1, a canopy light extinction coefficient (k) was derived for each plot from a

non-linear regression between Qg and leaf area index (LAT):
Q, = d[1-exp(- kLAD)]+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.

LAT was calculated using the product of specific leaf area of sub sample and
the total mass of leaf material (m?), both measured at each biomass harvest. Specific
leaf nitrogen (SLN), which is the amount of nitrogen (g) per unit of green leaf area
(m?), was calculated as the quotient of leaf nitrogen concentration and specific leaf

arca.

e
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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 MJ™") Q; was adjusted using their relationship:

Q, =20, /{1+9,)

where Qp 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, Qp was then regressed on days after sowing (DAS) to allow
interpolation between measurements using a function of the same form as equation 1.

Average RUE for the season was derived from the linear regression of shoot
biomass against cumulative intercepted radiation (RUEyy). In Exp. 1 me:asurements
were used from 67 to 131 DAS in S1, 41 to 111 DAS in S2, and from 48 to 90 DAS
in S3. In Exp. 2 measurements were used from 54 to 137 DAS in S1, 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 (TDM) could then be derived.
RUE was thence also derived in glucose equivalents (RUE,).

In all experiments, variation in RUE,; within the crop life cycle was exarnined
by deriving RUE; for periods including three consecutive dates of dry matter and PAR
measurements, Regressions were centred on harvests from 77 to 117 DAS in S1, and
from 57 to 97 DAS in S2 for Exp 1. In Exp. 2 the regressions were centred from 67 to
122 DAS in S1, 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 1.22
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 $324 than £.22. 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 $324 was generally translated into a higher
peak number of green bolls (Figures 1 & 2). The exceptions were S1 in Exp 2, where
the two cultivars showed very similar pattemns of green boll numbers over time, and
the very late sowing (S83) 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 $324 set 100 green bolls m™ at least ten days earlier than L22 in four out
of five cases. In S1 of Exp 2 it was only three days earlier, .I

S324 produced more open bolls in each of the normal sowing times (Figures 1
& 2): Exp 3 and S1 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 1, the peak number
of squares varied between 160 and 235 m™ for S324 and 120 a.ﬁd 190 for L.22. Peak
green boll numbers also varied but to a lesser extent: $324 ranged between 130 and
160 m? and L22 between 100 and 120 m™> In S3 of Exp 1 the peak square number
was 155 for 8324 and 90 for 122, 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
(TDM,) from each sampling date was plotted against DAS (Fig. 3). In Exp. 1 S1
cultivar $324 was greater at 89 and 105 DAS and then later at 161 DAS. In Exp. 2 S2
TDM, 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 TDM, between cultivars..

Greater TDM, was achieved in S1, followed by S2 then S3, although S2 and S3

produced biomass earlier.
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In Exp. 2 §1 there was no consistent difference in TDM,. 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 TDM, throughout the season.

Total fruit dry matter glucose adjusted in Exp. 1 was simular until 117 DAS in
S1, 83 DAS in S2, and 90 DAS in S3 (Fig. 3). After these times in all sowings 5324
had greater fruit biomass. In Exp. 2 St 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 Qp 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 signiﬁcanﬂy more

" radiation than 122 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
interception as S324, There were no apparent differences between cultivars during
growth of the crop in experiments 2 and 3.

LAT differed significantly between cultivars and across cultivars (Fig. 4) in
Exp. 1. In each sowing S324 developed its canopy sooner than 1.22. Higher peak LAI |
was produced by both cultivars in S1 followed by S2 then S3. As for light
interception, LAI increased later in S1 than in S2 and S3.

In Exp. 2 LAI did not differ between cultivars in S1, but in S2, S324 was
significantly greater than L.22 between on 89 and 104 DAS. LAI remained high for a
longer period of crop growth in S2 compared to S1 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



L AT 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 Q;
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 S1 (0.68+0.03, P < 0.01).

3.4. Radiation use efficiency

RUE4m was derived as the slope of the linear regression of total ablovc ground
dry matter against accumulated intercepted PAR. Again, forward stepwise regression
analyses were used to test for differences between cultivars and among sowings
(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
RUE,, in S1, but in S2 §324 had a sign.iﬁcantlj' greater RUEy, than 1.22, Similar
results were obtained when RUE was based on glucose equivalents (RUE,). There
were no significant differences between cultivars in RUEy, or RUE; in Exp. 3. No
significant differences across sowings were found in experiments ! and 2.

RUE; calculated for shorter time periods showed different patterns in RUEg
over the development of the two cultivars. In Exp. 1, RUE, for S324 was greater than
that for L22 at 77 and 89 DAS in S1, and at 57 DAS in S2 in Exp 1 (Fig. 5). In Exp.
2 S1 there were no differences between cultivars, however, in S2 RUE; of S324 was
greater than cultivar 122 at 89 DAS. In Exp. 3 there were no differences between
cultivars throughout the duration of crop development (Fig. 3).

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. 1, S1 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

LDU ;



an initial significant increase pror 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 1.22, This only sporadically reached significance. As $324 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
122 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 expeniment was to determine whether or not there were
differences in the dry matter production or partitibning 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 (MJI) for cultivars S324 and 122 for each

sowing and experiment,

Experiment Sowing Cultivar 5324 Cultivar .22
1 1 657 611
2 753 724
3 394 (CM 601) 385(CM 573) t
2 1 626 602
2 602 611 (GM 609)%
3 1 780 - 776 (GM 768)

T LSD (least significant difference, P < 0.05) =28.02 M1 for cultivar means (CV)
I Grand Mean

Table 2. Radiation use efficiency calculated from dry matter (RUEy,) and glucose
equivalents (RUE,) for each experiment (Exp.). Sowings of experiment 2 were 11

October (S1) and 13 November (52) 1996 and cultivars are S324 and 1.22.

Experiment/ RUE, (g/MI) SE RUE, (g/MI) SE -
Sowing/ Cultivar ' ‘
Exp. 1, 8324 0.99 0.04 1.54 0.06
Exp. 1,122 0.85 0.04 1.32 0.06
Exp. 2, S1 1.04 0.03 1.61 0.04
Exp. 2, 82, 8324 - 1.14 0.04 1.7 0.07
Exp. 2, 82,122 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 @ 5324 and O 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 O 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 @ 5324 and O L22 across all experiments.

Fig. 4. Leaf area index development for cultivars @ S324 and O 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 O 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 @ 5324 and O 122 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,
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’Growth analysis of short and long season cotton cultivars

' M.P. Bange and S.P. Milroy
CSIRO Cotton Research Unit, Narrabri, NSW, 2390

Abstract

According to the nutritional hypothesis, the iming of crop maturity in couon 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
supply of resources to the fruit or the level of demand generaied by the fruit. Growth analysis was used to examine the supply of
resources, in terms of the production and partitoning of dry matter, of an early and a late maturing cultivar grown in two fully
imigated field experiments. The two cultivars did not differ in peak leaf area index. above ground dry matter production or in "
B2 allometric partitioning between the fruit and the rest of the shoot. Differences were however. found in light interception, canop
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and photoperiod. Rather, according to the nuwitionai
hypothesis, the timing of crop marurity is determined by
when the fruit that are already growing mnonopolise
resources and prevent the crop from producing new
fruiting sites (1). Usually, the crop then finishes martur-
ing the fruit that are already set. Crop mamurity can
therefore be affected by either the suppiy of resources to
the fruit or the demand the fruit are generaring in terms
of their number or growth rate. In this paper we use
growth analysis to examine the supply of resources in
terms of the production and partitioning of drv matter,
of an early and a late marring cultivar.

Methods

An early mamuring (Siokra S$324) and late maturing
(Siokra 1L.22) cotton cultivar were studied 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/m?. Full irrigation and commercial insect con-
trol were used and N was applied as anhydrous ammonia
SIX 10 eight weeks prior to sowing. Experiment 1 was
sownon 10 Oct, 1995, and received 150 kg/ha of N. Plots
were 175 m by 4 rows and a completely randomised
design was used with three replicates.. Experiment 2 was
sown on {1 Ocu 1996 and received 113 kg/ha. A ran-
domised complete block design and four replicates were
bsed. Plots were 75 m by 4 rows. Starting just before

leaf and stem determined. The proportion of pkotosyn-
thetically active radiation intercepted {PAR) by the
canopies was measured weekly,

Results and discussion

The aim of this experiment was to determine whether
differences in the dry mawer production or partitioning
could have contributed to the differences in crop matur-
ity of a [ate and an early cotton cultivar. Differences were
found between 5324 and L22 in Experiment 1 in terms
of accumulated light interception and radiation use effi-
ciency (RUE) as measured over the whole period of
measurement but not in a way that explained their ma- -
turity (Table 1). No differences were measured in Ex-
periment 2. The difference in light intercepted be- tween
cultivars in Experiment 1 was due 10 2 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 resuit in prolonged fruit production and delayed
maturity. The combination of the higher cumulative
light interception and the higher RUE of $324 might
suggest that $324, the early cuitivar, would have the
greater supply of photosynthate for the production of
new frritmg 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 LAIL cumulative PAR, K. total dry matter (TDM) and RUE for the two cultivars in the two Falq L e
experiments. (n.s.d. - no significant difference).
Variable Experiment Cultivar 5324 Cultivar 1 22 Pooled SE Significance ] and
LAl 1 3.02 2.52 0.30 n.sd, !
2 1.70 1.82 0.27 n.s.d. |
2 1 1024 876 12* {P<0.05) i
PAR (M) 2 626 599 20 nsd. ‘ S.P.1
k | 0.64 0.77 0.03* {P<0.05) _
2 0.62 0.65 0.03 n.s.d. CSIR
TDM (2/m?) 1 870 811 47 ns.d. i
2 621 582 ) n.s.d. i .
RUE (@/MI1) B 1.07 0.89 0.03* (P<0.05) ; Abst:
2 1.03 1.00 0.03 n.s.d. !
-— Leaf nit
cultivars the greater supply of dry mater should lead . photosy
) merely to a larger plant in S324 (Fig. 1). In either case, ' curs wel
) the differences do not explain why it is the earlier . layerde
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O sl JOJ variation of growth and partitioning, demand for re- ™% =
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= 2t "0 0" growth conditions. o
of o B _ Conclusions adis
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2 0 area index, above ground dry matter production or in variatio)
- 3 A 5 5 - aljometric partitioning berween the fruit and the rest of framew
. the shoot. In one season differences were however, photosy.
8 [ () found in light interception and canopy light exti{mi_nn for the |
® coefficient. The short season cultivar also had a signifi- photosy:
E | ] . . . . . t
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Efficiency of Cotton.

M.P. Bange and S.P. Milroy
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CSIRO Cotton Research Unit, Locked Bag 59 Narrabri NSW 2390.
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"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
sirnulation 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 umit of radiation
intercepted). 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 the 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 Ieaf
photosynthesis to RUE which accounts for, ammongst 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 (19%4)
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 (3008
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™ 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 1m, 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 m? 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 (SLN, g
N/m? 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 (I,) and below (I) the
canopy and LAI using the equation: k = In(I/I,)/-LAL The SLN gradients were calculated from
the regression of SLN in a given layer against cumulative LAT (LAILm) 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 proportion of light intercepted by the crop canopy over the day (Q) was
estimated from the proportion of interception measured around noon (Q,) using the equation
of Charles Edwards and Lawn (1984): Q = 2.Q,/(1+Q,). 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 of 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 CO, m™ s at high SLN based on
Australian cultivars grown in the field at Narrabri (Warwick Stiller CSIRO, unpublished
data).



Resulis and Discussion

In the field experiment, RUE varied between 0.6 and 2.1 g MI™. These values compare well to
published data for the production of vegetative tissue by cotton which range between 1.2 and
2.1 g MJ"? (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<0.03, 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 to 0.81
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Fig. 1. Examples of the relationship between SLN and cumulative LAI for (a) the high N
treatrnent 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 (HN) nitrogen for
different sampling dates (DAS = days after sowing) and used as inputs to the framework.

DAS Extinction SLN Gradient Total LAI Average SLN
Coefficient (k) (g N/m?)
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 0.47 047 0.82 1.17 2.33 0.91 2.31 146
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 ef 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
observed 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 RUEs. Research is continuing to quantify the importance of these aspects to the
performance 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 observed 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 observed 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 LAT; at an LAT 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” 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 observed 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 er al., 1993) and also the consequences of variation in k 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 exarnined 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 Cornmercial 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 mamirity of current varieties. Characteristics measured were
time to first square, square period, and boll period, and their subsequent effects on crop
maturity. Thermal 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 guantify these

characteristics,

Introduction

Crop simulation models can be used to evaluate risks of management decisions before
substantial investment has occurred. Varety 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 marurity of a particular varety, the processes that
change between varieties must be identified and then related to an environmental 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 fruiﬁng pattems 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 11%®
October and 29" November. The eight varieties are presented in Table 1 along with their
marurity fanking. These varieties include six current commercial varieties and two which

have just been released for the coming season.

The node of the first fruiting branch, the time of 1* square and 1* flower open were

recorded on each plot. To determine boll perod, 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

determine seed cotton mass per boll.

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

Variety Maturity ranking

CS 88

Siokra S-101 (replaces S$324)
CS 50

Siokra 1-4

Siokra Y-15

Siokra V-2

Siokra L-23

Sicot 189 (replaces CS189+}

B0 ~1 Oh Lh B W) R —

"Boll period was only derived for the crop sown on the 11" 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 (boll 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 m*  Seed Cotton (g)

) ~ per Boll

CS 8S 6.1 86 4.07 ac

Siokra §-101 6.5 ‘ 83 3.93 ab

CS 50 59 85 375a

Siokra 1-4 7.5 79 4.63 c

Siokra V-15 6.4 6 - 4.84 de

Sicala V-2 5.6 74 509

Siokra L-23 6.6 70 4.53 be

Sicot 189 5.8 71 4.38 acd

O
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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 1 mean 9.85, sowing 2
mean 8,98, LSD 0.7) and among varieties (LSD 0.8). The differences among varieties

was hot 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" Qct Sowing 29° Nov
CS 88 8.2 9.0
Siokra §-101 10.3 ' 8.7
CS 50 5.1 8.5
Siokra 14 10.7 9.4
Siokra V-15 10.7 9.1
Sicala V-2 9.8 94
Siokra L-23 10.8 9.1
Sicot 189 5.0 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 I} and there were no significant
differences (P < 0.05) between sowings . The correlation coefficient was (.66 between the

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

L}

Sicala V-2

Sioiaa Y-15

Siokra L-23

Siokra 1-4

Sicat 189

Cultivar

Sdokra 5-1G1

Lsd 53.12°C @

™ T ™

9 100 200 00 400 500 800 o0 80g

Thermal tima (°C d)

Figure 1: Thermal time to first square for varieties during 1995/96 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.

re |
Thacrmbtimes C & Tharmal lims (°C & g

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 significantly 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 (Table 4).

Significant differences (P < 0.05) in fibre length were found among varieties where
Siokra L23 had the greatest and CS 8S had the shortest (LSD 0.035). Later maturing :L
. 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 5-101 178 1.18¢ 3.67 .
Sicot 189 186 1.18¢ 3.00 -
CS 88 177 1.12a 3.67 :
CS 50 184 1.14 ab 3.67 3
Siokra V-15 183 1.16 b 3.67 iy
Siokra 1-4 179 1.19¢ 3.33 "
Siokra [-23 182 1.20¢ 3.00 .
Sicala V-2 177 1.17¢ 3.33 . e
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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 thermal time to first square and boll perod.
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 perfods were different to those found by Wells (1994). He also
found that the thermal time for tbese 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 more 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 Carberry' and Mike Bange?

'CSIRO Tropical Agriculture, Agricultural Production Systems Research Unit, Toowoomba, Qld
’CSIRO Plant Industry, Australian Cotton Research Institute, Narrabri, NSW

Introduction

“We're gerting a berter 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 situarion rather than
functioning on gut feeling.” Farmer

“Advantage is that you know where you are likely to be going in six months time, this gives
*hindsight in advance’, and farming with hindsight is much easier” Farmer

“It influenced my advice: cropping and rowations, planting and nutrition” Agribusiness
consultant

“There are not too many opportunities thar come along that can deliver major outcomes to
farmers and (this) is clearly one suck” Industry reviewer

“The evaluarion process provided strong evidence that (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 simmlation models in
assisting the management of commercial farming enterprises. The need to begin this paper with
such statemnents of support is because many readers, whether they be growers, consuitants,
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 andfor 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), farmer acceptance of models and decision support
systemns 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 cperations. We argue that this
recent effort in applying models within industry has important 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.

o
o
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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 desigus and actions. Likewise, in our everyday life, simulation is becomning ever more
relevant —one can now assess mortgage loans at our banks via a loan repayment simmlator. 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 simmlator — where one can learn
from successes and mmistakes 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 fonger
required for learning? Unfortunately, the answer is a definite no. Biological systems are not as
predictable as ;;hysical 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 first flower appearance {Constable and Shaw, 1988). By combining such
relationships into a simuiation 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
Performance Evaluation) is an acronym we have employed to represent a participatory R&D
approach that explicitly addresses the question of relevance of systems meodels to commercial
farming. It involves research to explore whether any farmer or adviser could gain benefit from toois
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such as soil characterisation and sampling, seasonal climate forecasts and, in particular, simulation
modelling and, if 50, how such tools could be delivered cost-effectively to industry.

FARMSCAPE 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;

(i) the implementation of research on commercial farms, especially incorporating improved soil
monitoring to gain better knowledge of actual sofl water and nitrogen in individual paddocks;

(iii) the application of 2 well-developed capacity to simulate systems using the APSIM systemns
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 farmer 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 FARMSCAPE has almost exclusively been on
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 FARMSCAPE tools and techniques.

Are simulation models relevant to the real worid?

Over the past 6 years, a number of commercial
dryland crops have been moritored and used to
test APSTM and OZCOT simulations. Figure 1
presents results for cotion, sorghum and
mungbean, 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 darnage). For many farmers and
consultants, APSIM and OZCOT have proved
credible enough to be relevant to commercial
cropping practices and now want 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 modeis 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 dryland 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 comforteble with their present cropping systems, they did raise the
question of whether alternative crops should be considered.

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 profile of soil

water (300 mum 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 3.7 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
half a profile of soil moisture {(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 have .

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 information to assess the returns and risk
of a new farming option.

Table 1: Risk analyses generated for dryland cotton production at Spring Ridge (Breeza Plain).

Outcome Probability of Achieving Outcome (%)
' ' Full Profile Soil Moisture  Half Profile Soil Moisture
2 1.70 bales/ha (0.7 bale/ac breakeven) 84 78
2 2.47 bales/ha (1.0 bale/ac) 63 53
2 3.71 bales/ha (1.5 bales/ac) 43 34
2 4.94 bales/ha (2.0 bales/ac) 32 22
2 Greater than or equal to

(if) Benchmarking past crop performance

Whether a crop has performed to its potential is often of great interest to farmers. Given actual
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 acteal 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 16000 Sorghum benchmark .
that his crop yielded close to its potential. e grain W
However, by re-running this benchmark 100 T —totaiwi
simulation, but using a higher plant density g 12000 1 —~—increased inputs
and fertiliser rate, the model also suggested 5__ i000a 1 -
that the farmer could have produced even f.. 80G0 1
higher yields than that achieved - the crop did i 6000 1 )
not reach its environmental potential in that S 004
Season 2000 +
o .

Fig. 2. Simulated daily increase in sorghum 280 300 320 340 30 15 35

grain and total dry weight — X signifies Day of year

actual weights at crop maturity

(iii} Tactical crop management
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 O
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 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 configuration.
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 Ef 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

A significant advantage of APSIM 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 cotrop
systems 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 drylang
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
(SOT). The decision point is the October after sorghum harvest where the manager can choose tg
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 comnpared to a SOl-influenced strategy — where
the rotation chosen each year was determined by the phase of the SOI in October — using APSIM
and OZCOT to simulate systern performance over the 100 yr climate record for Dalby Qld.

This sinmlation case study demonstrated that SOI could contribute 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 (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. '

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

Fallow-Cotton “Sorghum-Cotton  Cotton-Cotton SO1
Gross margin ($/ha/2 yr) 1482 1605 FUI1691 2 1683
Risk (% yrs GM < $500) o5 L 15 9
Cash flow (year 2) -56 380 405
Soil loss (relative to fallow) i 049, 0.77

The scenario described above is similar to that Fig. 4: Gross margins for either sorghum-
of a farmer collaborator at Bongeen, Qld, in cotton or fallow-cotton rotations simulated
late Nov. 1995 when his doubled cropped at Bongeen Qld.

wheat after sorghum failed. He was faced with
15,000

a decision on whether to continue with
essentially a bare fallow through to cotton 10 Mo +
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
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What have we learnt?

FARMSCARPE 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
farms and asked farmer and adviser collaborators 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.

FARMSCAPE has helped demonstrate that the
key to farm managers valuing simulation is the
positioning of these simulations in the context

Fig. 5: Schematic comparison of a simulator
versus a decision support system (from
McCown et al, 1897),

of their own farming situation. A simulator

enables information to be specified to an

individual paddock, its results can be tested Mllltoling

against one’s own crop performance and a Spa:ﬁ & s ive
simulator such as APSIM can be used to

explore a whole range of issues. In contrast Té 5] Vs

(Fig. 5), many DSS packages, (eg.
WHEATMAN; Woodruff, -1992), provide
géneric or representative information for a 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.

An important distinguishing feature 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 farmers
have to decide what would be best for their own situation. In contrast, many DSS packages have
been designed to provide recormmendations on what decisions should be taken. In leaving the
interpretation up to the farmers, a simulator provides a means of learning 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 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 we can not meet
that demand, nor justify providing a “commercial” delivery service. Our intention is to do all we
can to transfer to agribusiness the capability to deliver FARMSCAPE-based interactions.



e’

160

Qur 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. Qur proposal is that a number of agribusiness and private consultants be
accredited and supported in implementing the FARMSCAPE 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 E!
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

Peter Carberry, Agricuitural Production Systems Research Unit,
CSIRQ Tropical Agriculture
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
dryland 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 JAMA-
Seed and Grain Sales {multiple groups).

Issues being addressed include fallow water storage, cotton water use efficiency, soil fertility {
management, row configuration, cropping sequence, soil water conservation and soil erosion.

O

Moaitoring climate, soil and crop performance

More than 30 soils in the cotton growing regions from Capella to Breeza have been characterised
for water holding 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 configurations and cool temperatures during establishment.

The APSIM systems model (incorporating OZCOT) has successfully predicted commercial
dryland yields for cotton and other crops grown in a range of systems.

Example applications addressing industry issues S
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, cofton in rotation with mungbeans, cotton yield forecasting in January, etc.

On 2 number of occasions, simulation results concemning 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

Peter Carbcrryl, Graeme Hammer? and Hol ger Meinke?
Agricultural Production Systems Research Unit, Toowoomba, QLD 4350
!CSIRO Tropical Agriculture
2QDPI Farming Systems Institute

Summary

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.

In the case study, the standard dryland cropping rotation of long fallowing from sorghum (through a
subsequent summer 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 APSIM to simulate systém performance over the long-term climate record for Dalby, Qld.

The simulation case study demonstrated that SOI contributed some ski-ll 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 strafegic 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 realisiné 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 Nifio, 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 SOl is proving useful to managers, to date its application to
cropping systemns has been largely for tactical decisions involving short lead-times (Hammer and
Muchow, 1956; Meinke et al., 77; Meinke and Hochman, 1998). Even though SOI persistence in
prediction skill declines beyond a 3 to 6 months lead-time (Stone ?7), 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

®



and assess the potential for using the SOI to aid a management decision, the consequence of which

is realised over a two year period.



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 vartability 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, 1977, Hayman, 1996). As an alternative to rotations of fixed fallow Iength, 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. Likewise, 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.
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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
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.

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 heyond 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 s0il
moisture storage, for improved prospects of future rainfall. Reduced fallow lengths from
opportunity cropping have been suggested as advantageous not only in terms of profitability but also
for resource use efficiency and sustainability (Keating, 1997; 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



climate forecasting for tactical decision making (Hammer and Muchow, 1996; Meinke et al., ?7;
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 (APSIM) is a simulation model designed to simulate the production and resource
consequences of agricultural systems, including fallowing and cropping sequence (McCown et al.,
1997). APSIM has been specified for and it’s simulations tested against a range of farming systems
(Carberry et al., 1997; Carberry et al., 1997; 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, 1997).

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
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 sorghurh or winter cereal (QDPI Crop Management Notes, 1997). 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

.
-
1) =



==

in year 3 based on the rationale that the farm 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.

year 1 year 2 year 3
SFC sorghum fallow cotton
SS8C sorghum sorghum cotton
SCC sorghum cotten cotton
Get cl.»ct oot

In order to simplify the comparison of the three rotations, subsequent analyses assumed that the
decision point is the 1% October in year 2. That is, the farm manager has come out of sorghum in
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. 77) over the historical climate record between 1887 and 1997. Over the 100 years, the
simulations ﬁerc run continuously with the system'’s status reset every two years - soil water was
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 1* October and the final cotton crop planted based on a sowing criterion
of receiving 25mm rainfall over a 5 day period between the 1% October and 25® 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.



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. Interestingly, 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 rofation).
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At the decision point of 1% October in year 2 of the rotation, the manager can either select the same E

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 (?7?) 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 (@), SSC (A) and SCC (m)
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 farmer. Indifference lines of
increasing slope depict increasing aversion to risk, culminating in a vertical indifference line of a
highly risk-adverse farmer 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., 1997,
Carberry et al., 1993, Muchow and Carberry, 1977, Parton and Carberry, 1995 and Hammer et al.,
1997).

In dryland 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 recommended SFC rotation but who would also
not be far from bhoosing a higher return, higher risk strategy (eg SCC). In fact, over all years, the
three fixed rotzitions are close to forming a linear efficiency frontier (SSC is slightly below this
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 pref;arred rotation can be selected in each case,

namely:
Phase 1 (SOI negative) =SSC
Phase 2 (SOI positive) = SCC
Phase 3 (SOI rapidl.y falling) = SFC
Phase 4 (SOl 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 (SOI) 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 using a
number of criteria. In this case, performance critenia included:

(i) gross margin accurnulated for the simulated two year period (years 2 and 3 of the rotation);
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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).
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” (PX) as is an indicator of the potential performance of the farming system.

(") Figure 4: (A)Gross margins calculated from simulated yields for 7? and (B) the difference in gross

margin 77
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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 having 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 respectively 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, In fact, using the farmer 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 SCC SOI PK

Yields

Year 2 (bale or t / ha) 0.0 32 42 - -

Year 3 (bale / ha) 6.0 - -
Gross margin ($/ha/2 yr) 1482 1683 2226 ) .
Risk (% yrs GM < $500) 9 3
Cash flow (year 2) 405 578
Soil loss (relative to SFC) 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 5A). 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 ié important to note, however, that a number of decision-makers could
remain indifferent to the SOLrotation if their attitude to risk is represented by an indifference line of

slope greater than this value.

~ 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 5B 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
two risk-efficient strategies, SSC and SCC, 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 SCC rotation provided -
equivalent returns at a lower risk of soil loss. While the SCC rotation would be selected by a
decision-maker 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
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'rotation that used perfect 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
SEC and SCC rotations respectively. And in reali'ty, the assurned 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




16
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 ($/ha/2 years of rotation) for the SFC (@), SSC (4), SCC (m), SOL
(®) and PK (+) rotations plotted against (A) financial risk, defined as the proportion of years where o
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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rotation.

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
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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 futture crop yields (Hayman, 1977, other??).
Conclusions

Seasonal climate forecasts can undoubtedly assist farmers 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 iﬁ assisting the incorporation of
opportunity cropping into dryland cotton production systems. While this example dealt with only a
limited situation, the suggested benefits derived from using SOI forecasts in selecting crop rotations

clearly warrant further exploration.

The value of the SOI has often been assessed on crop performance within 3-6 months of a forecast.

The results from the case study presented here demonstrated impacts on crop rotations ending 18

" 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.

This paper has demonstrated a significant point that should not be lost on those who are at the
forefront of developing and extending new seasonal climate forecasts, namely that even a good
climate forecast may still not be of value to decision-makers. The decision-analysis framework
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 farmers, 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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Finally, 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
Hamumner et al (1998) to assess the relative skills of several alternative forecasting systems in

assisting management of cropping systems.
Acknowledgments

The authors wish to thank James Gaffney for providing assistance in the economic analyses
undertaken in this paper. The provision of the OZCOT cotton model by the CSIRO Cotton Research =
Unit, Narrabri, for inclusion within the APSIM framework is gratefully appreciated.
References . . ~
Barah, B.C., Binswanger, H.P., Rana, B.S. and Rao, N.G.P. (1981). The use of a risk aversion in i
plant breeding: Concepts and application. Euphytica, 30:451-458.
Blackett ‘
Carberry, P.S., Muchow, R.C. and McCown, R.L. (1993). A simulation model of kenaf for assisting
Rt fibre industry planning in northemn Australia: 4. Analysis of climatic risk. Aust, J. Agric. Res.
44:713-30. o
Carberry, P.S., McCown, R.L., Muchow, R.C., Dimes, J.P., Probert, M.E., Poulton, P.L. and
Dalgliesh, N.P., 1996. Simulation of a legume ley farming systefn in northern Australia
using the Agricuitural Production Systems Simulator. Aust. J. Exp. Agric., 36:1037-48
Chapman et al. 1998. ?7?. Hammer, G.L. (Ed.), Application of Seasonal Climate Forecasting in
Agricultural and Natura] Ecosystems - The Australian Experience. 7? (in review). _’) i
Foale, M.A. and Carberry, P.S., 1996. Sorghum in the farming system: Reviewing performance, and
identifying opportunities by doing on-farm research. In, M. A. Foale, R.G. I—ienzell and J.F.
Kneipp (Eds). Proceedings Third Australian Sorghum Conference, Tamworth, 20 to 22
February 1996. Australian Institute of Agricultural Science, Melbourne, Occasional
Publication No. 93. pp. 63-74.
Freebaimm, D.M.
Hammer and Muchow, 1996;
Hammer, G.L. Carberry, P.S., and Stone, R., 1998. Comparing the value of seasonal climate

forecasting systems in managing cropping systems. Hammer, G.L. (Ed.), Application of

BB i e e A ar e e AR s AT I




19

Seasonal Climate Forecasting in Agricultural and Natural Ecosystems - The Australian
Experience. 77 (in review).

Hayman

McCown et al

McCown, R.L., Wafula, B.M., Mohammed, L., Ryan, J.G. and Hargreaves, J.N.G., 1991. Assessing
the value of a seasonal rainfall predictor to agronomic decisions: The case of response
farming in Kenya. In: R.C, Muchow and J.A. Bellamy (Eds.). Climatic risk in crop
production: Models and management in the semi-arid tropics and subtropics. CAB
International, Wallingford. p. 383-409

Meinke and Hochman, 1998. ??. Hammer, G.L. (Ed.), Application of Seasonal Climate Forecasting
in Agricultural and Natural Ecosystems - The Australian Experience. ?? (in review).

Muchow, R.C. and Carberry, P.S. (1993). A simulation model of kenaf for assisting fibre industry
planning in northern Australia: 5. Impact of different crop traits. Aust. J, Agric. Res. 44:731-
44,

Parton, K.A. and Carberry, P.S. 1995. Stochastic efficiency and mean-standard deviation analysis:

_ some critical issues. Aust. J. Agric. Res. 46:1487-91.

Probert, M.E., Carberry, P.S., McCown, R.L. and Turpin,, J.E., 1998, Simulation of legume-cereal
systems using APSIM. Aust. J. Agric. Res., 49:317-27. |

QDPI Crop Management Notes

Turpin

Wylie




£

Docoment 1O
T T e

g}"ﬁg Proceadings of the Sih Australian Agronomy Conference, Wagga Wagga, 1998, pages 681-652. 681

. Evaluation Of Participative Approaches To RD&E: a case study of

' FARMSCAPE

£ 1A, Coutts', Z. Hochman?, M.A. Foale?, R.L. McCown, 2 and P.S. Carberry?

| Rural Extension Centre, University of Queensland, Gatton, Qld, 4350

2CSIRO/APSRU, Toowoomba, Qld, 4350

Abstract

This paper describes the evaluation framework and process developed and used for the FARMSCAPE project. It considers the
impact of the evaluation on the RD&E process and its value/limilations in making meaningful statements/conclusions about the
effectiveness of the participative RD&E project. Indicative results emerging from the evaluation about the FARMSCAPE project
are presented. The paper conciudes that the evaluation approach used was useful in providing benchmarks and teasing out the
impact of the project on different participants. It also provided some evidence that the FARMSCAPE approach to developing and
using decision suppon tools was usefitl in complementing farmer experience in dryfand farming systems.

Key words:.Process evaluation, participative RD&E, farming systems research and extension.

Eft'ective evajuation of Research Development & Ex-
tension (RD&E) projects and programs has been 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 (1). Participative RD&E adds an extra level
of complication: outcomes are often emergent rather
than pre-determined; RD&E is enacted through interac-
tion between a number 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 & reliance on post project analysis. {2). The
FARMSCAPE project, a participative RD & E project
‘Farmer-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 moritor and interpret the
project through the eyes of the key participant groups:
researchers; farmers; 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 leaming 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
information 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

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 supported
emerging conclusions. For example, follow-ing the mid-
term {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 farmers: ...
farmers have begun to think differently: more three
dimensional: taking soil, water and nutrient balances
down to [.8 metres into account mere long term; more
strategically towards maintaining and improving re-
sources; and taking economic aspects more into ac-



count.” The iterative narture of the interviews also
proved valuable in providing benchmarks of attitudes
and practice. As Van Beek (3) observed...comparing last
vear’s and this years notes... there is a substantially more
positive amitude to FARMSCAPE products than a year
ago. The evaluation process was flexible to fit in with
kev decision-making periods in the farming cycie, and
to pursue data from new sources as their importance was
estabiished. For example, the mid-term interviews were
broadened to include cotton growers and research man-
agers. Some of the impact value of the evaluation was
lost, however, because the data coilection 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 emergent 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 explored crop
simulations for: confirmation of current practices; use
of alternative crops: and considering ‘what-if* scenarios
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 farm-
ers. Model complexity and organisational changes lim-
ited the ability of commereial companies to directly and
independently use the simuiations - they relied on re-
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 ¢laimed that they
benefited from the project through an increased under-
standing about soil, water and crop management. Con-
cern by others cenwred arcund the limitation of the
approach to benefit the wider group of farmers 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 mode! parameters and user
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interface, and changed the emphasis of the project from
providing solutions to dryvland farmers to providing a
framework for farmer decision makers o 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 permit-
ted a ‘teasing out' of the value and impact of different
project activities on participants, and provided a deeper
understanding ofthe context and complexities operating
within the project environment. The process conid be
strengthened by including the total project team in the
analysis of coilected data

The evaluation process provided some evidence that
the project was having a positive impact on: learning
within each participant group; attitudes, decision-mak-
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 contexmalised, was valued
by participating farmers and advisers in: (a) gaining
insights into production system function; and, (b) aug-
menting their farming experience in making judgements
required in tactical responses and the evelution of im-
proved production strategies.
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¢ L eaf nitrogen gradients in cotton canopies vary with ontogeny
E and nitrogen supply

—a

CSIRO Cotton Research Unit, Narrabri, NSW 2390

Leaf nitrogen {N) concentration usually declines with depth in plant canopies. For use in a framework 1o scale-up from leaf -

phg[osynl.hesis to canopy rediation use efficiency, we quantified the leaf N gradients in the canopies of three cotton crops. Stratified

cuts were taken regularly, swarting around the time of first square, and the leaf area index (LAI) and leaf N concentration in each
tayer determined. The slope of the regression of specific leaf nirogen (SLN. g N/m? leaf} against cumulative LAT from the top of
the canopy increased with ontogeny. It was aiso more marked under low N supply than high supply.

Key words: Gossypium hirsutum, leaf nitrogen, nirogen distribution, ontogeny

Radiation use efficiency (RUE) of conton crops varies
with ontogeny and leaf N accounts for part of this
variation (6). Harnmer 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 leaf N gradients within canopies and calculates
photosynthesis by leaves at different levels in the canopy
as 2 function of their N starus 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 final
purpose is to improve the response 1o nitrogen within
the CERCOT conon 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 mrow spacing with 10 plants/m”.
Full irrigation and commercial insect contro] were used.
In Experiment 1, coton (cultivar Siokra L22) was sown
on 11 Oct. 1995. On 9 Aug., 150 kg/ha of N was applied
as anhydrous arnmonia. Each plot was 175 m 5 4 rows
and there were three replicates, In exp 2, two N treat-
ments were established: nif and 150 kg/ha as aphydrous
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 formight, beginning arcund the time of first square,
1 m* destructive samples were taken. The canopy was
<ut 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 determined using a near infrared refrac-
tometer or a Leco machine, both calibrated against the
Kjeldah]l method. Sampling continued until the period
of maximum boll growth was over and the crop was
approaching maturity. Seven smatified harvests were
made in Experiment 1 and six in Experiment 2.

Results and discussion

In Experiment 1, pooling data across all samplings, a
strong linearrelationship was found between /z SLN and
cumnulative LA from the top of the canopy (Fig. 1}. The
production of branches by the cotton plant means that at
any height in the canopy there are leaves of a variety ¢
ages, Nevertheless, clear N gradients were stil 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 the
indeterminate nature of comon and/or the different dis-
mibution of repreductive sinks in the canopy. In Experi-
ment 2, the gradient was greater for the low N treatment
than for the high N weatment (P<0.001) (Fig. I). A
non-uniform N distribution in plant canopies results in
higher canopy photosynthesis than 2 uniform distribu-
tion by maximising N in leaves which receive the most

i
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from the top of the canopy in (a) Experiment 1 and (b}
Experiment 2, including data from all samplings.

light (4), aithough 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 isused
in photosynthesis. Investigations into the possible
causes of ontogenetic changes in N gradients in cotton
gnd their implications are continuing. -

 Conclusion

Leaf N gradients 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?

S.P. Milroy' and M.P. Bange'
CSIRO Plant Industry, Cotton Research Unit, Narrabri, NSW
CRC for Sustainable Cotton Production

Summary

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 curmently used to
calculate Degree Days does not accurately reflect the effect of high temperatures on
dechopmcnt. 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
5€asons.

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 (°Cd ) = 2

where Tmax and Tmin are daily maximum and minimum temperatures respectively. When
Tmin is less than 12 °C, (Tmin - 12) is set to 0 (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 performance of crops within and across seasons; nitrogen

[rm—

%]



210

management (nutriLOGIC); pest management (entomoLOGIC); and the cotton crop
simulations models OZCOT and CERCOT.

Since the DD12 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 DDI12 are required from sowing to first
square. However, the measured DD12 for this period varied considerably (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 commm). Such
variation devalues the usefulness of DDI12 in predicting development. Especially when
very hot conditions can be expected. :

Table 1: Degree days (base 12) calculated for the time to first square for cultivars $324
and L.22 (there was no significant difference bctwecn cultivars). '

[

Season Sowing date Degree Days (°C d)
1995/1996 10 October 1995 . _ 696
20 November 1995 ' © 608
5 December 1995 644
1996/1997 11 October 1996 510
1997/1998 16 October 1997 | 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 to 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 exporiment was conducted in a controlled temperature
glasshouse under natural light. A short season (Siokra S324) and a long season (Siokra
1.22) 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 $324. 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 (DD12) were calculated
using the function presented previously.

L
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Results and Discussion

Rate of development calculated using the present cotton industry function (DD12)
appeared to decrease as average daily temperature increased, in other words the apparent
duration to first square in DDI2 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 122, only the calculated DD12 were greater for each average
temperature. No squares were produced in the 16 °C average daily temperature treatment
in the experimental period.

540
—v— Cultivar S324

201 ..ge Cultivarl22 Rt
500 |

a0 e
460 |
440 +
420 F
400 F
380 b

360

Degree Days to first square (Base 12 °C)

340 L L 1 — L 1
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 $324 and L.22.

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 $324 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.

e B



[ S—

[ | Y

—

(O R N W T WU T I S S

213

0.10 ¢
)

0.09
b=
3
2 o.08}
8
o
=
& 007}
=
=1
3

008 I o pD12

-0+ with optimum temperatura
0.05 1 L 1 ] | S I
20 22 24 26 28 30 32

Average temperature (°C)

Figure 3. Squaring rate for cultivar S324 versus daily average air temperature (°C)
calculated using the present cotton industry function (DD12) as well as a function that
includes an 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 ternperature of 12 °C, may allow for more 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 ternperature
will enable better prediction of cotton development in a greater range of environments and
seasons. Continuing 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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Factors
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We measured the responses of cotton reproductive allocation (reproductive dry matter/total shoot dry matter} to
environmental and plant factors in five fizld experiments. A wide range of growing conditions were generated by
manjpulation of sowing date, nitrogen fertilizer, and plant density. Plant factors that varied included phenological
development (short- py. long-season cultivars), and leaf morphology (normal- vs. okra-ieaf 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 rapges, the linear regression between log,- reproductive dry
marter and {og,- skoot dry matter had an r* = 0-81 (? = 0-000!). Differences among experiments were significant, but
they accounted for only a small proportion of the variance of reproductive dry matter (8%). The dynamics of
reproductive allecation followed a logistic pattern. The rate during the linear phase of increase in reproductive
-allocation was fairly stable across experiments (= 0-006 d™'). The effect of experiments was significant, but it
accounted for only 7% of the varance in the rawe of reproductive allocation increase. Analysis of treatment effects
on both zflometic coefficients and on the rate of increass in reproductive allocation showed that: (a) few of the
sources of variation included in these experiments caused sigmificant changes in reproductive allocation; and (&) when
significant changes cccurred, their magnitode was comparadvely small. The relative stabilicy 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 Comparny

Key words: Ga&sypr‘:m hirsutum L., cotton, reproduction, allomerry, harvest index, allocztion, nilrogen, plant densiry,

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 the reproductive and vegetative growth
of plants. As they pointed out, the coupling is implicit when
reproduction is viewed as a form of resource partitioning.

Reproductive allocation is also a major determinant of
economic yield in seed crops (Gifford er 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 aestivurn L.), barley (Hordeum vulgare
L.), oat (Avena sativa L.), rice (Qriza sativa L.), maize (Zea
mays L.), and sunfiower (Helianthur annuus L.) (Slafer,
1994).

In grain crops, harvest index (seed dry matter/total shoot
dry matier) is a measure of reproductive allocation. In
reviewing the concept of harvest index and its application in
plant breeding 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 39, Narrabri, NSW 2390,
Australia.

0305-7364/97/070075+07 $25.00/0

bo970402

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 mdex increase
during the linear phase 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.} Merr.] (Spaeth and Sinclair,
1985}, sorghum [Sorghum bicolor (L.} Moench] (Muchow,
1990), barley (Goyne er al., 1996), wheat (Moot et al., 1996)
and sunfiower (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 yieid
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
modeis. In cotton (Gossypium hirsutum L.), lint yield is
closely related to fruit production {e.g. Hearn, 1975).

© 1997 Annals of Botany Company
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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 leal motphology, 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, 1993), 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 for greater
rates of increase in reproductive allocation (Spaeth and
Sinclair, 1985; Chiarello and Gulmeon, 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 aliocation with time, a2 method that allows
comparisons with other species.

MATERIALS AND METHODS
Crops and treatments

Five experiments were conducted at Narrabri, 2 semi-arid
environment in NW New South Wales, Australia (30°13' §,
149°47" E). Crops were furrow-irrigated at approx. 14d
intervals; weeds were controlled with pre-sowing herbicides
and manually through the season, arthropod pests were
. monitored twice weekly and controlled with chemicals

TABLE 1. Swnmary of treatments in five field experiments at Narrabri and reproductive allocation measured at the end of

following the guidelines in entomoLOGIC, a pest man-
agement package used in commercial cotion farms
(McKewen er al,, 1994),

Treatments are summarized in Table 1. Experiment 1
compared two short season cultivars of different leaf
morphology (Siokra 5324, okra leaf vs. CS7S, normal leaf)
grown under contrasting availability of resources: low,
resulting {rom 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 fertihzation, 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 14, 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 5 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-plot design with nitrogen rate
as main plot and cultivar as sub-plot (expt 3). Individual
plots comprised 5 rows x 17 m {(expts 1 2nd 2), 6 rows x 17 m
{expt 3), 6 rows x25 m {(expt 4), and 4 rows x 75 m (expt
5). In all experiments inter-row distance was 1 m,

Measurements

Dry weights of shoots and of reproductive organs
(flowerbuds, green fruit and mature fruit) were obtained

the growing season

Reproductive
Treatment  Sowing Plant densiry Fertilizer  allocation +s.e.
Experimeut Season code date Culdvar* (m~% (kg Nha™*) (dimensionless)

1 19%3/94 A 23 Nov. Siokra 8324 5 180 0-63+0-01
-B 23 Nov, Siokra 5324 12:5 0 0-66+0-01

C 23 Nov. C575 5 180 0-68 +003

D 23 Nov. CsS78 125 0 0-70 4002

2 1994/95 A 12 Oct, Siokra V-15 5 120 0-68 +0-02
B 12 Oct. Siokra V-15 10 120 066 +0:03

3 1993/94 A 11 Oct. Siokra i-4 16 0 0-67+0:01
B 11 Oct. Siokra 14 16 105 0-62+001

C 1t Oct. Dehapine 50 16 0 0-64 1001

D 11 Oct. Delwapine 90 16 105 0-55+003

4 1994/95 A 13 Oct. Siokra 1-4 i6 86 0-61 1002
B 13 Oct. Delwapine 90 16 86 0-61 £ 002

5 1994495 A 13 Qet. Siokra 8324 8 120 0-60 4 0-02
B 13 Oect. Siokra L22 8 120 0-56 +0-02

C 30 Nov. Siokra 5324 8 120 0-48 £0:03

D 30 Nov. Siokra 127 g 120 0-40 4 0-01

E 21 Dez. Siokra 8324 g 120 0204003

F 21 Dec, Siokra L22 g 120 0-09 £0-02

* Siokra 5324, Siokra V-15, Siokra 122, aud Siokra 14 are okra-leaf cultivars while C57S and Deltapine 90 are yormal-jeal cultivars. Siokra
122 is a ‘long’-season, Sfokra 5324 and CS7S are short-zeason, and Deltapine 90, Siokra V-15 and Siokra 1-4 are medium-season cultivars

{Constabie, pers. comm.),
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from sampies taken from each replicate at approx. 14d
intervals, Samples were taken at random from the centrai
crop rows and sample size varied between 0-5 m* (expts 1-4)
and 1 m® {(expt 5). No attempt was made to separate seed,
fibre and other fmit components.

Data analysis

Using values of reproductive dry matter (¥) and shoot dry
matter {x), allometric relationships were investigated with
least-squares linear regressipns of log,-transformed variahles
(Coleman et al., 1994). The slope of the regression, 4, is an
allometric coefficient or ‘scaling factor’ (Niklas, 1993 g) 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 Rohif|
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 (p) with time (x,)
of thermal time (x,) 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 al. (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-synthesis 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 Kimhall (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 aiso
Sadras, 1997). Thus, for simplicity, and to allow for
comparisons with other studies, this paper presents results
an 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 log,
transformed variables had an r* of 0-81 (Fig. 1A). The
- experiment effect, i.e. the vadation 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 allometric relationship obtained in our experiments
was compared with data fram experiments of Hearn (1975)

6

A

Log, reproductive dry matter (g per plant)

-4 | t i 1
i} 2 4 6
- Laog, shoot dry matter (g per plant)

Fra, 1. A, Allomstric relationship berween reproductive dry matter and
shoot dry matter in the five fleld experiments summarized in Table 1.
(@)} Expt 1; {O) expt Z; (M) expt 3; (O) expt 4; (A) expt 5. The fitred
regression had a slape = 1'97 (s.e. = 0-085), r* = 081 (P = 0-0001). B,
Comparison between the allometric refationship io Fig. 1 A (~~—) and
data from plants grown at Kununurra {15°29° S, 128°43 E). (O, @)
Formightly irrigation; (3, H) 3-weekly imrigation; (Q, 0O}
34kgNhat; (@, W) 168 kg N ha™. Data from Heam (unpub. res.)
from experiments described in Hearn (1975).

in a tropical environment (Fig. 1B). The plents of Hearn’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 availahility of
resources (low nitrogen supply, high density) had a
significantly greater allometric coefficient than their counter-
parts grown under more favourabie conditions (Fig. 2, expt
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Expt 1 Expt 2 Expt 3
5
ev:P=0.126 P=0.161 cv: P=0918
N/Density: P = 0.0001 N:P=0.105
4 r I - T
| T T

3 r— r

2 — - .

1 - e =
£ 0
é ev 8324 S324 CS75 (878 814 S14 D0  DSO
¥ Density(m®) &5  12.5 G 12.5 5 10
¢ Nkghat) 180 0 180 0 0 106 ] 105
'g Expt 4 - Expté
% 5l P=0574 - ev: P =0.494

Sowing date: P = (1,349
4 ‘ - ’_L
i ERap
T r—

2 e -

e -

()] -

ov | 814 D30 8324 122 S324 122 S324 L22
Sowing dats Oct. Nov, Doc,
o Treatment

Fi6. 2. Allometric coefficients (dimensionless) of cotton plants as affected by plant and environmental factors in the five experiments summarized
in Table 1. Error hars are s.e.

1). Allometric coefficients were unaffected by (a) leaf type
(expts 1, 3 and 4), (b) plant density (expt 2), or (¢
phenological development 2nd sowing date (expt 5) (Fig. 2).

Dynamics of reproductive allocation

Changes in reproductive allocation with therma] time
followed a logistic curve, as shown in the exampie of Fig.
3A. The only exception to this pattern was the December
sowing of expt 5 (Tabile 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. 3B. A linear model with
thermal time as the independent variable accounted for
88 % of the variation in reproductive ailocation, a marginally
better correlation than that obtained using time as the
independent variable (® =0-82), The average rate of
increase in reproductive allocation was 5-45 x 10~ (*C d)*
or 598 x 10 d-1, The experiment effect, i.e. the variation in
rate among experiments was 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 1 and 4. Rates were
also unaflected by plant density (expt 2), phenological
development or sowing date {expt 5) (Fig. 4).

DISCUSSION

We used allometric analysis (Figs 1 and 2) and analysis of
the dynamics of reproductive allocation (Figs 3 and 4) io
explore the effects of plant type and growing conditions
(Table 1) on the reproductive allocation of cotton plants.
QOkra-leaf cultivars have a high rate of flowerbud
production compared with normal-leaf types (Thomson,
1995), Although strict comparisons should include isogenic
lines for leal morphology, comparisons between okra- and
normal-leaf types with different genetic backgrounds {e.g.
Deltapine 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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0.8

0.4 F ¢

02k

600 1500
0.8

Reproductive allocation

0.4

02+

0 I Al e | |
500 1000 1500 2000 2600
Thermal time from sowing (°Cd)

Fi6. 3. A, Example of the pattern of change {n reproductive allocation

with ontogeny (expt i, Treatment B). B, Reproductive allocation

during the linear phase in the five experiments sumnmarized in Table 1.

Thefitted regression had a alope = 54 x 107 (°C d)™ (s.e. = 20x 10°%),

! = 0-88 (P = 0-0001), Symbols as in Fig. 1 A. Reproductive allocation
is a dimensionless variable,

3000

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 onme out of three
experimentis (Fig. 4).

The rate of harvest index increase of Gokuwasechishima,
an carly 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 mmay increase partitioning to sexual reproduction
(Chiarello and Gulmon, 1991}. In our study, a comparison

of cuitivars of contrasting phenology showed trends in the
expected direction: ie. the short-season cultivar (Siokra
5324) had a greater allometric coefficient than the long-
season cultivar (Siokra L.22) 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 § to 10 plants m™?, did not
affect reproductive allocation of well fertilized plants (Figs
2 and 4. expt 2). In contrast, plants grown under severs
stress due to the combination of high population density
and no fertilization had 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 Hearn, 1981). The responses of reproductive
allocation to stress depend on (a) the resource(s) involved.
vi=. water, light, space, minerals, (5) interactions between
stresses; and (¢) 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 domesticarion (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 reported for wild species are not 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 (19934, b)
found a stable relationship between reproductive biomass
and stern diameter for different species in each of three taxa
(Pteridophytes, four species; Gymnosperms, six species;
Angiosperms, two species). Likewise, allometric analysis
showed that significant reductions in reproductive allocation
of cotton plants caused by spider-mite (Tetranychus urticae
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. 1B) with data from the experiments of
Hearn (1975). Hearn's experiments conirast with ours in
three aspects: (a) they included an obsolete cultivar
(Deltapine 16); (b) crops were grown in a tropical
environment ([atitude 15° 8); and (¢) they were unprotected
from insects during the ‘wet’ season. The initial divergence
between Hearn’s datz and ours is probably due to the
relatively high vegetative growth caused by high tem-
perature, and insect-induced fruit shedding (Sadras, 1995).
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Expt 1 Expt 2 Expt 3
cv:P=0.69  N/Density:| | p=0.962 P =003
P = 0.0001 N-P< o.saf
8E-04 - =
’—l— T - -l
o 5E-04 — }- =
-
¢
[
2 2E-04 |- ~ -
o
-
; ov §324 8324 CSTS C878 S1-4 Si<4 D9 D90
4 Density(m-2) 6§ 126 5 125 5 10
.E N(kghal) 180 0 180 0 6 105 0 105
[=8
E Expt 4 Expt 5
B P =0.788 ov: P = 0,264
g Sowing date: P = 0,525
5 8E-04 -
k] = T
3 T
K ; z
5E-04 & i
2E-04 L -
v S14 D90 Sag4 L22 8324 Loz
Sowing date " Qct. Nov.
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F1G. 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 are 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 {emperate 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 in relation to major en-
vironmental factors such as water availability, nitrogen
supply and CO, 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 listle variation
except for expt 5, in which delaying the sowing date
consistently reduced the final value of reproductive al-
location (Table 1). This, together with the relative stabifity
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 environmental 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 stndy (=0006 d"Y) is much lower than the rates

reported for other species, which range from about 0-01 to
0-02d™ (soybean, Spaeth and Sinclair, 1985; sorghum,
Muchow, 1990; barley, Goyne ez 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 are still greater. The low mte 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-flowering
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.

In summary, few of the sources of variation included in
these experiments caunsed statisticalty significant changes in
reproductive allocation of cotton, and when significant
changes did occur, their magnitude was comparatively
small. The relative stability of cotion 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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TIE FARMSCAPE PROJECT: Intervicws with Cotton Researchaery
By Peter Van Bygk

1 Introduction

This report is purt of a scries of reports moniloring the impact of FARMSCAPE over a perlod
of three years, Other reports ure: The FARMSC:&PE Project: setting up the Fvaluntlon
Compungnt' (1995); The FARMSCAI'E Profect: .:te:lnal Mic-Term Benchmarking (1996)
and An Asseysment of the Effects of Close Working Arrangaments Betwean APSRU and IAMA
in 1997, The five interviews covered in this roport were additional to the third, and ast, sel
of Interviews ahout the Evaluation of effosly of If ARMSCAPL

This report is meant for clerifieation of date and as a gontribution to ongolng management

and docs not contuin conclusions and recommendutions. These will be Incorporated into the
final contbinod report of thase laterviews.

FARMSCAPL has had o presence in Natmabri through| graup-work of Dr Mike Bange with
dryland cotton growers, The fve inferviewees workl in cotton reseerch in Narrabri and
included: two modellers, two program managcrflcadcrs, ne eonsultant/researcher, Four were
not cloaaly involved with FARMSCAPY,
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The lmenﬁém were loosely striuctured around the mz%ewces‘ viaws oft FARMSCAPE; the

(1] 1

2 Methods

Interaction with fmcrs as pait of FARMSCADE; the cfiect of this Inleraction on farmers, the

intervicwees and their work; fiture developments: nd any othcr FARMSCAPE-rolated
‘aspeots lhey cared lo mention,

3 Datey ;
|

3.1 AFISTan conlext : l

Beveral lntcwiemcs piaced APSDM, the modol al the ¢ore of PARMSCAPL aclivities, in
context wifh,cotton modets: SIRATAC (x widely known earlier cotton modely, Eatemolopie
(a current Inwgratod Pest Manggement modol) and OZGQOT, the currant cotton model which
Is also part of APSIM, SIRATAC had ied to the T'ntnmnlaglc\ and QZCOT models.

Interviewccs stated tht SIRATAC was initfally 2 msea.m;h {uol, o synthesise knowledge, and
was 00t Setn as & commercial tool, It way dwelupud with feedback to rescarch via fochnical
officsts. However, once industry saw It, thoy liked #t, There was consultation with eorporate
growers -and, large organisations and SIRATAC was well adapted to thelr management

structre. There were 0o consuliants gt the tims, only| chemical sellers. Development of
8iR ATM}parallaied the developmcnt of consultents.
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Bome Imterviewees safd that SIRATAC was taken-up before it wag toady, end the focus
became mervicing the industry. No resdaroh wgs dome on, for instance, predator-prey
interaction. There wae 'mainly one lne of techmology and SIRATAC’s Pest Manapcment
nspect pot wutered down. This aspect réquircd counting of predators, However, commercial
cansultsnts’ were not paid epough (o apend the unt of Hme requircd [br counting
predators.

Tnterviewees said that Entomologlc hay the same problem. (This wes leter conflzmed during
another FARMSCAPE interview by an independent consullon(), Industry Development
Offleces {n cotton now use it meinly s o platform foritheir experimenty, not for extunsion,
Enlonolopie Is PC based and not aimed at growars, hud at agronomfigts and consultants, it is
now promoted uy & package to cxtension agencles. There are no plans lo do more than
candueting., tralning watkshops, on-fam, equhmnis] and fleld days. One inlerviowes
belleved mq,t “There §s nothing commetclal () be done With this madet',

!

32 FARMSWE in contuxt ‘
HN ot -t il

The interviowee with diroct experlince with FARMS iM’E sidd he was ‘In favour of the
RARMSCAPE apptoach. However, our munagers huvee rescrvalions and feel it ls not roul
sclence. Their opinlon s partly Influcnced by experienco with Peter Cox, who prefudiced
people ageinst this appronch and had u negative influence on getting suppori for the
pxinc:plca People aze now coming around,judgmg by the way (hey arc talking'.

He ﬂlrthcr‘éelimd thul *One problem in con;munlcaunn is that furmers and gelentlsts use the
same words, but put thurn diffetently, Scionfists ask “How doss catlon grow? and farmers

ask “How, la graw goiton?” In FARMSCAP(! these t{wn quesifons meet. The eimulation
mode] prcmdus a venue for both yuestions T be anmvcrad That is whepe the Gilups I3 {n

communicatmns' neit Ustening to tho question. Rach pa:ty needs to see the validity of the
other's queau on’,

He comlnued that ‘Thm is ong more n:asqm why we neiad teams, not just becavse we neexd
different skils, but we also need different personalithes and motlvation. The questions
motivate differont penplc. commorcial motivation and gut-level questions. The model hus
answers to both type of questions, ot eompleteanqweﬂ but credible ones, It is a meetlng

point, 8 brldge 1 alsg gaw it in SIRATAC tmd other mndels, FARM‘:(.APE iz just the most
reeent expericncc. o,

l.}.. .

33 !nrarar::;rm with, andd_ﬂi'cts on fﬂrmer.rf rine

Some lqtgrv!e.wons anld they bavo litle interaction wilh farmers. Others Anid thoy have
notmally a li,at of intdraction with farmers: *A lot of 13 agswer grower querios®; ‘Tt {s nothing
new lo us, only capital-clty folk use that terminelogy. Favmer contact became intrustve in
resoarch; T try to pass-ofT compuler applications to farmers which is a slow process, but ng
time goes om people get more comforiable with compuiers' and ' huve always had a olear
undurslundmg of what farmers want and do, but Wi were not secessarily sucesssfll in getting

them to adopt. But | do pot necessarily undctstaud how|firmess make decisfons, I'd mihor
do regearch und lcave that tu funners and conguliants'.

Ong lmcrvlowee lng wnrkad with eatwn Industry Develqpment Officery ' Which would be o
FARMHCAPE approach, onee it is applied in migntmn arcas on 8 wide reale. Wo found oul
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what questions farmors ask. It showed gaps in o{.n- knowledpe and elso the relative
unimportance of some iasue’. ,
Anuther [ntorviewee had geen Intoraction with farmerd before, but not about & model; *Not
like FARMSCAPE, this s very pood, it gets credibility for the model from the farmors’, ‘The
interviewee’ believed that firmers aeed to bo gonvinced it is worthwhile using the mode! - the
best thing to do on the farm®, 'The interaation prowdcs a two way thing which provides

credibility und solves probiems, The grower gats :r:.mt' ts, and the sclontist yets to scé whers

the system (model) is falling down c.g. the need for theluding variety und skip-row versus
solid get',

An inlerviswee with little up-front farmer contact, thoub,ht thet the ‘Toteraction of Mike with
farmors is grent, cven If it is hard to Oyuwe out what 18 FARMSCATE nnd what is Interaction,
I can scg gy enormouy insteasc in perceptiveness of fargners and fanders to uking modals for
strategie (‘can we plant') and tactical (*should we plant jnow") questions, 1 see a lot of velue
in sitting down with 4. group and develop thelr confidence before pushing msu]ts down thelr
throats. 1 Hso see mope readily uceeptance pf gfher soierice”,

One mtcrvlew:e thought. that *Being In FARMSCAPE makes Mike's role more liks
cxtensivn, or & hlgher propottion of it, That. baa lats of implications: for instance wa huve no
tegining {n that aspect’, .

[TAS

3.4 Rffects on Inferviowees

One intervlcwee atntcd ‘T ean sec value in fccdback wlmc of farmer-concerng. T am not a‘ .
great advocnte of Farming Systems Resemh. am unuqmcd gbput the agenda belng driven -

loo much by produecrs and short term concerns, rather than pulling the system apar and
analyse weaknesses, I’ARMSCAPI‘. :denuﬁn;l s mumber of shorlcomings in our model, and
iduntified #mquea the farmery werc concermed: ahou, Thésc were ot new, but were then not
geen us pﬂoritics‘ skip-row und mates of deveiapment cultivars, Including them did not
make mg, feel less of a: solentists. Anothet effect on|me iy encouragement in my work,

bocauss 'of geceptance, ‘grenter use and yides . application than ft would have nch:evcd
otherwise, 'l‘hnt glves personal snnafnctmn

Anagther inta,rviuwca said ho ‘Hud seen Mike beccome mc}m confident in the value of mexduls,
judglng by the positive feedback, interest and type ofiquestions, lts outputs are seen as
valuahte ahtl n:a.hauc, with furmer-pull for Husess to (he model”,

3.3 }-}?éets on the Imm'lsweex wiork -
Several {tirviewess dald PAKMSCADE activiﬁes hed ?alped to gufde development of the
cotion mipdel. They menfioned the inclugion.of skip-row persus s0}id set planting, differcnces
beiween' vereties, and weedling establishment. Some jnterviewees “Were awere of these
needy but hud seen ﬂ-mm a8 relatively unnnportanl‘ One said it helped tv show that
'Emrcmes ave Impurtnnl‘ and 50 i3 ayoiding the: dry antd using the wet',

Some people saw value In FARMSCAPE beganse 'l %t: gccess Lo farmera through agrl-
business and m.cleduc;d udviscrs’ and *An issue for us is fhat we ape st In other cotion arans,

people outalde this Aen often somplain abvut not balmg involved, particulardy in Central
Queenslund”,

t

P.a4
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One Interyiewoe stoled that his observations of the clpse Interection with farmors *Did ot
influence the desipn of my worle, 1 tond to do whut T ithink Is right, T would be retieent to
Inelude *noisy™ (not fully tested) infonmation, even If hsked, unloss It wes on an ongsto-one
basiz and I felt the other person could handle it. [ would nol put something which needs
cautlous interpretaiion and assessment of vidue in & package anless I knew it would elways be
handied by some-one who could explain it. ‘This Is In part prolecting myself, even if § sea
value i it for 8 manager. I am cautions about things ont there nnaccompanied. We gan
provide many things which can be of higher value’,

One intotyiewee stnted that *We used to resonl F SCAPE at first for the lack of
recognilion that we did modcliing befote they came oﬁg seene, Now I sce FARMSCAPE
FARMSCATE is a good thing, and
. we have only one modeller, CRDC
3 ::xpnncied we may see Indusiry enll

#8 A way 10 got our work out, breaking down barriers.
they have done it properly. They have a lof ol reso

don*y see mpdelling as necessary, If FARMSCAPE
for more modelling.,

5 A PR

Another, l_mmiﬁw:p,s'nid he *Met furmets. ps part of other dutics. They were enthuslastle
about FARMSCARE, never ncgative, Bul growers |don't know about contributions to
FARMSCAPE by qthers. This Inck of recprnition of work by others is serious, it effects
funding jo.dcvelop, thelr work further, There is also a lack of recognitlon In some printed
material, even though some APSRU people bent aver l%ackwnrds to try and avoid that, This
Jack of meogniticon iy, real fear of managers ln Lotton ¢h programs®,

(I e ol :
When askid abowt the possible value of FARMSCAPE proups us, for Instunce, learning ar
rescarch gronps In,the sustaingble arce, some. intcrviewnes said they 'Have not seen the

N »

“Loarminyg 1ogether” speots in FARMECABE', ", |

Amthef:tt_:b‘iight that thore [s *Value in recognlsing the skills and knowledge of farmers, they

have enql!llig!ng minds, ag woll, But what g\;u;ut'ﬂ:c tigour, and not drilling along? 1 think
partnership Js the word to use, We need to fecngnlsc the level of what is at steke, We could
draw conclusions Which gre astefasts and, could become part of the folklore without
foundation, Partnorships necd a different process 1o allow for the lack of vontral (-ireatmant).
We need Lo be aware of the pitfalls when doing that type of work. We nieed a theoretical
giructure to.8llew for thuse pltfalls. Grower-experience ?s not tritly an experiment. However,
when g 'grover makes & partioular choice,and” gets results, we can run the model to test
alternatives,; That is dscfiil in formulating what you might do in luture, or for checking if* the
model iswrang®. A ,
ST B o M TR .
3.4 C'Jm'):"g;d'is"!n the use and dexign qua:refml&;q producls |

e

LT L h
One Intgrviewee ‘Ilad seén o change in the uge pf models. OZCOT used to be shratogle, now
in APSTMIt i nlso gs6d for tacticul deeisions, ! think it is great, It Is disappointing (hat we
cun’t got more people {working closoly wids Turmerg).”  Another sugpested that *When
working Wwith FARMSCAPE, wo nse the coljof model s  risk analyals, taflored for different
roglons: dowlng dates, N-rates specifle for reglons: when targeling inrlgation growers: how
big on azeq, ime of planting’, AR

. . f '-l'
3.7 The furwre ' | v
LEN I el - LM
i B
+ 1




15—-JUH—92 1199 PETER, VAH . BEEK. « SYTREC. 61 o7 ZB8TSTIT4

Soma interviowees can seo further linkages of madals: 1 can 589 APSIM as a core around soil
and water, with crop models attached to Jt We can bring to the fanmer all the things we ean
offer In one package'; ‘Next thing is ta tirk APSIM,(cotion and pest manegement models”
and ‘Linking cottom lo APSIM opened opporunitiey for working on interaction between
crapping systom and pest, rather (han between orop ind pest, and compare options. Our focus
for colton here Is on Irtgation, dryland paly comes in through APSIM',

One intervicwee expresued concery that ‘Tndiar Ocean datn is not in the model,

When asked for suggestions about how to get the mode! used by & large number of growers,
ong intervicwee said *That is too seary for me, but I can see merit in commerclallsation.
While {t must be availublc ta the widest group, with liftlest exclusiveness, I aceapt that some
people wunt to get (he benelits withoul spending timo, (and pey some-one, That pergon must
be wall trained and that needs QA. Flowevor, ] believg that end-users should be invelved in
educatian, {00, not Just the consultant. They nesd to sppreciate limitations end ussumptions,
otherwize they dum, all responsibility on thg,ppnsulmitmlftbcy kuow & bit ubout it, they can
support, fhe consultant. bettor. Growaees teed 10, bo inteyrated in the eduestion end know what
Is happening’. o’ roL, ‘

Another Intgrviewse suid ho ‘Was concerned ghout oxclugivity, otherwise commercialisation
15 OK. It Is a change, 1 am g0 used 1o see scfence golng out through the publle domuin for
free, tha! it iz diffieult to accept that farmers may have to pay for extension officers visiting
the farmy. -, o . o

POt

A third;if{iég:viwuo sa;d that ‘T only carc:_;gl'ggl;:f_lhe cdtton modgl, but I have real concerns .

aboul APSRU- TAMA cluseness, that il cowld {1 #xcludd consultants and thus the main grower

body, My main concerns are toi not deny aceess to apy groups, end not link the model to

pesticldy Jnd foctiliber sales’,
M

J ey

: A d

One ixﬁcmﬁkveo saw‘ a problem in that 'Rmetﬁ'-clg wanta|lo develop the program further, whike
industry watity it now" Another comment was et *Weishould take fesdbuck pot as negative,
but &s indiculors where to do research nogl. Peedback and research both need to drive
rescarch,  However, “we also need regearch for understanding, That gets lost In fundings
bodice. _‘m_g,pmcesq' of epplying for money. cuts this out, as they need tangible antcomes, On
the other-hand, maybe' thal is all they (the funding hodies) get in applications, and no baste
rcscmh.lyplgstuﬂ‘..’ _ .

O ot oL,
One inte’ﬁ%gwe: bcﬂgy,e;ll I» *Top-down md‘:.'nélu‘ng, kegping the model as simple ag possihie.
That mepus ,‘gtarting_-,gitl}.just a3 much information sy ts necded for a particular management
applicatidn.(KISS piinciple) and using fudge- fiictars openly and empirical callbrution when
needed. ' NaL bottordi-up: collecting together il know relationships of a crop and Integrating

thain is é:;t;:‘cmciy complex, It dofeate the' purpose of|modelling: simplifying the world o
makc senge of i, : - _

Saon £, e
The intorviewe beljeved thut ‘APSRU peoyides a context for using cotton models whick
benefits (he. cotton .indusiry, APSRU could, benefil |rom being scon us notworkets, as
credibility, pibs off ‘both wuys. They carl. ulso help {getting models oul amongst users.
Faﬂ;ms arg. pragmatic and can {nfluence modellers to make things work NOW, even If ol sl
the Loformtion 15 there, They can muke them answer tHe question: *What is the best we san
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do with he current informatlon aveitoble o ug now”, Models can be hotd back by & sensc of
perfccllon by the modailor ; . )

] Dlacuasian

4.1 Ou!vzmuimg pofm.r

This diseussion {3 preliminary only. A number of aspec)s stand out to mo:

1, FARMSCAPE has influenced the content of models/by changing perception of priorities;

2, FARMSCAPE hus helped to widen tho nge of 0£¢0T gecos: wider geographle regions
and into drylund areas; L

3. such adoption of pesgnreh and modelling is.506n as salisfying and molivating:

4, recogqmun of work done {s important fof ongolngl funding, as well as for professional
status and pergonal aaﬁafachan,

5. APSIM.waa seen by some interviewscs as a c.cn!a onto which other miodels can be
attached; '

6. &omg interviewees saw o rols for APSRU us a networker;

7. comumercialisation of APSIM is acesptable 1o most llutewiems pravided it does not Jead
w exclusion of certain groups. or abuse 10 bogst saled:

8. the approachn-i to, and uses of, modelling can appearito be conflicting:

% 1. Byinging; together afl thut is known (holtamsup) aud identifying gaps,
.almph[‘ymg reality as much as possihle, 5o it kan be betier understood (top-down),
and (found dyring carlier Interviews ‘with fa partic!pating in FARMSCAPE)

,,aua.ntlfylng gut-t'ocl and generel pringiples by using locally-specific data snd thus

\ . iding in.geal-life decisions; and™, - |

9, FAKMSCAPE was seen by all except’ ane intervicwees a5 extension = 4 way to get
mfo:mntion to and frprn endsusers - and not as samething more, such as co-learning,

'I_"l‘,
4.2 Relevange : s

!

The first i‘oy; poln{s m'c ;clf-explamwry Togthr they sugeest thut FARMSCAPE msl seen
by thoae T?c rescamhers a3 usefid in malung mnmh relevant angd rewarding,

4.3 Fur:her imcgmtir}r‘a @m-nrkmg and cami!mrd:iaﬁmﬂal’l

The IRk ‘and gixth p‘él{ms indicate ways for, ;,nti mcngni{inn of benefits of, inteprating future

activitles. “T'he soventh polnt indicates that wmmmnalistaliun is saon as a fact of life, oven if
not a panic_:ﬂarly welcomia faet, .

L]
i ‘ "

4.4 Dlﬁ&'renr uses ﬂ)r mudeis

The czghth pumt gbout ‘diversily of approachas and uscs hus been documented in other

interviews in this seris as well This leads 10’ the queslion *As the underlying logic 1s the
same [or ai! fhtee purposes, bcmg based on phys onl relatipnships, are these canflicts real? Or
can thesd Uses be dealt wilh in on¢ model d:mu different formaty of the model, or diffurent

entry pointsl? { unﬂprglghd that APSRUJ ig a,lrc,ady moving in the direction of enlry and / or
prcsentannns at dnmrent lovels.

‘.:" 1 R ..': 3l
LA ML '|'i' y ?‘n‘
.I:}t'!n‘ * ]l 1.
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4.5 Baiter articulatlon needed ) .

R ———

Polnt nine may need firther thought, One interviewee clearly saw FARMSCAPE as more
than extension, Ul descrbed ft as g polmt where the different uses of models, and the
differont intercsts of scientists and farmers in science and modelling, can cotne tagether, learn
from, and ro-inforce each other. Andther intervibwee Jooked at thess mestingy gs
parinerships, and questioned if sush co-fcaming should be called research or something else.
The use of the word partnership appcars 10 m6 to be useful as It avolds semantic arguments
about what is, or is not, rescarch.

Point nine suggests that {he nature of FARMSCATE, nnli the values 1 adds beyond traditional
extension, may need to be siill better understond and arpm!a.tcd and more clearly prosented.
Other interyiows. In this serios sugupest that FARMSCAPE group Inteructions around APSIM
aro, &l least fn parl, about bringing together seientific data and dgour with managerfal and
commercial data. This hos led to increased mutual. appreclation, co-learning, understanding
of relevance, and dircotion sctting, as borrk out.by earller interviews and c-.unnnned to sofne B
exteng b,vlthesc Intervicys. P l -

-

4.6 An Jggpathmca! qppﬁcatfon of the FARMSC’APF app}mch

While thy FARMSC‘APE interactions may, or may not, be science, the supgestud bensfiis are

potentially tmporiant for the management ol‘ scicnee. ’{hm Importance can be illustmied by
the following questions:

3 . Entomoluglc haﬂ becn developed in amann:r mm:Lr to APSIM, could this huve respited -

[n, fir .'msumea, mqm rescarch aiming ut the dqvelopnﬁcnl of commercially feasible methods ,
of wuntmg predators?” has ) _ &

If s0:

. *, L] L] -_—
1 e s LR "
.

| ]
" .

+  Could Entomelogle then have become 2 roniine mansgement toal of cansiderable potential
value, mther than mmmn restricted to belng an oXp ntal and demonstration tool?" 3

Glven thc. funds spe:;l pn dcvulupmg F.ntomalogm, and lhe need for such a tool, this question D
in pmbnbly of move than hypothetical Interest,

5 Smﬂtm 1y ‘”_. i

1 suggcst‘ﬂ'aan a nampn;lmn ha made betweén Futomologm and APSIM, focusing on how the

actual and' Fotontisl zclovance of both projeety has bee:;‘;tabhshcd nnd maonaged. I believe

(hat the Jearning of such a comparison will b of considcrable henefit to (he management of
applicd rescarch in genezal.

L - - l
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