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Foreword

Deregulation of the Australian sugar industry and subsequent global competitive pressures from lower cost
producers, recurring droughts in southern Australia, and the success of new transgenic cotton varieties
provided impetus for local and outside interest in the potential of cotton in the Burdekin during 2004-09.

In response to this interest and attempts by local growers to produce cotton, the Queensland Department of
Agriculture, Fisheries & Forestry and the Cotton Catchment Communities CRC invested in a project to examine
the feasibility of cotton production in the Burdekin region in 2007. With a number of growers attempting to
grow cotton in the region with mixed success, the R&D program was further bolstered in 2009 with additional
investment from Commonwealth Scientific Industrial Research Organisation, the Cotton Research and
Development Organisation and the Cotton CRC to fast track much needed additional research on nutrition and
farming systems constraints.

The need for a high value annual broadacre rotation crop for sugarcane to assist with arresting yield decline
issues associated with the Burdekin’s primarily monoculture farming system was a significant driver of

sugar grower interest. A relaxation of competitive pressures due to record sugar prices since 2009 and a

run of wetter than average seasons have more recently caused this interest to abate. However, the issues
associated with monoculture production practices still remain and cotton may yet have a valuable role to play
as a rotation crop for sugarcane. Cotton potentially provides both a diversified source of income and farming
system benefits, as many people who have grown a cotton rotation crop during the last 6 years have reported
improvements for subsequent sugarcane production.

In 2012, the region is home to the largest hub of the Queensland sugar industry with approximately 80,000 ha
under production, supplying 8.5 MT of cane to four mills annually. In addition there are a range of horticultural
enterprises, occupying approximately 8000 ha, producing a range of cucurbits, sweet corn and mangoes. A
remaining 15,000 ha could be developed and irrigated with the completion of works associated with the Elliot
supply channel. There is also potential for additional irrigation land development along the Burdekin to Bowen
corridor or the upper Burdekin region such as Collinsville and surrounds.

Genetically modified varieties have enabled major improvement in the way that pests and weeds are managed.
For the Burdekin where pests and weeds have historically been problematic, and nearby environmentally
sensitive receiving water bodies, such as the regions extensive coastal wetlands and the Great Barrier Reef,
preclude high pesticide input conventional production systems, the advent of transgenic varieties allow cotton
production to be considered.

Whilst grower interest, land and water resources, and transgenic varieties are key ingredients for a future
cotton industry, historical experience from other centres throughout northern Australia has shown that
new industries have a high likelihood of failure, particularly if not preceded by appropriate R&D that seeks
to understand local factors and tailor production systems accordingly. The collapse of commercial cotton
production in the Ord River Irrigation Area in the 1970s stands as a testament to the folly of imposing a
production system that, in hindsight, failed to recognise the environmental limitations of the region.

As a region that varies considerably both climatically and environmentally from all other cotton growing areas of
Australia, this manual documents the knowledge derived from the collaborative work undertaken by the Cotton
CRC partners and pioneer growers and agribusiness in the Burdekin region. It also serves as a testament to
the diverse research, development and extension skills of Dr Paul Grundy of DAFF Qld and Dr Stephen Yeates
of CSIRO.

Research has demonstrated that high cotton yields with exceptional fibre quality can be grown in the Burdekin
region, however reaching this potential requires a tailored agronomic package that accounts for climatic

constraints, combined with a high degree of grower skill.

Philip Armytage
CEO, Cotton Catchment Communities CRC Ltd

Cotton production and management guidelines for the Burdekin and coastal dry tropics region 2012
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Why grow cotton in the Burdekin?

The Burdekin is Australia’s largest tropical irrigation

region and is home to a vibrant agricultural industry.

The region’s water supply is sourced from the
Burdekin and Haughton Rivers. The Burdekin

River is augmented by water released from the
upstream Burdekin Falls Dam that holds 1.9M ML.
Water from this dam is used to supply both an
extensive channel irrigation system in the Burdekin
River Irrigation Area (hereafter referred to as the
Burdekin) and supplementary flow to recharge the
extensive underground aquifer and surface lagoon
system that supplies the Delta irrigation area. The
catchment for the Burdekin River is extensive,
covering an area of 130,000 km?, stretching from
west of Ingham to the south near Emerald and the
coastal ranges west of Mackay. The geographic
spread of the catchment ensures the high reliability
of the region’s irrigation infrastructure with an
estimated supply of full irrigation allocation in 95%
of seasons.

The security of irrigation allocation enables forward
selling of cotton 1-3 years in advance of what
might be possible in some southern production
regions, enabling growers the potential to achieve
a higher aggregate price per bale. The returns from
cotton have the potential to be highly profitable
and as an internationally-traded commodity are not
constrained by limited market access as can occur
for maize and some horticultural crops.

The Burdekin is utilised primarily for broad-acre
cane production and most fields are sufficiently
developed in terms of size and irrigation
infrastructure to allow cotton production with
minimal modification.

The Burdekin climate is warm enough to allow
cotton production as part of a continuous cropping
program with other rotation crops. Cotton can be
grown in between sugarcane crops during the
usual summer bare fallow period that occurs
every 4-5 years. In this system cotton offers the
opportunity to use a tap-rooted, herbicide tolerant
crop rotation option that allows problem weeds
such as nutgrass to be targeted. The incidence of
nematodes and soil pathogens that prefer monocot
hosts may also be reduced. Alternatively cotton
can be rotated with maize or grain legumes as
part of a continuous double cropping program.
This has the potential to be highly profitable
although it requires a high degree of management
skill as this system is intensive with short
turnaround times at the end of each crop cycle.

the summer fallow.

New generation transgenic varieties enable the
production of cotton in a tropical environment

with fewer pesticides. Herbicide tolerant traits

such as Roundup Ready Flex® allow weeds to be
controlled post-planting with glyphosate, which is
more environmentally benign than traditional weed
management strategies that would otherwise rely
on soil applied residual herbicides and inter-row
cultivation. Bollgard 1I® varieties have significantly
reduced the need for insecticides on cotton and
provide a foundation on which more sustainable
Integrated Pest Management (IPM) practices can
be applied. Cotton is also largely resistant to attack
from animals such as magpie geese and pigs, which
can rapidly decimate grain crops in the Burdekin.

Excellent fibre quality has been a consistent
characteristic of cotton produced in the Burdekin
since commercial trials commenced in 2008. A
significant proportion of the bales produced have
been of a premium grade due to long staple length
combined with optimal micronaire, strength and
colour characteristics. Only a small percentage
(<10%) of all bales produced so far have received

a quality discount with these discounts being
primarily due to sub-optimal defoliating and picking
practices (colour and leaf contamination) rather
than inherent fibre characteristics. The likelihood
of receiving a poor quality related bale discount is
minimal in the Burdekin climate.

The marketing of cotton and fibre classing is a
highly evolved and transparent process. There is
significant flexibility in how cotton can be marketed
and the classing of quality can be conducted
independently of the organisation that operates the
processing gin to ensure complete transparency.

After picking, cotton does not need immediate
transportation to the gin and can be stored on farm
in the compressed modules for a period of time.
This provides a significant advantage over highly
perishable horticultural produce or grain crops that
require contained storage.

Cotton production and management guidelines for the Burdekin and coastal dry tropics region 2012
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Cotton production in Australia

Cotton production in Australia demands a high
degree of attention to detail to produce high yield,
high quality crops reliably against the vagaries of

pests, water supply and weather, however it is these 1400

challenges that make it an exciting and rewarding
crop to grow.

While cotton production systems only joined

the mainstream Australian farmscape in the
1960s, they are now among the most productive
and efficient in the world with many growers
subscribing to and certified under an industry Best
Management Practices program. Australia’s place
in the global industry has been underpinned by

a culture of innovation and sharing of success,
supported by strong investment in research and
development which targets every step in the
production chain.

The size of the Australian crop varies each season
depending on irrigation water availability but is
typically 250-400 thousand hectares, with the
majority grown using some in-crop irrigation.
About 70% of production occurs in NSW with the
remainder in southern and central Queensland.
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The catchment for the Burdekin River is extensive, covering
an area of 130,000 kmZ2. Map produced by the Queensland
Department of Natural Resources and Mines 2001.
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The cotton plant

A diverse range of wild cotton species occur in

a number of tropical and sub-tropical regions
throughout the world, including Australia.

Although several cotton species are grown for fibre
production, Australia’s commercial crop is primarily
based on Gossypium hirsutum, or ‘upland cotton’,
which originated from central America and makes
up about 90% of world production.

Cotton belongs to the Malvaceae family of plants
that includes rosella, okra and ornamental flowering
hibiscus. As a perennial shrub, cotton may reach
3.5 min height, but grown commercially as an
annual crop, it rarely exceeds 1.6 m in height.
Cotton is sown, harvested and ploughed out each
year. A cotton tap root may reach depths of 1.8 m.

Cotton fibre forms around the developing seeds
inside a protective capsule called a boll. When

the seed is mature the boll ruptures and opens,
allowing the fibre to dry and unfurl. A cotton

plant’s primary purpose is to produce seeds — the
lint is just a by-product. The original purpose of
these fibres was to aid in seed dispersal on water,
however domestication and modern breeding of the
cotton plant has generated varieties that produce
a very large amount of fibre attached to each seed.
When cotton is picked, both the seed and the
attached fibre are harvested. The ‘seed cotton’ is
compressed into modules on-farm and transported
to a gin where the seeds and majority of typical
field harvest contaminants such as leaf and twigs
are separated from the fibre. The cotton lint is then
compressed into 227 kg bales, classed according
to fibre quality, and exported around the world to
textile mills.

A by-product of the ginning process, cotton seed
is a valuable commodity and sold separately.
Approximately 300 kg of seed is produced for each

What is transgenic cotton?

The way cotton is grown in Australia has undergone
significant transformation over the last decade due
to the introduction of genetically modified cotton
varieties. There are cotton varieties available today
that have been purposely engineered to withstand
the normally devastating attacks of caterpillar
pests and/or over-the-top applications of broad-
spectrum herbicides such as glyphosate to control
in crop weeds. These technologies have allowed
tropical regions like the Burdekin to be considered
for cotton production as they significantly reduce
the need for chemical use and minimise reliance
on soil-applied herbicides that are increasingly
regarded as potential environmental contaminants.
The various transgenic technology options are
detailed in the varieties section, starting on page 31.
Cotton production based on conventional varieties
is NOT recommended for the tropics due to the
potential for excessive production costs, production
system failure, environmental contamination and
likelihood of poor community acceptance.

The only cotton production system recommended
by NORpak is one based on the use of transgenic
varieties.

Common terms for cotton plant
structures

Cotyledons. Seed leaves that
appear as a symmetrical pair of
leaves at seedling emergence.

First true leaf. The first leaf
developed by a seedling with the
appearance and arrangement of
a normal cotton leaf.

_a A S
Emergence of the first true leaf
after the initial cotyledon (seed
leaf) stage.

Nodes. The junction between
leaves or branches and the
main stem. The internode is
the space on the main stem
between successive leaves or
branches. Nodes on the dominant or main stem
are known as main stem nodes, and are usually
numbered upwards starting from the first node
produced after the cotyledons.

bale of lint. It has very high energy and protein
content and is either processed for oil for human
consumption (vegetable oil), or more commonly
used as a stock feed supplement for intensive
animal production.

Cotton fibre is almost pure cellulose, non-allergenic,
and has unique breathable characteristics that
make it widely sought after to use in clothing,

from undergarments to high-end fashion. Varieties
developed by the CSIRO and grown extensively in
Australia produce some of the highest yields and
quality in the world. As such, Australian cotton is
highly regarded and sought after in the international
marketplace.

Plant terminal. The growing point on the main
stem. Also present on the vegetative/lateral
branches. If the terminal is damaged (known as
‘tipping out’), one or more new terminals can be
initiated from dormant auxiliary buds below the
damaged section.

Cotton production and management guidelines for the Burdekin and coastal dry tropics region 2012 3



Square. The flower ‘bud’.

Flower. White with five petals, the cotton flower
normally opens before midday. Self-pollination
occurs very shortly after opening. The flower turns
pink after one day, then withers and falls off.

Boll. The fruit of the cotton plant that develops after
the flower has opened and been fertilised. The boll
is divided into segments of 3-5 capsules called
locks, each containing lint and 6-9 seeds. Once
mature, the boll walls crack and fold outwards and
the cotton seed and fibre expand out of the capsule
to form a white fluffy bundle of seed and lint.

Vegetative branches (Laterals). Similar in form to
the main stem. These branches most frequently
emerge from the main stem nodes below the
fruiting branches (in nodes 2-6). Vegetative
branches may produce their own fruiting branches
that give rise to pickable bolls.

Fruiting branches. Usually arising from 6 or more
main stem nodes above the soil surface (and often
above several vegetative branches), these branches
have several nodes, each with a square and
subtending leaf. Fruiting branches have a zigzag
growth habit.

Fruit position. The location of a boll upon the
fruiting branch. The first position (P1) is the boll
closest to the main stem (if present, or there may
only be an abscission scar where the boll once
was). Sequential bolls are numbered outwards (P2,
P3 etc).

Subtending leaf

Square (P2)

-

Internode

Peticle ‘--“"-\___‘

Main stem Teaf

Development growth stages of
cotton

The rate of development for a cotton plant is largely
determined by temperature and can be predicted
against a measure of cumulative temperature.

‘Day degrees’ describes the accumulation of heat
units related to the daily maximum and minimum
temperature that a crop experiences each day. In
temperate latitudes crop development is reliably
predicted from seasonal temperature records by
calculating day degrees. This relationship is less
clear in the tropics (e.g. the Ord) due to temperature
extremes prior to squaring and the possibility of
delayed flowering due to shedding (see Yeates et
al., 2010). Unlike temperate environments, cotton
grown in the Burdekin is unlikely to experience
temperatures below 12°C (called cold shocks,
these can significantly delay development) for most
of the growing season, nor experience the high
temperature extremes of more northerly tropical
regions. Summer and early autumn temperatures
are relatively stable and therefore most crop growth
stages can be reliably predicted with a simple
measure of days after sowing (DAS).

Plant development

The cotton plant has an indeterminate growth habit,
which means fruit, leaves and stem are grown
concurrently and the terminal of the main stem and
other vegetative branches ends with a vegetative
bud. Growth occurs over an extended period of time.
Flowering happens sequentially both vertically, from
the first to the last developed fruiting branch, and
laterally along each fruiting branch. The rate of fruit
development is driven mainly by temperature and
can be predicted using day degrees, then monitored
and diagrammatically recorded throughout the
season. The length of the cotton fibres is set during
the first 20 days as the boll expands to full size,
while the micronaire of the fibre is determined
during the second half of boll development as the
fibres are matured.

Good crop management aims to keep the
reproductive and vegetative growth in balance and
to maximise the number of mature fruit (bolls)

at harvest. Certain growth parameters (e.g. node
production and fruit retention) should be measured
and recorded to help with management decisions
for maximum yield (see the canopy management
section on page 45).

A section of main stem from a cotton plant showing a developing
fruiting branch and associated structures (top) and progression from
square to boll (bottom).



Terms used to describe key cotton crop development stages and typical time frames from sowing in days and Day Degrees.

Development  Notes (Burdekin climate) Days after sowing Sum Day Degrees *

stage (DAS) for the Burdekin  (DDS) after planting for
Burdekin crops 2008-11

Germination As soon as a cotton seed touches moist soil, it will take in (imbibe) moisture and 1 0
the germination process begins.

Emergence The two cotyledons (seed leaves) break the soil surface and unfold. 3-5 depending on 70
soil moisture and
temperature conditions

Vegetative The plant will add another node or main stem leaf every 2-4 days. Continuous
development

Squaring Occurs on the first fruiting branch at the 5-7th nodal position above the Starts at 28-33 463 (+40)
cotyledons. Additional fruiting structures develop about every 2-4 days at the first
position location on successive branches.

Flowering Occurs 15-20 days after squaring. Starts at 45-50 807 (£55)
Boll filling After fertilisation, the boll or fruit begins to develop, and increases in size rapidly, Continuous

reaching full size in about 20-25 days. Total time from fertilisation to an open
pickable boll is about 50-60 days.

Cut-out Occurs when the plant’s demand for assimilate (products of photosynthesis) Starts at 95-110 1603 (£108)
finally exceeds supply so that further growth and production of new squares
virtually ceases. It normally occurs when the plant reaches about 3-4 NAWF.

Earlier set bolls will start to open and measurements of the number of nodes
above the most recent cracked boll (see below) should be used to determine the
date of the last irrigation and defoliation.

Crop maturity Occurs when all bolls have completed fibre development. Generally defoliation Starts at 145-180 2053 (+149)
(see below) begins just prior to full maturity so that the complete loss of leaves
coincides with the opening of the last pickable boll.

* See Appendix 3 for more details.

Common cotton production terms Nodes above white flower (NAWF) describes the
number of nodes from the uppermost first position

white (freshly opened) flower to the plant terminal.
This measurement is used to determine a crop’s
growth rate or vigour and can be used to assess
First square describes the stage when the first crop cut-out.

flower bud is produced on the first (lowest) fruiting
branch and has its subtending leaf unfurled on 50%
of the plants.

Tipping is the loss of the terminal growing point
(terminal), causing the plant to develop multiple
stems.

Nodes above cracked boll (NACB) describes the
number of nodes between the very top of the plant
and the nearest underlying branch that has a boll in

First flower is the time at which there is an average the first position (closest to the main stem) that has

of one open flower per metre of row. begun to split and open. This measurement is used

Retention is the proportion of fruiting sites on a BO ?SI_S?S crop maturity and determine when to start
efoliation.

plant that are present verses those that have been
lost (see hypothetical cotton plant diagram). Defoliation is when the crop is treated with
defoliant chemicals to remove the leaves and open
the last remaining bolls in preparation for harvest.
This is covered in more depth on page 68.

Shedding describes the abortion and loss of
squares and bolls from the cotton plant. Shedding
can be due to the plant balancing the supply and

demand for the products of photosynthesis, and - 4

can be strongly influenced by factors that negatively X Mssing

affect photosynthesis (such as cloudy weather), or @ Seuare 0 F
in response to pest damage to the fruit. 8 FLoWER A o
Cut-out or Last effective flower are terms used to A hypothetical cotton 6 Ee

describe the point in crop development when all plant just after flowering - T

of the bolls that will be harvested are on the plant. commences. In this éim{ﬁ

This point signals the end of reproductive growth example, there are 9 4

(i.e. no more new fruiting sites will be established fruiting branches and the ~

NAWEF is 6. Retention is
measured as the number
of retained fruiting sites

on the plant and it will instead focus on maturing
existing bolls). This stage is most easily recognised

when the plant reaches three to four Nodes Above (squares, flowers and VECETATIVE A
White Flower (NAWF). bolls) compared to aborted
positions (crosses). . L
Diagram by Dave Kelly. -ﬁif‘]h-_-—f .
AT
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Is Burdekin cotton production for me?

Cotton production demands attention to detail to
reliably achieve high yields and quality against

the vagaries of the weather and pests. It is these
challenges that make it an exciting and often
rewarding crop to grow. The motivation for growing
cotton in the Burdekin during the last decade has
been driven by a myriad of purposes ranging from
water security to possible financial or crop rotation
benefits to the perception that cotton might be used
to gain leverage in local sugar industry negotiations.

Local research and commercial cotton production
activity over the last five years has demonstrated
that excellent potential exists for cotton production
in the Burdekin. However, cotton production
requires a commitment to crop production practice
excellence and should not be attempted without
considering the topics covered by NORpak.

There are some important generalisations regarding
cotton production in the Burdekin region associated
with the wet season planting window that should be
very carefully considered by potential growers.

The ideal time to plant cotton in the Burdekin

falls between 20 December and 20 January.
Consequently a high degree of preparedness

and agronomic management skKill is required as
crop production will span the wet season. This is
particularly relevant for wetter than average years
which occur about a third of the time. A significant
challenge is that prior to sowing it is impossible
to predict whether or not the ensuing 3 months
will be much wetter or drier than average. The
primary research period spanning 2008 to 2012
encountered a succession of wet years. No two
wet seasons are the same and variations within
the monsoon trough can result in rapid changes
in weather conditions and downpours of hundreds
of millimetres. Therefore all cotton growers

in the Burdekin should anticipate that every
season will be wetter than average and plan
their management accordingly. There are virtually
no penalties associated with this approach if the
season actually turns out to be dry. Much of this
book details strategies that will help prospective
growers to prepare for wet season variation.

Things to consider

To maximise the opportunity for success, growers
should consider the following pre-season actions:

e Select fields early. Ensure chosen areas have
adequate wet season drainage to allow rapid
escape of runoff from heavy downpours.

e If possible, prepare beds at least one month
before planting and allow time for pre-irrigation
and bed consolidation. Growing an interim
cover crop of legumes or millet may also be
advantageous if early bed preparation is
possible. Cover crops can generate stubble
that will help to maintain bed integrity during
the early stages of the cotton crop, then break
down and release nitrogen.

* Be weather-aware. Bookmark and follow a
number of internet-based weather forecasting
websites (see Appendix 2). Unstable weather
conditions from December until April mean
high intensity rainfall may occur with only
12-48 hours forecasting notice. It is critical
that on-farm capacity exists to plant, fertilise or
spray your cotton areas at minimal notice.

* Have a flexible fertiliser and chemical
application strategy. The ability to side-dress
nitrogen and capacity to apply growth regulants,
herbicides and insecticides at the right time is
one of the most important management factors
for crop success post-sowing in the Burdekin.
Establishing and compacting controlled traffic
lanes throughout the crop and minimising
boggy field end drains to enable the passage of
high clearance boom spray rigs within 3-4 days
of rainfall provides the greatest flexibility for
side-dressing liquid nitrogen or spraying of
growth regulant or herbicide. Alternatively,
develop a relationship with a reliable contractor
whom you can trust to provide timely service
and that you can be certain will take all
appropriate measures to decontaminate the
spray rig for phenoxy herbicides.

¢ Secure the services of a qualified and
experienced crop consultant/agronomist
who can advise you on crop agronomy and
pest management issues appropriate for
the dry tropics region. Ensure that you are
comfortable with their experience and have
an agreed understanding of the costs and
expectations associated with their service. It



is very easy to run well over budget on crop
operations that may have minimal return, so
ensure you are aware of the cost:benefit of
management operations. Getting the most from
your agronomist depends on YOUR interest

and involvement. NORpak highlights examples
of topics that may be discussed with your
agronomist at various crop stages.

Develop a relationship with your local
Technology Service Provider (TSP) & Reseller.
These businesses will be able to advise you on
your potential obligations to grow transgenic
cotton varieties. Ensure your selected reseller
stocks the products that you may need to

apply to your cotton crop at short notice (e.g.
the appropriate herbicide to compliment your
transgenic variety, growth regulators, and some
insecticides).

Prior to planting, secure the services of a
picking contractor who will be able to pick
and form the cotton into either traditional large
rectangle-shaped modules or the more recent
round modules. While either method is suitable,
consider the most cost-effective option for

the transport options available at the time.
Freight rates can vary considerably depending
on the type of modules used, the availability

of southern-bound transport, and the type of
semi-trailer decks available.

Plan transport of cotton to the gin. Consider
transport logistics and likely costs. Transport
options will vary depending on whether
conventional rectangular modules or the newer
round bale type are used.

Plan your marketing strategy. Forward

selling requires consideration of likely price
fluctuations and an estimate of the crop’s yield
potential. See the following sections on returns
and marketing for more details.

The importance of operational
timeliness

Successful cotton production in the Burdekin,
particularly during the wet season, is largely
dependent on having a ‘can do’ attitude and
conducting necessary operations on time. The
best varieties, fertiliser blends, soil type, irrigation
infrastructure, or on farm equipment will not
compensate for crop management operations not
completed within recommended time frames. Those
that approach crop management proactively and
are prepared to conduct field operations at short
notice in response to changes in the weather or
agronomist recommendations are likely to enjoy the
most success.

‘Do not put off until tomorrow what should be done
today’ is a golden rule for Burdekin cotton production.

Being timely extends beyond personal availability
and means considering what equipment and
materials you might need to have on hand or

have ready-access to at short notice. If you do not
have your own chemical application and planting
equipment make certain you have reliable access to
someone who does.

Before planting, ensure that your retailer
consistently has a full range of products available at
short notice (ask your agronomist or agribusiness
reseller for a season forecast of what you are

likely to need). Chemicals used on cotton may not
be registered for other crops and therefore will

not form part of the standard inventories kept by
some agribusinesses. Chemicals can also be in
short supply in some seasons depending on usage
in southern production regions. Multinational
chemical companies often import product based
on seasonal planting forecasts to minimise end of
season inventories. Unforeseen pest problems or
seasonal variation in southern regions can result
in unexpected demand for some products and
constrained supply. With the Burdekin season
commencing 2-4 months after the rest of the
Australian crop, the shortage of certain products is
a potential risk, and industry shortages of certain
growth regulants, defoliants and insecticides have
occurred in recent seasons.

Timeliness is about being available and having made
the necessary preparations to be able to conduct crop
operations on time.
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Margins, risks and returns

It is important to consider gross margins and
production risks and how these may affect potential
returns. The variable climate of the Burdekin region
requires a thoughtful approach for managing crop
inputs and taking forward marketing positions.

Consider the possibility of crop loss due to a cyclone
or reduced yield potential for seasons where the
wet weather extends well into autumn. Opportunity
often exists to take part in ‘pool’ marketing
arrangements, or obtain ‘force majeure’ contracts
that reduce forward marketing production risks.

Likewise, inputs should be considered on a ‘pay

as you go’ basis, whereby the potential of the crop
is regularly assessed as the season progresses
when determining continuing expenditure on crop
inputs such as fertilisers and pesticides. Failure to
regularly assess expenditure on crop inputs can
result in lost profits, particularly mid-season. An
underlying aim of NORpak is to mitigate wet season
risks by using agronomic tactics that minimise
up-front costs until crops near flowering, and crop
potential and seasonal weather characteristics can
be better determined. Decisions can then be made
for further crop inputs such as fertiliser and crop
protection products.

The importance of good drainage cannot be overstated. Waterlogging due to poor drainage at the end of this field post planting during
the wet season (left) has significantly reduced the yield potential of this field by more than 10% at picking (right).

Gross margin returns from successful cotton crops
(>7 bales/ha) in the Burdekin between 2008 and
2011 have varied between $300-3000/ha. The
variability has mainly been due to fluctuations in
the cotton bale price, yield and mid-season input
costs. Yields for first-time growers have often been
lower than expected due to mistakes associated
with inexperience, or other factors such as in-field
variability. A common Burdekin example is poor
field drainage. Sodden field ends, even when small
in relative area, can have a significant impact on
overall yield potential, particularly during wetter
than average years (see above photographs).

Many agronomic practices may have a marginal

or minimal return. For example, the cost per unit

of elements supplied in foliar fertiliser blends can
be excessive when the product and application
costs are compared against potential yield benefits.
Ensure that your advisor can explain the value of
different crop operations in terms of potential yield
return.

Gross margin spreadsheets are useful tools for
planning a pre-season budget and monitoring

real costs against expected costs. These tools

are available from various resellers and industry
companies such as Cotton Seed Distributors (CSD)
and the Cotton Catchment Communities CRC who
have a range of web tools available online at
www.csd.net.au and www.cottoncrc.org.au.

Successful Burdekin cotton production
requires careful preparation, timely
operations, consideration of costs, and
pre-planning of marketing strategies.



Marketing cotton

Before growing cotton it is important to consider
where the cotton will be processed or ‘ginned’ and
how you might market the crop.

The closest gins to the Burdekin are near Emerald
in central Queensland (650 km away). A gin
processes the raw cotton by removing the lint from
the seed and other field contaminants (twigs, leaf
and boll shell) in return for a ginning fee. At the end
of the ginning process the lint is compressed into
227 kg bales and sold to an end user.

The options for marketing cotton are many and
varied. Cotton can be sold to the company who
provides the ginning service or a merchant
separate from the gin. Cotton is an internationally
traded commodity and the price changes daily
(even hourly) depending on currency exchange
rates, commodity markets and futures trading.

Your merchant will be able to provide daily price
information and guidance on market conditions and
outlooks.

Usually growers elect to sell cotton in one or a
combination of three ways™:

1. Forward marketing of fixed bales. Pre-selling
allows growers to secure a sale price before the
cotton is produced. This may be six months to
three years ahead of actual cotton production.
Whilst this is often an attractive option,
forward marketing typically involves entering
into a binding contract whereby the grower
is expected to fulfil a pre-nominated cotton
bale supply obligation. Therefore, carefully
consider potential production risks, expected
yields, and likely market fluctuations before
committing to forward sell a nominated (fixed)
number of cotton bales. If the fixed bales are
not produced, these contracts need to be met
by being paid out (washed out) or bales sought
from another grower to fulfil the contract. Actual
returns for this scenario will depend on whether
the daily bale price is higher or lower relative
to the forward sold price. It is also possible to
sell a contract to another grower and make a
profit if prices have fallen during the interim.

A ‘force majeure’ fixed bale contract removes

a grower’s liability to provide or pay out any
production shortfalls. However this style of
contract will have a discounted price compared
to a standard forward-selling fixed bale price.
Growers may choose to pre-sell only a portion of
the expected yield (e.g. 4-5 bales/ha) to lock in
some price certainly and then sell the balance
at a later stage.

* Marketing options may change into the future and growers
should always seek current advice from a marketing agent.

2. Grower pools. Available from some merchants
(depending on market conditions) are grower
or area marketing pools, where a merchant
will ‘pool’ together the likely bales of cotton to
be produced from a number of growers and
sell these in the futures market to achieve
an acceptable aggregate price per bale. A
participating grower is usually required to
nominate an acreage rather than a fixed
number of bales, and the given price will be
paid for every bale of cotton produced per
nominated hectare regardless of yield. The
price offered for each pool will vary depending
on market conditions, and merchants have
discretion over who may participate, how long
the pool remains open, and the total crop
acreage within the pool. The price offered is
usually less than a fixed price contract on the
same day, so compare the pool price to fixed
bale pricing and consider the relative merits of
each for your circumstances.

3. At market. Cotton can be marketed at picking.
For the Burdekin, which has substantial costs
for transporting cotton to ginning facilities
(between $40-80 per bale since 2008), this
can be a high risk option because a drop in
international cotton prices between planting
and harvest could expose growers to significant
losses.

Generally, most growers believe that securing
an acceptable price prior to planting is a better
approach than accepting the market price at
ginning. At the time of writing, many growers in
Australia consider $500/bale a sound price.

Fuzzy cotton seed is an additional marketable
commodity and is sold separately to cotton bales.
The price varies considerably from year to year
(ranging between $150-300/tonne), with seed yield
from a 7.5 bale crop generally exceeding 2 tonnes/
ha. The returns from seed are often sufficient to
fully offset the costs of ginning, and may provide
significant additional returns in some seasons. In
Queensland most cotton seed is utilised as stock
feed and therefore the value will depend on the
relative availability and cost of other feed stock
commodities.
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Gin turnout

A module of field picked cotton that is sent to a

gin for processing consists of lint, seeds, and field
trash (bits of leaf and boll shell). Gin turnout refers
to the overall percentage of lint that is recovered
during ginning compared with the seed and trash
components. A high gin turnout is desirable as

the lint is a more valuable commodity than the
seed. In Australia turnouts usually vary between
35-44% depending on variety grown and the climate
where the cotton was produced. The most recently
released varieties such as Sicot 74BRF have
provided significant gains for gin turnout due to
reduced seed size.

Turnouts from commercial Burdekin cotton crops
have generally been between 34-37%, due primarily
to the production of bigger seeds under Burdekin
conditions, thus reducing the relative percentage of
lint within each picked module. Although gin turnout
has been lower than expected, the fibre produced
has generally been of very high quality.

Fibre quality

Fibre quality is an important aspect of cotton
production. Australian cotton is renowned for its
high quality fibre and as such is sought within

the international marketplace. Generally the
market desires a white fibre that is long and fine
yet strong, and free of contaminants such as leaf
trash. Quality assessment can be done by the
ginning and marketing company handling the
cotton or independently by specialised classing
companies. Each bale is individually assessed

for length, strength, micronaire, colour and purity
characteristics. If fibre quality exceeds base grade
levels, a premium is paid, but if any of these
characteristics are lacking, a penalty discount is
subtracted from the agreed price per bale. Since
the dollar value of discounts is generally greater
than that of premiums, production focus should be
on avoiding quality problems.

In Australia, the fibre characteristics of current
varieties should exceed all basic measurements of
fibre quality, assuming good management and no
adverse climatic events.

To maximise mid to late season lint quality:

e Select a variety appropriate to local climatic
conditions (see “Varieties” on page 31).

* Ensure the crop is sown within the
recommended planting window and don’t let
flowering extend beyond 25 April as cooler
nights in May/June can result in low micronaire
penalties.

e Ensure crop is fully mature before defoliation
to minimise the number of undeveloped fibres
(see defoliation section on page 68).

¢ Ensure the defoliation process is complete
before picking to minimise leaf trash
contamination (see page 68).

Avoid the temptation to continue growing
crops on and set flowers during May in a
bid to increase yield as this approach is
inherently risky in most seasons.

The relatively low incidence (<10%) of discounts
applied to cotton bales produced in the Burdekin
has been due to the warm autumn conditions that
are ideal for boll development. Discounts that have
occurred have been generally due to inappropriate
defoliation practices resulting in trash and colour
downgrades, or low micronaire associated with
either late sown cotton (post 20 January) or cotton
that was late finishing (cool night temperatures
affected fibre development). This was particularly
evident in 2011 as the May-July period was

cooler than average and crops that cut-out in May
produced cotton with a higher incidence of low
micronaire bale discounts. See FIBREpak (available
online from www.cottoncrc.org.au) for more details.

‘ ‘ The key tactics for maximising fibre quality in the Burdekin are to sow on time,
manage the crop for last effective flowers by 25 April, ensure adequate crop
maturity at defoliation and allow sufficient time for leaves to properly senesce and
drop from the plant to minimise contaminants during picking.



Cotton and the Burdekin climate

The wet season climate is the single biggest factor that sets the Burdekin apart from traditional cotton
production areas. It is critical to understand crop-weather interactions and ensure that agronomic crop
management is tailored to suit.

The Burdekin has two distinct seasons, wet and The Bu rdekin climate

dry. Cotton is sown in a window from late December

through to mid January so that early growth (the The Burdekin is situated within the dry tropics
least susceptible crop phase) occurs in the peak region of the north Queensland coast. Its average
rainfall months of January and February whilst the annual rainfall of 952 mm is characterised by a
more important boll growing phase occurs during monsoonal pattern between December and March
the increasingly drier months of March, April and followed by drier conditions for the remainder of the
May with picking occurring in the middle of the dry year (see monthly rainfall graph below). The region
season (June/July). Wet season rainfall (December is considered to have good radiation, averaging

to March) is highly variable, both between and over 300 sunny days per annum (higher than most
within years. In most seasons total rainfall will other north Queensland cropping areas). Radiation
deviate greatly from the average, as will the is most variable during January to March due to
pattern of rainfall within the season. Cotton can frequent periods of cloudy weather.

be successfully grown in the Burdekin even during & 357

wetter than average seasons, but understanding < 30

how a cotton plant is likely to respond to different § 25 A

weather events in the local climate is the first step %‘ 20 A

to achieving a reliable yield. Agronomic research > 151

and early attempts at commercial cropping é 10 1

have clearly demonstrated that ignorance of é 51

the region’s climate and a failure to tailor crop 0 ' U U 7 T T '
management accordingly leads to a high risk of Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
reduced yield potential.

300 - - 30
Ideal conditions for cotton entail sunny warm days E 950 4 L o5 &
. . . E — B
with maximum temperatures spanning 27-32°C S 200 4 o0 B
with overnight minimums of 16-20°C. Daytime IS 150 - s s
temperatures in excess of 32°C place additional £ =
. . S 100 - 10 8
stresses upon the plant which has to transpire more £ <
water to keep cool. Night-time temperatures above ’é 501 TS =
22°C will begin to impede respiration processes 0 - -0
whilst temperatures below 12°C will result in lan  Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
a shock to the plant that temporarily arrests Mean monthly minimum and maximum temperatures (top),
development (Constable and Shaw, 1988). and monthly rainfall (green bars) and daily solar radiation

(orange line) (bottom) for the Burdekin measured at the Bureau

The following sections deal with the issue of crop of Meteorology Ayr DPI Research Station site 033002.

response to climate in the Burdekin and are a
foundation for the later sections on agronomic
management.

1000 -
800 f ~--------------------—-—--—-------~-§ -
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400 -

Mean rainfall for the January to April period expressed 200 ~

as a deviation from the long term mean for the Burdekin
region from 1951-2012. This figure shows the variability
between seasons (about a third of seasons were

much wetter than average). The cotton trial years have
coincided with a run of wetter than average conditions.
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Rainfall deviation for Jan - April (mm)
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The key climatic challenge to growing cotton in

the Burdekin is the variability of cloud cover and
rainfall intensity during boll growth that occurs from
late February until the end of May. In dry years
cotton production will be very similar to central
Queensland, however in wetter or cloudier than
average autumns, agronomic management needs
to be tailored to suit these conditions.

The Burdekin has both significant climatic
advantages and key limitations compared with
other regions. The table below lists climatic events
detrimental to a cotton crop and their relative
likelihood in different regions.

Risks of the Burdekin climate verses central Queensland
or northern NSW.

Climatic factor Burdekin Central Northern

Qid NSW

Widespread riverine flooding % v v
Hail storms x 4 v
Drought x v vv
Tropical depressions vv v x
Cyclones v x x
Rainfall and cloudy weather vv v x
at boll setting

Heat waves during boll filling % vv v
Cold shocks x 4 Vv
Rainfall at harvest x v x

x unlikely v likely ~ v'v highly likely

When to grow cotton

What works in the Burdekin climate?

The best option for Burdekin cotton production is

a mid-summer sowing. This aims to establish a

crop near the start of the wet season, so that the
production of bolls (which generally begin to gain
momentum 50 days after sowing) will coincide with
typically drier and less cloudy conditions during

the months of autumn, allowing for boll maturation
ready for harvest by early winter, the driest time of
year. This planting window, defined as the period
between 20 December and 20 January, aims

to capitalise on the consistent March-May daily
temperatures (27-31°C during the day and 16-20°C
overnight) which are optimal for photosynthesis and
fibre growth.

Within the recommended planting window:

e Pre-Christmas December-sown crops flower
during mid February (statistically the wettest
month) and are more likely to suffer losses
of early flowers due to shedding in wet years.
Good yields can be attained in most seasons
but crop management is more challenging,
particularly for wet years.

e 1-10 January-sown crops commence flowering
a little later around the onset of autumn in
late February to March (a period likely to have
statistically drier weather and better conditions
for the onset of boll setting). This planting
period is most likely to be optimal for cotton
production in the majority of seasons, but
the chances of wet weather interruptions to
sowing are higher.

* Crops sown towards the end of the planting
window (11-20 January) have less time
to reach maturity before the onset of cool
temperatures. Recorded data from experiments
suggest that every day that planting is delayed
after 5 January will delay crop maturity by
approximately 2 days. Therefore, if planting
after 10 January use earlier maturing varieties
and manage the crop so that cut-out occurs by
25 April to avoid a late July or August harvest
and increased risk of fibre quality penalties.

The relative merits and trade-offs of December
versus January plantings are discussed in more
detail in following sections.

This Burdekin sowing window differs significantly
from other cotton growing regions in Australia

and consequently requires a different agronomic
approach tailored to overcoming potentially high
early season rainfall that may be followed by

very dry conditions (see comparative calendar
opposite). On average, about a third of seasons are
significantly wetter than average (see the January to
April rainfall graph on page 11), resulting in increased
production challenges. This manual suggests many
simple strategies that maximise the opportunity for
success in these wetter than average seasons.

In northern Australia no two wet seasons
are exactly the same. As the intensity and
timing of wet weather is likely to vary from
year to year, it is important to enact ‘best
bet’ management tactics to maximise yield
potential regardless of whether or not a
season is wetter or drier than average.



Comparative calendar - planting to harvest for various Australian regions compared with the Burdekin.

Region Jan Feb Mar Apr May
Burdekin P F F F F
Ord P P P
Central QId F F F H H H H H
Darling Downs F F F H H H
Namoi F F F H H H

P=planting F=flowering H=harvest (defoliation and picking)

Why not plant during the drier months of
the year?

Unlike the Ord River and Katherine regions of north
western Australia where research has demonstrated
the advantage of dry season winter production
(mainly for the avoidance of local insect pests) that
makes use of the suitable temperatures through
the middle of the year (Yeates et al., 2007), the
Burdekin’s low monthly minimums during July to
August (average near 12°C or less) would result

in poor plant growth and increased risk of boll
abnormalities that could reduce yield. Further, the
Burdekin also regularly experiences heavy dews
throughout late autumn and winter due its proximity
to the coast, which encourages outbreaks of leaf
disease caused by Alternaria spp. This disease can
severely reduce the canopy viability (and hence
yield potential) of Burdekin crops sown in April or
May. Test plantings at this time of year in 2004

and 2009 failed to produce acceptable yields

(<6.5 bales/ha).

In the Burdekin a delay of sowing until June
(tested in 2009) delayed flowering and boll fill until
spring, coinciding with warmer temperatures and
increasing solar radiation levels. However, crop
maturity for this planting date occurred in late
December, posing an unacceptably high risk of
wet weather impeding or preventing harvest and
causing lint discolouration.

A traditional spring planting window similar to
central Queensland is also unsuitable as crops
would reach peak flower, boll fill and boll opening
during the wettest and cloudiest months of January
and February, dramatically reducing yield potential
in the majority of years due to reduced plant
photosynthesis performance and boll rot losses.

This cotton was planted in the Burdekin in early
November and commenced boll opening in February
- coinciding with wet conditions resulting in extensive
boll rots. Planting in the recommended window
minimises the likelihood of problematic boll rot levels.
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Cotton foliage badly
affected by fungal
Alternaria spp. disease
lesions. There are no
resistant varieties or
registered fungicides
available.

Cool nights induced
flower development

abnormalities and poor
pollination (July 2004).
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How does the monsoon affect
cotton?

The monsoon is characterised by periods of rainfall,
cloud cover and high night temperatures, which all
interact to affect cotton growth.

The impact of rain

It is likely that crops in most seasons will be
affected by rainfall. The actual impact is highly
dependent on a range of inter-related factors as
rainfall in itself is not a significant issue for the
cotton plant. What is important is how the rainfall
occurs (e.g. volume, time of day, intensity, duration
and crop stage) as well as field factors such as soil
type, drainage etc.

Cotton easily tolerates tropical downpours early in the season
provided fields have good drainage.

Rainfall in January and February generally
coincides with the vegetative or early flowering
growth stages of the crop and has minimal effect
on crop development. Rainfall on newly opened
flowers can kill the pollen and lead to flower
abortion, although flowers are only susceptible for
several hours in the morning during pollen shedding
(Pennington et al., 1989, and Burke, 2003). Hence
the timing of rainfall will influence its effect with
afternoon rainfall having less impact compared to
mid-morning showers.

The potentially more significant impact of rainfall
during this time is where extended periods of wet
weather impede field trafficability and the ability to
side-dress fertiliser or apply herbicide. Extended wet
weather can also cause a crop to develop a shallow
root system, making it sensitive to later moisture
stress. High volumes of rain can leach nitrogen
either out of soil beds and into the furrows where it
is lost in tail water, or downwards beyond the reach
of root systems (sandy soils).
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Mean monthly rainfall (mm)

By March and April, the crop will be more sensitive
to weather conditions as it sets large numbers of
bolls per day. Again, evening storms with sunny
days are unlikely to cause direct losses, although
sunny days and high soil moisture can be a recipe
for excess vegetative growth. If rainfall occurs with
cloudy daytime conditions that extend beyond a
couple of days, yield potential can be reduced. This
is generally due to reduced sunlight (radiation)
rather than the direct impact of rainfall.

Rainfall is unlikely in the Burdekin in May and June,
and any impact is mainly confined to interfering
with boll opening. Rainfall on bolls that are just
cracking may result in boll rot with the lint failing to
fluff out, making the opened boll unpickable. This
is commonly referred to as ‘tight locking’. Extensive
losses only occur if rainy conditions persist for
several days or more. Rainfall during defoliation

or at picking generally only causes operational
delays, or higher trash rates as dropping leaves
can become ‘caught up’ in the canopy. Other fibre
quality issues such as colour downgrades have
been uncommon provided that picking is delayed
until the crop has dried out.

Sowing just prior Flower and boll fill Defoliate & harvest

300 A to wet season as rainfall declines duringthedry 12
> < > <€ >
250 A F 10
200 A . -8
I Rainfall
150 - —A—RainDays [ 6
100 A -4
50 A -2

Dec Feb Mar Apr May Jun Jul
Mean monthly rainfall and rain days for the Burdekin region
(measured at the Bureau of Meteorology Ayr DPI Research
Station site 033002) between December and July from

1951-2011 and suggested cropping calendar for the region.

Jan

This crop (February 2009) has excellent vigour despite
a record wet season due to adequate field drainage.

Mean monthly rain days



The impact of solar radiation and
temperature

Solar radiation (sunshine) is required for the
process of photosynthesis. Cloud cover during the
monsoon season (generally most active between
December and March) causes highly variable

rates of solar radiation. When combined with high
night temperatures (22-25°C during December-
February), this may reduce yield potential compared
to summer cropping in temperate climates. Solar
radiation often becomes less variable early to mid

Narrabri (left) and Burdekin (right) crops at first flower. Many people
not acquainted with the look of tropical crops will consider this growth
to be excessive.

autumn as the dry season commences and sunnier
weather returns.

Yield potential for cotton is dependent on
solar radiation (energy from sunlight) from
flowering to defoliation.

The Burdekin planting window largely avoids
flowering and setting bolls during January/
February when radiation is most variable and night
temperatures highest. Flowering and boll filling
occurs from late February to early June, when daily
radiation is generally more reliable but declining
due to decreasing day length. Although Burdekin
cotton receives on average 20% less radiation
during flowering and boll fill than summer crops in
temperate climates such as Narrabri or Dalby, this
is partially compensated for by favourable autumn
temperatures that allow for efficient photosynthesis,
fibre development and boll filling. Burdekin cotton
plants further compensate for lower radiation by
growing larger, thinner leaves much earlier in the
season to intercept more sunlight.

Cloudy conditions, high temperatures and humidity
can lead to the production of large paper-thin leaves
that help to compensate for low radiation levels.

In about one third of seasons, cloudy conditions and
higher night temperatures will persist throughout
March, and can reduce yield potential. During early
flowering the shedding of lower canopy fruit in
response to persistent cloud is an advantage, as
the plant will have more resources to set additional
(and potentially larger) bolls later, when sunshine
returns. If radiation is limiting, the retention of
bolls at this time can be counter-productive and
compromise yield potential via reduced boll size
and/or competition with future canopy growth and
square/boll production.

First position bolls from the bottom three fruiting branches
(bottom row) and the top three fruiting branches (top row). The
bottom bolls (set during late February) were smaller due to
radiation limitations from cloudy weather compared to bolls set
later in early April during sunny autumn conditions. These later
top bolls are an important component of high-yielding crops.

Newly set bolls take 45-55 days to develop, so as the season
progresses the time available for recouping shedding losses
diminishes. This is why cloudy weather begins to affect yield
potential when it occurs from mid-March onwards.
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What is shedding, why does it occur and how is yield potential affected?

Shedding is the abscission of squares (flower buds), flowers and young
bolls from the plant. Generally bolls that have developed to a size larger
than thumbnail cannot be shed and will be retained on the plant until boll
maturity.

The type of shedding that is referred to throughout this document is not
the normal loss of squares and early bolls that often occurs at or just after
cut-out when a plant has reached a point where no further fruit can be
held and surplus squares and young bolls are discarded. Instead we are
referring to shedding that can occur much earlier in the life of a crop and is
in response to monsoon conditions.

Weather-related shedding is a survival mechanism in response to
unexpected changes in the external environment. In the Burdekin, this
shedding response is associated with extended periods of cloud (low
radiation) where the plant rebalances its internal demand for assimilates
by shedding current fruiting positions. This allows continued vegetative
expansion and associated production of future fruiting sites that might
develop into bolls when sunnier weather resumes.

Wet season shedding generally takes two forms, and is caused by:

1. cloudy wet weather that extends beyond 4-5 days. This is the most
common form of shedding affecting young bolls, flowers and advanced
squares. Medium to large size squares turn yellow and drop off (top
right). Young bolls up to thumbnail size desiccate (mummify) and may
remain attached to the fruiting branch for several weeks (right). The
shedding generally progresses from the most mature fruiting site
positions to the least developed (e.g. first position fruit and squares
will abscise before second positions on the same branch).

This crop is shedding squares and day old bolls
due to a week of cloudy weather in March.

2. asudden weather change from extended cloudy weather to sunny
dry conditions. Confined to very young squares, this shedding can
affect all squares of a similar age regardless of location within the crop
canopy (below).

Note that cotton plants generally produce 60% more squares than they
could ever physiologically retain. This is a survival strategy where the plant
can compensate in the event of weather and pest-related losses. Therefore
some shedding is normal and may not necessarily impact on final yield
potential.

Small squares often shed if the weather turns sunny and hot after This plant has shed bolls that started to form
extended periods of overcast wet weather. after pollination. Note that desiccated early
bolls are often retained for several weeks.
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The significant decrease in radiation and night
temperatures by the end of May is a key limitation
of the Burdekin climate. Achieving high yielding
crops requires rapid setting of bolls during March
and April with cut-out by 25 April. Ideally, all bolls
need to be initiated by late April. Bolls set in May
onwards will be smaller and result in significant crop
maturity delays.

Cloudy weather that occurs intermittently in

periods of three or more days during autumn can
be a problem. Conditions are sunny enough to
allow effective boll set and minimal shedding but
boll size is reduced. Prolonged cloudy weather in
March or April can result in significant shedding,
Compensation for such late shedding will be limited
because the necessary additional fruit would be
developing even later, during May to June, and have
reduced boll size.

Despite climate-related limitations for boll filling
in some seasons, cotton is capable of very rapid
growth during March and April with research data
showing that sufficient bolls can be set within

6 weeks of sunny weather and produce yields of
10 bales per hectare or more.

Ensure that a crop has excellent vigour
at the end of the wet season so that bolls
can be set rapidly with the onset of sunny
weather in autumn.

As cloudiness is difficult to predict, a significant
focus of local research has been to better
understand the influence of cloudy weather and
resultant periods of decreased solar radiation on
crop growth, development and yield and use this
knowledge to develop appropriate management
strategies.

Extended cloudy weather (3 days or more) reduces
photosynthesis and depending on the growth phase
of the crop and severity and duration of cloud cover
a number of effects may be observed (see the
impact of cloud cover table below).

Cloudy weather during February to early March

The impact of cloud may be minimal provided crop
vigour is maintained and lost squares, flowers and
early bolls are replaced with compensatory growth
during sunnier conditions in March and April.
Strategies to maximise compensation are discussed
throughout the agronomy section.

Cloudy weather during mid March to April

Although less likely than February cloudiness, the
impact of extended cloudy weather, particularly in
March (see radiation and rainfall records graph on
page 18), is difficult to overcome as there is limited
season remaining to recoup fruit losses through
compensatory growth. Retained bolls compete

with new squares/bolls and may cause the plant
to shed aggressively in response to the reduction
in photosynthesis. The result may be premature
cut-out or delayed setting of bolls. In well advanced
crops, reductions in boll size may also reduce

yield potential. Crops with fruit counts indicative

of a 10 bale/ha yield can shed several bales of
yield potential with a week of continuously cloudy
weather.

There are limited options for managing cloudy
weather in March and April apart from ensuring that
good crop vigour is maintained prior to expected
cut-out so that shed positions have a chance of
being compensated for by adjacent outer squares
(P2 and P3 sites) on existing fruiting branches.

The possible impact and management implications of cloud cover during different crop development phases

Plant phase Physiological

consequences

Management implication

Yield implication

Pre-flowering
or

Increased transpiration losses if conditions turn sunny and dry.

Shallow root system.

Shedding of squares Maximise square production that will give rise to compensatory

(if overcast for more bolls.

than a week).
Flowering Shedding of flowers,
onwards squares and early

bolls.

Cut-out onwards Reduced boll size.

Larger thinner leaves. Potential for rapid growth due to additional photosynthetic area.

Potential for moisture stress when conditions turn dry which may
contribute to premature cut-out.

Additional time required to set compensatory bolls.
Challenges for effectively managing canopy growth.

Minimal opportunity to redress losses through compensation.

Rapid growth can assist with
production of large numbers of new
squares and increase boll numbers if
conditions turn sunny.

Premature cut-out can severely reduce
yield potential.

Yield potential should be maintained if
compensatory bolls are grown.

Yield potential will depend on the rate
and timing of compensatory bolls set.
Crop maturity may be delayed.

Reduced yield is likely outcome.
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Comparison of mean daily solar radiation between the
tropical wet and first half of the dry season in the Burdekin
(January to July) and the temperate summer growing
season at Narrabri (October to April). The likely flowering
and boll filling period for both regions is indicated by the
arrow. The shaded area represents the radiation difference
between the two climates during the flowering/boll filling
period in their respective growing seasons.
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Average growing season showing mean monthly
temperatures for the Burdekin (January to July) and
Narrabri (October to April). Approximate critical growth
stage dates for a January sown cotton crop in the Burdekin
are marked with arrows.
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Radiation and rainfall records for March measured at
the Bureau of Meteorology Ayr DPI Research Station site
033002. Records for radiation commenced in 1991,
coinciding with a higher percentage of drier weather
compared to 1950-1990.

Predicting cloudy weather and yield
potential

The frequency of cloudy weather is difficult to
predict as meteorological records for radiation since
the 1950s are sketchy and regular records for the
Bureau of Meteorology’s Ayr site only began in 1990
(since which March has been characterised by a
higher frequency of drier weather). Rainfall and
cloudiness are not always well correlated as March
in particular can often have sunny days with evening
rainfall or cloudy weather with very little rainfall.

Research data and commercial crop yields
suggest that 7-8 bales per hectare is attainable
for seasons with very cloudy weather in March
and April on loam soil types. In these seasons,
higher yields are unlikely regardless of crop
management inputs as radiation becomes the
most limiting factor. Increasing crop inputs such as
fertiliser in a bid to overcome and compensate for
cloudy weather during March is only likely to delay
crop maturity because as sunny weather returns
later in the season, late applied nitrogen will drive
crop growth at a time when a crop should be cutting
out and maturing. Focus instead on maintaining
crop growth through timely irrigation and take

a cautious approach with growth regulants,
particularly if fruit have been shed. Yields on clay
soils have been lower (6-7 bales/ha) during this
period although this has been primarily due to
soil type constraints (nitrogen and soil moisture
availability, and overall trafficability) rather

than radiation. Improved nitrogen management
techniques developed from these experiments have
not yet had a chance to be field tested in a high
radiation season.

During March and April mid-flowering shedding

of first position bolls (P1) can be compensated

for through the sideways expansion of existing
fruiting branches where second (P2), third (P3) or
fourth position (P4) bolls may be produced. These
bolls can be set very rapidly due to simultaneous
expansion of existing fruiting branches. This was
regularly observed during climate studies whereby
cotton had lost significant fruit numbers during the
first half of flowering and was able to compensate
by growing replacement bolls on the outer branch
parts of the canopy and uppermost fruiting
branches (see crop response example photos on
page 19). Growing new fruiting branches only from
the plant terminal shoot compared to expansion of
existing branches takes considerably longer and
thus risks delaying crop maturity.
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Crop yield display from the four main-stem fruiting branch (FB)
sections (branches 1-4, 5-8, 9-12 and 13+) and vegetative
branches (veg). Fruiting branch lint has been further partitioned
into first position (P1) fruit and second position and above
(P2+P3+P4) fruit.

Note that the contribution of lint from P21 fruit on the first 8
fruit branches was minimal under cloudy conditions. A large
proportion of total crop yield was grown on the outer branch
positions on the upper canopy. These bolls can only be created
with continued crop growth and canopy expansion. Caution
should be taken when using growth regulants after a shedding
event as mepiquat chloride (MC) can reduce the extension

of existing fruiting branches and significantly curtail yield
potential (see MC section starting on page 49).

Tropical cyclones and low pressure
systems

Tropical cyclones, low pressure systems and
depressions are the most significant rainfall events
associated with the annual monsoon season. These
weather systems are part of the north Queensland
climate, however the frequency, severity and

impact of these events is impossible to predict.

The potential for crop damage or destruction from
tropical cyclones and depressions is a climatic risk
for cotton production in the Burdekin.

Historical records suggest that direct coastal
crossings of tropical cyclones into the Burdekin
region have been relatively infrequent during

the last 100 years, averaging once every 9-10
years. However, prior to 1970 only the timing

and geographic location of coastal crossings are
recorded. Limited records exist regarding cyclone
size and wind severity, both of which are important
determinants for likely crop damage.

The incidence of crossings over the Burdekin region
(between Cape Upstart and Townsville) is random.
For example, cyclones appeared three years in a
row between 1988 and 1990. Two of these (Charlie
and Aivu) occurred in the March/April period and
caused significant crop and infrastructure damage.
More than 20 years then passed before severe
tropical cyclone Yasi in February 2011. Although
crossing at Mission Beach, Yasi was of sufficient
size and intensity to cause significant tree and
powerline damage in the Burdekin, however cotton
crops were unaffected as they were still young at
the time.

Therefore, while tropical cyclones will occur in

a small percentage of seasons, the impact will

vary markedly depending on the stage of the crop
and characteristics of the weather
system. Forward marketing should
take into account the low risk of crop
destruction. While the wet season and
tropical cyclones may appear daunting,
the Burdekin has a very low probability
of other extreme weather events

such as hailstorms, riverine flooding

or drought (see climate risk table on
page 12),and should crop loss occur, the
opportunity exists to take advantage of
tropical temperatures and replant with
sugarcane, maize or mungbeans to
quickly re-establish cash flow.

Examples of crop response to radiation during
early flowering. The plant on the left had relatively
sunny conditions and retained many of its early set
bolls, while cloudy weather has caused shedding of
most lower fruit positions (right).
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Crop growth phases and climate

Because of the uniqueness of the proposed wet
season planting window for the Burdekin compared
to all other Australian production regions, it is
important to consider the impact of climate on
different crop growth phases.

Germination to first flower and the onset
of the wet season

For many seasons Burdekin crops will experience
periods of near saturated soil and overcast weather
for 1-3 months post-sowing, potentially affecting
early to mid crop development.

Roots

Root exploration will vary greatly between seasons.
Of greatest concern for crop management are the
wetter than average years when Burdekin crops
typically develop very shallow root systems, mostly
confined to the top 20 cm of soil. This is because
the most freely drained soil usually occurs between
the surface of the bed and the base of the irrigation
furrow. These root systems may have short carrot-
like tap roots with lateral roots extending sideways
across the entire planting bed. An adaptive strategy
that avoids the anaerobic waterlogged conditions
deeper in the soil profile, the root network also
allows effective scavenging of nutrients in the upper
soil layers.

Shallow root systems have implications for fertiliser
placement and irrigation scheduling. Appropriate
nitrogen and irrigation management will be covered
in depth later in the text.

Two examples of shallow rooted crops where conditions have
meant the plants have explored laterally to avoid water-logging
in the lower soil profile. This has important ramifications for
subsequent farming operations.
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Take a cautionary approach to inter-row cultivation
as a large proportion of a crop’s root system (due
to confinement in the upper soil layer) may be
disturbed and cause significant crop stress.

Canopy development

The function of the crop canopy is to produce and
support the leaves and numerous buds (squares)
that will develop into bolls. Early season canopy
development during the wet season tends to be
lush and vigorous compared with summer-grown
cotton crops in temperate regions. Crop leaves are
often large and thin with minimal development of a
waxy cuticle. Growing a larger photosynthetic area
(by increasing the size of the plant’s solar panels)
is an adaptive strategy to low radiation and high
humidity. However, crops can develop a skewed
ratio of vegetative to reproductive growth and
become excessively tall and leafy with elongated
petiole and inter-node lengths, particularly when
grown on sandy textured soils with high levels of
nitrogen. Excessive vegetative growth may require
management with applications of mepiquat chloride
(MC). Pre-plant nitrogen needs to be carefully
planned and only minimum necessary rates used
to avoid associated excessive growth problems.
The practice of using well-spaced irrigations early
season to manage canopy development is only
likely to be useful in seasons when rainfall is below
average. Nitrogen and MC therefore remain the
primary management factors available to influence
early season canopy development in the majority of
years.

Cloudy conditions, high temperatures and humidity
can produce large paper-thin leaves.

Large ‘soft’ leaves are susceptible to high
transpiration losses when conditions turn drier,
resulting in rapid water stress if soil moisture

is inadequate. This is of more concern during
flowering when crop stress can lead to premature
cut-out, reducing yield potential. In comparison, dry
periods during the pre-flowering vegetative stage
can encourage the roots to explore more of the soil
profile without the same risks of premature cut-out.
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Crop growth in the Burdekin is very rapid early
season. The plantings above are only 18 days apart.

Fruit development

As the crop canopy develops, the production of
buds (squares) commences from about 6-7 nodes
onwards (approximately 28-33 DAS). As the canopy
rapidly develops, increasing numbers of new
squares are produced each week. Generally by the
time a Burdekin crop reaches first flower (defined
as one white flower per metre of row) at around
45-50 DAS each plant will have 20-45 squares
across a range of sizes.

In Bollgard 11® crops it is normal to expect that the
retention of squares may be very high up until
early flowering. Lower total retentions (40-60%

of positions) will not adversely impact on yield
potential during the vegetative stage, however it
is important to monitor and identify the cause of
these losses, as factors such as insect damage
or spray contamination may require management
intervention. Management for shedding, due to
uncontrollable factors such as cloudy weather, is
discussed in detail in the canopy management
section, starting on page 45.

Discuss WITH YOUR AGRONOMIST

FROM ESTABLISHMENT TO FIRST FLOWER:
Crop establishment and adequacy of plant
stand
Root development and early season vigour

Nitrogen management

Irrigation/ drainage issues

Square retention (and potential causes if
low)

Pest and weed management
Implications of root development for crop
management

Flowering to crop cut-out and the onset
of the dry season

The onset of flowering represents the most
critical turning point for cotton production in
the Burdekin.

From this point onwards an internal battle for
resources begins within the plant as it finds a daily
balance between the competing needs of newly
setting bolls and the continuing growth of the
terminal shoots and roots.
* [facropis supplied with too much nitrogen
or water, the internal balance may tip towards
excessive leaf and stem growth and reduced
boll development, and the plant may abort
today’s bolls in lieu of future ones. If prolonged,
this response can delay maturity. It is also
likely to reduce yield as the potential of
late set bolls could be constrained by cool
night temperatures and short day radiation
limitations during May/June.
* If photosynthesis cannot supply both a quickly
accumulating boll load and growing shoots
and roots, canopy expansion can slow down
prematurely and may even cease before enough
bolls can be set for a high yield. Reductions in
photosynthesis will occur if a crop becomes
stressed from a resource deficiency for example
nitrogen, soil moisture or sunshine.

The challenge is that canopy growth needs to be
maintained for 6-8 weeks after first flower to ensure
a large enough canopy to hold and develop a high
number of bolls. Therefore the period from first
flower to cut-out (late February until late April), is
the most critical period for cotton production in the
Burdekin. The time available and yield potential is
ultimately dependent on the onset and duration

of favourable weather between late February and
late April and ensuring that a crop is well managed
to best capitalise on sunny conditions during this
period.

As we cannot control the weather, the aim of
NORpak is to help guide you to grow the best
performing plants possible with whatever
conditions and resources are available.

Cotton production and management guidelines for the Burdekin and coastal dry tropics region 2012
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In most seasons March heralds the end of the wet
season and the start of sunnier, drier conditions.
The purpose of the Burdekin planting window is to
increase the likelihood that flowering will coincide
with improving autumn conditions (sunnier weather
for photosynthesis). In December-sown crops,
flowering will be well underway. If large numbers

of early fruit have been lost due to wet weather-
related shedding, maintaining yield potential will
require extended canopy growth to produce enough
additional flowers throughout March and into April
to ensure adequate compensation for early losses.
In January-sown crops, flowering will have just
begun and excessive vegetative growth could be

of concern as these younger crops will have large
canopies and a minimal boll load. These plants
may respond to a return of sunnier conditions with
very rapid vegetative growth at the expense of boll
production, particularly if available nitrogen or soil
moisture is high.

The key objective during early to mid flowering in March
is to maximise the production of new squares and then
retain a high proportion of these as they develop into
bolls whilst avoiding excessive vegetative growth.
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Roots

The often rapid change from wet to dry conditions
can have significant implications for crop
management, particularly from flowering onwards.

Check crop root development and effective root
zone depth using a shovel to dig a hole in the
planting bed. If the root system is predominantly
shallow, the crop will be more susceptible to the
onset of rapid moisture stress when rainfall stops.
More regular irrigation may be required. This is
critically important if flowering has commenced.
Insufficient irrigation frequency at the onset of drier
conditions will encourage the crop to grow roots at
the expense of canopy development, resulting in

a rapid rise of white flowers on the main stem to
the top of the plant and premature cut-out. Ensure
that soil moisture via irrigation is sufficient to allow
root development whilst maintaining active canopy
expansion. See the irrigation section on page 41 for
more information.

Tillage operations such as inter-row cultivation
should be avoided as they can cause significant
disturbance to shallow roots and exacerbate
moisture stress and premature cut-out. If it is
necessary to cultivate to clear irrigation furrows or
to control herbicide escapes or problem weeds, only
cultivate shallowly and irrigate within 24 hours.

Canopy development

Aim to maintain balanced growth by monitoring the
crop weekly and enacting appropriate management
when required. Excessive growth is most likely to
occur from 8 to 10 nodes until several weeks after
first flower (e.g. 8-18 nodes), particularly on free
draining loam soil types. Crops on these soils can
often grow large internodes with rapidly expanding
leaf areas and a comparatively small fruit load.
Provided that nitrogen and other factors are
sufficient, the onset of sunnier weather combined
with wet season enlarged canopies provides the
crop with a burst of additional photosynthates.

The resultant rapid terminal shoot growth should
be monitored and managed with low dosages of
mepiquat chloride if required (see page 49). This
growth is often characterised by a lime green stripe
when looking up the crop rows.

indicator of rapid terminal shoot growth.

Cotton crops deficient in nitrogen or moisture
stressed during early flowering, particularly on clay
soils, can rapidly lose canopy vigour, reducing both
the production of fruiting sites and yield potential. If
required, ensure prompt irrigation or apply nitrogen
as soon as practical. See the sections on nitrogen
(page39)andirrigation (page41)formoreinformation.

Crop protection becomes critically important

from first flower onwards, as the crop will become
increasingly attractive and susceptible to attack
from insects such as Spodoptera and sucking bugs
(see the insect management section on page 53).

Fruit development

Cotton flowers generally self-pollinate within hours
of opening. Boll growth is an energy-intensive
process due to the high oil content of the seed, and
once set, the developing bolls will take priority over
the production of new leaves, stems and squares.
As boll numbers increase, the resources available
for the growth of new squares and leaves gradually
diminish until canopy expansion ceases. This is
referred to as cut-out, and shedding of surplus
young bolls and squares will also occur at this time.



What is excessive growth and why does it occur?

Unlike most other broad acre crops that grow vegetatively to full size and then reproduce, cotton develops vegetative
(stems and leaves) and reproductive (square and bolls) parts simultaneously. Growth is considered to be excessive when
the plant favours the development of new stems and leaves at the expense of setting and filling bolls. In the tropical
Burdekin climate this is usually characterised by the growth of increasingly large main-stem inter-nodes (>10 cm) that
span 3 or more consecutive nodes as well as elongated fruiting branch internodes and leaf petioles. Reproductive
structures will appear unchanged and therefore smaller in comparison to expanded branches.

By 6-7 nodes, squares start to develop whilst new stems and leaves continue to be produced until growth becomes
limited by either the demand of resultant bolls or limitations in the environment (plant runs out of water or nitrogen,
or climatic conditions become unfavourable). At this point canopy growth will pause for a period until the existing bolls
mature (the seed and lint are released) and/or environmental conditions again become favourable. Removal of these
restraints allows the plant to resume canopy growth and develop new flowers and bolls.

Having evolved as a perennial plant in a flood plain environment characterised by seasonal influxes of water and nutrient
rich sediment, cotton is particularly effective at growing very rapidly to take advantage of temporararily favourable
conditions. An abundance of nutrients and prolonged soil moisture will promote a very large canopy that will support as
many future developing bolls as possible.

Partitioning internal resources in favour of growing additional stem and leaves instead of bolls works well if resources
and climate remain favourable, as hundreds of bolls can be initiated and matured over an extended period. However,
this characteristic has been a challenge in domesticating cotton as a 5-6 month annual crop where a canopy of
sufficient size to support enough bolls for a high yield in a relatively short 6-8 week flowering period is required.

High rainfall and very warm conditions may continue through until early to mid flowering in the Burdekin, and particularly
if nitrogen availability is high, a plant may forgo the setting of early season bolls and direct these resources towards
expanded canopy growth. However, the rapid cooling of night temperatures at the end of May exposes these large

plants (that may be difficult to spray or pick) to significantly delayed maturity and associated lint quality issues due to
temperature effects on late maturing bolls.

Therefore the balance for the Burdekin is to achieve rapid canopy expansion to enable the production of a large
number of bolls, but for this expansion to happen simultaneously with boll setting. If conditions are favourable
(sunny) for reproduction the plant needs to begin retaining and developing bolls whilst still producing new squares so
that over the period from first flower to cutout in late April a crop has retained and developed as many bolls as possible
to maximise yield, avoid excessive crop height, and ensure timely harvest maturity.

The nitrogen, irrigation and canopy management sections of NORpak will assist you in making crop management
decisions that help achieve this outcome for the array of likely weather scenarios that could be expected in the
Burdekin.

These two crops are the same variety, with the same plant date, sowing rate and row spacing. Both crops have the same number of
nodes and fruiting branches. The shorter crop on the left has a better balance of reproductive to vegetative growth. The number of
squares, flowers and early bolls are well proportioned with the crop canopy.

The squares, flowers and bolls are less evident for the ‘waist-high’ crop on the right because the expansive vegetative growth of the
internodes and petioles has spread these positions out. This crop is exhibiting signs of excessive growth with energy balance tipped
towards leaf and stem production. The canopy management section starting on page 45 details a tool that can be used to measure
growth and accurately make this determination so that remedial steps such as the application of a growth regulant can be taken.
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During the period between first flower and cut-out,
aim to maximise the production of reproductive
sites (through canopy expansion) but IMPORTANTLY
also retain as many bolls as possible. The

nutrition, canopy management, irrigation and pest
management sections will help you achieve this
objective.

FROM FIRST FLOWER TO CROP CUT-OUT:

Root development and depth and implications for
irrigation and crop nutrition

Crop vigour and canopy growth

Management of nitrogen and other nutrients
Irrigation scheduling for transitioning to the dry
season

Insect and weed management

Rate of boll retention

Crop maturity trajectory and achieving last
effective flowers by 25 April

Late-season crop development (cut-out
to maturity)

Beyond cut-out, the crop is filling bolls and crop
managers should focus on insect protection and
timely irrigation. From late April onwards, crop
development and growth slows significantly with
cooler night temperatures and decreasing day
length. Irrigation intervals will increase during

May and June as pan evaporation rates decrease
dramatically. Over-irrigating crops at this stage
potentially contributes to delayed crop maturity and
an increase of humidity within the crop canopy that
can encourage boll rots (see page 63).

Roots

Burdekin crops usually continue to grow root
systems until cut-out with root depth determined by
the frequency of rainfall or irrigation. Some crops on
loam soils may access leached nitrogen deep within
the soil profile (1 metre or more). This can result

in crops taking up too much nitrogen late in the
season, which can be detrimental to maturity, yield
and quality (see nitrogen section on page 39). If crops
continue to grow, cut-out can be encouraged with
more restrictive irrigation scheduling and mepiquat
chloride (MC) applications. Aim to have crops cut-
out by 25 April.

Canopy development

As late bolls (top and outside of plant canopy)

fill and earlier set lower bolls begin to open, it is
normal for the crop canopy to lose its dark green
colour as the plant redirects nutrients stored in
the leaves to the growing bolls. Leaves commonly
redden during the later stages of boll filling and
leaf blight caused by Alternaria spp. becomes more
prevalent, particularly in crops with high boll loads.
As the plant is in a natural state of decline, these
symptoms are not generally a cause for concern in
terms of yield, particularly for high retention crops.

Fruit development

After cut-out, the crop stops producing new
vegetative growth and instead directs assimilates to
the development and maturation of existing bolls.
The numbers of bolls per unit of area is largely fixed,
however boll size (an important factor in final yield)
is dependent on favourable growing conditions
between cut-out and maturity.

Lower canopy bolls typically begin to open at or
soon after crop cut-out and continue to do so until
the uppermost bolls mature and open. When 60%
or more of bolls are open the timing of defoliation
can be calculated. Defoliation decision-making is
covered in detail on page 68.

It is common for a crop canopy to redden in colour
during the later stages of boll filling.

Discuss WITH YOUR AGRONOMIST

FROM CUT-0UT TO MATURITY:
Irrigation scheduling and timing of last

irrigation

Insect management

Boll opening & crop maturity
Crop defoliation




Cropping calendar for Burdekin cotton season

Cotton production in the Burdekin generally occurs as either
(i) a rotation crop for sugarcane grown during the summer fallow that occurs every 4-5 years, or
(i) alternating with grains in a 12 month perpetuating cycle.

Cropping calendars are given for the two systems below.

Typical timing of crop stages for Burdekin cotton as a rotation for sugarcane

Stage/operation

Removal of cane, land prep,
and pre-irrigate

Mungbean cover crop,
stubble retained*

Cotton planting

Emergence to first flower

First flower to last effective
flower

Last effective flower to
defoliation

Defoliation to picking

Post-picking crop removal

Planting Sugarcane

Sugarcane ratoons for 4-5
years

* if time permits

Typical timing of crop stages for Burdekin cotton in rotation with grains

Stage/operation Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov

Cotton planting

Emergence to first flower

First flower to last effective
flower

Last effective flower to
defoliation

Defoliation to picking

Post-picking crop removal

GRAINS ROTATION (stubble retained)

Planting maize

Maize emergence to harvest

OR

Pre-irrigate beds and spray
out cotton volunteers

Planting mungbeans

Mungbean emergence to
harvest

Cotton production and management guidelines for the Burdekin and coastal dry tropics region 2012
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Crop management considerations —
early season (pre-plant to flowering)

Field selection

Choosing an appropriate field is critical for
successful cotton production in the Burdekin.
Important aspects to consider include:

¢ Flooding and field drainage. Ensure sufficient
drainage. Avoid low-lying fields that are likely to
be submerged for more than 12 hours during
wet season deluges.

¢ Accessibility. Avoid fields that do not have
reliable wet season access due to seasonal
flooding of water courses or lack of internal
access roads. Your agronomist will need to visit
each field twice a week.

¢ Soil type can significantly influence agronomic
practices required and field trafficability. From a
production perspective, loam soils are generally
easier for cotton production in wet years than
clay soils.

¢ Field length. Avoid fields with irrigation run
lengths over 800 m as they are more difficult to
flood irrigate without waterlogging.

* Field history. Avoid fields that may contain
residual herbicides that could affect cotton
growth or fields that have less than 2 months
for field preparations between sugarcane
plough-out and cotton sowing.

¢ Field location. Avoid fields that are near
sensitive areas such as watercourses or
dwellings as these can limit spray application
opportunities.

The ability to drain away excess surface water during
wet season deluges is essential.

Many fields within the Burdekin have minimal

slope over field lengths of 800-1500 m. During the
wet season it is not uncommon for 100-200 mm

of rain to fall within a 24 hour period causing

field run-off rates of 1-2 ML per hectare. For long
fields this can result in run-off water backing up
hundreds of meters from the tail end, as many
fields share common drainage channels with
narrow restrictions. Select fields that can drain away
these deluges quickly (<12 hours) as prolonged
waterlogging or repeated crop submersion can
result in plant death, loss of vigour, or loss of
fertiliser. With appropriate drainage between rainfall
events, cotton will withstand multiple wet season
deluges.

The field in the top image had excellent drainage, which
allowed a deluge of rain (>120 mm in two hours) to drain
away within several hours. The field in the lower image
during the same deluge had restricted drainage through
a roadway culvert (only 380 mm diameter) resulting in
significant runoff water backup which took 2 days to
completely drain.

Maintenance of soil cover and using controlled traffic is
recommended for cotton production in all Burdekin soils.
Examples include mungbean stubble on clay (top) and
corn stubble on loam (bottom).



Burdekin soils and cotton
production

The lower Burdekin is divided into the delta and
levee areas and the more recently developed (late
1980s) Burdekin River Irrigation Area (BRIA). More
cotton is likely to be planted in the BRIA due to
larger paddocks and greater distance from the
coast (less likelihood of coastal showers) than the
delta area.

Delta and levee regions

Provided field drainage is good, the soils in these
areas are unlikely to provide any major limitations
to cotton growth, although they can form surface

crusts when finely tilled. Soil crusts can impede the
emergence of cotton seedlings resulting in a patchy

plant stand or occasionally the need to re-plant.
To reduce the risk of soil crusting, direct drill into a
surface stubble mulch (avoid sowing too deeply).
Following sowing with irrigation may also delay
crusting on some soil types and allow enough time
for cotton seedlings to emerge.

BRIA

Many of the BRIA soils are clay textured and may
be sodic. Classified into four broad groups, their
occurrence is:

Cracking clays 43%

Sodic duplex soils 35%

Non sodic duplex soils 12%

Gradational & uniform non cracking soils 10%.

See Donnollan (1991) for more details.

Summary of the challenges and management options for cotton production on the broad soil groups of the lower Burdekin.

Soil group Positives Challenges Management options

Cracking Suitable provided Waterlogging if drainage is poor. Ensure good drainage e.g. tail drains designed to

clays drainage is good. Generally sodic at depth — rooting depth and exit runoff water quickly. Reasonable slope 0.1%.
Highest plant available PAWC limited if sodicity is near the soil surface. Avoid run lengths >600 m.
soil water (PAWC). Ca:Mg ratio may be limiting to structure as High beds about 15 cm above furrow.
Reasonable levels of many soils are <2, particularly deeper in Use a gypsum program similar to other crops if

Phosphorous (P) and & profile.

Potassium (K) may be Trafficability after wet weather.

available. Soil test to

the Ca:Mg ratio is low.
Appropriate nitrogen management is essential

Can be difficult to wet soil surface in the centre (see nutrition section on page 38).

confirm. L .
of the bed during irrigation. This can be a
constraint for activating soil surface-applied
liquid nitrogen fertiliser to the centre of the
bed.
Sodic duplex Suitable if A horizonisat B horizon impermeable and chemically Retain past crop residues on soil surface and use
least 90 cm. unstable, so unsuitable unless A horizon at immediate post-sowing irrigation to aid seedling
least 90 cm. emergence.
Surface crusting is likely when cultivated. Use a gypsum program similar to that used in
Lower PAWC than cracking clays. other crops.
Furrow irrigation can be inefficient if beds crust Sl test and adjust nutrition program for high pH
or if water infiltration is too high. and sodicity.
May be better suited to overhead or drip delivery
systems.
Non-sodic Suitable if A horizon is at  Unsuitable for cotton unless A horizon is at Similar to sodic duplex except nutrient imbalances
duplex least 90 cm. least 90 cm. due to high pH and sodium are not a constraint.
Gradational Suitable for cotton. Waterlogging if poorly drained. Similar to cracking clays.
clays
Levee / Best suited for wet Surface crusting is a risk where silt is present Needs careful management of nitrogen and
alluvial season trafficability. and soil has been cultivated. sulphur.
Deep root exploration Furrow irrigation can be inefficient if beds crust  Soil test for other nutrients (e.g. Zn may be
(180 cm) can capture or if water infiltration is too high. required).
leached nutrients, Water soluble nutrients such as nitrate are Controlled traffic + minimum tillage (zero tillage
reducing additional easily leached. of bed top preferable) with trash retained on soil

fertiliser requirements.

surface.
Better suited to overhead or drip delivery systems.
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Crop rotation, minimum tillage
& pre-season land preparation

Field preparation has a major influence on the
ability to successfully establish a cotton crop during
the early phases of the wet season.

Depending on the type of farming operation, cotton
in the Burdekin will follow either a late season
plough-out cane crop (grown for 4-5 years), a grain
crop (grain or legume), or a cover crop (millet,
legume). When using crop rotations, it is important
to consider herbicide selections in advance as the
use of certain residual herbicides can severely limit
alternate cropping choices.

Cotton after sugarcane

Research on optimising field preparation for cotton
after late cane removal is ongoing. However,
preliminary results and experience from commercial
crops after cane suggest that it may be beneficial
to:

* Harvest cane by late October or early
November to allow sufficient time to complete
various tillage operations (field laser level,
incorporate cane stool and create new planting
beds).

¢ Build the planting beds as high and evenly as
practical. Cotton benefits from better drainage
and planting bed uniformity. However in some
fields, higher beds may not infiltrate irrigation
water to the surface in the centre. Placement of
in-crop nitrogen will need to account for this.

¢ Use a bed formation that will suit the re-
planting of sugar cane. Cotton can be grown
on spacings from 71-102 cm so choose a
spacing that suits your sugarcane system (see
row spacing section on page 37). Sugarcane
should be able to be direct drilled into cotton
beds after picking with a double disc opener
billet planter without the need to renovate the
planting bed.

« Establish a cover crop if time allows.
Mungbeans can produce cover in as little as
6-8 weeks then be sprayed out with herbicide
just prior to planting and cotton direct drilled
into the standing stubble. This can provide up
to 40 units of early season nitrogen and help
maintain bed integrity during the early phases
of the wet season until cotton establishes a
root system. A green cover crop of mungbeans
or millet can also assist in drying out a field if
storm rainfall occurs prior to planting. Avoid
forage sorghum as it can have short-term
allelopathic effects on a subsequent cotton
crop. Ensure that furrows remain clear of
stubble for later wet season drainage.

e Irrigate pre-formed beds at least one
month before planting cotton to allow soil
consolidation and encourage microbial
breakdown of incorporated sugarcane roots,
stools and trash. It also germinates weed seeds
that are brought close to the surface during
preparatory cultivation and allows the pre-
planting application of herbicide to reduce early
season weed populations.

e Conduct a soil test. It is likely that soil
nitrogen levels will be very low after sugar
cane removal. Many Burdekin soils are also
deficient in potassium (K) and sulphur (S)
but may have high levels of phosphorous (P)
therefore a soil test will be helpful in identifying
the likely fertiliser blend of P, K & S at planting.
Determining the rates and timing for nitrogen
application is more complex and covered in
detail later (nutrition section begins on page 38).

* Ensure that field drainage is adequate to
allow the prompt run-off of heavy rainfall within
12 hours. Many cane fields have inadequate
drainage for cotton in wetter-than-average
seasons (wet ends or insufficient drainage
culverts).

A legume cover crop will assist early cotton crop
development. This mungbean crop has been sprayed
out the day before direct drilling cotton seed. Note the
clean furrows.

== A cover crop of millet can

.. assist with pre-cotton field
preparation, allowing for

bed consolidation and
providing stubble that will

4 protect the soil surface and

' return valuable slow release
nitrogen over several months
during the wet season.

Pre-irrigating
new beds
allows
important
consolidation. If
done 6-8 weeks
prior to planting
it also allows
breakdown of
cane residues.




Cotton after grains

When rotating cotton with grains such as maize and
mungbeans, opportunity exists to use minimum
tillage and retain standing crop stubble rather than
reforming new beds.

Advantages of a minimum or reduced tillage
approach may include:

¢ Increased field trafficability. Retained
consolidated beds and furrows with residual
crop root structures may allow earlier
trafficability after rainfall compared with a
freshly bedded-up field.

¢ Increased timeliness for planting particularly
when rotating two long season crops such as
maize and cotton. This may mitigate the effect
of unforeseen delays due to rainfall or harvest
contractors.

¢ Increased soil surface protection through
stubble retention and reduced sediment losses
during intense rainfall.

* Reduced nitrogen applications. Standing
stubble breaks down more slowly, decreasing
short-term nitrogen tie-up and returning
valuable nitrogen to the system at a slower rate
over time.

¢ Reduced early season weed densities. By
avoiding cultivation and soil inversion, many
dormant weed seeds remain buried and
inactive.

¢ Reduced on-farm inputs. Minimum tillage
decreases the need for energy intensive
cultivation, herbicides and applied fertiliser.

* Improved seedling establishment. Planting
into a consolidated bed with stubble cover,
allows more control over seeding depth and the
soil surface is less likely to rapidly crust or hard
set after planting, allowing seedlings to emerge
more evenly and quickly.

Disadvantages of a minimal tillage approach may
include:

¢ Restriction of water flow within irrigation
furrows by excessive surface trash after grain
crop harvesting. Trash raking can provide a
solution to this problem.

¢ Difficulty gaining soil soakage to the plant line
on some light soils.

¢ Difficulty controlling cotton volunteers.

¢ Additional machinery such as disc opener style
planters with trash wipers may be required.

e Gradual collapse of bed and hill profile over
time may limit the life span of minimum tillage
requiring an occasional full bed renovation with
tillage.

* Limitations on herbicides that can be used
on grain crops as there may be plant back
constraints for following cotton crops (e.g.

Spinnaker® (imazethapyr) cannot be used on a

legume grain crop if cotton is to follow).

Growers rotating cotton with maize need to take into
account nitrogen cycling (early season nitrogen tie-

up followed by nitrogen release) when planning and
budgeting nitrogen inputs. This is covered in further
detail on page 39.

5 o 2
Immediate field turn-around. Cotton was
mulched and sugarcane billets direct sown into
the centre of the beds. Within a few months the
sugar cane is established and cotton remnants
are mostly gone due to the herbicide program
and early season sugarcane inter-row tillage
operations.
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Sugarcane and grains after cotton

Cotton has a potentially good fit as a rotation option
for both sugarcane and grains.

In a sugarcane system, cotton can utilise ground
that is typically bare during the summer fallow
period. As cotton is a 5-6 month crop, sugarcane
cannot be replanted until after late May or June,
which is later than the traditional Burdekin
sugarcane planting window of March-May.
However, anecdotal evidence from a series of
commercial sugarcane crops planted after cotton
on all soil types since 2007 strongly suggests no
loss of subsequent yield in both the plant crop
and subsequent ratoons. The interaction between
sugarcane planting date and various crop rotations
including cotton is currently the subject of new
research (by DAFF, BSES & CSIRO) due to be
completed by 2016.

These sugarcane crops are within the same heavy clay soil field used

A similar strategy can be used for maize following
cotton although root cutting must be used together
with mulching, as maize is a poor competitor with
ratoon cotton and does not offer the same flexibility
as cane crops for cotton control with herbicides.
Maize is an attractive host for Helicoverpa and

the risk of pest exposure to surviving Bollgard 11®
cotton plants may have adverse implications for
long term resistance management and viability of Bt
technology. Ratoon cotton plants within maize crops
also provide a ‘green bridge’ allowing pests such

as mealybugs and aphids to survive on farm and
re-infest the next cotton crop. Effectively killing all
cotton plants prior to planting maize is essential.

If conventional tillage is required in a cotton-maize
rotation it is preferable to do this prior to sowing

the maize crop. As a dry season operation, rainfall
delays to tillage and planting are unlikely, any cotton
regrowth or volunteers will be destroyed, and the
beds and track furrows will be consolidated allowing
easier field trafficability for planting and spraying
during the next wet season cotton crop.

Maize has been sown into mulched and root cut
cotton stubble. Volunteers from dropped seeds will be

controlled with group | herbicides such as Starane®
(fluroxypyr).

to grow an earlier cotton rotation crop. A third of the field was left as a
bare fallow to provide an on farm comparison with the cotton rotation.
Both crops yielded similar tonnages of cane (approximately 135 t/ha)
at the first cut despite the 4 month delay in planting for the field section

that grew the cotton rotation crop. Photos taken early March 2011.
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The field turn-around time for planting sugarcane
after cotton can be nearly immediate. A successful
strategy has been to mulch (and if possible root cut)
the cotton after picking and then direct drill sugar
cane billets into the same bed with a disc opener
style billet planter. While the cotton plants may
re-grow, particularly if only mulching is used, the
usual broad leaf weed management program used
in plant sugarcane will control ratoon cotton plants.
As the sugarcane grows, any escaping cotton plants
will be rapidly smothered.

Discuss WITH YOUR AGRONOMIST

CROP ROTATIONS:
Cropping options
Tillage requirements and constraints
Stubble management and crop transitional
strategies
Potential herbicide limitations due to plant
back considerations
Management strategies for volunteer cotton
plants
Crop rotation implications for nitrogen
recycling



Varieties

A cotton variety and its transgenic technology traits are often confused.

e Avariety is afixed line that has certain morphological characteristics (e.g. okra leaf or short season).
At the current time all Australian varieties have been developed by CSIRO and commercialised by
Cotton Seed Distributors (CSD) who arrange for seed increase, processing and on-selling to growers.
Varieties are protected by Plant Breeders Rights (PBR), and part of the price paid for a bag of cotton
seed includes a royalty that is returned to the breeder to fund the development of future varieties.

* Technology traits are independent of varieties and are genetically-based characteristics owned by a
third party that may be included into certain cotton varieties. For example, a conventional variety such
as Sicot 71 can be grown with or without transgenic technology (Sicot 71RRF contains the Roundup
Ready Flex® trait; Sicot 71B contains the Bollgard I1° trait; Sicot 71BRF contains both traits). Each
transgenic trait remains the property of the third party (e.g. Bollgard 11® or Roundup Ready Flex® traits
are owned by Monsanto and Liberty Link® by Bayer) and a licensing fee is payable by the grower. See
“Transgenic cotton traits” on page 33 for further details.

The breeding and release of new cotton varieties is
ongoing, however the following comments are valid
as of May 2012.

Indeterminate or ‘full season’ varieties are
recommended for sowings prior to 10 January.
Varieties such as Siokra 24BRF or Sicot 74BRF are
capable of setting large numbers of compensatory
bolls after extended periods of cloudy weather and
will offer significant crop management flexibility
during wetter-than-average seasons. These varieties
will also perform equally well under sunnier drier
conditions.

More determinate or ‘short season’ varieties are
recommended for planting after 10 January as
the earlier maturing tendencies of cultivars such as
Sicala 60BRF and Siokra V-18BRF are useful during
a cooler finish.

Okra leaf varieties may offer additional
advantages in cloudier years due to their less
dense canopies and reduced within-plant shading.
These varieties (e.g. Siokra V-18BRF or Siokra
24BRF) compensate quickly after cloudy weather
and are relatively easy to defoliate, with many crops
only requiring a single application of defoliant or
reduced rates per hectare.

Transgenic varieties such as Bollgard II® based
on Bacillus thuringiensis (Bt) toxins are the only
varieties recommended for all tropical regions of
northern Australia. Varieties that incorporate the
Bt trait allow implementation of Integrated Pest
Management (IPM) strategies and largely negate
the need for repeated insecticide applications
against Helicoverpa, increasing the reliability of
insect control, thus reducing environmental impacts
and offering improved production cost control
compared with conventional cotton production.

Transgenic herbicide tolerant stacked varieties
such as Roundup Ready Flex® and Liberty Link®
are ESSENTIAL for wet season production in

the Burdekin, as they eliminate the need for soil
applied herbicides, some of which have been
recorded as key environmental contaminants in
Burdekin waterways and underground aquifers
(Davis et al., 2008). The ability to control most
weeds with over-the-top applications of glyphosate
or glufosinate offers significant flexibility for weed
management using products with excellent efficacy
but minimal environmental impact from runoff or
leaching.

Shedding and varietal type

Research data has shown that early season
shedding associated with low radiation and wet
weather, particularly during February or early
March, can be a favourable response. This early
season shedding allows a plant to “free up” internal
resources that can be used to grow new squares
and form bolls that are more likely to coincide with
sunnier weather as autumn progresses. The failure
to shed early bolls during extended cloudy weather
can result in reduced yield potential because these
bolls will be much smaller in size, and compete with
the production of new fruiting sites that are likely

to receive sunnier autumn conditions and become
larger bolls.

Shedding allows the plant the opportunity to
exchange early set bolls with limited potential
during cloudy wet season weather for future bolls
that might coincide with better weather and be
larger (see shedding case study on page 32). This is
particularly important for December-sown crops
that are more likely to experience cloudy wet
weather during early flowering. If sowing during the
first half of the planting window, select a vigorous
indeterminate variety that will shed positions (e.g.
Siokra 24BRF) and compensate with later growth.
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Shedding case study

The value of early season shedding in response to cloudy weather was demonstrated by comparing the growth habits of
Sicot 70BRF and Siokra 24BRF. Sicot 70BRF has a determinate growth habit and retained high numbers of bolls during
cloudy weather whereas the indeterminate variety Siokra 24BRF generally shed fruit during wet, overcast weather but
rapidly set later compensatory bolls when conditions improved.

Although Sicot 70BRF was very popular and successful in temperate Australia at the time, it was ill-suited to Burdekin
conditions. Recently Sicot 70BRF was superseded by Sicot 71BRF and Sicot 74BRF. Under trial conditions Sicot 71BRF
has had a very similar growth habit to Sicot 70BRF and is therefore not a preferred variety for the Burdekin, particularly
for early window planting or wetter than average seasons.

The most recent release, Sicot 74BRF also has a tendency to retain early season bolls during cloudy wet weather.
However, unlike Sicot 70BRF and 71BRF which tend to prematurely ‘cut-out’ in this
situation, Sicot 74BRF is more indeterminate and will extend the flowering period and
continue to grow on at a reduced rate. This results in a compensatory top crop, but often
with a maturity delay up to 1-3 weeks compared to Siokra 24BRF.

It should be noted that these experimental growth responses were not due to ‘second
flowering” whereby a crop prematurely cuts-out and then re-grows. No nitrogen was
applied beyond first flower.

Successful management of crop compensation is dependent on effective nitrogen
and irrigation management as well as improved radiation conditions in autumn. These
management aspects will be addressed specifically in later sections.

This December-
sown crop of Siokra
24BRF underwent
extensive shedding
during February but
grew compensatory
bolls in March and |
April to yield over &

9 bales/ha.

FB 13+

FB 9-12

FB5-8

Sicot 70 BRF

FB 1-4

FB 13+

l;g FB 9-12
S ress : : : :
£ | | | | The contribution of the different canopy segments to overall
o
% FB14 ! ! ! B 1st pos lint yield for Siokra 24BRF and Sicot 70BRF for the case
v | | w @ 2nd pos + study crops. The Siokra 24BRF produced very little lint from
€ : : : . . the lower fruitung branches (1-4) due to the shedding of
o 200 200 600 800 1000 1200 Dbolls but compensated by producing large lint-filled bolls on
Lint kg/ha the upper and outer branch sections.

Sicot 70BRF (below left) has a more determinate growth habit and will retain fruit during wet overcast conditions, in this case
resulting in small and tight-locked bolls that reduced the opportunity for later compensation. Siokra 24BRF (below right) shed
fruit during earlier cloudy weather and instead grew a larger compensatory top crop by setting most bolls during autumn. In this
experiment the Siokra 24BRF yielded significantly more (9.4 bales/ha) than the Sicot 70BRF (8.2 bales/ha).

Retaining fruit during extended wet overcast weather during February and early March can reduce yield potential.




Transgenic cotton traits

Prior to planting transgenic cotton, growers need to
obtain
(i) a user agreement from the relevant
technology provider, and
(ii) appropriate accreditation qualifications.

Talk to your agronomist or reseller about
transgenic traits and be sure to discuss any
accreditation requirements.

Bt transgenic traits

The soil bacterium Bacillus thuringiensis (Bt) is

a naturally occurring pathogen that produces

a number of toxins that each affect particular
groups of insects (e.g. moth caterpillars, beetles,
or mosquito larvae). Scientists have incorporated
the relevant genetic material from this bacterium
into crop plants. Currently available cotton varieties
include Bollgard® Il, which is based on two toxins
known as Cry1Ac and Cry2Ab, that specifically
target moth larvae. Two separate protein toxins is a
very good resistance management combination, as
any individual Helicoverpa larvae resistant to one
protein will be Killed by the other protein. Bt cotton
therefore provides very good levels of caterpillar
control, but it does not control other insects such
as aphids or stink bugs. Several companies have
other similar Bt-based toxin traits under commercial
development at the time of writing.

An important part of the deployment of Bt
technologies has been the development of
strategies that aim to minimise the potential for
caterpillar pests to develop resistance to these
products over time. This strategy is commonly
referred to as the Resistance Management Plan or
RMP. Each cotton production region has an RMP
that is tailored to local conditions and the likely
biology of keys pests in that environment. Generally
the RMP will specify conditions such as annual
dates within which cotton may be planted and post-
harvest crop destruction guidelines.

At the time of writing it has been a requirement that
growers also plant a set percentage of the proposed
cotton area to a refuge. The refuge provides an
area on-farm whereby caterpillar pests such as
Helicoverpa can freely breed so that potentially
resistant moths emerging from the adjacent Bt crop
are likely to be swamped and mate with non-Bt
exposed moths emerging from the refuge area.

Also required in the Burdekin is a trap crop, a small
area planted to chickpeas intended to attract egg
lay from the last generation of Helicoverpa moths
where they can be destroyed with cultivation after
the cotton crop has been picked.

In utilising Bt technologies, growers need to be
accredited and have a signed technology user
agreement (TUA) in place. The TUA is a legal
contract between the grower and the technology
provider (e.g. Monsanto or Bayer). Under this
contract, growers planting transgenic cotton

must adhere to the current RMP at the time of
production. The RMP is updated annually and will
specify the terms and conditions related to planting
dates, refuges and trap crops.

The use of Bt transgenic traits is a
cornerstone for cotton production in

the Burdekin. Failure to adhere to the
contractual requirements of the Resistance
Management Plan (RMP) poses a serious
risk to long term viability of this technology.
Before undertaking to grow cotton, growers
must understand, accept, and budget for
the needs of the RMP to ensure a fulfilment
of requirements. These requirements
generally include growing an additional
prescribed area of the field to a refuge crop
and a trap crop as well as adhering to the
specified planting date.

The widespread adoption of transgenic Bt cotton

varieties by the Australian cotton industry has seen
a substantial reduction in the amount of insecticide
used, making the industry much more sustainable.
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This unsprayed cotton field demonstrates the impact of caterpillar
pests on yield of non-transgenic cotton (left) compared with Bt
cotton (right). Photo by Gary Fitt, CSIRO.
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Herbicide tolerant traits

Herbicide tolerant traits allow cotton plants to
deactivate and survive applied herbicides that
would normally be toxic. Current examples are
Roundup Ready Flex® (RRF) and Liberty Link® (L).

The RRF trait developed by Monsanto allows
glyphosate to be applied over the top of cotton
crops without crop damage, enabling excellent
control of a broad range of weeds. Previously, weed
control in cotton relied solely on traditional methods
such as:

¢ inter-row cultivation

* pre-emergent herbicides applied prior to
planting

* post-emergent herbicides applied after planting
* shielded and directed spraying
* layby spraying (applying a residual herbicide
just prior to row closure).
In the Burdekin the RRF technology has been
critically important for weed control during the wet
season, eliminating the need for other soil-applied
herbicides. The formulation of glyphosate
specifically developed to treat RRF cotton gives
excellent control of most commonly encountered
grass, sedges and broadleaf weeds in the Burdekin.

The ability to utilise a broadacre spray boom

or aerial application for weed control provides
significant savings in time, labour, and machinery
running costs. Head ditches, tail ditches and sides
of fields can also be sprayed, although care must be
taken when utilising aerial application and spraying
close to susceptible crops such as sugarcane, grain
and vegetable crops. Roundup Ready® herbicide is
non-selective. Overspraying of the edges of adjacent
sugarcane crops with glyphosate has occurred

in the Burdekin, particularly with poor aerial
application practices. Ensure that wind conditions
are monitored closely when applying glyphosate

to ensure that the risk of overspray onto adjacent
crops areas is minimised.
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An example of excellent weed co

ntrol provided by glyphosate on Roundup Ready Flex® cotton during the wet season.

The Liberty Link® (L) trait developed recently by
Bayer CropScience is available in a number of
cotton varieties stacked with Bollgard 1I® (e.g.
Siokra V-18BL and Sicot 72BL). Liberty Link®
cotton is tolerant to ‘over the top’ applications of
Liberty 200® herbicide that contains glufosinate
ammonium and surfactant. Liberty 200® herbicide
has a different mode of action and no known
cross-resistance with glyphosate making it an
excellent technology option to rotate with RRF
cotton to limit the development of herbicide
resistant weeds.

This herbicide trait may offer cotton growers
benefits including:

e another option for weed management and to
reduce the risk of resistance or shift in weed
species

» control of Roundup Ready Flex® volunteer
cotton plants

* improved control of hard to kill broadleaf weeds
including peach vine.

Liberty Link® cotton can be sprayed over the

top with Liberty 200® all season but there is a

70 day withholding period prior to harvest. The
Liberty Link® trait has not been deployed either
commercially or experimentally in the Burdekin
and therefore its suitability during the monsoon
season is not yet known. However, Liberty Link®
cotton may be a very valuable technology for weed
management and rotation option for RRF when
cotton is grown with grains as a continual rotation.

Discuss WITH YOUR AGRONOMIST

SELECTING VARIETIES AND TRAITS:

* Locally adapted varietal and technology
traits options
Requirements for the current Resistance

Management Plan (RMP) or Crop
Management Plan (CMP)

Soil type and field constraints
Planting date

Field history

Capacity to manage nitrogen
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Yield (bales/ha)

Sowing date

Modelling and field validation experiments have
confirmed that sowing between 20 December
and 20 January is the most suitable for Burdekin
conditions. Planting before December 20 is not
recommended.

Within this period, sowing between 1-10 January

is the most desirable period for optimising boll
setting in most seasons with flowering commencing
very late February to early March. However there is
an increased risk of wet weather interruptions to
planting operations after Christmas, particularly on
less trafficable clay soils. Growers therefore need to
be prepared and ready to plant earlier should wet
weather threaten to develop.

A December-sown crop will flower during mid-
February, and is more likely to be subject to cloudy
wet weather during the first weeks of flowering. As
this may result in the shedding of many early flowers
and squares, a management strategy geared
towards growing later compensatory flowers and
bolls during sunnier weather in March is essential.
Local experience since 2008 suggests that many
growers have found December-sown crops more
difficult to manage for high yield potential than
January-sown crops. However, gaining field access
to actually plant in December is often easier than
January, particularly on clay soils.

Planting beyond 20 January poses significant
risks during cooler-than-average seasons, with
the potential for greatly increased risk of bale
price discounts from poorer fibre quality. If
planting between 10-20 January, use an early
maturing variety such as Siokra V-18BRF, Sicala
60BRF or equivalent. Avoid planting Siokra 24BRF
and Sicot 74BRF at this time.

Late December

Early December

Early January

Sowing period

The effect of sowing date on lint yield presented as an
overall mean of seasons and varieties from 2008-2011
climate studies. January sowing has achieved the
highest aggregate yield for this period.

Sowing and wet season risk

The recommended sowing window carries a
significant risk of wet weather interrupting (or
possibly preventing) sowing. This is of concern
particularly where forward marketing contracts

that involve a physical bale commitment have been
made. However there are a number of management
options that will minimise the likelihood of wet
weather impeding sowing or emergence.

* Prepare fields early. Have beds or hills
prepared 1-2 months ahead of time to allow
soil to consolidate and permit rapid runoff/
drainage (minimising access delays). A late
sown cover crop such as mungbeans or millet
may dry out the upper soil profile more quickly,
improve furrow trafficability, and consolidate the
shoulders of the beds. These cover crops can
be sprayed out just prior to or at planting.

Design field tail drains to shed water quickly.
Ponding at field ends can affect crop growth,
and impede trafficability long after the rest of
the field is dry enough to plant.

* Have ready access to a planter. If using a
contractor, ensure that they are aware of your
potential need for service at short notice. Once
the planting window commences, frequently
check the various weather forecast services
for signs of rainfall (see Appendix 2) and adjust
planting operations accordingly.

* Do not plant too deeply. Tropical downpours
post-sowing can cause hard setting or crusting,
particularly on loam soil types, which may
impede seedling emergence for seeds sown
more than 35 mm deep.

Crop trimming - a tactic for avoiding wet
weather impacts on flowering crops

The Burdekin has a high probability of crops
experiencing periodic wet overcast conditions during
January to February. The weather impact can often
be either offset by encouraging later compensatory
growth or mostly avoided by planting around
January 10. While many growers find January-sown
crops easier to manage than December-sown crops,
there is greater risk of not getting a suitable sowing
period in January, particularly during wetter-than-
average seasons when a delayed sowing would be
most beneficial.

An alternate method for mitigating this risk for
December-sown crops is to mechanically ‘trim’
crops after sowing to delay the onset of flowering.
Trimming off the terminal shoot, at any stage from
seven nodes until first flower, disrupts the onset

of flowering and boll setting by between 300-400
day degrees (about 15-20 days under mid-summer
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Burdekin conditions). The trimming interrupts the How to trim
usual progression of main stem flowers and forces
the plant to rely on the production of new squares
on vegetative branches. Despite the 2-3 week

delay in flowering, crop maturity and yield remain
relatively unchanged, as the initial delay in flowering
is offset by rapid flowering occurring on multiple
vegetative branches.

To successfully trim a crop use a cutter bar or
sharp, height controllable flail mower. Remove the
top few nodes with as clean a cut as possible. Avoid
swinging blade rotary style slashers as they tend

to ‘smash’ the main stem and can significantly
damage a crop. It is important not to damage the
terminals of the vegetative branches, as this can

Potential advantages: delay crop maturity by several weeks.

* Avoidance of February rain on flowers for The first 3-5 nodes of vegetative branch growth
December-sown crops. after trimming is often rapid and will look rank,

« Improved light interception due to the creation however this rapid growth will cease once fruiting

branches and squares begin to be produced

on these laterals. The early expansion of these

inter-nodes can provide a benefit by lifting early

bolls further away from the soil surface which in

* Anadditional 2-3 weeks (created by the delay in some seasons will help mitigate losses to boll rots
flowering) to complete nitrogen side-dressing. (see Appendix 7).

of a ‘open-vase’ like canopy.

* Marginally reduced crop height as growth is
spread over multiple growing points.

* Potentially easier to manage compared to
growing a compensatory top crop.

Potential disadvantages:
¢ Cloudy weather effects in mid-March could be

compounded as flowering is compressed into
this period.

e Poorly set up trimming equipment could cause
patchy response or poor plant recovery.

¢ Insects may be more difficult to scout in
trimmed crops.

Trimming is NOT recommended for:

Only the top 3-5 nodes need to be removed during trimming.
The aim is to just trim off the tops, not cut the crop harshly.

¢ Crops sown after 5 January as these plants will

already flower in late February/early March and 200 - = Bolis on Control == Bolls on Trimmed
a delay in flowering may reduce yield potential, . 180 - Squares on Control Bolls on Trimmed
particularly in seasons with cooler than average © 160 -
autumn temperatures. g 140 -

e Okra leaf varieties, such as Siokra 24BRF, ; iig

which have had variable responses to trimming
under experimental conditions.

Number of fruit per metr
o
S

0 44 52 82 96 125
Days after sowing

Fruiting dynamics for trimmed compared to untrimmed
(control) cotton. The lines represent square numbers and the
bars denote boll numbers over time from sowing. Note that
peak square production (and therefore flowering) is delayed in
the trimmed cotton. Final time to crop maturity was the same.

This trimmed plant at first flower shows the progression of flowering
on multiple branches that will make up for the initial delay in
flowering. Crop response at cut-out from trimming performed
at three growth stages (7, 12, and 16 nodes) with
untrimmed control (left). All treatments had very similar
boll cohort maturity.
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Row spacing

Experimental comparisons between 76 cm (30 inch)
and 102 cm (40 inch) row spacing systems have

Planting

Strategies for ensuring effective establishment
include:

shown no disadvantage for 76 cm spacing in
the Burdekin. The narrower 76 cm spacing was
associated with yield increases in the range of
4-19% depending on cultivar and planting date
during 2011 and 2012 when these experiments
were conducted.

This is consistent with overseas research in the
Mississippi Delta (which can have similar climatic
constraints as the Burdekin) where a five year
study showed an aggregate yield increase of
6.5-9.0% (depending on soil type) with 76 cm

rows compared to 102 cm rows (Williford, 1992).
Individual seasonal differences of up to 19% were
observed for 76 cm rows during the study (Wiliford,
1990) with recorded increases highest in seasons
where the crops endured climatic related field
stresses (Heitholt et al., 1996). This is similar to the
Burdekin study, which was subject to field stresses
in the form of periods of cloudy weather during
flowering.

Therefore, in a practical sense and at the time of
writing, choose a row spacing that fits your existing
farming system and other crop types. Avoid rows
narrower than 71.2 cm (28 inches) due to an
inability to harvest the crop with a conventional
spindle head picker. Cotton may be grown on wider
spacing than the traditional 102 cm (e.g. dryland
cotton is often grown on a skip row configuration),
but in a fully irrigated system characterised by
solar radiation limitations, wider row spacings may
decrease yield potential on a per hectare basis and/
or delay crop maturity.

Much of the Burdekin’s sugarcane crop is grown on
152-162 cm spaced beds (5-5.3 feet centred bed
systems). Cotton is well suited to these bed centre
spacings, which enable the production of two rows
per bed spaced approximately 76-81 cm apart.

In some seasons this row spacing may provide

an improvement in yield potential compared to
conventional 102 cm row spaced cotton.

Do not sow too deeply. The high risk of rainfall
post-sowing can result in soil crusting or hard
setting (particularly on loam soils), leading to
poor plant stand and replanting. Sow seed
20-35 mm or 1-1% knuckles deep and cover
with soil preferably settled with a press wheel,
taking care not to use too much pressure.
Cotton may be sown into soil moisture or sown
dry and ‘watered up’. Generally, seedlings
should emerge within 4 days of imbibing
moisture. Delays beyond 4 days may indicate
potential problems and should be investigated
(see trouble shooting guidelines on page 72).

Plant at recommended rates. Aim for 6-7
seeds per linear metre regardless of what

row spacing is used. Provided seeds are

sown at the correct depth, seedling mortality
is generally very low under warm Burdekin
planting conditions, and nearly all sown seeds
are likely to emerge. Planting additional seeds
to compensate for establishment failure is

not required in the Burdekin, and densities of
nine or more plants per metre face increased
competition for light and run a higher risk of
exaggerated shedding and additional crop
height. Lower densities cause plants to set bolls
over a wider array of canopy positions (first,
second and third branch positions as well as
increased vegetative branch yield), which may
provide a potential advantage in years when
cloudy weather is intermittent. Plant density
is more important for December plantings as
these crops are more likely to be subject to
cloudy, wet conditions during early flowering.

PLANTING:

Varieties for different planting dates

Planter calibration and seed placement depth
setting

Pre-plant fertiliser placement

Acreage requirements for sowing of refuges and
trap crops as per the current RMP

Field conditions at planting

Is post-plant watering up required?

Expected weather pre- and post-sowing
Assessing crop establishment
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Crop management considerations —
throughout the production season

Crop nutrition

Nutrient requirements and management

At the time of writing research was incomplete
so presented here are ‘best bet’ strategies from
available knowledge.

The nutrients taken up and removed by a high
yielding cotton crop (10 bales/ha) are shown in
the table below. The high requirement for nitrogen
makes it the major component of any fertiliser
program for cotton grown in the Burdekin.

The average weight of nutrients taken up and removed
by a 10 bale/ha cotton crop grown in southern Australia.

Nutrient Uptake Removal at harvest
Macro nutrients kg/ha kg/ha
Nitrogen (N) 200 100
Potassium (K) 200 50
Phosphorous (P) 30 20
Sulphur (S) 40 10
Calcium (Ca) 220 10
Magnesium (Mg) 30 12
Micro-nutrients g/ha g/ha
Zinc (Zn) 125 100
Copper (Cu) 50 20
Manganese (Mn) 450 60
Iron (Fe) 300 80
Boron (B) 400 100
Molybdenum (Mo) 10 5)

Source: NUTRIpak. Note: Nutrient removal is roughly proportional
to lint yield so a crop yielding 8 bales/ha will remove 20% less of
each nutrient than shown.

The management of highly soluble negatively
charged nutrients such as nitrates and sulphates
has always been challenging in the tropical wet
season. Large rainfall events can occur at any time
and have the capacity to leach or erode significant
amounts of these nutrients from the root zone or
the field. Nitrogen can be converted to nitrous oxide
when the soil becomes waterlogged and be lost

to the crop by volatilisation. All forms of nitrogen,
whether sourced from fertiliser, manures, plant
residues, or soil organic carbon can be easily lost
by these processes. Organic matter from previous
crop stubble will decompose (mineralise) rapidly in
this wet and warm environment. Legume stubble
either from grain or cover crops is high in nitrogen
and particularly susceptible to rapid mineralisation.

When converted to nitrate this nitrogen can be
leached below the root zone or into the furrow to be
lost in tail water.

The timing and volume of wet season
rainfall combined with the nutrient status of
Burdekin soils will determine the amount of
nitrogen and sulphur fertiliser required and
the timing of their application each season.

Some points to consider include:

* Rooting depth. Prolonged wet weather will
suppress root exploration and roots will only
access nutrients near the soil surface. It is
important to know where both the roots and
nitrogen are in the profile during the season.

* Previous crop. Nutrient depletion by proceeding
crops (from high to low) is sugar > maize >
grain soybean > grain mungbean. Mungbean/
soybean or millet cover crops (where the grain
is not harvested) have the least impact. A full
sugar cycle (plant cane and 3-4 ratoons) will
deplete the soil of N, S and potentially other
nutrients, including organic carbon. As little
as 9 kg of available N (to 1.2 m) has been
measured following cane. Although legume
cover crops provide nutrients, rapid stubble
breakdown means there is a risk of quick
mineralisation and losses to leaching or runoff.

¢ The time between the previous crop and
cotton. Mineralisation of the remaining stubble
and roots after sugar and maize can be very
slow due to a high proportion of carbon to
nitrogen (C:N ratio) and significant amounts
of N can be ‘tied up’. The longer the break
between cotton and these crops, the more
efficiently fertiliser N will be used by the cotton
crop (meaning less fertiliser will be required).
On the other hand, legume crops can break
down too fast for the cotton crop to capture the
released N before losses might occur.

e Soil type. Leaching of N below the roots is
more likely in sandy or loamy textured soils.
Stubble breakdown is usually faster in sandier
textured soils than clay soils. Experiments on
sandy loams in the Burdekin have measured
mineralised N from corn stubble becoming
available to cotton crops by mid flowering (late



Yield (bales/ha)

March). Presumably other nutrients (e.g. K) are
also mineralised at this time. It is important to
account for this N when planning mid-season
nitrogen applications as over-fertilisation late

in flowering can delay maturity and reduce gin
turnout. In clay soils anaerobic conditions due
to waterlogging are more likely to affect the fate
of crop stubble nitrogen. In experiments only
small proportions of the N contained in maize
or mungbean stubble has been available for the
following cotton crop on clay soils.

Field experiments in the Burdekin on clay
and sandy textured soils have found that
yield is highly dependent on the crop
taking up sufficient quantities of nitrogen.
Insufficient nitrogen uptake has been a
major limitation to yield on clay soils.
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N uptake (kg/ha)
Cotton yield in the Burdekin is very dependent on
the amount of nitrogen taken up by the crop. Yield is
proportional to N uptake up to a yield of 8 bales/ha (green
arrow). Thereafter the increase in yield per unit of uptake
declines and yield peaks (around 9 bales) at about 200 kg
N/ha uptake (orange arrow). The range of yields at the
upper end of N uptake is due to other limiting factors such
as solar radiation, which was lower than average during
these experiments. If conditions had been sunnier yields
may have been more responsive to nitrogen and a plateau
above 10 bales/ha may have been achieved.

Nitrogen (N) management

Yield increased in these experiments until about
150 kg N/ha is taken up, which produced about

8 bales/ha. Above this level, other factors such

as cloudy weather had more impact on yield than
nitrogen. Yield peaked when plant uptake reached
200 kg N/ha (consistent with southern Australia).
Lower than average solar radiation in late March-
early April reduced potential yield, and it is probable
if solar radiation was greater the yield potential
would be higher. But adding more nitrogen without
considering a range of factors isn't likely to provide
a simple risk-free solution. Excessive nitrogen risks
growing tall crops with delayed maturity, particularly
in wetter than average seasons.

N uptake did not exceed 150 kg/ha on the clay soil
in either season.

Burdekin soils have low inherent nitrogen fertility with
little organic carbon and leaching/volatilisation is likely
prior to flowering. As a consequence there is often a
high dependence on fertiliser to provide nitrogen and
considerable management skill is required to ensure
sufficient and efficient uptake by the crop.

Planning seasonal nitrogen requirement

To estimate the total nitrogen fertiliser requirement
for the coming cotton season, knowledge of

the previous crop, the inherent fertility of the

soil, seasonal rainfall outlook and the time and
management between harvesting the previous crop
and sowing cotton is required. The predicted total
nitrogen requirement can be adjusted with mid
season nitrogen application once crop growth and
climatic conditions can be better determined.

Likely total nitrogen fertiliser requirement calculated prior to cotton sowing.*

Previous crop(s)

Likely total N (kg/ha) as fertiliser

March rain forecast March forecast rain

average or above below average

Clay Sugar <4 weeks 250 300
Sugar Legume (mungbean) cover crop of 200 - 220 250 - 270
at least 2 months
Corn < 4 weeks 230-250 270 - 300
Cotton /Mungbean grain or cover <4 weeks 200 - 220 250 - 270
Sandy-loam, loam or levee Sugar < 4 weeks 220 270
Corn - grain 2 to 6 weeks 180 220
Mungbean - grain or cover crop 2 to 6 weeks 180 220

* Higher rates are suggested for the drier than average scenario as radiation is more likely to be non-limiting and rate of growth, uptake and yield

potential will be higher.
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Nitrogen application at sowing

Clay soils: apply between a third and half the
total required nitrogen at sowing. This is because
in seasons receiving average or above average
rainfall during January and February the efficiency
of uptake of nitrogen fertiliser applied at sowing is
generally low (20-40%).

e If the previous management of the field is
favourable to soil nitrogen and field layout (good
drainage or controlled traffic) permits entry by
machinery within a week of significant rainfall,
then apply a third of the total nitrogen required.

¢  Where entry to a field is more likely to be
delayed by rainfall apply half the total nitrogen
required. The efficiency of this pre-plant
fertiliser could be poor so anticipate that
increased nitrogen may need to be applied in-
crop.
Sandy or loam soils: the amount of nitrogen applied
at sowing is determined by the risk of fertiliser
burn to seedlings. Applying as little as one third of
the total required nitrogen at sowing will minimise
fertiliser burn provided there is separation between
the seed and fertiliser. Because N uptake efficiency
at sowing is usually higher (35-60%), there is less
chance of running out of nitrogen before the second
application is made. Good trafficability on these
soils reduces the risk of late application of the
remaining fertiliser.

Pre-plant fertiliser banding at depths >120 mm
(common in other regions) is a risky strategy in the
Burdekin, as shallow root systems may not reach
the fertiliser, particularly on heavy clay soils in wet
years. Loss of available nitrogen can also occur
via leaching in sandier soils and de-nitrification in
clays, leading to early season deficiencies. If plant
roots penetrate deeper during drier conditions on
sandy soils, they may encounter leached bands of
nitrogen, stimulating late season vegetative growth
or reducing gin turnout.
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Nitrogen application after sowing
Due to the risk of nitrogen loss early in the season,

at least half the seasonal nitrogen fertiliser
requirement should be applied after sowing.

Apply in-crop nitrogen fertiliser 25-50 days after
sowing. Some flexibility may be required to respond
to seasonal conditions, particularly on clay soils,
and nitrogen fertiliser could be applied 5 days
earlier or later if needed.

It is preferable to apply in-crop nitrogen prior to
flowering (about 45 days after sowing). Only apply
nitrogen later during flowering if the crop is showing
deficiency symptoms or to capitalise on a positive
seasonal forecast and very sunny weather.

Crops showing nitrogen deficiencies after flowering
will rapidly reach cut-out, and any decision to
fertilise must be implemented quickly. Nitrogen
applications at or after cut-out will not be taken up
by the plant and risk crop regrowth at a later time.

Splitting of nitrogen fertiliser application so
the majority is applied between 25 and 50
days after sowing is the most efficient and
effective way to apply nitrogen, and reduces
the risk of fertiliser burn to seedlings on
sandy soils. Flexibility is required in the
method of application of in-crop nitrogen
to reduce the risk of wet ground preventing
machinery entering the 