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Aim
The aim of this module is to improve the understanding of canola plant growth and

development, relating these processes to enhancing practical and profitable harvest
management decisions.
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Learning Outcomes

After completion of this modue participants will be able to:

Recognise key developmental stages of canola and how these may affect harvest
outcomes.

Quantify valid estimates of yeld and oil accumulation duringphases of seed development.

Identify crop development stages to apply Best Management Practices (BMPSs) to optimise
economic returns.

Identify key check points to minimise losses at different stages of haest management
operations.

Compare practical and economic aspects of harvest management options.
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1. LINKINGPRACTICE WITH CRBR 8IOLOGY

1.1 Canola growth and development

Summary

Plant Growth and Development
Controlled mainly by thermal timeaccumulated day degrees.

Flower bud initiation occurs after the production of a fitetermined number of leaves.
This differs between varieties.

The pods produced during the first 2 weeks of flowering contribute to rttegority of
yield.

Seed development comprises of 3 phases.
Pods are the main source of photosynthesis for seed fill following leaf senescence.

Maximum seed weight and oil content has been reached when seed desiccation reg
40% seed moisture.

Seed colours directly related to seed maturation.

A seed begins to change colour from green to brown when the seed moisture con
reaches between 50 and 55%.

BMP is therefore to windrow when 4€ 60% of seed has changed colour to maximis
yield and oil content.

Throughout the life cycle of the canola plangrowth and development arecontinuous; many
of the growth and development stages overlapThere is a clear sequence of developmental
phases that proceedrbom leaf to stem to pod to seed.

The duration of eachphase is influenced by variety and a range of environmental conditions,
particularly temperature (and moisture). Temperature effects are expressed through
thermal time .

Thermal time is calculated, based on the average of measured maximum and minimum
daily temperatures and expresse@sday degrees (°Cd).

For example, a daily temperature range of 10 to 2€equals 17Cd

Thermal time= minimum temperature (°C) + maximum temperature (°C) + 2
= 10°C + 24°C + 2
= 17°Cd

These daily temperaturesare cumulative throughout the season. Each phase requires a
specific threshold to be reached, before the next phase commencedhis is why cold
weather slows the rate of crop growth and can delay the timing of stem elongation and
flowering .
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Figure 1 showsthe response to thermal time of thegrowth and developmentof two canola
crops located at Wellington and Gilgandrasown in 2011 in central NSW Despite
temperature differences at the locations, similar temperature thresholds triggered the start

of the next phase in each crop.
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Crop phase

Figurel: Comparative phase response to thermal time in canola crops at Wellington and Gilgand@20$W

Seasonal conditions at both sites were unusually favourable in 2011 with frequent rainfall
events and mild temperatures. The conditions throughout the late winter and spring period
were conducive to allowing crop development to progress unhindered.

Canolacrops progress through key growth stages.Growth early in the season effects crop
conditions later in the season, specifically potential yield and oil levels, and crop biomass to

be handled at windrowing and harvest.
1.1.1 Key stages

0.00¢ Germinationand emergence

Canola must be sown at the optimum sowing
time for the location and variety, ideallyat 27
3cm depth into moisture.

Where soil moisture is adequate, seed imbibition

and emergence is largely regulated by soil -

temperature, with an optimum range between
15 and20°C.

Soil temperatures below 10°C reduce
germination and emergence. Canola slould
emerge within 4z14 days.

Key points

The majority of canola yield comé
from the early emerging plants.

Patdyy emergence can result in patc

crops, resulting in:

A greater variability in crop maturity

A difficulties to form
windrows

uniform

I Canola Technology Update: Harvest Management (V2: Sep 2012)

Page7 I



1.00¢ Leaf growth & rosette formation

The first true leaf appears 48 days after Key points

emergence of the cotyledons (seed leaves) an
leaves contirue to appear every 710 days.

Early crop growth and rapid groun
cover is an indication of leaf area.
The first leaves form at the base of the rosette
with new younger leaves developing at the
centre. Under good growing conditions, a plant
produces between 10 and 15 leaves until it A
reaches the reproductive stage. A higher potential yield & 0il%

Larger leaf area

greater potential crop biomass

The production and growth of the earliestleaves govern the rate at which sunlight is
intercepted. In turn, the rate at which plants grow is related to the amount of sunlight
captured with photosynthesis producing assimilates (plant food) for shoot and root growth.

The larger the leaf area, thenore dry matter the crop can produce and therefore the higher
the potential yield. Canola plants commonly develop a leaf area index (LAI) of between

3 and 6. For example,an LAI of 3 is equivalent to 812 of leaf surface area per rhof ground

surface area.

2.00¢ Stemelongation

In canola, thereis usually some overlap between

Key points

the vegdative and reproductive stages.

Stem elongation begins after 89 leaves have
formed, producing 1%20 internodes (space
between nodes/branches) on the main stem At
each node, a leakiattached to the stem.

During this vegetative stage, the reproductive| .

stage begins with the appearance of flower buds
on branches

The formation of first branches occu
at or just before stem elongation.

Each branch develops 1 to 4 leay
and a flower bud.

Branching compensates forlow

population numbers

Branches grow from the base of the upper leaves at around stestongation. Each branch
forms 1z4 leaves and a flower bud.Where poor crop establishment ha occurred, branches
contribute most of the compensatory growth and yield.

Stem elongation continues until the end of flowering.The duration of the stem elongation
phase (from initiation to the end of flowering) is important to final yield.

3.00¢ Flowerbud development

Flower initiation begins on the main sem when
leaf production ceases.

When this occurs is influenced by the presence o] |

a minimum number of leaves, daily temperature
and leaf production rate, vernalisaton and
response to daylength.

Flower initiation occurs during early stem

Key point

The formation of first flower bud
occurs after the appearance of
minimum number of leaves. This is ti
main reason for the differences |
flowering time between varieties.

elongation when the flower buds are enclosed in the leaves, before emerging above the

leaves as the stem elongates.

I Canola Technology Update: Harvest Management (V2: Sep 2012)
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The main reproductive structures including pollen develop during the green bud stage.
Flower bud development is completed during the yellow bud stage (just before budgpen as

flowers).

4.00¢ Flowering

Canola florets are made up of a cluster of many

Key points

flowers. The flowering period begins when the

first floret opens at the base of the main stem, -

with flowers opening progressively up the main
stem.

Flowering begins at the base of branches anq -

similarly continues to the upper tip of the flower
head. The first floret to flower forms the first
pod at the base of the flower head.

Flowering begins at the base of tk
branch and continues upwards to th

tip.
Each flower can form a pod.

When each flower opens, th
maximum potential number of seed
in each pod has been determined.

The length of the flowering period is influenced

by soil moisture and variety,and generally occurs over a 2830 day period on each fant.
Most of the pods at maturity are those that formed from flowers that opened during the first
2 weeks, mostly on the main stem and the first few branches that formed.

As flowering commences, there is a rapid increase in flower bearing brancheBlants begin
to lose leaves, reducing the photosynthetic leaf area or effective LAI jusfter the start of

flowering.

At this time, only the oldest seeds at the base of the plant have commenced the early stages

of development. By full flowering, stems and pals are responsible for most of the plants
photosynthesis, with leaves contributing to a lesser degree.

5.00¢ Pod development

Pod development begis immediately after

Key points

flowering.

Pods initially grow rapidly in length, reaching
near maximum length after around 3 weeks.

The extendedflowering period of canola means

that pods are at different stages of development| -

at any point in time. This creates competition for
assimilates, with earlier-formed pods having a
competitive advantage over latesformed pods.

In the absence of leaves, pod wall photosynthesis
is the main source of assimilates during this
growth phase and maycontribute 50 to 60% of

Around ¥ of pods at windrowing a
formed from flowers that openeq
during the first 1@14 days oOf
flowering.

Pods arethe main photosynthetig
organ of the plant after floweringnds
andas leaves senesce.

Pods temporarily store carbohydratg
which are redistributed to developing
seeds.

final plant dry matter.

I Canola Technology Update: Harvest Management (V2: Sep 2012)
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Photo: Ithi Hertel
Imagel: Pods ~ 32 days after flowering

6.00¢ Seed development

Canola seed is comprised of the embryo (cotyledons), endosperm and seed co&eed
development can be divided into early, mid and late cotyledon stages. Thegsence of
stages is indicated by days after flowering (DAF).

Early cotyledon stage €21 days DAF)

Seed development begins whilst pods are still lengtheningDeveloping seeds are visible
within a week after flowering. Seeds at this stage are made up of the seed coat, endosperm
and embryo. Tiny (< 1mm) green seed embryos in the milky endosperm undergo rapid cell
division in the first 2z3 weeks after flowering. The end of the embryo cell division phase
coincides with pods reaching their full length.

Starch and sucrose (sugar) are the major carbohydrates produced by photosynthesis.
During this stage, sucrose is evenly distributed between all seed components whilst starch is
mainly found in the seed coat and liquid endosgrm. Starchis only present during early
development before the main stage of oil synthesis beginand is depleted in the filling
stage.

Chlorophyll is present within the embryo. Chlorophyll is essential for photosynthesis which
produces energy for oil production within the seed. Around 60% of maximum chlorophyll
content is present around 3 weeks after pollination with the most rapid accumulation
occurring during the third week.

Mid cotyledon stage (2435 days DAF)

The transition of embryos from cell division
to cell expandgon indicates the mid cotyledon
(or filling) stage. The seed coat reacés full

size after 1(z12 daysand the quickly growing

embryo consumes the liquid endospem, and
AEI 1 0 OEA OAA AdsGesuhd i
a progressive increase in seed weight.

Oil and protein accumulation startand finish

N

. -
at the same time, but the rates of RERE O o'/
. . ., . ‘ 2 £ »
accumulation are different. Initially protein . » ;
accumulates more rapidly than oil duringthe | -

early stages of seed fill. Photo: Kathi Hert

Image2: Seed formed ~ 32 days after flowerigg
84.5% moisture content
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The transition between mid and late cotyledons stage is marked by the commencement,
around 576 weeks after flowering, of a rapid increase in the rate of oil synthesis

During this stage, the senescence of remaining leaves is completéhlorophyll within the
seed begins to degrade around 28 days after pollinationPods are the main photosynthdt
tissue to provide continuing supply of carbohydratedo developing seeds Sucrose becomes
the main carbohydrate used for seed growthand is produced mainly fromphotosynthesis
occurring in the pods and to a smaller degreeseed embryo andstems. It is transported to
the seedsfor oil and protein synthesis

Frosts or conditions of severe water stress during this period effectively slow the rate of
AEI T O BEUI | AACOAAAOQEIT I xEEAE OAMAASGOTAROCER,
Chlorophyll is soluble inoil. Oil retains the green colour, its intensity being proportional to

the concentration of chlorophyll in the seed.

Late cotyledon stage (350 days DAF)

Seed fill continues during the late cotyledon stage extending over a &0 day period,
accumulating seed weight, protein and oil.

The rapid phase of oil accumulation that began towards the end of the mid cotyledon stage
continues for 173 weeks, before slowing as the seed dehydrates (loses moisture).
Coinciding with the slowing down in oil synthesis, thee is a rapid increase in the rate of
protein synthesis.

Crop vyield, indicated by gains in seed weight continues with peak accumulation rate
occurring after 45 DAF before levelling off around 60 DAFMaximum seed weight occurs
when seed moisture content eaches about 40%.

The green seed begins to change colour to brown when the seed reacheg&# moisture
content. Seed dehydration is progressive, with simultaneous changing colour of the seed
coat, darkening from green to red/brown to black.

Chlorophyll within the embryo continues to degrade ceasing when seed moisture content
falls below 40%. The water content of the embryo plateaus then declines rapidly as the seed
dehydrates.
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Seed moisture content

Top 84.5%
Middle 82.2%
Bottom

) 81.1%

PhotosKathi Hertel

Image3: Pods and seeds from sections of main stem ~ 41 days after start of flowering. Note the darkening of the
seed as moisture content declines. Bottom pods and seeds devefopadhe first flowers.

Key points

Seed development can be divided into
phases.

1. Early cotyledon stag@® ¢ 21 DAF)
¢ rapid cell division occurs, rapid seeg
chlorophyll accumulation

2. Mid cotyledon stagé21¢ 35 DAF)
¢ cell expansion (seed fill) stage
commences, oil and protein
accumulation begins, seed chlorophy
begins to degrade

3. Late cotyledon stagé5¢ 60 DAF)
¢ rapid increase in oil accumulation
rate over 7¢ 21 day period, seed
weight peaks at around 45 DAF

Oveall patterns of oil and vyielg
accumulation are similar, however whg
they begin and finish, and their duratior
differ.

Oil and protein accumulation start ar
finish at the same time, but theij
accumulatiorrates vary.

Pods are the main organ (
photosynthesis during seed development
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Maturity

Key points

Physiological maturity occurs when the seed
reaches the maximum seed dry matter ) )
accumulation. This is when maximum grain Seed colour change signals the final sta
yield is achieved. In canola, this occurs at| Of seed development.

35z40% moisture content. As moisture
content falls belowthese critical levels, active
seed metabolism ceases andthe seed
continues to dry down.

Seeds on the lower section of the mg
stem are the first to change colour.

The beginning of changing colour frg
green happens when seedmoisture

Seeds mature progressively up the nia stem content reaches between 50 and 55%.

and from lower branches to the upper
branches and ends of branchesHence, seeds|
within pods located on the lower main stem
are the most advanced and tend to be the
most productive.

Maximum yield and oihccumulation hag
occured when seed moisture falls t
between 35 and 40% moisture content.

The duration of development of seeds located in the upper canopg limited due to
competition for plant assimilates. These are the least productive.Their low weight and
small seed size result in poor harvest retention.

Harvest

Harvest normally takes place 47 weeks after Key points
the end of flowering.

Timing of windrowing targets to maximig
Seed moisture contents may decline in the,  crop yield and oil.

order of 1z5% per day, depending on
prevailing weather conditions. - The rate of seedehydration is influenceq

by local environmental circumstance
Grain receival standards and storage require Rapid dry down occurs under hot d
a maximum of 8% seed misture. conditions.

Final crop performance is subject
harvest management. Losses cal
accumulate, occurring at various poin
between and during differenbperations.

1.2 Seed development: Implications for harvest management

The development of Best Management Practice (BMP) guidelines are the result of extensive
research over many years.They require interpretation and adjustment to account for other
outside influences like weather, machinery and economic changes that vary from season to

season. 4 EA  EI Bl Al AT OAGETT 1T &£ "-080 AAT AEATCA
experience and certain beliefs become more widespreadThis can cause modifications to
recommd AAA "-080 xEOE OAOUEI C AACOAAO 1T & AAAA

participants. The result is often conflicting opinions and recommendations.

Variations in crop performance can be attributed to a range of reasons, not all of which are
based o sound scientific evidence.Better knowledge and understanding how crop growth
and development occurs and the relative impact of the consequences of seasonal conditions
will assist in making more informed and therefore positive economic and practical cp
management decisions including windrowing.
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Selecting the optimum windrowing and harvest time requires an improved understanding
of the visual signs in the paddock indicating at what stage of development a crop has
reached and therefore how close it mayéto optimum windrowing or harvest time.

1.2.1 When does seed size reach a maximum?

Seed size is an indication of physiological maturity or the accumulation of dry matter and
therefore crop yield. Seed size is expressed as the weight (g) of 1000 seeds.

Figure 2 shows the progressive increase in the weight of main stem seeds at Gilgandra and
Wellington in NSW in 2011.
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Figure2: Progress otanola seed size Gilgandra and Wellington NS§\2011

In the Wellington experiment, the early sampling times at 1 and 4 days after the end of the
flowering initially showed no significant change in the weight of seeds on the main sten
period of rapid increase in seed weight followed, lasting 23 days before levelling offhere
was no significant difference in seed size at the final four (4) sampling timesThe seed
moisture content was 45% when maximum 1000 seed weight was reached.

A similar pattern was measured at Gilgandra with sampling commencing at a later phase of
seed developmentz 5 days after the end of flowering (equal to 47 days after thetart of
flowering). Main stem seeds were already rapidly increasing in weight.There was no
significant difference in seed size at the final three (3) sampling timesMaximum seed
weight occurred when the moisture content of the seed was 38.

1.2.2 When does seed oil content reach a maximum?

Oil accumulation occurs independently of dry matteaccumulation.

Changes in oil content as seed development progressed reflected similar patterns at both
sites (Figure 3). The greatestrate of oil acaumulation occurred over 14 dayat Glgandra and

21 day period at Wellington before levelling out.

The slowing of oil accumulation coincided with the early signs of colour change of seeds

located on the main stem.There were no significant differences in oil content betwen the
last few sampling times.
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Frequent rainfall events throughout this period at both sites, combined with averagdaily
temperatures of 13.7°C at Wellington and 15.2°C at Glgandra were favourable
environmental conditions for high oil levels to be reated. 4 EAOA O1T OOOAI I
environmental conditions allowed later developing seeds on higher branches to continue to

develop for longer, contributing to small incremental increases in oil synthesis.

- - & - - Wellington|
—— Gilgandra
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Figure3: Influence oftemperature on rate of oil accumulation at Wellington and Gilgandra 2041

1.2.3 What is seed colour change telling you?

Seedcolour is an indication of the metabolic activity within the seed, indicating which phase
of development has been reachedChangesin seed colour indicate the declining metabolic
activity and progress to seed maturation.

Seed metabolic processes are strongly correlated with seed moisture conterictive seed
metabolism is therefore indirectly affected by soil water availability and oerall plant
demand.

Colour change commences when seed moisture contents reach critical levdisitially seeds
appear almost translucent with a very light green colour before becoming a distinctly darker
green as seed migture content falls below 80%.

The first signs of seed colour change (negreen) appear on individual seeds when the
moisture content reaches between 50 and 55%These first signs are often seen as light

brown flecking on the outer seed coat. From then, descriptions of the progress oteed

colour changes arefOAOET OO1 U AAOAOEAAA AO OAAOAT Al 6h ¢
further to deep red/burgundy/maroon or dark brown to finally black.

Differences in described colour reflect the continuing progression of the late phases of dee
development. As the seed drieslown, seed coat colour darkens.

At a single point in time, seeds from various positions within the crop canopy are at varying
stages of maturity and therefore show a range of different coloursThe process of seed
maturation can halt in some seasons, for example due to high temperatures, severe moisture
stress or frosts and so the timing of the adverse event or conditions will affect the visual
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appearance of the seedVariable coloured seed including green and lighter regish/brown
colours at harvest indicate premature cessation of the final seed maturation processes.

Table 1 shows an example of the average moisture content of all nmastem, seeds that were
measured at intervals as indicated by the percentage of seed colour change at Wellington

NSW in 2011
Main stem Main stem
average average
% seed colour change % seed moisture content
1 53.1
10 48.4
20 46.8
30 45.8
40 44.9
50 44.1
60 43.3
70 42.5
80 41.4
90 39.8
99 35.2

Tablel: Seed colour change % and seed moisture content at Wellington dNEW1

Seeds are at a range of development stages depending on their position in the canopy at any
point in time. The extended period of favourable growing conditions into late spring
allowed less mature seeds in pods on the upper crop canopy that were still gm or just
beginning to change colour to reach their physiological potential, ie. more oil and heavier
seed weight. The most advanced (mature) seeds on the main stem had reached
physiological maturity first (therefore 100% seed colour change) up to 10 dayearlier. This
pattern of development means that at harvest there will be a certain amount of immature
seed.

1.2.4 How quickly does seed change colour?

When canola crops are maturing during spring in Australia, the most common conditions
are of increasing daily temperatures and decreasing available soil watemhese two factors
have the greatest impact on the how quickly the crop matures, as indicated bhanges in
seed colour.

&1 0 AgAi Pl Ah ET c¢mpph O AARAO O1 OOOAI 1T U OOI £OB
period between the start (approximately 1%) of seed colour change to the range of Z280%
on the main stem was 13 days at Gilgandra and 9 dagt Wellington.

Temperature is the dominant influence on the process of seed maturation and therefore
changes in seed colour.The optimum temperature range for canola is between 13°C and
22°C. Plant growth and development processes cease above 30°C.

The time taken from approximately 1% to 100% seed colour change on the main stem was
23 and 18 days respectively at Gilgandra and Wellington in 201Figure 4). Averagedaily
temperatures during these periods ranged between 10°C and 23°C at Gilgandra and 14°C
and 20°C at Wellington. At the same time, both sites received useful rainfaf 74mm over

5 days at Gilgandra and 13mm over 3 days at Wellington.
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Anecdotally, repotts of seed changing from just a few percent to close to 100% can occur
within 2z3 days under conditions of high daily temperatures in mid to late spring.These
changes can be further impacted by moisture stress.

Rate of seed colour change on main st \ﬂ
Wellington & Gilgandra 2011 —#&— Gilgandra
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Days after sowing

Figure4: Rate d seed colour change on canola main stem at Gilgandra and Wellingtong/28¥{

1.2.5 How quickly does the seed moisture content decline?

Depending on environmental conditions, seed dehydration can occur between 1.5% and 5%
per day, influenced by soil water avadability and daily temperatures.

Figure 5 shows the average rate of decline of moisture content of main stem seeds at
Gilgandra and Wellington in 2011 under abnormally cool and moist conditionsThe average
daily decline in seed moisture content was 3.8%t Gilgandra and 2.5% at Wellington.
7AAOEAO AT 1 AEOCEITO AOOET ¢ OEA 1 AO0OO0 xAAEN
i OAIl PAOAOOOAOG ET OEA 1 inmraididll) contpaked comdre typichl A
Australian finishing conditions.
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Figureb: Rate of main stem seed dehydration at Gilgandra and Wellington &NSW1

I Canola Technology Update: Harvest Management (V2: Sep 2012) Pagel7 I



1.2.6 Visual indicators in the paddock How can you tell at what stage the crop is at?

1.2.6.1 Crop appearance

Differences in crop appearance are influenced by a combitian of factors. Some of these
include staggered germination at sowing time, crop density, changes in soil type and soil
moisture, paddock aspect, variety and climatic conditions.

These issues interact to impact on individual plants within the overall crp population, with
variability reflected in crop canopy appearance.Pod colour isnot a reliable indicator of the
stage of crop developmentie. seed maturity.

1.2.6.2 Seed appearance

Changes in seed colour reflect the progress of seed maturatioolour changesignals the
final stages of seed development and therefore maximum yield and oil potential

The following tables; Table 2, Table 3, Table 4 and Table 5 show the development of canola

at Gilgandra and Wellington experimental sites in 2011. Images include the general
appearance of the crop as well as representative samples of the pods and seeds taken from
lower, middle and upper thirds of the main stem oly from one replicate of the trial.

Seed moisture content and colour change percentages are from the pictured pods and seeds
from a single replicate only.
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6Tabed

Crop view

Main stem pods
Top

Middle

Bottom

Main stem seedy | 3

Lqtop A middle A bottom ¢ R

Date 20 September 23 September 26 September 30 September 4 October

Days after sta_rt 0 47 50 53 57 61
flowering

Days after en'd 0 5 8 11 15 19
flowering

Mean % seed moistur 70 61 55 51 42

i 0
Mean main stem % see 0 0 0 3 18

colour change

Table2: Pod and seed colour change in the Gilgandra windrowinggearly stages of seed ripening; 2011

Photos: Kathi Hertel
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Crop view .T

Main stem pods
Top

Middle

Bottom

Main stem seeds
L¢top A middle A bottom ¢ R

Date 7 October 12 October 17 October 22 October
Days after start of flowering 47 50 53 61
Days after end of flowering 22 27 32 37
Average % seed moistur 45 40 26 6
i 0,
Mean main stem %eed 48 77 98 100

colour change

Table3: Pod and seed colour change in the Gilgandra windrowinggtater stages of seed ripening; 2011

PhotosKathi Hertel
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Crop view ‘

Main stem pods
Top

Middle

Bottom

Main stem seeds
Lctop A middle A bottom ¢R

Date 24 September 27 September 1 October 6 October 12 October 18 October

Days after start o 41 44 48 53 59 65
flowering

Days after en_d 0 1 4 8 13 19 o5
flowering

Mean % seed moistur 82 80 81 75 65 56

I 0,
Mean main stem % see 0 0 0 0 0 1

colour change

Table4: Pod and seed colour change in the Wellington windrowing ¢resrly stages of seed ripening, 2011

Photos:Kathi Hertel






