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Photo 5: Maturing, well-podded faba bean plants showing their basal branching
habit and multiple-podding nodes.

Photo: W. Hawthorne, Pulse Australia

4.2.5 Flowering and fruit development

If every flower on every faba bean plant produced a pod and each of those pods
produced three seeds, the yield potential of the crop would be ¥38-43 t/ha (Patrick
and Stoddard 2010). However, 4 t/ha is a more realistic figure. The explanation

is in the amount of sunlight hitting the leaves adjacent to open flowers for three
consecutive days. Those leaves photosynthesise and produce sugars that feed

the flowers. If there is no or very little photosynthesis, then there are insufficient
assimilates to sustain the flowers. Necessity for sunlight to improve podset has
implications for time of sowing, sowing rate and for row spacing in faba beans.

Flowering commences at the appropriate node on the main stem and lower branches
and proceeds acropetally (from the base to the apex of the plant) at intervals
averaging at least five to seven days between successive nodes along each branch.
The node of the first flower, and the interval between successive nodes, vary
depending on the month, season, variety and sowing time. Duration between nodes
is particularly slow during vegetative and early reproductive stages (>7 days) in winter,
but shorter than this interval during spring.
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Photo 6: Flowering faba bean.

Photo: Drew Penberthy, Penagcon

Faba bean flowers are large, borne on short pedicels in clusters of 1-5 on each
axillary raceme, usually from the node where flowering commences (Photo 6). There
can be up to 15 flowering nodes in well-grown faba beans in Australia; 1-4 pods
develop from each flower cluster. Growth is largely indeterminate. Flowers are 1.0-2.5
cm long, with five petals, the standard petal (white), the wing petals (white with a black
spot, not deep purple or blue) and the keel petals (white) (Photo 7).

Photo 7: Faba bean flowers are not completely white, because of the tannins that
occur in their seeds. Only tannin-free faba beans that lack anthocyanin, will
produce white flowers.

Photo: W. Hawthorne, Pulse Australia
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At any location, seasonal variations in temperature can bring about a significant shift
in flowering times for the same time of sowing (i.e. +10 days). In general, warmer
temperatures hasten development, as reflected in thermal-time calculations.

Progress toward flowering follows a conventional thermal-time model. For
commercial faba bean varieties, V830-1000 degree-days (>0°C) are required for the
onset of flowering, but this varies with location, time of sowing and variety. Optimum
temperature of flowering is 22—-23°C.

Flowers may abscise from the crop because of:

. lack of pollination

. proximal flowers on the same raceme being fertilised
- vegetative—reproductive competition for assimilate

«  stresses such as drought

There can be an early period of ineffective flowering, during which podset does
not occur. In warmer environments, this period is minimal, but in colder temperate
environments, it can be as long as 30 days.

If there is a critical mean or average daily temperature for faba beans to flower, in
most current varieties it would be <10°C.

Once true flowers are produced in faba beans, a period of cool weather or lack of
sunlight for 3 days can cause flower or pod abortion to varying degrees.

If moisture and temperature conditions are favourable, additional crop growth, node
production, flowering and crop height occur until flowering ceases. Hot conditions
(maximum temperatures >30°C) or lack of moisture cause flowering, and hence
additional crop growth, to cease.

Pollination

Pollination takes place after the flower bud opens. Faba beans are allogamous, or
have a mixed mating system with both self- and cross-pollination. Faba bean pollen
is very heavy and sticky and is not released into the air. Virtually all cross-pollination
is via insect transfer of the pollen. The rate of cross-pollination in a faba bean crop is
typically 30%, but this varies with environmental conditions, the presence of insect
vectors and variety. The main insect pollinators are honeybees.

If low numbers of bees are present, introducing commercial pollinating bees through
the crop in a grid of at least two hives/ha can increase yield by 30-100% and has
been useful in South Australia. &

8 Pulse Breeding Australia (2013) Southern/Western Faba & Broad Bean—Best Management Practices Training Course. Module 2—Plant
Physiology.
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Photo 8: Bee hives need to be strategically placed within crops in SA to aid
pollination.

Photo: W. Hawthorne, Pulse Australia

Pod development

Faba bean plants generally produce many flowers; however, a large proportion
(V80-90%) do not develop into pods, depending on the variety, sowing date and
other environmental conditions (Figures 10—12). Some pods that set do not progress
to fill seeds either.
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Photo 9: Flower raceme indicates flowers that did not set pods.

Photo: W. Hawthorne, Pulse Australia

Photo 10: Faba bean pod and dead flowers that, when removed, may show
small pods.

Photo: W. Hawthorne, Pulse Australia
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Photo 11: Faba bean branches showing small pods, pods that have formed but not
developed, and flower raceme left after flower abscission without setting pods.

Photo: W. Hawthorne, Pulse Australia

The pods of faba beans are green and leathery, maturing to be blackish-brown, with a
dense downy internal surface. Modern cultivars developed for human food use have
pods 15-25 cm long and 2—3 cm thick. Each pod contains 3—8 seeds; round to oval,
usually flattened and up to 20-25 mm long, 15 mm broad and 510 mm thick.

Under favourable temperature and soil-moisture conditions, the time taken from
fertilisation of the ovule (egg) to the first appearance of a pod (podset) is about six
days. The seed then fills over the next three to four weeks. The developing pod
stands above its subtending leaf. It may become too heavy (e.g. in broad bean) and
then hang below the flowering node for harvest. After podset, the pod wall grows
rapidly for the first 10—15 days, while seed growth mainly occurs later.

Once flowers begin to develop and fertilisation has occurred, the pods remain erect
and beneath the leaf canopy. Pods only bend and point downward when seeds are
near maturity in some bean varieties. The pod can contain 3—8 ovules, of which most
usually develop into seeds. The bulk of the yield is found on the lower flowering
nodes of the main stem and basal branches.

Fewer pods per node are set at lower nodes for an early-sown crop. At a low seeding
rate, more pods are set per node at lower nodes, whereas at higher sowing rates
pods are more evenly distributed along the stem (Photo 13). This means that matching
the variety with the time of sowing and sowing rate is particularly important with faba
beans. Using a high seeding rate with early-sown crops produces dense, vigorously
growing crops early in the season that shade the flowers, reducing podset and
therefore the yield potential.

R\
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Photo 12: Distribution of pods depends on seeding rate.

Photo: Drew Penberthy, Penagcon

Lack of sunlight is a major factor in determining the level of podset in WA. The
amount of radiation hitting the flower from when it opens and for the following three
days is the main contributing factor.

There are significant differences between varieties for time between producing
first flower and first podset, and this contributes to the variation in podset between
varieties. °

Some growers have associated poor podset with early sowing. However, poor light
in dense canopies, and hence low photosynthesis, is likely to be the major cause,
often in conjunction with low levels of pollinator activity and possible chocolate
spot on flowers.

In many well-grown faba bean crops, podset does not occur until temperatures

rise in August—September, when there is also more sunlight, and less wind and rain
(for pollinator activity). More consistent podset and seed-filling then commences.
Disease incidence in flowers (i.e. chocolate spot) is implicated in poor podset in some
situations, and thus many faba bean growers consider fungicide protection of early
flowers important. When temperatures rise and environmental conditions improve,
pods can develop quickly, within three to six days. Even after flowers develop into
pods, periods of low temperature and poor conditions may result in abortion of seeds
or whole pods before filling commences.

Seed development

Faba bean pods vary greatly in size between varieties because of varying seed sizes.
Seed-filling and subsequent seed size are highly dependent on variety, the number
of seeds set and weather conditions.

Seeds are characteristically oval and flat, with a ridged, dimpled or smooth seed coat.
Seed colour varies between varieties from white (tannin-free) to light tan or green
(commercial varieties), brown (aged beans), and even purple or black (specific lines).

9 Pulse Breeding Australia (2013) Southern/Western Faba & Broad Bean—Best Management Practices Training Course. Module 2—Plant
Physiology.

10  Pulse Breeding Australia (2013) Southern/Western Faba & Broad Bean—Best Management Practices Training Course. Module 2—Plant
Physiology.
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Kernel colour is yellow. Seed numbers vary from one to eight per pod, and not every
ovule in a pod necessarily develops.

The weight of individual seeds is more uniform along a stem for an early-sown than
for a late-sown crop, which has more small seeds towards the plant top. "

4.3 Crop development

Crop duration is highly correlated with temperature: crops will take different times
from sowing to maturity under different temperature regimes. The concept of thermal
time is the method used to represent a crop’s need to accumulate a minimum time
for development through each essential growth stage (e.g. vegetative or reproductive
growth). Consequently, crops growing under low air temperatures generally need
more time to develop than crops growing at warmer temperatures.

Progress to flowering in faba beans is significantly influenced by temperature and
can be described by the accumulation of thermal time (max T° — min T°)/2. The base
temperature for calculating thermal time for faba bean is 0°C.

Thermal time is also referred to as heat units, degree-days or growing degree-

days. Once a certain number of degree-days are reached (accumulated), flowering
commences, but the actual number of thermal units required varies with the location,
photoperiod and variety. Similarly, the end of flowering is controlled by thermal unit
accumulation.

When sufficient heat units have been accumulated, the plant will enter its
reproductive phase and start flowering. It is at this point that the stress tolerance

of faba beans is significantly reduced. Low light or low average daily temperatures
(<10°C) can cause flower abortion. Sub-zero temperatures can cause flower, pod and
seed abortion, and severe frost can cause vegetative distortion, total defoliation and
death. Temperatures >30°C can also cause flower loss and water stress.

Faba beans are most sensitive to water logging at flowering, with a similar
response to low light or low temperatures with flower and pod abortion and leaf
senescence. Sowing date and canopy closure are other factors that can impact on
podset and yield.

The phenology of most crops can be described using nine phases:

1. Sowing to germination.

2. Germination to emergence.

3. A period of vegetative growth after emergence, called the basic vegetative
phase (BVP), during which the plant is unresponsive to photoperiod.

A photoperiod-induced phase (PIP), which ends at floral initiation.
5.  Aflower development phase (FDP), which ends at 50% flowering.

A lag phase prior to commencement of grain-filling. This period is relatively short
in faba beans.

7. Alinear phase of grain-filling.
8. A period between the end of grain-filling and physiological maturity.
9. A harvest-ripe period prior to grain harvest.

These stages of development are generally modelled as functions of temperature
(phases i—iii, and v—viii) and photoperiod (phase iv).

Faba beans are a medium-duration crop, usually beginning flowering within 29 to 96
days of sowing, depending on photoperiod and temperature. Faba beans are either
day-neutral or long-day requiring, depending on variety. European germplasm is
generally more photoperiod-sensitive. A day length of >12 hours might be required
for them to flower under southern Australian conditions, while Mediterranean types
flower under much shorter days.

il Pulse Breeding Australia (2013) Southern/Western Faba & Broad Bean—Best Management Practices Training Course. Module 2—Plant
Physiology.
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Photo-thermal response of flowering in faba beans over the range of environments
normally experienced by the crop may be described by the equation:
Vf=a+bt+cp

where f is the number of days from sowing to first flower, t is the mean temperature
and p is the photoperiod. The values of the constants a, b and c vary between
genotypes and provide the basis for screening genotypes for sensitivity to
temperature and photoperiod. 2

Photo 13: Faba bean with excellent podset, but note the need for fungicide
protection of flowers (and leaves) in a disease-risk situation.

Photo: W. Hawthorne, Pulse Australia

4.31 Erectness

Faba beans are prone to lodging, ‘necking’, or both. They are different processes;
either way, the end result is a crop that is no longer erect and becomes more
difficult to harvest.

Lodging occurs when the stems bend and the crop is less erect as it becomes taller
late in the season. Taller (e.g. early-sown) and dense crops are more prone to lodging
than shorter, thinner crops. Strong winds and rain can also cause lodging. There are
varietal differences in erectness, and disease (Ascochyta blight in particular) in the
stem can also make a crop more prone to lodging. Chocolate spot becomes more
severe in lodged crops, and penetration of foliar fungicide into the canopy becomes
more difficult.

Necking occurs when the stem bends over sharply, virtually snapping at about pod
height, so the upper part of the plant either dies or becomes less able to assist

in grainfill. It occurs under strong winds or conditions causing moisture stress.
Sometimes plants recover somewhat from necking, and the growing points turn to
grow upright again. These plants then appear to have stems that are bent into an
S-shape, and are often considered to be lodged. ®

12 Pulse Breeding Australia (2013) Southern/Western Faba & Broad Bean—Best Management Practices Training Course. Module 2—Plant
Physiology.

13 Pulse Breeding Australia (2013) Southern/Western Faba & Broad Bean—Best Management Practices Training Course. Module 2—Plant
Physiology.
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4.3.2 Maturity

Soon after the development of pods and seed-filling, the senescence of subtending
leaves begins. If there is plenty of soil moisture and maximum temperatures are
favourable for growth, flowering and podding will continue on the upper nodes.
However, as soil moisture is depleted or if temperatures increase, flowering ceases
and eventually the whole plant matures.

Under mild moisture stress, faba beans are incapable of accumulating solutes (sugar,
proteins and other compounds) in their cells. Stomatal conductance and low levels of
photosynthesis are therefore not maintained.

In Western Australia, faba bean crops can reach maturity 180—-220 days after sowing,
depending on the sowing date, variety, and a range of environmental factors
including temperature. Faba beans are ready to harvest when >90% of the stems and
pods lose their green colour and become black (Photo 15). At this point, seeds are
usually hard but do not rattle when the plant is shaken.

Photo 14: Mature faba beans are black, and in this photo have been desiccated
(front and right) for earlier maturity and harvest compared with those allowed to
mature naturally (centre).

Photo: W. Hawthorne, Pulse Australia

Pulses can be desiccated or windrowed pre-harvest to enable earlier harvest and to
dry out green weeds. Timing of desiccation is based on crop stage, and is similar to,
or later than that for windrowing. See Section 11.
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